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Introduction

Welcome to the Cambridge IGCSE® Mathematics Core and Extended Workbook. The aim of this
Workbook is to provide you with further opportunity to practise the skills you have acquired while
using the Cambridge IGCSE Mathematics Core and Extended Student Book. It is designed to
complement the fourth edition of the Student Book and to provide additional exercises to help
you in your preparation for Cambridge IGCSE Mathematics examinations.

The topics in this Workbook reflect the topics in the Student Book, and the exercises follow the
same numbering as the Student Book. There is no set way to approach using this Workbook. You
may wish to use it to supplement your understanding of the different topics as you work through
each topic in the Student Book, or you may prefer to use it to reinforce your skills in dealing with
particular topics as you prepare for your examination. The Workbook is intended to be sufficiently
flexible to suit whatever you feel is the best approach for your needs.

The sections of the Workbook relating to the Extended content have been marked with an asterisk
sign * next to the exercise or question number. If the entire chapter deals only with Extended
content, you will also see the asterisk sign * next to the chapter title.

®IGCSE is a registered trademark.

The questions, example answers, marks awarded and/or comments that appear in this book were
written by the authors. In examination, the way marks would be awarded to answers like these may
be different.

Every effort has been made to trace all copyright holders, but if any have been inadvertently
overlooked, the Publishers will be pleased to make the necessary arrangements at the first
opportunity.

Although every effort has been made to ensure that website addresses are correct at time of going
to press, Hodder Education cannot be held responsible for the content of any website mentioned
in this book. It is sometimes possible to find a relocated web page by typing in the address of the
home page for a website in the URL window of your browser.

Hachette UK's policy is to use papers that are natural, renewable and recyclable products and made
from wood grown in sustainable forests. The logging and manufacturing processes are expected to
conform to the environmental regulations of the country of origin.

Orders: please contact Bookpoint Ltd, 130 Park Drive, Milton Park, Abingdon, Oxon 0X14 4SE.
Telephone: (44) 01235 827720. Fax: (44) 01235 400401. Email education@bookpoint.co.uk Lines
are open from 9 a.m. to 5 p.m., Monday to Saturday, with a 24-hour message answering service.
You can also order through our website: www.hoddereducation.com

© Ric Pimentel and Terry Wall 2013, 2018
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retrieval system, without permission in writing from the publisher or under licence from the
Copyright Licensing Agency Limited. Further details of such licences (for reprographic reproduction)
may be obtained from the Copyright Licensing Agency Limited, www.cla.co.uk
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Number and language

Exercises 1.1-1.5

1 List the prime factors of these numbers and express each number as a product of its prime
factors.

O [ b s [1]

Exercise 1.6
1 State whether each of the following is a rational or irrational number.

Exercises 1.7-1.10
1 Without a calculator, work out the following.

Exercise 1.11

1 A plane flying at 8500 m drops a sonar device onto the ocean floor. If the sonar falls a total of
10200 m, how deep is the ocean at this point?
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Accuracy

Exercises 2.1-2.3
1 Write the following to the number of significant figures written in brackets.

a 15.01 (1sf) b 0.04299 (2s.f) ¢ 3.04901 (3 sf)

Exercise 2.5

1 A car holds 70 litres of petrol correct to the nearest litre. Its fuel economy is 12km per litre to
the nearest kilometre. Write down, but do not work out, the calculation for the upper limit of
the distance the car can travel.

Exercise 2.6*

1 Calculate upper and lower bounds for the following calculations; each of the numbers is given
correct to the nearest whole number.

a 15x25 b 128x22
.................................................................... 2] SSTSOOOSOSSOOY 1)
¢ 1000 x5 d 3
.................................................................... 2] ST I2)
120
¢ 6
.................................................................... 2]

Photocopying prohibited Cambridge IGCSE® Core and Extended Mathematics Workbook




2 ACCURACY

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

2 Calculate upper and lower bounds for the following calculations; each of the numbers is given
correct to one decimal place.

a 24+14.1 b 3.3 x838

Exercise 2.7*

1 A town is built on a rectangular plot of land measuring 3.7 km by 5.2km, correct to 1 d.p. What
are the upper and lower limits for the area of the town?

2 303 degrees Kelvin is equivalent to 30 degrees Celsius. Both figures are correct to the nearest
degree.

a What is the maximum percentage error in each case?

........................................................................................................................................................... [2]
b Explain why the percentage errors are different.
........................................................................................................................................................... [1]
3 1 mile equals 1.6093 km, correct to 4 d.p. If a distance is 7 miles correct to the nearest mile,
between what limits is the distance in kilometres?
................................................................................................................................................................ [4]
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Calculations and order

Exercises 3.1-3.2
1 Write these decimals in order of magnitude, starting with the smallest.

0.055 5.005 5.500 0.505 0.550
................................................................................................................................................................ [1]
Exercises 3.3-3.5
1 In the calculation below, insert any brackets that are needed to make it correct. Check your
answer with a calculator.
15 + 3 + 2 + 2 = 1.5 [3]
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Integers, fractions, decimals
and percentages

Exercises 4.1-4.4
1 Without a calculator, write the following fractions as decimals.

B B oo e [1]
B 702 e eeeeeeee e eeee e [1]
Exercises 4.6-4.10

1 Without a calculator, work out this calculation. Give your answer as a fraction in its simplest
form.

193

................................................................................................................................................................ [3]
Exercise 4.11*
1 Convert each of the following recurring decimals to fractions in their simplest form:
a 0.56 b 1.308
.................................................................... [2] ettt ettt nenennes | D]
2 VWithout a calculator, evaluate 0.38 — 0.25. Convert each decimal to a fraction first.
................................................................................................................................................................ [4]
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Further percentages

Exercises 5.1-5.3

1

2

Express the fraction % AS @ PETCEINEAZE. .eveuerrereererrenerteseeserteseesentesesseseesentesesseseesensesenseneesensesessesessensens [1]

WOTK OUL 02.5% OF 56. ettt ettt ettt ettt ses 2]

Petrol costs 78.5 cents/litre, and 61 cents of this is tax. Calculate the percentage of the cost that
1s tax.

................................................................................................................................................................ (2]
Exercise 5.5%
1 Calculate the value of X in each of the following.
a 65% of Xis $292.50 b 15% of Xis $93.00
.................................................................... [1] ettt ettt be ettt saeneeseenesennenenens | 1]
¢ X% of 1215 40.8. d X% of201is 32
.................................................................... [1] ettt ettt ae et saeneessenenennenenens | 1]
2 In aschool, 45% of the students are boys. If there are 117 boys, calculate the total number of
students.
........................................................................................................................ [2]
3 In an exam, Paulo scored 68%. If he got 153 marks in total, calculate the number of marks
available in the exam.
........................................................................................................................ [2]
4 An elastic band can increase its natural length by 625% when fully stretched. If the fully
stretched elastic band has a length of 29 cm, calculate its natural length.
........................................................................................................................ [3]
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Ratio and proportion

Exercises 6.2-6.4

1 4g of copper is mixed with 5g of tin.

a What fraction of the MiXture iS tiN? ......ccooeiviiriiniiienieeeere ettt [1]
b How much tin is there in 1.8 kg of the same MIXtUTE? ........cccoevivriniririririrerieieeeeeeeeeee e [1]
2 The angles of a hexagon add up to 720° and are in the ratio 1:2:4:4:3:1.

Find the sizes of the largest and smallest angles.

...................................................................................................................................................................... 2]
3 A train travelling at 160 km/h takes 5 hours for a journey. How long would it take a train
travelling at 200 km/h?
............................................................................................................................................................... (2]
Exercise 6.5*
1 Increase 250 by the following ratios.
a 8:5 b 125:5
................................................................... [1] ettt ettt ettt seesteseeseesesesessenenenes | 1]
2 Increase 75 by the following ratios.
a 75:3 b 5:2
................................................................... [1] ettt ettt ettt sesesteseeseesesesessenenens | 1]
3 Decrease 120 by the following ratios.
a 2:3 b 1:4
................................................................... [1] ettt ettt ettt sese st e eneesesesesnenenenes | 1]

Exercise 6.6*

1 A photograph measuring 12cm by 8cm is enlarged by a ratio of 9:4. What are the dimensions
of the new print?
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Exercise 6.7

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

2 A rectangle measuring 24cm by 12cm is enlarged by a ratio of 3:2.

a What is the area of:

i the original rectangle ii the enlarged rectangle?
.............................................................. [1] ettt ettt sttt nnenenens | 2]
b By what ratio has the area been enlarged?
.................................................................................................................................................... [1]
3 A cuboid measuring 12.5cm by Scm by 2.5cm is enlarged by a ratio of 4:1.
a What is the volume of:
i the original cuboid ii the enlarged cuboid?
............................................................. [1] ettt ettt sttt senesnenenens | 2]
b By what ratio has the volume been increased?
.................................................................................................................................................... [1]

Exercise 6.7

1 In 2017 the world record for the 100 m sprint stood at 9.58 seconds. Calculate the average speed
of the record holder:

a inm/s b in km/h.

2 The country with the lowest population density in the world is Greenland. Greenland has an
area of 2166000 km? and a population of 55984. Calculate its population density correct to 2 s.f.

3 A cube of copper has a mass of 600kg. Copper has a density of 9.3 g/cm?. Calculate the length
of each side of the cube to the nearest mm.
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Indices and standard form

Exercises 7.1-7.4
1 Simplify the following using indices.

2X T XTXT XT X TL X T ittt sttt ettt [1]
2 Simplify the following.
163 X 1672 X 1072 oottt ettt ettt b et s et b sttt senens (2]

3 Work out the following without a calculator.

5 Find the value of x.
TOP=TO00000 ettt ettt sat e st e st e ettt e b e et e bt et et enaeeas (2]
6 Find the value of z in each of the following.

a 3:+2=81 b 2%=128"1

Exercises 7.5-7.6

1 Write 463 million in standard fOTM. .......ccoceiriiiriiriee s [1]
2 Write 0.000000000367 in standard fOTM. ......cccceeviriririinieiiniieeeeeeeeeeseee e [1]

3 Deduce the value of x.
0,045 = 1.024 X077 et e ettt e et e e et e e et e et e et et e et e et e e e et e e e et eaae et eeae et eane et eareneeanens [2]

Exercise 7.7*

Evaluate the following without using a calculator.
1 1
1 492 2 2252
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Exercise 7.8

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

5 343: 6 625i
....................................................................... 2] SN 2]

7 8li 8 17283
....................................................................... 2] ST 1)

Exercise 7.8*
Work out the following without using a calculator.

170 273

1 2 5
....................................................................... 2] SO OON <)
642 10

3 642 6 L
....................................................................... 2] SO 1)
1

5 42 6 6472x2°
....................................................................... 2] SO <)

1

7 12172 x112 8 72973+32
....................................................................... 3] SO <)

9 4rx42xl 10 275x81°
....................................................................... 3] OSSOSOl k|
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Money and finance

Exercise 8.1

1 The exchange rate for €1 into Sri Lankan rupees is €1 to 162 rupees. Convert 1000 Sri Lankan
rupees to euros.

Exercises 8.2-8.4

1 A caravan is priced at $9500. The supplier offers customers two options for buying it:
Option 1: A 25% deposit followed by 24 monthly payments of $350
Option 2: 36 monthly payments of $380.

a Calculate the amount extra, compared with the cash price, a customer would have to pay
with each option.

Exercise 8.6*

1 A couple borrow $140000 to buy a house at 5% compound interest for three years. How much
will they owe at the end of the three years?

2 A boat has halved in value in three years. What was the percentage loss in compound terms?

Photocopying prohibited Cambridge IGCSE® Core and Extended Mathematics Workbook




Time

Exercise 9.1

1 A plane travels 7050km at an average speed of 940km/h. If it lands at 1321, calculate the time it
departed.
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Set notation and Venn diagrams

Exercise 10.1
1 For the set {Moscow, London, Cairo, New Delhi, ...}:

a Describe this set in words:

.......................................................................................................................................................... (1]
b Write down two more elements of this set.
.......................................................................................................................................................... (2]
Exercise 10.2*
1 Theset A ={x:0<x<10}.
a List the subset B {prime NUMDBETIS} ....c.coeiriiirieiininieirieineiei ettt (2]
b List the subset C {SQUATe NUMDETS] ....covuiiiiiiiiiiiiiiieiieieeeee e (2]
2 P={abc}
A LiSt Qll the SUDSELS Of P. ..uoiiiiiieiiieeeei ettt (2]
b List all the proper SUDSELS Of P. ....c.coueiiiiriiriierieirieiei ettt ettt ettt [1]
Exercise 10.3*
1 If ¢ = {girls’ names} and M = {girls’ names beginning with the letter A}, what is the set
represented by M’?
................................................................................................................................................................ [1]

€
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Exercise 10.4

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

a If¢={1,2,3,4,...,30},complete the following statements.

b Which of the named sets is @ SUDSEt Of X7 ..o [1]

Exercise 10.4

1 The sets given below represent the letters of the alphabet in each of three English cities.
P ={c,a,m,b,1,i,d,g,e}, O = {b,1,i,g,h,t,o,n} and R = {d,u,r,h,a,m}

a Draw a Venn diagram to illustrate this information. [3]
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10 SET NOTATION AND VENN DIAGRAMS

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

2 In aclass of 30 students, 16 do athletics (A), 17 do swimming (S), whilst 3 do neither.

a Complete the Venn diagram below.

€

b Calculate the following:

Exercise 10.5*

1 A class of 15 students was asked what pets they had. Each student had either a bird (B), cat (C),
fish (F), or a combination of them.

F

a Ifn(B)=10,n(C) =11 and n(F) = 9, calculate:

iz
.................................................................................................................................................... (3]

i x
.................................................................................................................................................... (2]

iii y
............................................................................................................................................................ (1]
b CalCulate N(C U F) .ttt (1]
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Algebraic representation and
manipulation

Exercises 11.1-11.3
1 Expand the following and simplify where possible.

D S(BXH4)H2(BXF6) oot aeees [2]

2 Expand and simplify the following.

Q@ 3G(24TE) F27(B4 4G) ettt [2]
D (@4 8)(@ F4) ettt (2]
€ (J A ) (K = 11) ettt [2]

Exercise 11.4
Factorise the following.

T 42X% = 21X ettt ettt AR sttt a sttt s s s nnnnnans [2]

2 I3 — MNP = 21 ettt b ettt b st [2]

Exercise 11.9
1 Evaluate the expressions below if:p =3,g =-3,r=-1 and s = 5.

a p2+q*+r’+s

......................................................................................................................................................... [2]
b —pd—g®—rd_s3
......................................................................................................................................................... (2]
Exercise 11.6
1 Make the letter in bold the subject of the formula.
a ab-c=d b _£+r=—s
................................................................... [2] ettt ettt et esneneens | 2]
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11 ALGEBRAIC REPRESENTATION AND MANIPULATION

ooooooooooooooooooooooooooooooooooooooooooooooo

Exercise 11.7*
Expand and simplify:

1 (2d+3)(2d=3) oo,
2 (3=T)(B6=T) worrerrerreeereeeserrrreee
3 (2 +38)(2f = 38) woorrrrrereeeeererne
b (4=5h)(5H+4) oo

B (2x+1)Bx—1) coorreireereeees

6 (x—-4)(x+2)(3x-2)

~
~
=
)
|
(O8]
=
+
—_
~
—~
~
=
|
—_
~

Exercise 11.8*
Factorise by grouping.

1 ac+a+b+bc

Exercise 11.9*
Factorise:

1 16m? -121n?

Photocopying prohibited
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Exercises 11.12-11.13

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Exercise 11.10*
Evaluate by factorising.

T 1722 16 oo eeeeeeeeeeeessee s sseseseeesee e eeeeeeeseseeeeeeeeeeee e 2]
2 3% L oo eeeeeeeeeee e e e st eeseeeeeeeeeeee e 2]
3 0824 oo s seeseeseesenee 2]

Exercise 11.11*
1 Factorise the following quadratic expressions.

a a’+5a+6 b »2-3b-10
................................................................... [2] ettt ettt ettt sttt stentenesteneenennenenes | 2]

¢ ¢2-10c+16 d d?-18d+81
................................................................... [2] ettt ettt ettt sttt ete st e steneenennenenns | 2]

2 Factorise the following quadratic expressions.

a 2e¢?+3e+1 b 3f2+f-2
................................................................... [3] ettt ettt ettt sttt e snennenennen |3

¢ 2g%-g-1 d 942-4
................................................................... [3] ettt ettt b ettt ettt enennenennes |3

Exercises 11.12-11.13*

In the following formulas, make ‘a’ the subject.

1 P_2xa 2 ma? _2
q r 3n n
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11 ALGEBRAIC REPRESENTATION AND MANIPULATION

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

3 tzZr};/E 4 t=2p6;/5
........................................................................ [3] ettt ettt ettt s sese st s snnsnseseseses | 3]
5 2vJa_b?
3 c
........................................................................ [3]

Exercise 11.14*
1 The circumference of a circle is given by the equation C = 2nr. Find r when C is 18.8cm.

3 A parallelogram has area 48 cm? and one side 8 cm. Find the perpendicular height of the
parallelogram using the formula A = /p, where [ is the length of a side and p is the perpendicular
height.

4 The surface area of a cylinder is 188 cm?. Its radius is 3cm. Given the formula A = 2nr(r + h),
rearrange to find an expression for 4, then find the value of 4. Draw a sketch if necessary.

5 A cylinder of radius 4cm has a volume of 503 cm?. Given the formula V = nr?h, rearrange to
find an expression for /4, then find the value of 4. Draw a sketch if necessary.
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Exercise 11.15*
Simplify the following fractions.

2a% 6

1 28 2

3 a
........................................................................ [2]
9p 14

3 214
7 *3p
........................................................................ [2]

Exercises 11.16-11.17*

Simplify the following fractions.
a.b

1 4+3
........................................................................ [2]

3 g+ f
........................................................................ [2]

Exercise 11.18*

Simplify the following fractions.

1 2

1T 53751
........................................................................ [3]

3 a’—3a
(a+1)(a-3)
........................................................................ [3]
a’—a

S -1
........................................................................ [3]

Photocopying prohibited

Exercise 11.18

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

2 5,60 &
2d ¢ ¢
........................................................................ [2]
NG
3yt 2x?
........................................................................ [2]
3¢ 2c
2 43
........................................................................ [2]
e 2e
© 73
........................................................................ [2]
2 a(a+5)
b(a+5)
........................................................................ [3]
4 a’+2a
a’+5a+6
........................................................................ [3]

Cambridge IGCSE® Core and Extended Mathematics Workbook




Algebraic indices

Exercises 12.1-12.2

1 Simplify p* x q7 x p3 x g% x r using indices.

................................................................................................................................................................ 2]
2 Simplify.
a ac’xac? b 3(2b%3
................................................................... (2] ettt ettt sttt st et sesnennenennes | 2]
Exercise 12.3*
1 Rewrite the following in the form a .
R S 2]
B (V) oo 2]
2 Rewrite the following in the form (% )
_3
@ D S bbbt b et st b e b 2]
7
D D ettt bttt ettt b et b e s [2]
3 Simplify the algebraic expressions, giving your answer in the form an.
2 3
@ A3 XA 4 ettt h bbbt h e bttt b et ettt b et ne e 2]
B et a et et b et a st s st et se et et e sebe s s [2]
Ja
a?)’
R e i3]
a? x(%)
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Equations and inequalities

Exercise 13.1

1 Solve the following linear equations.

a 3¢-9 = 5¢+13 b

2 Solve this linear equation.
7-2;7 11-3j
5 8

Exercise 13.2
The interior angles of a regular pentagon sum to 540°.

1 A pentagon has angles (4x + 20)°, (x + 40)°, (3x — 50)°, (3x — 130)° and 110° as shown.

Exercises 13.3-13.5

1 Solve the simultaneous equations:

a Sp-3qg=-24
-Sp+3qg=-6
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13 EQUATIONS AND INEQUALITIES

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

b 2a+3b=12 € 4h+j=14
a+b=>5 12h-6j=6

2 If a girl multiplies her age in years by 4 and adds three times her brother’s age, she gets 64.
If the boy adds his age in years to double his sister’s age, he gets 28. How old are they?

Exercise 13.6
1 Zach is two years older than his sister Leda and three years younger than his cat, Smudge.

a Where Zach’s age is x, write expressions for the ages of Leda and Smudge in terms of x.

2 A number squared has the number squared then doubled added to it. The total is 300.

Find two possible values for the number.

Exercise 13.7*
1 Solve the following equations and give two solutions for x.

a x2+x-12=0 b x2-9x+18=0

ooooo
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Exercise 13.8

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

e x2-2x=35 f —42+13x=x?

Exercise 13.8*
Solve the following quadratic equations where possible.

1 2x2+8x+6=0 2 3x2+4x=-1
......................................................................... [4] ettt ettt sttt tesestesessenesseneesensenennes | 4]
3 S5x2=4x+1 4L 3x>=108
......................................................................... [3] ettt ettt et te st e ete e setesesseneeseneesensenensen | D]
5 3x2=27 6 3x*=-36
......................................................................... [3] ettt ettt ettt sttt sttt sseneenensenennen |3
7 3x2=-108 8 4x2=1
......................................................................... [3] ettt ettt et ete st neete e esenteseeseneeseneesensenensen | D]
9 16x2=1 10 3)62—é
......................................................................... [3] ettt ettt ettt ettt stenesteneenensenennen | D]
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13 EQUATIONS AND INEQUALITIES

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

11 25x2 =64 12 16x* =64

Exercise 13.9*

1 I have a number of dollars in my pocket. If I square the amount, it is the same as 21 dollars
more than four times the amount. How much do I have?

................................................................................................................................................................ (4]
2 A triangle has base length 2bcm and a height 2 less than 2b cm. Its area is 60 cm? as shown.
What is the base length and height?
(2b-2)cm
60 cm?
2bEm e —————————————— [4]

3 A right-angled triangle has a hypotenuse of 13 cm and two shorter sides of xcm and x + 7 cm.
Use Pythagoras’ theorem to find the length of the two sides.

13 cm
X am
T (4]
4 Two consecutive numbers multiply to make 552. Find the numbers.
................................................................................................................................................................ (4]

5 A man buys a number of golf balls for $6. If he had paid 50 cents less for each, he could have
bought six more for $6. How many balls did he buy?
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Exercise 13.11

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Exercise 13.10*
Solve the quadratic equations either by using the quadratic formula.

1 6x2+22x=-12 2 x*=-(1 +4x)
......................................................................... [4] ettt ettt ese st e steeeseneenessenesseneesensenensen | 4]
3 10x-2=-4x2 4 33— x=3x?
......................................................................... [4] cetereete et et eteeete st nesseeeseneesessenesseneesensenennen | 4]
5 15=7x+2x? 6 4y’=-5y-1
......................................................................... [4] certeeeteeetenteresteeeseeesensesessensesessesesseneesensesensenensen | 4]
7 8x—-4x>=-6 8 10x2=60-25x
......................................................................... [4] ettt ettt ese st sesteeesestesessenesseneenensenennes | 4]
9 2x2+6.6x-14=0 10 2x(x+1)=x>-2x-4
......................................................................... [4] ettt ettt ete st e steeeneneesessenesseneesensenennen | 4]

Exercise 13.11*
In questions 1-3, solve the equations simultaneously.

1 y=6x-10 2 y=-3 3 y=2x-7
X
........................................... [4] cereeeeneneeeneenessenneessenesennenens | 4] cereerenreneeseneeenneesseneeseneenennens | 4]
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13 EQUATIONS AND INEQUALITIES

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

4 The area of triangle A and the perimeter of the equilateral triangle B below have the same
numerical value. Calculate the value(s) of x.

A B
Y-1 3x -1
1 |
4x + 6

...................................................................................................................... (4]
Exercises 13.12-13.13*
Write the following as linear inequalities using the correct mathematical symbols and show the
solution on a number line.
1 16 plus 2x is less than 10

...................................................................................................................... [4]
2 19is greater than or equal to 9x plus 1

...................................................................................................................... (3]
3 1 minus 3x is equal to or exceeds 13

...................................................................................................................... [3]
4 A half x is smaller than 2

...................................................................................................................... [3]
5 A third of x is equal to or bigger than 1

...................................................................................................................... (3]
6 4xis more than 8 but less than 16

...................................................................................................................... [4]
7 O9xis between 9 and 45 but not equal to either

...................................................................................................................... [4]
8 2x-61sbetween 4 and 10 but equal to neither

...................................................................................................................... (4]
9 3isequalto oris less than 2x + 1, which is less than 9

...................................................................................................................... [4]
10 20 is equal to or bigger than 2x — 5, which is greater than or equal to 10

...................................................................................................................... [4]
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1 4 Linear programming*

Exercise 14.1*
Solve the inequalities:

1 4x-12=-6 2 2<-3x+8 3 9<-3(y+4)=<15

Exercise 14.2*
In each question, shade the region which satisfies the inequality on the axes given.

1 y<2
Y
C
4
3
2
1
8-7-6-5-4-3-2-1.0 4 5 6 7 10 11 12 1B x
2 [1]
2 y+2x-4<0
y
2
1
-5 -4 -3 - - 0 4 ;C
1
2 2]
3 x-3y=6
y
)
2
1
-8-7-6-5-4-3-2-10 4 6 7 8 10 11 12 x
2
)
; 3]
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14 LINEAR PROGRAMMING

Exercise 14.3*

On the same pair of axes, plot the following inequalities and leave unshaded the region which
satisfies all of them simultaneously.

1 y<-2x-3,y>-lr-3x>-3 2 y S—%x+2, y=0,3y+2x-6>0
) )
-10-9-8-7-6-5-4-3-2-1 0 b 45 6x 1'
N -3-2-10 234567 8x
4 3] 5 3]
Exercise 14.4*
1 A team at the Olympics has the following number of male (x) and female (y) athletes:
e the number of male athletes is greater than 5
the number of female athletes is greater than 7
the total number of athletes is less than or equal to 15.
a Express each of the three statements above as inequalities.
................................................................................................................... [3]
b On the axes below, identify the region that satisfies all the inequalities by shading the
unwanted regions.
y
g 234567 8 910X
[6]
¢ State the possible solution(s) for the number of male and female athletes in this Olympic
team.
................................................................................................................... [3]
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Sequences

Exercise 15.1
1 For each arithmetic sequence:

i deduce the common difference d

ii write the term-to-term rule in its general form using the notation «,,, and u,
iii give the formula for the nth term

iv calculate the 50th term.

a 711,15,19

| oo oo oo e oo e [1]
oo oo oo [1]
B oo oo [1]
IV oo e e e oo oo oo [1]
b 74,1,-2
| oo oo e [1]
e e [1]
oo oo [1]
IV oo oo [1]

| oo oo oo oo [1]
B oo e [1]
B oo oo oo [1]
IV oo oo oo oo [1]

Exercise 15.2-15.3

Using a table if necessary, find the formula for the nth term for each sequence.
1 0,726,63,124
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15 SEQUENCES

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Exercise 15.4*
In questions 1-3 give the next two terms of the sequence.
1 64,32,16,8 2 5000,500,50,5 3 10%10%10

4 The nth term of an exponential sequence is given by the formula u_ =2 x 3",

a Calculate u,,u, and u,.

5 Part of an exponential sequence is given below:

B L where uy =4 and u(,:%
Calculate:

a the common ratio r

Exercise 15.9*
In each question,

a write down the rule for the nth term of the sequence by inspection
b write down the next two terms of the sequence.

1 2, 6, 12, 20, 30

@ e [3] D e
2 1 4 131 32, 621

@ et [2] D
3 0, 2, 6, 14, 30

@ et [2] D e
4 3, 8, 17 32, 57

@ e [2] D

ooooooooooooo
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Proportion*

Exercise 16.1*

1 a Ifdisproportional to p and the constant of proportionality is k, write an equation for d
in terms of p.

......................................................................................................................................................... [1]
b Ifd=10When p =5 Nd K. oottt [1]
€ FInd d WHhen P = 20. ..ottt ettt [1]
A FINd P WHEN d = 2. .ottt ettt ettt [1]
2 aisinversely proportional to b.
a If k is the constant of proportionality, write an equation for a in terms of b.
......................................................................................................................................................... [1]
b If £ =20,find @ When D = 40. ...ccooioiiiieieeeeeee ettt [1]
3 pisinversely proportional to g squared. If g = 0.5 when p = 2:
a Write an equation for p in terms OF . c....coveevieiriirieirieieeee e [1]
B FINd P WHEN G = 5. oottt ettt sttt nne e [1]
¢ If p =0.005 find two values for g.
.......................................................................................................................................................... [2]
4 ¢ is proportional to p squared and g is inversely proportional to r cubed. Using k as the final
constant of proportionality, write an equation for p in terms of r.
............................................................................................................................................................... [3]
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16 PROPORTION

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Exercise 16.2*
1 ais proportional to the cube of b. If b =2 when a = 32, find a when b =5.

................................................................................................................................................................ [2]
Exercise 16.3*
1 The power of an engine is proportional to the square of its mass. If an engine weighing 10kg
gives 200 bhp, find:
a the power of an engine weighing 30kg
.......................................................................................................................................................... [2]
b the mass of an engine giving 5000 bhp.
.......................................................................................................................................................... (2]

2 The speed (v) in metres/second of a dam outlet is measured. It is proportional to the square root
of the level (/) in metres indicated on a gauge. If / = 64 when v = 24, calculate v when / = 12100.

3 The force (f) newtons between two objects is inversely proportional to the square of the
distance (/) metres between them. Two magnets attract with a force of 18 newtons when they
are 2cm apart. What is the force of attraction when they are 6 cm apart?
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1 7 Graphs in practical situations

Exercise 17.2
1 Find the average speed of an object moving 60m in 12s.

................................................................................................................................................................ [1]
2 How far will an object travel during 2h 18 min at 15m/s?

................................................................................................................................................................ [2]
3 How long will an object take to travel 4.8km at 48 m/s?

................................................................................................................................................................ [2]

Exercises 17.3-17.4

1 Two people, A and B, set off from points 300m apart and travel towards each other along
a straight road. Their movement is shown on the graph below:

0] a Calculate the speed of person A.
450
B

400 /

)50 /
EIOTS T /T T T T 11 e [1]
g 250
£ 260 b Calculate the speed of person B when she
& iy / A is moving.

™~
100
50 /
10 20 30 40 50 60 70 80 90 100

Tlme (S) ..................................................................... [1]

¢ Use the graph to estimate how far apart they are 50 seconds after person A has set off.

.......................................................................................................................................................... (2]
d Explain the motion of person B in the first 20 seconds.

.......................................................................................................................................................... [1]
e Calculate the average speed of person B during the first 60 seconds.

.......................................................................................................................................................... 2]
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17 GRAPHS IN PRACTICAL SITUATIONS

2 A cyclist sets off at 0900 one morning and does the following:

Stage 1: Cycles for 30 minutes at a speed of 20 km/h.
Stage 2: Rests for 15 minutes.

Stage 3: Cycles again at a speed of 30 km/h for 30 minutes.
Stage 4: Rests for another 15 minutes.

Stage 5: Realises his front wheel has a puncture so walks with the bicycle for 30 minutes at a
speed of Skm/h to his destination.

a At what time does the cyclist reach his destination?

¢ Draw a distance-time graph on the axes below to show the cyclist’s movement. Label all five
stages clearly on the graph.

A

Distance (km)

Time (minutes) [5]

d Calculate the cyclist’s average speed for the whole journey. Answer in km/h.

.......................................................................................................................................................... [1]
Exercises 17.5-17.6*
1 Using the graphs, calculate the acceleration/deceleration in each case.
a5 b
9 9
8 8
&7 &7
£6 £6
25 25
G4 g4
3 3
2 2
1 1
0 2 46 8101214161820 0 2 46 8101214161820
Time (s) Time (s)
.................................................................. [1] ettt ettt ettt nenenens | 2]
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2 A

Speed (m/s)

Exe
1 A

Exercise 17.7-17.8

sprinter is in training. Below is a graph of one of his sprints:
10 a Describe in words the sprinter’s
9 motion between the second and eighth
8 second.
7
sl |/ AN
s|f A N S
4
3
21/ N
1 / \\
0 1234567 8910111213141516
Time(s) e [1]
Calculate the acceleration/deceleration during the first two seconds.
................................................................................................................... [1]
Calculate the acceleration/deceleration during the last phase of the sprint.
................................................................................................................... [1]
rcise 17.7-17.8*

stone is dropped off the top of a cliff. It accelerates at a constant rate of 10m/s? for 4 seconds

before hitting the water at the bottom of the cliff.
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Complete the table.

‘ Time (s) f o0 P o1 P2 i3 g

Speed (m/s) 0

Plot a speed-time graph for the 4 seconds it takes for the stone to drop.

50
45
40
35
30
25t
20
15
10

5

Speed (m/s)

0 1 2 3 4
Time (s) [2]

Calculate the distance fallen by the stone between the first and third seconds.




17 GRAPHS IN PRACTICAL SITUATIONS

2 Two objects, A and B, are at the same point when the time ¢ = 0s. At that point, object A
accelerates from rest at a constant rate of 2m/s? for 6 seconds. Object B is travelling at 15m/s
but decelerates at a constant rate of 3m/s? until it comes to rest.

a On the axes, plot a speed-time graph for both objects.
16]
15
14
13
12
11

3 10+

9

Speed (m/

- N W s Ut N O

o
—

2 3 4 5 6
Time (s) [4]

b After how many seconds are the two objects travelling at the same speed?

¢ Assuming both objects are travelling in the same straight line, calculate how far apart they
are after 4 seconds.

................................................................................................................... (3]
3 A firework is launched vertically from the ground. The distance d (m) from the ground ¢ (s)
after launch is given by the formula d = 80t — 5¢2.
a Complete the table for the first 16 seconds of the firework’s flight.
- —— ;e R 10121416
Distance from ground (m) 0 : : : O [3]
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Exercise 17.7-17.8

b Plot the results on the graph.

A
360

340

320

300

280

260

240

220

200

180

160

Distance from ground (m)

140

120

100

80

60

40

20

0 1 2 3 4 5 6 7 8 9 0 M 12 13 14 15 16
Time (s) [2]

¢ From the graph, estimate the speed of the firework:

i 2seconds after the launch il 8 seconds after launch.
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Graphs of functions

Exercises 18.2-18.3

1 Solve the following quadratic function by first plotting a graph of the function.

2x2 -8 -10=0

aQ o<

S

No

4 -3 -p -

N o
~
N
=

2 Using the graph you drew in the previous question, solve the following quadratic equation.
Show your method clearly.

2x2-8x+6=0
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Exercise 18.4

Exercise 18.4*
1 a Plot the graph of the function y = —(x—3)*> + Sfor 0 < x < 7

O R UV N U B o

RN

10

11

112 [3]

b State the coordinates of the turning Point. ..........o.veviiiiiiiiiiiiiiii e [1]

2 For each of the functions a—c below, without plotting the graph, state:
i whether the turning point is a maximum or a minimum

ii the coordinates of the turning point.

a y=(x-6)>-4 I o [1]
T [1]
b y=x2-3 PO PPN [1]
| PO PP P PR PRPPN (1]
c y=_(x+8)2_2 S [1]
P [1]
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18 GRAPHS OF FUNCTIONS

Exercise 18.5

1 y:%,xio

a Complete the table

b On the axes blow, draw the graph of y = % for-4<sx<-05and05<==x<4. [2]

LN W A

|
I~
|
o
|
o
|
o
~
N

1 x

N

N

w

noon

2]

Exercises 18.6-18.7*

For each of the functions given:

a complete a table of values for x and f(x)

b plot a graph of the function.

[N

bW A U1 Y N OO DO P
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Exercise 18.8

Exercise 18.8*
For each of the functions below:

a plota graph

2] [3]

b calculate the gradient of the function at the point given.

1 y:xz—x—z;—2$x$3

Y

5
7

[0))

ual

- N W b

Lo

N

n 5 W

2 y=2xl+x1<x<6

1 W

N

Photocopying prohibited
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b Gradient where x =2

b Gradient where x =2

Cambridge IGCSE® Core and Extended Mathematics Workbook




18 GRAPHS OF FUNCTIONS

Exercise 18.9*

1 a Plot the function y = % — 2x for -5 < x < 2. b Showing your method clearly, use
) X the graph to solve the equation
12 x3+4x2-3=0.
5 _4 -3 -2 -1 0 2 X
-4 Bl e [4]
2 a Plot the function y = 3"+ %x for 4 < x < 2. b Showing your method clearly, use
VA the graph to solve the equation
1 2(3*)-3x-8=0.
4 -3 - -1 0 2 X
. [B] s [4]
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Exercise 18.10-18.11

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Exercise 18.10-18.11*

1 Sketch both linear functions below on the same axes. Label each one clearly, identifying where
they cross each axis.

a y:—%x+5 b x-5y-2=0

[4]
2 a Sketch both quadratic functions on the same axes below.
i y=x+3)2x+2) i y=—-x(x-5)
Y
0 X
[4]
b Deduce the coordinates of the turning points.
I e (2] I s [2]
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18 GRAPHS OF FUNCTIONS

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 0

3 Sketch the cubic function y = x3 — 8x2 + 16x on the axes below. Identify where it intersects with
each axis.

[4]
4 Sketch each of the functions below on the same axes. Label each clearly, indicating any key
coordinates.
__1 = 3x
a y=-, b y=3
y
0 X
[4]
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Differentiation and the gradient
function®

Exercises 19.1-19.3*

1 a Find the gradient function of f(x) = 2x3. .o [1]

b Calculate the gradient of this curve when:

2 a Find the gradient function of f(x) = %XS .................................................................................... [1]
b Calculate the gradient of this curve when:

i x=0 i x=2

Exercises 19.4-19.5*

Differentiate each of the expressions in questions 1-3 with respect to x.

1,3 2
1 a 5% b 18x c z
............................. [1] e 1] e [1]
2 a —x3+2x b %x3—x+1 c —%x4+%x2—2
............................. 2] e 2] e 2]
1 33— 2937
3 a(x-z)2x+1) b 30 -x ¢ 25
4
............................. [3] ceerreerinerneeeeee 3] U PURPURPTR [ |

4 Calculate the derivative of each of the following functions:

a v=02-r)?
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19 DIFFERENTIATION AND THE GRADIENT FUNCTION

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

................................................................................................................... [3]
3g2+1g3
C f= 2g2
................................................................................................................... [3]
Exercise 19.6*
Calculate the second derivative for each of the following:
1 y=1x° 2 y=2x5-3x2+2
........................................................................ [2] ettt ettt ettt stesesesnesenensnnenenes | D]
3 y=1L(xt—x5)x2 L y=(2x2-1)(x2+x)
........................................................................ [3] ettt ettt sestesesesneseenenneenes | D]

Exercise 19.7*
1 The population (P) of a colony of rabbits over a period of t weeks (where ¢ < 24) is given by the
formula P = 6% + 3t — %ﬁ + 50, where t is the time in weeks.

a Calculate the rabbit population when:

i t=0
............................................................................................................... [1]
i =20
............................................................................................................... [2]
b Calculate the rate of population growth fé_f .
.................................................................................................................... (2]
¢ Calculate the rate of population growth when
i t=5 i t=20
.............................................................. [1] ettt ettt seseseneenenenesnenenees | 1]
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Exercise 19.8

d Complete the table for the rabbit population over the 22-week period.

£ (weeks) P 0f 2F 4i 6 i 8 P10 i 12 i 14 i16i18 i2 2
: Population P78 P14 F430 518 i582 P500 P358 2]

e Plot a graph of the results on the axes.

A

600

550

500

450

400

350

Population

300

250

200

150

100

50

0 2 4 6 8 0 12 14 16 18 20 22
t (weeks) [3]

f With reference to the shape of your graph, explain your answers to part c.

Exercise 19.8*

1 A curve has equation f(x) = %xz + x — 2. Calculate the coordinate of the point P on the curve
where the gradient is 8.
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19 DIFFERENTIATION AND THE GRADIENT FUNCTION

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

2 A curve has equation f(x) = —%xz + 3x + 1. Calculate the coordinate of the point Q on the

curve where the gradient is -9.

3 A curve has equation f(x) = %x3 + 7 x2 +2x. Calculate the coordinate(s) of the point(s) on the

2
curve where the gradient is 6.

......................................................................................................................... [5]
4 The door of a fridge freezer is left open for 10 minutes. The temperature inside the freezer
(T °C) after time (¢ mins) is given by the formula 7" = 41—0t3 - %tz +10t - 18.
a Calculate the temperature of the freezer at the start. ..o [1]
b What is the rate of temperature increase with time?
................................................................................................................... [2]
¢ Calculate the rate of temperature increase after the door has been left open for:
I L IMINIULE ettt ettt ettt e b et bbb bttt e bt en et et be e [1]
ii 10 minutes
................................................................................................................ [2]
d Hence deduce the likely temperature of the room. Explain your answer.
..................................................................................................................... [2]
Exercise 19.9*
1 For the function f(x) = %x3 —4x:
a calculate the gradient function
..................................................................................................................... [2]
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Exercise 19.10

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

b calculate the equation of the tangent to the curve at the point (3 ,-3).

................................................................................................................... [6]
2 A tangent T, drawn on the curve f(x) = —2x? + 10x — 8 at P, has an equation y = —2x + 10.
a Calculate the gradient function of the curve.
.................................................................................................................... 2]
b What are the coordinates of the point P?
.................................................................................................................... [5]
Exercise 19.10*
1 A curve has equation f(x) = —%x3 + %xz + 6x.
a Calculate its gradient function.
.................................................................................................................... (2]
b Calculate the coordinates of any stationary points.
.................................................................................................................... [4]
¢ Determine the type of stationary points. Giving reasons for your answer(s)
.................................................................................................................... (2]
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Exercise 20.1*
1 If f(x) = 3x + 3, calculate:

Exercise 20.2*

1 If f(x)= %x + 4 calculate:

3 Ifh(x)="= fx + 2, calculate:
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Exercise 20.5

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Exercise 20.3*
1 If f(x) = x* + 7 calculate:

C I {6 OO 2] B F(11) s 2]
L G <) N 2] I P 2]
I 4 (N3 I 2]
2 If f(x) = 2x> - 1, calculate:
I () JOOOO OO 2] B f(—12) coorovevveeeeeeeeeeeeeeeseis e 2]
€ F(V3) s [2] A F(=5) s 2]
3 If g(x) = -5x + 1, calculate:
LT ) R —— 2] R 7 2]
€ 8(V5) 2] A g(=3) s 2]

Exercise 20.4*

1 If f(x) = 3x + 1, write down the following in their simplest form.

B F(X 4+ 2) covvveereeeeee st 3]
B F(20 = 1) correveeeesee e seeess st 3]
€ B(2H2) oo 3]
d f(5+ 2) .......................................................................................................................................... 3]
2 If g(x) = 2x* - 1, write down the following in their simplest form.
B Z(BX) oot 3]
B (2] o [3]
€ B(V2X) e 3]
B Z(X = 5) corvoveeieeeeceseeseee s ssess e 3]

Exercise 20.5*
Find the inverse of each of the following functions.

1 @ f(X)=X+4 o (2] b f(X) = 5X oo [2]

2 @ () Z3X=5 e 3] b 8(X) =2 1 3]
¢ gn=22)

................................................................................................................... 3]
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20 FUNCTIONS

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Exercise 20.6*
1 Iff(x) =x -1, evaluate:

........................................................................................................................ [3]
4 If g(x) = %+ 1, evaluate g-! (%)
........................................................................................................................ [3]
Exercise 20.7*
1 Write a formula for fg(x) in each of the following:
A () = 20, Z(X) = X 4 e [3]
b () =+ 4, Z(X) = X =4 [3]
2 Write a formula for pq(x) in each of the following:
A P(X) =2, QUX) = X A L e [3]
B P(X) = X L, Q) = 2K et s [3]
3 Write a formula for jk(x) in each of the following:
3 () = E5 2 K(X) = 20 oo [4]
b () =60+ 2, K(0) =552 [4]
4 Evaluate fg(2) in each of the following:
a f(x)=3x-2,g(x)= %+2
.................................................................................................................... [4]
b 1(x)=—21 g(@)=-x+1
.................................................................................................................... (4]
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Exercises 21.6-21.8

Straight-line graphs

1 Identify the coordinates of some of the points on the line and use these to find:

y a the gradient of the line
f ................................................................................................. [1]
: b the equation of the straight line
-3- —_0 4 x
Lol L L L L e ertee et ee e et s e et e e et s e e et se e et nes [2]
Exercise 21.9
For each linear equation, calculate the gradient and y-intercept.
1 a y=4x-2 b y=-(2x+6)
............................................. [2] e [ 2]
2 a y+ix=3 b y—(4-3x)=0
............................................. [3] e [ 3]

Exercise 21.10

1 Find the equation of the straight line parallel to y = —2x + 6 that passes through the point (2, 5).
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21 STRAIGHT-LINE GRAPHS

Exercise 21.12

Solve the simultaneous equations:

a Dby graphical means

1 y=%x+4andy+x+2=0
a
y
-9-8-7-6-5-4-3-2-10 y X
............................................. [4]
2 y+3=xand3x+y-1=0
a
y
4-3-2-10 4 6 7 x
............................................. [4]

Exercise 21.13*
In each of the following:

b by algebraic means.

a calculate the length of the line segment between each of the pairs of points to 1 d.p.

b calculate the coordinates of the midpoint of the line segment.

1 (73)and (79)

a

i Photocopying prohibited

b

............................................. 2]
b

............................................. 2]
b

............................................. 1]
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2 (3,5)and (-2,7)

............................................. 2]
3 (-2,-4)and (4,0)
a
............................................. 2]
4 (3,-3)and (-1,6)
a
............................................. 2]

Exercise 21.14%*

Exercise 21.14

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

b

............................................. [1]
b

............................................. [1]
b

............................................. 2]

Find the equation of the straight line which passes through each of the following pairs of points.

1 (4,-2) and (-6,-7)

3 (-2,7)and (3,7)
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21 STRAIGHT-LINE GRAPHS

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Exercise 21.15*
In each question, calculate:

a the gradient of the line joining the points
b the gradient of a line perpendicular to this line
¢ the equation of the perpendicular line if it passes through the first point each time.

1 (8,3)and (10,7)

- Pt [1]

B e (1]

e e et
.................................................................................................................. 2]

2 (3,5)and (4,4)

- [1]

B e (1]

o PP PR
.................................................................................................................. 2]
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Exercise 21.15

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

- [1]
D [1]
PP
.................................................................................................................. (2]
4 (4,8)and (-2,8)
- P [1]
D e [1]
et e ea s
.................................................................................................................. [2]
5 (33)ama(3-3)
- [1]
D [1]
o PP
.................................................................................................................. (2]
AESEEE
- P [1]
D e [1]
ot e en s
.................................................................................................................. [2]
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Geometrical vocabulary
and construction

Exercise 22.2

1 Complete the table by entering either ‘Yes’ or ‘No’ in each cell.

[3]

Exercise 22.4

1 Using only a ruler and a pair of compasses, construct the following triangle XYZ.

XY =5cm,XZ=3cmand YZ =7 cm.
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Similarity and congruence

Exercise 23.1*
1

20 cm

11 cm 10 cm

a Calculate the length a.

.................................................................................................................. [2]
b Calculate the length b.
.................................................................................................................. [3]
Exercise 23.2*
These five rectangles are each an enlargement of the previous one by a scale factor of 1.2.
! A
B C D .
a If the area of rectangle D is 100cm?, calculate to 1 d.p. the area of:
i rectangle E
............................................................................................................... [1]
ii rectangle A.
............................................................................................................... (2]
b If the rectangles were to continue in this sequence, which letter of rectangle would be the
last to have an area below 500cm?? Show your method clearly.
.................................................................................................................. [3]
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23 SIMILARITY AND CONGRUENCE

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

2 A triangle has an area of 50 cm?. If the lengths of its sides are all reduced by a scale factor of
30%, calculate the area of the reduced triangle.

...................................................................................................................... [3]
Exercises 23.3-23.4*
1 A cube has a side length of 4.5cm.
a Calculate its total surface area.
.................................................................................................................. [2]
b The cube is enlarged and has a total surface area of 1093.5cm?. Calculate the scale factor of
enlargement.
.................................................................................................................. [3]
¢ Calculate the volume of the enlarged cube.
.................................................................................................................. [2]
2 The two cylinders shown are similar.
< TN
¥/
xcm 5 litres
25cm
27 litres
u
a Calculate the volume factor of enlargement.
.................................................................................................................. [1]
b Calculate the scale factor of enlargement. Give your answer to 2 d.p.
.................................................................................................................. [2]
¢ Calculate the value of x.
.................................................................................................................. [1]
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Exercise 23.5

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

3 a A large cone has its top sliced as shown in the diagram. The
smaller cone is mathematically similar to the original cone.

a What is the scale factor of enlargement from the small
cone to the original cone?

.................................................................................................................. [1]
b If the original cone has a volume of 1350 cm?, calculate the volume of the smaller cone.
.................................................................................................................. [3]
4 An architect’s drawing has a scale of 1:50.The area of a garden on the drawing is 620 cm?.
Calculate the area of the real garden. Answer in m?.
....................................................................................................................... [4]
Exercise 23.5*
1 Quadrilaterals A and B are congruent.
vy a Complete the diagram of shape B. [1]
5 b Give the coordinates of the missing vertex of shape B.
AET>
= (vemennenn e ) [1]
' _—
__4___10 2 ;/4 X
1 -
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23 SIMILARITY AND CONGRUENCE
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Exercise 23.6*
1 All three angles and sides of triangle T are shown below.

3.6cm

Explain, giving reasons, whether the triangles below are definitely congruent to triangle T.

a

108°

6.7 cm

41°
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41°

6.7 cm

4.6 cm
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24 Symmetry*

Exercise 24.1*
1 On each pair of diagrams, draw a different plane of symmetry.

a A cuboid with a square cross-section.

2]
b A triangular prism with an equilateral triangular cross-section.
2]
2 Determine the order of rotational symmetry of the cube, about the axis given.
I
I
I
l
1 q
| N
I, S
/7
/7
/7
/7
...................................................................................................................... [2]
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24 SYMMETRY

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Exercise 24.2*

1 In the circle, O is the centre, AB = CD and X and Y are the midpoints of AB and CD
respectively. Angle OCD = 50° and angle AOD = 30°.

b What type of triangle is triangle AOB? ...t [1]

¢ Calculate the obtuse angle XOY.

Exercise 24.3*
1 The diagram shows a circle with centre at O. XZ and YZ are both tangents to the circle.
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Angle properties

Exercises 25.1-25.3

1 Calculate the size of each labelled angle.

(= oo [1]
B = oo [1]
C S oo [1]
B = oo [1]
€ = oot [1]

Exercise 25.5
1 In the diagram below, O marks the centre of the circle. Calculate the value of x.

<

\
...................................................................................................................... [2]
Exercise 25.7*
1 The pentagon below has angles as shown.
a State the sum of the interior angles of a pentagon.
.................................................................................................................. [1]
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25 ANGLE PROPERTIES

a Write the angle y in terms Of X. ......ouiuiuiiiii e [1]
b Write an equation for the sum of the interior angles of the octagon in terms of x.
.................................................................................................................. [2]
¢ Calculate the value of x.
.................................................................................................................. [2]
d Calculate the size of the angle labelled y.
.................................................................................................................. [1]

Exercise 25.8*

In each diagram, O marks the centre of the circle. Calculate the value of the marked angles in each
case.
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Exercise 25.10

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Exercise 25.9*
In the following, calculate the size of the marked angles.

Exercise 25.10*
In the following, calculate the size of the marked angles.

................................................... 2] e 2]
3 B = oo e [1]
B = oo [1]
© S oo [1]
O [1]
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Measures

Exercises 26.1-26.5

1 a A container has a volume of 3.6m>. Convert the volume into cm?.

.................................................................................................................. [2]
b A box has a volume of 3250 cm?. Convert the volume into:
i mm?
............................................................................................................... [2]
i m?
............................................................................................................... [2]
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27 Perimeter, area and volume

Exercises 27.1-27.5

1 A trapezium and parallelogram are joined as shown.

8cm xTcm
‘ / !
3 ST
|

If the total area is 53.2cm?, calculate the value of x.

...................................................................................................................... [3]
Exercises 27.6-27.9
1 A metal hand weight is made from two cubes and a cylinder joined as shown.
8cm 8cm 8cm
Calculate the total volume of the shape.
...................................................................................................................... [3]

Exercises 27.14-27.15

1 A hemispherical bowl, with an outer radius of 20cm, is shown below. A sphere is placed inside
the bowl. The size of the sphere is such that it just fits the inside of the bowl.

S P

<4+—20cm —p
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27 PERIMETER, AREA AND VOLUME

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

a Explain why the expression for the volume of the hemispherical bowl in terms of x can be

written as %n x 203 — %7‘5(20 —x)3.

.................................................................................................................. [2]
b Write an expression for the volume of the sphere in terms of x.
.................................................................................................................. (2]
¢ If both the bowl and sphere have the same volume, show that 3(20 — x)3 = 8000.
.................................................................................................................. (2]
d Calculate the thickness x of the bowl.
.................................................................................................................. [2]
Exercises 27.17-27.19
1 Two square-based pyramids are joined at their bases. The bases have an edge length of 6 cm.
+“—9M ——p ¢—xum —>p
a Calculate the volume of the pyramid on the left.
.................................................................................................................. (2]

b If the volume of the pyramid on the left is twice that of the pyramid on the right, calculate
the value of x.
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Exercises 27.20-27.23

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Exercises 27.20-27.23

1 A cone has a base diameter of 8cm and a sloping face length of 5cm.

a Calculate its perpendicular height.

.................................................................................................................. (2]
b Calculate the volume of the cone.

.................................................................................................................. [2]
¢ Calculate the total surface area of the cone.

.................................................................................................................. [4]

2 The two sectors shown are similar.
Rcm
Y,
rcm
-,
16 cm 20 cm

a Calculate the length of the radius r.

.................................................................................................................. [2]
b What is the value of R?

.................................................................................................................. [1]
Each sector is assembled to form two cones.
¢ Calculate the volume of the smaller cone.

.................................................................................................................. [4]
d Calculate the curved surface area of the large cone

.................................................................................................................. [2]
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27 PERIMETER, AREA AND VOLUME
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3 A cone of base radius 10cm and a vertical height of 20cm has a cone of base radius 10cm and a
vertical height 10cm removed from its inside as shown.

10 cm

~—10cm—>

a Calculate the volume, in terms of 7, of the small cone removed from the inside.

.................................................................................................................. (2]
b Calculate the volume of the shape that is left (i.e. the volume of the large cone with the
small cone removed). Give your answer in terms of .
.................................................................................................................. [2]
¢ Calculate the total curved surface area of the final shape.
.................................................................................................................. [5]
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Bearings

Exercise 28.1

1 A boat sets off from a point A on a bearing of 130° for 4km to a point B. At B, it changes

direction and sails on a bearing of 240° to a point C, 7km away. At point C, it changes direction
again and heads back to point A.

a Using a scale of 1cm:1km, draw a scale diagram of the boat’s journey.

[4]

b From your diagram work out:
I the diStance AC .. ..o [1]
il thebearing of A from C ..o [2]
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Trigonometry

Exercises 29.1-29.3

Calculate the value of x in each diagram. Give your answers to 1 d.p.

1
xcam
259
(72X P (2]
2
X cm
30°
L PP [2]

Exercises 29.4-29.5

1 Three towns, A, B and C, are positioned relative to each other as follows:

Town B is 68§km from A on a bearing of 225°.

Town C is on a bearing of 135° from A.

Town Cis on a bearing of 090° from B.

)]

Drawing a sketch if necessary, deduce the distance from A to C.

b Calculate the distance from B to C.
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Exercise 29.6

Exercise 29.6*

1 A point A is at the top of a vertical cliff, 25 m above sea level. Two points X and Y are in the sea.
The angle of elevation from Y to A is 23°.Y is twice as far from the cliff as X.

.................................................................................................................. [2]
b Calculate the angle of depression from A to X to the nearest whole number.
.................................................................................................................. [3]
¢ Calculate the ratio of the distances AX : AY. Give your answer in the form 1: n where n is
given to 1 d.p.
.................................................................................................................. [5]

2 A tall vertical mast is supported by two wires, AC and BC. Points A and B are 2.5m and 6 m
above horizontal ground level respectively. Horizontally, the mast is 20m and 27 m from A and
B respectively. The angle of elevation of C from A is 30°.

.

-—20m—><——27m—>

@

a Calculate the height of the mast.

Photocopying prohibited Cambridge IGCSE® Core and Extended Mathematics Workbook




29 TRIGONOMETRY

ece

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

.................................................................................................................. [3]
¢ Calculate the shortest distance between A and B.
.................................................................................................................. [2]
Exercises 29.7-29.8*
1 Express the following in terms of the sine of another angle between 0° and 180°:
@ SIN8O°..ieiiiiiii [1] b Sin 158°. .. i [1]
2 Express the following in terms of the cosine of another angle between 0° and 180°:
@ COS38 i [1] b cos138° i [1]

Find the two angles between 0° and 180° which have the following sine. Give each answer to the
nearest degree.

The cosine of which acute angle has the same value as:

@ oS 162°% it [2] b —cos136°% i [2]

Exercise 29.9*

1

Solve the following equations, giving all the solutions for #in the range 0 < 6 < 360°

a sinf= —g

.................................................................................................................. [2]
b tan 6 =—/3

.................................................................................................................. (2]
Calculate the value of cos 0 in the diagram below. Leave your answer in surd form.

1cm
2
1cm
2O e e e e e e e e e e e e e aaaaaaaaaaaaaaaaaaaaaaaees [5]
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m Further trigonometry*

Exercises 30.1-30.2*

1 Calculate the length of the side marked x.

50°
7.5cm
60°
Xc

T e, 2]

2 Calculate the length of the side marked x.

88°
3.2cm
7.5cm

O e, 2]

3 Calculate the length of the side marked x.

8cm
42° 32°
xcm

10 cm
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30 FURTHER TRIGONOMETRY

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Exercise 30.3*

1 A bird, B, flies above horizontal ground. The bird is 126 m S
from point A on the ground and 88 m from a point C also \
on the ground. Given that the distance between A and Cis |
100 m, calculate: 126m .88 m
A 100 m ¢

a the angle of elevation from A to B

.................................................................................................................. [3]
b the height of the bird above the ground
.................................................................................................................. [2]
Exercise 30.4*
1 Calculate the area of the triangle.
16 cm
<]
T o [2]
2 A triangle and rectangle are joined as shown below. If the total area of the combined shape is
110cm?, calculate the length of the side marked x.
12.cm
8cm Area = 110[cm?
X cm
309
....................................................................................................................... [4]
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Exercises 30.5-30.6

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

3 ABCis atriangle. AB = 15c¢cm, CAB =62° and ACB = 82°.

C

82°

62°

A 15 cm B

Calculate the vertical height of C above the base AB. Give your answer to 1 d.p.

Exercises 30.5-30.6*

1 The cone has its apex P directly above the centre of the circular base X. PQ = 12cm and angle
PQX =72°.

P
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30 FURTHER TRIGONOMETRY
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ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

2 ABCDEFGH is a cuboid. AD = 8cm, DH = 5cm and X is the F G

midpoint of CG. Calculate:

a thelength EG

A 8cm D

3 ABCDEF is aright-angled triangular prism. AB =3cm, AC = 4cm, BE = 9cm and point X

divides BE in the ratio 1: 2.

C
E
4cm
9cm
X
A 3cm B
Calculate:

a thelength BC
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Exercises 30.5-30.6

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

4 The diagram below shows a right pyramid, where E is vertically above X. AB =5cm, BC =4cm,
EX =7cm and P is the midpoint of CE.

A 5cm B

Calculate:
a thelength AX

.................................................................................................................. [2]
b the angle XCE

.................................................................................................................. [2]
¢ thelength XP.

.................................................................................................................. [5]
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Vectors

Exercises 31.2-31.3

In questions 1 and 2 consider the following vectors:

(i) (3

(2]

Express the following as a single column vector:

b

c

d

BB Lottt 2]
€= e 2]
T@=D) o 2]
2B et 2]

Draw vector diagrams to represent the following.

a

2a+b b —c+b

Exercise 31.4*
Consider the vectors:

1

a=

)3 ()

Calculate the magnitude of the following, giving your answers to 1 d.p.

a

a+b+c
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Exercises 31.5-31.7

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

b 2b-c¢
.................................................................................................................. [3]
Exercises 31.5-31.7* N N
1 Consider the vector diagram shown. If AB = a and BC = b express the following in terms of
a and/or b.
B C
/ \
E : G
/ \ —
@ AE [1]
A D
_>
b EG oo [1]
_'
¢ AF
.................................................................................................................. [2]
_’
d CG
.................................................................................................................. [3]

-
2 In the diagram, AB = a, BD = b, D divides the line BC in the ratio 2:1 and E is the midpoint of
AC. Express the following in terms of a and b:

B
b
aA
D

A E C
_’

A A D [1]
_}

B D e [1]
_’

¢ AC
.................................................................................................................. [2]
_}

d ED
.................................................................................................................. [2]
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Transformations

Exercises 32.3-32.4

1 In the following, the object and centre of 2 In the following, the object (unshaded) and
rotation are given. Draw the object’s image image (shaded) have been drawn. Mark the
under the stated rotation. centre of rotation and calculate the angle

and direction of rotation.
A
/
/
Rotation 180° [2] [2]

Exercise 32.5-32.6

1 In the diagram, object A has been translated to each of the images B, C and D. Give the
translation vector in each case.

B o e [1]
| G o [1]
/ A
/ I D o e [1]
A
A1 /
- /
/
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Exercises 33.1-33.5

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Exercise 32.10*
1 In this question, draw each transformation on the same grid and label the images clearly.

y
6
! 4
—
2
C
22 l20l18 161412 —10/-8 -6 -4 —p O 3 1o 1211416118120 22 X
o]
4
6
8
10
’I')

a Map the triangle ABC onto A'B!C! by an enlargement scale factor -2, with the
centre of the enlargement at (-4, 2). [2]

b Map the triangle A'B'C! onto A?B>C? by a reflection in the line x = 4. 2]

¢ Map the triangle A’B?C? onto A*B3C3 by a rotation if 180°, with the centre of
rotation at (-4, 2). [2]

Probability

Exercises 33.1-33.5

1 In aclass there are 23 girls and 17 boys. They enter the room in a random order. Calculate the
probability that the first student to enter will be:

a agirl

2 Two friends are standing in a hall with many other people. A person is picked randomly from
the hall. How many people are in the hall if the probability of either of the friends being picked
is 0.008?
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34 Further probability

Exercise 34.1

1 A fair 6-sided dice with faces numbered 1-6 and a fair 4-sided dice with faces numbered 1-4 are
rolled. Use a two-way table if necessary to find:

a the probability that both dice show the same number

.................................................................................................................. [2]
b the probability that the number on one dice is double the number on the other.
.................................................................................................................. (2]
Exercise 34.4*
1 A cinema draws up a table showing the age (A) and gender of people watching a particular
film.
A person is picked at random; calculate the probability that:
a theyare under 10 years Old ........c.ouiuiuiiiiiiiii e [1]
b they are a male not under 10 years old ..........c.oiiniiiiiiiniiiiie e [1]
¢ they are = 18 years old, given that they are female
.................................................................................................................. [2]
d they are a male, given that they are aged 10 < A < 18.
.................................................................................................................. [2]
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Exercise 35.3

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

2 A player in a football team analyses her games and realises that she takes a penalty kick (P)
in 15% of matches. If she takes a penalty, she scores (S) in 90% of the matches. If she does not
take a penalty, she only scores in 30% of the matches.

a Complete the tree diagram.

S
P
.
S
.
> 2]

b Calculate the probability that:
I SHE SCOTES ..entiit e (2]

ii she takes a penalty, given that she doesn’t score.

Mean, median, mode and range*

Exercise 35.3*

1 A school holds a sports day. The time taken for a group of students to finish the 1km race is
shown in the grouped frequency table.

a How many students completed the Tace? .......c.coviiiiiiiiiiii e [1]

b Estimate the mean time it took for the students to complete the race. Answer to the nearest
second.
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Collecting and displaying data

Exercises 36.1-36.3

1 1In 2012, the Olympics were held in London. 15 athletes were chosen at random and their
height (cm) and mass (kg) were recorded. The results are:

201
203
191
163

166
183
182
183

a What type of correlation (if any) would you expect between a person’s height and mass?
Justify your answer.

b Plot a scatter graph on the grid below.

150
140
130
120
110
100
90
80
70
60
50
40
30
20
10
0

O O R R R R R R R IR T IR IR
Height (cm) [3]

Mass (kg)

¢ i Calculate the mean height of the athletes.
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Exercises 36.4-36.5

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

iii Plot the point representing the mean height and mean mass of the athletes.
Label it M. [1]

d Draw a line of best fit for the data. Make sure it passes through M. [1]

e i From the results you have plotted, describe the correlation between the height
and mass of the athletes.

Exercises 36.4-36.5*

1 The ages of 80 people, selected randomly, travelling on an aeroplane are given in the grouped
frequency table:

| Age (years) oo P15 25— 1 35— i 40— 50- i 60— i 80-100 i

{ Frequency 10 f10 10 i 10 i 10 10 i 10 i 10

Frequency density

a Complete the table by calculating the frequency density. [2]

b Represent the information as a histogram on the grid below.

2.5

2.0

Frequency density

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Age (years)
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37 Cumulative frequency and box
plots*

Exercises 37.1-37.2*

1 A candle manufacturer tests the consistency of their candles by randomly selecting 160 candles,
lighting them and recording how long they last in minutes. The results are shown in the grouped
frequency table:

‘ Time (min) © 40— i 150- 160 ¢ 170- ¢ 180- | 190 { 200- | 210-220

Frequency 5 20 45

a Complete the table by calculating the cumulative frequency. [1]

b Plot a cumulative frequency graph on the axes below.

200
190
180
170
160
150
140
130
120
110
100
90
80
70
60
50
40
30
20
10

0
120 130 140 150 160 170 180 190 200 210 220 230 240

Time (min) [3]

Cumulative frequency

¢ From your graph, estimate the median amount of time that the candles last.
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Exercises 37.1-37.2

d From your graph estimate:

i the upper QUATIlE tIME .. ...ueie e [1]
il the lower QUATtIle tIME ......ovtit et aes [1]
ili the INterquUArtile TANEZE. .. ...vuet ittt e e [1]

e Draw a box-and-whisker plot for this data.

130 140 150 160 170 180 190 200 210 220

Time (min) [3]

f The manufacturer is aiming for the lifespans of the middle 50% of candles to not differ by
more than 30 minutes. Explain, giving your justification, whether the data supports this aim.
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