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Introduction

About this book

This book is designed specifically for the
Cambridge IGCSE® Mathematics course.
Experienced examiners have been involved
in all aspects of the course, to ensure that the
content adheres to the latest syllabus.

Using this book will ensure that you are well
prepared for the exam at this level, and also
studies beyond the IGCSE level in Mathemattics.
The features below are designed to make
learning as interesting and effective as
possible.

Finding your way around

To get the most out of this book when studying
or revising, use the:

e Contents list to help you find the
appropriate units

* Index to find key words so you can turn to
any concept straight away.

Learning objectives

At the start of each chapter you will find a list of
objectives. These will tell you what you should
be able to do by the end of the/chapter.They
are based on what you need to cover forthe
Cambridge IGCSE syllabus.

Famous mathematicidns

These are included at thesstart of each chapter
to give you a brief insight inte the life of a
mathematician who played an important part
in the development of the ideas contained in
that chapter.

By finding out aboutithe history of mathematics
and considering @ topic within the broader
context of the subject, you can make
connectjonsbetween topics and develop a
greater appreciation of how mathematics has
developed over the centuries.

Worked examples

Worked examples are an important feature of
the book and can be found in every

sub-topic. These show you the important skills
and techniques required in the exercises below
and also provide a model for how to structure
your solutions.

Exercises

There are thousands of questions in this book,
providing ample opportunities to practise the
skills and techniques required in the exam. The
exercises contain questions of varying levels
of difficulty, so that you can progress through
a topic as your knowledge andsconfidence
increases.

Each exercise has an icon to denote whether
you can use a calculator or not./This () means
you can use a calculator; while this @ means
you should not. The same icons also appear in
the Revision Exercises.

Revision Exercise

At the end of.eachiehapter, you will find revision
questions to bring together all your knowledge
and test your understanding of the contents of
the chapter.

Examination-style questions

The revision exercises are followed by
exam-style practice questions. These are very
similar to the kind of questions you should
expect to see in the real exam.

Tips

Yellow boxes throughout the exercises provide
further information, hints on how to approach a
question, or reminders of other concepts.

Answers

These can be found at the back of this book,
so you can find out immediately whether or
not you have answered a question correctly.
Answers to all the numerical problems in the
exercises, the review questions, and the
exam-style questions are all included.

(Ckerboodle

Additional support can be found on

Kerboodle. There are resources for every
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2 Algebral

Isaac Newton (1643-1727) is thought by many
to have been one of the greatest intellects of

all time. He went to Trinity College Cambridge
in 1661 and by the age of 23 he hadymade

three major discoveries: thématuke ofeolours,
calculus and the law of gravitation! He used his
version of calculus to givesithe first satisfactory
explanation of the motion ofithe Sun, the

Moon and the stars. Begause he was extremely
sensitive to criticism, Newton was always very
secretive, but he wageventually persuaded to
publishdis discoveries in 1687.

~

* Substitute into expressions and formulae.

* Simplify expressionsexpand brackets and factorise.

¢ Construct and solve linear equations including those where x appears in
the denominator as partiof a linear expression.

* Solve simultaneous equations.

e Understandand use rules of indices including positive, zero and
negative.

* Understand’/and use linear inequalities including representing on a
number line.

¢ Understand sequences including continuing a sequence, recognising
patterns, term-to-term rules, finding and using nth terms and
relationships between sequences.

\




Algebra 1

2.1 Introduction to algebra

Algebra is when you use letters to stand for generalised numbers.

3,7, 8.3 and —4.61 are all numbers, whereas a letter can be used to
stand for a general number.

The letter may take a single value, two possible values, or many
more possible values, depending on the context in which it is used.

Algebra is made up of building blocks, called terms. A term is a
single algebraic object.

These are examples of terms: 2a x? 3pq =
w

There are some conventions that you need to know when it comes
to writing terms.

o If there is no number in front of the letter, for example x,,this
means 1 X x.

« Iftwo letters are side by side, it means they are multiplied
together, for example ab means a X b.

« If aletter is squared, it means the letter multiplied by itself,
for example p? means p X p.

When terms are added or subtracted, they make,expressions.
These are examples of expressions: x+y a®>—2 )7 pqr + 3s — 5t

The number in front of a letter (orletters)is called the
coefficient.

The coefficient of x in the expression 4x+y is 4.

If a number appears on its own in an expression, it is called a
constant term.

The constant term in the‘expression 5y + 7 is 7.

Exercise 2.1A

1. Congider this expression: x + 3y 2. Consider this expression:

a) How many terms are there in the 9% — by +62+7

expression? a) How many terms are there in the
. . ion?
b) What is the coeflicient of EXpression:
i)y b) What is the coeflicient of
i) 22 i) x
ii) y?

c¢) What is the value of the constant term?




2.1Introduction to algebra

3. Consider this expression: 2a + 7b — 3ab + 4c — 6
a) How many terms are there in the expression?
b) What is the coeflicient of

i) b
ii) ab?
c) What is the value of the constant term?
4. Bethia is considering the expression x — 7y + 3.

She says, ‘There are two terms in the expression since there are two'letters! The
coefficient of x is 0 since there is no number in front of it and the/coefficient of y is
7 since there is a 7 in front of it’.

Is Bethia correct? Explain your answer.

5. Maya has x counters. Jaya has 3 more counters than Maya. Kéira has four times as
many counters as Maya.

a) Write down an expression for:
i) the number of counters that Jaya has
ii) the number of counters that Kiera has.
b) Maya gives 8 counters to her brother.
Write down an expression for the number of counters that Maya has now.

6. Amaar has a pears. Bharat has typears. Chico has five times as many pears
as Bharat.

Write down an expression for:

a) the number of pears that Amaar and Bharat have

b) the numbek of pears'that’ Amaar and Chico have

c) the nuimber of péars that Bharat and Chico have.
7. A square has side length p cm.

Write down an expression for:

a) the'area of the square

b) the perimeter of the square.




Algebra 1

8. Arectangle has length x cm and width y cm.
Write down an expression for:
a) the area of the rectangle
b) the perimeter of the rectangle.
When you have lots of terms in an expression, some of them may be of the same type.

In the expression 4x + 3y + 2x, there are two terms in x: the 4x term and the 2x term.
These are called like terms.

You can collect like terms by adding (or subtracting) them to simplify am expkession;

4dx + 3y + 2x =4x + 2x + 3y = 6x + 3y

Example

Simplify:

a) dx+ 13y +bx—2y — x
b) 3x? + 5x + 6x% — 4x — 242

a) 4x+ bx —x+ 13y — 2y Rewrite the terms so thatlike
terms are together:

=8x + 11y Then add or subtract the like terms.

b) 3x? + 6x% — 2x% + 5x — 4x Rewrite the.order of the terms. Note
thatiterms in x% and terms in x are
not like terms.

=Tx>+x Addror subtract the like terms.

Exercise 2.1B

Simplify these expressions.

1.3x + 2y + 4x 2.2x+ Ty + 3x — 4y 3.8a + 4b — 6a — Tb

4.2p +38¢-— Tp + q 5. 4x% + 6x + 2x2 — 11x 6. 5a? — 3a — 2a% + 9a

7. xy + 3%+ 2y + 4xy 8.2p*+ 2>+ 4pq — p*—5¢> 9.3c+4d+5e—-6¢c—"Td—e
10. 14a — 11b +/3ab + 2a% — 7b — 3a + 4b*> — 9ab

You can also substitute numbers into an expression to work out the value.

Example
Find the value of 2x + 4y when:
ayx=4,y="17

b)x=3,y=-5
>




2.2 Sequences

@ a) 2x4+4x7 Replace the letters with the numbers and
=8 + 28 evaluate. Remember to use BIDMAS. Tip
= 36
Take care when
b) 2x3+4x(=5) substituting
=6-20 negative numbers
- _14 into,expressions.
Exercise 2.1C b4
(71=)
Ifa=-4,b=5, c=-2, work out:
1.2a+ 3 2.3b -7 3.4a-1 4. 2b% ¢
5. 5¢c — 2a 6. 6a — 3 7.2c+ b 8.3a — 2b
9. 6¢c — 2b 10. 3¢ + 4a 11.3c -4 12. 2a — 3¢
13. 76 + 3a 14. 8a + 6¢ 15.2b - 4a 16. 4b + 5
17.3a + 8 18.2¢c —a 19.5a— 2¢ 20.3b + 7
If n=3,x=-1, y =6, work out:
21.2x -3 22. 3y + 4n 23. 5n + 2x 24. 4y — x
25. Ty — 2 26. 3x + 2n 27.10x + 5 28. 6x — y
29. 4x — by 30. 2y =10 31.8n — 2y 32.Tn + 3y
33.6y+ 4 344n+ 5x 35.2n + 3x 36. 5y — 20
37.9y —n 38.8x + 2n 39.5x+ 6 40. 3n — 2x

2.2 Sequences

A sequence ig"a list of mumbers that follow a pattern.
Eachmumber in the sequence is called a term.

How you get from one term in the sequence to the next is called
the term-to-term rule.

Consider the sequence 4, 6, 8, 10, ...
The term-to-term rule is ‘add 2’.
Consider the sequence 5, 10, 20, 40, ...

The term-to-term rule is ‘x 2’.
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Exercise 2.2A
(x[=]

1. Find the next number in each sequence and write down the term-to-term rule.

a)1,5,9 13, ... b) 39, 36, 33, 30, ...
c)3,6,12,24, ... d) 4,9, 15, 22, ...
e) 200, 100, 50, 25, ... f) 88, 99, 110, ...

2. Write down each sequence, find the missing number and write down the
term-to-term rule.

a) l, 6’ I:L 16 b) 17 27 47 87 I:‘
c)l] 25,8, 11 d) 2400, 240, 24, [ ]
e) ]-7 27 47 77 I:L 16 f) 12’ 8, 47 D’ -4

3. Here is the start of a sequence: 1, 3, 4, ...
Each new term is found by adding the previous two terms. Forjexample, 4 =1 + 3
The next term will be 7.
a) Write down the next six terms.

b) Use the same rule to write down the next four terms of the sequence which starts
2,5,17,...

¢) The Fibonacci sequence is a specialiease of this type of sequence.
The Fibonacci sequence starts 1,1, ...

Write down the first ten terms of the Fibonacci sequence.

4. a) Write down the next two lines of b) Complete the lines below:
the sequence: 10x 11 =
3x4=3+32 30 x 31 =
4 x5 =4 +4>
5X6=54%+ 5
5. Copyrand complete the pattern and write down the next two lines.
1+9x%x0 = 1
2+9x1 = 1
3+9x12 = 111

4+9x123 = 1111
5+9x%x1234 =




2.2 Sequences

6. For the sequence 2, 3, 8, ... each new term is found by squaring the previous term
and then subtracting 1. Write down the next two terms.

7. The sequence 3, 3, 5, 4, 4 is obtained by counting the letters in ‘one, two, three,
four, five, ...". Write down the next three terms.

8. The odd numbers 1, 3, 5, 7, 9, ... can be added to give an interesting sequence.

1 =| 1|=]1x1x1

3+5 =| 8| =|2x2x2
7T+9+11 =27 =|3%x3x%x3
134+15+17+19 | = |64 | = | 4x4x%x4

1, 8, 27, 64 are cube numbers.
You write 2% = 8 [‘two cubed equals eight’]
43 =64

Continue adding the odd numbers in the same way.as shown above. Do you always
get a cube number?

9. a) Write down the next three lines of this pattern.
13 = 12 =1
P+22= (1+2? =9
1P+22+3°=(1+4+2+.3)*=386
b) Work out as simply as possible:
1P+ 284 32+ 45+ 534 634 79 8%+ 9° 4 107

10. Here are the sequencesiof the first six odd and the first six even numbers.

1st w 5th | 6th

odd 1 3 5 7 9 11
nif 2 4 6 8 10 | 12

Find: a) the 8th even number b) the 8th odd number
c) the 13th even number d) the 13th odd number.

e) Explain in words the relationship between the nth odd number and the
nth even number.

f) If the 57th even number is 114, what is the 57th odd number?
g) Write down:
i) the 45th even number ii) the 53rd odd number
iii) the 100th odd number iv) the 219th odd number.




Algebra 1

11.

12.

Here the numbers 1 to 21 have been written in

Line

three columns. 1 9 3 1
a) What number will you get on the right of: 4 5 6 9
i) line 8 ii) line 12 iii) line 25? 7 8 9 3
b) Write down the number in the middle of: 10 |11 |12 4
i) line 8 ii) line 12 iii) line 20 13 14 15 5

i) line ii) line iii) line 20.
16 |17 |'18 6
c) What number will you get in: 19 |20 |21 B 7

i) line 10 on the left N

ii) line 13 on the right left migdlef gzht

iii) line 17 in the middle
iv) line 30 on the left?
d) Find the missing number:
i) 120 is on the right of line
ii) 61 is on the left of line
iii) 92 is in the middle of line
iv) 148 is on the left of line
Here is a sequence:
1,3, 6,10, 15, ...
a) Find the difference between each pair of successive terms of the sequence.
b) Describe the way in which the differences go up.
¢) Use your answers to parts (a) and (b) to find:
i) the 8thyterm
ii) the12th texm
11i) the 15th term.

2.3 Finding a rule

For the sequence 3, 8, 13, 18, ... the term-to-term rule is ‘add 5’.
You can draw a mapping diagram with a column for 5 times the
term number (i.e. 5n).




2.3 Finding arule

n 5n term You can see that each term is 2 less

1 5 | 23 than 5n.

2 10 | 2 8 So, the 10th term is (5 x 10) — 2 = 48
3 15 | 213 and the 20th term is (5 x 20) — 2 =98
4 | 20 | 218

n 5n | ?5n -2 The nth termis 5 xn —2 =5n - 2

Sometimes the terms of the sequence decrease.

For the sequence 8, 6, 4, 2, ... the term-to-term rule is
‘subtract 2’.

You can draw a mapping diagram with a column for —2 times
the term number (i.e. —2n).

n —2n term You can see that each termdis 10. more
1 -9 +10 8 thal’l -2n.
+10 So, the 5th termfs (-2 x/5)+ 10 =0
2 | -4 | 6
3 6 a0 4 and the 9th term 18(—2 %.9) + 10 = -8
S
4 -8 | +10 9
n —2n | Y10 -2n The nth term'is —2n + 10 =10 — 2n

In general, the number thatyn is multiplied by is the number
in the term-to-term rule.

The nth term is called the pesition-to-term rule and means
that you can find, for example, the 100th term in the sequence
without having to woxk outiall 100 terms.

For the first sequence above, with nth term 5n — 2,
the 100th term is 5 X 200°— 2 = 498,

For the second.sequence above, with nth term 10 — 2n,
the 100th term 18,10 — 2 x 100 = —190.

Exercise 2.3A b4
71=)
1. Lookat the sequence 5, 8, 11, 14, ...
. . n 3n term
The difference between terms is 3. 1 3 |0 5
Copy and complete: ‘The nth term of the 9 6 = 8
sequence is 3n + ...". 3 9 11
4 12 14
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2. Look at the sequences and tables below. Find the nth term in each case.

a) Sequence 5, 9, 13, 17, ... b) Sequence 2, 8, 14, 20, ...
n 4n | term n 6n | term
1 4 5 1 6 2
2 8 9 2 12 8
3 12 13 3 18 14
4 16 17 4 24 20
nth term = nth term =
3. In the sequence 6, 11, 16, 21,... n & U .
the difference between terms is 5. 1 6
Copy and complete the table and write an 9 11
expression for the nth term of the sequence. 3 16
4 21
10
4. Look at the sequence 6, 10, 14, 18, ...
a) Write down the difference between terms. Make a table like the one in
Question 3 and use it to find an expression for the nth term.
b) Use your nth term to find the 20th term of'the sequence.
5. Write down each sequence insa table. Find the nth term and the 50th term of
each sequence.
a)5,7,911,...
b) 3, 7,11, 15,...
c) 2, 8,14, 20,...
In Questions 6 to 17 you are-given a sequence in a table. Copy the table and make
an extra column«Find an éxpression for the nth term of each sequence. [t stands
for ‘term’]
1 3 1 15 1 7 1 14
2 8 2 12 2 13 2 12
3 13 3 9 3 19 3 10
4 18 4 6 4 25 4 8
5 23 5 3 5 31 5 6




2.3 Finding arule

0.0, 1.0, 12.0 [ 1.0, [ ¢
1 | 6 1 | 13 1 | 5 1 | 27
2 | 7 2 | 10 2 | 13 2 | 22
3 | 8 3 | 7 3 | 21 3 | 17
4 | 9 4 | 4 4 | 29 4 | 12
5 | 10 5 | 1 5 | 37 5, | 7

4.7, T 15. [ 16. 5, T 7. N
6 | 26 8 | 83 4 | 15 124, 76
7 | 23 9 | 93 5 | 18 13,71
8 | 20 10 | 103 6 | 21 14 | 66
9 | 17 11 | 113 7 | 24 15 | 61
10 | 14 12 | 123

18. Make a table for each sequence. Find the nth texm and the
20th term of each sequence.

a) 26, 18,10, 2, ... Tip
b) 16, 13,10, 7, ... Alinear sequence
¢) 48, 39, 30, 21, ... 1s a sequence where
the difference
19. The second term of a linear sequence is 16 and the fourth between one term
term is 30. and the next is

Find the 10th term of the sequence. constant.

20. Hari says that 53 is aterm in the sequence with nth term 6n + 2.
Explain why Har1 isiincorrect.

21. a) Write down thewnth term of the sequence 2, 4, 6, 8, ...
b) Write«down the nth term of the sequence 1, 3, 5, 7, ...

¢) Use your answers to (a) and (b) to explain why the sum of
an odd number and an even number is always odd.

Here is a'sequence of ‘houses’ made from matches.

/N /NN NN\ INININ/N
IS Y S O O O O T

The table on the right records the number of houses 2 and the
number of matches m.

[N NGVRE ORI ]
[
Sl |©| o8
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Since the term-to-term rule is ‘add 4’ the sequence is based h 4h -
on 4h. 1 4 5
Now you can see that m is one more than 4h. ) 8 9
So the formula linking m and his: m =4h + 1 3 12 13
4 16 27
Exercise 2.3B ﬁ
71=)
1. Below is a sequence of diagrams showing blue tiles (b) and %
white tiles (w) with the related table.
1 5
2 6
3 7
4 8
What is the formula for w in terms of b? [i.e. write ‘w = ..%]
2. This is a different sequence with blue tiles (b) and white b w
tiles (w) and the related table.
2 10
3 12
7
N 4 14
5 16

What is the formula that links.b and w? Write it as ‘w =...".

3. Here is a sequence of diagrams made from square tiles.

NN |

4

||

Make your own table for blue tiles (b) and white tiles (w).
What is the formula for w in terms of b?




2.3 Finding arule

4. In this sequence, the number of matches is m and the number
of triangles is ¢.

VAAVAR VAV AR VAVANIE==

Make a table for ¢t and m. It starts like the table on the right: 9 5

Continue the table and find a formula for m in terms of ¢.

)

Write ‘m =... .

5. Here is a different sequence of matches and triangles.

D — ) | )

A AN AW AU AR AN
/A N A VA A VA W A VA Vs

Make a table and find a formula connecting m and &

6. In this sequence there are triangles () and squares,(s) around
the outside.

N

What is the formula connecting ¢,and s?

7. Look at the tables below. In'each'ease, find a formula connecting
the two letters.

a) b) k c)

n P n n w

1 3 2 17 3 17

2 8 3 24 4 19

3 13 4 31 5 21

4 18 5 38 6 23
write ‘p=... write ‘b= ... write ‘w=...

8. In thesetables it is harder to find the formula because the numbers on the left do
not go up by one each time. Try to find a formula in each case.

[ p y b) [ h h 9 n w
1 4 2 5 3 14
3 10 3 9 7 26
7 22 6 21 9 32
8 25 10 37 12 41




