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Introduction

This textbook has been written by two experienced mathematics teachers.

The book is written to cover the Cambridge IGCSE® Mathematics (0580) syllabus (Core
only). The syllabus headings (Number, Algebra and graphs, Geometry, Mensuration, Coordinate
geometry, Trigonometry, Matrices and transformations, Probability, Statistics) are mirrored in the
textbook. Each major topic is divided into a number of chapters, and each chapter has its own
discrete exercises and student assessments. Students using this book may follow the Core curriculum.

The syllabus specifically refers to *Applying mathematical techniques to solve problems’, and
this is fully integ; into the ises and This book also includes a number of such
problems so that students develop their skills in this area throughout the course. Ideas for ICT
activities are also included, although this is not part of the examination.

The CD included with this book contains Personal Tutor audio-visual worked examples covering
all the main concepts.

The study of mathematics crosses all lands and cultures. A mathematician in Africa may be
working with another in Japan to extend work done by a Brazilian in the USA; art, music, language
and literature belong to the culture of the country of origin. Opera is European. Noh plays are
Japanese. It is not likely that people from different cultures could work together on a piece of Indian
art for example. But all people in all cultures have tried to understand their world, and mathematics
has been a common way of furthering that understanding, even in cultures which have left no written
records. Each Topic in this textbook has an introduction which tries to show how. over a period of
thousands of years, mathematical ideas have been passed from one culture to another.

The Ishango Bone from Stone-Age Africa has marks suggesting it was a tally stick. It was the
start of arithmetic. 4500 years ago in ancient Mesopotamia, clay tablets show multiplication and
division problems. An early abacus may have been used at this time. 3600 years ago what is now
called The Rhind Papyrus was found in Egypt. It shows simple algebra and fractions. The Moscow
Papyrus shows how to find the volume of a pyramid. The Egyptians advanced our knowledge of
geometry. The Babylonians worked with arithmetic. 3000 years ago in India the great wise men
advanced mathematics and their knowledge travelled to Egypt and later to Greece, then to the rest
of Europe when great Arab mathematicians took their knowledge with them to Spain.

Europeans and later Americans made mathematical discoveries from the fifteenth century. It is
likely that, with the re-emergence of China and India as major world powers, these countries will
again provide great mathematicians and the cycle will be completed. So when you are studying
from this textbook remember that you are following in the footsteps of earlier mathematicians who
were excited by the discoveries they had made. These discoveries changed our world.

You may find some of the questions in this book difficult. It is easy when this happens to ask the
teacher for help. Remember though that mathematics is intended to stretch the mind. If you are
trying to get physically fit, you do not stop as soon as things get hard. It is the same with mental
fitness. Think logically, try harder. You can solve that difficult problem and get the feeling of
satisfaction that comes with learning something new.

Ric Pimentel
Terry Wall



() Syllabus

c1a

Identify and use natural numbers, integers
(positive, negative and zero), prime numbers,
square numbers, common factors and common
mulfiples, rafional and irrational numbers

(e.g. 7, \/2), real numbers.
c1.2

Extended curriculum only.

c1.3

Calculate squares, square roots, cubes and cube
roots of numbers.

Cl.4

Use directed numbers in practical situations. e.g.
temperature changes, flood levels.

C1.5

Use the language and notation of simple vulgar
and decimal fractions and percentages in
appropriate confexts.

Recognise equivalence and convert between
these forms.

Cl.6

Order quantities by magnitude and demonstrate
familiarity with the symbols =, #, >, <, 2, <
.7

Understand the meaning and rules of indices.
Use the standard form A X 10" where nis a
positive or negative integer, and 1 <A < 10.
ci.8

Use the four rules for calculations with whole
numbers, decimals and vulgar (and mixed)
fractions, including correct ordering of
operations and use of brackets.

c1.9

Make estimates of numbers, quantities and
lengths, give approximations fo specified
numbers of significant figures and decimal
places and round off answers to reasonable
accuracy in the context of a given problem.

C1.10

Give appropriate upper and lower bounds for
data given fo a specified accuracy.

c1.11

Demonstrate an understanding of ratic and
proportion.

Use common measures of rate.

Calculate average speed.

C1.12

Calculate a given percentage of a quantity.
Express one quantity as a percentage of another.
Calculate percentage increase or decrease.
c1.13

Use a calculator efficiently.

Apply appropriate checks of accuracy.
C1.14

Calculate times in ferms of the 24-hour and
12-hour clock.

Read clocks, dials and timetables.

€1.15

Caleulate using money and convert from one
currency fo another.

C1.16

Use given data to solve problems on personal
and household finance involving earnings,
simple interest and compound interest.
Exiract data from tables and charts.

c1a7
Extended curriculum only.

.




(O Contents

Chapter 1 Number and language (C1.1, C1.3, C1.4)

Chapter 2 Accuracy (C1.9,C1.10)

Chapter 3 Calculations and order (C1.6, C1.13)

Chapter 4 Integers, fractions, decimals and percentages
(C15,C1.8)

Chapter 5 Further percentages (C1.12)

Chapter 6 Ratio and proportion (C1.11)

Chapter 7 Indices and standard form (C1.7)

Chapter 8 Money and finance (C1.15, C1.16)

Chapter 9 Time (C1.14)

s
Fragment of a Greek papyrus,
showing an early version of the
zero sign

\L

(O The development of
number

In Africa, bones have been discovered with marks cut into them that:
are probably fally marks. These fally marks may have been used for
counting fime, such as numbers of days or cycles of the moon, or for
keeping records of numbers of animals. A tallying system has no place
value, which makes it hard to show large numbers.

The earliest system like ours (known as base 10) dates fo 3100sce in
Egypt. Many ancient fexts, for example fexts from Babylonia (modern
Iraq) and Egypt, used zero. Egyptians used the word nfr fo show a zero
balance in accounting. Indian fexts used a Sanskrit word, shunya, fo
refer fo the idea of the number zero. By the 4th century sct, the people of
south-central Mexico began to use a frue zero. It was represented by a
shell picture and became a part of Mayan numerals. By 40130, Plolemy
was using a symbol, a small circle, for zero. This Greek zero was the first
use of the zero we use foday.

The idea of negative numbers was recognised as early as 100sce in
the Chinese fext Jiuzhang Suanshu (Nine Chapters on the Mathematical
Art). This is the earliest known mention of negative numbers in the East.
In the 3rd century sce in Greece, Diophantus had an equation whose
solution was negative. He said that the equation gave an absurd resulf.
European mathematicians did not use negative numbers until the 17th
century, although Fibonacci allowed negative solutions in financial
problems where they could be debfs or losses.




@ Number and language

® Natural numbers
A child learns to count ‘one, two, three, four, ...". These are
sometimes called the counting numbers or whole numbers.
The child will say ‘T am three’, or ‘T live at number 73’.
If we include the number 0, then we have the set of numbers
called the natural numbers.
The set of natural numbers N = {0,1,2,3,4, ...}

@ Integers
On a cold day, the temperature may be 4°C at 10 p.m. If the
temperature drops by a further 6°C, then the temperature is
‘below zero; it is -2°C.

If you are overdrawn at the bank by $200, this might be
shown as —$200.

The set of integers Z = {...,-3,-2,-1,0,1,2,3, ...}.

Z is therefore an extension of N. Every natural number is
an integer.

@ Rational numbers

A child may say ‘Tam three’; she may also say ‘T am three and
ahalf’, or even ‘three and a quarter’. 3% and 31 are rational
numbers. All rational numbers can be written as a fraction
whose denominator is not zero. All terminating and recurring
decimals are rational numbers as they can also be written as
fractions, e.g.

s ; sy 3 w2 w188 A= 2
02=1 03=2 7=1 153=12 03=2

The set of rational numbers @ is an extension of the set of
integers.

® Real numbers
A Numbers which cannot be expressed as a fraction are not
rational numbers; they are irrational numbers.
Using Pythagoras’ rule in the diagram to the left, the length
of the hypotenuse AC is found as:
AC =12+ 12
1 AC? 2
AC =42
\ﬁ = 1.41421356... . The digits in this number do not recur or
repeat. This is a property of all irrational numbers. Another
example of an irrational number you will come across is T (pi).



Number and language

Exercise I.1

Exercise 1.2

Exercise 1.3

It is the ratio of the circumference of a circle to the length of
its diameter. Although it is often rounded to 3.142, the digits
continue indefinitely never repeating themselves.

The set of rational and irrational numbers together form the
set of real numbers R.

® Prime numbers
A prime number is one whose only factors are 1 and itself.
(Note that 1 is not a prime number.)

In a 10 by 10 square, write the numbers 1 to 100.

Cross out number 1.

Cross out all the even numbers after 2 (these have 2 as a factor).
Cross out every third number after 3 (these have 3 as a factor).
Continue with 5, 7,11 and 13, then list all the prime numbers
less than 100.

® Square numbers

In a 10 by 10 square write the numbers 1 to 100.
Shade in1and then2 X 2,3 X 3,4 X 4,5 X Setc.
These are the square numbers.

3 X 3 can be written 3” (you say three squared)
7 X 7 can be written 72 (the 2 is called an index; plural indices)

® Cube numbers

3 X 3 X 3 can be written 3 (you say three cubed)
5 X 5 X 5 can be written 5

2 X2X2X 5 X 5can be written 23 X 52

‘Write the following using indices:
a) 9x9

b) 12X 12

c) 8x8

d) 7XTX7T

e) 4x4x4

f) 3Xx3X2x2x2

g) SX5X5Xx2x2

h) 4X4X3Xx3x2x2

® Factors
The factors of 12 are all the numbers which will divide exactly
into 12,

ie.1,2,3,4,6and 12.



Number

Exercise 1.4

Exercise 1.5

Worked examples

List all the factors of the following numbers:

a) 6 b) 9 07 a) 15 ) 24
f) 36 2) 35 h) 25 i) 42 j) 100

® Prime factors
The factors of 12 are 1, 2, 3,4, 6 and 12.

Of these, 2 and 3 are prime numbers, so 2 and 3 are the prime
factors of 12.

List the prime factors of the following numbers:

a) 15 b) 18 ) 24 d) 16 ) 20
f) 13 2) 33 h) 35 i) 70 i) 56
An easy way to find prime factors is to divide by the prime
numbers in order, smallest first.

a) Find the prime factors of 18 and express it as a product of
prime numbers:

18
2 9
3 3
3 |

18=2X3X30r2x3

b) Find the prime factors of 24 and express it as a product of
prime numbers:

24

wln]o|e

24=2X2xX2X30r2°x3

¢) Find the prime factors of 75 and express it as a product of
prime numbers:

75
3 25
5 5

5 |

75=3X5x%x50r3 x5



Number and language

Exercise 1.6

Exercise 1.7

Exercise 1.8

Find the prime factors of the following numbers and express
them as a product of prime numbers:

a) 12 b) 32 ©) 36 d) 40 e) 44
f) 56 2) 45 h) 39 i 231 j) 63

® Highest common factor
The factors of 12 are 1, 2, 3, 4,6, 12.
The factors of 18 are 1, 2, 3,6,9, 18.
So the highest common factor (HCF) can be seen by
inspection to be 6.

Find the HCF of the following numbers:

a) 8,12 b) 10,25 ) 12,18,24
d) 15,21,27 ) 36,63,108 ) 22,110
2) 32,56,72 h) 39,52 i) 34,5168
) 60,144

® Multiples
Multiples of 5 are 5, 10, 15, 20, etc.

The lowest common multiple (LCM) of 2 and 3 is 6, since
6 is the smallest number divisible by 2 and 3.

The LCM of 3 and 5 is 15.

The LCM of 6 and 10 is 30.

1. Find the LCM of the following:
a) 3,5 b) 4,6 0 2,7 d) 4,7
¢) 4.8 f) 23,5 g 23,4 h) 346
) 3,45 ) 3512

2. Find the LCM of the following:
a) 6,14 b) 4,15 c) 2,7,10 d) 3,9,10
€) 6,820 f) 3,57 g 4,510 h) 3,711
i) 610,16 ) 25,40,100

@ Rational and irrational numbers
Earlier in this chapter you learnt about rational and irrational
numbers.

A rational number is any number which can be expressed as
a fraction. Examples of some rational numbers and how they
can be expressed as a fraction are shown below:

- | =23 =1 = 153 1=2
02=1 03=3 7=1 153=12 03=1

An irrational number cannot be expressed as a fraction.
Examples of irrational numbers include:

V2. A5 6-43 n



Number

a)

In summary:
Rational numbers include:

Ir;
o
o

Exercise 1.9 1.

»

»

4cm
The length of the diagonal

whole numbers,
fractions,

recurring decimals,
terminating decimals.

rational numbers include:
the square root of any number other than square numbers,
a decimal which neither repeats nor terminates (e.g. 7).

For each of the numbers shown below state whether it is
rational or irrational:

a) 13 b) 0.6 o A3

4 -23 e) 425 n A&

o A7 h) 0.625 iy 0.ii

For each of the numbers shown below state whether it is
rational or irrational:

a) V2xA3 b)) V2443 o (2xA3y
o B o 25 ) 4+ (94

N2 20
In each of the following decide whether the quantity
required is rational or irrational. Give reasons for your
answer.
b) ) a
4om
V72em

The circumference The side length of The area of the circle
of the circle the square

® Calculating squares
This is a square of side 1 cm.

This is a square of side 2 cm.

It

has four squares of side 1 cm in it.




Number and language

Exercise |.10 Calculate how many squares of side 1 cm there would be
in squares of side:

a) 3cm b) Scm c) 8cm d) 10cm
e) 1lem f) 12cm g) 7cm h) 13cm
i) 15cm j) 20cm

In index notation, the square numbers are 12, 2% 3% 4%, etc.
42is read as ‘4 squared’.

Worked example This square is of side 1.1 units.
Its area is 1.1 X 1.1 units®,
A=1x1=1
B=1x01=01
B=1x01=01
C=01x01=0.01 11
Total = 1.21 units®

>
>
@

B c

-

Exercise I.I] 1. Draw diagrams and use them to find the area of squares

of side:

a) 2.1 units b) 3.1 units c) 1.2 units
d) 2.2 units e) 2.5 units f) 1.4 units

2. Use long multiplication to work out the area of squares

of side:

a) 24 b) 3.3 c) 28 d) 6.2
¢) 46 f) 7.3 2) 03 h) 0.8
i) 01 i 0.9

3. Check your answers to Q.1 and 2 by using the
x2key on a calculator.

® Using a graph

Exercise .12 1. Copyand complete the table for the equation y = x%

LT T T T-T T [ [of |

Plot the graph of y = x%. Use your graph to find the value of
the following:

a) 25 b) 3.5 ) 45 ) 55
o 72 0 o g) 0.8 h) 022
i) 53 i 63

2. Check your answers to Q1 by using the x* key on
a calculator.



Number

Exercise .13

Exercise 1.14

@ Square roots
The square on the left contains 16 squares. It has sides of length
4 units.

So the square root of 16 is 4.

This can be written as \/R =4.

Note that 4 X 4 = 16 so 4 is the square root of 16.
However, 4 X —4 is also 16 so -4 is also the square root of 16.
By convention, A/16 means ‘the positive square root of 16" so
N/E =4 but the square root of 16 is +4 i.e. +4 or—4.
Note that —16 has no square root since any integer squared is
positive.
1. Find the following:

a) V25 b) A9 o Ve @ Wi

ey A121 ) 419 g 4001 h) 004

) Ao 4ozs

2. Usethe ’\/7 key on your calculator to check your answers to
Q.1

3. Calculate the following:
a) A% b) A& o A% a AL
9 D5 9% wAR
Do) e

Using a graph

1. Copy and complete the table below for the equation y = /\/;

[xJoJ 1 Ta]or6]as]36]ao]et]s1T100]
LI T T T ITTTTTT |

Plot the graph of y = 4/x. Use your graph to find the
approximate values of the following:

a) A7 b) 140 o) \50 @) \/%0
) A35 n \as 9 \ss h) 160
i A2 hIRE k) 20 1 430
m)\/12 ) A75 0) W/115

2. Check your answers to Q.1 above by using the ’\/7key ona
calculator.




Number and language

Exercise I.15

Exercise 1.16

® Cubes of numbers
This cube has sides of 1 unit
and occupies 1 cubic unit of space.

The cube below has sides of 2 units and occupies 8 cubic units
of space. (That is,2 X 2 X 2.)

How many cubic units would be occupied by cubes of side:
a) 3 units b) 5 units c) 10 units
d) 4 units e) 9 units f) 100 units?
In index notation, the cube numbers are 1%, 2%, 3, 4, etc.
4%is read as ‘4 cubed’.

Some calculators have an x* key. On others, to find a cube
you multiply the number by itself three times.

1. Copy and complete the table below:

[Number[ IT2]34]s]e]7]8]o]10]
feee TT [ TTTTTT]
2. Use a calculator to find the following:

a) 11 b) 0.5 0 15 d) 25
e) 20° f) 30° g F+2 h) 3+2)
i PP ) T+3)

® Cube roots

’ifis read as ‘the cube root of ...".
Wiszl,sinceztx 4 X 4=064.
Note that g 64 is not 4

since 4 X 4 X -4 = 64

but 344 is 4.



Number

Exercise .17 Find the following cube roots:
S v A5 o 427 o Aot
o ooz p 426 g Y1000 1w 41000000
i s DR W T )

® Directed numbers

Worked example The diagram above shows the scale of a thermometer. The
temperature at 0400 was —3°C. By 0900 the temperature had
risen by 8°C. What was the temperature at 09007

()7 +@®)° =)

Exercise 1.18 Find the new temperature if:

1. a) The temperature was —5°C, and rises 9°C.

b) The temperature was —12°C, and rises 8°C.

¢) The temperature was +14°C, and falls 8°C.

d) The temperature was —3°C, and falls 4°C.

e) The temperature was —7°C, and falls 11°C.

f) The temperature was 2°C, it falls 8°C, then rises 6°C.

g) The temperature was 5°C, it falls 8°C, then falls a
further 6°C.

h) The temperature was —2°C, it falls 6°C, then rises 10°C.

i) The temperature was 20°C, it falls 18°C, then falls a
further 8°C.

j) The temperature was 5°C below zero and falls 8°C.

£

Mark lives in Canada. Every morning before school he reads
a thermometer to find the temperature in the garden. The
thermometer below shows the results for 5 days in winter.

Monday Friday Tuesday  Wednesday Thursday

Find the change in temperature between:

a) Monday and Friday b) Monday and Thursday
¢) Tuesday and Friday d) Thursday and Friday
e) Monday and Tuesday.



Number and language

>

@

o

=

10.

1

|

12

13.

The highest temperature ever recorded was in Libya. Tt was
58 °C. The lowest temperature ever recorded was —88 °C in
Antarctica. What is the temperature difference?

Julius Caesar was born in 1008cE and was 56 years old when
he died. In what year did he die?

Marcus Flavius was born in 208cE and died in Ap42. How
old was he when he died?

Rome was founded in 753scE. Constantinople fell to
Mehmet Sultan Ahmet in Ap1453, ending the Roman
Empire in the East. For how many years did the Roman
Empire last?

My bank account shows a credit balance of $105. Describe
my balance as a positive or negative number after each of
these transactions is made in sequence:

a) rent $140 b) car insurance $283

c) 1 week’s salary $230 d) food bill $72

e) credit transfer $250

A lift in the Empire State Building in New York has

stopped somewhere close to the halfway point. Call this
“floor zero’. Show on a number line the floors it stops at
as it makes the following sequence of journe;

a) up75 floors b) down 155 floors

¢) up 110 floors d) down 60 floors

e) down 35 floors ) up 100 floors

Ah lider is 1 hed from a inside in the

Swiss Alps. It climbs 650 m and then starts its descent.

Tt falls 1220 m before landing.

a) How far below its launch point was the hang-glider
when it landed?

b) If the launch point was at 1650 m above sea level, at
what height above sea level did it land?

The average noon temperature in Sydney in January is
+32 °C. The average midnight temperature in Boston in
January is —12 °C. What is the temperature difference
between the two cities?

The temperature in Madrid on New Year’s Day is —2 °C.
The temperature in Moscow on the same day is —14 °C.
What is the temperature difference between the two cities?

The temperature inside a freezer is —8 °C. To defrost it,
the temperature is allowed to rise by 12 °C. What will the
temperature be after this rise?

A plane flying at 8500 m drops a sonar device onto the
ocean floor. If the sonar falls a total of 10 200 m, how deep
is the ocean at this point?



Number

10.

14. The roof of an apartment block is 130 m above ground level.
The car park beneath the apartment is 35 m below ground
level. How high is the roof above the floor of the car park?

-
o

. A submarine is at a depth of 165 m. If the ocean floor is
860 m from the surface, how far is the submarine from the
ocean floor?

Student assessment |

1. List all the factors of the following numbers:
a) 45

2. Find the highest common factor of the following numbers:

a) 20,24 b) 42,72
3. Is the number 2.2 rational or irrational? Explain your
answer.
4. Find the value of:
a) 7 b) 122 o) (01 d) (037
5. Draw a square of side 4.1 units. Use it to find (4.1)%.
6. Find the value of:
a) (25) b) (337 ©) (0250
7. Copy and complete the table below for y = x2
[~ [2]s]«]s]e]7]e]
N2 I I N I B B
Plot the graph of y = x°. Use your graph to find the value of:
a) (36) b) (6.57 o (157 d) (537
8. Calculate the following without using a calculator:

a) \49 b) 144 ¢) \Jo.64
1 o) A[BL )

& /6 DR A2

Without using a calculator, find:

a) 2 b) 5 o) 10

Without using a calculator, find:

a) 64 b) 125 ) 41000

=

13



Number and language

Student assessment 2
1. List the prime factors of the following numbers:
a) 28 b) 38
2. Find the lowest common multiple of the following numbers:
a) 6,10 b) 7.14,28

3. The diagram shows a square with a side length of /\/E cm.
Veem
VBem
Explain, giving reasons, whether the following are rational
or irrational:
a) The perimeter of the square
b) The area of the square
4. Find the value of:
a) b) 15 o (022 a) (0.77
5. Draw a square of side 2.5 units. Use it to find (2.5)%
6. Calculate:
a) (35) b) (4.1 o) (0159
7. Copy and complete the table below for y = 4/x.
[xJol i JTaTole]s]36]*]
N2 I I I B B
Plot the graph of y = 4/x. Use your graph to find:
a) A7 b) 430 o) a5
8. Without using a calculator, find:
a) A[225 b) 4/0.01 ) V0.81
] 1 5
o AZ ¢) A5k 0 \22
9. Without using a calculator, find:

a) 4 b) (0.1 o &?
10. Without using a calculator, find:

A2 b) 41000000 9=
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Van

Bridge

Student assessment 3

Date Event
2900sce Great Pyramid built

1650ece Rhind Papyrus writen
5408ce Pythagoras born

3008ce Euclid born

0290 Lui Chih calculated 7 as 3.14
01500 Leonardo da Vinci born
01900 Albert Einstein born

01998 Fermat’s last theorem proved

The table above shows dates of some significance to
mathematics. Use the table to answer Q.1-6 below.

1. How many years before Einstein was born was the Great
Pyramid built?

2. How many years before Leonardo was born was Pythagoras
born?

@i

How many years after Lui Chih’s calculation of n was
Fermat’s last theorem proved?

4. How many years were there between the births of Euclid
and Einstein?

5. How long before Fermat’s last theorem was proved was the
Rhind Papyrus written?

6. How old was the Great Pyramid when Leonardo was born?

7. A bus route runs past Danny’s house. Each stop is given the
name of a street. From Home to Smith Street is the positive
direction.

Home
Smith James Free

Wilson

East

Pear Jackson West Kent

Find where Danny is after the stages of these journeys from

Home:

a) +4-3 bt F2—=
¢ +2-7 d) -3-2
g) el f) +6—-8+1
g —1+3-5 B == 8
i +1-3+5 ) —5+8-1



Number and language

8. Using the diagram from Q.7, and starting from Home each
time, find the missing stages in these journeys if they end at
the stop given:

a) +3+?  Pear b) +6+7? Jackson

¢) —1+? Van James
e) +5+? Home Smith
g 7+2 East Van
1), P, East Pear
Student assessment 4

Date Event

12008ce End of the Hittite Empire in Turkey

3008ce Ptolemy rules Egypt

AD969 Fatimids found Cairo

01258 Mongols destroy Baghdad

Ap 1870 Suez Canal opens

Some significant dates in the history of the Middle East are
shown in the table above. Use the table to answer Q.14 below.

1. How long after the end of the Hittite Empire did Ptolemy
rule Egypt?

2. How many years before the destruction of Baghdad by
Mongols was Cairo founded?

3. How many years were there between Ptolemy’s rule and the
opening of the Suez Canal?

4. How many years were there between the end of the Hittite
Empire and the founding of Cairo?

5. My bank statement for seven days in October is shown below:

Date | Payments (3) | Receipts ($) | Balance ($)
ol/1o 200
0210 284 ()
03/10 175 (b)
04/10 (© 46
05/10 (d 120
06/10 163 (e)
07/10 28 ®

Copy and complete the statement by entering the amounts

(a) to (f).
@



Number

6. Stops on an underground railway are given the colours of
the rainbow:

Red Yellow Blue Violet
| |
I I [

Orange Green Indigo

If I start at Green Station, where do I finish up if I make the
following moves? (Positive moves are towards Violet and
negative moves are towards Red.)

a) +2-3 b) +3-2 0 +1-4

d) —~1-2 e) +1-3 f) —3+5

@ —1-1+3 h) —2+5-2 i) +3-6+1
) —1+4-2 k) —3+6-1 1) +3-6+3

7. The noon and midnight temperatures, in degrees Celsius, in
the Sahara during one week in January are shown below:

Noon Midnight Range
Sunday +30 0 ()
Monday +28 (b) 32
Tuesday +26 -4 (©

Wednesday +32 ) 34

Thursday +33 +3 ()
Friday +34 ® 30
Saturday +28 -l ©

Copy and complete the above chart by putting the correct
values for (a) to (g).



@ Accuracy

® Approximation

In many instances exact numbers are not necessary or even
desirable. In those circumstances approximations are given. The
approximations can take several forms. The common types of
approximation are dealt with below.

Exercise 2.1

® Rounding

1£28617 people attend a gymnastics competition, this figure can
be reported to various levels of accuracy.

To the nearest 10000 this figure would be rounded up
to 30000.

To the nearest 1000 the figure would be rounded up
to 29000.

To the nearest 100 the figure would be rounded down
to 28600.

In this type of situation it is unlikely that the exact number
would be reported.

1

Round the following numbers to the nearest 1000:

a) 68786 b) 74245 c) 89000
d) 4020 €) 99500 f) 999999
Round the following numbers to the nearest 100:
a) 78540 b) 6858 c) 14099
d) 8084 €) 950 ) 2984
Round the following numbers to the nearest 10:
a) 485 b) 692 c) 8847
d) 83 e) 4 ) 997

Decimal places
/A number can also be approximated to a given number of

decimal places (d.p.). This refers to the number of digits written
after a decimal point.

Worked examples a) Write 7.864 to 1 d.p.

The answer needs to be written with one digit after the
decimal point. However, to do this, the second digit after the
decimal point also needs to be considered. If it is 5 or more
then the first digit is rounded up.

i.e. 7.864 is writtenas 7.9 to 1 d.p.



Number

Exercise 2.2

Worked examples

Exercise 2.3

b) Write 5.574to 2 d.p.
The answer here is to be given with two digits after the
decimal point. In this case the third digit after the decimal
point needs to be considered. As the third digit after the
decimal point is less than 5, the second digit is not rounded
up.
i.e. 5.574 is written as 5.57 to 2 d.p.

1. Give the following to 1 d.p.

a) 5.58 b) 0.73 c) 11.86

d) 157.39 e) 4.04 f) 15.045

g) 295 h) 0.98 i) 12,049
2. Give the following to 2 d.p.

a) 6.473 b) 9.587 c) 16476

d) 0.088 e) 0.014 f) 9.3048

2) 99.996 h) 0.0048 i) 3.0037

Significant figures

Numbers can also be approximated to a given number of
significant figures (s.f.). In the number 43.25 the 4 is the most
significant figure as it has a value of 40. In contrast, the 5 is the
least significant as it only has a value of 5 hundredths.

a) Write 43.25to 3 s.f.
Only the three most significant digits are written, however
the fourth digit needs to be considered to see whether the
third digit is to be rounded up or not.
i.e. 43.25 is written as 43.3 to 3 s.f.

b) Write 0.0043 to 1 s.f.
In this example only two digits have any significance, the 4
and the 3. The 4 is the most significant and therefore is the
only one of the two to be written in the answer.

i.e. 0.0043 is written as 0.004 to 1 s.f.

1. Write the following to the number of significant figures
written in brackets:
a) 48599 (1s.f) b) 48599 (3s.f) c) 6841 (1s.f)
d) 7538 (2sf) ) 4837 (Isf) ) 25728 B3s.f)
2) 990 (1 s.f) h) 2045 (2s.f) i) 14952 (3s.L)

2. Write the following to the number of significant figures

written in brackets:

a) 0.08562 (1s.f) b) 0.5932 (1s.£) c) 0.942 (2s.L)
d) 0954 (1sf) ) 0.954 (2sf) ) 0.00305 (1s.L)
2) 000305 (2s.£) h) 0.00973 (2s.£) i) 0.00973 (1s.t.)



Accuracy

Worked example

Exercise 2.4

® Appropriate accuracy

In many instances calculations carried out using a calculator
produce answers which are not whole numbers. A calculator
will give the answer to as many decimal places as will fit on its
screen. In most cases this degree of accuracy is neither desirable
nor necessary. Unless specifically asked for, answers should not
be given to more than two decimal places. Indeed, one decimal
place is usually sufficient.

Calculate 4.64 + 2.3 giving your answer to an appropriate
degree of accuracy.

The calculator will give the answer to 4.64 + 2.3 as 2.0173913.
However the answer given to 1 d.p. is sufficient.

Therefore 4.64 + 2.3 =2.0(1d.p.).

Calculate the following, giving your answer to an
appropriate degree of accuracy:

a) 23.456 X 17.89 b) 0.4 x 12.62 c) 18 x9.24

d) 7624+ 32 e) 7.6 f) 16.42°
23x3.31 831 D one s
23x3.37 ny 831 92+ 4

® =27 ) 2 )

® Limits of accuracy
Numbers can be written to different degrees of accuracy. For
example 4.5, 4.50 and 4.500, although appearing to represent
the same number, do not. This is because they are written to
different degrees of accuracy.

4.5 is written to one decimal place and therefore could
represent any number from 4.45 up to but not including 4.55.
On a number line this would be represented as:

44 445 15 455 46

As an inequality where x represents the number, 4.5 would be
expressed as

445=x<455

4.45 is known as the lower bound of 4.5, whilst 4.55 is known as
the upper bound.

4.50 on the other hand is written to two decimal places and
only numbers from 4.495 up to but not including 4.505 would
be rounded to 4.50. This therefore represents a much smaller
range of numbers than those which would be rounded to 4.5.
Similarly the range of numbers being rounded to 4.500 would

be even smaller.



Number

Worked example A girl’s height is given as 162 cm to the nearest centimetre.

Exercise 2.5

i) Work out the lower and upper bounds within which her
height can lie.

Lower bound = 161.5 cm
Upper bound = 162.5 cm

i}

Represent this range of numbers on a number line.

161 1615 162 1625 163

i

If the girl’s height is & cm, express this range as an
inequality.

161.5<h <1625

1. Each of the following numbers is expressed to the nearest
whole number.
i) Give the upper and lower bounds of each.
ii) Using x as the number, express the range in which the
number lies as an inequality.

a) 6 b) 83 o) 152
d) 1000 e) 100
2. Each of the following numbers is correct to one decimal
place.

i) Give the upper and lower bounds of each.
ii) Using x as the number, express the range in which the
number lies as an inequality.

a) 38 b) 156 o 1.0
d) 100 e) 03
3. Each of the following numbers is correct to two significant
figures.

i) Give the upper and lower bounds of each.

ii) Using x as the number, express the range in which the
number lies as an inequality.
a) 42 b) 0.84 ) 420
d) 5000 ) 0.045 ) 25000

4. The mass of a sack of vegetables is given as 5.4 kg,
a) Illustrate the lower and upper bounds of the mass on a
number line.
b) Using M kg for the mass, express the range of values in
which M must lie as an inequality.

5. Ataschool sports day, the winning time for the 100 m race
was given as 11.8 seconds.
a) Tllustrate the lower and upper bounds of the time on a
number line.
b) Using T seconds for the time, express the range of
values in which 7 must lie as an inequality.



Accuracy

Exercise 2.6

1

o

The capacity of a swimming pool is given as 620 m® correct

to two significant figures.

a) Calculate the lower and upper bounds of the pool’s
capacity.

b) Using x cubic metres for the capacity, express the range
of values in which x must lie as an inequality.

A farmer measures the dimensions of his rectangular field

to the nearest 10 m. The length is recorded as 630 m and the

width is recorded as 400 m.

a) Calculate the lower and upper bounds of the length.

b) Using W metres for the width, express the range of
values in which W must lie as an inequality.

Each of the following numbers is expressed to the nearest
whole number.
i) Give the upper and lower bounds of each.
i) Using x as the number, express the range in which the
number lies as an inequality.
a) 8 b) 71 o) 146
d) 200 e) 1

Each of the following numbers is correct to one decimal
place.
i) Give the upper and lower bounds of each.
ii) Using x as the number, express the range in which the
number lies as an inequality.
a) 2.5 b) 14.1 ) 20
d) 20.0 e) 0.5

Each of the following numbers is correct to two significant
figures.
i) Give the upper and lower bounds of each.
ii) Using x as the number, express the range in which the
number lies as an inequality.
a) 54 b) 0.75 ) 550
d) 6000 ) 0.012 £) 10000

The mass of a sack of vegetables s given as 7.8 kg.

a) Tllustrate the lower and upper bounds of the mass on a
number line.

b) Using M kg for the mass, express the range of values in
which M must lie as an inequality.

At aschool sports day, the winning time for the 100 m race

was given as 12.1s.

a) Ilustrate the lower and upper bounds of the time on a
number line.

b) Using T seconds for the time, express the range of
values in which T must lie as an inequality.



Number

The capacity of a swimming pool is given as 740 m® correct

to two significant figures.

a) Calculate the lower and upper bounds of the pool’s
capacity.

b) Using x cubic metres for the capacity, express the range
of values in which x must lie as an inequality.

A farmer measures the dimensions of his rectangular field

to the nearest 10 m. The length is recorded as 570 m and the

width is recorded as 340 m.

a) Calculate the lower and upper bounds of the length.

b) Using W metres for the width, express the range of
values in which W must lie as an inequality.

Student assessment |

1

Round the following numbers to the degree of accuracy
shown in brackets:

a) 2841 (nearest 100) b) 7286 (nearest 10)

c) 48756 (nearest 1000) d) 951 (nearest 100)

Round the following numbers to the number of decimal
places shown in brackets:

a) 3.84 (1dp.) b) 6.792 (1d.p.)
) 0.8526 (2d.p.) d) 1.5849 (2d.p.)
€) 9.954 (1 dp.) f) 0.0077 3dp.)

Round the following numbers to the number of significant
figures shown in brackets:

a) 384 (1s.f) b) 6.792 (2s.L.)
) 07765 (1s.) d) 9.624 (1 s.L.)
€) 83497 (2s.) f) 0.00451 (1s.£)

A cuboid’s dimensions are given as 12.32 cm by 1.8 cm by
4.16 cm. Calculate its volume, giving your answer to an
appropriate degree of accuracy.

Student assessment 2

1

Round the following numbers to the degree of accuracy
shown in brackets:

a) 6472 (nearest 10) b) 88465 (nearest 100)
c) 64785 (nearest 1000)  d) 6.7 (nearest 10)

Round the following numbers to the number of decimal
places shown in brackets:

a) 678 (1d.p.) b) 4.438 2d.p.)
) 7975 (1dp.) d) 63.084 (2d.p.)
€) 00567 (3d.p.) f) 3.95(2dp.)



Accuracy

Round the following numbers to the number of significant
figures shown in brackets:

a) 42.6 (1) b) 5.432 (25.L)
) 00574 (1s.L) d) 48572 (2s.1)
€) 687453 (1s.L) f) 687453 (3s.L)

A cuboid’s dimensions are given as 3.973 m by 2.4 m by
3.16 m. Calculate its volume, giving your answer to an
appropriate degree of accuracy.

Student assessment 3

1

The following numbers are expressed to the nearest whole
number. Illustrate on a number line the range in which each
must lie.

a) 7 b) 40

©) 300

The following numbers are expressed correct to two
significant figures. Representing each number by the
letter x, express the range in which each must lie using an
inequality.

a) 210 b) 64

c) 300

A school measures the dimensions of its rectangular playing
field to the nearest metre. The length was recorded as

350 m and the width as 200 m. Express the ranges in which
the length and width lie using inequalities.

A boy’s mass was measured to the nearest 0.1 kg. If his mass
was recorded as 58.9 kg, illustrate on a number line the
range within which it must lie.

An electronic clock is accurate to ﬁ of a second. The
duration of a flash from a camera is timed at 0.004 second.
Express the upper and lower bounds of the duration of the
flash using inequalities.

The following numbers are rounded to the degree of
accuracy shown in brackets. Express the lower and upper
bounds of these numbers as an inequality.

a) x=483(2dp.) b) y=5052dp.)

¢) z=100(1dp.)



Number

Student assessment 4

1.

The following numbers are rounded to the nearest 100.
Tlustrate on a number line the range in which they
must lie.

a) 500 b) 7000

c) 0

The following numbers are expressed correct to three
significant figures. Represent the limits of each number
using inequalities.

a) 254 b) 40.5

c) 0410 d) 100

The dimensions of a rectangular courtyard are given to
the nearest 0.5 m. The length is recorded as 20.5 m and the
width as 10.0 m. Represent the limits of these dimensions
using inequalities.

The ci ence ¢ of a tree is to the nearest

2 mm. If its circumference is measured as 245.6 cm,
illustrate on a number line the range within which it

must lie.

The time it takes Earth to rotate around the Sun is given as
365.25 days to five significant figures. What are the upper
and lower bounds of this time?

The following numbers are rounded to the degree of
accuracy shown in brackets. Express the lower and upper
bounds of these numbers as an inequality.

a) 10.90 (2dp.) b) 3.00 (2d.p.)

¢) 05(1dp.)



@ Calculations and order

Worked examples

® Ordering

The following symbols have a specific meaning in mathematics:
is equal to

is not equal to

is greater than

is greater than or equal to

is less than

is less than or equal to

NAWYVH I

x =3 states that x is greater than or equal to 3, i.e. x can be
3,4,4.2,5,5.6, etc.

3 =< x states that 3 is less than or equal to x, i.e. x can be 3, 4,
4.2,5,5.6,etc.

Therefore:

5 > x can be rewritten as x < 5, i.e. x can be 4, 3.
1, ete.

—7 < x can be rewritten as x = —7,i.e.x can be —7, =6, =5,
ete.

These inequalities can also be represented on a number line:

,2.8,2,

x=-7

Note that o= implies that the number is not included in the
solution whilst e=—p- implies that the number is included in the
solution.
a) Write a > 3 in words:

ais greater than 3.

b) Write “x is greater than or equal to 8’ using appropriate
symbols:

x=8

¢) Write *V is greater than 5, but less than or equal to 12 using
the appropriate symbols:

S5<V=12



Number

Exercise 3.1 1. Write the following in words:

a) a<7 b) b>4 ¢) c#8

d) d=<3 e) e=9 f) f<11
2. Rewrite the following, using the appropriate symbols:

a) ais less than 4

b) b is greater than 7

c) cisequal to or less than 9

d) dis equal to or greater than 5

e) eisnotequalto3

f) fis not more than 6

g) gis not less than 9

h) hisat least 6

i) iisnot7

j) Jjis not greater than 20

3. Write the following in words:

a) 5<n<10 b) 6<n<15
©) 3<n<9 d) 8<n<I2

4. Write the following using the appropriate symbols:

a) p is more than 7, but less than 10

b) g is less than 12, but more than 3

c) risatleast 5, but less than 9

d) s is greater than 8, but not more than 15

Worked examples ) The maximum number of players from one football team
allowed on the pitch at any one time is eleven. Represent
this information:

i) asan inequality,

ii) ona number line.

i) Let the number of players be represented by the letter n.
n must be less than or equal to 11. Therefore n < 11.

i)
8 9 10 n
b) The maximum number of players from one football team

allowed on the pitch at any one time is eleven. The minimum

allowed is seven players. Represent this information:

i) asan inequality,

ii) ona number line.

i) Let the number of players be represented by the letter n.
n must be greater than or equal to 7, but less than or
equal to 11.

Therefore 7 <n <11.

ii) -

7 8 8 10 1




Calculations and order

Exercise 3.2 1.

@

Exercise 3.3 1.

Copy each of the following statements, and insert one of
the symbols =, >, < into the space to make the statement
correct:

a) TX2...8+7 b) 6...9%x4
c) 5x10...7 d) 80cm...1m
e) 1000 litres ... 1 m? f) 48+6

Represent each of the following inequalities on a number
line, where x is a real number:

a) x<2 b) x=3
¢) x<—4 d) x=-2
e) 2<x<5 f) =3<x<0
g —2<x<2 h) 2=x=-1

Write down the inequalities which correspond to the
following number lines:

a) —o > s ‘
0 1 2 3 4
b) — < .
0 1 2 3 4
)
0 1 2 3 4
9= -3 -2 -1 0

Write the following sentences using inequality signs.

a) The maximum capacity of an athletics stadium is
20000 people.

b) Inaclass the tallest student is 180 cm and the shortest is
135 cm.

c) Five times a number plus 3 is less than 20.

d) The maximum temperature in May was 25 °C.

e) A farmer has between 350 and 400 apples on each tree
in his orchard.

f) In December temperatures in Kenya were between
11°Cand 28 °C.

Write the following decimals in order of magnitude, starting
with the largest:
045 0405 0.045 4.05 4.5

Write the following decimals in order of magnitude, starting
with the smallest:

60 0.6 0.66 0.606 0.06 6.6 6.606

Write the following decimals in order of magnitude, starting

with the largest:

0.906 0.96 0.096 9.06 0.609 0.690



Number

Exercise 3.4

Worked examples

4. Write the following fractions in order of magnitude, starting
with the smallest:
111 2

334 253

3

3
0 7

5. Write the following fractions in order of magnitude, starting
with the largest:
11 6 4 1 2

2 3 35 B D

o

Write the following fractions in order of magnitude, starting
with the smallest:

1. Write the following lengths in order of magnitude, starting
with the smallest:

0.5km 5000 m 15 000 cm %km 750 m

2. Write the following lengths in order of magnitude, starting
with the smallest:

2m 60cm 800mm 180cm 0.75Sm

3. Write the following masses in order of magnitude, starting
with the largest:

4kg 3500g kg 700g 1kg

=

Write the following volumes in order of magnitude, starting
with the smallest:

llitre 430ml 800 cm® 120l 150 cm®

@ Use of an electronic calculator

There are many different types of calculator available today.
These include basic calculators, scientific calculators and the
latest graphical calculators. However, these are all useless
unless you make use of their potential. The following sections
are aimed at familiarising you with some of the basic operations.

® The four basic operations

a) Using a calculator, work out the answer to the following:
123+ 149 =
DEOEEDEEEE 72

b) Using a calculator, work out the answer to the following:
163 X 108 =

O] B X[ [e] [F1[8][F] 17604



Calculations and order

¢) Using a calculator, work out the answer to the following:
41X -33=

[ HEFEE -5

Exercise 3.5 1. Usinga calculator, work out the answers to the following:

a) 97+153 b) 13.6 + 9.08
c) 12.9 +4.92 d) 1150 + 6.24
e) 86.13 + 482 f) 1089 + 47.2
2. Using a calculator, work out the answers to the following:
a) 152-29 b) 124 - 05
c) 19.06 —20.3 d) 432433
e) —9.1-212 f) —63-21
g —28 ——15 h) —241 - —241
3. Using a calculator, work out the answers to the following:
a) 92X 87 b) 146 x 8.1
c) 41X37%x6 d) 9.3+31
e) 142x -3 1) 555

—4.5

g) —22x -22 h) -20

@ The order of operations
‘When carrying out calculations, care must be taken to ensure
that they are carried out in the correct order.

Worked examples a) Use a scientific calculator to work out the answer to the
following:

2+3x4=
3] B

b) Use a scientific calculator to work out the answer to the
following:

(Q2+3)x4=
3] [E 2

The reason why different answers are obtained is because, by
convention, the operations have different priorities. These are
as follows:

(1) brackets
(2) multiplication/division
(3) addition/subtraction

Therefore in Worked example a) 3 X 4 is evaluated first, and
then the 2 is added, whilst in Worked exampleb) (2 + 3) is
evaluated first, followed by multiplication by 4.



Number

Exercise 3.6

Exercise 3.7

Worked examples

In the following questions, evaluate the answers:

i) inyour head,
i) using a scientific calculator.
1 a) 8x3+2
0 12x4-6
e) 10-6+3
2. a) TX2+3%x2
©) 9+3x8-1
e) 14x2-16+2
3. a) (4+5)x3
c) 3Xx(8+3)-3
e) 4X3X(T+5)

b) 4:2+8
d) 4+6x2
f) 6-3x4

b) 12:3+6%5
d) 36-9:3-2
f) 4+3x7-6+3

b) 8x (12— 4)
d) 4+11)=(7-2)
f) 243+ (10 - 5)

In each of the following questions:
i) Copy the calculation and put in any brackets which are

needed to make it correct.

ii) Check your answer using a scientific calculator.

1 a) 6X2+1=18
c) 8+6+2=17
€) 9:3x4+1=13

2 a) 12:4-2+6=7
€) 12:4-2+6=-5
€) 4+5x6-1=33
g 4+5x6-1=53

b) 1+3x5=16
d) 9+2x4=44

f) 3+2x4-1=15
b) 12:4-2+6=12
d) 12:4-2+6=15
f) 4+5x6-1=29
h) 4+5x6—1=45

It is important to use brackets when dealing with more complex

calculations.

a) Evaluate the following using a scientific calculator:

1249 _
10-3

OOEIEENEMOLERDIE s

b) Evaluate the following using a scientific calculator:

20412 _

LIEM

re

E

B

¢) Evaluate the following using a scientific calculator:

90438 _
£

OEMEBEIEDIE

BIE 2

Note: Different types of calculator have different ‘to the power

of” buttons.



Calculations and order

Exercise 3.8

Worked examples

Exercise 3.9

Using a scientific calculator, evaluate the following:

Lo 253 b) %
0 ‘Igfsg a %ﬂ
€) %Hxa ) %73
2 055 R
o g=f d) 331X2f+z
¢) 0 %4%

® Checking answers to calculations

Even though many calculations can be done quickly and
effectively on a calculator, often an estimate for an answer
can be a useful check. This is found by rounding each of the
numbers in such a way that the calculation becomes relatively
straightforward.

a) Estimate the answer to 57 X 246.

Here are two possibiliti
i) 60 X 200 =12 000,
i) 50 X 250 = 12 500.

b) Estimate the answer to 6386 + 27.

6000 + 30 = 200

1. Without using a calculator, estimate the answers to
the following:
a) 6219
d) 4950 x 28

b) 270 x 12
) 0.8 X 095

) 55% 60
f) 0.184 x 475

2. Without using a calculator, estimate the answers to
the following:
a) 3946 + 18
d) 5520 + 13

b) 8287 + 42
) 48 +0.12

) 906 + 27
f) 610 +0.22



Number

3. Without using a calculator, estimate the answers to the

following:

a) 7845+ 51.02 b) 1683 —87.09 c¢) 293x3.14
. 43x752 9.8)°

Q) 842+105  ©) TEEES D Gay

4. Using estimation, identify which of the following are
definitely incorrect. Explain your reasoning clearly.

a) 95X 212=20140 b) 44 x 17 =748
) 689X 413 = 28457 d) 142656 + 8 = 17832
€) 77.9 X 22.6 = 251254
842x46 _
f) =55 =19366

5. Estimate the shaded areas of the following shapes. Do not
work out an exact answer.

a) b) °
i~ 172m——>i " .7 y 28.8 n
I f .
6.2m Y 48m 4-40"4 16.3cm
¥ l T <Afem>

6. Estimate the volume of each of the solids below. Do not
work out an exact answer.

a) b) )
1<-10.50m—>1 4cm
9ot s
> f2.2em
oo}
19
-~ 3gom— >~
20cm 2y
$4cm
s
. om
~—2aom— =

Student assessment |

1. Write the following in words:

a)y m=7 b) n# 10
) e<4 d) f<6
e) x=12 f) y>-1



Calculations and order

e

Rewrite the following using the appropriate symbols:
a) ais greater than 5 b) b is greater than or equal to 6
c) cisatleast 4 d) dis not equal to 14

Tlustrate each of the following inequalities on a number

line:

a) d<4 b) e=6

c) 2<f<5 d) -3<g<1

Tlustrate the information in each of the following

statements on a number line:

a) The temperature in a greenhouse must be kept between
18 °Cand 28 °C.

b) The pressure in a car tyre should be less than 2.3 kPa,
and equal to or more than 1.9 kPa.

Write the following decimals in order of magnitude, starting
with the smallest:

0.99 9.99 9.09 9 0.09 0.9

Student assessment 2

1.

=

Write the following in words:

a) p#2 b) ¢>0
c) r<3 d) s=

e) t=1 f) u<-5

Rewrite the following using the appropriate symbols:

a) ais less than 2 b) b is less than or equal to 4
c) cisequalto8 d) dis not greater than 0

Tlustrate each of the following inequalities on a number
line:

a) j>2 b) k<16

¢) —2<L<5 d)3<sm<7

Tlustrate the information in each of the following
statements on a number line:

a) A ferry can carry no more than 280 cars.

b) The minimum temperature overnight was 4 °C.

Write the following masses in order of magnitude, starting
with the largest:

900g 1kg 1800g 1.09kg 9g

Student assessment 3

1

Insert one of the symbols =, > or < into the space to make
the following statements correct:

a) 8X5...5%8 b) 92...100 — 21

c) 45cm...0.5m d) Daysin June ... 31 days



Number

2. Tlustrate the following information on a number line:
a) The greatest number of days in a month is 31.
b) A month has at least 28 days.
c) A cake takes l% to 1% hours to bake.
d) An aeroplane will land between 1440 and 14 45.

3. Write the i using ineq
a) No more than 52 people can be carried on a bus.
b) The minimum temperature tonight will be 11 °C.
c) There are between 24 and 38 pupils in a class.
d) Three times a number plus six is less than 50.
¢) The minimum reaction time for an alarm system is

0.03 second.
4. TIlustrate the following inequalities on a number line:
a) x>5 b) y<-3
¢ —3<x<-1 d) —2<y<1

5. Write the following fractions in order of magnitude, starting
with the largest:
12 71 B 6

§ 3 12 18 7

Student assessment 4

1. Insert one of the symbols =, > or < into the space to make
the following statements correct:
a) 4x2...2 b) 62...2°
c) 850 ml...0.5 litre d) Days in May ... 30 days

2. Tlustrate the following information on a number line:

a) The temperature during the day reached a maximum
of 35°C.

b) There were 20 to 25 pupils in a class.

¢) The world record for the 100 m sprint is under
10 seconds.

d) Doubling a number and subtracting four gives an answer
greater than 16.

3. Write the information on the following number lines as

inequalities:

a =1 0 1 2
Dl 3 . : 5
Dl o > i S
B 3 0 1 2



Calculations and order

Tlustrate each of the following inequalities on a number
line:

a) x=3 b) x<d

c) D<x<4 d) -3<x<1

‘Write the following fractions in order of magnitude, starting
with the smallest:
4 3 9 1 2

7 14 10 25

Student assessment 5

1.

Using a calculator, work out the answers to the following:

a) 6.9+ 182 b) 122 — 49

¢) =51+10 d) 48— —82

e) 33x —42 ) —15+ -4
Evaluate the following:

a) 6X8—4 b) 3+5x2

€) 3X3+4x4 d) 3+3x4+4
e) 5+2)x7 f) 1822+(5-2)

Copy the following, if necessary putting in brackets to make
the statement correct:

a) 7T—4x2=6 b) 12+3Xx3+4=33

) 5+5X6—4=20 d) 5+5X6—-4=56

Evaluate the following using a calculator:

4_q2
a) 223 b) 8—155 X3+7

1 mile is 1760 yards. Estimate the number of yards in
11.5 miles.

Estimate the shaded area of the figure below:

T

56m

l

Estimate the answers to the following. Do not work out
exact answers.

le———8.9m ———>|

y 3312 by O o 188x(7.17
21 @7y (1% (39



Number

Student assessment 6

1. Using a calculator, work out the answers to the following:

a) 7.1+ 8.02 b) 22-58
c) —6.1+4 d) 42— -5
e) —3.6x41 f) —18

2. Evaluate the following:
a) 3x9-7 b) 12462
©) 3+4:2x4 d) 6+3x4-5
e) (5+2)=7 f) 14x2:9-2)

3. Copy the following, if necessary putting in brackets to make
the statement correct:

a) 7T-5%x3=6 b) 16+ 4X2+4=40
) 4+5x6—1=45 d) 1+5x6-6=30
4. Using a calculator, evaluate the following:
342 S
a) 3 ;4 b) 15—3 T3+7
5. 1 mile is 1760 yards. Estimate the number of yards in
19 miles.

6. Estimate the area of the figure below:

1=€4.9cm-1 1€4.9cma-1

11.7cm

6.4cm

18.8cm

7. Estimate the answers to the following, Do not work out
exact answers.

3.9%264 62y 28x (137
a) 555 ® Ga 9 G2yx62



Integers, fractions, decimals
and percentages

® Fractions
A single unit can be broken into equal parts called fractions,
eg. % % %

If, for example, the unit is broken into ten equal parts and
three parts are then taken, the fraction is written as %. That is,
three parts out of ten parts.

In the fraction %:

The ten is called the denominator.

The three is called the numerator.

A proper fraction has its numerator less than its
denominator, e.g. %

An improper fraction has its numerator more than
its denominator, e.g. 7.

A mixed number is made up of a whole number and
a proper fraction, e.g. 4%

Exercise 4.1 1. Copy the following fractions and indicate which is the
numerator and which the denominator.
0% RE-: % 03
2. Draw up a table with three columns headed ‘proper
fraction’, “improper fraction’ and ‘mixed number’.
Put each of the numbers below into the appropriate

column.

a3 b) o 4 93
e) 13 n 23 g 7 h) L
) 7 i k) ¢ D 15
m) 3 n) 2% o) 3

A fraction of an amount

Worked examples a) Find % of 35.
This means “divide 35 into 5 equal parts’.
$of35isE=7.
b) Find 2 of 35.
Since: 0f 3587, 2 0f 35is 7 X 3.
That is, 21.



Number

Exercise 4.2

Worked examples

Exercise 4.3

Worked example

Exercise 4.4

1. Evaluate the following:
a) fof40  b) 2of40 ¢ Fof36  d) 3of36
€) $of72 ) Fof72  g) Hof60  h) ol 60
i) jof8 j) Fof8

2. Evaluate the following:
a) 30012 b) 2020 <) Fofd5  d) Fof64
e) Fof66 f) of80 g) 3of42  h) Sofs4
i) Fof240 j) % of6s

Changing a mixed number to an improper fraction

a) Change 2% to an improper fraction.

_4
1=3
_8
2=3
3_8.3
L=t
=4
=7
b) Change};to an improper fraction.
5_24 5
¥=2:3
2445
T
)
=%

Change the following mixed numbers to improper fractions:

a) 42 b) 32 ) 5% d) 22
©) 81 f) 9% ®) 6F h) 4
i 5f 75 k) 43 I

Changing an improper fraction to a mixed number

Change %7 to a mixed number.

27 _ %43
=72

24 3
=7Tt7
3

=63

Change the following improper fractions to mixed numbers:

a) 2 b) 2 o 4 d) 2
9% n 4§ 9 g h) &
O DB



Integers, fractions, decimals and percentages

Exercise 4.5

® Decimals

H T u w S o
3 2 7
0 0 3 8

3.27is 3 units, 2 tenths and 7 hundredths
ie327=3+%+1;

0.038 is 3 hundredths and 8 thousandths
. g & s
ie. 0.038= 155 + o5

Note that 2 tenths and 7 hundredths is equivalent to
27 hundredths

¥ By T

ie 5+ 5
and that 3 hs and 8 tl is equi to
38 thousandths

oy s _ 3
i-e. 155+ To00 = 000

A decimal fraction is a fraction between 0 and 1 in which the

denominator is a power of 10 and the numerator is an integer.

S R I _—
6 100° 000 are all examples of decimal fractions.

2170 is not a decimal fraction because the denominator is not a
power of 10.

% is not a decimal fraction because its value is greater than 1.

1. Make a table similar to the one above. List the digits in the
following numbers in their correct position:

a) 6.023 b) 5.94 c) 183
d) 0.071 e) 2.001 f) 3.56

2. Write the following fractions as decimals:
a) 43 b) 63 ) 1735 d) 35
9% Dlm  ®4ms W SEy
bas ) o

3. Evaluate the following without using a calculator:
a) 2.7+ 035+ 16.09 b) 1.44 + 0.072 + 82.3
c) 23.8-17.2 d) 169 —5.74
e) 121.3 — 8549 f) 6.03+05-121
g) 72.5—-9.08 +3.72 h) 100 — 32.74 — 61.2
i) 160 —9.24 - 536 j) 1.1-0.92 - 0.005



Number

Exercise 4.6

Worked example

Exercise 4.7

® Percentages
A fraction whose denominator is 100 can be expressed as
a percentage.

% can be written as 29%

% can be written as 45%

‘Write the following fractions as percentages:

39 42 63 5
a) 155 b) 15 DR )

Changing a fraction to a percentage
By using equivalent fractions to change the denominator to 100,
other fractions can be written as percentages.

Change % to a percentage.

1D _ 6
35X % = 100

3
5

% can be written as 60%
1. Express each of the following as a fraction with
denominator 100, then write them as percentages:
2 17 1 3
a) 5 b) 3 9 % d)
h)

o) = 0 % 2

Blw

2. Copy and complete the table of equivalents below.

Fraction Decimal Percentage
1
10
02
30%
<
10
05
60%
07
)
5
09
L
;i
75%




Integers, fractions, decimals and percentages

Worked example

Worked example

Worked example

® The four rules

Calculations with whole numbers
Addition, subtraction, multiplication and division are
mathematical operations.

Long multiplication

‘When carrying out long multiplication, it is important to
remember place value.

184x37 184
x 37
1288 (184x7)
5520 (184 x30)
6808 (184x37)

Short division

453+ 6 753

6[4 5 3

It is usual, however, to give the final answer in decimal form
rather than with a remainder. The division should therefore be
continued:
453+ 6 -
6l4 5 33.%

Long division

Calculate 7184 + 23 to one decimal place (1 d.p.).

Therefore 7184 + 23 =312.3to 1 d.p.

Mixed operations
‘When a calculation involves a mixture of operations, the order
of the operations is important. Multiplications and divisions

are done first, whilst additions and subtractions are done
afterwards. To override this, brackets need to be used.



Number

Worked examples

Exercise 4.8

a)

<)

1

3+7x2-4 b @B+7)x2-4
=3+14-4 =10x2-4
=13 =20-4

=16

3+7x(2-4) Q) B+Nx(2-4)
=3+7x(-2) = 10x(-2)
=3-14 =-20
= -11

Evaluate the answer to each of the following:

a) 3+5x2-4 b) 6+4x7-12
€) 3X2+4X6 d) 4X5-3%6
e) 8+2+18+6 f) 12+8+6+4

Copy these equations and put brackets in the correct places
to make them correct:

a) 6X4+6+3=20 b) 6X4+6+3=36

c) 8+2X4-— 12 d) 8+2x4-2=20

e) 9-3XT7+2=44 f) 9-3X7+2=54

Without using a calculator, work out the solutions to the
following multiplications:

a) 63 X 24 b) 531 x 64
) 785 38 d) 164 x 253
) 144 x 144 f) 170 x 240

Work out the remainders in the following divisions:
a) 3+7 5
0 72+7
e) 156 +5
a) The sum of two numbers is 16, their product is 63.
What are the two numbers?
b) When a number is divided by 7 the result is
14 remainder 2. What is the number?
c) The difference between two numbers is 5, their product
is 176. What are the numbers?
d) How many 9s can be added to 40 before the total
exceeds 1007
e) Alength of rail track is 9 m long. How many complete
lengths will be needed to lay 1 km of track?
f) How many 35 cent stamps can be bought for 10 dollars?

Work out the following long divisions to 1 d.p.

a) 7892+ 7 b) 45623+ 6
) 9452+ 8 d) 4564 + 4
€) 7892+ 15 f) 79876 + 24



Integers, fractions, decimals and percentages

Worked examples

Exercise 4.9

® Fractions
Equivalent fractions

1 2 £
2 i 8
It should be apparent lha! S and are equlvalenl fractions.
Slmllﬂer 3 g 5 and & fzare equwalem as are g, 5 and =

Equivalent fractions are mathematically the same as each
other. In lhe diagrams above ; is mathematically the same as 7
However % is a simplified form of .

When carrying out calculations involving fractions it is usual
to give your answer in its simplest form. Another way of saying
“simplest form” is ‘lowest terms’.

a) Write % in its simplest form.
Divide both the numerator and the denominator by their
highest common factor.
The highest common factor of both 4 and 22 is 2.
Dividing both 4 and 22 by 2 gives -
Therefore % is % written in its simplest form.

=

Write % in its lowest terms.

Divide both the numerator and the denominator by their
highest common factor.

The highest common factor of both 12 and 40 is 4.
Dividing both 12 and 40 by 4 gives 3.
Therefore % is % written in its lowest terms.

1. Copy the following sets of equivalent fractions and fill in
the blanks:




Number

Worked examples

Worked examples

Exercise 4.10

2. Express the following fractions in their lowest terms.

) 5 b) 9 3
16 75 81
4 5 ) 10 0 5
3. Write the faollowing improper fractions as mixed numbers.
egg =3
a) 2 b 2 o 3
19 2 ey
9 7 e 5 D 7

4. WrileA lhe‘gnllowing mixed numbers as improper fractions.
eg35=%

a) 6 b) 73 9 3%
d) 113 ) 63 0 sy

Addition and subtraction of fractions
For fractions to be either added or subtracted, the denominators
need to be the same.

. 2 o SR O
=4 B l+i=L=1

d)

3
a) 3

+
or

‘When dealing with calculations involving mixed numbers,
sometimes easier to change them to improper fractions first.

2 53-2% b) 13+33
-2-2 -3ex
-4

-sy

Evaluate each of the following and write the answer as
a fraction in its simplest form:

Loa)3+3 b) F o+
934} @ 343
e) p+2 0 $+3+3
2 8 d+ied b3+t
9 b+ied o 3edet
e) 2+3+2 0 S+3i+3



Integers, fractions, decimals and percentages

Worked examples

Worked examples

Exercise 4.11

3.2 2-2 b) $-1L
953 5o
o i-% 0 i-3+%
s 93442 B §+-4
2545 g3 -4
& dhfb 0 &~E-d
5. a) 23 +3% b) 3%+ 1%
o -3 @ -2t
€) 51—43 f 3%-23
6. a) A+1t+13 b) 28+ 35+ 13
) 4r-13-33 d) 63 -23-3%
€) 24 -34-12 f) 45— 5h+2%

Multiplication and division of fractions

a)  2x% b) 3Ex4d
=16

The reciprocal of a number is obtained when 1 is divided by that
number. The reciprocal of 5 is % the reciprocal of £ is 3, etc.

Dividing fractions is the same as multiplying by the reciprocal.

a) %—% b) };1:
3 4 1
=gy =7
=2 -
24 2

1 =2

2 2

1. Write the reciprocal of each of the following:

a3 b) 3 97

1 3 5

@ 3 e) 22 f 4

2. Write the reciprocal of each of the following:
a) 3 b) & DR

a) 13 ) 33 06



Number

Worked examples

Exercise 4.12

3. Evaluate the following:
3.4 25,9 4

a) X3 b)5Xig €) FXi5
d) Jofs €) 2of5 ) Zofl

4. Evaluate the following:

5.3 5.1 7
8 g+37 b) 53 i
REE ) 3+2% [IRFERH

5. Evaluate the following:

B4 T2
a) y X5 LB
34,3 4.2
9 3X3X5y ) 5+3X5
e) Jofd f) 4b+3t
6. Evaluate the following:
3 4 L (L3 1,53 3. 41
a) (§x3)+ (o) b) (13 3) - (23 +13)
3 4 4 63 1 5\2
o) [Forg)+ [sor3) O (15x2)

Changing a fraction to a decimal

To change a fraction to a decimal, divide the numerator by
the denominator.

a) Change %lo a decimal.

0.6 25
8 15.0% “

b) Change 2% to a decimal.
This can be represented as 2 + %

0.6
5 13.0

Therefore 2% =20

1. Change the following fractions to decimals:

O b) § 9 %
a § D n 3
9 % h) §

2. Change the following mixed numbers to decimals:
a) 23 b) 32 ) 4x
d) 6% ) 53 n 6
9 S h) 45



Integers, fractions, decimals and percentages

Worked examples

Exercise 4.13

Changing a decimal to a fraction

Changing a decimal to a fraction is done by knowing the ‘value’
of each of the digits in any decimal.

a)

Change 0.45 from a decimal to a fraction.
units . tenths hundredths
0

0.45 is therefore equivalent to 4 tenths and 5 hundredths,
which in turn is the same as 45 hundredths.

_45_ 0
Therefore 0.45 = 55 = 57

Change 2.325 from a decimal to a fraction.
units . tenths hundredths thousandths
2

Therefore 2.325 = 275 = 213

Change the following decimals to fractions:

a) 0.5 b) 0.7 c) 0.6
d) 075 e) 0.825 £) 0.05
g) 0.050 h) 0.402 i) 0.0002
Change the following decimals to mixed numbers:
a) 24 b) 6.5 ) 82
d) 375 e) 10.55 £) 9.204
g) 15.455 h) 30.001 i) 1.0205

Student assessment |

1.

Copy the following numbers. Circle improper fractions and
underline mixed numbers:

1 2 8 3
4 B b) 5 DR 43 e 1z
Evaluate the following:
a) tof60  b) 2of55 ¢ Zof2l  d) Fof120

Change the following mixed numbers to improper fractions:

a) 2 b) 33 o 5
Change the following improper fractions to mixed numbers:
a7 b) ¥ Ok

Copy the following set of equivalent fractions and fill in the
missing numerators:
5

6 12 24 60 108



Number

Write the following fractions as decimals:

S T
Write the following as percentages:

a) i b) fio O 0 5

o4 DAy D D

i) 031 i) 0.07 k) 34 H 2

Student assessment 2

1.

Copy the following numbers. Circle improper fractions and
underline mixed numbers:

a) & b) 5 0% 9 3
Evaluate the following:
a) fof63  b) Fof72 o) Zof55  d) Zofl69

Change the following mixed numbers to improper fractions:

a) 22 b) 33 ) 53
Change the following improper fractions to mixed numbers:
4§ b § o i

Copy the following set of equivalent fractions and fill in the
missing numerators:

R sy s _ne e

3 6 12 18 27 30

Write the following fractions as decimals:

a) % D 9% 9 16
Write the following as percentages:

a) § v i o} 9 5

) 13 f) 3% 8 % h) %
i 077 i 003 k) 29 ) 4

Student assessment 3

1.

Evaluate the following:
a) 5+8Xx3-6 b) 15+45+3-12

The sum of two numbers is 21 and their product is 90. What
are the numbers?

How many seconds are there in 2% hours?

Work out 851 X 27.



Integers, fractions, decimals and percentages

5. Work out 6843 + 19 giving your answer to 1 d.p.
6. Copy these equivalent fractions and fill in the blanks:
8 16 _56_ _

B®™9 90

7. Evaluate the following:

) 3 -l b) 45+ 15
8. Change the following fractions to decimals:
2 3
a) 2 b) 13

9. Change the following decimals to fractions. Give each
fraction in its simplest form.
a) 4.2 b) 0.06
c) 185 d) 2.005

Student assessment 4

1. Evaluate the following:
a) 6X4—-3x8 b) 15+3+2x7

2. The product of two numbers is 72, and their sum is 18. What
are the two numbers?

3. How many days are there in 42 weeks?
4. Work out 368 X 49.
5. Work out 7835 + 23 giving your answer to 1 d.p.

6. Copy these equivalent fractions and fill in the blanks:

4 ____4____ 60
36 12 30
7. Evaluate the following:
1_4 14
a) 23—35 b) 33%X3
8. Change the following fractions to decimals:
a) b) 1§

9. Change the following decimals to fractions. Give each
fraction in its simplest form.
a) 6.5 b) 0.04
) 3.65 d) 3.008



@ Further percentages

You should already be familiar with the percentage equivalents
of simple fractions and decimals as outlined in the table below.

Fraction Decimal Percentage
3 05 50%
F 025 25%
E 075 75%
0.125 12.5%
0375 37.5%
0.625 62.5%
L 0875 87.5%
. 0.1 10%
Lort 02 20%
2z 03 30%
Hor? 0.4 40%
Lord 06 60%
A 07 70%
Sort 08 80%
> 09 90%

® Simple percentages

Worked examples a) Of 100 sheep in a field, 88 are ewes.
i)  What percentage of the sheep are ewes?
88 out of 100 are ewes
= 88%
ii) What percentage are not ewes?
12 out of 100
=12%
b) A gymnast scored marks out of 10 from five judges.
They were: 8.0,8.2,7.9,83 and 7.6.
Express these marks as percentages.

80 _ 80 82_8 79_19

B0 g BI_B gy 9D _se
10 100 2 10 100 2% 10 100 %
83_8 o T6_T6 .,
107100783/0 1071007764



Further percentages

Exercise 5.1

Worked examples

e

1

®

o

o

a)

Convert the following percentages into fractions and decimals:
i 27% i) 5%

27 _ - I
100 = 0.27 100 =20 0.05

In a survey of 100 cars, 47 were white, 23 were blue and 30
were red. Express each of these numbers as a percentage of
the total.

% of the surface of the Earth is water. Express this as a
percentage.

There are 200 birds in a flock. 120 of them are female. What
percentage of the flock are:

a) female? b) male?

Write these percentages as fractions of 100:
a) 73% b) 28%

¢) 10% d) 25%

Write these fractions as percentages:

27 B 7 1
D0 g 9 35 Dy
Convert the following percentages to decimals:

a) 39% b) 47% c) 83%
d) 7% ) 2% f 20%
Convert the following decimals to percentages:
a) 031 b) 0.67 ) 0.09
d) 0.05 €) 02 0 075

Calculating a percentage of a quantity

Find 25% of 300 m.

25% can be written as 0.25.
0.25 X300 m =75m.

Find 35% of 280 m.

35% can be written as 0.35.
0.35 X280 m = 98 m.



Number

Exercise 5.2

1

‘Write the percentage equivalent of each of the following
fractions:

R b 3 9 i

4 9 7
@ 1 €) 42 1) 37
Write the decimal equivalent of each of the following:
a) 3 b) 80% o %
d) 7% e) 12 f) 1
Evaluate the following:
a) 25% of 80 b) 80% of 125 ¢) 62.5% of 80
d) 30% of 120 e) 90% of 5 f) 25% of 30
Evaluate the following:
a) 17% of 50 b) 50% of 17 c) 65% of 80
d) 80% of 65 e) 7% of 250 £) 250% of7

In a class of 30 students, 20% have black hair, 10% have
blonde hair and 70% have brown hair. Calculate the
number of students with

a) black hair,

b) blonde hair,

c) brown hair.

A survey d among 120 ildren looked at
which type of meat they preferred. 55% said they preferred
chicken, 20% said they preferred lamb, 15% preferred goat
and 10% were vegetarian. Calculate the number of children
in each category.

A survey was carried out in a school to see what nationality
its students were. Of the 220 students in the school, 65%
were Australian, 20% were Pakistani, 5% were Greek and
10% belonged to other nationalities. Calculate the number
of students of each nationality.

A shopkeeper keeps a record of the numbers of items

he sells in one day. Of the 150 items he sold, 46% were
newspapers, 24% were pens, 12% were books whilst the
remaining 18% were other items. Calculate the number of
each item he sold.

® Expressing one quantity as a percentage of

another

To express one quantity as a percentage of another, first write the
first quantity as a fraction of the second and then multiply by 100.



Further percentages

Worked example

Exercise 5.3

Worked examples

In an examination a girl obtains 69 marks out of 75. Express this
result as a percentage.

1.

[ ]
a)

% X 100% = 92%

For each of the following express the first quantity as a
percentage of the second.

a) 24 out of 50 b) 46 out of 125

c) 7 out of 20 d) 45 out of 90

e) 9outof 20 ) 16 out of 40

g) 13 outof 39 h) 20 out of 35

A hockey team plays 42 matches. It wins 21, draws 14 and
loses the rest. Express each of these results as a percentage
of the total number of games played.
Four candidates stood in an election:

A received 24 500 votes

B received 18 200 votes

C received 16 300 votes

D received 12 000 votes

Express each of these as a percentage of the total votes cast.

A car manufacturer produces 155 000 cars a year. The cars
are available for sale in six different colours. The numbers
sold of each colour were:

Red 55000

Blue 48000

White 27500

Silver 10200

Green 9300

Black 5000

Express each of these as a percentage of the total number
of cars produced. Give your answers to 1 d.p.

Percentage increases and decreases

A doctor in Thailand has a salary of 18 000 baht per month.
If her salary increases by 8%, calculate:

i)  the amount extra she receives per month,

ii)  her new monthly salary.

i) Increase = 8% of 18 000 baht
= 0.08 X 18 000 baht = 1440 baht
ii) New salary = old salary + increase
8 000 baht + 1440 baht per month
=19 440 baht per month




Number

Exercise 5.4

b) A garage increases the price of a truck by 12%. If the

w

FS

original price was $14 500, calculate its new price.
The original price represents 100%, therefore the
increase can be represented as 112%.

New price = 112% of $14 500
= 1.12 X $14 500
= $16 240

A shop is having a sale. It sells a set of tools costing $130 at a
15% discount. Calculate the sale price of the tools.

The old price represents 100% . therefore the new price
can be represented as (100 — 15)% = 85%.

85% of $130 = 0.85 x $130
= $110.50

Increase the following by the given percentage:
a) 150by25%  b) 230by40%  c) 7000 by 2%
d) 70by250%  ¢) 80by125% ) 75by 62%

Decrease the following by the given percentage:
a) 120by25%  b) 40by 5% ) 90by 90%
d) 1000by10%  ¢) 80by37.5% ) 75by42%

In the following questions the first number is increased
to become the second number. Calculate the percentage
increase in each case.

a) 50— 60 b) 755135 c) 40— 84

d) 305315 e) 18333 f) 413

In the following questions the first number is decreased
to become the second number. Calculate the percentage
decrease in each case.

a) 5025 b) 80— 56 c) 150 » 1425
d) 3-0 e) 550 — 352 f) 20519

A farmer increases the yield on his farm by 15%. If his
previous yield was 6500 tonnes, what is his present yield?

The cost of a computer in a computer store is reduced by
12.5% in a sale. If the computer was priced at $7800, what is
its price in the sale?

A winter coat is priced at $100. In the sale its price is

reduced by 25%.

a) Calculate the sale price of the coat.

b) After the sale its price is increased by 25% again.
Calculate the coat’s price after the sale.



Further percentages

A farmer takes 250 chickens to be sold at a market. In the

first hour he sells 8% of his chickens. In the second hour he

sells 10% of those that were left.

a) How many chickens has he sold in total?

b) What percentage of the original number did he manage
to sell in the two hours?

The number of fish on a fish farm increases by
approximately 10% each month. If there were originally
350 fish, calculate to the nearest 100 how many fish there
would be after 12 months.

Student assessment |

1

Copy the table below and fill in the missing values:

Fraction Decimal Percentage

08

1.5

Find 40% of 1600 m.

A shop increases the price of a television set by 8%. If the
original price was $320, what is the new price?

A car loses 55% of its value after four years. If it cost
$22 500 when new, what is its value after the four years?

Express the first quantity as a percentage of the second.
a) 40cm,2m b) 25 mins, 1 hour c) 450 g,2kg
d) 3m,35m e) 70kg, 1 tonne £) 75cl, 2.5 litres

A house is bought for 75 000 rand, then resold for 87 000
rand. Calculate the percentage profit.

A pair of shoes is priced at $45. During a sale the price is

reduced by 20%.

a) Calculate the sale price of the shoes.

b) What is the percentage increase in the price if after the
sale it is once again restored to $45?

The population of a town increases by 5% each year. If

in 2007 the population was 86 000, in which year is the

population expected to exceed 100 000 for the first

time?



Number

Student assessment 2

1.

%=

Copy the table below and fill in the missing values:

Fraction Decimal Percentage
025

621%

Find 30% of 2500 m.

In a sale a shop reduces its prices by 12.5%. What is the sale
price of a desk previously costing 2400 Hong Kong dollars?

In the last six years the value of a house has increased by
35%. If it cost $72 000 six years ago, what is its value now?

Express the first quantity as a percentage of the second.

a) 35 mins, 2 hours b) 650 g,3kg
c) Sm,4m d) 15s, 3 mins
€) 600 kg, 3 tonnes ) 35cl, 3.5 litres

Shares in a company are bought for $600. After a year, the
same shares are sold for $550. Calculate the percentage
depreciation.

In a sale the price of a jacket originally costing $850 is
reduced by $200. Any item not sold by the last day of the
sale is reduced by a further 50%. If the jacket is sold on the
last day of the sale:

a) calculate the price it is finally sold for,

b) calculate the overall percentage reduction in price.

Each day the population of a type of insect increases by
approximately 10%. How many days will it take for the
population to double?



@ Ratio and proportion

Worked example

Exercise 6.1

@® Direct proportion
‘Workers in a pottery factory are paid according to how many
plates they produce. The wage paid to them is said to be in
direct proportion to the number of plates made. As the number
of plates made increases so does their wage. Other workers are
paid for the number of hours worked. For them the wage paid is
in direct proportion to the number of hours worked.

There are two main methods for solving problems involving
direct proportion: the ratio method and the unitary method.

A bottling machine fills 500 bottles in 15 minutes. How many
bottles will it fill in l% hours?
Note: The time units must be the same, so for either method

the 1% hours must be changed to 90 minutes.

The ratio method
Let x be the number of bottles filled. Then:

x _500

90 15

_500%90 _
sox ="7e— = 3000

3000 bottles are filled in 1% hours.

The unitary method

In 15 minutes 500 bottles are filled.
Therefore in 1 minute 51%0 bottles are filled.
So in 90 minutes 90 X % bottles are filled.

In 1% hours, 3000 bottles are filled.

Use either the ratio method or the unitary method to solve the
problems below.

1. A machine prints four books in 10 minutes. How many will
it print in 2 hours?

2. A farmer plants five apple trees in 25 minutes. If he
continues to work at a constant rate, how long will it take
him to plant 200 trees?

3. A television set uses 3 units of electricity in 2 hours. How
many units will it use in 7 hours? Give your answer to the

nearest unit.
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Exercise 6.2

4. A bricklayer lays 1500 bricks in an 8-hour day. Assuming he
continues to work at the same rate, calculate:
a) how many bricks he would expect to lay in a five-day
week,
b) how long to the nearest hour it would take him to lay
10 000 bricks.

5. A machine used to paint white lines on a road uses
250 litres of paint for each 8 km of road marked. Calculate:
a) how many litres of paint would be needed for 200 km of
road,
b) what length of road could be marked with 4000 litres of
paint.
6. An aircraft is cruising at 720 km/h and covers 1000 km.
How far would it travel in the same period of time if the
speed increased to 800 km/h?

7. A production line travelling at 2 m/s labels 150 tins. In the
same period of time how many will it label at:
a) 6m/s b) 1m/s c) 1.6 m/s?

Use either the ratio method or unitary method to solve the
problems below.

1. A production line produces 8 cars in 3 hours.
a) Calculate how many it will produce in 48 hours.
b) Calculate how long it will take to produce 1000 cars.

2. A machine produces six golf balls in fifteen seconds.
Calculate how many are produced in:
a) 5 minutes b) 1 hour c) 1day.

3. An MP3 player uses 0.75 units of electricity in 90 minutes.
Calculate:
a) how many units it will use in 8 hours,
b) how long it will operate for 15 units of electricity.

4. A combine harvester takes 2 hours to harvest a 3 hectare
field. If it works at a constant rate, calculate:
a) how many hectares it will harvest in 15 hours,
b) how long it will take to harvest a 54 hectare field.

5. A road-surfacing machine can re-surface 8 m of road in
40 seconds. Calculate how long it will take to re-surface
18 km of road, at the same rate.

6. A sailing yacht is travelling at 1.5 km/h and covers 12 km.
If its speed increased to 2.5 km/h, how far would it travel in
the same period of time?



Ratio and proportion

Worked example

Exercise 6.3

7. A plate-making machine produces 36 plates in 8 minutes.
a) How many plates are produced in one hour?
b) How long would it take to produce 2880 plates?

If the information is given in the form of a ratio, the method of
solution is the same.

Tin and copper are mixed in the ratio 8 : 3. How much tin is
needed to mix with 36 g of copper?

The ratio method
Letx grams be the mass of tin needed.

e,
36 3
Therefore x= £x36
=96

S0 96 g of tin is needed.

The unitary method
3 g of copper mixes with 8 g of tin.

1 g of copper mixes with % gof tin.
So 36 g of copper mixes with 36 X % g of tin.
Therefore 36 g of copper mixes with 96 g of tin.

1. Sand and gravel are mixed in the ratio 5 : 3 to form ballast.
a) How much gravel is mixed with 750 kg of sand?
b) How much sand is mixed with 750 kg of gravel?

2. A recipe uses 150 g butter, 500 g flour, 50 g sugar and
100 g currants to make 18 cakes.
a) How much of each ingredient will be needed to make
72 cakes?
b) How many whole cakes could be made with 1 kg of
butter?

3. A paint mix uses red and white paint in a ratio of 1: 12.
a) How much white paint will be needed to mix with 1.4
litres of red paint?
b) Ifa total of 15.5 litres of paint is mixed, calculate
the amount of white paint and the amount of red
paint used. Give your answers to the nearest 0.1 litre.
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Worked examples

4.
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A tulip farmer sells sacks of mixed bulbs to local people.

The bulbs develop into two different colours of tulips, red

and yellow. The colours are packaged in a ratio of 8 : 5

respectively.

a) If a sack contains 200 red bulbs, calculate the number of
yellow bulbs.

b) If a sack contains 351 bulbs in total, how many of each
colour would you expect to find?

c) One sack is packaged with a bulb mixture in the ratio
7 : 5 by mistake. If the sack contains 624 bulbs, how
many more yellow bulbs would you expect to have
compared with a normal sack of 624 bulbs?

A pure fruit juice is made by mixing the juices of oranges

and mangoes in the ratio of 9: 2.

a) If 189 litres of orange juice are used, calculate the
number of litres of mango juice needed.

b) If 605 litres of the juice are made, calculate the numbers
of litres of orange juice and mango juice used.

Divide a quantity in a given ratio
Divide 20 m in the ratio 3 : 2.

The ratio method

3:2gives 5 parts.

Ix20m=12m

2x20m=8m

20 m divided in the ratio 3: 2is 12 m: 8 m.
The unitary method

3:2 gives 5 parts.

5 parts is equivalent to 20 m.

1 part is equivalent to %ﬂ m.

Therefore 3 parts is 3 X ? m; that is 12 m.
Therefore 2 parts is 2 X ? m; that is 8 m.
A factory produces cars in red, blue, white and green in

the ratio 7: 5 : 3 : 1. Out of a production of 48 000 cars how
many are white?

745+ 3 + 1 gives a total of 16 parts.
Therefore the total number of white cars is
2 X 48 000 = 9000.



Ratio and proportion

Exercise 6.4
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Divide 150 in the ratio 2:: 3.
Divide 72 in the ratio 2: 3 : 4.
Divide 5 kg in the ratio 13 : 7.
Divide 45 minutes in the ratio 2 : 3.
Divide 1 hour in the ratio 1: 5.

% of a can of drink is water, the rest is syrup. What is the
ratio of water to syrup?

% of a litre carton of orange is pure orange juice, the
rest is water. How many millilitres of each are in the
carton?

55% of students in a school are boys.

a) What is the ratio of boys to girls?

b) How many boys and how many girls are there if the
school has 800 students?

A piece of wood is cut in the ratio 2 : 3. What fraction of

the length is the longer piece?

If the original piece of wood in Q.9 is 80 cm long, how long

is the shorter piece?

A gas pipe is 7 km long. A valve is positioned in such a

way that it divides the length of the pipe in the ratio 4 : 3.

Calculate the distance of the valve from each end of the pipe.

The sizes of the angles of a quadrilateral are in the ratio

The angles of a triangle are in the ratio 3: 5 : 4. Calculate
the size of each angle.

A millionaire leaves 1.4 million dollars in his will to be
shared between his three children in the ratio of their ages.
If they are 24, 28 and 32 years old, calculate to the nearest
dollar the amount they will each receive.

A small company makes a profit of $8000. This is

divided between the directors in the ratio of their initial
investments. If Alex put $20 000 into the firm, Maria

$35 000 and Ahmet $25 000, calculate the amount of the
profit they will each receive.

@ Inverse proportion

Sometimes an increase in one quantity causes a decrease in
another quantity. For example, if fruit is to be picked by hand,
the more people there are picking the fruit, the less time it will
take. The time taken is said to be inversely proportional to the
number of people picking the fruit.
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Exercise 6.5

a)

1

e

It 8 people can pick the apples from the trees in 6 days, how
long will it take 12 people?

8 people take 6 days.

1 person will take 6 X 8 days.

Therefore 12 people will take ——= g X A days, i.e. 4 days.

A cyclist averages a speed of 27 km/h for 4 hours. At what
average speed would she need to cycle to cover the same
distance in 3 hours?

Completing it in 1 hour would require cycling at 27 X 4 km/h.
Completing it in 3 hours requires cycling at

@ km/h; that is 36 km/h.

A teacher shares sweets among 8 students so that they get
6 each. How many sweets would they each have got if there
had been 12 students?

The table below represents the relationship between the
speed and the time taken for a train to travel between two
stations.

|Speed(kmlh)|60| | ||20|9o|50||o|
[Tmew [o2fsf[«] [ [ [ |

Copy and complete the table.

Six people can dig a trench in 8 hours.
a) How long would it take:
i) 4people i) 12 people iii) 1 person?
b) How many people would it take to dig the trench in:
i) 3 hours ii) 16 hours iii) 1 hour?
Chairs in a hall are arranged in 35 rows of 18.
a) How many rows would there be with 21 chairs to a row?
b) How many chairs would there be in each row if there
were 15 rows?

A train travelling at 100 km/h takes 4 hours for a journey.
How long would it take a train travelling at 60 km/h?

A worker in a sugar factory packs 24 cardboard boxes with
15 bags of sugar in each. If he had boxes which held 18 bags
of sugar each, how many fewer boxes would be needed?

A swimming pool is filled in 30 hours by two identical
pumps. How much quicker would it be filled if five similar
pumps were used instead?
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A ruler 30 cm long is broken into two parts in the ratio
8:7. How long are the two parts?

A recipe needs 400 g of flour to make 8 cakes. How much
flour would be needed in order to make 24 cakes?

To make 6 jam tarts, 120 g of jam is needed. How much
jam is needed to make 10 tarts?

The scale of a map is 1 : 25 000.

a) Two villages are 8 cm apart on the map. How far apart
are they in real life? Give your answer in kilometres.

b) The distance from a village to the edge of a lake is
12 km in real life. How far apart would they be on the
map? Give your answer in centimetres.

A motorbike uses petrol and oil mixed in the ratio 13 : 2.

a) How much of each is there in 30 litres of mixture?

b) How much petrol would be mixed with 500 ml of 0il?

a) A model caris a % scale model. Express this as a ratio.

b) If the length of the real car is 5.5 m, what is the length
of the model car?

An aunt gives a brother and sister $2000 to be divided in
the ratio of their ages. If the girl is 13 years old and the
boy 12 years old. how much will each get?

The angles of a triangle are in the ratio 2: 5 : 8. Find the
size of each of the angles.

A photocopying machine is capable of making 50 copies

each minute.

a) If four identical copiers are used simultaneously how
long would it take to make a total of 50 copies?

b) How many of these copiers would be needed to make
6000 copies in 15 minutes?

It takes 16 hours for three bricklayers to build a wall.
Calculate how long it would take for eight bricklayers
to build a similar wall.

Student assessment 2

1

A piece of wood is cut in the ratio 3 : 7.
a) What fraction of the whole is the longer piece?
b) Ifthe wood is 1.5 m long, how long is the shorter piece?
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NB: All diagrams are
not drawn to scale.
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10.

A recipe for two people requires % kg of rice to 150 g of
meat.

a) How much meat would be needed for five people?

b) How much rice would there be in 1 kg of the final dish?

The scale of a map is 1 : 10 000.

a) Two rivers are 4.5 cm apart on the map. How far apart
are they in real life? Give your answer in metres.

b) Two towns are 8 km apart in real life. How far apart
are they on the map? Give your answer in centimetres.

a) A model train is a % scale model. Express this as a
ratio.

b) If the length of the model engine is 7 cm, what is the
true length of the engine?

Divide 3 tonnes in the ratio 2: 5: 13.

The ratio of the angles of a quadrilateral is2:3:3: 4.
The angles of a quadrilateral add up to 360°.
Calculate the size of each of the angles.

The ratio of the interior angles of a pentagon is
2:3:4:4:5. The angles of a pentagon add up to 540°.
Calculate the size of the largest angle.

A large swimming pool takes 36 hours to fill using three

identical pumps.

a) How long would it take to fill using eight identical
pumps?

b) If the pool needs to be filled in 9 hours, how many of
these pumps will be needed?

The first triangle is an enlargement of the second.
Calculate the size of the missing sides and angles.

1 m

A tap issuing water at a rate of 1.2 litres per minute fills a

container in 4 minutes.

a) How long would it take to fill the same container if the
rate was decreased to 1 litre per minute? Give your
answer in minutes and seconds.

b) If the container is to be filled in 3 minutes, calculate
the rate at which the water should flow.



@ Indices and standard form

Worked examples

Exercise 7.1

@ Indices

The index refers to the power to which a number is raised. In
the example 5° the number 5 is raised to the power 3. The 3 is
known as the index. Indices is the plural of index.

a): 55=5% 5 %5 by 7= TToTxT
=125 = 2401
©) =3

1. Using indices, simplify the following expressions:

a) 3x3x3 b) 2X2X2X2X2
©) 4x4 d) 6X6X6X6
€) 8X8X8X8XEXS f) s

2. Simplify the following using indices:
a) 2X2X2X3xX3
b) 4X4X4X4X4X5X5
€) 3X3X4X4X4X5X5
d) 2XTXTXTXT
e) IX1IX6X6
f) 3X3X3X4X4X6X6X6X6X6

3. Write out the following in full:

a) # b) §

o 3 d) #x6

e) Px2 ) Fxex2

4. Without a calculator work out the value of the following:

a) 2 b) 3¢

o & d) 6

e) 100 £ 4

o) Bx 3 h) 10°x 5

® Laws of indices
‘When working with numbers involving indices there are three
basic laws which can be applied. These are:

(1) a" X a" = a™"
e gnor & o gnen
(2) a"+a"or - am

@) @y =am
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Worked examples

Exercise 7.2

@ Positive indices

a)

1

w

Simplify 4° x 4%, b) Simplify 2° + 2%
B X 42 = 46D 25203 = o653
=4 )
Evaluate 3* X 3% d) Evaluate (42>
3B x 3 = 36+ (@) =409
=3 — 48
=2187 = 4096
Simplify the following using indices:
a) 3¥x3 b) & x8&
¢ PR5'%S d) #x45x4
e) 2'x2? f) 62x3*x3*x6'

g #XLXSF XS
Simplify the following:

a) 45: 42

c) 2+2¢

€) &

8 7%
Simplify the following:
a) (5

c) (10%°

e) (6%

Simplify the following:

2x2
a) =5

5°x 5’
) S
4x2°x4?
£x2°

g GLxEy

5% 4°

e

h) 26X XA % 6°
b) 57+5

d) 656

B s

n 3
b) (@)

a4 @
f) (&

b)

a (P

6°x6°x8°x8°
8°x6”

. (6)*x6°x4°
) e

f)



Indices and standard form

Exercise 7.3

Exercise 7.4

® The zero index

The zero index indicates that a number is raised to the power 0.
A number raised to the power 0 is equal to 1. This can be
explained by applying the laws of indices.

i =gt therefore ﬂ7 =g

=4

However, 4. =1
a

therefore d =1

‘Without using a calculator, evaluate the following:

) > ) b) 52:+6°
Q) SEX 52 d) 6x67
e) (4% f) 4£:22

® Negative indices
A negative index indicates that a number is being raised to a
negative power, e.g. 473

Another law of indices states that a™ . This can be

proved as follows.

a™=d

0
&

= = (from the second law of indices)
da
1

therefore a™ =

‘Without using a calculator, evaluate the following:

1 a) 41 b) 32
c) 6x 1072 d) 5x1073
€) 100 x 1072 ) 407°
2. a) 9%x37? b) 16x27?
c) 64x27 d) 4x27?
) 36X 673 £) 100X 107!
3 4 9
3. a) 2z b) 7= c) 5=
5 T 8
4 3= ) = f) =



Number

® Standard form

Standard form is also known as standard index form or
sometimes as scientific notation. It involves writing large
numbers or very small numbers in terms of powers of 10.

@ Positive indices and large numbers

100 = 1 x 10?
1000 = 1 X 10°
10000 = 1 x 10*
3000 = 3 x 10°

For a number to be in standard form it must take the form
A X 10" where the index n is a positive or negative integer and
A must lie in the range 1 < A < 10.

e.g. 3100 can be written in many different ways:
3.1 % 10* 31 x 10 031 X 10* etc.

However, only 3.1 X 10? satisfies the above conditions and
therefore is the only one which is written in standard form.

Worked examples a) Write 72 000 in standard form.
7.2x 10
b) Write 4 X 10* as an ordinary number.
4% 10*=4 X 10000
=40000
¢) Multiply the following and write your answer in standard
form:

600 X 4000
= 2400 000
=24 x10°

Exercise 7.5 1. Deduce the value of 7 in the following:
=t a) 79000 =7.9 x 10" b) 53000 =5.3 x 10"
c) 4160000 =4.16 X 10" d) 8 millio 8 x 10"
€) 247 million = 2.47 X 10" ) 24000000 = 2.4 X 10"

2. Write the following numbers in standard form:

a) 65000 b) 41000 ) 723000
d) 18 million ) 950000 £) 760 million
2) 720000 h) 4 million

3. Write the numbers below which are written in standard form:
263x10° 2.6 x 107 0.5 %10 8 x 108
085X 10° 83 x 10% 1.8 x 107 18 x 10°
3.6 x 10° 6.0 x 10



Indices and standard form

Worked examples

4. Write the following as ordinary numbers:
a) 38 10° b) 4.25 x 10
¢) 9.003 X 107 d) 1.01 % 10°

5. Multiply the following and write your answers in standard
form:
a) 400 x 2000 b) 6000 X 5000
c) 75000 X 200 d) 33000 x 6000
e) 8million X 250 £) 95000 x 3000
g) 7.5 million X 2 h) 8.2 million X 50
i) 300 X 200 X 400 i) (7000)?

6. Which of the following are not in standard form?
a) 62X 105 b) 7.834 x 10%
) 80X 105 d) 046 x 107
e) 823 x 10° f) 6.75x 10!

7. Write the following numbers in standard form:
a) 600000 b) 48000 000
€) 784000 000 000 d) 534000
e) 7 million f) 8.5 million

8. Write the following in standard form:
a) 68X 105 b) 720 x 10°
c) 8x10° d) 075 x 10°
e) 0.4 x 101 £) 50 % 10°

9. Multiply the following and write your answers in standard
form:
a) 200 x 3000 b) 6000 X 4000
¢) 7 million X 20 d) 500 x 6 million

¢) 3 million X 4 million £) 4500 x 4000

10. Light from the Sun takes approximately 8 minutes to reach
Earth. If light travels at a speed of 3 X 10°® m/s, calculate to
three significant figures (s.f.) the distance from the Sun to
the Earth.

® Multiplying and dividing bers in dard

form

‘When you multiply or divide numbers in standard form, you

work with the numbers and the powers of 10 separately. You

use the laws of indices when working with the powers of 10.

a) Multiply the following and write your answer in standard
form:

(24 X 10%) X (5 x 107)
=12 x 10"
= 1.2 X 10” when written in standard form



Number

Exercise 7.6

1

Divide the following and write your answer in standard
form:

(64 X 107) + (16 X 10°)
=4x10*

Multiply the following and write your answers in standard
form:

a) (4x10) x 2x10°)

b) (25X 104 X (3 X 10%)

©) (1.8 X 107) X (5 X 109

d) (21 X 10% X (4 X 107)

e) (3.5 X 10% X (4 x 107)

) (42 %105 X (3 X 10

8) @x 109

h) (4 x 10%?*

Find the value of the following and write your answers in
standard form:

a) (8x10° = (2 10%)

b) (88X 10°) + (2.2 X 10%)

©) (7.6 X 10% =+ (4 X 107)

d) (6.5 10) = (1.3 x 107)

) (52X 109 + (1.3 X 106)

) (38 % 10M) = (1.9 X 109

Find the value of the following and write your answers in
standard form:

a) (3x10% X (6 X 10°) = (9 x 109

b) (6.5 X 10% + (1.3 X 10% X (5 X 10%)

) (18 X 10°) =900 X 250

d) 27000 + 3000 X 8000

€) 4000 X 8000 + 640

) 2500 x 2500 + 1250

Find the value of the following and write your answers in
standard form:

a) (44 X 10 X (2 X 10%)

b) (6.8 X 107) X (3 X 10%)

©) (4% 10°) X (83 X 10°)

d) (5% 10°) X (8.4 X 1012)

) (85 % 109 X (6 x 10%)

) (5.0 x 10122



Indices and standard form

Worked examples

Exercise 7.7

5. Find the value of the following and write your answers in
standard form:
a) (3.8 % 10%)
b) (6.75 X 10°) + (2.25 X 10%)
©) (9.6 X 101) + (2.4 X 105)
d) (1.8 X 10'%) + (9.0 X 107)
€) (23X 10M) + (9.2 X 10%)
) (24 X 109 + (6.0 X 10°)

(1.9 X 105

@ Adding and subtracting numbers in standard
form

You can only add and subtract numbers in standard form if the

indices are the same. If the indices are different, you can change

one of the numbers so that it has the same index as the other. It

will not then be in standard form and you may need to change

your answer back to standard form after doing the calculation.

a) Add the following and write your answer in standard form:
(3.8 X 109) + (8.7 X 10%)
Changing the indices to the same value gives the sum:

(380 X 10%) + (8.7 X 10%)
=3887 x 10*
= 3.887 X 10 when written in standard form

b) Subtract the following and write your answer in standard form:
(6.5 X 107) — (9.2 X 105)

Changing the indices to the same value gives
(650 X 10°) — (9.2 X 10%)
= 640.8 X 10°
= 6.408 X 107 when written in standard form

Find the value of the following and write your answers in
standard form:

a) (3.8 X 10°) + (4.6 X 10%)

b) (7.9 X 107) + (5.8 X 10%)

©) (63X 107) + (88 X 105)

d) (3.15 X 10°) + (7.0 X 10°)

e) (53X 105 — (8.0 X 107)

f) (65 % 107) — (4.9 X 10°)

2) (893X 109) — (7.8 X 107)

h) (407 X 107) — (5.1 X 10°)
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® Negative indices and small numbers

A negative index is used when writing a number between 0 and
1in standard form.

eg 100 = 1x10
10 =1x10
1 =1x10°
01 =1x10"

001 =1x107?
0001 = 1x1073
0.0001 = 1x 107*

Note that A must still lie within the range 1 < A < 10.

Worked examples a) Write 0.0032 in standard form.
32x10:*
b) Write 1.8 X 107* as an ordinary number.
1.8 x 104 =1.8 + 10*
= 1.8 + 10000
=0.00018

¢) Write the following numbers in order of magnitude, starting
with the largest:

3.6x 107 52X 107 1Xx 107 835x 1072 6.08 % 107®
835X 102 1x 1072 3.6 X107 52 % 10~° 6.08 X 10-8

Exercise 7.8 1. Copy and complete the following so that the answers are
correct (the first question is done for you):
a) 0.0048 =48x1073
b) 0.0079
c) 0.000 81
d) 0.000 009
e) 0.000 000 45
£) 0.000 000 003 24
2) 0.000008 42
h) 0.000 000 000403 =4.03 X ...

2. Write the following numbers in standard form:

a) 0.0006 b) 0.000 053

c) 0.000 864 d) 0.000 000 088

e) 0.000 0007 f) 0.000 414 5
3. Write the following as ordinary numbers:

a) 8x 107 b) 42x 107

¢) 9.03 x 1072 d) 1.01x 105



Indices and standard form

Write the following numbers in standard form:
a) 68X 107

b) 750 X 10-°

©) 42x 1071

d) 0.08 x 1077

) 0057 x 107

) 04x 1070

Deduce the value of n in each of the following cases:
a) 0.00025=2.5x10"

b) 0.003 57 =3.57 X 10"

c) 0.000 000 06 = 6 X 10"

d) 0.004>= 1.6 X 10"

e) 0.000 65> = 4.225 X 10"

) 0.0002" = 8 x 10712

Write these numbers in order of magnitude, starting with
the largest:

32x 10 68X 10° 557 x107° 62 x10°

58x 1077 6741 X 107 8414 x 10?

Student assessment |

1

2,

Simplify the following using indices:

a) 2X2X2X5X%X5 b) 2X2X3X3X3X3X3
Write the following out in full:

a) 4 b) 6

‘Work out the value of the following without using a
caleulator:

a) 22x 102 b) 14X3
Simplify the following using indices:
a) 3*x3 b) 6 X6 Xx3*x3
4 )
©) 5 )
Fx4? 42x2°
©) Fop H
‘Without using a calculator, evaluate the following:
s
a) 2% 27 by &
5° 2°x47
9= ) 5
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Student assessment 2

1. Simplify the following using indices:
a) 3X2X2x3x27
b) 2X2X4X4X4X2X32

2. Write the following out in full:
b)

a) 6 2-3
3. Work out the value of the following without using a
caleulator:
a) 3x10° b) 1*x 5
4. Simplify the following using indices:
a) 2¢x 2} b) PxTEx3x3F
4° 3t
9 7o 9 (2;)’
1°x4 828
o) T n £X
5. Without using a calculator, evaluate the following:
- & 7 3P x4?
a) $x57b) 5 PR d) ’345

Student assessment 3

1. Write the following numbers in standard form:

a) 8 million b) 0.000 72
c) 75000 000 000 d) 0.0004
e) 4.75 billion £) 0.000 000 64

2. Write the following as ordinary numbers:
a) 2.07 x 10* b) 1.45x107?

3. Write the following numbers in order of magnitude, starting
with the smallest:
62x107 55x107% 421x 10" 4.9 x 10°
36X 107 741 x10°°

4. Write the following numbers:
a) in standard form,
b) in order of magnitude, starting with the largest.

6 million 820000 0.0044 0.8 52000

5. Deduce the value of n in each of the following:

a) 620 =6.2x 10" b) 555000 000 = 5.55 x 10"
c) 0.00045=45x10" d) 500% =2.5 % 10"
€) 0.0035% = 1.225 X 10" ) 0.04* =6.4x 10"



Indices and standard form

Write the answers to the following calculations in standard
form:

a) 4000 X 30000 b) (2.8 X 10 X (2.0 X 10%)
©) (32X 10°) + (1.6 X 10Y)  d) (2.4 X 109 + (9.6 X 10?)

The speed of light is 3 X 10° m/s. Venus is 108 million km
from the Sun. Calculate the number of minutes it takes for
sunlight to reach Venus.

A star system is 500 light years away from Earth. The speed
of light is 3 X 10° km/s. Calculate the distance the star
system is from Earth. Give your answer in kilometres and
written in standard form.

Student assessment 4

1.

Write the following numbers in standard form:

a) 6 million b) 0.0045
¢) 3800 000 000 d) 0.000 000 361
e) 460 million f) 3

Write the following as ordinary numbers:
a) 8112 x 10° b) 3.05 x 107

Write the following numbers in order of magnitude, starting
with the largest:

36X 1072 21x102%  9x10' 4.05x10°
15x 10?2 72x107%

Write the following numbers:
a) in standard form,
b) in order of magnitude, starting with the smallest.

15 million 430000 0.000 435 4.8 0.0085

Deduce the value of n in each of the following:

a) 4750 =475 x 107 b) 6440 000 000 = 6.44 X 10"
c) 0.0040 = 4.0 X 10" d) 1000 =1 x 10
€) 0.9°=729x 10" f) 800°=5.12 % 10"

Write the answers to the following calculations in standard
form:

a) 50000 X 2400 b) (3.7 X 10°) X (4.0 X 10%)
©) (58X 107) + (93 X 109 d) (47 X 10°) — (8.2 X 10%)

The speed of light is 3 X 10° m/s. Jupiter is 778 million km
from the Sun. Calculate the number of minutes it takes for
sunlight to reach Jupiter.

A star is 300 light years away from Earth. The speed of
light is 3 X 10° km/s. Calculate the distance from the star
to Earth. Give your answer in kilometres and written in

standard form.



. Money and finance

Exercise 8.1

® Currency conversion

In 2012, 1 euro could be exchanged for 1.25 Australian dollars
(AS).

A graph to enable conversion from euro to dollars and from
dollars to euro can be seen below.

2
g

Amount in AS
&

n
S

125 =

Amount in €

1. Use the conversion graph above to convert the following
to Australian dollars:

a) €20 b) €30 ) €
d) €25 ) €35 f) €15

2. Use the graph above to convert the following to euro:
a) A$20 b) A$30 ) A$40
d) A$35 ) A$25 f) A$48

3. 1 euro could be exchanged for 70 Indian rupees. Draw
a conversion graph. Use an appropriate scale with the
horizontal scale up to €100. Use your graph to convert the
following to rupees:

a) €10 b) €40 ) €50
d) €90 e) €5 f) €1000

4. Use your graph from Q.3 to convert the following to euro:
a) 140 rupees b) 770 rupees c) 630 rupees
d) 490 rupees e) 5600 rupees ) 2730 rupees
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The table (below) shows the exchange rate for €1 into various
currencies.

Draw conversion graphs for the exchange rates shown to
answer Q.5-10.

-

Zimbabwe | 470 Zimbabwe dollars
South Africa | I rand

Turkey 2.3Turkish lira
Japan 103 yen
Kuwait 0.4 dinar
USA 1.3 dollars

How many Zimbabwe dollars would you receive for the

following?
a) €0 b) €50 o) €75
d) €30 e) €5

How many euro would you receive for the following
numbers of South African rand?
a) 220rand b) 550rand ¢) 1100rand d) 100 rand

In the Grand Bazaar in Istanbul, a visitor sees three carpets
priced at 120 Turkish lira, 400 Turkish lira and 88 Turkish
lira. Draw and use a conversion graph to find the prices in
euro.

€1 can be exchanged for US$1.3.

€1 can also be exchanged for 103 yen.

Draw a conversion graph for US dollars to Japanese yen,
and answer the questions below.

a) How many yen would you receive for:

i) $300 i) $750 iii) $1000?
b) How many US dollars would you receive for:
i) 5000 yen i) 8500 yen iii) 100 yen?

Use the currency table above to draw a conversion graph
for Kuwaiti dinars to Zimbabwe dollars. Use the graph to
find the number of dollars you would receive for:

a) 50 dinars b) 200 dinars

¢) 120 dinars d) 600 dinars

Use the currency table above to draw a conversion graph
for Turkish lira to Zimbabwe dollars. Use the graph to find
the number of lira you would receive for:

a) 1000 dollars b) 7000 dollars

c) 12000 dollars
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@ Personal and household finance
Net pay is what is left after deductions such as tax, insurance and
pension contributions are taken from gross earnings. That is,

Net pay = Gross pay — Deductions

A bonus is an extra payment sometimes added to an employee’s
basic pay.
In many companies there is a fixed number of hours that
an employee is expected to work. Any work done in excess of
this basic week is paid at a higher rate, referred to as overtime.
Overtime may be 1.5 times basic pay, called time and a half, or

twice basic pay, called double time.

Exercise 8.2 1. Copy the table below and find the net pay for the following

employees:
Gross pay ($) | Deductions ($) Net pay ($)
a) A Ahmet 162.00 23.50
b) B Martinez 205.50 41.36
c) C Stein 188.25 3343
d) D Wong 225.18 60.12
2. Copy and complete the table below for the following
employees:
Basicpay (§) | Overtime ($) Bonus ($) Gross pay ($)
a) P Small 144 62 23
b) B Smith 152 Ell 208
) A Chang 38 12 173
d) U Zafer 115 43 213
€) M Said 128 36 18
3. Copy and complete the table below for the following
employees:
Gross pay ($) Tax ($) Pension ($) Net pay ($)
a) A Hafar 203 54 18
b) K Zyeb 65 23 218
c) H Such 345 41 232
d) K Donald 185 23 147
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4. Find the basic pay in each of the cases below. Copy and

complete the table.

No. of hours | Basic rate per | Basic pay
worked hour ($) 3)

a) 40 315

b) 44 488

) 38 5.02

d) 35 830

e) 48 725

5. Copy and complete the table below, which shows basic pay
and overtime at time and a half.

Basic hours Rate per Basic pay Overtime Overtime | Total gross

worked hour ($) [6)) hours worked pay ($) pay ($)
a) 40 3.60 8
b) 35 203.00 4
) 38 4.15 6
d) 6.10 256.20 5
e) 44 525 4
f) 487 180.19 3
) 36 668 6
h) 45 7.10 319.50 7

6. InQ.5, deductions amount to 32% of the total gross pay.

Calculate the net pay for each employee.
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Exercise 8.3

Piece work is a method of payment where an employee is paid
for the number of articles made, not for time taken.

1. Four people help to pick grapes in a vineyard. They are
paid $5.50 for each basket of grapes. Copy and complete the
table below.

Mon | Tue | Wed | Thur | Fri | Total | Gross pay

Pepe 4 |5 |7 6 | 6
Felicia 3[4 4 s | s
Delores | 5 [ 6 | 6 s |6
Juan 3 [ 4] s 6 | 6

2. Five people work in a pottery factory, making plates. They
are paid $5 for every 12 plates made. Copy and complete
the following table, which shows the number of plates that
each person produces.

Mon | Tue | Wed | Thur | Fri | Total | Gross pay
Maria | 240 [ 360 | 288 | 192 | 180
Ben 168 | 192 | 312 | 180 | 168
Joe 268 | 156 | 192 | 204 | 180
Bianca | 228 [ 144 | 108 | 180 | 120
Selina | 192 | 204 | 156 | 228 | 144

3. A group of five people work at home making clothes. The
patterns and material are provided by the company. and for
each article produced they are paid:

Jacket $25 Trousers $11
Shirt $13 Dress $12

The five people make the numbers of articles of clothing
shown in the table below. Find each person’s gross pay.
If the deductions amount to 15% of gross earnings,
calculate each person’s net pay.

Jackets | Shirts | Trousers | Dresses
Neo 3 12 7 0
Keletso 8 5 2 9
Ditshele 0 14 12 2
Mpho 6 8 3 12
Kefilwe 4 9 16 5
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4. A school organises a sponsored walk. Below is a list of how
far students walked, the amount they were sponsored per
mile, and the total each raised.

a) Copy and complete the table.

Distance walked | Amount per km Total raised
(lem)

10 0.80

0.65 9.10
18 0.38

0.72 731
12 792

120 15.60
I5 |

0.88 15.84
18 10.44
17 16.15

b) How much was raised in total?

c) This total was divided between three children’s charities
in the ratio of 2 5. How much did each charity
receive?

® Simple interest

Interest can be defined as money added by a bank to sums
ited by customers. The money deposited is called the
al. The percentage interest is the given rate and the

princi
money is left for a fixed period of time.
A formula can be obtained for simple interest:

_Pr
Al 100
where SI = simple interest, i.e. the interest paid
he principal

t = time in years
r = rate per cent
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Worked example

Exercise 8.4

Worked example

Exercise 8.5

Worked example

Find the simple interest earned on $250 deposited for 6 years

at 8% p.a.
si= P
100
_ 250x6x8
A= 100
SI =120

So the interest paid is $120.

All rates of interest given here are annual rates.

Find the simple interest paid in the following cases:

a) Principal $300 rate 6% time 4 years
b) Principal $750 rate 8% time 7 years
¢) Principal $425 rate 6% time 4 years
d) Principal $2800 rate 4.5% time 2 years
e) Principal $6500 rate 6.25% time 8 years
f) Principal $880 rate 6% time 7 years

How long will it take for a sum of $250 invested at 8% to earn
interest of $80?

_Pr

SIS 100
250x¢x8

80 T

80 =20t

4=t

Tt will take 4 years.

Calculate how long it will take for the following amounts of
interest to be earned at the given rate.

a) P =3$500 SI=$150
b) P =$5800 SI=$96
c) P =$4000 SI = $1500
d) P =$2800 SI=$1904
e) P=$900 SI=$243
f) P =3400 SI = $252

‘What rate per year must be paid for a principal of $750 to earn
interest of $180 in 4 years?

_Pr
e 100
750x4xr
180 = 100
180 = 30r
6=r

The rate must be 6% per year.
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Exercise 8.6

Worked example

Exercise 8.7

Calculate the rate of interest per year which will earn the given
amount of interest:

a) Principal $400 time 4 years interest $112
b) Principal $800 time 7 years interest $224
c) Principal $2000 time 3 years interest $210
d) Principal $1500 time 6 years interest $675
e) Principal $850 time 5 years interest $340
f) Principal $1250 time 2 years interest $275

Find the principal which will earn interest of $120 in 6 years at 4%.

_ P
ST 100
_Px6x4
120 100
_ 24P
120 = 100
12000 = 24P
500 =P

So the principal is $500.

1. Calculate the principal which will earn the interest below in
the given number of years at the given rate:

a) SI=3$80 time = 4 years rate = 5%
b) SI=3$36 time = 3 years rate = 6%
c) SI=$340 time years rat

d) SI'=$540 time = 6 years rate = 7.
e) SI=$540 time = 3 years rate

f) SI'=$348 time = 4 years rate

2. What rate of interest is paid on a deposit of $2000 which
carns $400 interest in 5 years?

3. How long will it take a principal of $350 to earn $56 interest
at 8% per year?

4. A principal of $480 earns $108 interest in 5 years. What rate
of interest was being paid?

5. A principal of $750 becomes a total of $1320 in 8 years.
‘What rate of interest was being paid?

6. $1500 is invested for 6 years at 3.5% per year. What is the
interest earned?

7. $500 is invested for 11 years and becomes $830 in total.
‘What rate of interest was being paid?
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Exercise 8.8

® Compound interest

Compound interest means that not only is interest paid on
the principal amount but interest is paid on the interest. It is
compounded (or added to).

This sounds complicated but the example below will make
it clear.

A builder is going to build six houses on a plot of land in Spain.
He borrows 500 000 euro at 10% and will pay off the loan in full
after three years.

At the end of the first year he will owe
€500 000 + 10% of €500 000
i.e. 550 000 euro

At the end of the second year he will owe
€550 000 + 10% of €550 000

i.e. €550 000 + €55 000

= 605000 euro

At the end of the third year he will owe
€605 000 + 10% of €605 000

i.e. €605 000 + €60 500

= 665500 euro

His interest will be 665 500 — 500 000 euro
i.e. 165500 euro

At simple interest he would pay 50 000 euro a year
i.e. 150000 euro in total.

The extra 15 500 euro was the compound interest.

1. A shipping company borrows $70 million at 5% compound
interest to build a new cruise ship. If it repays the debt after
3 years, how much interest will the company pay?

2. A woman borrows $100 000 to improve her house. She
borrows the money at 15% interest and repays it in full
after 3 years. What interest will she pay?

3. A man owes $5000 on his credit cards. The annual
percentage rate (APR) is 20%. If he lets the debt grow how
much will he owe in 4 years?

4. A schoolincreases its intake by 10% each year. If it starts
with 1000 students, how many will it have at the beginning
of the fourth year of expansion?

5. 8 million tonnes of fish were caught in the North Sea in
2005. If the catch is reduced by 20% each year for 4 years,
what amount can be caught at the end of this time?
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Worked example

Exercise 8.9

Worked example

It is possible to calculate the time taken for a debt to grow using
compound interest.

How many years will it take for a debt, D, to double at 27%
compound interest?

After 1 year the debt willbe D X (1 + 27%) or 1.27D.

After 2 years the debt will be D X (1.27 X 1.27) or 1.61D.
After 3 years the debt will be D X (1.27 X 1.27 X 1.27) or 2.05D.

So the debt will have doubled after 3 years.

Note that the amount of the debt does not affect this
calculation. Note also that if the debt were reducing it would
take the same number of years to halve.

1. How many years would it take a debt to double at a
compound interest rate of 42% ?

2. How many years would it take a debt to double at a
compound interest rate of 15%?

3. Acarloses value at 27% compound interest each year.
How many years will it take to halve in value?

4. The value of a house increases by 20% each year compound
increase. How many years before it doubles in value?

5. Aboat loses value at a rate of 15% compound per year.
How many years before its value has halved?

® Profit and loss

Foodstuffs and manufactured goods are produced at a cost,
known as the cost price, and sold at the selling price. If the
selling price is greater than the cost price, a profit is made.

A market trader buys oranges in boxes of 144 for $14.40 per
box. He buys three boxes and sells all the oranges for 12¢ each.
‘What is his profit or loss?

Cost price: 3 X $14.40 = $43.20

Selling price: 3 X 144 X 12c = $51.84

In this case he makes a profit of $51.84 — $43.20
His profit is $8.64.

A second way of solving this problem would be:

$14.40 for a box of 144 oranges is 10c each.

So cost price of each orange is 10c, and selling price of each
orange is 12c. The profit is 2¢ per orange.

So 3 boxes would give a profit of 3 X 144 X 2c.

That is, $8.64.



Number

Exercise 8.10

Worked example

1. A market trader buys peaches in boxes of 120. He buys
4 boxes at a cost price of $13.20 per box. He sells
425 peaches at 12¢ each — the rest are ruined. How much
profit or loss does he make?

A shopkeeper buys 72 bars of chocolate for $5.76. What is
his profit if he sells them for 12c each?

N

3. A holiday company charters an aircraft to fly to Malta
at a cost of $22 000. It then sells 195 seats at $185 cach.
Calculate the profit made per seat if the plane has
200 seats.

4. Acaris priced at $7200. The car dealer allows a customer to
pay a one-third deposit and 12 payments of $420 per month.
How much extra does it cost the customer?

5. Atan auction a company sells 150 television sets for an
average of $65 each. The production cost was $10 000. How
much loss did the company make?

6. A market trader sells tools and small electrical goods. Find
his profit or loss at the end of a day in which he sells each of
the following:

a) 15 torches: cost price $2 each, selling price $2.30 each
b) 60 plugs: cost price $10 for 12, selling price $1.10 each
©) 200 CDs: cost price $9 for 10, selling price $1.30 each
d) 5MP3 players: cost price $82, selling price $19 each
€) 96 batteries costing $1 for 6, selling price 59c for 3

f) 3 clock radios costing $65, sold for $14 each

Percentage profit and loss
Most profits or losses are expressed as a percentage.
Profit or Loss

Percentage profit or loss = “Cost price X 100

‘A woman buys a car for $7500 and sells it two years later for
$4500. Calculate her loss over two years as a percentage of the
cost price.

Cost price = $7500 Selling price = $4500 Loss = $3000
3000

Percentage loss = 7500 X 100 = 40

Her loss is 40%.

‘When something becomes worth less over a period of time, it is
said to depreciate.
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Exercise 8.11

1

Find the depreciation of the following cars as a percentage
of the cost price. (C.P. = Cost price, S.P. = Selling price)

a) VW C.P. $4500 S.P. $4005
b) Rover C.P. $9200 S.P. $6900
c) Mercedes C.P. $11 000 S.P. $5500
d) Toyota C.P. $4350 S.P. $3480
¢) Fiat C.P. $6850 S.P. $4795
f) Ford C.P. $7800 S.P. $2600

A company manufactures electrical items for the kitchen.
Find the percentage profit on each of the following:

a) Cooker C.P. $240 S.P. §300
b) Fridge C.P.$50 S.P. $65
c) Freezer C.P. $80 S.P. $96
d) Microwave C.P. $120 S.P. $180
e) Washing machine C.P. $260 S.P. $340
f) Dryer C.P.$70 S.P. $91

A developer builds a number of different kinds of house
on a village site. Given the cost prices and the selling prices
below, which type of house gives the developer the largest
percentage profit?

Cost price ($) | Selling price ($)
Type A 40000 52000
Type B 65000 75000
Type C 81000 108000
Type D 110000 144000
Type E 132000 196000

Students in a school organise a disco. The disco company
charges $350 hire charge. The students sell 280 tickets at
$2.25. What is the percentage profit?

A shop sells secondhand sailing yachts. Calculate the
percentage profit on each of the following:

Cost price ($) | Selling price ($)
Mirror 400 520
Wayfarer 1100 1540
Laser 900 1305
Fireball 1250 1720
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Student assessment |
A visitor from Hong Kong receives 12 Pakistan rupees for each
Hong Kong dollar.

Draw a conversion graph for Hong Kong dollars and
Pakistan rupees, and use it to answer the questions below.

1. How many Pakistan rupees would you get for:

a) HK$30 b) HK$240 c) HK$5000?
2. How many Hong Kong dollars would you get for:
a) 120 rupees b) 450 rupees ¢) 1000 rupees?

Below is a currency conversion table showing the amounts of
foreign currency received for 1 euro. Draw the appropriate
conversion graphs to enable you to answer Q.3-5.

New Zealand | 1.6 dollars
Brazil 26 reals
India 70 Indian rupees

3. Convert the following numbers of New Zealand dollars into

euro:
a) 320 dollars b) 72 dollars ¢) 960 dollars
4. Convert the following numbers of euro into New Zealand
dollars:
a) 100 euro b) 35 euro c) 450 euro

5. Convert the following numbers of Brazilian reals into
Indian rupees:
a) 60 reals b) 300 reals ¢) 100 reals

Student assessment 2

1. 1 Australian dollar can be exchanged for €0.8. Draw
a conversion graph to find the number of Australian dollars
you would get for:
a) €50 b) €80 ) €70

2. Use your graph from Q.1 to find the number of euro you

could receive for:
a) A$54 b) A$81 ©) A$320
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Below is a currency conversion table showing the amounts
of foreign currency received for €1. Draw the appropriate

conversion graphs to answer Q.3-5.

Nigeria | 203 nairas

Malaysia | 3.9 ringgits

Jordan | 0.9 Jordanian dinars

3. Convert the following numbers of Malaysian ringgits into
Jordanian dinars:
a) 100 ringgits b) 1200 ringgits ¢) 150 ringgits
4. Convert the following numbers of Jordanian dinars into
Nigerian nairas:
a) 1 dinar b) 6 dinars c) 4dinars
5. Convert the following numbers of Nigerian nairas into

Malaysian ringgitss:
a) 1000 nairas b) 5000 nairas ¢) 7500 nairas

Student assessment 3

1.

2,

®

&

A boy worked 3 hours a day each weekday for $3.75 per
hour. What was his 4-weekly gross payment?

A woman works at home making curtains. In one week

she makes 4 pairs of long curtains and 13 pairs of short
curtains. What is her gross pay if she receives $2.10 for each
long curtain, and $1.85 for each short curtain?

Calculate the missing numbers from the simple interest
table below:

Principal ($) | Rate (%) | Time (years) | Interest ()
200 9 3 a)
350 7 b) 98
520 ) 5 169
d) 3.75 6 189

A car cost $7200 new and sold for $5400 after two years.
What was the percentage average annual depreciation?

A farmer sold eight cows at market at an average sale price
of $48 each. If his total costs for rearing all the animals were
$432, what was his percentage loss on each animal?
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Student assessment 4

1

2

i

~

A girl works in a shop on Saturdays for 8.5 hours. She is paid
$3.60 per hour. What is her gross pay for 4 weeks’ work?

A potter makes cups and saucers in a factory. He is paid

$1.44 per batch of cups and $1.20 per batch of saucers. What
is his gross pay if he makes 9 batches of cups and 11 batches
of saucers in one day?

Calculate the missing numbers from the simple interest

table below:

Principal () | Rate (%) | Time (vears) | Interest (5)
300 6 4 a)
250 b) 3 60
480 5 ) %
650 d) 8 390
) 3.75 4 187.50

A family house was bought for $48 000 twelve years ago.
Tt is now valued at $120 000. What is the average annual
increase in the value of the house?

An electrician bought five broken washing machines for
$550. He repaired them and sold them for $143 each. What
was his percentage profit?



Time

Times may be given in terms of the 12-hour clock. We tend
to say, ‘I get up at seven o’clock in the morning, play football
at half past two in the afternoon, and go to bed before eleven
o’clock’.
These times can be written as 7 a.m., 2.30 p.m. and 11 p.m.
In order to save confusion, most timetables are written using
the 24-hour clock.

7 a.m. is written as 0700
2.30 p.m. is written as 1430
11 p.m. is written as 2300

To change p.m. times to 24-hour clock times, add 12 hours.
To change 24-hour clock times later than 12.00 noon to
12-hour clock times, subtract 12 hours.

Exercise 9.1 1. The clocks below shows times in the morning. Write down
the times using both the 12-hour and the 24-hour clock.

2. The clocks below shows times in the afternoon. Write down
the times using both the 12-hour and the 24-hour clock.

3. Change these times into the 24-hour clock:
a) 230 p.m. b) 9p.m. c) 845am. d) 6am.
e) midday  f) 10.55p.m. g) 7.30am. h) 7.30 p.m.
i) lam. j) midnight
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ol

Change these times into the 24-hour clock:
a) A quarter past seven in the morning
b) Eight o’clock at night

c) Ten past nine in the morning

d) A quarter to nine in the morning

€) A quarter to three in the afternoon

) Twenty to eight in the evening

o

These times are written for the 24-hour clock. Rewrite them
using a.m. and p.m.

a) 0720 b) 0900 c) 1430 d) 1825

) 2340 ) 0115 ) 0005 h) 1135

i) 1750 j) 2359 k) 0410 1) 0545

6. A journey to work takes a woman three quarters of an hour.
If she catches the bus at the following times, when does she
arrive?

a) 0720 b) 0755 c) 0820 d) 0845

ol

The same woman catches buses home at the times shown
below. The journey takes 55 minutes. If she catches the bus
at the following times, when does she arrive?

a) 1725 b) 1750 c) 1805 d) 1820

Ca

A boy cycles to school each day. His journey takes
70 minutes. When will he arrive if he leaves home at:
a) 0715 b) 0825 c) 0840 d) 08557

=

The train into the city from a village takes 1 hour and
40 minutes. Copy and complete the train timetable below.

Depart Arrive
0615
0810
0925
1200
1318
1628
1854
2105

10. The same journey by bus takes 2 hours and 5 minutes. Copy

and complete the bus timetable on the next page.
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Depart Arrive
0600
0850
0855
1114
1348
1622
2125
0010

A coach runs from Cambridge to the airports at Stansted,
Gatwick and Heathrow. The time taken for the journey
remains constant. Copy and complete the timetables below
for the outward and return journeys.

Cambridge | 0400 | 0835 1250 1945 | 2110
Stansted 0515
Gatwick 0650

Heathrow 0735

Heathrow 0625 | 0940 1435 1810 | 2215
Gatwick 0812

Stansted 1003
Cambridge | 1100

The flight time from London to Johannesburg is 11 hours
and 20 minutes. Copy and complete the timetable below.

London | Jo’burg | London | Joburg
Sunday 0615 1420

Monday 1845 0525
Tuesday 0720 1513

Wednesday 1912 0730
Thursday 0610 1627

Friday 1725 0815
Saturday 0955 1850

o
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13. The flight time from London to Kuala Lumpur is 13 hours
and 45 minutes. Copy and complete the timetable below.

Exercise 9.2

London Kuala London Kuala London Kuala
Lumpur Lumpur Lumpur
Sunday 0828 1400 1830
Monday 2200 0315 0950
Tuesday 0915 1525 1755
Wednesday 2135 0400 0822
Thursday 0700 1345 1840
Friday 0010 0445 0738
Saturday 1012 1420 1908
® Average speed
Worked example A train covers the 480 km journey from Paris to Lyon at an

average speed of 100 km/h. If the train leaves Paris at 08 35,
when does it arrive in Lyon?

Time taken =

Paris to Lyon: % hours, that is, 4.8 hours.

4.8 hours is 4 hours and (0.8 X 60 minutes), that is,
4 hours and 48 minutes.
Departure 0835; arrival 0835 + 0448

Arrival time is 1323.

the given distance at the average speed stated:

1. a)

240 km at 60 km/h
270 km at 80 km/h
70 km at 30 km/h

Find the time in hours and minutes for the following journeys of

b) 340 km at 40 km/h
d) 100 km at 60 km/h

f) 560 km at 90 km/h

230 km at 100 km/h
4500 km at 750 km/h

h) 70 km at 50 km/h
j) 6000 km at 800 km/h

2. Grand Prix racing cars cover a 120 km race at the following
average speeds. How long do the first five cars take to
complete the race? Give your answer in minutes and
seconds.

First 240 km/h
Fourth 205 km/h

Second 220 km/h  Third 210 km/h

Fifth 200 km/h



Time

3. A train covers the 1500 km distance from Amsterdam to
Barcelona at an average speed of 100 km/h. If the train
leaves Amsterdam at 0930, when does it arrive in Barcelona?

4. A plane takes off at 1625 for the 3200 km journey from
Moscow to Athens. If the plane flies at an average speed of
600 km/h, when will it land in Athens?

5. A plane leaves London for Boston, a distance of 5200 km,
at 0945. The plane travels at an average speed of 800 km/h.
If Boston time is five hours behind British time, what is the
time in Boston when the aircraft lands?

Student assessment |

1. The clock shows a time in
afternoon. Write down the
time using
a) the 12-hour clock
b) the 24-hour clock.

2. Change the times below into the 24-hour clock:

a) 435am. b) 6.30 p.m.
c) a quarter to eight in d) half past seven in
the morning the evening

3. The times below are written for the 24-hour clock. Rewrite
them using a.m. and p.m.
a) 0845 b) 1835 g); 2112 d) 0015

4. A journey to school takes a girl 25 minutes. What time does
she arrive if she leaves home at the following times?
a) 0745 b) 0815 c) 0838

5. A bus service visits the towns on the timetable below.
Copy the timetable and fill in the missing times, given the
following information:

The journey from:
Alphaville to Betatown takes 37 minutes
Betatown to Gammatown takes 18 minutes
Gammatown to Deltaville takes 42 minutes.

Alphaville 0750

Betatown 1138

Gammatown 1648

Deltaville
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Find the times for the following journeys of given distance
at the average speed stated. Give your answers in hours and
minutes.

a) 250 km at 50 km/h b) 375 km at 100 km/h
c) 80 km at 60 km/h d) 200 km at 120 km/h
e) 70 km at 30 km/h £) 300 km at 80 km/h

Student assessment 2

1

The clock shows a time in
the morning. Write down the
time using

a) the 12-hour clock

b) the 24-hour clock.

Change the times below to the 24-hour clock:
a) 520 am. b) 8.15p.m.
c) ten to nine in the morning d) half past eleven at night

The times below are written for the 24-hour clock. Rewrite
them using a.m. and p.m.
a) 0715 b) 1643 c) 1930 d) 0035

A journey to school takes a boy 22 minutes. When does he
arrive if he leaves home at the following times?
a) 0748 b) 0817 ) 0838

A train stops at the following stations. Copy the timetable
and fill in the times, given the following information:

The journey from:
Apple to Peach is 1 hr 38 minutes
Peach to Pear is 2 hrs 4 minutes
Pear to Plum is 1 hr 53 minutes.

Apple | 1014
Peach 1720
Pear 2315

Plum

Find the time for the following journeys of given distance at
the average speed stated. Give your answers in hours and
minutes.

a) 350 km at 70 km/h b) 425 km at 100 km/h

¢) 160 km at 60 km/h d) 450 km at 120 km/h

e) 600 km at 160 km/h



Mathematical investigations
and ICT

Worked example

Investigations are an important part of mathematical learning.
All mathematical discoveries stem from an idea that a
mathematician has and then investigates.

Sometimes when faced with a mathematical investigation,
it can seem difficult to know how to start. The structure and
example below may help you.

1. Read the question carefully and start with simple cases.
2. Draw simple diagrams to help.

3. Put the results from simple cases in a table.

4. Look for a pattern in your results.

5. Try to find a general rule in words.

6. Express your rule algebraically.

7. Test the rule for a new example.

8. Check that the original question has been answered.

A mystic rose is created by placing a number of points evenly
spaced on the circumference of a circle. Straight lines are then
drawn from each point to every other point. The diagram (left)
shows a mystic rose with 20 points.

i) How many straight lines are there?

ii) How many straight lines would there be on a mystic rose
with 100 points?

To answer these questions, you are not expected to draw either

of the shapes and count the number of lines.

1/2. Try simple cases:
By drawing some simple cases and counting the lines, some
results can be found:
Mystic rose with 2 points Mystic rose with 3 points
Number of lines = 1 Number of lines = 3




Number

Mystic rose with 4 points Mystic rose with 5 points
Number of lines = 6 Number of lines = 10

3. Enter the results in an ordered table:

[Number of points [2 ]34 5]
[Numberoftines [ 1 ]3¢ ]i0]

4/5. Look for a pattern in the results:
There are two patterns.
The first pattern shows how the values change.
1 3 6 10

+2 3 4
It can be seen that the difference between successive terms
is increasing by one each time.

The problem with this pattern is that to find the 20th or
100th term, it would be necessary to continue this pattern
and find all the terms leading up to the 20th or 100th term.

The second pattern is the relationship between the
number of points and the number of lines.

[Number of points [2 ]34 5]
[Number ofiines [ 13 ]6 0]

It is important to find a relationship that works for all values,
for example subtracting one from the number of points gives
the number of lines in the first example only, so is not useful.
However, halving the number of points and multiplying this
by one less than the number of points works each time,

i.e. Number of lines = (half the number of points) X (one
less than the number of points).
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6.

bl

Express the rule algebraically:
The rule expressed in words above can be written more
elegantly using algebra. Let the number of lines be / and the
number of points be p.
i
I=3p(p-1)
Note: Any letters can be used to represent the number of
lines and the number of points, not just / and p.
Test the rule:
The rule was derived from the original results. It can be
tested by generating a further result.
If the number of points p = 6, then the number of lines / is:
il
1=1x6(6-1)
=3X5
=15
From the diagram to the left, the number of lines can also
be counted as 15.
Check that the original questions have been answered:
Using the formula, the number of lines in a mystic rose with
20 points is:
=3X20(0-1)
=10x19
=190
The number of lines in a mystic rose with 100 points is:
=3 100(100 - 1)
=50%99
= 4950

® Primes and squares
13, 41 and 73 are prime numbers.

Two different square numbers can be added together to

make these prime numbers, e.g. 3> + 8 = 73,

1

Find the two square numbers that can be added to make
13 and 41.

List the prime numbers less than 100.

‘Which of the prime numbers less than 100 can be shown to
be the sum of two different square numbers?

Is there a rule to the numbers in Q.37

Your rule is a predictive rule not a formula. Discuss the
difference.

@
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® Football leagues
There are 18 teams in a football league.

1. If each team plays the other teams twice, once at home and
once away, then how many matches are played in a season?

2. If there are ¢ teams in a league, how many matches are
played in a season?

ICT activity |

The step patterns below follow a rule.

1 2 3
1. On squared paper, draw the next two patterns in this
sequence.
2. Count the number of squares used in each of the first five

patterns. Enter the results into a table on a spreadsheet,
similar to the one shown below.

Pattern Number of

1 squares
2

3

2

s

[

7 10

8 20

B 50

3. The number of squares needed for each pattern follows a
rule. Describe the rule.

=

By writing a formula in cell B7 and copying it down to B9,
use the spreadsheet to generate the results for the 10th,
20th and 50th patterns.
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5. Repeat Q.14 for the following patterns:
a)
[ l
1 2 3
b)
1 2 3
ICT activity 2

In this activity, you will be using both the internet and
a spreadsheet in order to produce currency conversions.

1.

o

Log on to the internet and search for a website that shows
the exchange rates between different currencies.

Compare your own currency with another currency of your
choice. Write down the exchange rate, e.g. $1 = €1.29.

Using a spreadsheet construct a currency converter. An
example is shown below:

A T B8 T ¢ T D ]
Currency Converter

Write the exchange  Write a formula in this
rate inthis cell cellto convert one:
currency to the other

oo [= Jo [m [~

By entering different amounts of your own currency, use
the currency converter to calculate the correct conversion.
Record your answers in a table.

Repeat Q.14 for five different currencies of your choice.
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sllabus

c2.7

o express generalised numbers and Continue a given number sequence.

rithmetic processes algebraically.  Recognise patterns in sequences and
relationships between different sequences.
Find the nth ferm of sequences.
c2.8
Extended curriculum only.
c2.9
Inferpret and use graphs in practical situations
including fravel graphs and conversion graphs,
draw graphs from given data.
c2.10
Construct tables of values for functions of the
formax + b, x> + ax + b, ;(xt 0) wherea
and b are infegral constants.
Draw and inferpret such graphs.
Solve linear and quadratic equations
approximately by graphical methods.
c2.1
Extended curriculum only.
C2.12

Extended curriculum only.

formulae.
expressions and set up simple

‘equations in one unknown.
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Chapter 13 Sequences (C2.7)

Chapter 14 Graphs in practical situations (C2.9)
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al-Khwarizmi

() The development of
algebra

The roots of algebra can be traced to the ancient Babylonians,
who used formulae for solving problems. However, the word
algebra comes from the Arabic language. Muhammad ibn Musa
al-Khwarizmi (40790-850) wrote Kitab al-Jabr (The Compendious
Book on Calculation by Completion and Balancing), which established
algebra as a mathematical subject. He is known as the father of
algebra.

The Persian mathematician Omar Khayyam (1048-1131), who
studied in Bukhara (now in Uzbekistan), discovered algebraic geometry
and found the general solution of a cubic equation.

In 1545, the ltalian mathematician Girolamo Cardano published Ars
Magna (The Great Arf) a 40-chapter book in which he gave for the first
fime a method for solving a quartic equation. \




Algebraic representation
and manipulation

® Expanding brackets
‘When removing brackets, every term inside the bracket must be

Worked examples

Exercise 10.1

Exercise 10.2

multiplied by whatever is outside the bracket.

a) 3(x+4)
=3x+12

¢ 2a(3a+2b—3c)
= 6a® + 4ab — 6ac

—2y 1
e) 2x(x+3y Z
=~ — 6%y + 2x

Expand the following:
L a) 2a+3)
¢) 5(2¢+8)
e) 9(8e —7)
2. a) 3a(a +2b)
©) 2c(a+b+c)
¢) e3c—3d—e¢)
3. a) 202a + 3b%)
©) —3(2 +3d)
€) —4( - 2d> + 3¢)
4. a) 2a(a+b)
) de(b? — A
e) —3e(4d — ¢)

Expand the following;

1 a) 4(x—3)
©) —6(7x — 4y)
¢) ~7(2m - 3n)

2. a) 3x(x —3y)
¢) 4m(2m — n)
e) —4x(—x+y)
3. a) —(22-3»H
©) —(=7p+2q)
€) 2(4x—2y)
4. a) 3r(4r* =55+ 21)
¢) 3a’(2a - 3b)
e) m¥m—n+nm)

b)  S5x(2y +3)

= 10xy + 15¢

d  —4p2p-g+r)
= —8p% + dpq — 4pr?

2 1

f) 7( X +dy + X)
o & _2
=2 X X2

b) 4(b +7)

d) 7(3d + 9)

f) 6(4f—3)

b) 4b(2a + 3b)

d) 3d(2b + 3¢ + 4d)
f) f(3d—e - 2f)
b) 4(3a® + 4b%)

d) —(2¢ +3d)
f) —5(2 - 3f?)
b) 3b(a - b)

d) 3d%(a? - 26>+ )
f) —2f(2d - 3¢* - 2f)

b) 5(2p —4)

d) 3(2a — 3b — 4c)
) —2(8x — 3y)

b) a(a+b +c)

d) —5a(3a — 4b)
f) =8p(=3p+4q)
b) —(=a+b)

d) H(6x — 8y +42)
f) Lx(10x — 15y)
b) aa+b+c)
d) pa(p +q ~ pq)
f) a¥(a®+ a’b)
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Exercise 10.3 Expand and simplify the following:

Exercise 10.4

Worked examples

1.

a) 2a+2(3a +2)

) 6(2c—1) —Tc

€) —3e+(e—1)

a) 2(a+1) +3(b+2)
Q) 3e—1)+2c—2)

e) —2e—3)—(e—1)
a) 2a(a + 3) + 2b(b — 1)
b) 3a(a — 4) — 2b(b — 3)
¢) 2a(a+ b +c)—2b(a+b—c)
d) @+ d?) — Ha + d?)

¢) a(b+¢) — bla—c)

f) a(d + 3e) — 2e(a ~ c)

b) 4(3b —2) - 5b

d) —4(d +2) +5d

£) 5f-(@f-7)

b) 4(a +5) —3(2b + 6)
d) 4d—1)=3(d-2)
f) 2037 - 3) +4(1 - 2f)

Expand and simplify the following:

1.

a) 3a—2(2a +4)
©) 3p-4) -4
€) 6x—3(2x—1)

b) 8x —d(x +5)
d) 7(3m — 2n) + 8n
f) 5p—3p(p +2)

2. a) Tm(m+4) +m2+2
Q) 6(p+3)—4p—1)
¢) 3a(a+2) — 2(a>— 1)

b) 3(x —4) + 24 —x)
d) 5(m—8)—4(m—17)
f) 7a(b - 2c) — c(2a - 3)

a) 3(6x +4) + 13y + 6)

b) 1(2x + 6y) + 3(6x — 4y)

©) $(6x — 12y) + 33y — 2y)
d) 1(15x + 10y) + $(5x — 5y)
) 2(6x — 9y) + (9 + 6y)

) §(14x —21y) - §(4x ~6y)

@ Factorising
‘When factorising, the largest possible factor is removed from
each of the terms and placed outside the brackets.

Factorise the following expressions:

a)  10x+15 b) 8 —6g + 10r
= 5(2x +3) =2(dp —3q +5r)

<) —2q—6p+12 d) 24’ + 3ab — Sac
=2(—qg-3p+6) = a(2a +3b - 5¢)

e)  6ax — 12ay — 184 f)  3b+9ba-—6bd
= 6a(x — 2y — 3a) = 3b(1 + 3a — 2d)
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Exercise 10.5 Factorise the following:

Worked

1 a)
o)
o)

2. a)
B
o)

3. a)
8
€)

4. a)
o)
o)

5. a)

10. a)

)

4x-6
6y -3

3p-3q

3ab + dac — Sad
@ —ab

abe + abd + fab

3par — 9pgs
&y — dxy?
12p - 36

18 + 12y
1x + 1lxy
5pg — 10gr + 15gs

m+ mn

par + qrs

3pP - ap*

m* = m’n + mn?
S56x%y — 28xy?
3& — 2ab + dac
2dc — 4b% + 6b

12ac — 8ac® + 4a’c
33ac® + 1218 — 116%3

G b qind
152-252+10%
Lo

2a 4a
5 3

ﬂz a

2.3

3a 34

® Substitution

Evaluate the

a)

©

2a+3b-c

= 2x3+3x4-(=5)

6+12+5
23

—2a+2b -3¢
—2X3+2X4-3X(=5)
—6+8+15

17

b) 18— 12p
d) da+6b

f) 8m+12n + 16r
b) 8pg + 6pr — dps
d) 4 — 6xy

) 3m®+9m

b) Sm®— 10mn

d) 2% — 362

f) 42— 54

b) 14a—21b

d) 45— 16¢ +20r

f) 4xy + 82

b) 3p7 = 6pg

d) ab + &b + ab?

f) Thc+ b2

b) 4r®— 6r2 + 8r’s

d) 72mn + 36mn? — 18mn®
b) 2ab — 3B + dbe

d) 39cd® + 522

b) 34a% — Slab?

d) 38Gd? — 5723 + 953d?

b) 45%436%
93 1,4

5d10d " 154

b 63
Dl

R
5d* 5d

belowifa=3.b=4,c= -5

b)  3a—4b+2c
=3X3-4x4+2X(-5)

d) O+ +3
=3+ 424 (-57
=9+16+25
=50
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e)  3a(2b - 3c) £)  —2c(~a+2b)
= 3X3X(@X4-3%X(=5) = -2X(=5)x(-3+2x4)
= 9x (8+15) =10x (-3+8)
=9x23 =105
= 207 =50

Exercise 10.6 Evaluate the following expressionsif a =2,b =3 and ¢ = 5:

1 a) 3a+2b b) 4a —3b
O gbn &) S0~ 4
2. a) —b(a+b) b) —2c(a —b)
) “alE—30) d) —4b(b - ¢)
3. a) a+b b) B+
) 2t~ d) 3¢ -2
4 a) =2 b) (-a)?
o) =b* d) (—b)
5 a) —¢ b) (—¢)
) (-ac) d) —(acy
Exercise 10.7 Evaluate the following expressionsif p = 4,q = —2,r = 3 and
s=-5
1 a) 2p+4q b) Sr—3s
©) 3g-4s d) 6p—8q+ds
&) 3r-3p+5¢ f) —p—q+r+s
3% @) Gp Sgdrds b) s—dptrig
) pP+q d) r2-s?
e) plg—r+s) £) r2p—3q)
3. a) 2Gp-2q) B paE
) Zpreaig 4 Pyt
Q) 5 -p? n -
4 a) —2par b) —2p(g+ 1)
c) =2rg+r d) (p+q)r—ys)
e) (p+s)(r—a) 0 (r+a)lp-s)
5. a) (2p + Sq)(p q) b) (q +7)a=5)
c) i d) —r?
€) (p+r)(p*r) f) ( s+ p)g



Algebra and graphs

Worked examples

Exercise 10.8

® Transformation of
In the formulaa = 2b + ¢,

formulae

‘a’ is the subject. In order to make

either b or c the subject, the formula has to be rearranged.

Rearrange the following formulae to make the bold letter the

subject:

a) a=2b+c

In the following questions,

b) 2r+p=gq
pP=q-72
a_c

R ]
ad=ch
d=<

a

make the letter in bold the subject of

the formula:

1L a)at+tb=c

d) 3d+b=2a
2. a) ab=c

d) ac=b—4
3. aym+n=r

d) x=2p+gq
4. a) 3xy=4m

d) 3x+7=y
5. a) 6b=2a-5

d) 3x— Ty =4z
6. a)%:r

d) tn=2p

5

7. a) 3m—n=ri(p+q)

e) 3m—n=rip+q)

B iy
o

atb_,
c

b) b+2=d
b) ac=bd
by m+n=p
e) ab=cd
b) 7pg = 5r
e) Sy—9=3r
b) 6b=2a—5

e) 3x—Ty=4z
b)%:&

) pla+n=2

ab_ 4o

c

b)

) %er:d

c) 2b+c=4da
c) ab=c+3

c) 2m+n=3p

f) ab=cd
c) x=c
f) Sy—9=3r
c) x—Ty=4z
f) 2pr—g=8
c) én:2p

£) plg+r=2

b) 3m—n=ri(p+q)
d) 3m—n=rip+q)
£) 3m—n=rp+q)

o Lode

f) S+b=d



Algebraiic representation and manipulation

Student assessment |

1.

Expand the following:

a) 3(a+4) b) 7(4b —2)

) 3c(c + 4d) d) 5d(3c - 2d)

) —6(2e - 3f) ) —(f -3¢

Expand the following and simplify where possible:

a) 3a+3(a+4) b) 2(3b —2) — 5b

¢) —3c—(c—1) d) 2(d — 1) +3(d + 1)

) —2e(e +3) + 4(@+2)
f) 2f(d+e+f) —2e(d+e+f)

Factorise the following:

a) 3a+12 b) 1562 + 25b

) dcf — 6df + 8ef d) 4d® - 24*
Ifa=3,b=4andc =5, evaluate the following:
a) at+b+c b) 4a —3b

) d+b+ d) (a+c)a—c)

Rearrange the following formulae to make the bold letter
the subject:

a) a+b=c b)c=b-d
) ac=bd d) 3d—e=2c
e) e(f~g)=3a ) e(f—g) =3a

Student assessment 2

1.

Expand the following:

a) 4(a+2) b) 526 —3)

) 2c(c +2d) d) 3d(2c — 4d)

e) =5(3e~f) ) =(=f+2)
Expand the following and simplify where possible:

a) 2a+5(a+2) b) 32b—3) - b

¢) —4c—(4—2 d) 3(d +2) —2(d +4)

)
e) —eRe+3)+32+e) f) fld—e—f) —ele+f)

Factorise the following:

a) Ta+14 b) 26b% + 39b
©) 3cf — 6df + 9gf d) 54— 10d*
Ifa=2,b=3andc =5, evaluate the following;
a) a—b—-c b) 2b—c

c) @-b+J d) (a+c)?

Rearrange the following formulae to make the bold letter
the subject:
a) a—b=c
c) ad = be
e) da=e(f+g) f) da=e(f+g)

@
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Student assessment 3

1. Expand the following and simplify where possible:
a) 5(2a — 6b + 3c) b) 3x(5x - 9)
©) —5yGxy + %) d) 32(5xy + 32 —x%)
e) 5p—3(2p —4)
) 4m@m —3) + 2(n? — m)
2) 3(6x —9) + §(8x +24)
h) %(m —8)+ %(10111 B

2. Factorise the following:

a) 12a - 4b b) ¥ — dxy

) 83— 4p’g d) 24xy — 16:x% + 8x)?
3. Ifx =2,y=—3andz = 4, evaluate the following:

a) 2v +3y -4z b) 10x + 22 — 3z

¢ &~y d) x+y)(r—2)

¢) gima £) (z+x)(z—x)

4. Rearrange the following formulae to make the bold letter

the subject:
_ _sn= =3y
a) x=3p+q b) 3m—5n=8r c) 2m—r

= B Xty _

d) x(w+y)=2y ¢ 2wt f) = o=m+n
Student assessment 4
1. Expand the following and simplify where possible:

a) 3(2x —3y+5z) b) 4p(2m ~7)

©) —4mQ2mn — n®) d) 4p*(5pq — 24° — 2p)

€) 4x—203x+1) £) 4x(3x — 2) + 2(5¢ — 3x)

) 4(15x —10) = §(0x = 12) h) (4 = 6) + T(2x +8)
2. Factorise the following:

a) 16p —8q b) p>—6pq

) Sp’q —10pq’ d) 9pq — 6p’q + 12¢°p
3. Ifa=4,b=3andc= -2 evaluate the following:

a) 3a—2b+3c b) Sa — 3b*

c) @+b+c d) (a+b)(a—b)

e) - 0 B-c
4. Rearrange the following formulae to make the bold letter

the subject:

a) p=4m+n b) 4x — 3y = 5z

- -
9 2= d) m(x +y) = 3w
PL_jmn, il R
e) e ) 5 m—n



@ Algebraic indices

In Chapter 7 you saw how numbers can be expressed using
indices. For example, 5 X 5 X 5 = 125, therefore 125 = 5°. The
3 is called the index. Indices is the plural of index.

Three laws of indices were introduced:

(1) @" X a* = ™"
2 1z'"+n"0r§:a”""
a

®) @y =am

® Positive indices

24
Worked examples a) Simplify d* X d*. b) Simplify gpx) =
d*x d*=d® p(pz)f PO
- S
_7
”
—pto
=p

Exercise I 1.1 1. Simplify the following:

a) X b) m*+m?
49

o) (=50 d) ’:1 :3

6a’h* 12x°y"
o) 2 n 2

v 3x%y’2

h
8 s ) oryy
2. Simplify the following:
a) 4a® X 3a* b) 2a% x 4a'b*
o @y d) (4mi’y
e) (5p2? % (2p%)} £ (4m?) X 2mndp
242 3

g @Y xCu) B (ab) x (aby

120y
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Exercise 11.2

Exercise 11.3

® The zero index

As shown in Chapter 7, the zero index indicates that a number
or algebraic term is raised to the power of zero. A term raised
to the power of zero is always equal to 1. This is shown below.

i =gt therefore Z7 =g
b
However, H7 =1
a
therefore a” =1

Simplify the following:
a) X b) g2x g+

o) (! O e

® Negative indices
A negative index indicates that a number or an algebraic term
is being raised to a negative power, e.g. a™*.
As shown in Chapter 7, one law of indices states that
a™= ﬂim . This is proved as follows.

am = gm

o
= ::7 (from the second law of indices)

Simplify the following:
axd )
)
e ) &1
c) ()




Algebraiic indices

Student assessment |

1

Simplify the following using indices:
a) aXaxXaXbxb
b) dxdXeXeXeXeXe

Write the following out in full:
a) m? b)

Simplify the following using indices:

a) a*xXa b) P xp*Xqtxq
I 5
0 & o 4
Simplify the following:
30
Q) rx 0 b) (’Z}

Simplify the following:

2 [ f’s)l
14




@ Equations

An equation is formed when the value of an unknown quantity
is needed.

® Solving linear equations

Worked examples  Solve the following linear equations:

a) 3 +8=14 b) 12 = 20+2«
3x=6 -8 = 2x
x=2 —4=x
© 3p+4=21 d) 4x-5=72x-5)
3p+12=21 4x - 20
3p=9 4x +15 = 14x
p=3 15 =10x
15=x

Exercise 2.1 Solve the following linear equations:

1L a) S5a—2=18 b) 7b +3=17
¢) 9c—12=60 d) 6d+8=56
e) de—7=33 f) 12f+4=176
2. a) 4a=3a+7 b) 85=7h-9
¢) Te+5=8c d) 5d—8=6d
3. a)3a—-4=2a+7 b) 5b+3=4b—-9
c) 8c—9=Tc+4 d)3d—7=2d-4
4. a) 6a—3=4a+17 b) 5b—-9=2b+6
c) Te—8=3c+4 d) 11d —10=6d — 15
S.a)%:3 b) 1b=2
c)%:z d) td=3
Q) 4=% f -2=3f
ayq= bis-
6.a) SH1=4 b) 2+2=6
. _4=34+4
o) Bk d) —4=3+5
— g3
€) 9=z £ =7=5=1
2 _ _3
7.8 F=3 bB)is=is
de, _5d
0 F=2 Q=i
3e_ _ oo
&) Lok ri=i=S f) 2=2-8



Equations

Exercise 12.2

8. a) ) =4

c)5:”52

-1

e)S*T
9. a) 3a+1)=9
c) 8=2(c-3)
e) 21=3(5-¢)
a+2_a-3

10. a) 3 3

Solve the following linear equations:

1.

a)
o
o)
a)
0
o)
a)
B
o)
a)
B
B
a)
B

e)
a)
o
D)

x=2-4
2y-5=3y
3y-8=2y
3x-9=4
6x—15=3x+3
8y —31=13 -3y
Tm—1=5m+1
12— 2% =16+ 2k
8—3x=18-8

I o N ST
[ |
- WX = W
it
-

wirs
®
]
o

0

b)
)

f)

5(b-2)=25
14=4(3-d)
36 =9(5 - 2f)

b-1_b+5

104 £
+f_

p—8=3p
Tx+11="5x
4=3x-11

4y +5=3y-3
dm+2=5m-8
Sp—3=3+3p
6x+9=3x—54
2-y=y-4
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7. a) 6:@ b) 2 +1)=3(x—5)
0 Sx-4)=3x+2 d &JZYTH
o J+2x_9x-1 2043 _dx-2
9 3 b= 6
® Constructing equations
NB: All diagrams are not In many cases, when dealing with the practical applications of
drawn to scale. mathematics, equations need to be constructed first before they

can be solved. Often the information is either given within the
context of a problem or in a diagram.

Worked examples ) Find the size of each of the angles in the triangle (left) by
constructing an equation and solving it to find the value of x.
The sum of the angles of a triangle is 180°.
(x + 30) + (x — 30) + 90 = 180
2x + 90 = 180
2x =90
b x=45
The three angles are therefore: 90°, x + 30 = 75° and
x —30=15°
Check: 90° + 75° + 15° = 180°.
b) Find the size of each of the angles in the quadrilateral (left)
by constructing an equation and solving it to find the value
of x.
The sum of the angles of a quadrilateral is 360°.
4x + 30 + 3x + 10 + 3x + 2x + 20 = 360

12x + 60 = 360
12x = 300
x =25

The angles are:

4x + 30 = (4 X 25) + 30= 130°
3x+10=(3x25)+10= 85°

3x =3x25 = 75°
2x+20=(2X25)+20=_70°
Total = 360°

e

Construct an equation and solve it to find the value of x in
the diagram (left).

Area of rectangle = base X height

e x+3 ——

Area=16

2x +3) =16
2+6=16
26 =10
=5

0 -



12 Equations

Exercise 12.3 1InQ.1-3:
i) construct an equation in terms of x,
i) solve the equation,
iii) calculate the size of each of the angles,
iv) check your answers.

\ (x»y woy;/ )
\(x—40w
\ / @@L

b 4
Vi

\‘

////1] (@97
\(ﬂ (x—a0p— (3x+40)=
p

ooy ! o (xns)/
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4. By constructing an equation and solving it, find the value of x in each of these isosceles
triangles:

a) A b) w Wy 0 5/

5. Using angle properties, calculate the value of x in each of these questions:

=
< P9

6. Calculate the value of x:

) <«—xti—> b) S, B ) -~ 45—
1 Area=24
x+9 | Aea=77 x+3 | Area=45
d) <«—x+04—> €) <=——x+05——> f) <«———2&%—>
Misamsii |58 Area=5.1 02 ) ey

@



Equations

Worked example

Exercise 12.4

Worked examples

Sometimes the question is put into words and an equation has
to be formed from those words.

If I multiply a number by 4 and then add 6 the total is 26. What
is the number?

Let the number be n
Then 4n + 6= 126

4n =26-6
4n =20
n=35

So the number is 5.

Find the number in each case by forming an equation.

1. a) If I multiply a number by 7 and add 1 the total is 22.
b) If I multiply a number by 9 and add 7 the total is 70.

2. a) If I multiply a number by 8 and add 12 the total is 92.
b) IfIadd 2 to a number and then multiply by 3 the answer
is 18.
3. a) IfIadd12toanumber and then multiply by 5 the
answer is 100.
b) IfTadd 6 to a number and divide it by 4 the answer is 5.

4. a) IfIadd 3 toanumber and multiply by 4 the answer is
the same as multiplying by 6 and adding 8.
b) IfTadd 1 to a number and then multiply by 3 the answer
is the same as multiplying by 5 and substracting 3.

® Simultaneous equations
‘When the values of two unknowns are needed, two equations
need to be formed and solved. The process of solving two
equations and finding a common solution is known as solving
equations simultaneously.

The two most common ways of solving simultaneous
equations ically are by elimination and by

By elimination
The aim of this method is to eliminate one of the unknowns by
either adding or subtracting the two equations.

Solve the following simultancous equations by finding the

values of x and y which satisfy both equations.

a) 3x+y=9 (1)
7 @

By adding equations (1) + (2) we eliminate the variable y:

@
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To find the value of y we substitute x = 2 into either
equation (1) or (2).
Substituting x = 2 into equation (1):

x+y=9
6+y=9
y=3

To check that the solution is correct, the values of x and y
are substituted into equation (2). If it is correct then the left-
hand side of the equation will equal the right-hand side.

Sx—y=7
LHS=10-3 =7
= RHSV/
b) dx+y=23 (1)
x+y=8 0]

By subtracting the equations, i.e. (1) — (2), we eliminate the
variable y:

3x=15

x=35

By substituting x = 5 into equation (2), y can be calculated:

x+y=8
5+y=8
y=3

Check by substituting both values into equation (1):

4x+y =23
LHS=20+3 =23
= RHS/

By substitution

The same equations can also be solved by the method known as
substitution.

Worked examples a) 3x +y =9 @)

Sx—y=17 @)
Equation (2) can be rearranged to give: y = 5x — 7
This can now be substituted into equation (1):

3+ (5x—7) =9
9

To find the value of y, x = 2 is substituted into either
equation (1) or (2) as before, giving y = 3.



Equations

b) d4x+y=23 (1)
x+y=8 2
Equation (2) can be rearranged to give y = 8 — x.

This can be substituted into equation (1):
4x+(8*x)*2'§
4x+8—x
3x+8
3x
x=5
y can be found as before, giving the result y = 3.
Exercise 12.5 Solve the following simultaneous equations either by
elimination or by substitution:

1 a) x+y=6 b) x+y=11 ¢ x+y=5

x—y= x-y-1=0 x-y=7

d) 2x+y=12 ) 3x+y=17 f) Sx+y=29
-y=8 W-y=13 Ssy—y=11

2 a) 3+2y=13 b) w+Sy=62 c) x+2y=3
dx=2y+8 4x—5y=8 8 —2y=6
d) x+3y=24 ¢ Tx—y=-3 f) 3x=5y+14
x—3y=-14 x+y=14 6x +5y="58

3. 8) 2r+y=14  b) Sx+3y=29 c) 4x+2y=50

x+3y=13 X+2y=20

€) 2x+5y= [) x+6y=—2

3= —y+22 4x + 5y =36 3x + 6y = 18

4. a) x—y=1 b) 3x—2y=8 ) Tx—3y= 26
2-y=6 n-2y=4
d x=y+7 e) &y —2y=—2
x—y=17 -2y =7

5 a) x+y=-7 b) 2v+3y=—18

x—y=-3 =3y +6
¢) Sx—3y=9 d) Tx+dy=42
2 +3y=19 ox —dy = —10
) 4x—4y=0 f) x-3y=-25
Sx+4dy=12 Sx—3y=—-17
6. a) 2x+3y=13 b) 2v+ 4y =50
2 — 4y +8=0 264y =20
) x+y=10 d) Sx+2y=28
y=22-x Sx+ 4y =36
€) 2x—8y=2 f) x—dy=9
2-3y=7 x=Ty=18
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b

3x=19+2y
—3x+5y=5
3x+5y=29
3x+y=13
—5x+3y=14 f) —2x+8y=6
S5x+ 6y =58 2=3-y

d

® Further simultaneous equations

If neither x nor y can be eliminated by simply adding or
subtracting the two equations then it is necessary to multiply
one or both of the equations. The equations are multiplied
by a number in order to make the coefficients of x (or y)
numerically equal.

Worked examples a) 3x + 2y =22 1)

xt+ty=9 @
To eliminate y, equation (2) is multiplied by 2:

3x+2y=22 (1)
2x+2y=18 3)
By subtracting (3) from (1), the variable y is eliminated:
x=4
Substituting x = 4 into equation (2), we have:
x+y=9
4+y=9
y=5
Check by substituting both values into equation (1):

3x+2y =22
LHS =12 + 10

b) Sx—3y=1 (1)
3y +4y=18 )
To eliminate the variable y, equation (1) is multiplied by 4,
and equation (2) is multiplied by 3.

20x— 12y =4 (3)
9x + 12y = 54 “@
By adding equations (3) and (4) the variable y is eliminated:
20x =58
x=2
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1

Substituting x = 2 into equation (2) gives:

3x+4dy =18
6+4y =18
4y=12
y=3

Check by substituting both values into equation (1):

Sx—3y=1

LHS =10 —

a) 2a+b=5
3a-2b=4
) dc—d=18
2c+2d=14
) 3e—f=5
e+2f=11
a) a+2b=8
3a—5b=-9
) 6c—dd=-2
Sc+d=17
e) e+2f=14
3e-f=7

a) 3a—2b=-5
a+5b=4

x+3y=10
a) x+y=5
-2y +5=0
o) w+3y=15
2y =153
e) 2x—5y=—11
3x+4y=18

Exercise 2.6 Solve the following simultaneous equations either by
elimination or by substitution.

b) 3b +2c=18

%-c=5
d) d+5e=17
2d—8e=-2
f) f+3g=5
2f-g=3
b) 4b—3c =17
b+5c=10
d) 5d+e=18
2d+3e=15
f) 7f-5¢=9
f+g=3
b) b+2c=3
3b—5c=-13
d) 2d +3e =
3d—e=-8
f) frg=-2
3f-dg=1
b) 5x + 4y =21
x+2=9
d) 2x -3y
x+2y=15
f) x+5 =11
2 -2y =10
b) 2x—2y=6
x—5y=-5
d) x—6y=0
3x-3y=15
f) x+y=

-2 =-2
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Exercise 12.7

1L

4.

a) 3y=9+2 b) x +4dy=13
x+2y=6 3x—3y=9

¢) 2x=3y-19 d) 2x—5y=-8
3x+2y=17 —3x—2y=-26

€) Sx—2y=0 f) 8y=3-x
2 +5y=29 3x-2y=9

a) dx+2y=>5 b) dx+y=14
3x + 6y

¢) 10x—y=-2
—15¢+3y=9

€) x+3y=6 f) Sx—3y=-05
2-9y=7 3x+2y=35

The sum of two numbers is 17 and their difference is 3. Find
the two numbers by forming two equations and solving
them simultaneously.

The difference between two numbers is 7. If their sum is 25,
find the two numbers by forming two equations and solving
them simultaneously.

Find the values of x and y.

o

3xty 7

-3

Find the values of x and y.

-~ -2y —>

2x-3y 4

-

A man’s age is three times his son’s age. Ten years ago he
was five times his son’s age. By forming two equations and
solving them simultaneously, find both of their ages.

A grandfather is ten times as old as his granddaughter. He
is also 54 years older than her. How old is each of them?
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Solve the following equations:

L a)a+9=15
€) 3-5c=18

2 a)Sa+7=4a-3
¢) 6-3c=c+8

3 2
©) Hc—5)=3(c+1)

b) 3b+7=—14
d) 4-7d=-24
b) 8—3b=4-2b
d) 4d-3=d+9

b_
b) 2 =3
d) 6=1d

d) 6(2 +3d) = 5(4d — 2)

Solve the following simultaneous equations:

6. a) a+2b=4
3a+b=7

Student assessment 2

Solve the following equations:

1L a)a+5=7
¢) 2-3c=11

2 a)a-4=3+4
€) 3c+1=8-4c

3. a) ==3
c) 4= %
4. a)
)
5. a)

3 3

¢ 2(5—2);2(55—3)

b) b—2c= -2
3b+c=15
d) 4d +5e=0
d+e=-1
b) 4b-3=13
d) 9—6d =39

b)3-b=4b-7
d) 6d-9=3~4d

b) b=

d) —

=3
b) tb=2p-5
d)1=2d+2
1+b_2+b

5 3
d) 4d+ 1) =73 -d)=5

b)

@
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Solve the following simultaneous equations:
6. a) a+4b=9

4a+b=21

) 3c+4d=8

Student assessment 3

Solve the following equations:

c+6d=5

b) b+2c=-3
4b =3¢ =10
d) 4d—3e=1
d+e=-5

1 a) x+7=16
c) 8—dx=24
2. a) T-m=4+m b) 5Sm—3=3m+11
¢) 6m—1=9m—13 d) 18-3p=6+p
3. a) %:z b) 4=1x
x42 2x-5_5
) ‘S 4 d) = 5
4. a) %( -4)=8 b) 4x-3)=T(x+2)
0 4=2Gx+8) A Fx—1)=32x -4
Solve the following simultaneous equations:
5 a) 2+3y=16 b) 4x+2y=22
x-3y=4 —x+2y=2
Q) x+y=9 d) 2%x-3y=7
2% + 4y = 26 —3x + 4y = —11
Student assessment 4
Solve the following equations:
1 a) y+9=3 b) 3x—5=13
¢ 12-5p=-8 d) 25y +15=175
2. a) S—p=4+p b) 8m—9=5m+3
c) llp—4=9+15 d) 27-5r=r—3
aa) £=-3 b) 6=2x
m=7 _ 4t-3 _
o Mer=3 a TEE =7
4. a) 2r-1)=3 b) 53 —m)=4(m—6)
¢ 5=3x-1) d) -2 =% +8)
Solve the following simultaneous equations:
5 a) x+y=11 b) 5p—3q
x-y=3 ~2p -3
¢) 3x+5y=26 d) 2m—3n=
x—y=6 3Im + 20 =19



@ Sequences

® Sequences

A sequence is an ordered set of numbers. Each number in a
sequence is known as a term. The terms of a sequence form a
pattern. For the sequence of numbers

2; 5; & A, A4y 17 .
the difference between successive terms is +3. The term-to-
term rule is therefore + 3.
Worked examples 2) Below is a sequence of numbers.
819, 13, 17, 2L, 23, wsi
i)  What is the term-to-term rule for the sequence?
The term-to-term rule is + 4.

Calculate the 10th term of the sequence.
Continuing the pattern gives:

5 9, 13; 17 20 25; 295 335 87 M ue
Therefore the 10th term is 41.
b) Below is a sequence of numbers.

1,2, 4, 8 16, ...

i)  What is the term-to-term rule for the sequence?

The term-to-term rule is X 2.

Calculate the 10th term of the sequence.
Continuing the pattern gives:

1, 2, 4, 8 16, 32, 64, 128, 256, 512, ...
Therefore the 10th term is 512.

Exercise 13.1 For each of the sequences given below:
i) State arule to describe the sequence.
ii) Calculate the 10th term.
a) 3, 6, 9, 12, 15,
b) 8 18, 28, 38, 48, ..
e 1, 33, 85, 77,99,
d) 07, 05, 03, 01,

DESE S &
DS N
9 1, 4 9, 16 25
h) 4, 7, 12, 19, 28
i 1, 8 27, 64,
j) 5, 25, 125, 625,
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Sometimes the pattern in a sequence of numbers is not obvious.
By looking at the differences between successive terms a
pattern is often found.

Worked examples a) Calculate the 8th term in the sequence
8, 12, 20, 32, 48, ...

The pattern in this sequence is not immediately obvious, so
a row for the differences between successive terms can be
constructed.
8 12 20 32 48
1st differences 4 8 12 16

The pattern in the differences row is + 4 and this can be
continued to complete the sequence to the 8th term.

8 12 20 32 48 68 92 120

Ist differences 4 8 12 16 20 24 28
So the 8th term is 120.

b) Calculate the 8th term in the sequence
3 6 13 28 55
1st differences 3 7 15 27
The row of first differences is not sufficient to spot the
pattern, so a row of 2nd differences is constructed.
3 6 13 28 55
1st differences 3 7 15 27
2nd differences 4 8 12
The pattern in the 2nd differences row can be seen to be
+ 4. This can now be used to complete the sequence.
3 6 13 28 55 98 161 248

1st differences 3 7 15 27 43 63 87

2nd differences 4 8 12 16 20 24
So the 8th term is 248.

Exercise 13.2 For each of the sequences given below calculate the next two
terms:

a) (8, 11y 17 26, 38 =

B) 5; 17 11y 195 355, ves

Q) 19; 8 3, 9 2y o

d) =2, .5 21 51 100;

B): T, 19, A0, A7 36, Ty

£) oAy T T 19 86y 6955 wnw

B —3; 3 8y 13; 17, 20, 24 o
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® The nth term

So far the method used for generating a sequence relies on
knowing the previous term in order to work out the next one.
This method works but can be a little cumbersome if the 100th
term is needed and only the first five terms are given! A more
efficient rule is one which is related to a term’s position in a
sequence.

Worked examples a) For the sequence shown below give an expression for the

Exercise 13.3

nth term.
[Position [ T T2 [ 3T 4] [n]
[feem [ 3T 6o n]is] 2]

By looking at the sequence it can be seen that the term is
always 3 X position.
Therefore the nth term can be given by the expression 3n.
b) For the sequence shown below give an expression for the
nth term.

[Position [ T T2 T3 [4]sn]
[fem T2 [ s T[] ] 2]

You will need to spot similarities between sequences. The
terms of the above sequence are the same as the terms in
example a) above but with 1 subtracted each time.

The expression for the nth term is therefore 3n — 1.

1. For each of the following sequences:

i) Write down the next two terms.

ii) Give an expression for the nth term.
a) 5, 8 11, 14, 17, ...
b) 9g 9 13 17 215
c) 4,9, 14, 19, 24, .
d) 8, 10, 12, 14, 16, ...
e) 1; 8, 15, 22, 29, ..
f) 0, 4, 8, 12, 16, 20, ...
g) 1, 10, 19, 28, 37,
h) 15, 25, 35, 45, 55, ...
i 9, 20, 31, 42, 53, ...
j) 1.5, 3.5; 55; 7.5, 9.5; 115, v
k) 025, 125, 2.25, 3.25, 425, ...
D 0;1; 2 3; 4 5 wi:
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2. For each of the following sequences:
i) Write down the next two terms.
ii) Give an expression for the nth term.
a) 2, 5, 10, 17, 26, 37, ...
b) 8 11, 16,. 23, 32, ...
c) 0, 3, 8 15, 24, 35,
d) 1, 8, 27, 64, 125,
€) 2,. 9, 28, 65, ‘126, ...
0 A1, 18, 37, T4, 135, ...
g) -2, 5 24, 61, 122, .
h) 2, 6, 12, 20, 30, 42, ...

Student assessment |

1. For each of the sequences given below:
i) Calculate the next two terms.
ii) Explain the pattern in words.

a) 9, 18 27 36, ... b) 54, 48, 42, 36, ...
c) 18, 9, 45, ... )12, 16, Op, =05 s
e) 216, 125, 64, ... £) i, B 0T o

2. For each of the sequences given below:
i) Calculate the next two terms.
ii) Explain the pattern in words.

a) 6, 12, 18, 24, ...  b) 24, 21, 18, 15, ...
), 10; iS5y By e d) 16, 25, 36, 49, ...
€) 1, 10, 100, ... H1LLLL .

3. For each of the sequences shown below, give an expression
for the nth term:
a) 6, 10, 14, 18, 22, ... b) 13, 19, 25, 31, ...
c) 3,9 15 21, 27, . d) 4, 7, 12, 19, 28, .
e) 0, 10, 20, 30, 40, ... f) 0, 7, 26, 63, 124, ...

4. For each of the sequences shown below, give an expression
for the nth term:

&) 3, 5, T 9, Ty e b) 7. 18, 19;. 25, 31, ..
c) 8 18, 28, 38, ... iy 19, 175 25, v
e) —4, 4, 12, 20, ... £) 12, 9 10, 17, 265 s



. Graphs in practical situations

Worked example

@ Conversion graphs

A straight line graph can be used to convert one set of units
to another. Examples include converting from one currency
to another, converting distance in miles to kilometres and
converting temperature from degrees Celsius to degrees
Fahrenheit.

The graph below converts US dollars into Chinese yuan based
on an exchange rate of $1 = 8.80 yuan.

Chinese yuan
@
3

0 4 10
US dollars

i) Using the graph estimate the number of yuan equivalent
to$s.

A line is drawn up from $5 until it reaches the plotted line,
then across to the y-axis.

From the graph it can be seen that $5 = 44 yuan.

(= is the symbol for ‘is approximately equal to”)

Using the graph, what would be the cost in dollars of a drink
costing 25 yuan?

A line is drawn across from 25 yuan until it reaches the
plotted line, then down to the x-axis.

From the graph it can be seen that the cost of the

drink = $2.80.

iii) If a meal costs 200 yuan, use the graph to estimate its cost in
US dollars.

The graph does not go up to 200 yuan, therefore a factor of
200 needs to be used, e.g. 50 yuan.

From the graph 50 yuan = $5.70, therefore it can be deduced
that 200 yuan = $22.80 (i.e. 4 X $5.70).
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Exercise 14.1

1

Given that 80 km = 50 miles, draw a conversion graph up to
100 km. Using your graph, estimate:

a) how many miles is 50 km,

b) how many kilometres is 80 miles,

¢) the speed in miles per hour (mph) equivalent to 100 km/h,
d) the speed in km/h equivalent to 40 mph.

You can roughly convert temperature in degrees Celsius
to degrees Fahrenheit by doubling the degrees Celsius and
adding 30.

Draw a conversion graph up to 50 °C. Use your graph to
estimate the following:
a) the temperature in °F equivalent to 25 °C,
b) the temperature in °C equivalent to 100 °F,
c) the temperature in °F equivalent to 0 °C,

Given that 0 °C = 32 °F and 50 °C = 122 °F, on the graph

you drew for Q.2, draw a true conversion graph.

i) Use the true graph to calculate the conversions in Q.2.

ii) Where would you say the rough conversion is most
useful?

Long-distance calls from New York to Harare are priced at

85 cents/min off peak and $1.20/min at peak times.

a) Draw, on the same axes, conversion graphs for the two
different rates.

b) From your graph estimate the cost of an 8-minute call
made off peak.

c) Estimate the cost of the same call made at peak rate.
d) A callis to be made from a telephone box. If the caller
has only $4 to spend, estimate how much more time

he can talk for if he rings at off peak instead of at peak
times.
A maths exam is marked out of 120. Draw a conversion
graph and use it to change the following marks to
percentages.

a) 80 b) 110 ¢) 54 d) 72

® Speed, distance and time
“You may already be aware of the following formula:

distance = speed X time

Rearranging the formula gives:

distance distance
= ——andspeed = —
eed time

time
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Distance (m)

Distance (m)

Exercise 14.2

Time (s)

Worked example

1

45678
Time (s)

‘Where the speed is not constant:

total distance
average speed = ———
total time

1. Find the average speed of an object moving:
a) 30minSs b) 48mini2s
c) 78kmin2h d) 50 kmin2.5h
€) 400 km in 2 h 30 min f) 110 kmin 2 h 12 min

2. How far will an object travel during:

a) 10sat 40 m/s b) 7sat26 m/s

¢) 3hours at 70 km/h d) 4h 15 min at 60 km/h

¢) 10 min at 60 km/h f) 1h6min at 20 m/s?
3. How long will it take to travel:

a) S0mat10m/s b) 1km at 20 m/s

¢) 2km at 30 km/h d) 5km at 70 m/s

e) 200 cmat 0.4 m/s f) 1km at 15 km/h?

@ Travel graphs

The graph of an object travelling at a constant speed is a
straight line as shown (left).

Gradient = %

The units of the gradient are m/s, hence the gradient of
a distance-time graph represents the speed at which the
object is travelling.

The graph (left) represents an object travelling at constant
speed.

i) From the graph calculate how long it took to cover a
distance of 30 m.

The time taken to travel 30 m is 3 seconds.
ii) Calculate the gradient of the graph.
Taking two points on the line,
§ _40m
gradient = B
= 10m/s.
iii) Calculate the speed at which the object was travelling.

Gradient of a distance—time graph = speed.
Therefore the speed is 10 m/s.

@
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Exercise 14.3 1. Draw a distance—time graph for the first 10 seconds of an
obiject travelling at 6 m/s.

A B 2. Draw a distance-time graph for the first 10 seconds of an
object travelling at 5 m/s. Use your graph to estimate:

x
3
T~

a) the time taken to travel 25 m,
b) how far the object travels in 3.5 seconds.

o
)

3. Two objects A and B set off from the same point and move
i in the same straight line. B sets off first, whilst A sets off

2 seconds later. Using the distance—time graph (left) estimate:
a) the speed of each of the objects,

12345678 b) how far apart the objects would be 20 seconds after the
Tamici (s start.

@
s

Distance (m)
IS
8

2N
S
i

& B

A B C 4. Three objects A, B and C move in the same straight line
away from a point X. Both A and C change their speed

/ during the journey, whilst B travels at a constant speed
throughout. From the distance-time graph (left) estimate:

a) the speed of object B,
[ / b) the two speeds of object A,
I c) the average speed of object C,
—— d) how far object C is from X, 3 seconds from the start,
1’2 345678 e) how far apart objects A and C are 4 seconds from
Time (s) the start.

ANW AN N®
T~

Distance from X (m)

o

The graphs of two or more journeys can be shown on the
same axes. The shape of the graph gives a clear picture of the
movement of each of the objects.

Worked example The journeys of two cars, X and Y, travelling between A and B,

are represented on the distance—time graph (left). Car X and
T Car Y both reach point B 100 km from A at 1100.
ar X

@2
88

i) Calculate the speed of Car X between 0700 and 0800.
s distance
i i SPES = Time

700 0800 0900 1000 1100 _ 60
Time Syl

@
3

IS
&

B

=<

n
o S

Distance travelled (km)

o

= 60 km/h
ii) Calculate the speed of Car Y between 0900 and 11 00.

speed = % km/h
= 50 km/h
iii) Explain what is happening to Car X between 0800 and 09 00.

No distance has been travelled, therefore Car X is stationary.
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Exercise 14.4
< T T
gao XY
20
5
£ Paul

0
1100 1120 1140 1200
Time

0
0900 09301000 1030 1100
Time

1

»

Two friends Paul and Helena arrange to meet for lunch at

noon. They live 50 km apart a