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About this book
This book follows the Cambridge Secondary 1

Mathematics curriculum framework for Cambridge
International Examinations in preparation for the
Checkpoint assessments. [t has been written by a
highly experienced teacher, examiner and author .

This book is part of a series of nine books. There are
three student textbooks each covering stages 7, 8 and
9 and three homework books written to closely match
the textbooks, as well as a teacher book for each stage.

The books are carefully balanced between all the
content areas in the framework: number, algebra,
geometry, measure and handling data. Some of the
questions in the exercises and the investigations within
the book are underpinned by the final framework

area: problem solving, providing a structure for the
application of mathematical skills.

Features of the book:

O Objectives — from the Cambridge Secondary 1
framework.

© What’s the point? — providing rationale for
inclusion of topics in a real-world setting.

© Chapter Check in - to asses whether the student
has the required prior knowledge.

O Notes and worked examples - in a clear style
using accessible English and culturally appropriate
material.

© Exercises — carefully designed to gradually
increase in difficulty providing plenty of practice of
techniques.

O Considerable variation in question style —
encouraging deeper thinking and learning,
including open questions.

© Comprehensive practice — plenty of initial
questions practice followed by varied questions for
stretch, challenge, cross—over between topics and
links to the real world with questions set in context.

O Extension questions — providing stretch and
challenge for students
® questions with a box e.g. provide challenge
for the average student
e questions with a filled box e.g. provide
extra challenge for more able students.

O Technology boxes — direct to websites for review
material, fun games and challenges to enhance
learning.

© Investigation and puzzle boxes — providing extra
fun, challenge and interest.

© Full colour with modern artwork — pleasing to
the eye, more interesting to look at, drawing the
attention of the reader.

O Consolidation examples and exercises — providing
review material on the chapter.

© Summary and Check out - providing a quick
review of chapter’s key points aiding revision,
enabling you to to assess progress.

O Review exercises — provided every six chapters
with mixed questions covering all topics.

O Bonus chapter — the work from Chapter 19 is
not in the Cambridge Secondary 1 Mathematics
curriculum. It is in the Cambridge IGCSE®
curriculum and is included to stretch and challenge
more able students.

A note from the author:

If you don’t already love maths as much as I do, I hope
that after working through this book you will enjoy

it more. Maths is more than just learning concepts

and applying them. It isn’t just about right and wrong
answers. It is a wonderful subject full of challenges,
puzzles and beautiful proofs. Studying maths develops
your analysis and problem-solving skills and improves
your logical thinking - all important skills in the
workplace.

Be a responsible learner — if you don’t understand
something, ask or look it up. Be determined and
courageous. Keep trying without giving up when
things go wrong. No one needs to be ‘bad at maths’.
Anyone can improve with hard work and practice in
just the same way sports men and women improve
their skills through training. If you are finding work
too easy, say. Look for challenges, then maths will
never be boring.

Most of all, enjoy the book. Do the ‘training’, enjoy
the challenges and have fun!

Deborah Barton






Number and calculation 1

O Consolidate the rapid recall of number
facts, including positive integer
complements to 100, multiplication
facts to 10 X 10 and associated
division facts.

O Interpret decimal notation and place
value; multiply and divide whole numbers
and decimals by 10, 100 or 1000.

© Order decimals including measurements,
changing these to the same units.

© Round whole numbers to the nearest
10, 100 or 1000 and decimals,

.

including measurements, to the nearest
whole number or one decimal place.

O Recognise negative numbers as

positions on a number line and
order, add and subtract positive and
negative integers in context.

© Use the laws of arithmetic and inverse

operations to simplify calculations with
whole numbers.

© Use the order of operations, including

brackets, to work out simple
calculations.

~

What'’s the point?

How many? Who has more? How much?
Questions such as these led early man
to develop number systems. Today,
numbers are everywhere, from banks,
to supermarkets, to airports.

Before you start

You should know ...

1 A fraction can be shown by a picture:

[TTTT]

—? is shaded

JENNNEREER

2 is shaded

Check in

1 a What fraction of each shape is shaded?
i ii

b Draw shapes to represent
2 16

Imllm

\\0




1 Number and calculation 1

L
N\
o 2  Your multiplication tables up to 10 X 10. 2 Write down the answers to:
a 2XxX7 b 3X6
c 8x4 d 5X4
e 9x7 f 9X8
3 What is the value of the digit 4 in these 3 Write down the value of the 4 in:
numbers? a 24 b 42
a 9% b 481 c 4012 c 402 d 645
5 Bun e 4132 f 49206
b four hundred BNt sl
¢ four thousand
\. y,

1.1 Number facts

An important skill in mathematics is to be able to do
calculations with numbers without a calculator. We can
use complements to help us. Addition and subtraction
are inverse operations. Sometimes a subtraction
problem can be turned into an addition problem to
make it easier and faster to do.

EXAMPLE 1 )
100 — 76 = O

A common wrong
answer to this
; calculation is 34.
If we change it to
76 + [ = 100

We can then use

e
e : : : ; |
60 70 80 90 100

4 is the complement to 10 of 6,
76 + 4 = 80.

20 is the complement to
100 of 80, 80 + 20 = 100

Adding 4, then adding

Work out units
column first to

20 is the same as adding 24. avoid the wrong
answer of 34.

76 + 24 = 100

\_ J

Exercise 1A

Work out all of the following without a calculator.
You could race a friend to see who is faster and
more accurate.

1 a 39+ =100 b 62+ []=100
¢ 41+ =100 d 100— 28
e 100 — 34 f 100-—16
g 100 — 82
2 a 5+14 b 17+5 ¢ 30-—16
d 27-19 e 68+23 f 58+ 34
g 93—-48 h 76— 28
3 a $22+[0=%100 b 43m + ] = 100m
¢ $14+[0=9$100 d $100 — $55
e 100cm —9lecm f 100kg — 4kg
4 Match the complements to 100 to each other.
The first is done for you.
17 w_ 69
41 59
68 42
271 X g3
58 32
31 13
You can use the same method to do
complements to 1000.
5 a 240+0=1000 b 76+ = 1000
c 318+[=1000 d 1000 — 180
e 1000 — 840 f 1000 — 293
g 1000 — 96 h 1000 — 544



1.2 Adding and subtracting
numbers

Sometimes you may want to use column addition and
subtraction if calculations are harder.

To add numbers you must line up their place values.

EXAMPLE 2 ) N

Whatis 53 + 6 + 2047

H T

[5+6+4=15 J 5
= 1 ten and. 3 units

+ 2 0

2 6

Subtraction is done in a similar way.

EXAMPLE 3 )
Z hundreds =
Work out 205 — 34. 1 hundred
H T U and. 10 tens
2 1o 5
= 3 4
1 7 1
\_

Exercise 1B

1 Add these numbers:
a 13+ 27 + 46
b 162 + 39
¢ 615+ 34 + 143
d 1068 +39+ 7 + 214

2 Work out:
a 125-29 b 269 — 158
¢ 463 — 258 d 452 — 168
e 227 - 132 f 1101 — 990

3 At Market School there are 93 students in
Form 1, 105 in Form 2, 87 in Form 3, 79 in
Form 4 and 81 in Form 5. How many students
are there altogether?

4 Orji wants to buy a new bicycle for $1000.
He has saved $824. How much more does
he need?

1 Number and calculation 1

5 1In 3 test cricket tournaments in 2010 Sachin
Tendulkar scored 214 runs, 203 runs and 146
runs. How many runs did he score altogether?

IE 18 years ago Chris was 5 years old. How old
will he be in 16 years’ time?

1.3 Multiplication and
associated division facts
It is very important to know the multiplication tables

up to 10 X 10. This will help you with many harder
calculations.

The multiplication grid below looks like a lot of facts
to remember. It can be made easier.

3145|617 ([8]9 |10

3141516 17189110

6 | 8101214 [16] 18120

9 [12 |15 | 18121124 (27|30

12 [ 16 | 20 [ 24 [ 28 | 32 | 36 | 40

1512025 |30]35([40) 45|50

,T‘_,anc\-rsmn

18124130 ]36]42 )48 [ 54 | 60

14121 |28 |35]42]149]56([63 |70

16 |24 132|140 |48 |56 | 64 [ 72 | 80

oloo|—|on|wn| & lu ko |— | =

18127136145 54]163) 7281 |90

=T ELER TN LV R [ Y e

101 20130[40150[60] 70180 |90 ]100

The following facts will help you:

¢ The order you multiply doesn’t matter.
7 X 8 is the same as 8 X 7. This halves the
number of facts to learn.

*  Multiplying a number by 1 doesn’t change the
number.
eg.4x1=4

*  Multiplying a number by 10 means you can just
write a zero after the number.
eg. 7TX10=70

*  Multiplying by 2 is the same as doubling the
number.



1 Number and calculation 1

Now there are fewer multiplication facts to learn: » 3 6 7 3
x|11]12|3|4|5[6]7|8]9 |10 3 9
: 6 18 36
3 Q 7 21 42 49
4 12 | 16 8 24 48 56 64
5 15120 25
6 18124 1301 36 Once you have learned your multiplication facts you
7 21 | 28 1 35| 42 | 49 need to remember that multiplication and division are
8 24 |32 140 |48 [ 56 | 64 inverse operations. Sometimes a division problem can
9 27 136 (45|54 163 (72 81 be turned into a multiplication problem to make it
10 easier and faster to do.

There are some other hints that can help if you find
your multiplication tables difficult.

4’s made easy:
* Double a number and then double it again.
5’s made easy:

*  Multiply a number by 10 then halve it.
For example, for 8 X 5,do 8 X 10 = 80,
s08 X5 =40 (half of 80).

9’s made easy:

* Hold your hands in front of you with your fingers
spread out.

* For 9 X 4 bend your fourth finger from the left
down. (9 X 7 would be the seventh finger etc.)

*  You have 3 fingers in front of the bent finger
(the tens) and 6 after the bent finger (the units).
So9 X 4 = 36.

4th finger 6 units

en®
AT bent

9 x4 =36

Now there are very few to learn. Usually 3 X 3 =9 s
done well. The red numbers in the table are the ones
that many students find harder. There are only nine
red numbers!

56 + 8 = [J can be changed to: (] X 8 = 56.
Then you can use the multiplication tables in reverse.
7X8 =56

Exercise 1C

1 Copy and complete this mixed-up tables grid
as fast as you can.

x|4]|]6 927 |3 |[5]8
7

2

6

8

3

5

9

4

2 Work out:

a 4xX8 b 63+9 ¢ 4X7
d 36+4 e 3X6 L S
g 8X3 h 48+-6 |1 6X6

j 1T X7 k 42 -7 I 64-+8
3 Jane earns $9 an hour. If she works for 9 hours

how much will she earn?

4 If Wayan shares $45 between his 5 children,
how much do they each get?

5 Learning more multiplication facts can speed
up your working. Try these (they go up to
12 X 12.) Work out:

a 11 X9 b 9%+12 ¢ 88 =+8
d 12x7 e 11x11 f 132+ 11
g 12X12 h 120+ 12




6 A teacher organising a school trip has 108
students to split into 12 equal groups. How
many students will there be in each group?

- R

15 35

>

In this example,
the numbers in
the squares are
the product of
the numbers in
the circles.

Find the missing numbers from the diagrams

below:

A

72

G

1.4 Decimals

O &

R

88

%

f—o of the rectangle is shaded.

Tenths can be written a shorter way:

4

Suii 0.4

no units/“ I \ 4 tenths

10

decimal point

0.4 is the decimal form for the fraction %.

The - is called the decimal point.

It separates the whole numbers from the tenths.

EXAMPLE 4 J
Write as decimals
3 7
a Zﬁ b 65
3
a 23=23
7
b 65 = 6.7

Exercise 1D

1 Number and calculation 1

1 Write these fractions in decimal form.

5 9 2
a b C d lm
e 20 f 31 g 1L h 1323

2 Write the part of each shape that is shaded
— first as a fraction, then as a decimal:

3 Write in order of size, smallest first.
a 03, 06, 0.2, 0.8
b 09 05, 1,0
c 21,06, 09, 1.8

3
El What number is 35 more than

a 03
d |

b 0.7 c 09

2.9 f 67

Representing decimals on

a number line

This number line has been divided into tenths.

L
0 10
|
|

1
|
I

f t

0.1 0.6

The distance between each division is one tenth.

Exercise 1E

1 Copy the number line:

0 0.5
|

1 15
|
1

Show these numbers on your number line.

1.3 c 1.9

2 Write as decimals the letters marked on the

a 03
number line.
A
!
|

(& D
L ;

BT Il

2
|
|

T



1 Number and calculation 1

3 What is the temperature, in °C, on these
thermometers?

Two decimal places

If represents 1 unit

1
then [TTTTTTTTTT] represents 4 (one tenth)

and [ represents ﬁ, (one hundredth)

Hundredths can be written a shorter way as decimals:

1
100 gk

—/ﬁ '\\4 1 hundredth
Nno units

no tenths
decimal point

EXAMPLE 5 ) N\

Show the decimal 0.25 using diagrams

O 5
o g~ % =005
oo

Exercise 1F

1 Use diagrams to show these decimals.

a 02 b 007 c 0.12
d 036 e 12 f 1.23
2 What decimals do these pictures represent?
a oo b oo
OO oo
OO oo
c d

ooo
ooo

Diagrams are very useful when comparing decimals.

\ 0.25 Yy

EXAMPLE 6 ) N
Which is the larger decimal 0.19 or 0.27
0.9=5+17 ——
opEA 9
ooo 100
02=2 CEEETES
O 1
Ghe rectangles show that 0.2 is larger.

Exercise 1G
1 Whichis larger?

a 04o0r0.39 b 0.060r0.1
¢ 2ol 13 d 1.020rl.3
e 2orlbd

2 Write down four numbers that are
a bigger than 3 but less than 4
b bigger than 3.4 but less than 3.6
¢ Dbigger than 0.6 but less than 0.7

Representing hundredths
on a number line

You can divide a number line into hundredths to show
two place decimals.
The number line between (.5 and (.7:

1
0.5 0.55 06 M 065 0.7

I ST T T [N TN T T N [N T I S S S N S W
] T T T T I T T T T I T T T T l T T T T 1
t T t
w X ¥ Z
0.52 0.58 0.61 0.69

The distance between each division is one hundredth.



1 Number and calculation 1

Exercise 1H

1 Write down the positions of each of the letters on this number line:

01 02 03 04 05 06 07 08 09

e e e e D e e e e e e e e e e e

1 f f b | -
H A B C E F D G

2 Copy this number line:
@W%@WUMWM
0 0.1 0.2 0.3 0.4 0.5
On your number line show the points:
A =02, B = 0.25, C =045, D = 040, E = 0.30, F =005

Thousandths EXAMPLE 7 ) \
Each column heading is one tenth of the one to its left: . . .
210 =10 =10 Give the value of each underlined digit.
Thiz—p-H—t T L a 027 b 6.134 c 281
T
O G i a Two tenths or IZ—U or (0.2
Unit tenth hundredth  thousandth! b Four thousandths or —= or 0.004
/ / / o
o ¢ Twotens or 20 J
You can use place value to help you write decimals in
order of size.
+ 10 ., +10 , =10 .
1 e > 10 > 1000 EXAMPLE 8 ) N
The column to the right of ﬁ column is ﬁ column. Write these numbers in order of size, smallest first
Thousandths can be written as decimals: 6.3, 6304, 6.24, 6242, 62, 634
L 63 = 6300 (Line up the decimal points.
1000 0.001 6.304 6.304 | You can put in zeros where
3 — L
. / \\—' 1 thousandth there. are no hundredths
no units no hundredths 624 — 6240 and. 1o thowsandths .
no tenths 6242 — 6242
62 —  6.200
1.5 Decimals and place value |°3* — 6340
Column headings are often used to show place value. In order, smallest first, this is: 6.2, 6.24, 6.242, 6.3,
For example: k6_304, 834 J/

The number 384.615 written with column headings is

1 [ 1
H T U s 0 10 | Tooo
1

308 |4¢6




1 Number and calculation 1

Exercise 1l
1 Give the value of each underlined digit.

a 133 b 624 c 1284
d 0032 e 1245 f 1346
g 11804

2 Write these numbers in order of size,
smallest first.
a 0.3, 0.02, 04, 0.006
b 3,30, 0.3, 0.003
¢ 36, 3.6, 0.36, 0.036

3 Write down four numbers that lie between:
a 3.14and3.15
b 0.68 and 0.69

4 The batting averages of five international
batsmen are shown in this table:

Kallis 54.66
Tendulkar 54.72
Gambbhir 56.00
Hussey 53.04
Ponting 55.67

Put them in order, starting with the
highest average.

5 Write these numbers in order of size,
smallest first
a 125, 14, 6.35, 10.2, 8.323, 0.099
b 244,25,62.501,241,2.412,2.4
c 04,0.04,0.44, 0444, 0.404, 0.044

6 Write these numbers in order of size,
largest first
a 1,09,1.19,0.119,1.119, 1.1
b 7.703,7.7,7.65.7.651,7.61,7.73
e 121,12.101,12.03, 12.042, 12.00 12,11

Decimals and money

Money is written using decimals.

For example:
2 dollars and 25 cents is written $2.25

39 cents is written $0.39
3 dollars and 7 cents is written $3.07

We usually don’t write zeros at the end of decimals.
1.2 means 1 ten and 2 tenths. This can be written as
1.20 (as there are no hundredths). When you are
talking about money you need to have two numbers
after the decimal point. An answer of 1 dollar and

20 cents on a calculator will be 1.2, but you must write
itas $1.20 not $1.2.

Exercise 1)

1

a How many cents are there in a dollar?
b  Write 1 cent as a fraction of 1 dollar.
¢ Write this fraction as a decimal.

a Write 15 cents as a fraction of a dollar.
b  Write this fraction as a decimal.

Write in dollars using the decimal point:

54 dollars 13 cents
1 dollar 50 cents

a 1 dollar 10 cents
b 25 cents

¢ 3 dollars 55 cents
d 5 dollars 5 cents

e 9cents

f 100 dollars 5 cents
g

h

1.6 Decimals and your

calculator
Decimal calculations are done .
very easily on a calculator. :,__J,_Jdﬁ l‘.
To display a decimal you |
JERL L=
must use the D button. @
e T

b—-'

Exercise 1K

1

Use your calculator to work out:

a 10XxX84 b 10X 1.07

¢ 10 X 6.045 d 100X84
e 100 X 1.07 f 100X 6.045
g 1000 X 8.4 h 1000 X 1.07
i 1000 X 6.045

What happens when you multiply by 10, 100
or 1000?

Use your calculator to work out:

a 7.6+10 b 261 + 10
¢ 48 + 10 d 523+ 10
Use your calculator to work out:

a 7.6+100 b 26.1 + 100
c 48 <+ 100 d 523+ 100
Use your calculator to work out:

a 7.6+ 1000 b 26.1 = 1000
c 48 <+ 1000 d 523 -+ 1000

‘What happens when you divide by 10, 100
or 1000?



7 Do these multiplications, without using a

calculator.

a 745 x 10 b 89 X 10

c 034 x 100 d 304 X 1000
e 006 x 10 f 1006 X 100
g 184 X 1000 h 2163 x 10

Do these divisions without using a calculator.

a 78 +10 b 92 =100

c 273 -+100 d 59 =+ 1000
e 047 =10 f 315 =100
g 2+ 1000 h 1.3+ 1000
I 375 =00

1.7 Multiplying and dividing
decimals by powers of ten

Look at these results:

84 X1 =84
84 X 10 =84
84 X 100 = 840

8.4 X 1000 = 8400

You should have noticed that when a decimal is
multiplied by 10, each number in the decimal moves
one place to the left.

In 8.4 the 8 is in the units column
84X 10=84

In this calculation the 8 moves one place to the left and is
now in the tens column.

‘When multiplied by 100 each number moves two
places to the left.

‘When multiplied by 1000 each number moves three
places to the left.

Look at these results.

76+ 1 =176
76 +-10 =0.76
76 ~ 100 =0076

7.6 + 1000 = 00076

Notice here that when a decimal is divided by 10 each
number in the decimal moves one place to the right.

When divided by 100 each number moves two places
to the right. When divided by 1000 each number
moves three places to the right.

1 Number and calculation 1

EXAMPLE 9 ) I

Work out:

a 8375 x10 b 8375 + 100
c 8.375 X 1000

a 8375X10 =8375

b 8375+ 100 = 08375
¢ 8375 X 1000 = 83750
\ J

Sometimes you will be asked to write numbers in
order when they have different units. If there are units
given, change all numbers to the same unit before
ordering them.

EXAMPLE 10 ) N

Write these numbers in order of size, smallest first:
Im,119cm, 0.99m, 1.2m, 98cm, 112mm

119cm — 119cm |before writing them in order

Eemember:  10mm = Tem
0.99m X 100 = 99cm 100cm = 1m
12m X 100 — 120cm

~
98cm — 98cm

11Zmm = 10— 112¢cm
In order, smallest first, this is; 112mm, 98cm,

1m X 100 — 100cm [ Put into the same units ]
b :

0.99m, 1m, 119cm, 1.2m
\_

Exercise 1L

1 Work out without a calculator:

a 635x10 b 3 X100
c 2.6 X 1000 d 714X 10
e 8.2 X100 f 1.89 X 1000
g 0318 X 10 h 034 X 100
i 0771 X 1000 j 76X10
k 6.125 X 100 I 4 X 1000

2 Multiply each of the numbers below by
i 10
ii 100
iii 1000

a 9843 b 16 c 0.14

3 Work out without a calculator:

a 8.1+=10 b 2-+100

c 8.1 -+1000 d 537 =10

e 15-+100 f 0.83 = 1000
g 0014 =10 h 0341 = 100
i 5762 = 1000 i 176 =10

k 7.165 <+ 100 I 7+ 1000
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4

Divide each of the numbers below by
i 10

ii 100
iii 1000
a 462 b 7.08 c 314

Write in cents:

a $6.42 b $19.06 ¢ $247.11

Write in dollars:
a 45cents b 6cents ¢ 137 cents

Copy and complete:

a l.ex[d =16

b [ X 1000 = 2300
c [O=+100 =0442
d 89+ =0.089
e 009xXO =90

f 06X =6

g 180 =018
h 9219 +[]=0.9219
i 838 x[] =8380
j OX100 =6144
k [ = 1000 =0.071
I 2512 =0 =2512

Eisa has made a mistake in his working.
He says these numbers are in order starting
with the smallest.

27cm, 271 mm, 2.83m, 3cm

What mistake has he made?

[9] Copy and complete:

4km=[lm Remember :
2.3 kg =0 g 1Omm = Tcm
230 ml = ] litre 100cm = Tm
0.8m = Jcm 1000m = Tkm
22 g= O kg 10009 = kg

1000mL = litre

26 mm = [ cm
0.04 litres = [] ml
350 m = [] km
020 em = [] mm

b~ -+~ M - - )

@ Write these numbers in order of size,

smallest first:

a 8810m, 8.9km, 8901 m, 8.821km,
8812m, 8.8km

b 10.8kg, 10801¢g, 10.79kg, 10792 ¢,
10781 g, 10.81kg

¢ (.66 litre, 0.6 litre, 0.06 litre,
666 ml, 0.606 litre, 66 ml

d 4.1cm, 401 mm, 4.01 ¢cm, 401 cm,
4,01 mm, 4.1 mm, (.04 m

1.8 Rounding

Often you do not need to work with exact numbers.
For example, if 13 284 people attended a cricket
match, you can say about 10 000 people attended.
Such an approximation is called rounding.

You can round numbers to the nearest 10, 100,
1000 etc.

Look at the number line below.

?lz
0 10 D0 30 40 50 60 73 80 90
18

It shows multiples of 10.

Notice that 18 is closest to 20.
Notice that 72 is closest to 70.

You can write

When you round
to the nearest
10 the last

digit must be O

18 is 20 to the nearest 10

72 is 70 to the nearest 10 -
18 has been rounded up to 20.
72 has been rounded down to 70.

In the case of a number ending in 5, for example 65, it
is usual to round it up, so

65 is 70 to the nearest 10

Rounding to the nearest 100 is done in a similar manner.

EXAMPLE 11 ) N\

Round
a 729 b 483
to the nearest hundred.
Show the numbers on a number line marked in
hundreds.
483 729

0 100 200 300 400 5&30 600 7{1{}) 800

From the number line, you
can see

483 is 500 to the nearest 100
729 is 700 to the nearest 100

\.

When you round
to the nearest
100 the last
two digits must
be O




Rounding is commonly used by the media.

At Eden Gardens cricket ground in Kolkata,
India, 84976 people went to watch a cricket match.
A newspaper reported

85000 people watched Kolkata Knight
Riders’ victory.

The paper has made the figure
of 84 976 more manageable by
rounding to the nearest 1000.

[When you round to th

e
nearest 1000 the last
three digits must be 0

84976

83000 84000 355}00 86000

Exercise 1M

1 a

b

Draw a number line from 0 to 100 marked
in tens.

Show the following numbers on your line:
i 8 i 27 iii 42 iv6e3 v 89
Round each of the numbers to the

nearest ten.

Copy the number line below.

250 260 270 280 290 300 310 320
Show these numbers on your line:

i 283 i 255 ii 292 iv 306 v 319
Round each of these numbers to the
nearest 10.

Draw a number line from 100 to 1000
marked in hundreds.

Show these numbers on your line:

i 164 ii 375 i 604 iv 429 v 781
Round each of these numbers to the
nearest 100.

Copy the number line below.

1800 1900 2000 2100 2200 2300 2400

1 Number and calculation 1

10

11

b Show these numbers on your line:

i 2003 ii 1917 iii 2189
iv 2362 v 2240

¢ Round each of these numbers to the
nearest 100.

By drawing a suitable number line, round each
of these numbers to the nearest 1000.

a 1402 b 3812 ¢ 5617

d 949 e 33609 f 45113
Round these numbers to the nearest 10:

a 76 b 105 ¢ 846 d 1048
e 6142 £ 7624 g 11306 h 12953

Round the numbers in Question 6 to the
nearest 100.

Round the numbers in Question 6 to the
nearest 1000.

Round the answers to these calculations to the
nearest 100. You may use your calculator.
a 27xX146b 136 X97 ¢ 812 x 124

Ethan has made some mistakes in his
homework. Which questions are wrong?
Write the correct answers for any he has
got wrong.

a 436789 to the nearest 1000 is 44 000
b 2354 to the nearest 10 is 2350

¢ 712350 to the nearest 100 is 712300

In his test match career to December 2011,
Rahul Dravid has scored 12752 runs. How
many runs is this to the nearest

a ten b hundred ¢ thousand?

649 is the largest whole number that when

rounded to the nearest hundred gives 600.
What is the smallest such number?

Hind has rounded the number of people in her

year group to the nearest 10. She says there

are 230 in her year group. What is

a the smallest possible number of students
in her year group

b the largest possible number of students in
her year group?
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Rounding decimals

‘We can use a similar idea to round to the nearest whole
number or to one decimal place.

EXAMPLE 12 ) N

Round 12.814 to
a the nearest whole number
b one decimal place

a Show the numbers on a number line
marked in whole numbers.

12.814 When you round
to the nearest
whole number

there should. be

no decimal point

(as there should
be no numbers

' | I L !
T T T T T

11 12 13 14 15
u

From the number line, you
can see

12.814 is 13 to the nearest
whole number

b Show the numbers on a
number line marked in
decimals showing tenths.

12.814

to 1 decimal
place, (d.p.),

there must be

127 128 129 13
¥

From the number line, you can
see 12.814 is 12.8 to 1 d.p.

EXAMPLE 13 ) N\

Round to 1 decimal place
a 6741 b 8.35 c 7.968

a 6.741 The second. decimal
6.741to 1 d.p.is 6.7 | place is 4. Round. down.
Leave the T as it is.

\

%

The second. decimal )
place is 5. Round.
wp. lncrease the 3

V to 4 (by adding 0.7)

c 7.968 .
7.968 to 1 d.p.is 8.0 The second decimal
Flace is 6. Round up.
Increase the digit
9 by adding 0.1

b 8.35
8.35to 1d.p.is 8.4

\. J

Rounding without a number line

To round to 1 decimal place you only need to look at
the second decimal place (the number in the
hundredths column). Use this rule:

» Ifthe second decimal place is less than 5, leave the
first decimal place as it is and don’t write any
more numbers after it. If it is 5 or more, you must
round up the digit in the first decimal place.

In part € of Example 13, when you increase the digit 9
by adding 0.1 you get 8.0. You must leave the () in.

Don’t just write 8 as this would be rounded to the
nearest whole number instead of to 1 d.p.

Exercise 1N

1 Round to the nearest whole number:

a 1235 b 4.8 ¢ 11.096
d 0.467 e 0.5

2 Roundto 1 decimal place:
a 045 b 2.148 c 0.05
d 6249 e 32092

3 Round to i the nearest whole number and

iito 1d.p.

a 06721 b 4.349 ¢ 6.53213
d 41.283 e 0.05345

4 Round the following measurements to
i the nearest whole number
iito1dp.

a 475km b 2.32litres ¢
d 23.15cm e 403447 tonnes

B Maahes has rounded a number. He says:
“When [ round my number to 1 d.p it is
5.5 and it is 5 to the nearest whole number.”
What could Maahes’s number be?

17.814 kg



Estimation

Have you ever gone to buy things and found you didn’t
have enough money?

You can avoid this if you are able to make good
estimates. When you round to the nearest ten,
hundred, etc. you are making a good estimate. You can
estimate the answer to a calculation by rounding the
numbers first.

EXAMPLE 14 ) Y

Estimate the result of
a 76+ 296 + 82
b 69 X 84
a 76is 100 (to nearest 100)
296 is 300 (to nearest 100)
82 is 100 (to nearest 100)
So 76 + 296 + 82 is approximately
100 + 300 + 100 = 500
b 69 is 70 (to nearest 10)
84 is 80 (to nearest 10)

kSo 69 X 84 is approximately 70 X 80 = 5600

Exercise 10

1 Make good estimates for these calculations:

a 58+94+8 b 213+ 789
¢ 931 — 286 d 1124 — 919
e 29 X 104 f 814 + 124

2 The distance around a race track is 1.85 km.
It a car drives 35 laps around the race track,
estimate how far it has travelled in total.

3 A shirt costs $79.55. Alan wishes to buy
14 such shirts. He has $1000. Does he have
enough money?

1 Number and calculation 1

A motorbike is priced at $847.50. Johnson has
$5000. How many motorbikes could he buy?

'(©) rechnoLoey

For further lessons and tests on rounding and
estimations visit the website

www.aaaknow.com/est.htm

See if you can beat the clock when you play the
‘Countdown’ game or ‘20 Questions’.
Take care! Some of these are challenging!

Using a calculator

Q@
SOt
Sesse

A calculator makes arithmetic easy and can save a
great deal of time. However, unless you are careful it is
still possible to make mistakes.

One way of reducing mistakes when you use your
calculator is to make a good guess at the answer first.
Your calculator answer should be similar to your guess.

EXAMPLE 15 ) N\

What is 52 X 8?

Round. to
A good guess is about 50 X 10 = 500 m

B XEE 4s

The answer 416 is fairly close to
the guess of 500. It is unlikely

\Lthat a mistake has been made.
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Exercise 1P

Copy and complete the table. For each question
make a sensible guess and then use your
calculator.

Problem Guess Calculator
29x 4

215 — 82

76 + 42 + 95
256 = 8

96 x 98

966 + 14
4611 = 87
103 x 37

2520 + 96

(@m

Write down a three-figure number,
for example 458
b  Repeat the figures to get, for example,
458 458
¢ Divide this number by 13, then divide your
answer by 11 and finally divide that answer by 7.
d What is your answer? What do you notice?
e Repeat with another three-figure number. What
happens? Does this always happen? Why?

1.9 Negative numbers

Numbers less than zero are called negative numbers.

You can see them on this number line:

Positive numbers

Negative numbers (or natural numbers)

I I II
-5 —/—3 2 1 0

Numbers less than
Zero are negative
numbers

1\2345

Ordinary, counting
numbers are positive
numbers

Numbers to the right on the number line are always
larger than those on the left.

Integers are whole numbers that can be positive,
negative or zero

EXAMPLE 16 )
Which is greater
a 2or 37 b 2or 5?7
a
T T & T [ T 1
4 3 2 71 0 1 2 3 4
On the number line 2 is to the right of 73, so
2 is greater than ~3
b

\_

-

T
™
~2 is to the right of 75, so

—
<4 3 2 "1

72 is greater than 5

0

T T
1 2

Exercise 1Q

1

Which of these statements are true?

a
b
c
d
e
f

5 is greater than 3
2 is greater than " |
~3 is greater than 4
“2 is less than 3

“3 is less than 4
"9 is less than ~3

Copy and complete by filling in the gap. The
first is done for you.

8

2

=2
11

a l0isgreaterthan8 b 6

¢c S50 d O

e 0 -1 f 2

g 5—  "1h 6

Pick the greater integer from each pair.
a 16,200 b 17,86

¢ 30,25 d 57,770

e 250,1 f 100,75

‘Write each set of numbers in order of size,
smallest first.

= o0oaQ0oTon

4,73,72
2,4,72,74
05250552 4
"3,72,75,76
Clih et e 0l

"8,710,76, 4,72, 6

6 is one greater than 5. Write down the
number that is one greater than:

a 4

€

7 f

b 0 c
10 g

T
12

d 5
h 2




6 6 isone less than 7. Write down the number
that 1s one less than:
a 4 b 0 c 3 d 5
e 7 f 10 g 12 h 729
Copy and complete these sequences:
3 O
oo bre i
sl o
“14, 711,78, , _, _
19, 714,79, _, ,_

- T~ v I -

You can subtract larger numbers from smaller numbers
using a number line.

EXAMPLE 17 ) N
Work out 6 — 8.

-8

SR g

T 6543210123456 7

Start at 6 and move 8 steps back.
You will arrive at 72.

That is, 6 — 8 = 2
\

Exercise 1R

1 Copy and complete these subtractions:
a 6—11=[1
-11

=

108 6 4 2 0 2
b 0-8=0130
-8

= T L L L EEL L L )

T
108 6 4 2 0 2 4

T

T
4

T T

T T
6 8 10
2 On squared paper draw number lines and
arrows to show these subtractions.
‘Write down the answer for each one.
a 4-—35 b 6-9 c 1-—-3
d 0—4 e 6—8 f 2-35

3 Copy and complete these subtractions:

a 7-8=[ b 1-6=
¢ 0—9=[] d 5—-6=
e 3—-11=010 f 4-8=0

1 Number and calculation 1

4 Copy and complete these additions:
a 2+5=00
+5

_l|0|7l8|_|6|_|4.|7I2|(l]lél4l.léIé\ll(]’
b 8+6=[]
+6

1 Yo e e ] T S L LI LI L, L

108 6 42 0 2 4 6 8 10

5 Draw number lines to show these additions:

a 3+5 b 0+6
c 5+8 d 9+2
e 9+ 12 f 8+ 14

6 Copy and complete:
a 3+4=01 b 5+3=0
c 8+3=[] d 12+4=0
e 9+ 13=01 f “17+21=[]

1.10 Negative numbers
and addition

You will need squared paper.

You may have noticed that the order that you add
numbers does not matter.

For example,
4+3=3+14
You can use this idea to help you add negative numbers.
To work out 7 + —3
T+ -3=-3+7=4

DY i T

Exercise 1S

1 Write these additions in another way by
changing the order of adding.

a 5+ 3 b 4+°71 ¢ 7+ 2
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2 Look at the additions shown on these

number lines.

3 2l 012 34
+7

‘54321012345

Using the drawings to help you, copy
and complete:

a 5+ 3= 3+5=[0

b 4+ 1=0+0=0

¢ 7+ 2=0+0=0

Work out:

a 4+ 2 b 5+ 4
¢ 7+ 75 d 3+°5
e 6+ 8 g ol
Copy and complete:

a 5-3=0 b 4-1=[
¢ 7—-2=0

The answers for Questions 2 and 4 are shown
below.

5+ 3=2 5-3=2
4+°1=3 4-1=3
7+ 2=5 7—2=5

What do you notice by comparing both
columns? Can you see a quick way to find the
answer, when you add a negative number to a
positive number?

Use the quick way from Question 5 to work out:

a 5+ 2 b 3+ 1
c 7+ 4 d 3+8
e 6+9 f 2+10

Copy the sentence, and choose words from
those in the brackets to complete it:
“Adding a negative number gives the same
answeras ...... Gl s number.”
(multiplying, larger, positive, subtracting,
smaller, negative)

Work out:

a 10+ 12 b 6+4

c 1+8 d 9+0

e 5+ 10 f 7+ 11
g 15+ 10 h 730+ 14

You can use number lines to add two negative numbers.

EXAMPLE 18 ) N
Work out: AT
RiEETET 23
First, draw a number line to help.
-3
6543210123456
So2+73="2-3="75
\. J

Exercise 1T
1 With the help of a number line, work out:

a 3+ 2 b 1+ 4
& o+ d S5+ 2
6 3.5 £ 4+ 3
g€ 6+°5 h 7476
i 8+ 6 i 9+ 9

2 Look at your completed additions in Question 1.

Can you see a quick way to find the answer,

when you add two negative numbers?

3 Work out:

a o6+ 7 b 10+ 710

[ R R d 9+ 73

e 2+ 10 f 15+ 76
4  Find the answer:

a 1+ 719 b 16+ 10

¢ 30+ 730 d 37+ 63

e 18+ 722 f 26+ 799
EI Copy and complete:

a 3+[=5 b + =

¢ 3+[0= d +3=

e 34+4[0=1 f 3+0="1

g O+ 3=5 h O+ 3="73

i S5+0=12 j 5+40=2
@Workoul:

a 12+ 718+ 12

b 4+ 6+3

¢ 20+ 10 + 35

d 14+ 720 + 30

e 20+ 75+ 71

2 e G

g 8+ 14+09

h "11+6+ 75

i 11+ 75+6

i o6+11+ 75



7 The temperature in New York was ~5°C. It
rose by 9°C. What was the new temperature?

The sum of two numbers is ~5. What could
the numbers be?
Find as many solutions as you can.
Compare your answers with a friend.
Who has more solutions?

EWorkout:
6+ 10 + 77
5+ 74+6

9+ 76+ 3
11+ 7+ 3
10+ 4+ 13+ 79
16+ 3+ 18+ 3
8+ 17+4+6

(3>) INVESTIGATION |

"0 Q6 T

Copy and complete the magic square

with the numbers ~10, 8, *6, "4, 2,0, 2,4, 6
so that all the rows, columns and diagonals add to
the same number.

E

1.11 Subtracting negative

numbers
Look at these subtractions:
4—-4=0
4—-3=1
4-2=2 These answers
o increase by 1
4=1=3 each time.
4—-0=4
4—"1=00

What do you think [] should be? The answers are
increasing by one so[] = 5.

That is,
4—-"1=5

* This shows that subtracting a negative number is
the same as adding a positive number.

1 Number and calculation 1

EXAMPLE 19 ) N\

Work out
a 6— 3 b

i
|

13
.

You can use the same idea to work out harder
calculations.

EXAMPLE 20 ) )

Work out
a 6-"3+4 b

="6+7
=1
b "7+75—-"4="7-35+4 |double signs
7-1

= "8
Notice that in parth "7 — 5 + 4
can be worked out on the number line:

-5

Start at 7

714 "13 712711 710 9 8 7 6 5 4

+4

\_ g

Exercise 1U

1 Copy and complete.
The first one has been done for you.

a 10—-"7=10+7 =17

b 3—6 =3+ =010

c 2—-"2=772+4+0=0140

d 0—6 =0+ =03

e — s - (] — (]

2 Work out:

a 4— 3 b 10— "2
O G == R =]
e 3-8 T 2]
g 3- 14 h 5- "6
i 6-79 ji 13— "14
k 17— 13 I 5 —
m 34 — 28 n 16— 29
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IE] Find the answer:

a 6+ 2+3 b6 =03

c G d 6—4-"2

e 8—"3+1 f 1-6+77

g 8—"8-8 h 3 +53 3
EFind the answer:

a 4+ 4-"77 b &t 5—5

¢ 4+ 1-—-5 d 3+ 3+

e =240 F G =

g 9+7+ 6 h 12— "13—-14

i 21+ 6+19 J 16— "17 —23

E Find numbers that make these subtraction
tables work.

a Second b
number

Second
number

Bl1 a4 Bl 4
»E B E
=g 2 == 4
S {6 S =

(@) rechnotooy |

Review what you have leamt about
adding and subtracting integers. Visit

www.onlinemathlearning.com

and follow the links to ‘Arithmetic’, ‘Adding Integers’
and ‘Subtracting Integers’.

Study the examples and watch the videos!

(@m

Find two numbers such that when you subtract
one from the other you get ~ 4.
b Can you find any other such pairs of numbers?
¢ Can you find a rule for finding other pairs of
numbers?

How do you multiply and divide negative numbers?

Work through the Technology box to become an expert.

[(O) TecHNoOLOGY

Leam more about working with negative numbers.
Check out

www.purplemath.com

and

www.coolmath.com/prealgebra

Go through the lessons carefully.

There's much to learn!

1.12 Some ways we use
negative numbers

Time

The time when something is due to happen, like the
launching of a space ship, is often called time zero.
Times before zero are counted as negative, times after
it are counted as positive.

Sea Level

Sea level is zero metres. Heights above sea level are
positive and you could think of depths below sea level
as negative.



Temperature

The temperature of something tells us how hot or
cold itis.

It is measured using a thermometer. The temperature
of ice is 0 °C.

Water
freezes

|

Ce— ] ; )
20 10 0 10 20 30

Thermometer

The C is short for Celsius (pronounced Sell-see-us)
who was a famous scientist. 0 °C is read as zero
degrees Celsius.

There are many things which are colder than ice. These
things have negative temperatures. In many places, the
temperature of the air is always colder than 0 °C.

Money

If you have $400 in the bank you are in credit by
$400. Money going into your account is credit. You
can use positive numbers to represent credit. Money
coming out of your account is debit. You can use
negative numbers to represent debit.

Exercise 1V

1 This is a timetable for launching a space ship

Time Hour Things to do
8.00 am ~4h Check weather report
9.00 am =3h Fuelling

10.00 am =24 Final check

11.00 am “1h Count-down begins

12 noon Oh Launch

1.00 pm 1h Firing final rocket

2.00 pm 2h Into orbit

3.00 pm 3h Docking with space
laboratory

a The first check of the space ship is done at
~6h. What time is that?

b On launch day, the astronaut sleeps until
~8h. How many hours are there between
the astronaut waking up and docking with
the space laboratory?

¢ The astronaut must be dressed in a space
suit 2% hours before launching. How
would you record that on the timetable?

1 Number and calculation 1

d 1% hours after fuelling, the astronaut is
locked into the space capsule. How would
you show that on the timetable?

2 Anaeroplane is flying at a height of 7500 metres
above sea level. A submarine is directly below it
at a depth of 60 metres below sea level. What is
the distance between the aeroplane and the
submarine?

Sealevel O m

e e e
“60 m

a
BBy
3 Do you think that this picture shows a place

that is colder than 0 °C?
Why do you think so?

4 The temperature in Alaska on a certain day was
2 °C. Find the temperature the next day if it
a roseby4°C
b fellby4°C

5 Find the new temperature after:
arise of 4°C from ~1°C
arise of 6 °C from ~10°C
arise of 1°C from ~9°C

a fall of 2°C from 3 °C

a fall of 4°C from 3 °C

a fall of 7°C from ~2°C.

-0 00T

6 The temperature in Toronto was 5 °C on
Wednesday. It fell by 3 °C on Thursday.
‘What was Thursday’s temperature?

7 Liquid mercury freezes at ~39 °C and boils at
357 °C. What is the temperature ditference
between these states?
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8

10

11

At a temperature of ~183°C oxygen becomes
a liquid. If its temperature is reduced by
another 31°C it freezes. What is the freezing
point of liquid oxygen?

At a weather station in the Arctic the

temperature was recorded as ~23°C.

Two hours later it had fallen by 8°C.

a What was the new temperature?

b Four hours after the first readings the
temperature was ~41°C. By how much
had the temperature fallen in four hours?

The table shows the average temperature of
the air each month last year, in a North
American city.

Month Temperature
January =4 80
February =11
March 2°0
April 15°C
May 27°C
June a1°C
July 31°%C
August 33°C
September 2590
October 17°C
November g9°C
December =1°%C

a What was the temperature difference
between the hottest and coldest months?

b Did the temperature rise between January
and February? By how many degrees did
it change?

¢ How many degrees did the temperature
fall between November and December?

d How many degrees did the temperature
rise between February and March?

This is a copy of part of Steven's bank
statement. Find the values a, b, ¢ and d.

Date | Description | Money out | Money in | Balance
20.00
9 Oct | Insurance 245.00 ~225.00
payment
11 Oct | Salary 1250.00 a
11 Oct | Visa hill 1070.00 b

15 Oct | Refund 42.00 c

16 Oct | Hotel bill 180.00 d

This is a copy of part of Kanika’s bank
statement. Find the values a, b, ¢ and d.

Date | Description | Money out | Money in | Balance
580.00
9 Oct | Rent 600.00 -20.00
11 Oct | Electricity 45.00 a
bill
11 Oct | Salary b 1380.00
15 Oct | Credit card c ~20.00
bill
16 Oct | Refund 230.00 d

Exercise 1W - mixed questions

1 Write in order of size, smallest first:
a 3,0,7.8,76
b 14,71,2,78, 12
c 28,17.46, 33,12
d 6,104,799, 81, 63

2 Copy and complete the sequences:
a 8§52 . .

B R
¢ 9 25, .
d 513, . .

3 The table shows the temperature in five cities

on one day in December.

City Temperature (°C)
Sharm EI Sheikh 25
New York 5
Abu Dhabi 28
Toronto el 1
London 0

a How much hotter was it in Sharm El
Sheikh than New York?

b  Which city was the coldest on that day?

¢ How much colder was Toronto than
London?

d Between which two cities was the
temperature difference the greatest?

e Write down the cities in order of
temperature beginning with the hottest.



The drawing shows three villages, X, Y and Z.
The dotted line has been continued from the
sea, to show sea level. X is above sea level. Y
and Z are below sea level.

X _ 350 m

sea level 130 m below

sea level

Y‘130m

What is the difference in height between:

a YandZ
¢ Xand Z?

b XandyY

The highest place in the world where you could
sit is on top of Mount Everest. It is 8840 m
high. The lowest place where you could sit is
on the shore of the Dead Sea. Itis “393 m
high. What is the difference between these
heights?

‘Work out:

a 3+4 b 3+ 4
¢ 3+4 d 3+ 4
e 6+ 10 f 6+ 10
g 7+ 9 h "3+ 79
I 13+ 14 j 2+ 18
Work out:

a 3— 74 b 7—"78
c 6— 712 d 4711
e 11— 713 T2 —
g 9-— 77 h 18- "14

Copy and complete:

5+0=3
S5+0="3
O+2="7

B3-0="79

4+0-3="5
"6+ 8+ 0="11
O+0="7

o " QOT

1 Number and calculation 1

9 Try to add negative numbers on your

calculator. You will need to use the key

to show a negative number. Use your
calculator to work out:

a 6+ 3

b 10+ 12

c 3+ 76

d 12+ 10

R e

f 9+ 3+ °6
g 114+ 56

h 63+ 14+ 29

10 In the following parts of number lines what do
the letters stand for?

+30 +30 +40 +40
40 a 20 b 30 70
+35 +35 —45 -45
¢ 15 50 e d 20

(3) INVESTIGATION _

Investigate what happens when you use your
calculator to:

a subtract negative numbers
b multiply negative numbers
¢ divide negative numbers.

Can you find any rules?
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“ 12 11710|79| 8| 7| 6| 5[ 4| 3

10(11|12

Here is a game for two players, A and B.

You will need a rectangle of cardboard, about 3 cm wide and 30 cm long.
You will also need a counter (a button or bean will do) and two dice (different colours if possible).
First, make the game board from your cardboard, as shown in the drawing above.

If your dice are different colours, choose one of them to be negative. If they are both the same colour, mark
each face of one dice with a negative sign, using a crayon or coloured pencil.

You are now ready to begin. Decide whether A or B will go first.

The rules
1 The counter is put on the space below 0.

2 The players take tums to throw the two dice. The total score for
the throw is the scores on the two dice added together.

3 If the total score is positive, move the counter right.

If it is negative, move the counter left.
See the box on the right for an example.
4 The game is over when the counter lands on

or beyond the 12 or “12 space. If the counter lands

on 12, player A wins.
If it lands on ~12 player B wins.

1.13 Laws of arithmetic and
inverse operations

You may be aware of the laws of arithmetic and use
them all the time. You may not know the names of the
laws you are using. Most useful to you are:

* The commutative law: When adding two numbers
or multiplying two numbers the order of doing this
doesn’t matter.

For example:

3+2=2+3=5

and 2XS5=5X2=10

* The associative law: When adding three or more
numbers you can add any pair of numbers first.
When multiplying three or more numbers you can
multiply any pair of numbers first.

For example:

342+4=5+4=09
(adding the 3 and 2 first)

Scores on Total
Player | dice score | Result
B 6and 2 4 Move 4 places right to 4
A “6and 1 P Move 5 places leftto ~1
B “3and 3 0 Stay at 1

and

or 3+2+4=3+6=9
(adding the 2 and 4 first)

2X5X3=10xXx3=30
(multiplying the 2 and 5 first)

or 2X5X3=2X15=30
(multiplying the 5 and 3 first)

The distributive law: When a sum (or difference)
is being multiplied by a number, each number in
the sum (or difference) can be multiplied by the
number first then these products are added (or
subtracted). It is the same with division.

For example:

S5X (4 +2)=5XxX6 =30 Thisisthe sum
(4 + 2) being
multiplied by the
number 5

S5X44+5X2=20+10=30

This is each number in the sum,
4 and 2, being multiplied by the
number 5 first then these answers
are added.



This can be shown in the following diagram:

e o0 0 [Thtsuseithara,SbgG]
e e 0 0 0 o rectangle or a5 by 4
% B 5 and & 5 by Z rectangle
e o0 0 0 0

e ®© & @ & @

When you know a calculation can be done in any
order, you can find the easiest way to do it.

EXAMPLE 21 ) )

Work out

a 26+97+74

b 23 X25xX2X2
c 25X (100 + 4)

a Todo26 + 97 + 74, if you add complements
to 100 together first it makes the calculation
much easier. You can change the order to:

26 + 74 + 97 = 197 which makes it easy and
quick to do in your head

b Todo23 X 25 X 2 X 2, look for the easiest
order to do this in. Rather than doing the
23 % 25 first, do 25 X 2 X 2 as this makes
100, multiplying by 100 is easier

23X 25 X2X2=23X25X4=23X
100 = 2300

¢ 25 X (100 + 4) if we do the 100 + 4 first then
25 X 104 involves doing long multiplication.
It is easier to do:

25 X 100 + 25 X 4 = 2500 + 100 = 2600

1 Number and calculation 1

a [f245 X 19 = 4655 what is
i 4655 + 19 i 4655 + 2457
b Complete:

i 72+0=104 i O+15=

.

You probably use inverse operations all the time
without being aware that they are called inverse
operations.

* Inverse operations:

Multiplying and dividing are inverses of each
other.

If4X3=12then12 +4=3and 12 +3 =4
Adding and subtracting are inverses of each
other.
If2+5=7then7—5=2and7—-2=5

Other inverse operations are squaring and square
rooting (you will learn about these later).

You can use laws of arithmetic and inverse operations
to make calculations easier or to check your work.

a i 4655+ 19=245
as + 1Y is the inverse of X 10
ii 4655 +245=19
as + 245 is the inverse of X 245
b i 72+0=104
The inverse of + 72 is — 72
104 — 72 =32
Check by adding: 32 + 72 = 104
ii O0+15=28
The inverse of + 15is X 15
8§ X 15=120
Check by dividing: 120 = 15 = 8§
\ Y,

Exercise 1X

1 Copy and complete:
a 18xX3=3X0O=54
b 19+48+81=19+0+ 0=
¢ 17X@2+10=17Xx2+17X0

=34+0=0

d 21x10+3)=21xO+21 xO=
O+0=0

e RX@+10)=0OxO0+0=0+
O=0

f 328 X 27 = 885650 8856 + 27 = [ and
8856 ~ 00 =[]

g 986 + 458 = 1444 s0 1444 [] 986 = 458
and 1444 [1458 = 986

2 Use inverse operations to copy and complete:
a OJ+53=18 b O=+12=7
¢ [O—-54=228 d [OX9=108

3 Use the laws of arithmetic to help make these
calculations easier:

83 +48 + 17

2X25X19X2

24 X (10 + 2)

3Tt 42 63+ 5810

25 X (100 — 10)

2X 17T X4X5X25

4 TIf 87084 + 246 = 354 what is
a 354 X246 b 87084 + 3547

=0 a0 oo
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5 Atahalne was working on his homework.
He wrote 462 — 287 = 185.
His teacher said he was wrong and that he
could see his answer was wrong by doing an
addition sum. What sum should he do to check
his answer? (] + [0 = [

@ Show how you use the distributive law to
work out (60 — 12) = 3

Draw dots arranged in a rectangle to show
why the distributive law works. Use these
numbers for your example:
6X2+5)=6X2+6X5=42

E This diagram shows how the distributive

law works.

e &6 & & & ¢ o o
® ¢ ® ®» & o o o
® ¢ ¢ ®» & @ o o

The diagram above represents the distributive
law, fill in the correct numbers for this
diagram:

OXO+D=0O0xO+0x0O=0

1.14 Order of operations

There are rules of arithmetic to help make sure that
everyone completes calculations the same way.

Kade does the calculation 2 + 4 X 5,
she says the answer is 30.
Setiawan says,

“That is wrong. | did. it on my calculator
and. the answer is 22."

Kade has made a common mistake. She has worked
from left to right doing the calculation in the order it
appears. (Kade does 2 + 4 = 6 first then 6 X 5).

This is wrong because of the rules of arithmetic which
tell us the order to do mathematical operations in.

The order of operations (BIDMAS) tells us that in
calculations we do:

Then * Divisions and multiplications
Division and are completed next, the order
Multiplication you do these doesn’t matter.
Then * Additions and subtractions are
Addition and completed next, the order you
Subtraction do these doesn’t matter.

If we look again at Kade's question:

24+4x5=
2+20=22

The best way to set out
these calculations is to
work down the page a

In BIDMAS the M comes
before the A so Multiplication
is done before Addition

S

N

stage at a time as shown in the following examples:

EXAMPLE 23 )

Work out
a 4-2XG5+1)

a 14-2x(5+1)  BIDMAS
=14—-2%6 Brackets first
=14 —12 Then Multiplication
=2 Then Subtraction

b (10-3)+20+4 BIDMAS
=7+20+4 Brackets first
=7+5 Then Division
=12 Then Addition

b (10-3)+20+4

Brackets first | e Operations in brackets are

completed first.

Then .
Indices

Numbers raised to a power
(index) are done next (you will
learn about this later).

\. J

Exercise 1Y

1 Work out:
a 8+2X10 Bl — s
c 4%X4+43 dl 715 = 5
e 15—-3XS5 i e |
g 3+4X7 h "10-8X5
i 5X9+ 7100
2 Work out:
a 17—3x5+2
b 3X5+2X4
B N |
d 40+4+9X6
e 15— 24 =3+ 12
R e
g 15—-2X3X2
hi =6 -FE9xX 2 =3
i 8—-—4X8+35
3 Work out:

a 8-3)X3B+2)
b (27 +33) + (25 — 19)



- "o Q0

5+ (7T—4)x4

26— 10 X (9 — 7)
(11+9)+5+13
35 = (17125 +2
2X(3+1) X2

D4 (& — )X
10— (3 +2) x4

m Write brackets in these to make them correct:

a
b
c

6+ 4 x10= 100
313 =0 =7
100 — 10 X 6 — 4 = 80

@ When working out the answer to
15 — 2 X 4 + 2, Maahes has made a mistake.

I5—2X4+2
=15—-8+2 Multiplication first
=15 - 10 Then Addition
=35 Then Subtraction
‘What mistake has he made?

I3 Work out:
a 7+ —4HX4—-—09+5+7
)0 wEie (b Sl Bl A
c (I0-4X)+@CX2+3H)X(A0—-2X4)
d 29-(3+9+2)x4
e 3+8X(15—(10-3)

1 Number and calculation 1
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(Consolidation
Exercise 1
1 Write these numbers as decimals.
G b - e =
10 10 100
d 13 e 13

2 Copy the number line and place on these
decimals.

Liilinie v g )t )

0 0.5 1 1.5 2 DS 3

a 03 b 12 c 06
d 29 e 1 f 20
g 045 h 1.65

3 Find the largest of these pairs of numbers.
a 02014 b 032,04 ¢ 0.1,0.03

a Who won the race?
b Who came last?

4 Write these numbers in order of size, ¢ How much faster was Campbell than
smallest first. Felix?
a 03,017,02,3 b 16,007 1508 d The World record in this race was held by
¢ 0.48,05, 1,802 Florence Griffith Joyner at 21.34 seconds.

How far outside this time was the third

5 Read the value on each scale.
place runner?

a b :_?I9 7 Work out;
= a 23x10 b 1.7 X 1000
E ¢ 81.2 <100 d 14+ 100
E-38 e 003X1000 £ 07x10

¢ T f_ g0 2610 h 152.3 = 1000

2.0 2.1 22 = i 423 X100 i 9.142 X 100

—37 k 32+ 1000 1 75.64 + 10
§— 8 Copy and complete this diagram:
—36

6 The times of eight athletes in the women’s
200 m race at the Olympic games were Q @
+ 100

x 10
Lane 1 Kim Gevaert Belgium 22.84 sec +10
lane 2  |lvet Lalova Bulgaria 22.57
Lane 3 Allyson Felix USA 22.18
lane 4  |Veronica Campbell Jamaica 22.05 x 1000

Lane 7 Muna Lee USA 22.87
lane 8 | Debbie Ferguson Bahamas [22.3

x 100
Lane 5 Abiodun Oyepitan Britain 22.87 = 1000
Lane &  |Aleen Bailey Jamaica 22.42




9 Copy and complete:

a
Cc
e

14xO=14 b
O+100=241 d
X 100 =2 f

3.81 X [0 = 3810
12.7 + 0= 00127
0.61 + [J = 0.061

10 Round these numbers as shown:

-k "0 Q0T 0

Ll

985 to nearest 10
1.746 to 1 d.p.

34526 to nearest 100

234814 to nearest 1000

0.0975to 1 d.p.
14.7 to nearest 10

145676 to nearest 1000
4.05 to nearest whole number
58.361 to nearest whole number

22567 to nearest 100

11 Draw number lines to show and work out
these additions.

a0 2t b 4+6 ¢ 3 -F
d 2+ 6 e 2+ 3 f 6+ 5
£ h 9+4 i 4+ 74
j 8+ 4

12 Use a number line to work out these
subtractions.
a 5-2 b 6—-3 € Si=3
d 4-6 e 2—6 f 8—-1
g 3-8 h 7—-12 i 2-9
i 2-9

13 Work out:
a 5+ 6 b 11+ 715
c 11 -—16 d 23— 32
L s e f 6+ 83
E O h 13+ 17 — 28
i 214 + 385

14 Calculate:
a 3-— "2 b 5—73
e s — g d 3—°9
e f 6-—- 77
g 3R h 33
i 14—-"7 j 77— 14

15 Work out:
a 5+ 3-2 B iE—a =
c 3 — 3 d 6—-4-—- 4
e 44+6-28 f 7— 6+4
g 2+6-— "4 RIS )
i 14-17—-11 j 8+ 9- "4
k 8-7+ 6 1 23-—-41—- 19

1 Number and calculation 1

16 The temperatures in four towns on 1st

December were as follows:

Town Temperature (°C)

Cairo 23
Moscow -14
Calgary =5

Abuja 31

oo

What was the coldest town?

How much hotter is Abuja than Calgary?
How much colder is Moscow than
Calgary?

Write the towns in temperature order,
starting with the hottest.

17 Using the data in Question 16, find the
temperature on 2nd December if the:

a
b
c

temperature in Cairo fell by 3°C.
temperature in Calgary fell by 6°C.
temperature in Moscow rose by 2°C.

18 Copy and complete:

a
b
c

d

e

14 X9 =90X[]=126
M+59+66=34+0+0=010
29X 2+10)=29xO+29x0=
O+ 0=O

1035 + 23 = 455045 X 23 = [Jand
10350 =0

511 — 327 = 184 s0 184 + [] = 511 and
51100 = 327

19 Use inverse operations to copy and complete:

a
c

]+ 87 = 143
O —82 =241

b O+12=9
d (OX8=096

20 Use the laws of arithmetic to help make these
calculations easier.

a 58+39+42 b 25 X2X48 X2
c 21 X (100 + 3)

21 Work out:
a 9+3x5 b 20—-15+35
€ 3-4x6 d 14—-7+1
e 2X74+33+3Ff 15—-16+-2—-10
E 4+5%X9+3 h 124+({7—-5)x%X10
i (48 +52)+ (28 —3)
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Summary

You should know ...

1 A decimal is a way of writing a number using place values of tenths,

hundredths etc.

13.5 8
1 ten— " N8
3units/ )\% mn

2 A decimal can be shown on a number line.

S T O T T T T

T
1

2.03 2.07 2

3 You can use a number line to compare the size of two decimals.

i} P
0 0.5 1

(.25 is smaller than 0.8

4 When multiplying by powers of 10 all digits in the number
move left depending how many zeros there are:

241 X 10 = 24.1
241 X 100 = 241
241 X 1000 = 2410

5 When dividing by powers of 10 all digits in the number move right

depending how many zeros there are:
321.7 = 10 = 32.17

321.7 = 100'= 3217

321.7 = 1000 = 0.3217

Check out

1 Write the value of the
underlined digit.

a 0.68 b 32.61
c 0.0Z d 403.128
c 1.302

2 What numbers are
represented by the
letters A, B, C, D on
the number line?

T S T S N T N W Y

164 44 17}
A BC D

3 For each number pair,
write the larger number.

a0305 b31l6
c 03,029 d 0.93,1

4  Work out:

a 8.6 X10
b 2.6 X 1000
c 125 X 100
d 1.045 X 100
e (.07 X 1000
f 0.3 X10

5 Work out:
a 4.6+ 10
b 232.6 + 1000
c 91.3 + 100
d 5.3+ 100
e 12 = 1000
LAl5 20 =)
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Numbers can be rounded by using the following rule: if the next
digit is 5 or more round up, if it is 4 or less round down.

Round 48653 to nearest hundred:
The figure in the tens column is 5 so round up.
48 653 to the nearest hundred is 48 700

Round 12.432 to 1 d.p.:

The figure in the second decimal place is 3 so round down.
12.432to 1 d.p.is 124

Negative numbers are numbers less than zero.

T == = F o T T T T Tam |
e Eah s el e B e | S

]
<—— Negative numbers e Positive numbers —

Numbers to the right of another number are always greater.
For example:

~1is greater than 2
3 is greater than 5

A number line can help you add and subtract numbers.
For example:

a /\ 2+5=3

Adding a negative number is the same as subtracting
a positive number.
For example:

S e T Fee ]

-3 50 move
e 13 to the left

N

6 Round these numbers
as shown:

a 431 to nearest 10
b 2.489 to 1 d.p.
¢ 92146 to nearest 100

d 12.975 to nearest
whole number

e 574516 to nearest
1000

7  Write down the smaller
number in each of
these pairs of numbers:

a6 3 b 2,4
c 8,79 d 3,5

8 Use a number line to
work out:
a 3+4
b 4-2
c 6+2
d3-5
ed—-17
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a Subtracting a negative number is the same as adding
a positive number,
For example:

6— 2=6+2 =8
5—-—"4="5+4 ="1
b More complicated additions and subtractions are done in
the same way:
For example:
LR e nl= e e
= 8+4
K

* The commutative law says when adding or multiplying the
order of doing this doesn’t matter.
eg. 2 X8=8X2=16

* The associative law says when adding or multiplying three or
more numbers you can do any pair of numbers first.
egl1+7+3=8+3=11

or=1+ 10=11

* The distributive law says when a sum is being multiplied by a
number, each number in the sum can be multiplied by the number
first then these products are added.
eg2X(7+3)=2X10=20
or2 X7+2X3=14+6=20

*  Multiplying and dividing are inverses of each other.
If5 X8 =40then4) + 5 =8and40 ~ 8= 15

* Adding and subtracting are inverses of each other.
If20 + 15 =35 then35 — 15 =20 and 35 — 20 = 15

10

11

Calculate:
ai— "2
b2-73
c 4 — 5
d 3-77
e3+"2—-74
fard A-aai—5

Copy and complete:
al4x8
=8 xO=112
b 63 + 12 + 37
=63+0+0=0
c 18 X (3 +10)
=18xOJ+ 18 x[J
=[Sl [N =0
d 812 X 13 = 10556
so 10556 + 13 =[J
and 10556 ~ [ =
e 2173 — 496 = 1677
so 1677 [ 496 =
2173
and 2173 ([ = 496

12

BIDMAS tells you the order you should do operations:
Brackets first

Then Indices

Then Division and Multiplication

Then Addition and Subtraction

20—2Xx4—-(10—-3)

SR Brackets first
=20—-8-7 Then Multiplication
=5 Then Subtraction

Work out:
al9—-—3x5

b 10+ 16 -4
€3 5 T
d —14+(8-3)X15
e 21+19)+5+14
f 21 —-7X3+1




Expressions

Objectives )

O Use letters to represent unknown 0 Simplify linear expressions, e.g. collect
numbers or variables; know the mean- like terms; multiply a constant over a
ings of the words term, expression and bracket.
equation. © HKnow that algebraic operations

© Construct simple algebraic expressions follow the same order as arithmetic
by using letters to represent numbers. operations.

.
What's the point?

The use of symbols or letters
for numbers helps to describe
relationships among variables.
For example, the speed (v) of a race
car is related to the time (t) it takes
to travel a particular distance (d) by
v=d =+ L.

I r

Before you start B
You should know ... Check in
1 The basics of algebra: 1 a Writeina shorter way:
* a+a+a=3Xa or3a for short. No need for i 4Xp
the multiplication symbol when letters are used. ii X3
This is called simplifying. iii A Xk
* g X 5= 5a (write the number first) iv aXbXc
* a X b= ab for short v 2Xd4dm
¢ b X 3 X a = 3ab for short (number first, then letters vi Ty X5
in alphabetical order) vii a X2Xb
vili 3n X 4u
ix 4t X 6r
\ e




2 Expressions

'

o .

3 X 5a = 15a

the letter)

* 2pX3g=2XpX3Xgqg
(multiply numbers first)
2X3XpXgqg=6pg

For example:
iy =3
4+"7=4—-7="3
H—"1=6+1=75

3 The area of a rectangle is length X width.

L

2 How to add and subtract with negative numbers

4 The perimeter of a shape is the distance around it.

(multiply numbers together, then write in front of

‘\
b  Simplity:
i p+tp+p+
ptp
ii G+G

iii b+b+b-5b

iv m+m-—-m—m
¢ 3x can be written as

3 X x orin full as

X + x + x. Write in full:

i 4m ii S5y

2 Work out:
a 8§+10
b 4 — 12
c 34+9
d 3-—-4
e T7-75
f "1+°8

3 Whatis the area of a
rectangle of length 12 cm
and width 8 cm?

4 Find the perimeter of the

figure.
3 cm
2 cm
4 cm
5cm
J
2.1 Expressions EXAMPLE 1 )
In maths we try to mz.:lkc things simpler by writing a Write in a shorter way: The length of a piece
as few words as possible. For example, these fsiri ith 3 i
be written in a shorter way: ko e LA
two sentences can be wrl ' ¥ b  Write in a shorter way: The total number of
3 apples and 7 bananas = 3a + 7b cakes baked if I bake two cakes for each of
_ my friends and 5 spare cakes.
e ¢ What sentence could go with: 4h7?
We have used the letter a to represent apples, the letter .
b to represent bananas and the + symbol to replace the a Use the letter s to represent the unknown
word ‘and’. The process of using letters to represent variable length of the string in cm.
unknown numbers or variables is algebra. s — 3 represents the length when the constant
A constant i bol which al h 3cm is cut off.
constant is a symbo’ which a'ways means the b Let frepresent the unknown number of

same thing. For example 9 and 7 are constants.
* A variable is a symbol which can represent
different numbers.

friends.
2 X for 2frepresents 2 cakes for each of
my friends.




2 Expressions

AR

2f + 5 represents 2 cakes for each of my
friends and 5 spare cakes.

¢ If hrepresented the unknown number of
horses in my field and 44 means

4 X h which could represent the number of
legs on all my horses.

~

EXAMPLE 2 ) N\

J

Exercise 2A

1 Write in a shorter way:

a The length of a piece of string with 4cm
cut off. Let s represent the unknown
length of string in cm.

b The total number of apples I am going to
buy if I buy 2 apples for each of my
horses and three spare apples. Use & to
represent the unknown number of horses.

¢ The number of text books needed in my
class if the students are sharing text books
in pairs. Let n represent the unknown
number of children.

[2]A pencil costs m cents. A pen costs n cents.
Match each expression with the correct
amount in cents. The first is done for you.

4 — 4n
The total cost of
4 pencils . "
The total cost of I:l
4 pens and 4 pencils
4n
How much more
4 pens cost than 4n — 4m
4 pencils
4m — 4n
The change from
$4 in cents when 400 — 4n
you buy 4 pens
dn + m

H Write a sentence to go with the following:
a pt5 b 3t
c 7-m d 3f+1

We can also work out areas of rectangles and
perimeters of shapes using algebra. We do this when
we have unknown side lengths.

e = y,

Find the area of the rectangle.

T

2q

l

Area = length X width
=3p X 2q
=3XpX2Xg
=3X2XpXyg

Exercise 2B

1 Find the areas of the following rectangles.

a b
S(T:m l
~——6cocm— l J,

— 2 —

— 2y —

e f
3Trz 4L

=S : l

~——5p

2 Find the perimeter of the following shapes.

a —a— b

a

I } )
| (I
d b/

7 /

-——

-—

C A



2 Expressions
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An algebraic expression is one which contains some
letters instead of numbers.

You have been finding expressions when writing things
in a shorter way.

Forexample x + y, 4p, and 2m + 3n — 3¢ are expressions.

Exercise 2C covers working with expressions and
how expressions change when you change units
(e.g. from weeks to days).

EXAMPLE 3 ) N\
How many days are there in:
a 4 weeks
b 9 weeks
¢ x weeks
d 5Sx weeks?
a Inone week there are 7 days

In 4 weeks there are 7 X 4 = 28 days

In 9 weeks there are 7 X 9 = 63 days
In x weeks there are 7 X x = 7x days
In 5x weeks there are 7 X 5x = 35x days

(aoo

Exercise 2C

1 How many millimetres are there in
a lcm b 6cm ¢ xcm?

2 How many seconds are there in
a 1 minute b 5 minutes
€ x minutes?

3 How many legs have
a |1 person b 7 people
¢ x people?

Izl How many cents are there in
a 4dollars b 15 dollars
¢ xdollars d 3xdollars?

IEI If one cricket team has 11 players, how many
players are there in
a 2 cricket teams
b 5 cricket teams

¢ yteams
d 4y cricket teams?

IEI How many centimetres are there in

a 06 metres b 16 metres

€ X metres d 8x metres?
How many days are there in

a 2 years b 10 years

€ yyears d Sy years?

A week has 7 days. So in x weeks and 3 days
there are 7x + 3 days.
In the same way, write an expression for the
number of

days in x weeks and 4 days

days in y weeks —5 days

days in 2y weeks

months in x years —3 months

months in 2x years +5 months

months in 3x years — 11 months

cm in z metres — 30 centimetres

cm in z metres +40 centimetres.

M 0o 0o

g

Adam is 7 years old. How old will he be

in 3 years’ time? How did you get your

answer?

b Waluyo is y years old. How old will he be
in three years’ time?

¢ Johnny is p years old. How old will he be
in 5 years’ time?

d Lintang is m years old. How old will she

be in n years’ time?

@ a Sohan got $5 from his father and $8 from
his mother. How much did he get
altogether? How did you get your answer?

b Avtar got $10 from her father and $d from
her mother. How much did she get
altogether?

a A carcan hold 5 people. How many
people can fit in 6 such cars? How did you
get your answer?

b How many people could you fit into y
cars?

¢ If a bus holds 48 people, how many
people can fit in 7 buses?

a Steve has $10. He wishes to share it
equally between his 5 friends. How much
does each friend get? How did you get
your answer?

b June has $d. She wishes to share it equally
between 3 friends. How much does each
friend get?



Ambrose has $14. Peter has $6 less than
Ambrose. How many dollars has Peter?
How did you get your answer?
b How many dollars do Ambrose and
Peter have altogether? How did you
get your answer?
¢ Len has $x. Tom has 10 dollars less than
Len. How many dollars has Tom?
d How many dollars have they both together?

2.2 Simplifying

Parts of an expression are called terms. 7a is an
expression with one term and 5x — 2y is an expression
with two terms. We separate terms with + or — signs.

The starting term is positive if it has no sign in front of it.

This is an algebraic expression with three terms:
3a + E‘Ef Sc¢
These are the terms.
Like terms are terms which have the same letter or

letters. They can be collected together by adding or
subtracting. We can only collect together like terms.

For example, 6x, ~2x, x, %x are all like terms because
they all contain the letter x and only the letter x.

EXAMPLE 4 ) N\

Underline the like terms from the lists. Include the
sign on the left if there is one.

a 4x 3, x, 2y, 3xy, Sx

b 3xy, 4m, “xy, 2, Syx

a 4x 3, “x 2y, 3xy, Sx: these are all like terms as
they all have the letter x only

b 3xy, 4m, “xy, 2, Syx (since Syx can be written
as Sxy): these are all like terms as they all

2 Expressions

3 Jasdeep says these are all like terms:
3r, —r, 100r, 2R, %r

Jasdeep is wrong. Which term is the odd
one out?

I3 Copy the boxes
below. Tick (¥)
which pairs are

Hint: 1 you don't know
what x* means look
ahead to Chapter 4.

like terms xp means x X x X p
4x%p , 0.4x%p 4xp , 3pa?
3vix . Saly 3xH, 4y33

In an expression, you can collect like terms:

6x + 2y +x + 3y

// B
These are These are
like terms like terms
= Tx + S5y

so bx + 2y +x + 3y = Tx + 5y

To simplify an algebraic expression you have to
collect like terms.

EXAMPLE 5 )

contain xy.

\. J

Exercise 2D

1 Copy these lists and underline like terms:
a 4p. Sy, 4x, 2y, 6xy, "y

b 4% 1, i—r, Tst, 5, 400t

¢ Tx, 3, 40xy, “yx, 8y, Sxy

d x7,2y,8,4p,71,0.2

2 Match these terms into pairs of like terms to
find the odd one out:

ab cab bc ac acb c¢b ba

When rearranging the order,
the sign to the left of each
term stays with the term.

Simplify:
a 9-Tt+2

b 5a+2b—3a+6b—a—b —
¢ Zx+4y—-6—5y—x+3

a 9—Tt+2t=44
b S5a+2b—3a+6b—a-—b
=85 —3a—a+2b+6b—10>

=a+7b Numbers are
also like terms

€ 2Zx+4y—-6—5y—x+3
\_ =x—y—3 .

=2x—x+4y—-5y—-6+3
An equation is different from an expression. An
equation contains an equals sign. The equals sign
shows that the expressions either side of it are equal to
each other.

x+ 1 =2or40 = 3x + 5 are examples of equations.

You will learn more about equations in Chapter 8.



2 Expressions

Exercise 2E

1 Simplify:
a 3p+2p+5p
b 55+ 8s — 4s
¢ 15t — 3r+ 8¢
d 6]+ 141 — 9]
e 4dm+m— 8m

2 Rearrange these expressions by putting like
terms together, and simplify.
a 2at+b+a-3b
b x+ 3y +2x — 4y
C 2z 3fEohf—5

3 Simplify:

d4a + 2b + 3a + 4b
atb+2a-0>

(Ehint S 6= Rdaa |

2p—3q —p+4q
=310y B Sxi— 3y

A 2o bbb P —p

i P e R e R S
m+4n —4p+2n+p—2m
Sxiek VS =0 e =
14—4x + 3y —2 + 6x — 2y

—_——T 0 a0 T o

4  From the boxes below write down which of
these are equations rather than expressions:

| | | |
| | | |

5 Copy out the boxes below. When these
expressions are simplified tick (v') which of
them are equal:

| ||

b 4h
- + 2a
c
Tt
d }
* Fdx+5
2x
[el .
2x+ 6 5
xX+5
[f] h=4
k|
k+8
e

8 Copy and complete this diagram with four
more equivalent expressions to 3p — 4q.

Add together tpm, mitp and ptm

Write an expression for the perimeter of these
shapes (the distance around the edge).
Simplity your expression where possible

2p—2g+p-—-2q

p—6g+4p +2¢—2p

9 Copy and complete:

a 6r+[0—2r+ds=4r+7s

b O-2g—2p—qg=2p—3¢q

¢ 2m—4w—[—[0O="4m — Tw

d 206+ 15y —17x+O0-O=6x+y




10 Maraim has made some mistakes in her
homework. Which are wrong? What should
the answers be?

a 12+ 2x = l4x

b 4p-3p=1

¢ 10x—2y+5x=10x—5x+ 2y
=3x+ 2y

d 4+3p—2=3p+4—-2=3p+2

@ a To complete the pyramid shown, each
block is found by adding the two blocks
below it. The second row of this pyramid
has been completed for you. What goes in
the top block? Simplify your answer.

+
A3

4x + 2

4)c/zr \ 2 / ‘\3):

b Fill in the missing blocks in this pyramid.
(Hint: Simplify all expressions and put
the terms in alphabetical order with spare
numbers at the end e.g. 2x + 3y + 4,
not 3y + 4 + 2x)

15y%

—18x + 9y

Bx+y+ 8

—6x + 3y

2 Expressions

This also applies with algebra

eg SXx+9)
=5Xx+5X9
=5x+45

Usually 5 X (x + 9) is written without the multiplication
signas 5(x + 9)

The process of multiplying out the brackets is called
expanding.

EXAMPLE 6 ) k.

Expand the brackets.
a 5(6x — 3y)

b 43p —g+5)
c 24y —8)

a S5(6x—3y)=5xX6x—5X3y

30x - 15y

b 43p—g+5) =4X3Pp—-4Xg+4Xx5

12p—4g + 20
c 24y —8)
24y —8)=2X4y—2xX8=28y-16

The negative number
outside the brackets
changes the sign of
every term inside
the brackets

\. y,

then "2(4y - 8) = "8y + 16

26x

2.3 Expanding brackets

In Chapter 1 you learned about the distributive law.
The distributive law says that when a sum is being
multiplied by a number, each number in the sum can

be multiplied by the number first, then these products
are added.

eg. 4X(T+3)=4X10=40
or 4XT+4X3=28+12=40

This also applies when finding a difference

eg. 2X(7T—-3)=2%x4=38
or 2X7-2X3=14—-6=8

In Example 6, part ¢ can be completed a difterent way.
If you are happy multiplying with negative numbers
then:

“2(4y — 8)

2X4y—"2X8
8y — 16
“8y + 16

If you are going to do it this way do not forget that
multiplying by a negative number reverses the sign of
the number you are multiplying. A positive number
becomes negative and a negative becomes positive.
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Exercise 2F
1 Expand the brackets.

a 3x(p+q) b 5Xx(p-g)
c 4x(+m) d 3(x—y)
e 6X(r+s) f sx(1—m)
g 8(p+5q) h 9(2x+y)
i 3(2x+5) i 53y -2)
k 7(p + 3q) I 4(2u — 5v)
2 Expand the brackets:
a 52x+y-7) b 4(5m-8t+1)
c 1l(l—-x+4y) d 84m— 3+ 9n)
3 Expand the brackets:
a 3(2x+4) b 32x+4)
c J(10r-1) d 7(10t-1)
e 10(llp-3) f “10(1lp-3)
g 48-2x+y) h 4@ -2x+y)

EI Copy and complete:
a 6(10m-[])=60m—06
b [4x+3) =8x+6
¢ [@8x+3) =56x+21
d —-5Clx-4)=-25x+ 20

In Chapter 1 you learned about the order of operations
and how they apply to numbers:

Brackets first BIDMAS tells you
the order in which
you should do

operations.

Then Indices
Then Division and Multiplication
Then Addition and Subtraction

The same rules apply to algebra.

EXAMPLE 7 ) N

Simplifya 4x+ 2 X 3x + 8x
b 4r+ 5Gp + 26 — 4p
c 6(2x —y) —3(5x + 2y)
a 4x+2 X 3x+ 8
=4x + 6x + 8x
= 18x

Multiplication first

Then Addition to

simplify

b 41+ 53p + 21 — 4p  Expand Brackets first
=4t + 15p + 10t — 4p Then Addition and

=14+ 1lp Subtraction to
simplify

¢ 0(2x — y) —3(5x + 2y) Expand Brackets first
= 12x — 6y —15x — 6y Then Subtraction to
="3x — 12y simplify

Watch out for this red minus sign. Most
people forget to change both signs when a
negative number s outside the brackets!

\ J

Exercise 2G

1 Simplify:

b
c
d

= 0 =

J

3(x + y) + 7(x + y)

6(p +q) + 5(p + q)
5(r + 2s) + 3(r + 5)
3(2r — 25) + 4(r + 3s)
7(q — 4p) + 6(2g + 5p)
4(3x — 2y) + 6(3y — x)
7(3 — 22) + 3(z — 2)
14+ 3(y +4) — 2y
7p+6(4—2p)—7
3(x+2)—4+4x—y)

[k] 3 (49x + 7) + 3 (64x + 8)
[1] 5(6x + 2) + 3(25x — 10)

2 Simplify
a 4(2x+y) — 3(5x + 4y)
b 8—G—4)—2x + 36 —x)
c 2w+ 7X8w— 50w
d 3(4x — 5y) — 2(7x — 3y)
e 10(3p— 8t)— 5(2p — 51)
f 6(2m—5p+q)— 5(5m+ 2p — 3¢q)
g g—(h—2¢ +6X3h—5g
h 7r+10—-22r+3s—50)+2@s—0+35

3 Write an expression for the area of these shapes,
expanding and simplifying where necessary.

x+35

3b-4

3x + 8

x+3




10

3x+2

Write an expression for the blue shaded area.

n Pair up equivalent expressions to find the odd
one out.

3—2(4x+3)

4-32-7x)+ 30

Exercise 2H - mixed questions

1 Simplify:

By 1 x - Bx

Ox + 3y +y — 2x
10n+8 +2m—3n—1
S5x X 3y

3m + 6 X 9m — 40m
2+8p—2X5p+20p—6

=0 anon

2 Expand and simplify where necessary
4(1 + 3w)

52— 3)

3(4t — Ss) + 4(8t + 5)

6(y —4) — 23y + 1)

15+ 4(x — 8) + 3x

1 —(4x—3) + 2x

=00 Q0o

3 Write an expression for the number of
a centsin$d + p cents
b daysin 3x weeks + 5 days
¢ metres in k kilometres + s metres.

4 a Write an expression for the perimeter of
this shape:

2a 4

2a

2 Expressions

b  Write an expression for the area of this
rectangle.

r+4

5 A man walks 2z km on the first day, 8 km on the
second day and (z + 3) km on the third day.
How far does he walk in three days?

@ In a test Matt got 15 more marks than Nana,
who got x marks.
a How many marks did Matt get?

Percy got y marks more than Matt.

b  How many marks did Percy get?
¢ How many marks did the three have
altogether?

E Lorne buys 5 books at x dollars each, and y
books at 7 dollars each.
How much does she spend altogether?

Write an expression for the perimeter of

this shape:
3p
5p 6p
5p 3p
[9] Find the area and perimeter of this shape:
2x+10
8 3x

(7S]




2 Expressions

(Consolidation

Example 1

Simplity the algebraic expressions

a 3a+b+b—a+4b b 6a X 4b

a 3at+tb+b—a+db
=3a+2b—a+ 4b
=3a—a+2b+4b
= 2a + 6b

b 6axX4b
=6XaxX4XxXb
=24 XaXxXb
= 24ab

Example 2

How many hours are there in
a xdays b p weeks g days?
a There are 24 hours in 1 day so there are
24 X x hours = 24x hours in x days.
b Number of hours in a day = 24
Number of hours in a week = 24 X 7
= 168
Hours in p weeks gdays = 168 X p + 24 X g
= 168p + 24¢q

Example 3

Write expressions to represent these situations.

a Rhoda scored 17 marks on her first maths test and
x marks on her second test.

b  The perimeter of arectangle of length 5 and width y.

a 17+«x

b Perimeter is the distance around the outside of a
shape
=5+y+5+y
=10+ 2y

Example 4

a Expand 3(4x — 5)

b Expand and simplify 3(4x + y) —5(5x —2y)

a 34x—5=3X4-3X5=12x—15

b 3(4x + y) —5(5x —2y)

= 12x + 3y —25x +10y Using BIDMAS expand

“13x + 13y Brackets first
Then Addition and
Subtraction to simplify
in any order

——

Exercise 2

1 Simplify:
a b+b—a+a+b
b 3a—2b+4da+ 6b

c 6a X 12b
2 How many minutes in
a 3 hours b xhours
¢ 1day d ydays
e 2 days x hours f ydays 14 hours

g ydays.x hours?

3 What is the total value of

a 6 35 notes

b x $5 notes

¢y $20 notes

d y $20 notes and 6 $5 notes
e x 35 notes and y $20 notes?

4  Write down the perimeter of these shapes.
A 7

y+1

3p w—5

2p+4

5 Write down the area of these rectangles.

r+2



2 Expressions

6 The bus fare from the coast to the city is $9 e 10+2(R—-7)—-3R
for adults and $5 for children. f 40— 4(8n+ 6) — 2n
a What is the bus fare for 3 adults and g 23c—4b+d) —3(3c+2b—4d
2 children?
b  What is the bus fare for d adults and B Write an expression for the green shaded area:

c children?

7 Expand and simplify where necessary
s D g

b —-6(3T + 5)
¢ 4(3x — 2y) + 4(x + 4y)
d 7@m—-3)— 9%y —1)

 Summary \

3x+ 5

You should know ... Check out
1 You can add, subtract and multiply symbols. 1 Simplify
For example: a 2a+ 3a-—2b
x+x+tx+y +y =3xXx+2 Xy =3x+ 2y b 5x X 2y
2 You can write an algebraic expression to describe a situation. 2 a Mary has $2x and
For example: Lilly has 7 dollars
John is 4 years old. In d years time, John will be more. How much
4 + d years old. money does Lilly
have?

b Susie shares r cakes
among her four
friends.

How many cakes
does each child
receive?

3 An algebraic expression is one which contains some letters 3 a How many terms are
instead of numbers. there in these
For example: expressions?
3x + 2y, 4m, and 5p + 23g — 3 i 2p—4dr+5
il 0.6x
Are the following
expressions or

Parts of an expression are called terms. b
For example:
3x + 2y, is an expression with two terms.

equations?

Like terms contain the same letters i 4b-2

For example: ii 8x=3
3p, —2p and p are like terms iii 4A +W

¢ Copy this list and

An equation contains an equals sign to show that the b st i

expressions either side of it equal to each other.

2 i ferms:
or exampie: 1
g A ST
B I, K, o




2 Expressions

P
0 4  You can expand brackets and use the order of operations with 4 Expand

algebra. a 10(4r—3)
For example: b “3(1 — 4x)

= iy 0 sk ¢ 2(5t—4f) +

=10 — 6x +12 + 3x 4(2t + 3f)

—22 — 3x d 20— 3(5W +2)

— 4W
5 Work out
5 You can work out the area and perimeter of shapes with i the area and
unknown side lengths. ii the perimeter of
For example: these rectangles:
a
6 2
2x+5 8p
The area is length X width = 6 X (2x + 5) b
6(2x+5)=6X2+6X5=12x+30 A
The perimeter is the distance around the outside dy—1
=6+2x+5+6+2x+5=4dx+22
\




Shapes and constructions

© ldentify, describe, visualise and draw
2D shapes in different orientations.

© Use the notation and labelling
conventions for points, lines, angles
and shapes.

© Name and identify side, angle and
symmetry properties of special
quadrilaterals and triangles, and
regular polygons with 5, 6 and 8 sides.

© Recognise and describe common
solids and some of their properties,
e.g. the number of faces, edges and
vertices.

\_

O Use a ruler, set square and protractor to:

— measure and draw straight lines to
the nearest millimetre

— measure and draw acute, obtuse and
reflex angles to the nearest degree

— draw parallel and perpendicular lines

— construct a triangle given two sides
and the included angle (SAS) or two
angles and the included side (ASA)

— construct squares and rectangles

— construct regular polygons, given a
side and the internal angle.

N

What’s the point?

Wherever you look you will see angles
and shapes. Your classroom may have
a rectangular board, the hands of a
clock make angles, food comes in
boxes. Architects are just one group
of professionals who use angles to
design buildings of various shapes.

.

Before you start

You should know ...

1 About whole turns,
half turns, quarter
turns, three-quarter
turns, clockwise and
anticlockwise.

- turn
clockwise

For example:

Check in

1 a Copy and complete: P
After turning a half turn
clockwise from P, the §

arrow will point to [J.




3 Shapes and constructions

2 A right angle looks like this:

3 How to measure lines:

A B

0 1 2 5 4

The line AB = 3.6 cm

4  Parallel lines are always the same
distance apart.

.

b Copy and complete the table:

After turning The arrow will
clockwise from P | point to

i aquarter turn

ii a whole turn

iii a three-quarter
turn

Which of these shapes contain right
angles?

a|:| bO cA dh

a Measure these lines:

b Draw a line 6.2 cm long.

Which of these shapes have parallel lines?

anDcﬂdD

J

3.1 Lines and angles
Lines can either be straight or curved.

Straight line

oo Curved line

Two straight lines intersect in a point.

point

We usually name points with capital letters. These two

lines intersect at point F.

A straight line that extends from a point is called a
ray, or often just a line.

. > Tay

Two rays and the point where they meet form an angle.

¢ Anangle is a measure of turn.

Two rays that do not meet are called parallel rays.

S
[ —



Exercise 3A

1 Look at each pair of rays below.
Is an angle formed? Explain.
a b

2 Write down the number of angles you can see
inside each of these shapes.

3  Write a list of five objects, from school and
home, that contain angles.

Naming angles

The usual way to name a line is to use the letters at the
end points of the line.

A line joining two such points is called a line segment.

The picture shows the line segment AB.

A B

In the drawing below, the line segments AB and AC
meet at the point A. An angle is formed.

A small curve is drawn between the lines to show the
angle we mean.

3 Shapes and constructions

The angle is called angle BAC, or angle CAB.

The letter at the point always goes in the middle.
Angle BAC is usually written in a short way as BAC,
or ZBAC

In the drawing below, the lines XZ and YZ meet. The
angle we are looking atis XZY, or just Z

-

Labelling shapes

To label a shape we use the points around the outside.
This rectangle is called shape ABCD.

A D

B C

List the points in order.

Exercise 3B
1 Which of these are correct names for the angle

below?
a QRP b PQR ¢ RPQ
d ROP e PRQ

R
V
Q
2 Write down the names of the lines that meet
and the name of the marked angle in each

diagram.
a ¢ b I
Z—/— M<<
D E N
c x d R
V4



3 Shapes and constructions

3 Label these shapes using the points:

1 1
a G ] Between a ; and a 5 turn
is an obtuse angle

1
More than a 5 turn
B E but less than a whole turn
is a reflex angle

((B) activiy |

Z You can construct an angle maker like this:
< plain coloured

white card
card
Cut out two
circles.
Cut a slit from
the outside to
the centre of
each circle.

Slide the circles
together so the
centres meet.

Some special angles

You can classify angles by the size of the turn:

(Gl

A complete turn

W

Rotate your angle
marker to show
different angles.
Name each angle
you make.

A % turn is a
straight angle

(0

Exercise 3C

1 Whatis the name of the angle formed at the
corner of this page?

A i turn is a right angle

2 Tear off a corner from a sheet of paper.

1 .
Less than a 3 turn is an
acute angle

PrO@




Use your square corner or right angle to find the
number of right angles inside these shapes.

3 Draw shapes that have:

©c a0 oo

two right angles
three right angles
four right angles
five right angles
six right angles.

4  When two lines meet to form a right angle,
they are called perpendicular lines.
Look at the shapes. Identify the lines that are

a
b

perpendicular
parallel.
A B
D C

H G
E F
N M

L K

3 Shapes and constructions

5 Look at the set of angles below.
a Which angles are right angles?
b  Which angles are straight angles?
¢ Which angles are acute angles?
d Which angles are obtuse angles?
e Which angles are reflex angles?

A set of angles

—
AR

3.2 Measuring angles

About 3000 years ago, the Babylonians thought of a
good way to measure angles.

They divided a complete turn into 360 equal parts
because they thought there were 360 days in a year.

viii

Each of these equal parts is now called a degree.

! :
30 of a complete .turn is a degree.
One degree is written as 1°.



3 Shapes and constructions

J Measuring angles accurately —
: using a protractor
To measure angles accurately, we use an instrument

with the degrees marked on it called a protractor.

a quarter turn = 90° a half turn = 180°
centre point, O
th ter tu 270° hole tu 360° ! O \
fee-quarter turm = one whole turi = clockwise \ anticlockwise
Dividing a complete turn into 360 equal parts helps scale Bl scale

you make good estimates of angle size.
You should estimate the size of an angle before measuring. ~ There are two scales; both read from 0 to 180°.

To decide which scale to read, check if the angle is

EXAMPLE 1 ) "\ larger or smaller than 90°.

Estimate the size of these two angles.

EXAMPLE 2 ) N

a b
/ \V\ Measure the angle ABC.

a This is less than a :'I-turn or 90°.

It is about 50°.
b  This is more than 90°, but not much more.
- It is about 100°. F

C

Put the protractor on the angle as shown. Make
sure that the centre of the protractor, O, lies on the
point B of the angle and that the baseline lies on BC.

A
Pt ; g

'?n. BN,
Forgotten all about angles? Have a go at the Kung £ &
Fu angles game in The Maths Zone at the website - |2 “[Eg C
www.woodlands-junior.kent.sch.uk O
Start at level 1. Level 3 is for experts! AEC is less than 90°. so we can use the
If you prefer something easier, try the Alien Angles anticlockwise scale.
game at ABC = 55°
www.mathplayground.com \_ ¥

(Click on the ‘Estimating Angles' link on the
home page.)




3 Shapes and constructions

The position of the angle does not matter:

B g
37°
A

Just place the baseline on AB and make sure O lies on

the corner of the angle B. The larger angle is then 360° — 37° = 323°,
An angle larger than 180° can easily be drawn by
splitting it up.

G Measuring reflex angles is easier if you have a full

360° protractor like this one:

ABCis larger than 90°, so we use the

anticlockwise scale.

ABC = 144°

(A clockwise scale reading would be 36°. This cannot
be correct as the angle is larger than 90°.)

5 &
tE
es

710

=0

Angles larger than 180°
This angle is larger than 180°.

You can use the same method as for angles less than
180°. Place the centre on the point and make sure 0
lies on one of the lines. Then use either the clockwise
or anticlockwise scale just as you did before.

= An angle larger than 180° but smaller than 360° is

called a reflex angle. .
. Exercise 3D

Your protractor cannot measure such a large angle. A

Estimate, then measure the size of
Instead you first measure the smaller angle.

these angles.

The two angles must make a complete turn or 360°.



3 Shapes and constructions

b Copy and complete the table for the

AN
\

angles in part a.

Angle

Estimate

Actual size

iv

2 Repeat Question 1 for these angles.

X

iv

3 Using aruler and pencil, draw an angle you

think is:

a 10° b 30° c 60°
d 80° e 105° f 130°
g 145° h 280° I35

Now measure your angles. Did you
guess well?

4 Measure the angles in these diagrams:

d
ﬂﬂ

Yy P

&

IE From the angles you measured in Question 4:

Look at angles a, b and ¢. Do you know
what they should add up to? What do
yours add up to?

Look at angles d, & and f. Do you know
what they should add up to? What do
yours add up to?

Look at angles i and f. What do you
notice?



3.3 Drawing angles

A protractor can be used to draw angles as well as to
measure them. You will need a protractor in this
section, and a ruler.

Drawing an angle accurately is almost the reverse of
measuring an angle.

EXAMPLE 3 ) b
Draw the angle PQR = 55°.

The drawing of angle PQR is made up of the two
lines PQ and QR which meet at Q.
First draw the line PQ.

p Q

Place your protractor with its base line on PQ and
its centre on QQ, as shown:

Mark point
R at 55°

Start at 0°, on the clockwise scale, and move
around until 55° is reached. Mark that point R.

R

557
- Q

Cina]lyjoin the point R to Q with your ruler.

EXAMPLE 4 ) B

Draw accurately an angle of 235°.
First split the angle up into a straight angle and its
remainder.

235° = 180° + 55° °
o~ o

o i

3 Shapes and constructions

The 180° angle is easy to draw.
Mark a dot on the line to position your protractor.

Now add on an angle of 55°.

Remove your protractor and join your two dots.

180°
Y

552

A total of 235°

J

You could also use your full 360° protractor to draw
the angle 235°.

Exercise 3E

1 a Draw the line XY, as shown below.

X Y

b Now use a protractor to draw an angle
ZXY of 55°.
This time, where should you put the
centre point O of the protractor?
Should you use the clockwise or
anticlockwise scale?

2 For each of the following angles, decide whether
it is acute, obtuse or reflex, then draw it.

a 60° b 78° c 335°

d 90° e 120° f 244°
3 Repeat Question 2 for:

a 177° b 10° c 212°

d 136° e 094° f 300°



3 Shapes and constructions

4

You need to be able to draw lines accurately.
Draw these lines with a sharp pencil:
a i 42cm iil 3.7cm
ili 2.1cm iv 6.9cm
b Ask someone to measure your lines to see
how accurate you were.

Measure these lines to the nearest mm:
a
b
c

Without using a ruler, draw two points you
think are 10cm apart. Now measure the
distance between them with a ruler. Were you
nearly right? If not, try again.

Repeat Question 6 for a distance of:
a 45cm b 6.2cm

Draw the line PQ = 5 %cm, as shown
below.

Qe

P
b Draw a 30° angle at P.
Your drawing should look like this:

L ]

¢ AtQ, draw a 40° angle.
Your drawing should now look like this:
R
30° 40°
P Q
d Label the point where the two lines meet R.

You have drawn the triangle PQR with
PQ = 5%cm,13= 30° and Q = 40°.

Draw these triangles in the same way as you
did in Question 8.
a Triangle PQR with PQ = 6¢cm,

P = 35° and Q = 50°.

b Triangle XYZ with XY = 6cm,
X = 60°and Y = 60°.

¢ Triangle ABC with AB = 4cm,
A =90°and B = 37°,

() INVESTIGATION |

Using a rectangular piece of paper can you make

an angle of
a 45b°
b 60°?

What other angles can you make?

.
3.4 Looking at triangles

You will need squared paper, a ruler and a protractor.

Measure the sides of each of these triangles.
Write down the measurements.

Triangle A has all its sides equal in length. It is called
an equilateral triangle.

Triangle B has two sides equal. It is an isosceles triangle.
In triangle C there are no equal sides.

It is a scalene triangle.



Exercise 3F

1 Here are two triangles.

For both triangles:

a Measure the length of each side.
What sort of triangle is it?

b Now measure each angle.
What do you notice?

2 Write down two properties of an equilateral
triangle.

3 a Cutout two triangles like the one shown
below:

A 10cm

b Tape them together carefully along the
10 cm long side.

A

10ecm

D B &

¢ Fold the triangle along AB. What do you
notice about AD and AC?
What type of triangle is ACD?

d Fold the triangle along AB again.
What do you notice about ACB and ADB?

3 Shapes and constructions

4 For both of the following triangles:
a Measure the sides. What sort of triangle
is it?
b Now measure the angles with a protractor.
What do you notice?

5 Write down the properties you have
discovered for an isosceles triangle.

6 For both of the following triangles:
i  Measure the edges. What sort of triangle
is it?
ii Measure the angles. Are any of them equal?

>
=




3 Shapes and constructions

7 Write down two properties of a scalene
triangle.

8 a Look at the triangle below.

It is called a right-angled triangle.

Can you see why?

Measure its angles.

¢ Did you find one of those angles was a
right angle?

=3

Right-angled triangles
are useful becanse
they appedr in many

other shapes.

7

9 a Make two copies on card of this
right-angled triangle.

o

Cut them out.

¢ How many different shapes can you make
using your two right-angled triangles?

d Make a list of all the things you notice

about each shape.

10 Which of these triangles are:
a right-angled
b isosceles
¢ scalene?

3cm Jcm 10em
8cm
10¢cm n
6cm
Tcm
5 9cm 9cm 9cm

st 6cm

Tecm

Triangles classified by angles

Obtuse-angled triangles have one obtuse angle and
two acute angles.

For example:

«——acute
jobluse ; ; \E ~

obtuse

Acute-angled triangles have all three angles acute.

For example:

L O

Right-angled triangles have one angle of 90°.

For example:

D\

Exercise 3G

1 These are acute-angled triangles. What kind of
angle is every angle in each triangle?

ALY

[2] Look at this triangle:

a What do the two
dashes on the
edges mean?

b What does the
little square in the
bottom left corner ]
mean?

¢ Using your answers to parts a and b, what
is the name of this triangle?




3 Copy and complete this table using ticks (v)
and crosses (). The first row has been done

for you.
Type of triangle
Triangle Angles Scalene | Right- | Isosceles
Angled
ABC | 40°, 100°,40° X X v

DEF | 40°,90°,50°
RST | 45°,90°,45°
XYZ | 45°,80°,55°

n Copy the following statements completing
them with ‘All’, ‘Some’ or ‘No’.

a .. right-angled triangles are obtuse-angled
triangles.

b .. isosceles triangles are right-angled
triangles.

€ ... equilateral triangles are isosceles
triangles.

d .. right-angled triangles are equilateral
triangles.

e ... acute-angled triangles are equilateral
triangles.

3.5 Looking at quadrilaterals
B

Look at the shapes in the set above. They all have four
sides. Four-sided shapes are called quadrilaterals.

3 Shapes and constructions

For the next exercise you will need 12 card cut-outs of
the shapes shown in the set above. Ask your teacher
for a photocopy from the Teacher Book.

Exercise 3H

1 a Divide your set of quadrilaterals into two
groups.

How did you sort them?

Sort your set using a different method.
How did you sort them this time?

oo0oT

2 a Sort your quadrilaterals into three groups.
b How did you sort them?

3 Which of the shapes have four square corners?

4 Which shapes have just one pair of parallel
sides?

5 Which shapes have two pairs of parallel sides?

6 Which shapes have two pairs of parallel sides
and four square corners?

7 Which shapes have four sides all equal in
length?

8 What is similar about shapes A, B, E and J?
9 What is similar about shapes C, K and I?
10 What is similar about shapes F and H?

In Exercise 3H you should have found that some
quadrilaterals have special properties.

Rectangles and squares
L] [

1 1

A rectangle has four right angles.
So does a square.

[ ] L]

[ 1 [l

How are they different?



3 Shapes and constructions

Be careful. This is still a square! )
4 a Measure both diagonals of one of your

All 4 sides are the squares. What do you notice?
so;;ne;'.engthtanct all b Measure the angles between the diagonals
e angles are
right angles of one of your squares. What do you

notice?

5 Repeat Question 4 for one of your rectangles.

6 a Write down three properties of a rectangle.
b Write down three properties of a square.
¢ How does a square differ from a rectangle?

Many people call it something different when the Is it true to say that all rectangles are squares?
bottom edge is at an angle like this rather than Or all squares are rectangles? Or some squares
horizontal. are rectangles?
Exercise 31 Parallelograms and rhombi
1 a Name five things that are rectangular in A parallelogram is a four-sided shape or quadrilateral
shape. with opposite sides parallel.

b Name five things that are square. D C

These
two sides

2 a Draw three different-sized rectangles and
cut them out.
b Fold one of your rectangles down the
middle.

A B

In the diagram, notice

¢ line segment AB is parallel to DC and the same
length

* line segment AD is parallel to BC and the same

e fold length.

A rhombus is a special type of parallelogram.

What do you notice?

¢ Repeat for your other rectangles. Rhombi is plural for rhombus.
What do you notice?

D C
d Fold your rectangles along their diagonal. =
- fold
A B

What do you notice? It has all four sides equal in length.

3 Repeat Question 2 for three different-sized
squares.



Exercise 3J

1 What type of quadrilateral do you see in the
photograph?

2 Give some other examples where you may see
parallelograms in or out of the classroom.

3 a Draw three different-sized parallelograms
and cut them out.
b Fold your parallelograms down the middle.

What do you notice?

¢ Fold the parallelograms along a diagonal.

1
1
1
1
1
1

“'lkfold
I.

What do you notice?

3 Shapes and constructions |

4 a Look at these parallelograms.
Co B

D A
/C\/B
D A

In each case measure the angles

i ACB,DAC
ii BAC,DCA
with your protractor.

b  What do you notice?

5 a Take a piece of paper and fold it in two.

m/fold

Fold it in two again.

=

Then cut off a comer ...

=

and open it out.

L7

b  What shape is it?




3 Shapes and constructions

6 Use your protractor to measure each of the
angles you made in Question 5. What do you

Other quadrilaterals

Two other special quadrilaterals are the trapezium and

notice? the kite.
7 D C A trapezium has just one pair of parallel sides.
—
O \
e
Trapezium
A B

A Kkite has two pairs of adjacent sides that are equal in

In the rhombus ABCD above: length.

a Measure the length of the diagonals AC

and BD.
b If the diagonals meet at O, what can you
say about
i AOandCO
ii. BOand DO?
¢ Measure the angles AOB and DOC. What Kite

do you notice?

8 Repeat Question 7 for the parallelogram
below. Exercise 3K
D C 1 a Take apiece of paper and fold it in two.

fold

A B : . .
b  With a pair of scissors make two cuts

[9] Copy the table and complete with ticks (¥) across the fold line.

where appropriate.
Properties Parallelogram | Rhombus
Opposite sides parallel
Opposite sides equal /\
and
All sides equal S % \6—" cut here

here
Opposite angles equal
Diagonals equal ¢ Unfold the triangle.

Diagonals bisect each
other
Diagonals meet at 90°

You should get a kite.




3 Shapes and constructions

) ) ) A four-sided polygon is called a quadrilateral.
2 Take the kite you made in Question 1.

a Measure each of the sides.

b Measure each of the diagonals.

¢ Do the diagonals cut each other into two
equal lengths?

d Do the diagonals bisect each other at right Quadrilateral
angles?

3 Make some more kites and repeat Question 2.

Do you get similar answers? A five-sided polygon is called a pentagon.
4 D C
Pentagon

A B
a Measure each of the angles in the

trapezium ABCD with your protractor. The easiest way to sort polygons is to check how many
b Measure the lcngﬂ] of each side of sides they have. See the table below.

fezpesium A CD, Shape Number of sides Name of shape

¢ Did you notice anything special?

IE Look at this trapezium: 3 Triangle

AN

a What do the two dashes on the side edges
mean?
b What is the name of this trapezium?

4 Quadrilateral

5 Pentagon

6 Hexagon

EHODIOEN

(L) TecHNoLOGY e
N_ez?d to review all this work about quadrilaterals? 3 Octagon
Visit
www.mathsisfun.com/geometry
Then try the Quadrilateral Quest in the Shapes 9 Nonagon
section at
www.woodlands-junior.kent.sch.uk/maths
ands-junior.kent.sch.uk/ma ) 10 Doeagon
3.6 Polygons A regular polygon is one where all the angles and

A polygon is a closed shape with 3 or more straight sides. sides are the same length,

A three-sided polygon is called a triangle. An equilateral triangle is a regular triangle:

%aﬂgle A

All the angles in an equilateral triangle are 60 degrees. @




3 Shapes and constructions

A square is a regular quadrilateral:

All the angles in a square are 90 degrees.

Three regular polygons you are going to focus on are:

00

Pentagon Hexagon Ootison
For Exercise 3L you will need cut-outs of an
equilateral triangle and a regular pentagon, a regular
hexagon and a regular octagon. Ask your teacher for a
photocopy of this resource from the Teacher Book.

Exercise 3L

1 Using your pentagon, hexagon and octagon
can you fold them in half exactly? How many
times can you do this for each shape?

2 Using your pentagon, hexagon and octagon can
you turn them around so that they fit back on
themselves exactly? How many times can you
do this for each shape? (It might help to label the
top of each with a “T" so you don’t lose count).

3 Repeat Questions 1 and 2 for your equilateral
triangle.

4 Measure the angles in your pentagon, hexagon
and octagon. Copy and complete the sentences
filling in the correct number:

a All of the angles in a regular pentagon

are....... degrees

b  All of the angles in a regular hexagon
afeis . degrees

¢ All of the angles in a regular octagon
arc. oo degrees

d Check the answers to a, b and ¢ with your
teacher. Were you accurate in your
measuring? Correct these sentences in
your book if you were not.

E Using a protractor and ruler and the method
described in Question 8 of Exercise 3E, draw
an equilateral triangle with side lengths of 4cm.

Questions 1, 2 and 3 from Exercise 3L are all about
symmetry properties of polygons. You will learn more
about this in Chapter 15.

All polygons are flat. They are called two-dimensional
(2D) shapes. A solid shape is three-dimensional (3D).

3.7 Solid shapes

In 3D shapes each side is called a face. Two faces meet
at an edge, and edges meet to form a vertex (or corner).
The plural of vertex is vertices.

= ey
.

face vertex

<« edge

The next section is about properties of solid shapes to
do with edges, vertices and faces.

The cube
A cube has all square faces:

Sugar cubes, chicken stock cubes and dice are all
examples of cubes.

The cuboid

Box-like solids are called cuboids. Their six faces are
rectangular.

face

A shoe box is an example of a cuboid.
A cuboid can have square faces.

If a cuboid has 6 square faces it is a cube, if it has
2 square faces it is a cuboid:
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Exercise 3M d ‘ e N\

1 i
<>
’ Are all cubes cuboids?

Are all cuboids cubes?

* = vertex

— —edge Give reasons for your answers.
How many vertices has a

a cuboid The cylinder

b cube?

These objects are cylinders.

2 a How many edges does a cuboid have?
b How many edges does a cube have?

3 In the cuboid, the front face has been
marked A. The face directly behind it
(shaded in the diagram) has been marked B.

A and B are opposite faces.
How many pairs of opposite faces does a
cuboid have?

4 Using a cuboid-shaped box (for example a
shoe box), mark one pair of opposite faces
A and B, as in the drawing for Question 3.
Mark the second pair C and D. Mark the third
pair Eand E
Carefully cut out the faces. Fit face A on top
of face B. What do you notice?
Repeat for the other two pairs of faces.

[5]Make a list of all the properties you have
discovered for a cuboid and a cube.

IE Which of these shapes are cuboids? Give Exercise 3N
reasons. 1 Make a list of five other objects which are

cylinders.

2 Look at the evaporated-milk tin.
a How many flat faces has it?
b How many curved faces has it?
¢ Are the flat faces opposite each other?

3 Repeat Question 2 for each of the cylinders.
What can you say about the number of faces
of a cylinder?

4 How many vertices does a cylinder have?
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5 Choose a cylinder. Exercise 30
a How many edges has the cylinder?
b Are the edges straight or curved?
¢ What shape are the edges?

1 Here are some prisms.

}
}
}
6 Mark a “T” (for ‘top’) on one of the flat faces 1 : 2
of acylinder. Mark a ‘B’ (for ‘bottom’)onthe | L}
other. Stand the cylinder on face B. Draw the L

outline of the face. What shape is it?

7 Now place face T of the cylinder in Question 6 3
on the outline for face B. Does it fit? What can ‘m

you say about the two faces of a cylinder?

4
8 Repeat Questions 6 and 7 for the other
5 i I.

cylinders in your set. Do you get the same
answers each time?

9 Write down all the properties you have
discovered for a cylinder. -7

10 Look at each shape below. Is it a cylinder?
Give reasons for your answer.

6
a /& b c
i
,, 7=

Which are
— \ a cuboids?
b triangular prisms?
isms?
Look at a cylinder and a cuboid. & otherpnsms:
Can you see any way in which they are alike? E Are all cubes prisms?
Are all prisms cubes?
Prisms Give reasons for your answers.
Cuboids are special kinds of prisms. Ela Copy and complete the table for the
* A prism is a solid shape with constant prisms in Question 1.

SrDSEreR O Shape | Number of | Number of | Number of

~— a vertices faces edges
e g 1.Cuboid| 8 6
! ' cross-section 2.

This is called the cross-section 8. "
*  You can identify and name a prism by the shape of N~
its cross-section: 9.
triangylor prise pentagonal prism b Is there any relationship between the
E numbers of vertices, faces and edges?
/:\; pentagon

pot -
i

g |

ﬂ - ~

@ hexagonal prism
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The cone The pyramid
A cone looks like this:

Exercise 3P

1 How many edges does a cone have? The pyramids at Giza in Egypt were built some 4500

2 i e e et parer Core vl years ago. They are, of course, shaped like pyramids.

draw the outline of the edge. What shape is This shape is a pyramid.
the outline?

3 a How many curved faces does a cone
have?
b How many flat faces has it?
¢ How many vertices?

E Make a list of the properties you have

discovered for a cone. The base of this pyramid is a square.

EI Look at a cone and a cylinder. Itis called a square-based pyramid.
a  In what ways are they allikc? Here are some sketches of pyramids.
b In what ways are they different? The base of each has been shaded.

IE] Make three different sketches of a cone.

7 A cone with the top cut off is called a
truncated cone.

Here is a sketch of a cone and a truncated

cone.
square-based
pyramid
D
) . . . trian gular-basd hexagonal-based

a Write a list of three objects, which are pyramid pyramid

cones.
b  Write a list of three objects, which are *  You can name a pyramid by the shape of its base.

truncated cones. A triangular based pyramid is also called a

tetrahedron.
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Exercise 30Q

1 Which of these shapes are
a pyramids
b prisms?

2 Which shapes in Question 1 have

more than 6 faces

more than 5 vertices

less than 12 edges

exactly 6 vertices

more than one triangular face
square faces?

=0 aQo0ow

3 a Copy and complete the table for the 3D
shapes in Question 1.

Shape Number of | Number of | Number of
vertices faces edges

A \/8

N\~

G

b Is there any relationship between the
numbers of vertices, faces and edges?

The sphere
= A sphere looks like a ball:

\ 4

Exercise 3R

1 a Find aball. Look at its outline. What
shape is the outline?
b Turn it around. Look at it again.
Does the outline always look the same?

2 Make a sketch of a ball.

3 Look again at the ball.
a How many flat surfaces has it?
b How many curved surfaces has it?
¢ How many edges?
d How many vertices?

4  Write down the properties of spheres you have
discovered.

5 Make a list of five objects that are spheres.

Properties of solids

The table summarises the properties of the different
solids:

Solid Faces Edges Vertices
Cube 6 12 8
Cuboid 6 12 8
Cylinder 3 2 0
Triangular prism 5 9 6
Cone 2 1 1
Square-based 5 8 5
pyramid
Sphere 1 0 0

Three-dimensional shapes with flat faces that are all
polygons are called polyhedron, or polyhedra for
plural. A regular polyhedron has identical regular
polygons as faces.

A cube is an example of a regular polyhedron as all of
its faces are regular identical squares.

A cuboid is a polyhedron but not regular.

A cylinder is not a polyhedron as it has curved faces
and faces that are not polygons.

Exercise 38

1 Write down the name of any solid which
a has a flat face
b has a curved face
¢ has a flat face and a curved face
d has a pair of equal and opposite faces.



2 Write down the name of the shape of each
object.

A piece of chalk

An orange

A drainpipe

A ten-cent coin

This book

A broom handle

A drinking glass

A globe

A candle

A football

3 What shape is the object?

The ‘nose’ of a rocket

A tomato

A church steeple

A record

A bicycle pump

A steel drum

The sharp end of a pencil

A new pencil, before it is sharpened

_———an 0 0T

[+]

oo TOD THM.OA0TY

raw pictures to show a shape that has
one vertex, one edge and two faces
six square faces
one curved face and no vertices
four vertices, four faces and six edges
one curved face and two edges.

Can you name these shapes?

5 Here is a list of solid shapes

|Hexag0nal prism‘ |Cylinder‘ ICube|

| Square based pyramid |

a Which of these solids are polyhedra?
b  Which of these solids are regular
polyhedra?

3.8 Constructions

You will need a protractor and a pair of compasses as
well as a ruler.

Some things to remember about
constructions

i  The pencil you use should be sharp.

ii Don’t press the pencil too heavily on the paper.

iii Measure and draw lengths and angles
carefully.

3 Shapes and constructions

Given two angles and the included
side (ASA)

You can draw triangles if you know two angles and the
side length between them.

Exercise 3T
1 a Mark two points 7 centimetres apart.

Join them with a straight line. Call the
line AB.

b AtA, draw an angle of 50°. At B, draw
an angle of 80°. Continue the lines to
intersect at the point C, making a triangle
ABC, as in the sketch.

(&

50° 80°
A Tem B

¢ Measure AC and BC. What sort of triangle
have you drawn?

2 Make an accurate drawing of each of these
triangles.

5.8¢cm



3 Shapes and constructions

3 a Measure the unmarked angles in
Question 2.

b Name the type of each triangle you drew.

4  Construct these triangles:
a Triangle ABC where AB = 6.8cm,
/BAC = 55° and Z ABC = 40°
b Triangle DEF where DE = 7.4cm,
/EDF = 110° and 2 DEF = 42°

Using compasses

To draw other sorts of triangles you will need a pair of
compasses.

First you need to know how to draw a line accurately
using compasses.

EXAMPLES ) N

Draw the line AB exactly 6 cm long.

a First draw a line longer than 6 cm, say about
7.5cm.

b Next, mark a point A near one end.

¢ Open the compasses to exactly 6 cm on your
ruler, as in the diagram below.

d Anarc is part of a circle. Put the point of the
compasses at A, and draw a small arc to cut
the line.

Call the point where the arc intersects the
line B.
You now have a line AB 6cm long.

, !
A A B

Given
angle

two sides and the included
(SAS)

You can construct a triangle if you know two side
lengths and the angle between them.

Exercise 3U

1 Using compasses, draw the line:

a MN, 6cm b PQ,6.5cm
¢ ST 58cm d CD,72cm
e AB,8.6cm f GH,7.9cm
2 a Using compasses, draw the line XY,
6.2 cm.
b At X, draw an angle of 50° using your
protractor.
¢ Open the compasses to 5.1 cm. With the
point of the compasses at X, draw an arc
5.1cm along the second arm of the angle,
as in the drawing below.
Call the point Z.
Z
50° |
X Y
d Join YZ. What sort of triangle have you
constructed?
3 a Draw the line AB, 7.3cm.
b AtB, draw an angle of 27°.
¢ With the point of the compasses at B,
mark a point C, 5.9cm from B, as in the
drawing below.
C
| 270
A B'
d Join AC. What sort of triangle have you

constructed?



4 In Questions 2 and 3, you could draw a
triangle when you knew just two sides and the
angle between them. Use the same method to
make an accurate drawing of each of the
triangles below.

a - b _49

[

5 Construct these triangles:
a Triangle ABC where AB = 7.9cm,
AC = 9.5cm and ZBAC = 45°
b Triangle DEF where DE = 6.7cm,
DF = 7cm and £EDF = 71°

Using a set square

There are two types of set squares and they are named
according to the angles.

45°

45°

60-30 set square 45 set square

As seen earlier in this chapter, lines that are at right

angles to each other are said to be perpendicular lines.

A vertical line is perpendicular to the horizontal,
whereas perpendicular lines can be drawn in any
position.

You can use a set square to draw perpendicular lines.

3 Shapes and constructions

EXAMPLE 6 ) .

¢ Draw a line
* Place a set square on that line
» Draw a perpendicular line

. 7

You can also use a set square to draw parallel lines.

EXAMPLE 7 ) g

* Place an edge of the set square against a ruler
and draw a line along one of the other edges.

* Slide the set square into a new position while
keeping the ruler fixed exactly at the same
position.

¢ Draw a line along the same edge that was used
before to create the parallel lines.

\,

0 1 2 3 4 5 6 7 B D © M 1213 1415 16 7

NN

o1234ss75i:ouizuusmns&:ezwnaﬂszsﬂzemse|

© I H 3B M IS0 E DX

Now that you can draw parallel and perpendicular lines
using your set square you can draw squares, rectangles
and parallelograms.



3 Shapes and constructions

Constructing other regular polygons

X

This is the interior
angle of a hexagon

All the interior angles or a regular hexagon are the same.

They are all 120°. All the sides are the same length. We
can use this to help us draw a regular hexagon.

EXAMPLE 8 ) N

Draw a regular hexagon with side length 7cm.

*  Draw a base line of 7cm

7 cm

* Place your protractor on this line and draw an

angle of 120° at each end of the line
129_/

\1\200
7 cm 7 cm
120° 120°

* Extend these lines at 120° to 7cm long
7 cm

7 cm

*  Turn your paper around and repeat this for

\_ each edge until you have drawn a hexagon

J

Exercise 3V

1 Using a ruler and a set square construct
these shapes:
a A square with sides of 4cm.
b A rectangle measuring 3cm by 5.7 cm.
¢ This parallelogram.

3cm
45°
Sem

d This rhombus.

L/

e This trapezium.

4ecm

S5cm

8cm

2 Using a ruler and protractor, construct a
regular octagon with side length 6¢cm (the
interior angle of a regular octagon is 135°).

3 a Using aruler and protractor, construct a
regular polygon with side length 7cm and
interior angle of 108°.

b What is the name of this polygon?

'(©) rechnotooy )

The method for drawing parallel lines with a set
square (from Example 7) has a problem. You are
limited with the angles you can make with your set
squares. To learn how to construct parallel lines
using a pair of compasses and a ruler go to the
website

www.mathopenref.com

and look in the Constructions section.




(Consolidation

Example 1

a Estimate the size of the marked angles.

i A

b Measure these angles with a protractor.

a i ABCisless than 90°, so estimate 40°.

ii DEF is less than 180°, so estimate 120°.
iii GHI is more than 180°, so estimate 22°.

b i A
C

360 — 146 = 214°

3 Shapes and constructions

Example 2
Describe these triangles and quadrilaterals in terms of
their properties.

a b

a The triangle has two equal acute angles. Itis
isosceles.

b The quadrilateral has two pairs of parallel sides
and all sides equal. It is a rhombus.

¢ The quadrilateral has two pairs of adjacent sides
equal in length. It is a kite.

Example 3

Construct the triangle XYZ with

XY = 8cm, ZXY = 35° and ZYX = 65°
Y

- X: 8 cm >

Draw base line XY 8 cm long.

2 Put the centre of your protractor at X then measure
35° at X.

337
X X

3 Repeat Step 2 measuring 65° at Y.
z

o 2]
X 35 | 65 J
b &

4  Put point Z where these lines meet.



3 Shapes and constructions

Example 4

What are the names of these shapes?

b ~—

-~

c@ ¢
A

________

&

<
a Truncated cone
b Cuboid
¢ Cone
d Cylinder
Example 5

Write down three properties of
a acube
b acylinder

a A cube has i 6 square faces
ii 8 vertices
iil 12 edges

b Acylinder has i 2 flat faces
ii 1 curved face
iil 2 edges

Exercise 3

1 a Estimate the size of the angles marked.

D E

i A
B/ |
i F

iiii H
/\ .
G
iv
K L
J
b Measure the angles from part a accurately

with a protractor.
¢ How good were your estimates?

2 Use your protractor to draw angles of
a 30° b 37° c 52°
d 100° e 169° f 340°

3 Name these shapes.

a b

QA

/

4 Construct these triangles:
a ABC,AB = 7cm, BAC = 40, ABC = &0
b JKL,JK =7.5cm, LJK = 60°, JL = 6¢cm



3 Shapes and constructions

5 What are the names of these shapes? 9 Using a ruler and a set square, construct these

a b c TN shapes:
e Qﬂ’ a A rectangle measuring 4cm by 6.8cm
' b This parallelogram:

6 Make sketches of these shapes:
a cylinder b cone
¢ triangular prism d sphere

e truncatedcone f truncated pyramid e
7 Sketch and name a shape that has 45°

a 2curvededges b 2 flat faces .

¢ 8 vertices d 1 curved surface

e 4 triangular faces f 9 edges 10 Using a ruler and protractor construct a

regular hexagon with side length 7cm (the

B L e interior angle of a regular hexagon is 120°)

a cuboid b square-based prism
¢ truncatedcone d triangular prism

e square-based pyramid

f hexagonal-based pyramid

 Summary N

You should know ... Check out
1 You can use letters to name an angle: 1 a Name this angle.
X Q
angle XYZ or
/ /XYZ
Y 7z P Z
b Which is the largest
angle?
B P |
: |
| |
: I
L
A C Q =
g |
|
|
\i\;
T 18}
. >




3 Shapes and constructions

o

2 You can classify angles by the amount of turn:

LTgle f acute angle

straight angle

3 You can draw an angle using a protractor.

4 An angle can be measured in degrees, or ° for short.
You use a protractor to measure angles in degrees.

2 Classify these angles:
apa

B !
b Q

P R
€ _ /N

P O S

3 Draw the following
angles using a
protractor.

a 60° b 80°
c 120° d 160°
e 200° f 270°

g 180° h 150°

4 Use your protractor to

measure these angles:

~




3 Shapes and constructions

s

5 Triangles can be classified according to their sides:
a An equilateral triangle

A /[au, three sides are equal

b An isosceles triangle

B> /[ two sides are equal

¢ A scalene triangle

\4{ no sides are equal

6 Triangles can also be classified by angles:
a acute-angled triangle

acute angles

b right-angled triangle

¢ obtuse-angled triangle

4P

\

Which triangles are
equilateral?

Which triangles are
isosceles?

Which triangles are
scalene?

Draw a right-angled
triangle.

Draw a right-angled
isosceles triangle.
Draw an obtuse-
angled isosceles
triangle.

E&bm% angle

7 Quadrilaterals can be sorted according to their properties:

a A parallelogram has two pairs of
D parallel sides.

b A trapezium has one pair of
v parallel sides.
c A kite has two pairs of adjacent

sides equal in length.

d A rhombus has two pairs of parallel
ﬂ sides and all sides equal in length.

Write down four
properties of a
square.

Which quadrilateral
has diagonals that

i are perpendicular
ii bisect each other?

A
7




3 Shapes and constructions

o

8 A cuboid is a solid with six rectangular faces:

Properties:  faces are rectangular
opposite edges are parallel and equal
it has 6 faces, 12 edges, 8 vertices

A cube is a special cuboid with six square faces:

9 A cylinder is a solid with a circular cross-section:

Q0O

A prism is a solid with a constant cross-section:

A identical cross-sections

10 You can name a pyramid by the shape of its base:

square-based
pyramid

11 A sphere looks like a ball:

L 4

8 Write down two

examples of

a acuboid

b acube.

¢ How are cubes and
cuboids the same?

d How are they
different?

9 a Write down two
examples of a
cylinder.

b Which of these
shapes are prisms?

i ii@

_e's

10 a Which of these
shapes are pyramids?

b For each pyramid in
part a, give its full
name.

11 How many faces,
edges and corners
does a sphere have?

\
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Number and calculation 2

O Recognise multiples, factors, common
factors, primes (all less than 100),
making use of simple tests of
divisibility; find the lowest common
multiple in simple cases; use the
‘sieve’ for generating primes developed

by Eratosthenes.

© Recognise squares of whole numbers to
at least 20 X 20 and the corresponding
square roots; use the notation 72 and

V49,

o]

o

Use known facts and place value to
multiply and divide two-digit numbers
by a single-digit number, e.g. 45 X 6,
96 = 6.

Know and apply tests of divisibility
by 2, 3,5, 6, 8,9, 10 and 100.

Know when to round up or down after
division when the context requires a
whole-number answer.

What's the point?

Cicadas live in the ground for a long
time. Some species emerge after 13
or 17 years. These are both prime
numbers. By emerging at these times,
it makes it harder for predators with

a shorter life cycle to adapt and kill
them. Prime numbers help more

cicadas to survive.

\\

Before you start

You should know ...

1 Your multiplication and division facts from Chapter 1 1 a 7X8 b 63+9

Check in

¢ 6X7 d 36+9
e 8§X8 f 48+6

y,

_




4 Number and calculation 2

4.1 Multiples and factors
Multiples

*  The multiples of a number are all the numbers
from its times table.

For example, the multiples of 3 are 3, 6,9, 12, ...

Exercise 4A

1 a Write down the first six multiples of five.
b  Write down the first six multiples of seven.

2 a What is the eighth multiple of six?
b  What is the fifth multiple of twelve?
¢ What is the tenth multiple of nine?

3 Copy and complete:
a 4,8,12,16,20,,0
b 9,18,27,36,45. 0,0
c 12,24,36,48,60,.0
d 16,32,48, 64,80,
e 03,70,77,84,91.0,0O

4  Write down two numbers that are multiples of

a 2and3
b 3andS5
¢ 4and6

5 How can you tell if a number is a multiple of 57

@ What patterns can you find in
a multiples of 9 b multiples of 67

'(3>) INVESTIGATION

Look at the number grid below. It has ten columns
and ten rows. The multiples of 3 have been coloured.

1123 (4(5]6|7|8]|9 (10
11({12]13|14 15|16 |17 (181920
21 (22(23(24)25]26|27|28|29]|30
31(32[33|34|35|36|37(38([39]40
41142 |43 |44 (45|46 |47 |48 |49]|50
51|52 |53[54|55|56|57]|58|59 |60
61|62(63|64(65|66|67|68|69(70
7172|7374 75|76 |77 |78 (79|80
81|82 (83|84 85|86 |87 |88(89 |90
91(92|93(94]95[96( 97|98 (99100

a Describe the pattern made.
b What happens if you use a number grid with
only 5 columns?

3 [ e e W 5 ) 10| |ss
6[7]89]10 la]s]e
1 7 il 1 [
16 10(11

Make different number grids and colour the
multiples of 3. Do they all make patterns?
¢ What happens if you colour the multiples of
i 4
ii 5?7
Investigate.
d What if you coloured
multiples on a triangular

/TN
/415 ] 6N
grid? /TT8 [9 10\

A

Factors

There are two ways of putting six counters in rows:

e o o e e o Jlrowofb =1x6

. oo 2rowsof3=2x3

The numbers | and 6, and 2 and 3 are called
factors of 6.

*  The factors of a number are all the whole numbers
that divide into it.
For example, 1, 2, 3 and 6 all divide into 6, so they
are all factors of 6.

EXAMPLE 1 ) ~N\

Using counters, find all the factors of 12.

We can arrange a set of 12 counters in several
ways like this:

e o s 0o e 000000 ¢ |x12
Sees s 2x6

e 0o 0 o
e e o o 3x4

'R R

There are no other row arrangements, so the
factorsof 12 are 1, 12, 2, 6, 3, 4.
\ J




4 Number and calculation 2

Factors can also be found without using the counters, .
3 a Forthe number 7 there is only one

by dividing.
arrangement that can be made from
EXAMPLE 2 ) ﬁ\ 7 counters.
Find the factors of 30. U S L
What other numbers between 2 and 20
First divide by 1 can be arranged in only one row?
30+-1=30

b How many factors do these numbers have?
1 and 30 are factors because 1 X 30 = 30

Then divide by 2
30+2=15
2 and 15 are factors because 2 X 15 = 30 5 Which number has just one factor?
Then divide by 3
30-3=10

3 and 10 are factors because 3 X 10 = 30 (m

If you divide by 4 you don’t get a whole number, Which nirmber betweend and 100 has the

so 4 is not a factor. most factors? J
Then divide by 5

30X5=6

5 and 6 are factors because 5 X 6 = 30

4 Find three numbers bigger than 20 that have
only two factors.

Prime numbers
In Question 3 of Exercise 4B you should have found
that2,3,5,7,9, 11, 13, 17 and 19 can be arranged in

only one row.
They all have just two factors.

The next number to divide by is 6, but you already
have this as a factor so you know you have found
all the factors of 30.

Finally, list the factors in order:

The factors of 30 are 1, 2, 3, 5, 6, 10, 15 and 30. * A number with exactly two different factors is
J called a prime number.
Dividing by each number in turn makes sure you get EXAMPLE 3 ) N

all factors without missing any out.
Find two prime numbers.

Exercise 4B , _
23 is a prime number.

1 Find all the factors of It has exactly two factors: 1 and 23.
a 3 b 38 c 15 2 is a prime number.
d 20 e 9 It has exactly two factors: 1 and 2.
Write down how many different factors each J
number has. ; ;
* A number which has more than two different
2 Copy and complete the table started below, for factors is called a composite number.
the numbers 1 to 20.
Number Factors Number of ( EXAMPLE 4 )
Sfferont facton Find a composite number.
1 1 I e
2 1,2 2 12 is a composite number.
3 [t has 6 factors: 1, 2, 3, 4, 6, 12.
4
5 ¢ The number 1 is special.
6 1,2,3,6 4 1 is not a prime number (as it doesn’t have two factors).
7 1 is not a composite number (as it only has one factor).
e e e e AN AN A
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Exercise 4C

1 a i Whatare the factors of 357
il Is 35 aprime number?

b 1 Whatare the factors of 377
il Is 37 aprime number?

Which numbers between 20 and 50 have
just two factors?

b Write down all the prime numbers from
1 to 50.

3 Copy and complete these sentences:
a A number which has only two different
factors, itself and 1, is called a ... number.
b A number which has three or more
different factors is called a ... number.

4 The following grid shows all the numbers
from 1 to 100. Make a larger copy of the grid
on squared paper (or ask your teacher for a
copy of this grid from the Teacher Book).

1123|4156 7]8/([8]10

11 |12 [ 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20

21 |1 22|23 (24|25 |26 |27 | 28|29 | 30

31 |32 |33 (34|35 |36|37|38(39|40

41 | 42 | 43 (44 | 45 | 46 | 47 | 48 | 49 | 50

51 | 52 | 53 | 54 | 55 | 56 | 57 [ 58 | 59 | 60

61 | 62 | 63 [ 64 | 65 | 66 | 67 | 68 | 69 [ 70

71 | 72 |73 (74 |75 | 76 | 77 | 78 | 79 | 80

81 | 82 |83 |84 |85 86|87 8 |8 |90

91 | 92 | 93 [ 94 | 95 | 96 | 97 | 98 [ 99 | 100

The sieve of Eratosthenes is a simple, ancient

method for finding all prime numbers up to a

specified integer. Instructions for how to use it

are below.

a The first number in the grid is 1, cross it
out as you know it is not prime.

b The next number in the grid is 2, circle it
as you know it is prime.

¢ Cross out all of the rest of the multiples of

2 as these are composite numbers.

d The next number in the grid is 3, circle it
as you know it is prime.

e Cross out the rest of the multiples of 3 as
these are composite numbers.

f The next number (not already crossed out)
is 5, circle it as you know it is prime.

g Cross out the rest of the multiples of 5 as
these are composite numbers.

h The next number (not already crossed out)
is 7, circle it as you know it is prime.

i  Cross out the rest of the multiples of 7 as
these are composite numbers.

j  You should find that the rest of the
numbers in your grid, that are not
crossed out, can be circled. They are
prime. (You could continue this method
by circling 11 and crossing out all
multiples of 11 etc. and extend your grid
beyond 100 if you want.)

5 List all the prime numbers between 1 and 100.

6 a Look at your grid for Question 4. How
many times does a pair of primes occur
together? Write down these primes.

b How many times do three primes occur
together? Can you explain why?

¢ Apart from 2, what digits do all other
primes end in?

3 and 5 differ by two and are both prime
numbers.
a What is the next such pair?

b How many such pairs are there between
0 and 1007

EJa 15613 a prime number?

How did you find out?
b Find out whether 4999 is a prime number.
¢ What about 30 031?

E What is the biggest prime number currently
known? (You may use the internet to find out.)

(3) INVESTIGATION

The number 8 can be written as the sum of two
prime numbers, 3 and 5:

Sh =8

The number 9 is the sum of the primes

2and 7:

2+7=9

a Can all the numbers between 5 and 20 be

written as the sum of two primes?
b  Copy and complete the table where possible.

4



o Number Two primes equal to
number
5 2+3
6 S 3
i
8
e e T e e

¢ Can any number be written as the sum of
two primes?
Which ones can? Which ones cannot?
Any rules?

/’

Prime factors

The factors of a number that are also prime numbers
are called the prime factors of that number.

For example, the prime factors of 15 are 3 and 5.

One of the easiest ways of finding the prime factors of
a number is to use a factor tree.

EXAMPLES ) )

Find the prime factors of 126.

126 Circle primes to
/ \ show the end of
@ 63 branches

; N\
®/ \®

So the prime factors are 2, 3 and 7

.

You can also find the prime factors of a number by
repeatedly dividing it by primes.

EXAMPLE 6 ) N\

Find the prime factors of 126.

Start by dividing
by the smallest
prime, then
by the next

Prime factors are 2, 3 and 7.
. J

4 Number and calculation 2

Exercise 4D

1 Use a factor tree to find the prime factors of
a 12 b 16 c 24 d 36
e 46 f 48 g 64 h 65
i 72 j 84 k 136 I 196

2 Check your answers to Question 1 using the
repeated division method.

E A number has 2 and 3 as its prime factors.
‘What are the five smallest values it could take?

n What is the smallest number with
a two different prime factors
b three different prime factors?

E What is the smallest number greater than 144
with four different prime factors?

Highest Common Factor (HCF) and
Lowest Common Multiple (LCM)
Look at the factors of 20 and 30.

Factors of 20 = 1, 2, 4, 5, 10, 20
Factors of 30 = 1,2, 3, 5, 6, 10, 15, 30

The common factors of 20 and 30 are 1, 2, 5, 10.
The highest common factor (HCF) is 10.

¢ The highest common factor of two (or more)
numbers is the common factor that has the greatest
value.

To find the lowest common multiple (LCM) of two
numbers, you need to look at their multiples.

For example,
Multiples of 6 = 6, 12, 18, 24, 30, 36,42,48, ...
Multiples of 8 = 8, 16, 24, 32,40, 48,54, ...

The common multiples of 6 and 8 are 24, 48, ...
The LCM of 6 and 8 is 24.

*  The lowest common multiple of two (or more)
numbers is the smallest possible number into
which all of them will divide.

Exercise 4E

1 a Write down all the factors of these
number pairs:
i 12,8 ii 18,24 iii 36, 60
iv 48,60 v 55,80 vi 144, 108
b Find the common factors of each number
pair.

¢ Find the HCF of each number pair.
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2 a Write down the first eight multiples of
these number pairs:
i 3.5 i 2,7 iii 8,12
iv 9,12 v 12,18 vi 8,24
b Find the LCM of each number pair.

3 Find the HCF of these numbers:

a 21,28,42 b 12,8 32
c 36,60, 84
4 Find the LCM of these numbers:
a 4,510 b 6,09 12 c 2,48

5 Think about the following scenario:

Cicadas emerge from the ground every

13 years and a cicada predator has a life cycle
of 3 years, but is only large enough to kill a
cicada during its third year of life. The
predator is large enough to catch the cicada
now and will next be large enough in 39 years.

Cicada emerges every 13 years: 13, 26, 39, 52

The predator can catch when mature in the
3rd year of life: 3, 6, 9, 12, 15, 18, 21, 24, 27,
30, 33, 36, 39, 42

a Copy and complete this sentence using
‘HCF’ or ‘LCM’ in the gap:

The cicada scenario is a real life example
of using ......

b How many years after that will it be
betfore the next predator will be large
enough to kill the emerging cicadas?

¢ Imagine a predator had a 4-year life cycle
but is only large enough to kill a cicada
during its fourth year of life. If this predator
is large enough to catch cicadas now, when
would it be able to catch cicadas next?

6 One athlete runs around a track in 65 seconds.
The second athlete takes 70 seconds. If they
both start together
a when will the first ‘lap’ the second?

b how many laps will the first have
completed when he ‘laps’ the second?

The HCF of two numbers is 12. What could
these two numbers be? How many answers
can you get?

'(©) rechnotocy )

Practise your skill at finding prime factors using a
factor tree by visiting

www.mathgoodies.com/games
Need more practice or help? Visit
www.math.com

and click on the lessons dealing with factoring in
the Pre-Algebra section.

4.2 Divisibility tests

Numbers which end in 0, 2, 4, 6 or 8 are even
numbers. They are all divisible by 2.

Numbers which end in 1, 3, 5, 7 or 9 are odd numbers.

For example, 84, 206, 1118 are all even numbers and
are divisible by 2 without remainder:

84 +2 =42
206 + 2 = 103
1118 + 2 = 559

Complete Exercise 4F to find other divisibility rules.

Exercise 4F

1 a Write down twelve multiples of 10.
b What do you notice about these numbers?
¢ What is the rule for divisibility by 10?

Write down twelve multiples of 5.
What do you notice about these numbers?
¢ What is the rule for divisibility by 57

T o

3 a Write down twelve multiples of 4.
b Divide these numbers by 2. What do you
notice about your results?
¢ What is the rule for divisibility by 4?

4 a Copy and complete the table:

Multiple of 3 | Digit sum (single digit)
i3 3
6 6
9 9
12 i+2=3
15 1+5=6
18 1+8=9
90 9+0=9

b What do you notice about the sum of the
digits for multiples of 3?
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¢ Write down five 4-digit numbers that are Exercise 4G
multiples of 3. What is the sum of their
digits?

d What do you think is the rule for deciding
if a number is divisible by 3?

1 Use divisibility tests to find out if
1275 is divisible by 5

3141 is divisible by 9

21 648 is divisible by 8

43 572 is divisible by 6

38 520 is divisible by 10

512 617 is divisible by 3
48020 is divisible by 100
418 is divisible by 2.

5 Repeat Question 4 but this time look at
multiples of 9.

6 2X3=6
Use this fact to find the rule for divisibility by 6.

=M =0 o0 oo

7 Look at multiples for other numbers. 2

Sk Check your answers to Question 1 by seeing
What divisibility rules can you find?

if the numbers have remainders when
you divide.

3 Use the divisibility tests to find out which of
these numbers are prime.

:]f yot; con;pl:l:ted c]f,xcrct;%le 4F. clarcfully, y?u should a 8l b 97 ¢ 57
ave found these divisibility rules or tests: d 117 e 111 i 127
Divisibility test 4  Use the divisibility tests to help you complete
=2 Number ends in an even number factor trees for
+3 Sum of digits is a multiple of 3 a 448 b 729 c 6345

T d 1024 e 12640 f 72144
=4 Last two digits divisible by 4

-~ 5 Number endsin 5 or 0

~6 Any even number with digit sum a multiple of 3 (m

=7 No test! 3 =
- — When you multiply a number ending in 5 by
=8 | Thenumberwhen halved has its last two digits another number ending in 5 your answer also ends
divisible by 4 in 5.
+9 Sum of digits is a multiple of 9 For example
=210 Number ends in 0 15 x 286 = 375
= 100 | Numberendsin 00 What other endings have a similar property?

Divisibility tests can speed up calculations.

4.3 Squares and square

EXAMPLE 7 ) N\

roots

i 2
Is 2375 prime:number; * To square a number you multiply it by itself.

237 is odd, it is not divisible by 2. We can use indices to write it more easily.
237 has digit sum: 2 + 3 + 7 = 12, which is a For example,

multiple of 3.
4 X 4=4 =16
Go 237 is divisible by 3 and is not prime. ) 12 X 12 =122 = 144
25%X25=25 =625

16 X 16 = 16" = 256

3% is read as ‘three squared’.

x? is read as ‘x squared’.
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Square numbers come from squaring an integer
(whole number). A square number can be shown as a
picture of dots arranged in a square shape:

22 =4 (2 rows by 2 columns)

4> =16 (4 rows by 4 columns)

6
.

There is a special squaring key on your calculator, look

for
To work out 162 key in D

You should get the answer 256.

Exercise 4H

1 Work these out without a calculator:

a ¢ b 10? c &
d 112 e 7° f 1°
2 Work these out (you may use a calculator):
a 177 b 14 ¢ 19 d 18
3 Copy and complete this list of square numbers:
P=1x1 =1
2L =88 !
3= 3%x3 =9
2= 4x4 =16
5= 5%x5 =25
6= 6X6 =36
7 =

Tx7 =49
20% = 20 X 20 = 400

4 Copy and complete:
a [F=36 b
¢ [FF=225 d

"(») actviry

Square pairs memory game

Cut out twenty pieces of card, all of the same size.
Write on ten pieces of card the calculations
112,122 132, ....,192 20°

Write on ten pieces of card the matching answers
121,144,169, ...., 361, 400

[P = 100
P =324

\

(Or you can ask your teacher for a copy of these
cards from the Teacher Book.)

Shuffle the twenty cards together and deal them
face down on the table in a 4 by 5 arrangement

like this:
CIO00C 0
CO00OC0
COC000
CIOOEE
Play in a group with your friends. This is a memory
game, the aim is to learn your square numbers
between 112 and 20°. This is also a memory test, to
see if you can remember where cards are. Take it in
turns to turn two cards face up to see if they are a
pair. If they are not a pair, e.g. 112 and 400, turn
them face down again in the place where they came
from. Then it is the next player's turn. If they are a
paire.g. 11% and 121, you keep them and have

another go. Keep going until there are no cards left.
The winner is the person with the most pairs.

A

Square roots
The inverse of the square of a number is called its
square root (‘\/_).

For example, as a flow chart:

6 —> square |— 36

Heag «—— 36

Thatis \V/36 = 6

Square root means ‘what number multiplied by itself
makes this number’?

square root

\/2_5 means ‘? X ? = 25" (where both numbers are
the same).

5%5=25s50V25=5

Square root also means ‘what is the side length of a
square when you know the area’?




There are 16 small squares in the picture, so the area

is 16. V/16 means what is the side length of this square?

The side length is 4 so V16 = 4

Exercise 41

1

Find the square root of each of these numbers:
a 49 b 81 c 121 d 169

In each list find the square number and work
out its square root.

a 35,36,39,42,48

b 39,49, 69, 89, 99

c 063,64,65,74,75

Find all the numbers less than 400 which have
whole number square roots.

Copy and complete:
a Vet=0 b V1=0O
c Vioo=0O d V400 =0
e 225 =[] f 4 =[]
Work out
V196 e V160
VBI00 f /324

Using a calculator

You can use the button on your calculator to find

the square root of a number.

EXAMPLE 8 )} \
Find the square root of 25.
Press
2 (s ||V
to get\/g = 3.
On more modern calculators you
press the E key first.
Press
vVl 2]]Ss
o J

4 Number and calculation 2

Exercise 4J
1 Using your calculator, find:

a V8l b V144

2 Work out
a V49 +1900 b V100 x Vs
¢ V100 +V25 d V144 — V81
3 Find the edge length of a square with the
area shown:
a b
2
it 225 cm?
c d
256 cm2 289 cm2

4 Copy and complete, using words and symbols
from the list below:
a 9isa__ wayofwrting __ _
b The small raised __ is called the __ or
the __ .
¢ The symbol __ stands for the words __

d ﬁ;ﬁ __ona __ ispressed to find the

__of a number.
1. short 6. the square root
2. x? key 7. nine times nine
3. square 8. index
4. calculator 9.2
5. power 10V

E To work out the square root of a fraction you
square root the top and bottom separately.

\/E_ﬁ_z
25 35 5

Using this method work out:

0 o, a3
25 100 4

d can you see a different way to do part ¢?
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ﬂ To work out V0.25 without a calculator you can
write the decimal as a fraction. (The numbers in
the fraction should be square numbers.)

| 25
So V025 = 100 then square root the top

and bottom separately.

5 AB s
100 A/ 100 10 ’
Using this method work out:

a V08l b V016 ¢ V004
4.4 Multiplying and dividing

with two digit numbers
Multiplying

To multiply by 5 you multiply by 10 then halve
your answer.

To multiply by 4 you double your number, then
double again.

To multiply by 8 you double your number, then
double again, then double again.

EXAMPLE 9 ) N
‘Work out
a 18X5 b 33X14 c 23X8
_ 18)(10:@:
a 18><5—72 5 90
b 33 X4=33X2X2=66X2=132
€ 23X8=23X2XK2X2=46X2%X2
=02 Xx2=184
\_ J

To multiply by other numbers you may want to use the
distributive law. You learned about this in Chapter 1.

EXAMPLE 10 ) \
Work out 7 X 18

Using the distributive law

7X18=7X(10+ 8)
=7Xx10+7X8=70+ 56 =126

Some people prefer to set out their working like this:

18

<1 k.

This comes from:

then add on the 5 (tens)

7 X 1 (ten) = 7 (tens)
from 56 to get 12 (tens)

Exercise 4K
1 Using the method from Example 9 work out:

a 24x5 b 32X5 ¢ 17X5
d 41 x4 e 27Xx4 f 16x4
g 14X8 h 31X8
2 Using either method from Example 10 work out:
a 36x7 b 74X6 ¢ 53X8
d 68X9 e 98xXx3 f B88XO
g 89X5 i 76x4

3 If I buy 23 packets of sweets each containing
6 sweets, how many sweets do I have
altogether?

4 A bus can travel 5 km on one litre of diesel.
If Ahmed puts 52 litres of diesel in his bus
how far can he travel?

We can use the distributive law to carry out long
multiplication sums. This is multiplying 2 (or more)
digits by 2 (or more) digits:

Work out 24 X 18

Using the distributive

law: 24 X 18 =24 X (10 + 8)
=24 X 10+24 X8

Using the distributive

law again: 24 X10=20X10+4 x 10

+24 X8 =20X8+4 X8
200 + 40 + 160 + 32 = 432

Set out like this it is difficult to follow. Some people
set this out using a grid. You partition 24 into 20 and 4
and partition 18 into 10 and 8:

X | 20 | 4
10 | 200 | 40
8 | 160 | 32




Then add up 200 + 40 + 160 + 32 = 432

Some people prefer to set out their working like this:

44__{& X 7 (tens) = 16 (tws]j

2 4

4 1 8
2

2 4

X 1 8
1 9 2

w

9 4
X 1 8 /
1 9 2

o0

Put in & O to show you
are multiplying by 10

Now do 1 (ken) X 4 ]

2 4

b 1 8

1 9/’2/[
)
2 4

X 8

1 9 2

’ N
\ﬁ\'ow

T

do 1 (ter) X ]

2 4

X 1 8
1 9 2
0

Th

I

s row s 24 X 8 j

4 Number and calculation 2

Lo = I ]

2
: 0 <[ﬂ%s row is 24 X 10 ]

2 4
X 1 8
1 94 i
} 2 4- 0 % Now add these FCLPJS]
4 3 2
4
Exercise 4L
1  Work out:
a 24x15 b 52 x26
c 41 x 53 d 71 x38
2 Work out:
a 316 X123 b 235 X 64
¢ 108 X 18 d 345 X 28

3 How many minutes are there in a day?

4 A school has 36 forms each with 24 students
in. How many students are there in the school?

5 A farmer buys food for his animals in 45kg
bags. If he buys 23 bags in a week, what is the
total mass of the food bought
a inaweek
b ina year?

Factors can be used to work out other
multiplications quickly.

EXAMPLE 11 J ™\
What is 15 X 28?
15X 28 =15%X2 X 14
=30 % 14
= 10x3X%14
=10 X 42
k. = 420 K
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You can also use the doubling/halving method. When
multiplying, if you double one number and halve the
other you get the same answer:

(EXAMPLE 12 ) ™\
‘Work out 14 X 16
=28X8
=56%4
=112 %2 =224
S

This is not always obvious. Look out for X 16,
X 32 etc. as you can keep halving these until you
getto 2.

Exercise 4M

1 Do you think the method used in Example 11
is quicker than long multiplication?

2 Use the method from Example 11 to work out

a 5X62 b 14X 15
c 15X 54 d 25X82
e 35X16 f 55X42
g 88 X65 h 75X 124

3 Use your knowledge of factors to find a quick
way of working out 45 X 65 X 16.

4 Using the doubling and halving method in
example 12 to work out

a 13X16 b 18X32 ¢ 17 X 160

Division

The multiplication 7 X 6is really a repeated addition.

TX6=6+6+6+6+6+6+6

In the same way, division can be thought of as a
repeated subtraction.

For example 18 + 6 = 3 can be written as:
18

-6 ;
50 1 subtraction
-6 ;
— 1 subtraction
6
-6 1 subtraction
0 3 subtractions in total

6 can be subtracted from 18 three times until nothing
remains.

You can speed up the process by subtracting multiples

of the number you subtract.

EXAMPLE 13 ) N\

Work out 32 + 4

4 32 Note:
- 20 5 fours 5X4=20
12
- 12 3 fours I X4=12
0 8 fours 8§ xX4=732

8 fours can be subtracted from 32
So we can write the answer as:

R2+4=8
\_ J
Example 13 could also be worked as:
4 32
— 16 4 fours 4 xXx4=16
16
— 16 4 fours 4 Xx4=16
0 8 fours 8§ x4 =732

Exercise 4N
1 Use repeated subtraction to work out

a 6+2 b 12 +4
¢ 24 <=6 d 30-+5
e 36+ 18 f 56+ 14
g T2+24 h 96 =+ 16

Work out Example 13 another way.
3 Use the method of Example 13 to work out

a 22 <2 bh 64 =4

c 84 +6 d 104 -4
e 8 =5 f 135=<5
g 165 +15 h 168 = 14

Question 3 f can be worked out in many ways.
Here are two:

i 5 [135] i 5 135
— 30| 10 fives — 100| 20 fives
85 35
— 50| 10 fives — 35| 7fives
35 0l 27 fives
_— 35| 7 fives
0l 27 fives

The method in i is the shortest. For large numbers you
will have to subtract multiples of 10 and 100.
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EXAMPLE 14 N\ & 35 <)
J O 2 - 120 is the largest A
Work out 938 + 14 24)3448 multiple of 24, smaller
...................................................................................................... 72 than 124.
14 038 Note: 124 120 = 5 X 24. Write
_ 120 the 5 above the line and
—700| 50 fourteens 50 X 14 = 700 e 120 below the 124. J
238 35
— 140| 10 fourteens 10 X 14 = 140 .
08 24)8445 Work out the remainder )
_ 72 by subtracting 120 from
— 08 7 fourteens 7 X 14 = 98 124 124. This gives us 4.
0 67 67 X 14 = 938 120 Bring down the 8 to
— ake 48.
S0938 + 14 = 67 a8 — J
\. / 1 X24 =24 ~
2 X 24 = 48 We are now dividing
Some people prefer to use a ditferent method for long =L into 48.
s . . 3X24=72 .
division which can be quicker. 359
EXAMPLE 15 ) ~ 34)2‘;‘48
_ i 48 is a mulkiple of 24,
Work out 8448 + 24 124 which is 2 X 24, write
...................................................................................................... @ e 7 above the line and.
= 48 the 48 below the 48.
pusr e\ [ E
- miltiples of 24 down
3X24=172 the side of your page 352
4 X24=096 (you may need. to extend 18448
this list). Do this easily & 2248
repeatedly adding 24. 1e
b g ) 124 In this case there is no
: 120 remainder when you
24)8448 Snce 24 is o 2 digt ) ~% subbrack, since 48 — 48
vumber i won't go into 8 48 = &
s0 look at the first two —
digits of 8448, ) 00
So 8448 = 24 = 352
1 X24=24 N\ o ~
2X24=48 i = Hie: tangest When dividing sometimes you must give whole
3% 24 =172 multiple of 24, smaller b if th inders. Thi
I X2 P tan 8. 72 = 3 X 24, number answers, even if there are remainders. This
4 X 24 =096 Write the 3 above the will happen in a certain context. You need to know
3 line and the 7Z below when to round up and when to round down.
24)84 1+ the: 8 J
72 EXAMPLE 16 ) N
3 Work out the ramai.mtar\ A box can hold 25 sweets, how many boxes do
24)8418 by subtracting 7Z from you need to pack 434 sweets?
72‘ 84 Thlf) gLV?;S us ‘IZ R e S e o L PSS LRt Rt R L L QIR Lt
124 Bring down the 4 to 17 rem 9
make 124. ) 25)434
25
X124 = 184
; < %j = ig We are now dividing Lnth 175
- 124. We need to extend —
3X24=T72 our list of multiples ¥
4 X 24 =96 of 24. Y, There will be 17 full boxes, but the last 9 sweets
%24 =120 need to be in a box. Although the answer is closer
6 X 24 =144 ° to 17 than 18 we need to round up to 18 boxes
\_ 7 kotherwise some sweets will be left unboxed.

J/
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EXAMPLE 17 ) N\

Making a pillow case requires 54 cm of fabric.
If I have 9 metres of fabric how many pillow cases
can I make?

First convert 9 metres into 900 centimetres as units
must be the same before dividing.
16 rem 36
54)900
54
360
324
36
I can make 16 pillow cases. In this case the
answer is closer to 17 than 16, however we need to
round down to 16 pillow cases since we don’t have

enough fabric for the 17" pillow case.
\_ =

Questions like those in Examples 16 and 17 are easier

to answer correctly when you are not using a calculator.

When a sum like 900 + 54, from Example 17, is done
on a calculator the answer of 16.666666666 is seen on
the display. Students will often round this up to 17
without thinking of the context of the question.

Do the next exercise without a calculator to practise
your long division skills.

Exercise 40
1 Use the method from Example 14 to work out:

a 216+ 12 b 256+ 8

c 238 + 14 d 299+ 13
2 Use the method from Example 15 to work out:

a 675+ 15 b 1558 + 19

c 1344 + 21 d 1767 + 31

e 1938 + 19 f 2834 =+ 26
3 Work out these divisions:

a Sl2+13 These have

b 609~ 14 remainders!

¢ 435+ 17

d 932+ 15

e 1244 + 16

f 1847 =+ 24

g 2089 =+ 22

h 2345 + 36

i 6148 = 45

j 7426 = 43

10

11

An egg box holds 12 eggs. How many boxes
are needed to pack 8596 eggs?

All 623 students and their 36 teachers are
going on a school trip. How many buses are
needed if each bus holds 23 people?

A car can travel 12 km on one litre of petrol.
How many litres of petrol would you need for
a journey of 208 km?

Alex shares $7502 equally between 31 people.
How much do they each receive?

A theatre has 1232 seats. The seats are arranged
in rows of 44 seats. How many rows are there?

On a school trip there are 252 children and
18 adults. If each adult supervises the same
number of children, how many children will
each adult supervise?

72 sweets are to be shared between
13 children. How many whole sweets will
each child receive?

A piece of wood 238 cm long is cut into
smaller pieces each 18 cm long, how many
smaller pieces can be cut from the larger one?
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(Consohdatlon —
Example 1 Example 6

a Write down the first three multiples of 7. Use repeated subtraction or otherwise to calculate

b What are the factors of 427 a 132 +4 b 259 + 17

a Multiplesof 7=1X7,2 X 7,3 X 7etc. _:40 10 17% 25 — 17 =8

First three multiples of 7 = 7, 14, 21 ? 17¢ veriinier.

b Factorsof42 = 1,2,3,6,7, 14,21,42 iy ioRR 89 AN the.2
— 15
Example 2 32 17)259
Find the HCF and the LCM of 16 and 12. —40 10 17
Factors of 12 are: 1, 2, 3, 4, 6,12 T2 89
Factors of 16 are: 1,2, 4,8 ,16 12 3 83
. 15 rem 4

Common factors are: 1, 2, 4. The HCF is 4. 0 33 lezem T X 17 = 85
Multiples of 12 are: 12, 24, 36, 48, 60, 72, 84, 96..... 17 59 ;ﬁ; 4

3 . em 2
Multiples of 16 are: 16, 32, 48, 64, 80, 96, ... 89 So 259 = 47 =
Common multiples are: 48, 96,.... The LCM is 48. %

Example 3 So, 132 + 4 = 33 80,259 = 17 = 1514

Is 153 a prime number?
To be a prime number 153 should have exactly two Check: 15 X 17 + 4 =259
factors, 1 and 153.

If you can find any other factor then it is not prime.
Since there are no even prime numbers except 2 there

is no need to test for divisibility of 2, 4, 6, 8 or 10.

Check: 33 X 4 = 132

Exercise 4
1 Write down the first four multiples of

No prime numbers end in 5 (except 5).
There is no test for divisibility by 7 (you could just
divide by 7 to see what you get).

So the easiest tests are for divisibility are for 3 or 9.

Add the digits of 153: 1 + 5 + 3 = 9, so this is
divisible by 3 and 9, therefore not a prime number.

Example 4

Find 7% and \V/81

TP=T7x7=49

\/ﬁ means ‘what times itself makes 817’

92 = 81s0\V81 =9

Example 5
Work out 39 X 45

&Thisrow is 39 X 5

| O e W
wm| S Wit e

<This row is 39 % 40

a6 bl13 ¢c23 d37 e 48

2 List all the factors of
a 24 b 36 c 27 d 54 e 112
f 96 g 108 h 144 | 256 j 1024

3 Find the HCF and the LCM of these pairs:
al6,8 b 14,7 ¢ 24,20 d 18,20,12
e 16,24 f 20,25,30 g 25,30
h 36,42 i 54,28 ] 72,40,20

4  Are these prime numbers?
al4l b 163 ¢ 121 d 191 e 119

5 Work out:
al7x13 b33XxX14 ¢ 36X24
d 18 X290 e 54 X13 | i TR
g 47 X 38 h 342 X 37
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6

10

You should know ...

1L

Calculate:

a 448 + 32 b 164 + 41
¢ 27015 d 208 + 13
e 182-=+13 f 244+ 14
g 258 =15 h 456 + 19

Check your answers with your teacher.

Work out:

a 5 b V36 ¢ 10
d Vies e V1 f o112

Work out the side length of this square:

Area
144 cm?2

A piece of cloth 222 m long is cut to make
curtains. If each curtain uses 8 m of cloth, how
many curtains can be made?

There are 624 students and 27 staff at the King

Stevens school. The school wants to go on a

day trip to Seaview Bay.

a How many people will go on the trip?

b How many buses should the school hire if
a bus can hold 31 people?

¢ If the cost of transporting a busload of
people is $225, what will be the total cost
of the trip?

d How much should each person pay?

11 $8304 profit for a company is to be shared
equally between the 24 workers as a bonus
payment. How much do they each receive?

12 Look at the numbers in the box:

36 15
10 14
7 49

Copy and complete these statements using
numbers from the box:

a ....isamultiple of 6 and ..... is a factor
of 40

b .....isa prime number and ..... is a square
number

13 Here are six digit cards.

U &8 88 ¢ 68

Copy and complete these statements using
each digit card once:

D[:] is a prime number
DD is a square number
[:]D is a multiple of 16

How to find multiples.

For example:
The first four multiples of 5 are

o o o © o o © 00 o0
o o o o o o © 0 o0 o
o o o © o o 0o 00 o
o o o © o o ©c 0 o0 o
o o o o o o o0 o0 o
5 10 15 20

Check out

1 a Write down the first
five multiples of 3.

b Write down the first

five multiples of 11.
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o

2 How to find factors. 2 Find all the factors of
For example: a l4
b 24

Factors of 8
0 0 0 O

CO0OO00OCODCO o © o O

1x8 2 x4

Factors of 8 are 1, 8, 2, 4.

3 A prime number has exactly two different factors, one and itself. 3  State whether these are
A number which has more than two different factors is called a E :Jlrr:se?: .comp BE
composite number. a7 b 27

c 23 d 51
4 How to find prime factors of a number. 4 By drawing factor
For example: trees, find the prime
48 factors of
/ \ a2 b72
12 4 c 60 d 252
©) / 4 \ @)
@ O
Prime factors are 2 and 3.

5 How to find HCFs and LCMs. 5 Find the HCF and the
For example: LCM of
Factors of 10 are: 1,2, 5, 10 a 16,20
Factors of 15 are: 1, 3,5, 15 b 18,27
Common factors of 10 and 15 are: 1 and 5 the HCF is 5. ¢ 36,40

d 15, 35,20

Multiples of 10 are: 10, 20, 30, 40, 50, 60.....
Multiples of 15 are: 15, 30, 45, 60....
Common multiples of 10 and 15 are: 30, 60,.... the LCM is 30. e
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6 The divisibility tests

=2 Number ends in an even number

= Sum of digits is a multiple of 3

=4 Last two digits divisible by 4

-5 Number endsin 5 or 0
=6 Any even number with digit sum a multiple of 3
+~8 The number when halved has its last two digits

divisible by 4

= Sum of digits is a multiple of 9

+ 10 Number ends in 0

+ 100 Number ends in 00

7 Squares of whole numbers to 202,
For example:
182 =18 X 18 = 324

8 How to find the square root of a number.

For example:
V64 = 8 because 82 = 64

9 How to do long multiplication.

For example:

X
1 8 =] ¢ Thisrow is 37 X 5
z
Ak 7’ 4 0 € This row is 37 X 20
9 2 5 Add the 2 rows above
i

10 Long division is really repeated subtraction.

For example: 182 + 13

13 182 Note: 14
— 130| 10 10 X 13 =130 or 13)182
52 13
—52| 4 4X13=5 -
ol 14 14 X 14 = 182 52
00
182 + 13 = 14

6 Use divisibility tests to
see if
a 256 is divisible by 3
b 508 is divisible by 4
¢ 2538 isdivisible by 6
d 1306 is divisible by 9.

7 Work out:

a6 b 122
c 14? d 17°

8 Find the square root of
a 121 a 169
c 225 d 81

9 Work out:

a3sx24

b 49 X 23

c 78 X 52

d 124 X 67

e A school has
48 classes of
26 children, how
many children are
there altogether?

10 Work out:

a 308 =22

b 416 = 16

c 650 + 15

d 1442 = 14

e Metal pipes
measuring 38 cm
need to be cut from
a larger piece of
metal pipe
measuring 5 m long.
How many shorter
pipes can be made?

N

J




Length, mass and capacity

Objectives ™~

© Choose suitable units of measurement — tonnes (t), kilograms (kg) and grams (g)
to estimate, measure, calculate and — litres (1) and millilitres (ml)
solve probier.ns‘m everyday contexts. © Read the scales on a range of

© Know abbreviations for and analogue and digital measuring

relationships between metric units; instruments.
convert between:

— kilometres (km), metres (m),
centimetres (cm), millimetres (mm)

What's the point?

You ask questions such as

‘How far?’, ‘How heawy?’, ‘How

long?’ on a daily basis. Masons and
carpenters are groups of people whose
livelihood depends on good measures.

I |

Before you start

You should know ... Check in

1 How to multiply and divide by 10, 100 and 1000. 1 Find:
For example: 37 X 10
To multiply by 10: 43 X 100
427x10=427 18 X 1000
o 233+ 10
1424 = 100
1424 <+ 1000

or move every
decimal point moves iﬁb one place

one place to the right
To divide by 100:
320.6 + 100 = 3.206
Rk

decimal point moves
two places to the left

-0 o0To

or move every
digit two places
right




5 Length, mass and capacity

5.1 Length
Units of length

To answer the question ‘How many oranges are there?’

you can count. There are 7 oranges.

To answer the question *‘How long is the rope?’ you
cannot count. You must measure.

To measure the rope you must first choose a unit of
length.

Long ago, people used many different units for
measuring the length of things.
For example:

—d SpAN —s

a hand

A
] k
—a stride-s

b

Exercise 5A

1  Which of the units above would be suitable
for finding:
a the width and length of a field
b the distance round your classroom
¢ the height of your best friend
d the length of a page in this book?

2 Deo and Jess sell the same cloth for $6 a
stretch. From which of them would you buy
cloth? Why?

.2, &
a !

Jess

+——a foot

|

3 Look again at the units based on body parts.
Do you think that using them might cause
problems? Why?

4 Write down four units of length that are
used today.



S1 units

The units based on body parts were not satistactory to
use, because not everyone’s hands, arms, feet, and
strides are the same.

You need to use standard units.

More and more countries are using standard units
based on the French-invented metric system, called the
Systeme international d’unités, or SI for short.

The metre

The SI unit of length is the metre, m.
A good estimate of a metre is one long stride.

Exercise 5B

You will need a metre rule.

1 Use your metre rule to measure the
a height of your classroom door
b  width of your classroom
¢ length of your classroom.

2  Write down the name of an object that is about

a Imlong
b 2mlong
¢ 5Smlong.

3 Practise taking strides 1 m long. Now measure
the length and width of your classroom by
striding around the walls. Do you think this is
an accurate way of measuring?

4 a Work with a friend. Choose five different
places in your school.
Estimate (guess) the distance to them
from your classroom door.

B Length, mass and capacity

b Now check your estimate using a
metre rule.
¢ Copy and complete the table:

Actual
distance

Distance from | Estimated
classroom distance

Ll ol Lol

(») actviry

Work with a group of friends. You will need a watch

and a metre rule.

a Estimate the time it would take to walk
10m, 20m, 30m, 40m and 50m.

b Using the metre rule to measure the distances
and a watch to measure time, check your
estimates in a.

¢ Copy and complete the table:

Distance Estimated Actual
distance time

10m
20m
30m
40m
50m

The centimetre and millimetre

The metre is a fairly large unit of length.

To measure shorter lengths, we use

* the centimetre, ﬁ of a metre

* the millimetre, ﬁ of a metre or % of a centimetre

Here is a line | centimetre long:
Here is a line 1 millimetre long:

The abbreviation ¢m is used for centimetre.
The abbreviation mm is used for millimetre.




B Length, mass and capacity

A rough estimate of a centimetre is the width of your
smallest finger.

about a centimetre
-

Exercise 5C
1 Use your smallest finger to estimate the
length of:
a your exercise book
b  your pencil
2 Estimate the length of each line.
a

b

2 Now measure each line in Question 2.
Were your estimates good ones?

4 a Estimate the height of this book using cm.
b Now measure its height using cm and mm.
Was your estimate a good one?

5 Repeat Question 4 for the width of the book.

-~
ul. Ty i k\ :

Interview a dressmaker, a seamstress or
someone from another profession who uses
measurements daily.

« Find out what units of measurement they use.
*  What do they use to make measurements?

+  What measurements do they take?

= Write up and present your findings to the class.

The kilometre

For great distances, a metre is too small a unit to use.
Instead, we use the kilometre, km.

A kilometre is roughly the distance you can walk in
15 minutes.

* 1000m = 1km
Im =35 km = 0.001 km

Exercise 5D

1 a Write down five places that are about
15 minutes’ walk from your school.
b How could you check that these places are
really 1 km away?

2 a How long does it take you to walk to
school?
b Estimate the distance you walk.

3 Estimate the distance from your school to the
nearest post office. How would you measure
the distance?

4 Write down the names of four cities or towns
in your country. Now find out the distances
between them in kilometres.

Relationships between metric units

To change lengths in metres to centimetres, or metres
to kilometres, you need to remember that

1000m = 1km

100cm = Im

10mm = lem




Sometimes you multiply, sometimes you divide.

This diagram can help you decide:

units getting bigger,
fewer of them, so divide

+ 10 + 100 + 1000
— —_— —

mm cm m km
-— - -—

x 10 % 100 x 1000

units getting smaller,
more of them, so multiply

EXAMPLE 1 )

Change
a 6cmSmm to mm
b S56kmtom
a lcm= 10mm
so6ecm Smm = 6.5¢cm
= 6.5 X 10mm
= 65mm

b 1km = 1000m
So 5.6km = 5.6 X 1000m
\_ = 5600m

( EXAMPLE 2 ]

Change 6314 m to km.

1000m = 1 km

S06314m = 6314 + 1000km
= 6.314km

Exercise 5E

1 Change to mm:
a 3cm b 16cm
¢ 3cm2mm d 57cm

2 Change tocm:

a 40mm b 120mm
¢ 58mm d 92mm
3 Write these distances in metres:
a lkm b 5km
¢ 3.6km d 4.12km
4 Write these distances in kilometres:
a 3000m b 12000m
¢ 500m d 1680m

B Length, mass and capacity

5 The table gives the height of five students.
Copy and complete the table:

Student | Heightm Height Height
and cm m cm
James 1m42¢cm
Anthony 1.56m
Garth 145¢m
Albert 1.25m
Andy 1m 70cm

6 Atahalne is 1 m 36cm tall.
Kanika is 18cm taller.
How tall is Kanika in metres?

-

| &
- " Atahalne
Kanik
B h

Seta went on a tour of her island. The table
shows how far she walked each day.

Day Mon | Tue | Wed | Thur Fri
Km
travelled | 19.5 | 38.7 | 248 | 30.1 | 359

a Find the total number of km she walked.
b  Express the answer to part a in m.

(Hint: If you are not sure how to add and subtract
decimals, look ahead to Chapter 10. Alternatively,
you can change units before adding or subtracting.)

8 Change to mm:

a 007m b 0.6cm
¢ 0.004m d 0.38cm
e 0.14m f 05m
9 Change to m;
a 270cm b 4300cm
¢ 0.65km d 0.2km
e 34km f 42cm
g 3cm h 0.345km

Which distance is greater:
a 2000mor 1km 571 m
b 196mmor32¢m 7mm
¢ 3km or 30000cm?

EE1 Find the value of the following:
a 739cm + 36 mm (answer in cm)
b 36lm + 58.7cm (answer in m)
¢ 2531m + 793m — 1.7km (answer in m)
d 1818km — 972m (answer in m)

&



B Length, mass and capacity

E®1 I have to walk 2.3km to school. I walk some of
the way with my friend. I walk for 835m to
meet my friend. Then we walk for a further
1.2km together. How far do I still need to walk?

FE] A plank of wood is 4.3 m long. It has the
following lengths cut from it:
49¢m, 583 mm, 76 cm, 1.2m.
What length remains in
a mm b cm?

5.2 Mass

Units of mass

Long ago, people measured things like rice in handfuls

or bowlfuls.
Exercise 5F

1  Mrs Addy and Mrs Armstrong both sell sugar
by the bowlful.

Mrs Addy

Mrs Armstrong

They each charge 40 cents for a bowlful. From
which of them would you buy your sugar? Why?

2 Do you think that measuring in handfuls could
cause problems? Why?

3 Look again at the units shown above. Could
you use either of these for measuring meat?

Handfuls and bowlfuls are not satisfactory units for
measuring quantities. Bowls come in all different
shapes and sizes.

You need to use standard sizes so that you know how
much you are getting.

First you need to understand the difference between
mass and weight.

Mass and weight

Many people might ask “What is your weight?’

But it is more correct to ask “What is your mass?’

This is because weight can change from place to place.
It depends on how far you are from the centre of

the earth.

* The mass of an object is always the same.

L
(‘1‘;{___

e

&

An astronaut who weighs 70 kilograms on earth will
weigh almost nothing at all when he is in space.
He will have to be tied to his spaceship to prevent him

floating away.

But the astronaut himself does not change.

He is still the same person. The quantity of him is the
same. This quantity is his mass.

You should use the word ‘mass’ instead of ‘weight’.

The Sl unit of mass - the kilogram
The SI unit of mass is the kilogram or kg.
It is the mass of a small block of metal kept in a

laboratory near Paris.
* The mass of a bag of sugar is a kilogram.

Exercise 5G

You will need a 1kg mass, some oranges,
grapefruit and bananas (you can use other fruits if
you don’t have these).

1 Liftupthe 1kg mass. Feel how heavy it is.

a Write down five objects that are heavier
than 1kg .

b  Write down five objects that are lighter
than 1kg.



2 Work with a group of friends.
a Compare the masses of a grapefruit, an
orange and a banana with the 1 kg mass.
b How many oranges are needed to make
1 kg? How many bananas? How many
grapefruits?

Find out your own mass in
kilograms from a set of
scales.

b Find out if you are above
average or below average
mass for your age.

4 Here are some approximate
masses of everyday objects:

A large pineapple about 1 kg

7 or 8 medium-sized bananas  about 1 kg

5 or 6 large oranges about 1 kg
An average 12-year-old boy about 38 kg
A small car about 750kg

Estimate the mass in kilograms of:

a agrown man b anewborn baby
¢ abicycle d acat

e acow.

Find out if your estimates are correct — you
can use the internet.

The gram

The mass of a biscuit is much much less than 1 kg .
For such small masses we need a smaller unit.
We use the gram, g.
= 1000g = 1kg
lg = woke = 0.001kg

Exercise SH
You will need a balance and 1g, 10g and 100 g

masscs.

1 Liftupthe 1g, 10gand 100 g masses in turn.
a Write down three objects whose masses
are less than 10g.
b Write down three objects whose masses
are less than 100 g but more than 10g.

2 You will need your pencil, ruler, exercise book,
textbook and geometry set. Lift up each object
and compare their masses.

a Write down the objects in order of mass,
smallest first.
b Guess the masses of each object.

b Length, mass and capacity

Find the masses of the objects in
Question 2 using a balance. Ask your
science teacher to help you.

b Copy and complete the table:

Object Estimated | Actual
mass mass
Pencil
Ruler
Geometry set
Exercise book
Textbook

¢ Which was your best estimate?

4 Here are some approximate masses:

A postcard 2g
A new pencil 3g
A large egg 60¢g

A small loaf of bread 400g

Estimate the mass of:
a aball-point pen
b 1 ten cent coin

€ ateaspoon

d a knitting needle
e aletter.

5 Changeto g:
a 4kg b 0.32kg
c 007kg d 0.002kg

@ A pile of rubbish has a mass of 17kg.
If 8450 g of rubbish is removed, what is the
mass of the rubbish left?

(») activiry

A very simple balance can be made using your
ruler, a pencil and some masses from your science

room.
e

St .
pencil ruler

The ruler must first balance on the pencil on

its own.

a Work with a friend and use the balance to find
the masses of five objects in your school bag.

b  Find out how a spring balance works.
In what ways is a spring balance different from
the one you made in part a?

¢ Askyour science teacher for a spring balance.

£

o

Use it to check your answers to part a. °
A

c



5 Length, mass and capacity

Work with a group of friends. You will need a metre
of thread, a watch and some standard masses.
Tie a 10 g mass to a metre of thread and attach
the thread to your desk so it can swing freely.

|
L __— |
desk
book | —thread
holding
thread in
s pe+—10 g mass

a Push the mass slightly, the thread will swing
from side to side.

b How long does it take to make 20 swings?

¢ Remove the 10¢g mass and put on a
50 g mass. How long does it take to make
20 swings?

d Copy and complete the table:

Mass Time for
20 swings

10g

508

100g

2008

e What do you notice?
Repeat, but this time keep the 10g mass on
the thread. Use only 50cm of thread and find
the time for 20 swings.
g Use 30cm of thread, and find the time for

20 swings.
h Copy and complete the table:

-

Length of Time for
thread 20 swings
lem
50cm
30cm
10cm

i  What do you notice?
j  Estimate the time for 20 swings if only 20cm
of thread were used.

The tonne

For very large masses, a larger unit is used.
It is the tonne, t.

* 1t=1000kg

Here are some approximate masses:

N\

P
-4

0

Car, about 1t

XAt -
Elephant, about 5t

Exercise 51

1 Write down five objects with masses greater
than 1t. Try to find out their masses.

2 Copy and complete:

lkg=0g 5= ) e
lg =[kg lkg = Ot

3 Change tokg :
a 4t b 3.7t
c 4200¢g d 320g
e 0.72t f 0.004t
g 3000000¢g h 25¢

(Hint: If you are not sure how to add and subtract
decimals look ahead to Chapter 10 — or you can
change units before adding or subtracting.)



B Length, mass and capacity

4 Add these masses and give the answer in Exercise 5J
A BT S ki ograms, 1 Collect five bottles which usually contain
a 972g,83g,523¢ liquid.
b 323g,1521kg, 97¢g a Estimate their volume.
¢ 2t,731kg, 432¢ b Fill your containers with water. Use your
measuring cylinder to find their actual

5 Give your answers in the most appropriate units.
a 734g+88g—2367¢
b 39¢g+ 7kg 86g —3kg 746¢
¢ 4587g X 27 Bottle Estimated Actual volume
volume (cm?) (cm®)

volume.
¢ Copy and complete the table:

6 One tin of biscuits has a mass of 0.32kg .
What is the mass of 7 of these tins in
a kg
b g?

7 A truck full of sand has a
mass of 3.2t.
What is the mass of the
truck if the mass of
the sand is 1875kg?
Give your answer in

{320 I K9V ) § SR

2 a Estimate the volume of a
bucket of water.
b Could you use a
measuring cylinder to
find its actual volume?

a tonnes actua
b kilograms. Why might it be
; difficult?
8 Merlene buys a piece

of meat with a mass of 32 a Estimate the volume of a
4kg 65g. thimble of water.
Express the mass in b Could you use a

a grams b kilograms. measuring cylinder to

find the actual volume of
. the thimble? Why might it be difficult?
5.3 Capacity

Liquids do not have a fixed shape, but you can still ;
measure their volume.

Scientists often use a measuring cylinder to measure

the volume of liquids.

The amount of liquid a container can hold is the
capacity of the container.

cc is short for ‘cubic centimetre’ — that is 55 cc = 55cm’.



5 Length, mass and capacity

A litre is the volume of liquid that can be held in an )
open cube of edge 10cm. b Find the exact volumes of as many of
these as you can.

2 Bottles and tins of liquid often have the
volume of the contents written on the labels.
Find five examples.

3 Change these to ml:

10cm a 4.9 litres b 0.23 litre
¢ 04 litre d 0.005 litre
e 0.034 litre
4 Change these to I:
a 2400ml b 350ml
m ¢ 17000ml d 32ml
Ao e 7ml

5 a Whatis the total volume ;
: of Judy’s Punch in eyl &/ pvnch
The volume of this cube = 10em X 10cm X 10cm ol ;
5 i litres 5 litres lemonade
~ 1000em® i millilitres? ,
That is 1 litre = 1000cm® o 1 ligre of
b A glass holds 100 ml. pineapple juice
) . . How many glasses can
Another unit for.meai?unng small volumes of liquid is Judy fill from her 500 ml of
the millilitre. It is written in short as ml. punch bowl? il
It is the amount of liquid that can be held in a cubic LALCE
centimetre.
6
: lem - \
mﬁmt 4 ml [ ml) [ ml)
lcm :—300 ':—30{] _—300
lem® = 1ml = ;—200 ;—200 ;—200
1000 ml = 1 litre 3 3 3
=100 =100 =100
E m w

© =
2 to 8 weeks 2 to 5 months 6 to 12 months

Using thick card, make a net of a cube with side

10cm. Fold it to make an open cube and fix it These bottles show the volumes of feed for babies

together. of different ages.
Line your cube with a plastic bag and fill it with a Write the volume of feed in each bottle.
water. The volume of water in your cube is 1 litre. b Joanis 8 months old and has 4 feeds

per day. Write, in litres, the total volume
of feed Joan has in one week.

¢ Ryan is 4 months old and has 6 feeds
per day. Write, in litres and millilitres, the

Use your cube to find the capacity of a bucket.

Exercise 5K total volume of feed Ryan has in one week.
1 a Guess the volume, in ml of: : ;5
. - 7 a Estimate how many cups of liquid you
i ateaspoonful of medicine .
i il bottle of ink drink every day.
a smatt BoTe O 1 b How many litres is that?

ili acupful of coffee
iv afull cola bottle
v araindrop.

&



For each person find how many days the
medicine will last.

e

-

Al
Take one 5ml

?poonful 3
times a day-

105 ml
N

() activity |

Can you think of a way to measure the volume of
air you breathe out in one breath?

Anne

Take one 5ml
spoonful
twice daily-
150 ml

J

5.4 Reading scales

It is important to be able to read scales accurately. For
example, a nurse needs to be able to read the scale ona
needle to inject the correct amount of medicine.

There are many different scales to measure lots of
different quantities such as weighing scales, rulers,
thermometers, clocks and measuring cylinders.

To read a scale accurately you need to:

* know what each division on the scale stands for
» make sure the scale is level and not at an angle
* make sure you are looking from the correct angle

(not from above or below)

B Length, mass and capacity

* make sure you are reading the correct units
(some scales have more than one unit on them —
for example a ruler in cm and inches, like the
one below.)

(P S Lk N L | r 8 QS5 LI PR e 20 R § {20 001 (S 5700 e P LAY
Ol 2 3 4 5 6 7 B 9 10112 B3 MHI5161718319D2123UU58T 330

zll-n|l-ml|l||..lnnu|l;m\lm?nul-anm-llHlf--nllm?n||linl?l|--I||||runll-u?lluluuTl-nllu|i---|:’::

EXAMPLE 3 ) N

‘What do the small divisions on these scales
stand for?

Og 100g 200g 300¢g
a | | | 1 | | 1 | | 1 1 | I

50ml 100 ml 150 ml
b Lo by by

a There are 4 gaps between 0 and 100
100 + 4 =125
Each small division is worth 25 g

b There are 5 gaps between 100 and 150
150 — 100 _

5 10

\ Each small division is worth 10 ml

Exercise 5L

1 Work out what each of the small divisions are
worth on these scales:

a (g 200g 400g
Loy by oy

b 0 5ml 10ml
Lo b gl

c 0 25cm 50ecm 75cm 100cm

|F1II[1III]IIF1|I[1I!

2 What is the arrow pointing to on these scales?

a
0 200¢ | 400
| 1 | 1 [ 1 1 | 1

b l S 10ml
|||||| L 111 ] L1 11111 |I

C
0 25em| 50em  75em  100cm
|F1||[i|||1||l]|||i|i

d 4o _3oC |

| 1 1§ I 1 & J 1 | | 1 1 1 |

IE' 10 12 l 14 16

lllll]l




5 Length, mass and capacity

3  What is the time on these clocks?

d From these three clocks can you tell if it is

morning or aftemoon? Explain your answer.

4  What is the temperature on this thermometer
in °C?

=-1040 |
=203} L

30 3

5 What is the mass in
i kg
ii grams
shown on these scales?

What is the capacity in

aml

b litres

shown on these measuring cylinders?

ml ml m

1
600} __600-

500 500-
400 400

300+

‘What is the mass in

i kg

ii grams

on these scales when the masses written below
them are added or subtracted?

a

Subtract 800 g
b

Add 700 ¢
C
m
Kg
Subtract 600 g

This thermometer is showing my temperature
when healthy. When I was ill I was 4 °C hotter
than this. What was my temperature when [
was il1?

7

e



( Consolidation

Example 1

Which unit would you use to measure the

a width of your classroom

b length of your little finger

¢ distance from London to New York?

a Your classroom is a few big strides long, so use
metres.

b Your little finger is much smaller than a stride, so
use centimetres.

¢ London to New York is a great distance, so use

kilometres.
Example 2
Convert
a 35mmtocm
b 32kmtom
a 10mm = lcm
s0 35mm = 35 <+ 10cm
=35cm

b 1000m = 1km
s032km =32 X 1000m
= 3200m

Example 3

Estimate the mass of
a apenin grams; in kg
b achairinkg; in grams

a A penis very light. Its mass could be 25 g.
1000g = 1kg
so25g = 25 + 1000kg
= 0.025kg
b A chair is quite heavy. Its mass could be 25 kg.
1000g = 1kg
so 25kg = 25 X 1000g
= 25000g

B Length, mass and capacity

e

Example 4

I add the water from this measuring cylinder to
4.1 litres of water.
How much water do 1 now have altogether?

Make the units the same
4.1 litres is 4100ml
This scale says 230 ml
4100 + 230 = 4330ml

or 4.33 litres

Exercise 5

1 Which unit would you use to measure

your height

length of your foot

height of your classroom

width of a fly’s wing

length of a cricket pitch

distance from Wellington, New Zealand
to Jakarta, Indonesia?

-0 Q0T

2 Estimate the mass of these objects using
appropriate units.

a apencil b acup
¢ afootball d atable
3 Convert
a 23mmtocm b 4cmtomm
¢ 3kmtom d 2kgtog
e 3lkgtog f 800gtokg

g 5200mltolitres h 43000kgtot

4 Which metric unit would you choose
to measure:

the mass of a rhinoceros

the mass of your maths teacher

the mass of a pencil

the mass of this book

the mass of your desk

the mass of Nigeria’s crop?

-0 Qo0 oo



B Length, mass and capacity

5 [In Athletics, triple jump records are held for a b Renjith Maheshwary set the Indian
long time. Jonathan Edwards from Great national triple jump record in 2010 with a
Britain set the men’s triple jump world record jump of 17.07 m. How much further would
in 1995 with a distance of 18.29 m. he need to jump to beat the world record?

6 A fish currently 3cm long grows 6 mm per year.
a How long will it be in:
i 2 years’ time ii 5 years’ time?
b Use a ruler to find the age of the fish
shown below.

7 a Whatdo the arrows point to on this scale?
Give your answers in kg.

A B c
8ke| 0ke | 12ke lliélkg

|IItIIIII|If|\

b  Write your answers to part @ in grams.

a How faris this in centimetres?

.

You should know ... Check out
1 The SI unit of length is the metre (m). 1  What unit would be
Smaller units used are centimetres (cm) or millimetres (mm). most convenient to
) measure
o e a the width of a

football field
b the width of this book
¢ the distance between
Paris and Berlin?

about a metre
1 m is approximately 1 cm is approximately
one long stride. the width of your

smallest finger.
A larger unit used is the kilometre (km).

2 10mm = lcm 2 Express

100cm = I m a 3min cm
b 270m in km.

\_ >

-




5 Length, mass and capacity

3 The SI unit of mass is the kilogram (kg).
A smaller unit used is the gram (g).
A larger unit used is the tonne (t).

4 1000g = 1kg
1000kg = 1t

5 We use litres (1) for capacity
A smaller unit used is millilitres (ml)

6 1000ml = 1 litre

3 What unit would be

most convenient to

measure

a the mass of a bicycle

b the mass of a paint
brush

¢ the mass of a bus?

| ke is approximately A penceil’s mass
the mass of a large 1s about 3 g.
pineapple.

a Add together 2t,
57 kg and 321 g.
Give your answer in
grams.

b Find 33.5g X 32
Give your answer in

ig

What unit would be

most convenient to

measure

a the amount of liquid
a spoon holds

b the amount of liquid

a bath holds?

Express
a 5600ml in litres
b 0.04 litres in ml

i kg.

\




Representing information

©O Decide which data would be relevant O Construct and use frequency tables
to an enquiry and collect and organise to gather discrete data, grouped
the data. where appropriate in equal class
0 Design and use a data collection sheet intervals.
or guestionnaire for a simple survey. O Calculate the mean, including from a
© Find the mode (or modal class for simple frequency table.
grouped data), median and range.

.

What's the point?

What is your favourite TV programme?
Which foods do you prefer? Which soap
powder do you think washes whitest? To
answer such questions advertisers and
market researchers carry out surveys.

Before you start

You should know ... Check in

1 How to use the order of operations: 1  Work out:
For example: a 3+3+445+

243 +3+8=4=10BIDMAS tells us to do the )

division first then the addition. b (E ;f 3+4+5+10)

This is different to:
(2+3+ 3+ 8) +~4 = 4 Here BIDMAS tells us to do the
brackets first then the division.

That a long line acts like brackets. 2  Work out:

For example: i 6+8+9+ 11+ 16

5
w= 4 Do this in the same way as: 12+ 13 + 14 + 17

@+3+348) =4 g

J




6.1 Collecting data

You wish to find out from your classmates which of
these dishes is their favourite:

Chicken cutry
Roast Lamb
Plzza.

Kebab

How would you obtain the information?

You could:

» ask each classmate individually

» pass around a sheet with the dishes listed and ask
each classmate to tick one of them

» ask fora show of hands.

‘Whichever method is used, data or information is
being collected.

Data you have collected yourself in this way is called
primary data. If someone else has collected the data
(e.g. data from the internet) this is secondary data. If
you have collected primary data you know how
reliable the data is, secondary data may be unreliable.
The advantage of secondary data is that it is quicker to
collect as someone else has done all the work. This
chapter looks at ways of collecting and organising
primary data.

The data about favourite foods is discrete data.
Discrete data can only take on definite values.
For example:

size 1, size 2 etc.

* shoe sizes -

* number of family

members - 3,4, 5etc.

A useful way of collecting and recording discrete data
is to keep a tally.

Look at this frequency table:

Item Tally Frequency
Chicken curry [11] 4
Roast Lamb PN ‘

I
Pizza N TN N | 16
Kebab MM T 13

M| represents 5 classmates.

The frequency column gives the total of the
tally marks.

' 6 Representing information

EXAMPLE 1 ) N
Represent the following numbers using
tally marks.
a 2 b 9O c 15 d 23
a 2—I
b 9—M I
c 15 —DM W M
\d 23 — W MW T

If you have a lot of data with a big range, organising
the data into tables like these would not make it
much clearer.

For example, you could construct a frequency table
to gather the following data (this is the number of
seconds people can hold their breath for):

10 24 16 37 36 32 34
21 18 26 22 35 31 31
26 16 31 11 40 13 42

However, looking at each value separately, you can see
the frequency table below isn’t very helpful - and it is
not even finished!

Frequency table:

Number of seconds Frequency
10 1
11
12
13
14
15
16

Moo= |O|—

In these cases it is useful to use a grouped
frequency table.
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EXAMPLE 2 ) ik
Construct a grouped frequency table to gather the
tollowing data (this is the number of seconds
people can hold their breath for):

10 24 16 37 36 32 34
21 18 26 22 35 31 31
26 16 31 11 40 13 42
Grouped frequency table:
Number of Tally Frequency

seconds

10 - 19 M 6

20-29 MK 5

30-39 M 8

40 - 49 Ll 2

- _

When you are constructing a grouped frequency table,

make sure that the groups do not overlap.

You couldn’t have these groups:
10-20
20 - 30,

as 20 could go in either group.

Exercise 6A

1 State the numbers represented by each of the

following tallies.

a |l
b M MWL
c M M

d BOMIRCRBR

2 The heights of a group of children are

measured in cm.

139 138 142 136 142
142 136 138 139 141
142 136 136 139 143
136 143 138 141 142
141 142 142 138 142
138 142 141 136 139

Copy and complete the frequency table:

Height (cm) | Tally marks Frequency

136

138

139

141

142

143

3

a

Construct a frequency table to gather the
following data on numbers of students late

to school each day for one month:

11 16 11 12 15 14 13
12 14 12 13 13 11 14
14 13 14 15 14 12 15

These are the ages of people at a party:

2 13 4 17 36 64 45
18 41 51 18 18 17 15
65 28 16 18 27 21 18
17 19 37 44 5 18 67

Copy and complete this grouped frequency table:

5

Age Tally
0-9
10 -19
20-29
30 -39
40 - 49
50 -59
60 - 69

Frequency

Construct a grouped frequency table to gather
the following data on marks in a maths test:
41 61 70 52 67 48

59 59 88 60 94 64

53 77 44 83 56 98

74 66 77 57 43 68

Find out the number of students who were
absent from your class each day last month.
Use tally marks to represent the information in
a frequency table.

Collect information from your classmates
about their favourite game out of’

football, cricket, baseball, basketball and
hockey.

Record the information in a frequency table.

D

Go to a safe place where you can see traffic
passing. Use tallies to record the number of
each type of vehicle (car, lorry, bus, bicycle,
taxi, motorbike) that passes by during 30
minutes.

Record the information in a frequency table.



Relevant data

Before you start collecting data and putting it into
frequency tables, it is important to decide which data
would be relevant to the survey.

Exercise 6B

1 The teachers at Westfield High School are
concerned about the safety of their students
due to the amount of traffic around the school
at the start and end of the school day.

e T

R -

Students were asked what they thought teachers

should find out about. Their suggestions were:

* How many students walked to school?

* How many students are there in the school?

* How many children were in each car?

*  When did most students arrive at school?

* What colour cars did people drive?

¢ How many students came by bus?

* How many students lived a long way away?

* Did parents drive all the time or just when
weather was bad?

*  Which parent drove the child to school?

* How many car parking spaces were there in the
school car park?

*  Where was the nearest zebra crossing?

*  Why did the parents drive to school?

» How many people went home for dinner?

» How long did it take students to travel to school?

» Was there another street nearby which had
less traffic?

* Did people have bicycles?

Discuss their suggestions.

a Are they all relevant? Which are not?

b Which are most relevant?

¢ If you could ask only 5 questions, which
would you choose and why?

d Can you think of any more?

6 Representing information

2 Discuss each of the following. What would be

relevant when finding out about:

a the litter problem in a school

b town recycling habits

¢ people’s views on a new sports centre in
the town

d community use of the school buildings
and grounds?

3 Ella was asked to find out people’s views on
school uniform.
She decided to think about these questions:

Are you male or female?

How old are you?

Do you wear school uniform?

Do you like wearing school uniform?

Why?

How do you travel to school?

Why is wearing school uniform bad?

Why is wearing school uniform good?

What is your teacher’s name?

a Which of these are irrelevant?

b If you were only allowed to ask
3 questions from the list above, which 3
would you choose and why?

¢ Ella’s friend Katy said that “What is your
teacher’s name?” wasn’t relevant. Do you
agree with Katy or not? Why?

BN PR
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Data collection sheets

Once you have decided which data is relevant and
which is not then you need to think about how to
collect it. You could make a data collection sheet,
which is a sheet with various headings to be filled in.

Data collection sheets are useful when conducting
interviews. Long questions are not necessary because
the person conducting the interview explains the
questions and the possible answer choices.

Data collection sheets can also be used for logging
data for example in a weather or traffic survey.

The advantage of a data collection sheet is that you can
quickly gather information straight into easy to read
tables and you only need to print out one sheet of
paper. The disadvantage is there is a limit to how much
detail or information you can fit in the table.
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(EXAMPLE 3)

of television they watch:

Design a data collection sheet to find out about
boys and girls test results in maths and the amount

N Questionnaires

You may prefer to do a survey by sending out a
questionnaire, which is a printed list of questions.
These are useful because lots of people can fill them
out at the same time and you can collect more data.
You can also post these to different areas. People have

Male or female| Maths test mark

Hours of television time to think carefully about their responses.

ratchod por wosk There are disadvantages to questionnaires. Many

people don’t fill them in. There is no one to explain

and interpreting lots of questionnaires can be time

consuming and costly.

\. / Questionnaire design is very important. A good
questionnaire is more likely to be returned and more
EXAMPLE 4 ] ™\ likely to be answered honestly. Also you will be able to
easily use the data collected from the questionnaire.
Design a data collection sheet to see what the
weather conditions are.
Date Time Temperature Weather
conditions
\ >

How to write a good questionnaire:

* Be polite. Explain the purpose of
the questionnaire

e.g “| am trying to find out how people feel about the new library"

* Keep it short.

People will not want to spend a long time filling in questionnaires. Don't ask irrelevant questions.

* Keep questions simple and closed
(this means give a choice of
answers). Include a time frame
if necessary.

e.g. How much television do you watch per week on average:
0-1hrs, 2-3hrs, 4-5hrs, more than 5 hours?

Without a choice of answers, if you just wrote the open question “how much television do you
watch?” the answer could be “lots” which is not helpful. The time frame is also important, as
“how much television do you watch?” could mean per day, per week or per month etc.

* Make sure the answer choices do
not overlap and that they cover
all options.

e.g. If you wrote “Please tick your age group”:
[0 0-24, [0 24-30, [0 31-38, [J 40-60 [ 61 or more,
someone who is 24 has two boxes they could tick and someone who is 39 has no box to tick.

* Keep personal questions tactful

Some people are happier to tick a box that their age group fits in rather than give their
exact age.

* No leading questions

Asking “do you agree that......2" will produce biased answers

* Do a pilot survey

This means print out just a few copies of your guestionnaire to give to a few people to fill in to
make sure everything is clear and understood. Errors can be corrected before printing out lots.

any questions that are not understood. Printing, posting




Exercise 6C
1 Design a data collection sheet to help you

compare the pulse rates of boys and girls.

Design a data collection sheet to find out what
sort of television programmes different age
groups and different sexes prefer.

Design a data collection sheet to find out
about a subject of your choice.

These questions were all found on
questionnaires.There is something wrong with
them. For each question:

i  Say what is wrong with the question (in
many cases there is more than one thing
wrong with the question).

ii  Write a better version.

a How much television do you watch?

b Which is your favourite drink?
Tea[] Coffee[] Water[]

¢ Do you agree that we get too much
homework?

d What sort of films do you like to watch?

e Maths is my favourite subject, is it
yours?

f Whydon’t you walk to school?

g Rate these from 1 to 5: cinema,
television, going out with friends,
playing computer games.

h How often do you go swimming?
never (] once [] twice [J
three times or more []

i How much do you earn?

j How much sleep did you get last
night? Please tick.

Less than average []
About average [
More than average []

k Do you think maths is:

brilliant [] quite good []

5 Write five bad questions of your own. Give

them to the person sitting next to you to find
out what is wrong with them.

Your head teacher wants to know what
improvements can be made to your school.
Write five possible questions she could write
on her questionnaire.

Write five possible questions for a
questionnaire to find out how your friends like
to spend their free time, if they think there is
enough to do in your area and what
improvements they would make.

6 Representing information

8 A company wants to find out what people
think about their advertising campaign. Write
five possible questions for their questionnaire.

9 Design a questionnaire to find out about a
subject of your choice.

6.2 Averages and range

It is often useful to describe the data with a single value.
An average is a single value that describes a data set.

There are three types of average:
*  mean mode median
The one to use depends on the circumstances.

The mean

This is what many people mean by the word ‘average’.

To find the mean of a data set, add all the values and
divide by the number of values.

For example, in a cricket series, the batsman scored
107, 94, 106, 291, 14, 14 in six test innings.

Batsman’s mean score
sum of scores
number of scores
107 + 94 + 106 + 291 + 14 + 14 626

6 6

104.3

Exercise 6D

1 Find the mean of these sets of data:
a 1,3,57,9,11,13,15
b 24,621, 20,25,21,27
c 65,72,41,38,94,87,53,69,7.2,85

2 Aldie rolled a die four times. His scores were

ol it

‘What was his mean score?

3 Aaron picked six pea pods. The numbers of
peas in the pods were
7,8,10,5.6,6

a How many peas did he get altogether?
b What was the mean number of peas in
the pods?

4 Nailah bought five packets of sweets.
The numbers of sweets in each packet were

28,32, 29,31,30

‘What is the mean number of sweets in a packet?
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5 The Super Stationery Company does a control
check of its boxes of paperclips. The numbers

of paperclips in eight boxes were found to be
48,52, 52,51, 49, 47, 53. 48

What is the mean number of paperclips per box?

6 The mean number of sweets in a packet is
24 sweets. If there are 3 packets how many
sweets are there in total?

The mean of five numbers is 5. If four of
the numbers are 4, 3, 7 and 2, what is the
missing number?

ﬂ The mean of seven numbers is 7. When
another number is added the mean is still 7.
What is the extra number? Choose from the
following:

8 7
a7’ b 8 ¢z do ez

E The mean height of five students is 158 cm.
If another student is added to this group the
mean height is then 158.4 cm. What is the

height of the sixth student?

The mode and median

The mode is the data value that occurs most often.

Asking for the modal value means the same as “what
is the mode?”

EXAMPLES5 ) N\

One morning, ten pairs of shoes were sold at
Better Fit Shoe Shop. The sizes were:
6,7,7,5,8,9,8,9,9,5
What was the modal size?

2size 5

1 size 6

2 size 7

2size 8

3 size 9 were sold.
Size 9 is the most common. The modal size is 9.

EXAMPLE 6 ) -

Find the median of

b

\.

The median is the middle value of a data set.

To find the median you need to put the data in
order of size.

e

Test scores 3,8, 4,5,9
Temperatures 16°, 23°, 20°, 18°, 17°, 25°

Test scores in size order are

3,4,(5)8,9

The middle value is 5.

The median test score is 5.

Temperatures in size order are

16°, 17°, 23°,25°

The two middle values are 18° and 20°.

The median is half way between the two: 19°.
Hence median temperature is 19°. Y,

Exercise 6E

1

Find the median and mode of these sets of data:
a2 68065 70 S0 R S R

b 24, 21, 20, 25, 21, 27

€ 2,5 5, 6,9,.5 4,67

The heights, in centimetres, of five flowers were
12c¢m, 7cm, 6cm, 11cm, 11cm

a What is the modal height?
b  What is the median height?

The shoe sizes of 8 students were
8.6.4,6,6,7.9, 10

‘What is the modal size?

‘What is the median size?

¢ Which of the two results would be more
useful for the manager of a shoe store? Why?

T o

The temperatures at Auckland Airport in
New Zealand on six days were

2006@, 23°C 0°E I ¥C 050 2420

a What was the median temperature in
that period?
b What was the modal temperature?

(>) actviv

Take some body measurements for some

boys and girls, for example weight, arm length,
shoe size.

Find the mean, mode and median for boys

and girls.

Present your results to the class.



The range

* The difference between the lowest and highest
number in a set is called the range. The range gives
you an idea of how spread out the numbers are.

EXAMPLE 7 ) N\

Find the range of the following data:

2,11, 7,3, 2, 8, 4

The range is the highest number 11, minus the
lowest number 2.

Range =11 -2 =9
\.

Exercise 6F

1 Find the range of these sets of data:
a 72, 68, 65, 70, 75, 79, 73, 70, 82
b 24, 21, 20, 25, 21, 27
€ 20050 5.6 9 1504 S 6L

2 The weekly wages paid in an office are $900,
$1200, $1750, $2500 and $3200.
Find the range of the wages.

3 Errol Hendry is a farmer. He rears chickens
for both eggs and meat. He sells some of his
chickens at market.

Below is a record of his chicken sales over a
period of eleven years.

Year Chickens sold
2001 2100
2002 1800
2003 2300
2004 2000
2005 2400
2006 1700
2007 2300
2008 2200
2009 2500
2010 2300
2011 1500

‘What was the range of annual chicken sales

for Errol?

6 Representing information

4 Find the range of sentence length for the first
40 sentences of a book given below:
8,17,7,3,8,13,11,79,22, 4, 10, 16, 40, 6,
2o rE a7 STl 7595 d SISl o815
61,43,21,5, 34, 14, 56, 48, 10, 12, 15, 20

Working with frequency tables
A television repair shop received the following number
of calls per day over a period of 20 days:

6 6 3 2 7 4 2 4 7 6

34 2 6 2 65 3 735

To work out the mean number of calls per day you
would need to add these numbers and divide by 20.

(There is no need to put the numbers in order before
adding them. This has only been done to help with the
next part of the explanation.)

Mean =

2+24+2+3+3+3+4+4+4+
5+5+6+6+6+6+6+7+7+7=£=

20 20
This would take a while to work out. There is a
faster way:

4.5

there are four 2s, three 3s, three 4s, two Ss, five 6s and

three 7s so we can speed things up a little by doing:
4X24+3X34+3X44+2X5

M _ +53X6+3X7 _ %

ean = 20 ~20

You can do this more clearly in a table:

=45

Data value Frequency Data value x frequency
g 4 2xX4=8
3 3 3x3=9
4 3 4x3=12
5 2 5x2=10
6 5 6 x5=30
7 3 7x3=21
Total 20 90

Total (data value % frequency) 00
Mean = =—=45
Total frequency 20

This is an important method to use when the
frequencies are really high!
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Exercise 6G

1 The number of peanuts found in 42 pods is
given in this frequency table. Copy and
complete it to find the mean.

Mode or modal class from

frequency tables
If data is in a frequency table, to find the mode you
look for the highest frequency:

Score 23| 4|5 |®

Number of students 4 | 3|3]|2|®] 3

Peanuts per pod Frequency Peanuts X
Frequency
1
2 18
3 22
4 9
Total

2 Rangi counted the number of people in 50 cars
that passed her on the road into the town. Here
is her record:

ol Bl )
st kel bt b
1,2,1,1

3

et L e e )

1,1,1
02
3,11

L]

«1,1,4,2,1,

|
P = bJ
——
[E G -
[ A B ]
—
P
p P
[ RS o]

SR R S L Ee L R

Construct a frequency table for these results
and use it to find the mean number of people
per car.

3 Use a frequency table to calculate the mean of
this set of twenty numbers:

f5- 2.0, 503 01 D oS i SEG R RE0 S

4 The table shows the scores of 30 students

The highest frequency is 5, the data value with the
highest frequency is 6.

The mode is 6.

If your data is in a grouped frequency table, you
cannot find the mode as you do not know what the
individual data values are. Instead you find the modal
class which is the class with the highest frequency.

in a test.
Score 112(3(4|5|6|7]|8]9]10
Numberof (2|0 (3|23 |5|8|4|2]|1
students

Find the mean score for the 30 students.

5 The table shows the ages of 20 students who
entered a music competition.

Ageinyears | 12| 13|14 [15] 16| 17

Number of
students

4 | 4 5 [ 3 | 3 1

Find the mean age of the entrants.

6 Jasper keeps hens. The frequency table shows
the number of eggs he gets per day.

Number | 14 | 15|16 | 17 | 18| 192021 |22 | 23
of eggs

Number

11012 (46|34 1[4 (3 |1
of days

Calculate the mean egg yield per day.

EXAMPLE 8 ) N
The ages of 50 people in a village are:
Age 0-9 | 10-19 | 20-29 | 30-39 | 40-49
Frequency 12 9 7 7 6
Age 50-59 | 60-69 | 70-79 | 80-89 | 90-99
Frequency 4 3 1 1 0

What is the modal class?
The age group with the highest frequency is
0-9 years.

The modal class is 0-9 years.
\. J

Exercise 6H

1 Find the modal number of peanuts per pod
from Question 1 in Exercise 6G.

2 Find the modal score from Question 4 in
Exercise 6G.

3 Find the modal age in years from Question 5
in Exercise 6G.

4  Find the modal number of eggs per day from
Question 6 in Exercise 6G.

5 The marks in a test of 70 students were:

Marks 0-9 | 10-19 | 20-29 | 30-39 | 40-49
Frequency 2 5 10 13 21
Marks 50-59 | 60-69 | 70-79 | 80-89 | 90-99
Frequency 6 6 3 2 2

‘What is the modal class?



6 The masses of 100 school children were:

Mass (kg) | 31-35 | 36-40 | 41-45 | 46-50
Frequency 6 8 22 31
Mass (kg) | 51-55 | 56-60 | 61-65 | 66-70
Frequency 12 il 5 5

What is the modal class?

7 A biologist measures the lengths of

190 leaves:
Length (em) | 0-1.9 2-3.9 4-5.9
Frequency 3 33 62
Length (em) | 6-7.9 8-9.9 | 10-11.9
Frequency 49 36 7

What is the modal class?

6 Representing information

Need more practice? Visit the Statistics and
probability section at
www.bbc.co.uk/schools/gesebitesize/maths

to learmn more about mode, mean and median and

how to calculate them. Make sure you do the
activities and questions!
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(Consolidation

Example 1
The heights of 30 children in centimetres are:
128 143 162 152 147 143 137 129 145 152

132 137 141 146 149 153 151 148 147 161
126 133 142 146 138 139 156 151 149 143

Construct a frequency table using the groups
125-129, 130-134 etc. What is the modal class?

Height 125-129 | 130-134 | 135-139 | 140-144
Tally [ | 11 M
Frequency 5 2 4 5
145-149 | 150-154 | 155-159 | 160-164
P T I I
8 5 1 2

The modal class is 145-149.

Example 2

Design a data collection sheet to find out if height and
shoe size are related.

Height (cm) Shoe size

Example 3

The shoe sizes of ten boys are:

3,7,4,6,7,6,5,3,8,6

Find the:
a mean
b mode
¢ median
shoe size
d range
3+7+4+6+7+6+5+3+8+6
a Mean =
55 10
_E_S'S

b Mode = most frequently occurring number

6 (occurs 3 times)

=

¢ To find the median write in size order:
3,3,4,5,6,6,6,7,7,8

There are two middle numbers; 6 and 6,
6+6 12
2. 2

so the median is 6.

d range = highest —smallest=8 — 3 =35

Example 4

What is wrong with these questions:

1 Do you agree that eating sweets and chocolate is
bad for you?

This is a leading question and it is open. It would
be better to ask:

Is eating sweets and chocolate bad for you?
Please tick.
COyes Ono [Jdon’t know

2 How often do you visit a fast food restaurant?

This question gives no time frame or response
boxes. It would be better to ask:

Approximately how many times do you eat at a
fast food restaurant per month? Please tick.

O1-2 d3-4 O5-6 O7-8
O more than § [J1 don’t eat fast food

3 How many fizzy drinks do you have during the
day? Please tick.

O 1-2 O3-4 O more than 4

This question doesn’t cover all options in the
response boxes. There is nothing to tick if you don’t
drink fizzy drinks. It would be better to ask:

How many fizzy drinks do you have during the day?
Please tick. 0 [J1-2 [03-4 [Jmore than4

Exercise 6

1 The weights of each of the students in
Form 101 were recorded in kilograms as
tollows:

36, 34, 42, 53, 52, 45, 36,47, 38, 50

47, 35, 39,47, 44, 43, 51, 60, 46, 49
52,38, 42,43, 53,41, 53, 61,47, 50



a Construct a frequency table using the
groups 30-34, 35-39 etc.
b What is the modal class?

The ages of the students in Form 101 are:

T2 42001 11513821 2513 10,
14 12,43, 13, 11512 19413 13,14
11,11, 12, 14, 13, 12, 13, 10, 14, 13

a Construct a frequency table to show
these ages.

b Find the mean using the frequency table.

¢ What is the mode?

Find the mean, mode, median and range of
these sets of numbers.

a 7,354,625

b 54,32, 56,48, 32, 56

¢ 12,13 11,14, 13, 10,8, 7. 13,12

The number of tickets bought per person for a
show are shown in the table.

No. of tickets bought Frequency
1 13
2 42
3 37
4 25
5 i)

Calculate the mean number of tickets bought
per person for the show.

Design a data collection sheet to find out the
difference between how much time boys and
girls spend doing homework.

What is wrong with these questions? In each

case write an improved question:

a How much time do you spend on sport?
0o0-10 O11-20 D21-30
0 more than 30

b How old are you?

I prefer swimming to running, do you?

d How much of the Olympics did you watch
on television?

e How much time do you spend swimming
amonth? ] 0-2 hours [J2-4 hours
[0 more than 4 hours.

(7]

' 6 Representing information

7 Sian does a survey about the time that people

spend reading and watching television.
She asks:
1 How much do you read?
2 Do you agree that people watch too
much television?
a Explain why each question is not suitable
b Rewrite these questions to improve them

The mean length for four snakes in a zoo is

51.4cm. The lengths for three of the snakes

are 48.0cm, 52.2c¢m and 55.3cm.

a What is the total length of the
four snakes?

b How long is the fourth snake?

¢ A fifth snake of length 53.4 cm is added to
the show case. What is the mean length of
the five snakes?

The mean mass of Tom, Mick and Harry is
51kg. Tom weighs 47.5 kg and Mick weighs
52kg.

a What is the total mass of the three boys?
b How much does Harry weigh?
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 Summary \

Check out

1 State the numbers
represented by the

You should know ...

1 A tally helps you count items. A frequency table can be used to
show data clearly.

For example: following tallies:
The votes for favourite food in a class a ||l
Singer Tally Frequency : m m H“
Sandwiches M | 6
Pizza MY MY T 12
Fajitas [l 3
Curry M 9

2 Construct a grouped
tfrequency table to
gather the following
data (these are the ages
of people at a party):

11 23 15 38 34 31 36
24 19 21 22 47 35 32
53 17 34 15 49 13 6l
64 23 54 17 28 33 34

data with a big range.
For example:
11-20, 21-30, 3140 etc.

How to describe data using a single value called an average.

There are three types of average: mean, mode and median.
For example:
‘What is the mean, mode and median of 4, 6, 2, 10, 27

44+6+2+10 + 2
- 48
3 5

Mode = most common value = 2

Values in order are 2, 2, 4, 6, 10

Median = middle value = 4

Mean =

Find the mean, mode

and median of these

test scores.

a6,6,10,8,4

b 17,14,13,12,13, 18

¢ Find the mean and
mode for this data:

Data value | Frequency
4 3
5 2
6 5

d Find the modal class
for this data:

Group Frequency
10-19 4
20-29 7
30-39 5

>
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The range tells us how spread out the numbers are.

For example:

The range of 23, 11, 54, 26, 41 is the highest — the smallest
54 —11=143

The range is 43

Data collection sheets and questionnaires can be used to collect

data. When designing questionnaires:

* Be polite. Explain the purpose of the questionnaire.

» Keep it short.

* Give a choice of answers. Include a time frame if necessary.

* Make sure the answer choices do not overlap and that they
cover all options.

» Keep personal questions tactful.

* No leading questions.

* Do a pilot survey.

4 Work out the range for
these:
a 72,68, 65,70, 75,
70, 82
b 24,21, 20, 25, 21, 27
€ 25693546

5 Design

a adata collection sheet

b a questionnaire
to collect data about
your friends on how
they spend their spare
time and how much
spare time they have.

N




1

Calculate:
a2l +24+ 241 b 296 — 187
c 2141 — 719 d 1052 + 89 + 45

Kristy spends about the same amount each day on
lunch. Last week she spent
$3.25, $3.08, $3.63, $2.95 and $3.12.

Write these amounts in order, from the smallest to
the largest.

Write the first six multiples of these numbers:

a3 b5 c 8

d 13 e 15 f 35

Choose from the words below to describe these:

a 2x b 3x+8 =2 c 4t + 8m
Expression Term Equation

Draw the following angles:
a 42° b 134° c 195°

Design a questionnaire to find out how much pocket
money students get and what they spend it on.

Calculate:
a26x53 b34x68c 54 x86d 84 x239

a A passenger bus holds 46 people.

How many people can fit into 17 buses?
b How many buses are needed for

1058 passengers?

Measure the lettered angles shown in each of the
following:

10

11

12

14

15

16

17

18

19

Write these numbers in order, largest first.
a 94.36, 94.5, 94.63, 95.071

b 10.9, 11.092, 10.84, 10.892,
c 42393, 43.2, 43.05, 42.811

11.01

Round these numbers as shown:

a 2345 to the nearest 100

b 755 to the nearest 10

€ 23.6573 to the nearest whole number
d 23500 to the nearest 1000

Expand:
al32+1)

b 5(4T + 3)
c 10(7y + 6¢)

Are the following numbers divisible by 67
a 252 b 290 c 726

I add the water from this measuring cylinder to
2.7 litres of water. How much water do [ now
have altogether?

A cube has 6 faces and 8 vertices. Name a solid
that has 8 faces and 6 vertices.

Eggs are sold in boxes of six. How many boxes are
needed to pack 838 eggs?

a Mr Shillingford drives 32 kilometres to and
from work each day. How many kilometres does
he drive in 28 working days?

b How many days does it take him to travel
2208 kilometres?

Write down:

a the number of days in w weeks

b the number of hours in d days

¢ the number of minutes in / hours.

List the factors of these numbers and state whether
the numbers are prime or composite.

ao b 23 c 15

d 30 e 39 f 48



20

21

22

23

24

25

26

27

28

Work out:

al+2x5 b 10—-16+8

€ 5iX2-35+5 d30—-2Xx5X2
e4+@B8—-2)X5 f 20-2+1)x4
Construct triangle ABC where AB = 6.4cm,

AC = 52cm and £ZBAC = 50°

Design a data collection sheet to find out
information about shoe sizes and clothes sizes of
boys and girls in your class.

Change to cm:

a2im b 4300mm
¢ 0.002km d 0.3m
Calculate:
a7 b V81 c 13 d V144
1 | ] I I I | 1 I I
4 32~ 06 1 2 3 4 35
Use the number line above to help you to find:
a2—->5 b3-7
c 3+4 d 4+2
e 1—-3 f 2+6

24 students in a maths test scored the following
marks.

7,9,3,8,7.2,976,27,4,5,1,3,7,8,5,2,7,
5,3,7,8

a Copy and complete the frequency table started
below:

Mark
1

Tally Frequency

2
3

b Which mark is the mode?
¢ What is the median score?
d What is the mean score?
e What is the range?

Copy and complete:
a3+d=19 b
c 4+00=6 d
e[+ 3="8 f
gO—-4="5 h
i J+0+0="12 j
Simplity:

ax+y+2x
ba+2a+b+a

cptqgtgtqgtyp
d3s+2t+s

29

30

31

32

33

34

35

16 sheets of my writing paper have a mass of
70 2. Does a box of 500 sheets have a mass of
more or less than 2kg?

Use your ruler and protractor to draw accurately
the shapes below.
a

48°

Find the HCF of:
a 14 and 63
¢ 72 and 64

b 18 and 42
d 84,32 and 48

What units would you use to measure:

a the height of a tree

b the length of your hair

¢ the weight of a banana

d the weight of your school bag

e the distance from your school to New York
f the amount of liquid you drank today?

Simplify:

a2x+y—x

b 3a + 2b — 2a

c2ptq-—ptqg-—p

d3s—2tr+t+s+ 4

a The mean of four marks is 73%. If three of the
marks are 52%, 61% and 89%, what is the
fourth mark?

b If the mean of four marks is 62% and when a
fifth is added the mean becomes 68%, what is
the fifth mark?

Write these numbers to one decimal place.

a 14.321 b 6467
c 0.355 d 1.7241
e 7.096 f 0.00345



36 a [ am a factor of 12. [ am a prime number. [ am

not factor of 20. What number am I?

b I am a multiple of 3. [ am also a multiple of 4.
The sum of my digits is a prime number. I have
2 digits. What number am I?

¢ [ am a square number. [ am a factor of 36. [ am
also a factor of 18. [ am not 1. What number
am I?

37 What is the name of the shape below?

38 For this data:

Age Frequency
10 5
11 12
12 18
13 15
Find a the mean age b the modal age

39 Change to ml:

a 4 litres b 0.23 litres ¢ 0.007 litres

40 The table below shows how the temperature in
London varied during one night in January.

Time Frequency
9.00pm 586
10.00 pm 2°C
11.00 pm 1eF

12.00 midnight “1°C
1.00am 590
2.00am =hH20
3.00am ~6°C
4.00am =il
5.00am a2E
6.00am S

a At what time was the coldest temperature
recorded?

b Between which hours was the greatest fall in
temperature?

41

42

45

46

a7

48

49

¢ Between which hours was the greatest rise in

temperature?

d By how much did the temperature change
between 9.00 pm and 6.00am?

Find the LCM of:
a 9and 15
¢ 26 and 78

b 24 and 36
d 5,12 and 20

Write out these lengths in order starting with the

longest:

a 23mm, 2cm, 3cm 2mm

b 20cm, 700 m, 2km
¢ 6m, 500cm, 4km

d 6000m, 5000cm, 4km

Write down the area and the perimeter of:

a 7 b 2x
a
¥
Write down the answer:
as-—-17 b 6+ 19
c 6—4 d 5+ 77
e 15+ 723 f 49 + 753
g7—-"72 h 4-"73
Copy and complete:
al2ix[Od=23 b [0 x 100 = 350

c O+ 100 = 054
e 005X =50

d 89 +[]=0.089
f 02x0O=20

‘What is the modal class for this data?

Group | Frequency
0-9 7
10-19 10
20-29 13
30-39 8

Change to kg:

a 4000 g b 032t
Calculate:
a 14 b V324

c 700g d 34t
c 192 d V225

My age is x years and my son’s age is y years.
Write down an equation that states:

a The total of our ages is 72.

b [ am twice as old as my son.



50 Calculate:

al3is+9 b 224 =7

c 722+ 19 d 805 + 23

e 364 = 14 f 476 + 28
51 Expand:

a32m-—4r+7)

b —3(10x — 3)

¢ 10(x — 2y) —2(5x + 2y)
d 101+ 3(5p + 21) —p

52 2,8, 2,6,9,12,2,2, 1, 6
For this data find the
a mean b median

¢ mode d range

53 Are the following numbers divisible by 9?
a 259 b 351 c 432

54 A car has a mass of 0.9t. What is its total mass
when carrying four passengers with a mass of
80kg each?

55 What is the largest prime number less than 1007
56 a What is the LCM of 18 and 127

b What is the smallest number that can be divided

exactly by 8, 13 and 247
¢ What is the smallest number which has
remainder 3 when divided by 5, 7, and 87

57 Which, if any, of the following solids are prisms?

b tetrahedron
d sphere

a cube
¢ cylinder

58 A prism has equal triangles at each end.

59

60

61

62

Sketch the solid and write down its number of
a edges b faces € vertices.

Write down a pair of lengths that are the same, one
from box A, one from box B.

A = 3cm, 32mm, (.32m, 250m
B = 025km,3.2cm, 0.03m, 32cm

Write an equation that states:

a Sarah has $a and Ruth has $b and they have
$10 together.

b Eli has $¢ and Tom has $4 but Eli has $10 more

than Tom.

Draw a number line with divisions like this:

0 0.5 1.0
I TSR S W S TR R S

On your number line mark, as accurately as you
can, the positions of the numbers:
a 03 b 0.8 c 0.15
d 0.75 e 0.43 f 0.06

Write down two numbers which are:
a less than "1 b more than ~3



Fractions

w

O Calculate simple fractions of divisor there will be a remainder,
guantities. e.g. 157 + 25 = 6 remainder 7.

O Simplify fractions by cancelling The remainder can be expressed
equivalent fractions; change an 157 = 25 = 635.
improper fraction to a mixed number, © Add and subtract two simple fractions,
and vice versa. e.g. % ar %, % = %; find fractions of

© Know that in any division where the guantities (whole number answers);
dividend is not a multiple of the multiply a fraction by an integer.

. J

What's the point?

Fractions are used frequently in every-
day life. How often do you say things
such as ‘I'd like half a glass’, or
“Two-thirds of the class were sick’?
Cooks use fractions all the time in
their recipes: ‘Take 2% cups of flour
and mix in % teaspoonful of salt ../

.
Before you start R
You should know ... Check in
1 A fraction is the amount of each part 1 a Janis shared a grapefruit equally
when something is divided into equal between her sister and herself. How
sized parts. much grapefruit did each get?
For example: pmm b  Alan got half marks in a test marked
One half (El) ‘. N out of ten.
Half an orange What was Alan’s score?

One quarter (ﬁ} G
One gua_rtcr of a pizza ‘@y




7 Fractions

2 How to use numerals to describe
fractions:

this shows how many

parts you have 2 is the numerator

N/
I

this shows how many 3 is the denominator
parts there are altogether

3 How to use words to describe fractions:

2. :
7 is two-thirds.

4 How to describe what fraction of a
diagram is shaded:

% of a rectangle is shaded
(two-thirds)

\.

N

Write down the numerator and
denominator of these fractions.

a
b
c

d

—_ ~l|h W W
Sl Nw wie &

Write these fractions as numerals.
a three-quarters

b two-fifths

¢ five-sixths

What fraction of each shape is shaded ?

£

7.1 Calculating fractions
Fractions of a whole
To find a half (%) of an amount you divide by 2.

To find a third (%) of a whole amount you divide by 3,
and soon ...

To find % of 12 you need to divide 12 into 3 equal
parts.

Sozof 12=12+3 =4

( EXAMPIE 1 ) N\
What is 5 of $30?

This means that $30 is divided into 5 equal parts,
SO

$0f$30 = $30 = 5 = $6




Exercise 7TA 2 Copy out the table below. Draw lines to show
1  Walk-out the calculations that have the same answer.
1 1 One has been done for you.
a Sofl0 b —of20
2 4 ) 3
—of 28 =of49
c % of 9 d é of 15 R, 7
2 ™ 3
—of 27 —of30
e Lof6o £ Lofoo 3° N, 50
12 15
| 2 of 12 N Lorss
2 Whatis 3 of $277 6° 5°
@ A_licia’s class has 36 pupils. One-third are 3 of 56 =3 of 24
girls. How many are boys? 8 12
E] Akinni earns $1600 each month. He saves ]
. 3 Find
one-quarter of it. How much does he spend
2 y
each year? a 3 of 18 centimetres

3
Other fractions of a whole amount can also be worked b 7 of 24 students

out in a similar manner. 7
¢ —— of 80 fishing boats

10
EXAMPLE 2 ) N\ 5
. 3 d 5 of 64 lemons
What is ; of 367 8
iof 36=36+4=09 e %Df 121 exercises
% of 36 is three times this, so f gof 96 Times
20f36 =3 X9 =27 .
J £ gof 75 pencils
A picture shows Example 2 more clearly. h % of 42 bananas

i e & & & & & 0 9 @
3 Ofh 4 a The circle represents the students of

10f36 eo e e e e eoe %0f36=27 Form 2B, and shows how they get to

of36 e e 0000000 school every day.

— ]

?0f36 e 0o 0 0 00 0 0 @

Exercise 7B = ';; o
1 What is: B walking
1 3
a g of 24 b ] of 24 ‘What fraction of the class comes to school
1 4 i bybus
c §0f35 d §0f35 ii on foot
iii by car?
e % of 42 f % of 42 b There are 48 students in Form 2B.
Work out the number of students who
g l of 63 h é ot 63 come to school:
9 9 i by bus
1 o ii on foot
— s 9
gl g5 0f 60 iii by car.



IE The diagram represents the passengers on a
flight between Indonesia and the UK. The
shaded part represents the female passengers.

a
b
c

d

What fraction does each square represent?
What fraction of the passengers are female?
There are 100 passengers on the plane. How
many passengers does each square represent?
How many of the passengers are female?

[6]Two brands of soap powder, Cleano and
Super Wash, are both sold for $9.95.

N

One third free

Y

ST
Wiasih

In a sales promotion:

% box of Cleano (normal weight 720 g) is
given away free
% box of Super Wash (normal weight 800 g)

is given away free

Which brand of soap powder is the better buy

duri
Fin

g

ng the promotion?
d:
3 6
11 of 132 b 3 of 169
5 3
7 of 144 d e of 169
Lo$2.40 2 of$835
5 ' 5 '
3
% of $8.82 h 3 of $36.48

(Hint: in parts e to h you may want to change

the
can

[ 8 Fal

b

currency from dollars to cents so that you

work with whole numbers).
in the missing numbers:

1 1

5 of 40 = Z OfD

3 1

7 0f200 =3 of (]

=of[ 1= - of []

3 3

7 Fractions

d There are many possible answers to
part ¢. Find some more answer pairs
and write down the connection between
the pairs of answers.

ﬂ Aakesh earns $280 a week working at the
cricket ground. i of his earnings is spent on
rent. é of his earnings is taken in tax. He
spends % of his earnings on going out, clothes
and food. He saves the rest.

a How much is Aakesh’s rent?

b How much does Aakesh pay in tax?

¢ How much does Aakesh spend on going
out, clothes and food?

d How much does Aakesh save?

€ What fraction of his earnings does Aakesh
save per week?

m Calculate:

a %01"4 metres (giving your answer in cm)
3 - .
b 0 of 12¢cm (giving your answer in mm)

5 - :
c 5 of 1 day (giving your answer in hours)

d % of 3kg (giving your answerin g)

The whole from fractions

Sometimes you know the amount a fraction represents,
but you need to find the size of the whole.

EXAMPLE 3 ) )

The petrol tank in Henry’s car holds 40 litres when
itis 3 full,

How much petrol does the tank hold when full?

Tank is 3 full

Petrol tank

The shaded part (%) represents 40 litres.
So each part represents 40 + 2 = 20 litres.

There are 3 parts, so the tanks holds

kZO X 3 = 60 litres. J




@

Exercise 7C
1 Find how much these petrol tanks hold if

a %of one tank holds 20 litres
b iof one tank holds 16 litres
c % of one tank holds 24 litres.

2 The circle represents Form 1A,

a What fraction has been shaded?

b The shaded part represents 15 students.
How many students are represented by
one part?

¢ How many equal parts are there?

How many students are in the class?

3 This drawing represents the teachers in a large

school. The shaded part represents
30 teachers.

a How many teachers are represented by
one part?

b How many teachers are in the school?

Iz] In the drawing the shaded part represents
49 litres.

How many litres are there altogether?

E’ Find the answer to Question 4, if the shaded
part represents

a 7 litres
b 21 litres
¢ 35 litres.

E What are the missing numbers?

1
a yof(d=15
3
b Sof(]=18
c %of[:l=60
d Larin—is
O
e %0f15=10
f = of80 = 24
DO
g %0f90=30
h Bor20=15
4
E
i S of16=14

'(>>) invesTiGATION

You can Show% on a square like this

or like this or even like this [

How many different ways can you find of dividing up
a sguare into two halves?

7.2 Equivalent fractions

In each of these circles one half is shaded.

3
6

o]

3

- 1
The same fraction is shaded so e

1 3 : :
5 and ¢ are equivalent fractions.

*  Equivalent fractions show the same fraction, but
use different numbers.

A



Exercise 7D

1 The diagrams show pairs of equivalent
fractions. Use them to find the missing

numbers.
a

12| —

=0

b
& _ B
4 ]

C
2 =
4 — 8

d
(]
6

e
g Sl
=

f
25 E
4 16

g
a2 ||
s

2 Onsquared paper, draw rectangles to show that
L 1_2 . 1 2
2 4 3 6
c 3.6 g 3_6
5 10 4 8
. 4.8 f S_10
5 10 6 12
o |
L« 1 [ [ |
el 1 [ [ 1 |
.
Ll [T TTTTT T

a The drawing shows five strips of paper.
Are all the strips equal in length?

b The first strip is divided into halves. The
second strip is divided into quarters. The
third strip is divided into sixths, and so on.
i How many halves are in the first strip?
ii How many quarters are in the

second strip?
iili How many sixths are in the third strip?
iv. How many eighths are in the fourth
strip?
v How many tenths are in the fifth strip?
¢ Copy and complete:
1 O 0O 0.0
2 4 6 8 10

Fraction walls

You can put the strips from Question 3 of Exercise 7D
together to get a fraction wall.

]

1
1
2
8

Fraction walls can help you find equivalent fractions.

EXAMPLE 4 ) N

o] —
o] =

1

1
8 8

i
4

S—— L|—o

1
3

—— g|_;

oo|—
oo
oo|—

e [l
8 8 8

Use the fraction wall to
. . 3
a write down a fraction equal to §

. , 1
b write down two fractions greater than 3.

The fraction wall can also be shown as:

ot | &=

oo| & | &1 | rof =
ool | £l

ooloo || & [rafra | —

3 3
[ [

oo|=1

=y
8

36

a Youcanseethat; = 3
i ' 1 i 5 g
b  All the fractions to the right ofi, that is 59 E

1
etc. are greater than 3-

J/




Exercise 7E

1

1 1 1

3 3 3
4
[

Fractions of shapes

Another way of showing equivalent fractions is to
shade parts of a shape.

1]

AL 2 ! L 4
[ 6 6 6
sl ] g A1 [FE 2l EAE el
|7 |E|r|7|E|r|E ||| 1E

=

EXAMPLES5 )

3
Use the fraction wall to write down:

, 2
a two fractions equal to 5
. 2
b two fractions equal to ¢

. 3
C¢ two fractions greater than ¢.

1 1
2 2

AL L
3 3
2k 1
4 4
i L oL
6 13 6

Use the fraction wall to write down:

= ——

=
)=

o —

b
6

o=

. 1
a two fractions equal to 5

; 1
b one fraction equal to 3

: 3
¢ three fractions less than i

3] —

L
2

il L A
3

s L A A
4 q 1 4

AEAEIEAE

i £
f] 8

A 25 2
8 8 8
L

=k Ll e S PR TR
121211212112 |12 1212|312 ]12]12

ik EL 2
] [ f]
=1

Use the fraction wall to copy and complete:

s L-0_0
376 12
=S

Fasw &

c 2-0_0
4~ 8 12
3. 0.0

d 53 &

e 2 _D0_0O
12 8 4

g 4 _d_Q
12 6 3

a Shade % of the shape.

b Use your diagram to find a fraction

. 3
cquivalent to 7.

a First, divide the shape into four equal parts,
that is, into quarters.

11017
1N
IRVAN,

3
You want three of these quarters,

eIl

A4
VAN,

b 9 of the 12 small squares are shaded.

3 9
Soj; =

\ [

Exercise 7F
1 a Copy this shape on to squared paper.

b What fraction of the whole rectangle is
each small square?



¢ Divide the shape into three equal parts.
What fraction of the whole rectangle is
each of these parts?
d Look at one of the parts. How many small
squares does it contain?
1 ]
e Copy and complete: 5 = 15

2 a Copy this shape on to squared paper.

b Divide it into six equal parts.

¢ Shade 43 of the shape.

d Copy and complete: % = lu—2

3 a Copy this shape on to squared paper.

b Shade % of the shape.
¢ Copy and complete: % = 1u_2

4 a Copy the shape on to squared paper.

b Shade % of the shape.

E] Repeat Question 4 for each of these fractions:

4 6 3
& e b 12 ¢ 3
6 3
dg ez

[[6] Use your shaded shapes in Questions 4 and 5
to copy and complete:

a 2-U p 4-0
3 24 6 24

7 Fractions

6 O 3_0
C " m;m d 5=m
~ o0 ¢ 2o

8 24 4 24

Calculating equivalent fractions

There is a quicker way to find equivalent fractions than
by drawing a picture. The Investigation will help you
find out how.

(3) INVESTIGATION

The fractions %, %, %, % are equivalent fractions.
1_2_3_ 4

376 9 12
a Can you see how the fraction % can be found
from the fraction %?

b Can you see how the fraction g can be found
from the fraction 5 ?

¢ Can you see how the fraction % can be found
from the fraction %?

d Can you write any other fractions equal to %?

You can write an equivalent for any fraction by
multiplying its numerator and denominator by the
same number.

x 2 x 3 x 4
— —h —
1_2 1_3 1_4
3_.6 3.9 312
— — —
%2 %3 x 4
EXAMPLE 6 ) N
Copy and complete:
3.0
4 24
3.0
4 24
—
x 6

24 is 4 multiplied by 6. So we multiply both
numerator and denominator by 6.

x 6

—
3_18
4 24

—

x 6
\ J




Exercise 7G
1 Copy and complete:

4 o2 o 2.0 o 3
2° 12 3% 1
3_0 5_0 3

9 8= ¢ e ! 8
4 0O 3 0O, 6 _

£~ P a5t a5

2 You can work out a problem like

L
36 O
by dividing instead of multiplying:
2 is 12 divided by 6, so we divide both
numerator and denominator by 6.

+6

—
12
36

—

+6

2
6

Use the method above to complete:

6 [
15 5
3 Copy and complete:
4a_ 0, 2_0 . 6_
8 2 24 8§ 9
5 0O 35 7 32
d 53 ¢ 0 of 2~
56 [ 54 6 . 65
Eu n2"as o' 9
ECopy and complete:
40 20 0O 2
00 O 25 5
o B H 35 5
9 60 O 0O
72 0O _0O_ 6
© H-m w0
g 8L_0O_9_3
189 63 0O 0O
05 0O 7
¢ B5T277 0

[ 5] From the following list write down all the
fractions that are equivalent to %
4 20 18 8 10 14
15 50 40° 20" 25 30

Ojw Olee w|O

Simplifying fractions
A fraction is in its simplest form when its numerator
and denominator have no common factor (other than 1).

- T
The fraction £ is in its simplest form (2 and 5 have no
common factors).

* To write a fraction in its simplest form you have to
divide both parts of the fraction by their highest
common factor.

For example, the HCF of 6 and 15 is 3, so
+3

—
6 _2
15 5

—y

+3
Dividing numerators and denominators of fractions by
common factors is known as cancelling.

EXAMPLE 6 ) N\

vy BB
Write 3z in its simplest form.

The HCF of 36 and 48 is 12.

So L 12
—
36 _3

48 4
—
=12

or you can simplify in steps:

+4 +3
—h —
a6 _9 3
48 12 4
— ~—
+4 =3

\_ J

Exercise TH

1 Write each fraction in its simplest form:

3 3
155 R

8 15
LT 4 57

2
& % 51

28 42
g u L
¢ 48 . 6
T 58



2 Which fraction does not belong to the set of
equivalent fractions?

o [13 12202
4° 12° 48° 72° 92
2 14 6 18 40
9° 45° 27 81" 180

" 195 . . . : v 65
@ Explain why 557 in its simplest form is not .

El Write these fractions in their simplest form:

. S , 96
616 216
e 576 g 1
1444 567

[ 5] Express each of your answers as fractions in
their simplest form.
a The towns of Hampton, Belles and Croft
have populations of 700, 252 and 1568

respectively.

What fraction of their total population
lives in

i Hampton ii Belles?

b Dr Williams earned $6350 last month. He
paid $1550 in tax and $2450 for medical

equipment.
What fraction of his earnings went on
i tax il medical equipment?

@ Look at the fractions % and %
a Can you tell quickly which is larger?
b Copy and complete:
2. O 3_0
3T i@
¢ Now can you tell which fraction is larger?

Atin says that ;* is larger than g. Explain why
Atin is wrong.

E Which of these fractions is nearer to 1;
205 .
5 or 37 Explain your answer.

. . . 11
E Find a fractlson that is smaller than 57 but
larger than fz.

10 Express each of your answers as fractions in
their simplest form. What fraction of

$1is20c

4 metres is400 mm

1kgis350¢g

2 litres is 400 ml

1 week is 48 hours

3 tonnes is 800kg?

-0 a0 oo

7 Fractions

7.3 Fractions greater than 1

(») actviry

You will need paper and scissors. Use something
circular, like the rim of a cup, to draw six identical
circles.

Cut out each circle carefully. Fold it in half, then fold
it in half again. Cut along the fold lines. This will

give you quarter-circles.

Take seven of your quarter-circles.
Put them together to make complete circles.

How many complete circles can you make?
What fraction of a circle is left over?

Keep your quarter<ircles, you will need them again.

In the Activity, you should have made one complete
circle, and had % of a circle left over.

3. . 3
1 and T is written lZ'

. l% is called a mixed number because it has both a
whole number part and a fraction part.

The seven quarter-circles can also be written as the
.7
fraction 3.
7 3
—=1=
4 4
. . 7 .
¢ Fractions like ; where the numerator is larger than
the denominator, are called improper fractions.
(Sometimes they are called *top-heavy” fractions.)

) i A )
*  Fractions like , where the numerator is smaller
than the denominator, are called proper fractions.
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Exercise 71

1 Copy and complete the table. Use your
quarter-circles to help you.

Number of As a As a mixed or
quarter-circles fraction whole number
i
1 i —
2 =
2 i
3
3 7y -
4
4 : 1
5 1
5 Z 13
6
6 z
7 i 13
8
9
10
11
12

2 Here is a set of fractions:

From this set, write down which are
a proper fractions,

b improper fractions,

¢ fractions equal to 1.

3 Hereis a set of fractions and mixed numbers:

From this set, write down which are
a proper fractions,

b improper fractions,

¢ mixed numbers.

You can write the improper fraction % as
9/ _ 6+1 6 1 1 1

& & &6 & ‘& ‘&

) 7 )
Use this method to write - as a mixed number.

IE] Use the method given in Question 4 to change
each fraction to a mixed number.

5 il 15
o LA ¢ G5
17 28
_ & 9

Changing between improper fractions
and mixed numbers

* To change an improper fraction to a mixed number
divide the numerator by the denominator and write
the remainder as a fraction over the denominator.

* To change a mixed number to an improper fraction
multiply the whole number part by the
denominator and add the numerator.

EXAMPLE 8 ) =N
Change these into mixed numbers:

a §

b 2

a _%mezms 8 +5 = lremainder3

= 1% (the denominator is still 5)

b 178 means 18 <= 7 = 2 remainder 4
= 22 (the denominator is still 7)

Change these into improper fractions:

c 125,
d 3;
c (I1xXxNH+5=12, d 3x4)+1=13
5 12 113
so 15 == s0,3; =7

Part d might be clearer from the following picture:

_ []
\73;45‘/ }1

The three whole ones are each four quarters,
(12 quarters altogether), plus one more quarter,

3

| —

which makes 13 quarters.
k q

J/




Exercise 7J

1 Change these improper fractions into mixed

numbers:
o6 28
2 5 g
29 37 46
d 1 e — f 9
91 87 . 121
g "o ' m
53 84 145
120 K 1 T
2 Change these mixed numbers into improper
fractions:
1 1 2
a 25 b 34— c 45
7 2 a
d 4§ e 55 f 6H
9 7 0 5
g 5 10 h 4 9 i 6 B
; 9 7 12
i 7 20 k 11 B 1 12 3
@ Copy and complete:

a 281 + 10 = 28 remainder []
or as a mixed number 28%

b 167 = 20 = []remainder 7

) 7
or as a mixed number [] 0

El Work out the following leaving your answers
as mixed numbers:

a 163+ 10
b 407 = 50
c 128+ 25
d 145+ 12
e 128+11
f 163+ 75
g 241 +24
h 170 = 13

]E] Nailah works out the answer to 168 + 10 to
be 1655,

The teacher says, “that is not the answer that

I have, but there is nothing wrong with your
working so far.”” What do you think the teacher
means? What do you think the teacher’s
answer is?

You can get good practice with fractions by playing
games.

The Woodlands Junior School website hosts some
excellent fraction games.

Visit www.woodlands-junior.kent.sch.uk/maths and
see how good you are!

7.4 Adding fractions

Adding fractions with the same
denominators

Exercise 7K shows you how to add fractions with the
same denominator.

Exercise 7K

You will need the quarter-circles from the Activity
on page 141.

1 a Take one of your quarter-circles.
Now add to it two more quarter-circles.
How many have you taken altogether?

b Copy and complete:
1., 20 [

4 * 4 4
2 a Copy the rectangle on to squared paper.

% of it is shaded.

Now shade a further % of it.
What fraction is shaded altogether?

b Copy and complete:
302 0

st8~ 3%
3 Draw rectangles on squared paper, and use
shading to find the answers to the additions:

3 5
2 0t 10

1 4
b %tz

3 5 6
c 56

AT



4 Work out
7 2 1«5
a 10t10 i
S 3 11 8
©c 9ty T}
9.6 18,25
e nt3 f 5" 5
5 Copy and complete:
To add fractions with the same .......... , you
addthe .......... and put the answer over the

6 Gurdeep had a packet of sweets. He ate two
thirds of them and gave one third to his sister.
How many sweets were left?

7 From the list below, choose pairs of fractions
that add up to make 1:

= 5 S0 d Lod i S
9 9 8 9 8 B 9 8
8 Calculate
3 .3 2
a z%3% Bsts
>, 1 7,9
© st% d 21
3o 15 7 2
® 5TEYs Y e 16 s
9 a Write down two fractions that add up to
make %.
b Write down three fractions that add up to
make %.
Write down two fractions that add up to
make 1%.
Find the value of the letters in the following:
a K 2 4 AN 1
e e G
) 1 74 2
[ §+§—l§ d a'l'a—lg

Adding fractions with different
denominators

* To add fractions with different denominators you

must first use equivalent fractions to make the
denominators the same.

EXAMPLE 9 )
3.1 X 2
2 5770 (3,_,.6)
_6 1 5,10
10 10
o
10
3.2
b Z+§
9 ] > 3 X 4
212 Fo b a2 8
17 s 4123712
120 12 X 3 X 4

Q]Z is the lowest common multiple of 4 and 3)

J

Exercise 7L

1 Copy and complete:
3,3 O, 3. 0O

st 10 10" 10
ot
SRt

2 Add these fractions.
Give each answer in its simplest form.

3 1 21
& 0 b s i
1. 7 1 5
¢ st Lt
$ e G
1.7 5 3
T h = t5
- s 5 s
I 5%3 ot



3 Copy and complete:

2.1.0,0_0
3% G
4.3_ 0. 0_0
b 5*8 20" 20" 20
3,9 0.0 0O
Cstnu"mtum

El First find the LCM of the denominators, then
do the addition shown.
Write the answer in its simplest form.

11 1 5
ai gt L
5 5 1 5
c §+E d g'l'g
3 4 2
e §+? f §+§
1 5 1 6
B 3%7 st
¢ 2.3
Y Py

E a One-third of the students at Columbus
School play cricket. Another quarter play
football.

What fraction play either cricket or football?
b If the school has 240 students, how many
play either cricket or football?

@ Add these fractions. Give each answer in its
simplest form.

2 3 1 1 2 1
# §+Z 2 b Z+§+E
1 3 1
c §+Z+§

Write down two fractions, with diffg:rent
denominators, that add up to make §.

E Abeke has made a mistake in her homework,

she has written:

1,3 _1

17373
The mistake she has made is one of the most
common mistakes made when adding fractions.
Can you work out what she has done?

(Hint: the fraction % has been simplified.)
n Copy and complete:
1 3 2
AT tE =g DR =D

2 1
C §+D—1£

7 Fractions

ET0] Put these fractions into groups of three so that
each group has a total of 1.
IS 2 |

3554 12 10 2 20 12 24 10 8

'(3>) NvesTiGATION |

Complete the calculations below:

1,1_3

2 4 4
S+3+2=0
¢4+ lop
Ll

If you continue this pattern what happens to
the total?

7.5 Subtracting fractions

To subtract fractions with the same denominators, you
subtract the numerators.

EXAMPLE 10 ) N\
: 7 5
Fmd.E—E
ey
g _5_2_1
12 12 12 6
~r
=32
% J

When the denominators are different you have to make
them the same using equivalent fractions.

EXAMPLE 11 ) N\
3 2]
Work out: 173

The denominators are 4 and 3
The LCM of 4 and 3 is 12

X 3 X 4
——
3 _2 3.9 . 4q42-38
43 4 BIT .
— —
X 3 X 4
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Exercise TM

1 Copy and complete:

L, 3.3_0 3_0O
510 10 10 10
y 2.1_0 1_0O
3% 5 6 &
. 3.3_0_3_D
2788 88
4 5.5_0_s5_0
6 12 12 12 12
5 s _ 89 3 0O
® B & 16 16 16

2 Subtract these fractions.
Give each answer in its simplest form.

4 3 5 ol
2 5770 48
2 4 5 1
€ 5 7 d 5§71
2_1 ¢ 1_3
® 35 8 4
3 5 5 1
£y e e
P 2_3 y 2 _2
520 T) -

3 a Find the LCM of 3 and 4.

. , . 1 3
b Find equivalent fractions for 5 and ; using
the LCM as the denominator.
1

3
¢ Complete the subtraction: j — 3

4 Copy and complete:

a 1_1_0_0_0
50 3 & B &
y 2 L0 0. 0O
39 6 b 6
c 1_1_0 _0_0
374 12 1 1
g 2_2_0_0_0
2 3 12 12" 12
5 8 _O O 0
€ ¢ 2 R P D

[5] Find the LCM of the denominators, then do

the subtraction shown.

1 1 1 1
573 b 773
1 1 2 1
© 7718 4 573

3 3 g 3_1
€ 3710 6 4
5 5 4 3
£ i 1 R 5TE
y 52
YE

[6] Leroy and Jakc bought a pizza. Leroy ate 5 2 of
it. Jake ate 3 of it. What fraction was left ovcr‘?’

[7] Yafeu was reading about the Museum Df
Egyptian Antiquities in Cairo. He read of his
book one day and i the next day. How much
was there left to read?

At an international meeting in Wellington, %of
the people attending were from New Zealand.
5 of the people were from Indonesia, and the
rest were from Australia. What fraction of the
people attending were from Australia?

E Work out and simplify where possible:

2
a |- §
(Hint: 1 can be written as g—')
3 .1 1 5,1 1
b 2+t372 © g*tzi"s
11 7 3 1 1
d st e
10 If% - ? = %ﬁnd the values of x and y.
Find the value of & if
P _ 8 _©
® 6 12

(3) INVESTIGATION |

A unit fraction is a fraction with a numerator of 1,
for example:

The unit fraction% can be written as the sum of two
other different unit fractions:

do b st

5=3t%

Which other unit fractions can you write as sums of
different unit fractions?

Are there any rules?



7.6 Multiplying fractions

You will need 24 identical quarter-circles, made from
paper or thin card.

Make six
of these.

Multiplying fractions by integers

7 Fractions

b Look at the last column in your table.
Can you see a pattern?

¢ What numbers multiplied together give
the numerator in the second fraction?

d What do you notice about the
denominator in both fractions?

e Can you see a way of multiplying any
fraction by an integer?

¢ To multiply a fraction by an integer you multiply

the numerator by the integer.

EXAMPLE 12 ) )

Whatis 3 x 22

3 =
Take three 3-circles:

AR AD AR
\ \

>

Bl

3
3 E

=l
Il
[Sv]
I

.G 9
Ghel‘e are nine g-circles = 3,503 X § = ;

Exercise 7N

1 a Taketwo %—circles. How many
quarter-circles have you used?
b Copy and complete: 2 X % — %
2 a Make up four ;;-circles. How many

quarters have you used?

b Copy and complete: 4 X 42 = %

1. 3
3  Use your j-circles to make up ;-circles.

EXAMPLE 13 ) N
; 3 3 1
Find a §X4 b IZX4 c 2X5§
3 3 X4 12 2
EI§X4— 3 —?—25
3 7
blz)‘(4fz><4
28
== =7
L 16
02X5§—2X3
_»
T3

a Copy and complete the table below:
Number of Number of The multiplication
%-clmlas made zi-circles used
S
3 _6
3_29
9 3 X =

|~ oUW N

" - y,

Exercise 70
1 Using the method from Example 13, work out:

a %xal b %x? c éx9
d 7x3 e +x6 f 10xg
g 11—0x12h ng i 7><%
2 Work out:
a %xl?, b 4><% c %XS
d 2x8 e 6x f 10X
g %XM h 20><l?—2i %X?Z
i 96><14—7




- 4
|Il3><1§

3 Work out: The population of Delhi is approximat&:ly2
2 1 18 million. If the population increases by = in
1= X 6 b X D= 7
s ? 6 the next 10 years, what will the population be?
c 5X 3% d 2% X 8 ﬂWork out:
1 7 a _4Z><_5 b _2><_5E
e 6512 f l4x5g i 8
2 3 m Two-thirds of the children in a class are girls.
g 17 x5 h 2X 4§ Of these, i wear glasses. If there are 24
1 1 children in the class, how many girls wear
i 5 3 X 4 i 2X 7§ glasses?

FE] In the village of Lowcroft there are
630 people. Two-thirds of the villagers are

_ ) 3 under 16 and % of these are girls.
4 Akila studies for § hour each day. a How many girls are under 16 in Lowcroft?
b How many boys are under 16?

7.7 Applying order of
operations rules to
fractions questions

In Chapter 1 you learned about the order of operations
using BIDMAS to help you.

Brackets first

- | Then Indices

Then Division and Multiplication
Then Addition and Subtraction

How long does she study each week?

5 A box holds 1% kg of nails. What weight of

15 d h b hold? This also applies to questions with fractions in them.
nails do seven such boxes hold’

EXAMPLE 14 ) N\

) 3 1 1 3
Workout.a?x(g Z) b§+2><—

A kilogram is 2_1; pounds. A baby weighs 6 kg.
What is 6 kg in pounds?

What is the area of a rectangular garden that is
6% m long and 5 m wide?

(Remember:
Area of a rectangle = length X width.)



Exercise 7P
‘Work out:

@Workoul:
a %—Sxé
b %+3x%
c %—22&%
@Workout:
a %+3X%+%
b 2+ixa-3
o (-3)x (4 d)

(3) INVESTIGATION |

Scientific calculators usually have a fraction key
which looks like:

)-8

This key can be used to simplify fractions and carry
out calculations. It will allow you to convert
fractions to decimals and some calculators will
convert mixed numbers to improper fractions and
improper fractions to mixed numbers.

Some examples are:

To simplify 22 key in

))edE)E=)
You should see an answer ofg.

3 :
Todo 7 X 57 key in

006 - 000

&

(<)

You should see an answer of% or 1% ord 5.

(Some calculators can be set up so that the answer

will be an improper fraction, a mixed number or a
decimal — see what yours can do.)

Your calculator will add and subtract fractions too.
There are many different makes of calculator. Find
out how to do calculations with fractions on your
calculator. You may need to look at the instructions
book if you have it, or you can ask your teacher.
Repeat some of the questions from the previous
exercises using your calculator.

'(©) recnoLocy |

Need to review?

You can find a complete course on fractions
at the website

www.aaaknow.com/fra.htm

Simply click on the section or sections that you need

help on. There are also plenty of practice materials
and opportunities to race against the clock!

Another good site is
www.coolmath.com/prealgebra
Have fun!

7.8 Problem solving

4

Solving problems involving fractions is very much like

solving problems involving whole numbers.
The stages are similar:

* Read the problem carefully.
*  Work out what you are being asked to do.
*  Draw a diagram or make a table or look for
a pattern.
*  Answer the problem.
Check your answer makes sense.

Exercise 7Q - mixed questions

1 How do you spend a school day?

a Write down all the things you do each
school day: at school, sleeping, playing
and so on.

b  Next to each activity put the number of
hours you spend doing it.

¢ Make sure your total for all activities is
24 hours.



d Using a suitable key, copy and complete
the rectangle below representing your day.
You will need to make it larger.

D represents 1 hour

e What activity takes up the largest fraction
of your school day?

2 Repeat Question 1 for a day during the school
holiday.

3 a How many lessons do you have each week?

b  Write down all the subjects you study
at school.

¢ Next to each subject write down the
number of lessons in that subject that you
attend each week.

d Make sure your total in part ¢ is the same
as your answer to part a.

e What fraction of your school week is
spent on each subject?

f Draw a diagram with a key to show this
information.

4 Here are three ways of dividing the number
line between 1 and 2:

a Copy the lines and mark the positions of
the numbers:
1 3 2 7 3)
15, 13, 13, 1= 1=
Use the positions of the numbers to put
them in order starting with the smallest.
b Draw two lines to help you decide which

: 13 5
is greater, 155 or 1.

@ Draw a number line like this.
0 1

—_—

Mark in the approximate positions of the
1132

numbers 5,3, 7, 3

IE] Peter scored 14 out of 20 in a Maths test.
He scored 20 out of 30 in an English test.
Which was the better mark?

7 Mr Cenac saves % of what he earns. What
fraction of his earnings does he spend?

v~

Aisha buys 28 apples.

Her sister Afra takes half of them and her
friend Patsy eats % of the remainder.

How many apples does Aisha have left?

[9] When Albert had sold one-third of his
chickens he had 18 chickens left. How many
chickens did he have to start with?

a _:T of ]l)enise’s weekly wage is spent on rent
and 5 on food. What fraction does she
have left?

b If she has $60 left over, what was her
weekly wage?

A length of string is 35 cm long. It is cut into
six equal pieces. How long is each piece?

A barrel holds 50 litres.

. ——

I have 3% barrels. How many litres will they
hold altogether?

A plank of wood is l% cm thick.
How thick is a pile of 25 planks?

A bag of flour weighs 50% kg.
What is the weight of 10 bags?
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7 Fractions

(Consohdatlon
Example 1 3 2 A5 8 7 :
b ———-=——-—=— (LCMof4and5is 20)
‘What fraction of the shape is shaded? 4 5 20 20 20
“'A Exercise 7

@ 1

6 parts out of 8 equal parts are shaded, so g is shaded,

which simplifies to %

Example 2 2
John has $16 and spends _,]—1 of it on books.

How much does he have left?

1 1 16 16
ZX1675XT7T*4 3
16 —4 =12

John has $12 left.

Example 3
; : - =
Complete this equivalent fraction: 5720
X 4 4
i
3_12
5,20
X 4

Example 4 5
Write % in its simplest form.
2_32+2_16_16+2_8
60 60-+2 30 30+2 15
Example 5
a g change this improper fraction to a mixed number
b 3% change this mixed number to an improper

fraction

17 _ . 2
a 7 means 17 = 5 = 3 remainder 2 = 33

5_23

b (3x6)+5=23s03="7 6
Example 6
Work out:

4 1 3 2
a + b 173

9 3

IR
+

ol i
N

N=1EN

(LCM of9 and 3is 9)

)
ol i
+

Write down the fraction of the shape that is
shaded, in its simplest form.

Calculate:
L f $40 b J f 28 litr
a 10° 30 itres

7 2
¢ 5 of 140 students d 3 of 66 days

Copy and complete these equivalent fractions:

3_4 2_4

4 12 5 30
e - =L g L=16

10 100 250
Simplify the following fractions:

15 b 2
2. 60
. 65 q 121

104 132

a Change these improper fractions to mixed

numbers:
i = ii =
7 13
ifi 9 iv g
S| 15
b Change these mixed numbers to improper
fractions:
. 3 . 2
i 25 ii 911
P . 11
i 425 iv 1015
Calculate:
3 3 S
8 ot b 7*53
3 1 7 3
€ 53 4 55



7 There are 260 girls and 240 boys at Western 9 The drawing shows the fuel gauge in Ray’s
High School. Calculate how many students car. When full the fuel tank holds 120 litres.
each statement represents.

a %of the boys come to school by bike.
13—0 of the girls eat school dinners. ﬁ

b
¢ All of the boys and é of the girls wear ties. E F
d 13—0 of the girls and 14—0 of the boys play on a m

school team.

11
e g of the students are left-handed. a How much fuel does the tank hold now?

8 Janice walked at a speed of 4% km per hour. b  After travelling 80 km, Ray noticed his
How far did she walk in 3 hours? tank was half full. How much fuel did
he use?

(Remember: distance = speed X time).

.

You should know ... Check out
1 You can find a fraction of an amount by first dividing. 1 Work out
2
For example: to find  of 15 1
3 a 3 of 30
°\(e) o 3
Sl b 1 of 28
sof15=15+3=5 o|le| o c 2(‘Ec-::mmadremk
3 o|le| @ 5 of a bottle of
So30f15=2x5=10(o}le o lemonade. The
bottle held
360ml. How
much did she
drink?
2 Equivalent fractions show the same fraction using different numbers: 2 Copy and complete;
a 2-0L
4 12
2. =
b 37 24

¢ Write these

5 T 6 _ 8 S
: = £ S fractions in
their simplest
You can simplify some fractions by dividing: form:
+4 =6 i -
48 12 2 2 and 3 have no common
=18 3 factors so 2 is in its i 22
— — - 3 o 45
=4S simplest form




7 Fractions

3 A mixed number is made up of a whole number and a fraction. 3 a Write as mixed
For example: 2% numbers:
11
An improper fraction has a numerator bigger than its denominator. 3
For example: } 17
i —
The improper fraction % = 2 remainder 3 = 2% (a mixed number). .
. . . b Wri
The mixed number 3% = 222 +2 _ 11 (an improper fraction). NIER
3 3 3 improper
fractions:
. 1
i 2 3
.. 2
il 4 5
4  You can add and subtract fractions when they have the same 4 Add these
denominator. fractions:
When the denominators are different you have to make them il o 5
the same using equivalent fractions. 1.% 3.9 8 5T %
For example: e 13’8 74 b g_l_i
1,3_4 .9 _13 5710
6 8 24 24 24 ¢ Sandra ate half
The LCM of 6 and 8 is 24. L
ate one-third of
it. What
fraction was
left?
5 How to multiply a fraction by an integer. 5 a Calculate:
For example: i 3X 1
3 _6EX3_18_ 2 1 .
4 4 4 4 2 i 6% 2
3
Sl
e
L) 8
b Kathy ate % of
a box of
cornflakes.
The box holds
152 g. What
mass of
cornflakes
remains?




Equations and formulae

Objectives )

O Substitute positive integers into simple linear
expressions or formulae.

© Derive and use simple formulae, e.g. to change hours
to minutes.

O Construct and solve simple linear equations with
integer coefficients (with the unknown on one side only),
eg. 2x=8,3x+5=14,9 — 2x = 7.

\_
What's the point? ool ]

Voltage, current, and resistance are
mathematically related to each other.
You can't work with electricity without all
three of these being considered. Ohm’s
law (named after nineteenth-century
German physicist Georg Ohm) is a
formula describing the relationship
between voltage, current, and
resistance. Ohm's law is: V = IR, where
V = voltage, in volts, | = current, in
amps, and R = resistance, in ohms.

Before you start

You should know ... Check in
1 How touse letters to represent unknown numbers or variables. 1 Write in a shorter way:
For example: The total number of

biscuits I need to buy if
each of my friends has
2 biscuits and I have

3 spare biscuits. Use f to
stand for the number of
friends.

Write in a shorter way: The length in centimetres of a piece
of string with 5 cm cut off.

Let s be the length of the string before anything was cut off.
So the new string length is s — 5.

>




8 Equations and formulae

'd

N
° 2 The order you should do operations (BIDMAS). 2 Work out:
Brackets first a I5—-3%X4
then Indices b 1+20+5
then Division and Multiplication c 3X10+ 100 + 10
then Addition and Subtraction.
10 — 2 X 4 BIDMAS: Multiplication first ...
10 — 8 =2 ... then Subtraction
S

\.

8.1 Substitution into

expressions

In Chapter 2 you learned about expressions such as 2.x,
3x+ 5,4y + 5t

When you know the values of the letters, you can find
the value of an expression.

You substitute the values into the expression.

EXAMPLE 1 ) “N

If x = 2 and y = 3, find the value of
b 4y(l + x)

a S5x —2y=5Xx—-2Xy
=5X2-2X3
=10 -6
=4

b 4}’(l+.r)=4><y><(l+x)

=4 x3x(1+2)
=4x3x3

Exercise 8A
1 [If x = 4, find the value of:

a 2x b 3x—-2
c Tx+1 d 3(x+5)

2 If p = 2and g = 3, find the value of:
a 5p—24q b 3p+g
c Tp—2 d 4pg

3 Ifm=2n=3andp =35, find the value of:
a mt+tn—p b 2m—n+3p
¢ n(m +p) d 5p—10m — 3n
e Om(p +n) f 4mp— 10n
g mp— mn h 4m+n+p)
I =p=n=—m i llmn-—8p
K mnp I Tm + 2n

3 5

. . J

4 Copy these expressions into your book:
[x*ty] [ | [x+3] [49—6]
Tick v which ones have the same value when
x=1landy=2.

[5la

Write down the perimeter, P, of this shape.
(Remember: the perimeter is the distance
around the edges.)

i

b Find the value of Pifa = Scm, b = 3cm
and ¢ = 4 cm.

8.2 Formulae

In Chapter 2 you learned about expressions, terms,
equations and variables. A formula describes a
relationship between variables. Formulae is the plural
of formula. If you know the values for all but one
variable, you can use substitution into the formula to
work out the value of the remaining variable. For
example, P = 2L + 2W is a formula. You would need
to know the values to substitute for L and W to work
out the value of P.

Making up formulae of your own
Formulae can represent all sorts of situations.
To derive a formula means to use known information

to write a formula connecting variables. This is what
you did in Question 5a of Exercise 8A.



8 Equations and formulae

EXAMPLE 2 ) )

A tin contains P peas. There are N tins of peas.
Derive a formula giving the total number of
peas, 7, in the tins.

Number of peas in one tin = P

Number of peas in two tins = 2 X P
so Number of peas in Ntins = N X P

so T=NXP or T=NP

EXAMPLE 3 ) N\

Derive a formula to convert US dollars ($) into
euros (€)if $1 is worth €1.40.

Decide what letters you are going to use, e.g. let
D = number of dollars, and E = number of euros.

Number of euros for 1 dollar = €1.40
Number of euros for 2 dollars = 2 X €1.40
Number of euros for D dollars = D x €1.40

So E=DXxX140 or E=14D
\_ J

Exercise 8B

1 A class has B boys and G girls. The class
has § students altogether. Write down a
formula for the total number of students
in the class, starting § = ...

2 A glass of water has a total mass of M grams.
The glass has mass G grams. Write down a
formula giving the mass of the water, W.

3 Amandeep scored H marks in a History test and
G marks in a Geography test. Her total score in
both tests was 7 marks. Write down a formula,
starting 7" = ..., and involving H and G.

4 M minibuses carry a total of T people.
The number of people that one minibus holds
is P. Write down a formula, starting P = ...,
and involving M and 7.

5 a Find the cost, C, of M mathematics books
which cost $7 each.

b Find the cost, K, of M mathematics books
which cost $A each.

6 a Find the cost, C, of P pencils at 40 cents
each and E erasers at 25 cents each.
b Find the cost, K, of P pencils at A cents
each and E erasers at B cents each.

7 B boys and G girls travel home by bus.
The fare is $2 each.
a Find the total cost, C, of the fares.
b  What is the total cost if the fare was
D dollars?

8 A bucket holds W litres of water. John pours
X litres of water away. Find how many litres,
L, are left in the bucket.

9 Derive a formula to convert D dollars ($) into
I Indian rupees (%) if $1 is worth ¥50.

10 Derive a formula to convert H hours into
M minutes.

11 Derive a formula to convert k kilometres into
m metres.

12 Tony sells A papers on Monday, B on Tuesday,
C on Wednesday, D on Thursday, £ on Friday
and F on Saturday.

a How many papers, P, does he sell altogether?
b If each paper costs Y cents, how much
money, M, does he bring in each week?

E’ A man walks at n kilometres per hour for
6 hours.
a How far does he walk?
b If he walks at m kilometres per hour for
another 3 hours, write down the total
distance, D, that he travels.

@ The cost of a knife is x dollars, a fork
y dollars and a spoon z dollars. What is the
cost, C, of a complete set of cutlery for
a 4 people b P people?

»




@ Joanne buys M mangoes and G grapefruits at

the market. Mangoes cost 45 cents, grapefruits

25 cents. Joanne paid a total of T dollars.

a How much did Joanne pay for her
mangoes, in dollars?

b How much did Joanne pay for her
grapefruits, in dollars?

¢ Write down a formula for 7'

You can substitute values into derived formulae to
work out missing values.

EXAMPLE 4 )

\.

So
When D = 350,

Derive a formula to convert D dollars ($) into
E Egyptian pounds (EGP) using the exchange
rate $1 = 6 EGP. Use your formula to convert
$350 into Egyptian pounds.

Number of Egyptian pounds for 1 dollar = 6
Number of Egyptian pounds for 2 dollars
=2X6
Number of Egyptian pounds for D dollars
=DX6
E=6D

E = 6D
=6 % 350
= 2100 EGP

8 Equations and formulae

the total cost, 7, of an international phone call
lasting m minutes. Use this formula to work
out the total cost of an international phone call
lasting 8 minutes.

6 Derive a formula to convert the number of
litres, L, into millilitres, m. Use your formula
to convert 2.4 litres into ml.

7 An electrician needs 8 sockets for a room.
a Which of the following is the formula that
gives the total number of sockets, s,
needed for r rooms?

s=8+r s=8 s=8—r s5=8<r

b Use your formula to calculate the number
of sockets needed for 7 rooms.

8.3 Solving equations

An equation is a statement using algebra that contains
an equals sign.
For example: b + 2 = 5 is an equation.

You can solve an equation using the balance method.

EXAMPLES ) N

Exercise 8C

1!

Derive a formula to convert D dollars ($) into
I Indonesian rupiahs (IDR) using the exchange
rate $1 = 8900 IDR. Use your formula to
convert $420 into Indonesian rupiahs.

Using your formula from Question 5b of
Exercise 8B, find the cost of books, K,
in dollars ($), if M = 40 and A = 15.

Derive a formula to convert the number of
days, d, into hours, 4. Use this formula to
work out the number of hours in 3 days.

Use your formula from Question 9 of
Exercise 8B to convert $50 into Indian rupees.

The international phone call charges for a
hotel are a $2 connection fee and $1 for each
minute of the call. Work out the formula for

Findxifx + 5 = 7.
Think of the equation as a balance:

Bl ummm,

A

Take 5 from each qlde

& .

The scales balance so x = 2.
\_

J/

EXAMPLE 6 ) k.

Use the balance method to find yif2y + 1 = 9.
A

Take 1 from each side.

To make the scales balance 2y must be 8.

\LSoy=4.




8 Equations and formulae

A good way to set out a working for Example 6 is
like this:

2y+1=9
-1] 2y=9 [-1
+2] y=4 [+2

Pl
The square
brackets
show what
you are
doing to
each side
of the

V4

Solving an equation is finding the value that makes
both sides of the equals sign the same as each other
(equal to each other). You can check by substituting
the value back into the equation:

2Zy+1=9
2Xy+1=09

substitute y = 4

2X4+1=9
8§+1=09
9=9

The left of the equals sign is the same as the right,
so y = 4 is the correct solution.

Providing you keep the equation balanced by doing the
same to both sides you can solve harder equations the
same way. Terms as well as constants can be added to
both sides (you will see this in Example 7).

EXAMPLE 7 ) N\

Solve 17 — 2x = 7.
17—2x=7

You can make
your xs positive by
adding the term

equation .
~—

6 3f+4=19
72+5=17
8 h+7=11
9 10=3i+1
10 10 + 3j = 13
11 k+7=17
12 2l+1=5

13 9=3 + 2m
14 25 - 3n = 10

15 60 = 60

16 p—1=5

17 1=¢g -2

18 8 = 18 — 5r

19 25 = 55

20 10 — 41 = 2

21 3u—1= 14

22 56 = 8y

23 3w —4 =17

24 15=4x — 1
R5l12=5y-8-y
R6]5; + 1 + 6z = 122

(Hint: Simplify first)
(Hint: Simplify first)

You solve equations using inverse operations. To solve
3x + 2 = 17, the first step is to do the inverse of +2,
which is —2. Then you do the inverse of X3, which

is +3. Do these inverse operations to both sides of

the equals sign.

+2x] 17=7+2x [+2 Zx to both sides.
—-7] 10 =2x [-7 You want to end.
] _ s up with the x on
2] S=x [+2 its own. It doesn't
B o matter which side
of the equals
sign it 5 on.
\_

Exercise 8D

Use the balance method to solve these equations:

1at+t6=9

2 b+3=11
3 6=c+5
4 8+d=12

52+ 1=11

EXAMPLE 8 ) N\
Solve a ?=10 b Lo i =

The inverse of <5

a % =10 is x5. Do this to
- both sides.
x5] m=50 [X5
; The inverse of +1
b =-+1=5 is -1
2 F
4 ; ‘
—-11 =14 Lig The inverse of +Z
x2] =8 [x2“°
. J




8 Equations and formulae

) You will be learning more about formulae for area and
Exercise 8E perimeter in Chapter 17.
Some of the work in this exercise is extension work
as it contains equations without integer coefficients

and multiplying or dividing with negative numbers Exercise 8F

is required. For each question in this exercise, write down an
Solve these equations: equation then solve it.
1 2=3 2 P 1] =3 1 Three times a certain number is 78. What is
3 4 the number?
T t
3 = 3=2 4 57 2 2 Two less than a given number is 29. What is
g y the number?
Sl 11 e gl 6 3 Alison and Anya have 36 mangoes between
_x o them. Alison has twice as many mangoes as
£ A 12 b s e Anya. How many mangoes does Anya have?
[9]20 = 2m [0 —3x =15 4 a When x is doubled the result is 24.
b When 14 is added to x the result is 30.
¢ When x is divided by 5 the result is 20.
Equations can be used to solve simple word problems. d When x is doubled and 3 is added the
result is 27.
EXAMPLE 9 ) N [5]

Kisha and Kevin have $20 altogether. Kisha has $6.
How much has Kevin?

Let k be Kevin's amount, then

k+6=20
-6] k=14 [-6
Kevin has $14. A
. M _
In the triangle ABC
Notice that you need to substitute a letter for the a Write down an equation connecting the
unknown and then derive an equation. three angles.
b Solve the equation to find the value of x.
EXAMPLE 10 ) N
@ Stacy has 6 more oranges than Susan.
The perimeter of a rectangular field is 80 m. Altogether they have 74 oranges. How many
If the field’s length is 30 m, what is its width? oranges does Stacy have?
The area of a rectangle is 24 cm”. What is its
w length if its width is 4 cm?
30m E The perimeter of a rectangle is 45cm. What is

its width if its length is 12cm?
ﬂ The sum of $90 is shared between Pete and

Let width be w. Perimeter is distance around
the outside.

w430 + w + 30 = 80 Petra so that Petra gets $1§ more than Pete.
2w + 60 = 80 How much does Pete receive?
-60] 2w=20 [-60 In Bayview village there are 12 more women
+2] w=10 [=+2 than men. If the village’s population is 240,
Width of field is 10 m. how many villagers are men?




@

8 Equations and formulae

(Consolidation

Example 1

Ift =8, r= 3and v = 2, find the value of:
a 1+ 2r b vit+r)

a r+2r=t+2Xr
=8+4+2x3

8+ 6
= 14

b vir+r)=vx(+7r)
=2 x (8 + 3)
=2 x 11
=22

use BIDMAS

use BIDMAS

Example 2

Derive a formula to convert £ metres into
1 millimetres. Use the formula to work out the
number of millimetres in 3.2 metres.

In 1 metre there are 1000 millimetres
In 2 metres there are 2 X 1000 millimetres
In E metres there are E X 1000 millimetres
so 1= 1000E
When E = 3.2m
1= 1000E
= 1000 X 3.2
= 3200 mm

Example 3

Solve:
a 3x—-2=7 b 10-2x=2

a 3x—-2 =7
+2] 3x=9 [+2
+3] x=3 [+3
b 10-2x=2
+2x] 10=2+2x [+2x

-2] 8 = 2x [-2
+2] 4=x [=2
or x =4

Exercise 8

1 Ifa = 10and b = 3, find the value of:
a a+2b b 2ab

c a2+ b)

——

2 Derive a formula to convert P British pounds
(£) into D New Zealand dollars (NZD), using
the exchange rate £1 = 2 NZD. Use the
formula to work out how many New Zealand
dollars you get for £125.

3 Find the value of T whenx = 5 and m = 6.
a T=3x—-—m b T=3mx+ 4

m+ x

c T=m_x

d T=3x+4+4m

4 1amx years old now. In 5 years’ time my age

will be y years. Write down which of the
formulae below gives my age in 5 years’ time.

[y=5-x] [y=x+35] [ y=5x |

5 Ifx=4,y=1andz=3, find the value of
B when
a B=x+2y—z

b B=3x—-y+4z

¢ B=x(y+2

d B=2zx+y)

e B=10xz— 120y

f B=zx—xy

g B=4dxyz
2x + 4y

h -z

6 Solve:

a 7x=235

b v+3=19

¢ 4+m=17

d 10—f=3

e l7=4+e

f Tx=256

g€ 3a+4=10

h 81 =9h

v

1 §76

i 3y—-4=17

k 9=8w-15

I 35 -Tw=14

7 A spring is 30cm long and extends by 5cm
for each 100 g weight hung on it.
a What is the spring’s length when 300 g is
hung from it?
b What is the spring’s length, z, when n
100 g weights are hung from it?
¢ What is the spring’s length when n = 4?



8 Equations and formulae

n Ann walks for 2 hours at p km/hr.

a
b

C

How far does she walk?

If she walks at g km/hr for 3 more hours,

what is the total distance she travels?

What is her average speed?

(Hint: Average speed = total distance +
total time.)

You should know ... Check out
1 When you change letters for numbers this is substitution, 1 Ifr=2and:=>35,find
Always follow BIDMAS rules when substituting. the value of:
For example: asi—r
If x = 3 and y = 4, the value of b 3tr
x+5=x+5Xy c 4r(t—3)
=3+5X4 use BIDMAS d 5r+ 6t
=3+ 20
=23
2 A formulais an equation relating different quantities. 2 Whatis the cost C of
For example: a cartons of juice at
A=1IXw p dollars a carton, and
is the formula for the area A of a rectangle, with b bottles of milk at
[ = length and w = width. q dollars a bottle?
3 You can use the idea of a balance to help you solve linear equations: 3 Solve these equations.
4 —5=19 adx+7=19
+5] 4x=24 [+5 b1=10-3p
+4] 4=6 [+4 c 40 = 8y




Geometry

Objectives

o

o

Estimate the size of acute, obtuse and
reflex angles to the nearest 10°.

Start to recognise the angular
connections between parallel lines,
perpendicular lines and transversals.

Calculate the sum of angles at a point,
on a straight line and in a triangle, and
prove that vertically opposite angles
are equal; derive and use the property
that the angle sum of a quadrilateral
is 360°.

o

o

Solve simple geometrical problems

by using side and angle properties

to identify equal lengths or calculate
unknown angles, and explain reasoning.

Read and plot coordinates of points
determined by geometric information
in all four guadrants.

What's the point?

\_

Angles are important in the design of
many things. For example, reducing
the angle made by the wing of a plane
with its fuselage can reduce drag and
enable the plane to fly at high speeds.

\_

Before you start

1

You should know ...

How to use letters to name an angle.
C

ABC

/or]?.

B A

Check in
1 Name the angles marked.
A
D
c X
B




How to draw and measure angles.
For example:

~\

2 a Measure POQ.
Q

B

b Draw an angle of 160°.
Draw an angle of 345°.

(v]

B

ABC = 42°.

As ABC is less than 90°, you read the anticlockwise scale.

J

9.1 Relationships between
angles

In Chapter 3 you looked at rough estimates for the size
of angles before you measured them. You should be
able to estimate an angle to within 10°.

To help:

-

A right angle is 90°.

Half a right angle is 45°.

A third of a right angle is 30°.
You can use other fractions of a right angle.

In Exercise 9A you will discover some facts about
relationships between angles.

Exercise 9A

1 Estimate the size of the following angles.
Measure them and see if your estimate was
within 10° of the actual size.

P
s
e
N



2 From the diagram, use your protractor to copy 5 From the diagram, use your protractor to copy
and complete: and complete:
a ADB=[ a AOD =[]
b BDC =[] b BOC =[]
¢ ADB + BDC =[O0 ¢ DOB =[]
A B d AOC =[]

D B
><
A C

What do you notice about your answers?

D C

3 From the diagram, use your protractor to copy
and complete:
a MON =[] b LOM =[]
¢ MON + LOM =[]

M

D B

>,<
A 0

7 B
I O N
4 a Repeat Question 3 for this diagram:
M o A
C

Use your protractor to copy and complete:

6 Repeat Question 5 for this diagram:

a AOB =[]
b AOC =0
¢ COB=[]
d AOB + AOC + COB =[O

L 0 N

b Do you agree that: MON + LOM = 180° In Exercise 9A, you should have found that:
in this diagram? Why should this be true? 1 A corner measures 90°.

50°
40°

Angles that add up to 90° are called complementary.



2 A straight angle measures 180°. 7~
As the angles 90°, 160°, b are at a point they add
up to 360°.
65O\1 15° That is 90° + 160° + b = 360°
b =110°
Angles that add up to 180° are called
supplementary.
3 Angles at a point add up to 360°, Exercise 9B
220° 1 Without measuring, find the missing
100°400 complementary angles.
a b
33°
7
? 237
4 Vertically opposite angles are equal.
These angle: c d

5 are
vertically opposite 7

2 Without measuring, find the missing
Calculating angles supplementary angles.

In the next exercise you will be calculating angles instead a

of measuring them. Often in exams, questions will say

‘not to scale’. These angles cannot be measured. If the 7 133°
diagram is not to scale, an angle that looks like an acute

angle should be less than 90° when you calculate it. So ¢ d
2 ‘ |

you can use common sense to help you.

EXAMPLE 1 ) N\

Without measuring, write down the missing angles:

30° a 50°

As the angles 30°, g, 50° form a straight angle they
add up to 180°.

That is 30° + a + 50° = 180°

g a =100° >




4  Without measuring, find the missing angles.

a b ¥
>-< <z
130°

IEITO prove that vertically opposite angles are
equal, copy and complete:

b
a c
d

a + b = 180° as they are ...
¢+ b = 180° as they are ...

Therefore a = ¢ (as the same number must be
added to b to make 180°).

b + ¢ = 180° as they are ...
d+ec=...
Therefore b = ...

6 Without measuring, find the missing angles.

a
120° 200°
2
b
[17?
155°

c
45° 110

7

115°

d

e
ala
a a
ald

f

30°

=



Angles in triangles and quadrilaterals
A triangle has 3 sides.
A quadrilateral has 4 sides.

Exercise 9C will help you find the sum of the angles in
any triangle or quadrilateral.

Exercise 9C
1 a Use your profractor to measure the angles
in the triangle.
C

Copy and complete:

A=
B=0O
=1
A+B+C=00

2 a Draw two more triangles of your own.
Repeat Question 1 for each of them.
b Did you find that

A+ B+ C =180

3 a With aruler and pencil, draw a triangle.
Cut it out very carefully.
b Now colour or shade each angle
differently.

~
~

A}
|

Cut off the angles along the dotted lines.

¢ Carefully fit the cut-out angles together.
They should look like this:

A

d What angle is formed by the three angles?

4

In the four-sided figure ABCD, measure
each of the angles.

D

A B

Copy and complete:

oo w >
I
goog

A+B+C+D=0

Repeat Question 4 for two different
four-sided figures of your own.
Did you find that

A+ B+ C+D=360%

With a ruler and pencil, draw accurately a
four-sided figure. Cut it out carefully.
Now colour or shade each angle differently.

Cut off the angles along the dotted lines.

Carefully fit the cut-out angles together.
They should look like this:

What angle is formed by the four angles?



In Exercise 9C you should have found the following
results:

1 The angle sum in a triangle is 180°

e,

a+ b+ ¢c= 180°

2 The angle sum in a quadrilateral is 360°

@

a+ b+ c+ d= 360°

EXAMPLE 2 )
Find the angle x in triangle XYZ.

Z
28°
121°
X
X Y

Since angle sum in a triangle is 180°

x + 121° + 28° = 180°
x + 149° = 180°

\_ x = 31°

Exercise 9D

1 Find the missing angles in these triangles.

L
=]
o

35°

70°



2 Find the missing angles in these quadrilaterals.

63°

27

Find the other two missing angles in
Question 2 e.

3 Copy and complete:

A quadrilateral can be divided into two
triangles by drawing a diagonal.

-

A

q

a + b+ ¢ = 180° because ...
d + [+ = 180° because ...
scatbtctdtet+f=0

Theretfore the angle sum of a quadrilateral
is 360°.

Corresponding angles

In the diagram a line crosses two parallel lines. This
line is called a transversal. Measure with your
protractor the angles x and y.

You should have found the angles were equal. These
angles are called corresponding angles (because they
are on the corresponding side of the transversal.)

*  When a line crosses two parallel lines
the corresponding angles formed are equal.

B
N
N

£=3

Look for an ‘F’ shape in the diagram. The corresponding
angles are inside the F shape. The F can be upside
down or backwards.

/ A

[ .
7 /




EXAMPLE 3 )

Find § and %, giving reasons.

¥ = 60° (corresponding angles)
z = J (vertically opposite angles)
0z =60°

( »

Exercise 9E

1 In the diagram, which angle is:

a the corresponding angle to &
b the corresponding angle to $?

2  Which of these angles:
a correspond to &
b correspond to 7

3 Find the angles marked by letters, giving
reasons for your answers.

N
\

b b
130°
b
C
C
110°
7
e
i
d

@Without measuring, write down the value of

each letter.
a “ b
x
= b
»/q 64 =
1258
c ;
ilh
g
905




@Calcnlatc each of the unknown angles.

I

c
a

500 b\d fF\110°

@These diagrams have not been drawn properly.
In which of them should the pair of lines be
drawn parallel?

a
80°
80°
b
85°

85°

‘-“-u
c

90°
\90”1_\

Copy and complete:

d When a line crosses a pair of parallel
lines, corresponding angles are . . .

e When a line crosses a pair of lines, and
corresponding angles are equal, the pair
of lines mustbe . . .

Alternate angles

Measure with your protractor the angles p and g.

9 Geometry

You should have found that the angles p and ¢ are
equal. These angles are called alternate angles.
(Because they are on alternate sides of the transversal.)

¢ When a line crosses two parallel lines the alternate
angles formed are equal.

\

2

q

\

B=4
Look for a *Z’ shape in the diagram. The alternate

angles are inside the Z shape. The Z can be backwards
and can be used to find obtuse angles.

/
/
\
b
)
/
W
/

Exercise 9F

1 In the diagram which angle is:
a the alternate angle to @

b the alternate angle to b?

x/;kf/b
/




2 Look at this diagram: In the diagram, ABCD is a square. DF is a line
cutting BC at E.
A B/ }
E
Which of the angles are
a alternateto a
D C

b corresponding to a

¢ vertically opposite to a? Copy and complete:

3 Repeat Question 2 for angle b. a ABisparallelto...
b AD is parallel to ...

¢ AFD and FDC are equal because they
are . .. angles.

a b d ADF and BEF are equal because they are
... angles.
549 3
Thﬁ:se diagrams have not been drawn properly.
& In which of them should two lines be drawn
147° parallel?
Give reasons for your answers.

c d

A

m

a b
93°
530 /
5 For Question 4 d, copy and complete: c 420 d
a Xxand}¥ are...angles.
b ¥VandZare...angles.

Write down the size of each angle marked by
a letter.

S

93°

a7

6 Find the value of each letter, giving a reason why. o

a b 270

56°

60° i
m
x
3 @Copy the diagram. Mark an x in all the angles

c

8 63°

54° h

that are equal to X.
Mark a y in all the angles that equal 3.

x/y

d 480 -
f Copy and complete:
E x+ =1




Find x. One of the angles in this triangle is measured
e wrongly. How can you tell?
X E
3x

N

11 Adanya measures the four angles of a
quadrilateral as:
140° 63° 126° 32°

Gill says she has made a mistake. @
Is Gill correct? Explain your answer.

Work out angle k. A

k
mAakil says that if you know one angle inside a
parallelogram you know all the rest. Is he
120° right? Explain your answer.

The angles marked in the diagram below are
supplementary. This means they add up to 180°.

Here is a right-angled triangle: \

d L >
\

How can you prove this?

Choose two of the following angles to be used (Use any of these: verrically opposite angles.
ford and & corresponding angles, alternate angles or
angles on a straight line.)

e

43° 37° 27° 532 67° 13°

What sort of triangle is this? 9.2 Coordinates

A

NOT DRAWN

TO SCALE Y

5_

le— Vertical y axis
44

Horizontal x axis

Origin (0,0)

OII'III
0 1 2 3 4 5 *

The origin has coordinates (0,0). It is where the axes
intersect.



To describe the position of a point in relation to the
origin you need coordinates (x,y).

The first number tells you how far to move along in a
horizontal direction. The second number tells you how
far to move up in a vertical direction.

*  Coordinates tell you exactly where a point is on a
graph. The coordinates (3, 1) represent the point
3 across and then | up from where the axes meet.

A

J

34

5l

14 )

0 , [ 1 >
0 1 2 3 X

Exercise 9G
1 Are the coordinates (7, 3) the same as (3,7)?

Explain.
2 g
A H
6 ——
2!
gs \
g
S 4 . \\
; 3 0'/«---—0 mh
g [B| C F G
[
1 D"____ E

oL
0 1 2 3 4 5
First coordinate

Write down the coordinates of all the points
marked on the graph.

3 | Onsquared paper, make a larger copy of

the graph started below.

Second coordinate

e SRS S, B SN |

I Bl s B S e
First coordinate

ii  On your copy, plot the following points,

using a coloured pencil.

(1,3) (1,5 24 (3.2 (3.3
(3.6) 3.7 42 43) 4.6)
4.7 (6,3) (6,4) (6,5 (6,6)
(7,4)

iii Use a ruler and a different coloured pencil

to join these points:

(1,3)to (1,5) b
(1,5) to (2,4) d
(3,3) to (6,3) f
(7,4) to (6,6) h
(3,6) to (2,4) j
4,3) to (4,2) I
(3,2) to (4,3) n
4,7 to (3,7) p

£O03FX~Mmooo

Negative coordinates

(1,3) to (2,4)
(2,4) to (3,3)
(6,3)to (7.4)
(6,6) to (3,6)
(6,4) to (7,4)
(4,2) to (3,2)
(4,6) to (4,7)
(3.7) to (4,6)

hat shape have you drawn?

You can extend graphs to include negative numbers

and decimals.

A negative x-coordinate means move left.

A negative y-coordinate means move down.

YA

®
[T O N A .
em

574 372710
“1

A are (4,2)

B are (72,3)
Care (3,72)
Dare (73,72)
E are (1.5,2.5)

The coordinates of



Exercise 9H
1 Write down the coordinates of the points A-L

4 Write down the coordinates of the points A-F

marked on the grid.

marked on the graph. Y
YA )
. 5 L 1.5TF
] B .
4 oD
oA
3
e ’ 1
| 'A
BB 20 12 3 4 5x Pe B
|
D. :2 .F .H
g 3 = AT 1D 05 15
. 4 .
I o o
= 0.5
: : oF
2 a Make a copy of the axes in Question 1.

Mark and label these points:
A(3.2) B (73,2)
Ci=3.7) D (3,72)

b Join the points Ato B, Bto C, C to D and
D to A. What shape have you drawn?

5 Using graph paper and choosing a sensible
scale, plot these points:
V (10.9,0.6) W (0.2,0) X (0.5,70.5)
Y (1.3,22) Z(1.4,009)

6 Draw a grid with x- and y-axes from ~8 to 8.

a Plot the points A (72,4), B (3,6), C (5,1).

b Plot the point D such that ABCD is a
square. What are the coordinates of D?

¢ Draw in the diagonals of the square.
What are the coordinates of the point
of intersection of the diagonals?

d Plotthe points E ("4,71), F(76,77),

G(2,77).

What is shape EFG?

Plot the point H at ("4, 7).

Draw a line from E to H.

What can you say about the line EH?

[(C) TecHNoLOGY

To revise what you have learned about angles go
to the website

@Draw axes on squared paper.
On the x-axis, show the numbers

{56,75,...,3.0)
On the y-axis, show the numbers
{R8 . 8

Mark these points on your graph:
38l 0L Ak
(74,4),(74,71),(73,71),(73,5)
(72,5),(2,71),C1,71),(1,7)
(0,7),(0,71),(1,71),(1,6)
(2,6), (2,73),(3,73), (4,71)
(5.7°1), (2,77),(1,77),(1,78)

Join each point to the next one in the list.
What shape have you made?

o M = o

www.bbc.co.uk/schools/ks3bitesize/ maths
Look at the activity in the ‘Angles’ section of
‘Shape and space’. Try the ‘Revise’ and ‘Test’
sections too.
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Example 1 Solutions:
Without measuring, find the missing angles. a Angles in a triangle sum to 180°.
a 23° + 114° + x = 180°
137° + x = 180°
x = 180° — 137°
x = 43°
¥ b Angles in quadrilateral sum to 360°.
28° Y + 135° + 140° + 60° = 360°
b c y + 335° = 360°
¥y = 360° — 335°
y = 25°
67N\ —51° 407
Example 3

9

Find the angles marked by the letters.

a The angles form a right angle.
Hence, x + 28° = 90°

x = 90° — 28°
x = 62°

b The angles form a straight line.

Hence, 67° + v + 21° = 180° p =99° (corresponding angles)
88° + y = 180° g = 99° (vertically opposite angle to p or alternate
y = 180° — 88° angle to 99°).
y= 2 Example 4
¢ The angles meet at a point. . B B o
Hence, z + 40° + 90° = 360° Plot the points A (3,71).B(73,1),C(73,71),D(3,1)
7+ 130° = 360° on agraph.
z = 230° Ay
Example 2 .
Find the missing angles. 3
a [ 2 | .
23¢ B D
. 1 ]
114° ¥ 4 3 2 -10] 1 2 3 4%
. -1 .
b C A
I =] | .
-3
4




Exercise 9 4 Find the angles marked by the letters:
1 Estimate, then measure the size of these a b
angles: a

a 68° 5o

o

& o
(07
i = 5
115 120 NOT
TO SCALE

5 The design of an envelope ABCD is shown in

[ d
f

2 Without measuring, find the missing angles:

# 3 the diagram. ABM is the flap and M is the
7 - mid-point of DC.
21° A 45° A B
c d
J87
D M C

Assist in the construction of the envelope by

62° calculating;
! a angle ABM b angle AMD
a 6 Write down the coordinates of these lettered
- points.
3 Find the missing angles: 4
a
C.
D.
b REESL
E
125° 140 . NoOT
3’_ TO SCALE F




7 Draw x- and y-axes and plot the points:

A(4,2),B(71,72),C(3,72),D@3,1),

B
a

b

(0,5),F (71,3),G("1,1)and H (71,0)
What type of quadrilaterals are CDFH,
ABDE and GBCD?

What sort of triangles are BDF, EFD and
AFE?

Which two triangles are identical but in
different positions?

20/ e
3%
= 101
. R
MLy h
=20 -10 10 0 |*x
. o -
v =i P
Q . 5

Name the points with the following
coordinates:
(15,5), (18,20), (20,715), (9,712), (5,0),
(0,13), (T12,714), (714,0), (718,7),
(15, 10),(0, 7)1 5.3),(22,°8)

You should know ...
1 Complementary angles add to 90°.

60°
30°

Supplementary angles on a straight line add to 180°.

140°
40°

Angles at a point add to 360°.

220°

Check out
1 Find the missing angles.
a
6{)0
2
b
70°
?
c
d
e

\




(A

2 Angle sum in a triangle is 180°.

N/

&/

a+ b+ c=180°

Angle sum in a quadrilateral is 360°.

G
Y

a

2 Find the marked angles.

r
Ao ]
g

)y

<

(2>

a
b
c

a+ b+ c+d= 360°

3 Give the value of the

=3
=

lettered angles.

a
a
p X 65°
1157
b
/
130°
q
r
4 a Which angles in

the diagram are

L'

=

corresponding angles?

b What size are the
angles @, b and c?

D>
J




P

(A

5 Alternate angles on parallel lines are equal. 5 a Which angles in the

/ diagram are alternate?
65°

v

/ 7 v

$=79 b  What size are the
angles d, e and f?

6 You can show coordinates on a graph. 6 a Write down the
y coordinates of the
(19 Gl points A, B, C and D
" thy h.
. al on the grap
By
3 :

(2

(5.0)
[F5 4 372 710 > 3 4 5 x T
=2
(4{2)
=5
N\ The origin
-.4 b CO’O) .
- BRoE b What shape is ABCD?
*(14.5,75.5) _‘: ﬂ ¢ On suitable axes, plot
Lo

the points:
W(3,71),X(73,75)

Y(75,3),Z(71,0)
.




Fractions and decimals

R

O Recognise the equivalence of simple
fractions and decimals.

O Convert terminating decimals to

O Use known facts and place value to
multiply simple decimals by one-digit
numbers, e.g. 0.8 X 6.

fractions e.g. 0.23 = % O Use the laws of arithmetic and inverse
© Compare two fractions by using a 32;":12?;3 to Simplify caloulations with

calculator to convert the fractions to ' o . '
decimals, e.g. % and % © Multiply an_d divide demma!s W|th.o.ne
or two decimal places by single-digit

© Add and subtract integers and numbers, e.g. 13.7 X 8, 4.35 + 5.

decimals, including numbers with
different numbers of decimal places.

\. y

What's the point?

Decimals are used to make accurate
measurements. When Usain Bolt
broke world records at the 2009
World Athletics Championships in
Berlin his times were measured to
two decimal places.

\.

Before you start )
You should know ... Check in
1 Equivalent fractions are equal fractions. 1 Copy and complete:
For example: 2 [
a 5 D
= . 9 _ 0O
4 8 12 16 b 10 = 100
2 How to add fractions. 2 Work out:
For example: 3 5
a —+
3,1_6,1_17 10" 10
510 10 10 10 b ) i i e
10~ 100
\_




10 Fractions and decimals

¢ A
° 3 How to represent decimals using diagrams. 3 What decimals do these
For example: pictures represent?
0D a [T
/ = CCIITIIII
o
0.25 b =
O (u]
= i35 = 0.05 c 0w
oo o
d oo
oo
0 oo
H OO
H O
e
o
o
4 A decimal is a way of writing a number using place values 4  Write the value of the
of tenths, hundredths etc. underlined digit.
12.5 7 a 0.682 b 320.6]
1ten X1 c 0073 d 40.18
00
2unit5'/ k% : e 153
5 How to multiply and divide decimals by 10, 100 or 1000. 5 Work out:
For example: a 203Xx10
034 X 10=34 b 03-+10
42.1 + 1000 = 0.0421 c 1000 x 0.04
d 26+ 100
e 100 x38
f 532 - 1000
. J
10.1 Equivalence of fractions Qf . 5
and decimals S08.63:= 5o
Fractions and decimals are a way of writing parts of a 60 3 {6 60
whole number. You need to be able to convert between = 100 + 100 (E = m)
fractions and decimals. 63
o g . ~ 100
Writing decimals as fractions
In the same way:
( EXAMPLE 1 ) i - Bl
Write (.63 as a fraction. 0236=(0%2 (|3 |6
Utis | _2,3 .6
063=|096 |3 o ~ 10 100 1000
- _ 200 + 30 + 6
1000~ 1000 ~ 1000
_ 236
~ 1000

\




Exercise 10A

1

6

Using the method from Example 1 write these
decimals as fractions:

a 0.5 b 07 c 015
d 034 e 072 f 0.699
g 0.708 h 0.094

Compare each decimal in Question 1 with its
corresponding fraction.

a If there is one digit after the decimal
point, what is the denominator of the
fraction?

b If there are two digits after the decimal
point, what is the denominator of the
fraction?

¢ If there are three digits after the decimal
point, what is the denominator of the
fraction?

d Can you see a quick way to write any
decimal as a fraction? What is it?

Write as a fraction:

a 03 b 08

¢ 0.15 d 0.37

Write as a fraction:

a 09 b 04 c 014

d 046 e 0.07 f 005

g 004 h 0.149 i 0237
i 0.097 k 0.062 I 0.003
Write as a mixed number:

a 1.7 b 25 c 354

d 0.27 e S5.114 f 11.438
g 8.005 h 21.009 i 9422
j 14803 k 16.002 1 15.077

Make up five decimals of your own, and
change them to fractions.

4 2
0'4=E=§

In the same way, write each decimal as a
fraction in its simplest form.

a 02 b 06 c 08
d 05 e 025 f 075
g 0.125 h 0.375 i 0625

10 Fractions and decimals

Writing fractions as decimals

To convert some fractions into decimals the easiest
way is to use equivalent fractions. If you can make the
denominator 10, 100 or 1000 they are easy to convert
to decimals. If it is not easy to make the denominator
10, 100 or 1000 then using a calculator may be better.

J

EXAMPLE 2 )
Write as decimals:
1 3 17 3 5
Ay Py Co5p 9% ® 3
1 5 3 75
a 2—10—0.5 b 4—100—0.75
17 68 3 375
250 ~ 1000 0.068 d 3 = 1000 0.375
e For % it is not possible to make the
denominator 10, 100 or 1000, sodo 5 <+ 32
. on your calculator to get 0.15625.
Exercise 10B
1 Write as a decimal:
1 3 9 13
AL T
7 14 3 41
e 35 f 25 B85 M3
2 Write as a decimal:
5 7 19 7
a 3 b v ¢ 1w Y&
3 Use your calculator to write each fraction as a
decimal.
3 p Ll 249
T 3 2000
13 7 2
d & a8 b
4 What did you notice about your answers to
Question 3, parts e and f?
5 Write as a decimal:
a 9 b 5 205
d 255 e 373
6 Make up five fractions of your own and

change them to decimals.

Which of these are 10 times bigger than 2]—5‘?‘

2 1 10
0.04 35 350 2 0.4 350



10 Fractions and decimals

In Questions 3e and 3f of Exercise 10B, you should
have found your answers were recurring decimals.
Recurring decimals go on forever, repeating the same
digits. We use dots to show the digits that repeat.

. o, = 0.555555555... = 0.5 The dot above the
9
5 shows that the
5 repeats.

. ;'—3 =(.12121212... = 0.i2  The dots above the
1 and 2 show that
these digits repeat.

. % = (0.243243243... = 0.243 The dots above the

2 and 3 show that
all the digits
between and
including 2 and 3
repeat.
If you work out 2 + 3 on different calculators you may
see a variety of answers. It is important that you realise
they all mean the same:

2 :
v 2=3=3 Your calculator is set up
to give answers as
fractions. To convert to

decimals look for the
key. Or you can
change the set-up so that
answers are given as
decimals.
2+ 3= 0666666666 This calculator truncates the
decimal. This means ‘cuts it
oft’, without rounding, after
a few decimal places.

When your answer is given as a

decimal you can press the

button to change it to a fraction

¢ 2+ 3=0.666666667 The last digit in the display
is rounded on this
calculator.

e 2+ 3=0.6 Some calculators can show recurring
decimals using the dot notation. Be
careful as it is easy to miss the dot!

The other sort of decimals are terminating decimals.

Terminating decimals are when the decimal stops after

a certain number of decimal places.

0.3, 0.1255 and 0.324 1452 are terminating decimals.

() INVESTIGATION |

Change the following fractions to recurring
decimals using your calculator.

15 7

9 9 9
Can you see a pattern?
Without a calculator, change g to a decimal.
What about 3?
(Hint: Change this to ninths using equivalent
fractions.)
Change the following fractions to recurring decimals
using your calculator.

13 25 il

9 99 99
Can you see a pattern?

Without a calculator, change % to a decimal.

What about 5?
(Hint: Change this to ninety-ninths using
equivalent fractions.)

Investigate the following set of fractions by
converting them to decimals.
121 245 14 2 121
999 999 999 999 333

Comparing fractions

You can compare fractions with different denominators
to see which one is larger. In Chapter 7 you did this by
looking at equivalent fractions. Now you will be
comparing fractions by changing them to decimals.

EXAMPLE 3 ) N\
Which fraction is larger:
3 13 3 5
i o )
4 520 b 7
3 6
a g = E =0.6
13 65
30 =100 0.65
Show both decimals with two decimal places
to compare them better: 0.60 is smaller than
0.65 so the larger fraction is %.
3 - s
b 16~ 3+ 16 = 0.1875
i—5432—0]5625
32 e
So 1618 larger.




Exercise 10C

You are allowed to use your calculator only for
Questions 3 and 4 in this exercise.

1 By converting to decimals, which of these
fractions is larger?

30
a 401'1O
3 61
b gorﬁ
c 2.2
20 "5

2 By converting to decimals, which of these
fractions is smaller?

i or
8T 10
3 1

b ‘5601'56

e 2o
25 500

3 By converting to decimals, which of these
fractions is larger?

20 181
#3250

7 4
b 1601'9

5 303
% s

4 Choose five pairs of fractions of your own,
with different denominators. For each pair,
write which fraction is larger.

5 From the list below, write down which of
these fractions is bigger than 3.
73 4 7 17
0.83 10 5 10 0.69 30 0.712
6 Write these fractions in order of size, smallest

to largest:
7 21 1 3 1

20 100 5 10 4
7 Pick any three numbers from 1, 2, 3,4, 5,6, 7,
8 and 9.

Use your numbers to form as many fractions
as you can with one digit in the numerator and
one digit in the denominator (no repeats). You
can have improper fractions. Change all your
fractions to decimals.

Repeat Question 7, this time using any four
numbers from 1, 2, 3,4, 5,6, 7, 8 and 9.

10 Fractions and decimals

10.2 Adding and subtracting
decimals

Adding decimals

Adding decimal numbers is similar to adding whole
numbers. It is a good idea to use column headings.

EXAMPLE 4 ) N
Find
a 37+15
b 24+ 3.18
a 7 tenths + 5 tenths =
1Z tenths, or 1 unit and
U i 2 tenths. The 1 goes to

the units column.

=
|-

\. J
When adding decimals remember to put the decimal
points one below the other. This makes sure that you

don’t add tenths to hundredths or units to tenths by
mistake.

Exercise 10D

1 Work out:
a 37+12 b 26+ 14
¢ 91+08 d 43 + 58
e 23+ 87 f 31+ 162
g 003 +32 h 4+ 005
i 6+04 j 396+ 15



10 Fractions and decimals

2 Study this example:

Whatis 52 + 6 + 1.867

Remember that 6 = 6.0
Write the sum vertically:

Use this method to work out 7.5 + 9 + 3.79

3 Calculate:
3+06+024
08 +4+ 362
173 + 200 + 0.08
6+ 4.8 + 034
001 + 0.1 + 10

o a0 oo

4  Look at this part of a page from Ann’s
exercise book:

3.2 +7+ 0.08

a What was Ann’s mistake?
b Work out the addition correctly.

5 Bemelle buys an exercise book for $1.50, a
pen for $3 and a ruler for $1.75. How much
did she spend altogether?

@ The times of four boys in a team for a
4 X 100-metre relay race were:

Abdul 12.6 seconds
Wayne 13 seconds
Kenroy 12.4 seconds
Antoine 12.03 | seconds

a Who ran the fastest leg?
b  What was the team’s total time for
the race?

This example shows how you can add
decimals by first changing them to fractions:

187 +279 = | + 15 + 2 + 1 1
166
=3 + 100
=3+ 1=
66
= 4.66
\ J
Use this method to calculate:
a 36+ 14 b 62+ 124
c 491 + 162 d 728 +3.79

Subtracting decimals

Subtraction of decimals is exactly the same as
subtraction of whole numbers, except that the
decimal point is included.

EXAMPLE 5 )
Whatis3 — 147

Remember 3 = 3 0. You write the difference
vertically:

Study the next example carefully.

EXAMPLE 6 ) N\

What is 2.4 — 1.867

Remember 2.4 = 2.40, so
'z "%

-1.86

0.54
\




Exercise 10E

1 Work out:
a 28-16 b 28-19
c 3—-04 d 2 —1%
e 136-—-94 f 29-003
g 7—025 h 463 -3
i 29— 146 j 100 — 68

2 In his exercise book, Wayan wrote:

a What were Wayan’s mistakes?

b If you were Wayan's teacher, how would
you explain the subtraction to him?

¢ Work out 6 — 1.87 correctly.

3 Rosahad a $20 bill. She bought a packet of
biscuits for $2.95. How much change was
she given?

[[4] The times of the first three girls in a S0-metre
swimming trial were:
Lirtang 40.52 seconds
Arti 41.6 seconds
Merpati 38.71 seconds

a Who came first in the trial?
b How many seconds was the third-placed
swimmer behind the winner?

b

In a 100-metre race shown on the television
the commentator said this about the top three

TUnners;

... Roberts finishes ... Johnson’s winning

2 hundreths of a time of 10.3 seconds

second behind is only 5 hundredths

Davis in a time of a second outside
of 10.41 seconds... the record...

10 Fractions and decimals

a List the runners from first to third and
their times.

b  What is the record time?

¢ Copy and complete:
‘Johnson beat Davis by ... seconds’

ﬂ Work out:

L350

56 —3.28

~7.43 +2.919

1.8 + 3.72 + 4.899
42 — 2865

38 +1.23 —4.199
2— 34

401 — 26 — 34
0352018 =().413

- T 0o Q0T

10.3 Multiplying and dividing
decimals
Multiplying decimals

You can see how to multiply decimals by using
fractions.

For example:
8 48

0.8><6=E><6=ﬁ=4,8

8 X6=48
0.8 is 10 times s04.81s 10 times
smaller than & smaller than 48

08 X6=438

So if there is one decimal place in the product there
must be one decimal place in the answer.

0.8X6=48

both have one decimal place

EXAMPLE 7 ) ™
Work out:
a 003x5
b 0.002 X4
a 003x5 There are 2 decimal places

(2 d.p.) in the product.

3xX5=15 Do the calculation
without decimal places.
0.03 x5 =0.15 There must be 2 d.p. in

k the answer. °

>
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10 Fractions and decimals

b 0.002 x4 There are 3 d.p. in the
product.

Do the calculation
without decimal places.
There must be 3 d.p. in

the answer.

2X4=8

0.002 X 4 = 0.008

Watch out for sums like 0.4 X 5. There is 1 d.p. in
the product. 4 X 5 = 20s00.4 X 5 = 2.0. This
has 1 d.p. in the answer but is the same as 2. We do
not need to write zeros at the end of decimals as

they do not affect place value. So 0.4 X 5 = 2,
\_~ P >

Laws of arithmetic and inverse
operations

In Chapter | you learnt how to apply the laws of
arithmetic and inverse operations to integers. Look
back at the definitions for the commutative law, the
associative law and the distributive law. They also
apply to decimals:
¢  The commutative law: 2 X 0.6 = 0.6 X 2= 1.2
* The associative law:
38+24+06=62+0.6=06.8
(adding 3.8 and 2.4 first)
or 38+24+06=38+3=6.8
(adding 2.4 and 0.6 first)
The second way is easier here, as 2.4 + 0.6 is a
little easier than 3.8 + 2.4.
¢ The distributive law:
05X(34+26)=05%X34+05X26=
1.7+ 1.3=3
(multiplying both numbers by (.5 before adding)
e 05X34+26)=05%X6=3
(doing 3.4 + 2.6 first is easier here)
* Inverse operations:
it4 X 0.03 = 0.12 then 0.12 + 4 = 0.03 and
0.12+ 003 =4

Exercise 10F

1 Work out:
a 07x3 b 2x0.9
d 9xX06 e 7x004 f
g 5xX08 h 9x009 i
i 2x0.02

c 0.05x%5
0.08 x4
03Xx3

2 [It7 X002 = (.14, copy and complete:
a 014+=7=[] b 014+002=[]

3 If0.05 X 6 = 0.3, copy and complete:
a 03+[]=6 b 03=+[]=0.05

4  Using the associative

law work out:
a 0497 + 1.18 + 1.82
b 07Xx04X5

5 Work out 0.3 X (2.1 + 5.9).

The associative
law means you
can change the

order of doing

these.

‘Work out the cost, in dollars, of:

a 8 carrots at $0.07 per carrot

b 7 pens at $0.09 per pen

¢ 3 sheets of paper at $0.04 per sheet.

7 Whatis the cost of 0.3 kg of butter, if butter is
sold for $8 per kilogram?

Work out:

a 012x3 b 2X031 e 0.11XS5
EWOIk out:

a 0004Xx3 b 2 X007

c 5X0.003 d 0042

e 42-[]=253 ¢ 51-[]=-723

Multiplying harder decimals

Multiplication of decimals by whole numbers is similar
to multiplying whole numbers by whole numbers.

EXAMPLE 8 ) Q
Do the calaulation
Work out 12.43 X 5. ot e
1 2 4 3 places. P
X 5 o
T f 2 1 = There are Z d.p. in
6 2 19 the product so there
b2l must be Z d.p. in
1243 X 5 = 62.15 the answer. )

It is always worth checking your answer by

estimating to see if it is sensible.

/

In Example 8, the calculation 12.43 X 5 is roughly
12 X 5 = 60, so an answer of 62.15 is sensible. This can
also help you get the decimal point in the correct place.

Exercise 10G
1 Given that 5436 X 8 = 43 488, find:

a 5436 X8 b 5436 X8
2 Work out:

a 1272X3 b 319X2

c 11.05 X4 d 5Xx0.64

e 2X 1434 f 5237 X35

g 6 X1238 h 92X 87.94

i 1234 X8 i 7 X46.87



3 What is the cost of:
a 8pens at $3.15 per pen
b 6 mobile phones at $47.25 per mobile
phone
¢ 7erasers at $1.32 per eraser
d 3 computers at $634.95 per computer?

4 What is the price of 3kg of cheese, if cheese
is sold for $24.05 per kilogram?

5 A car averages 8.45km on 1 litre of petrol.
How far will it travel if the car’s tank has
9 litres of petrol in it?

@ Merpati was doing her homework. For the

sum 19.28 X 4, she wrote:

10 2
X 4

8 6 1 2
—a 1 3 S019.28 X4 =28612
Merpati’s friend Budi said she had made
2 mistakes. One mistake he spotted straight
away, the other was harder to find. What
mistakes did she make? Which mistake do you
think Budi spotted straight away?

Copy and complete:
g 48 x[l=144
b 6.12X%[]=1836
¢ 528%x[]=42.24

The product of two numbers is (.12. Write down
five pairs of numbers for which this is true.

u The product of two numbers is 4.2. What are
the two numbers if their sum is 4.47

Dividing decimals
Division of decimals by whole numbers is similar to
dividing whole numbers by whole numbers.

EXAMPLE 9 ) >
Calculate 54 + 4 Sometimes
1.35 you need to
put extra
4)% 0s in at the
.2 end of your
14 decimal to
12 avoid
20 remainders.
20

% o

10 Fractions and decimals

~

You could also work this out using a ‘short’
division method.

1. 335
4)5.1420

Exercise 10H

1 Without using a calculator, work out:

a 24 +6 b 36+4
c 028 =7 d 072 +9
e 256 +8 f 0.128 = 8
g3a5 =5 h 0064 =4
i 369-=+90 D27 =5
2 Work out:
a 745+ 5 b 071 +5
c 1441 = 8 d 0726 -4
e 364 +8 f 178 = 4

3 A 5Skg fish sells for $86.40.
What is the price of the fish per kilogram?

- L y 2 £

4 A man walks 17.4km in 4 hours.
What is his speed?

(Hint: Speed = distance + time)
5 The cost of 8 handkerchiefs is $29.52.
‘What is the cost of 1 handkerchief?

6 A 3kg tub of soap powder sells for $15.57.
What is the cost of 1 kg of soap powder?

7 Six boys shared $53.40 equally among
themselves.
How much money did each boy receive?

E The result when dividing one number by
another is ().8. Write down five pairs of
numbers for which this is true.
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(Consolidation

Example 1

Change these fractions to decimals:

4 8
51008

1 25

71 = 7@ =7.25

Example 2

‘Write these numbers in order of size, smallest first:
17 3

35 0.7, 35 0.65

Change them all to decimals

17 3
35 = 0.68 and 57 0.6
: 3 17
In order of size they are 5 0.65, 35 0.7
Example 3

Work out5 — 3.34

4 9

5. %10
-3 . 3

1. 66
Example 4

Work out 13.25 X 6

Do the sum 1325 X 6

1.3 2.5
P 6

7950
I 1 3

1325 X 6 = 7950

There are two decimal places in the product so there
should be two decimal places in the answer.

So 13.25 X 6 = 79.50 = 7.95

Exercise 10

1 Write these numbers as decimals. (You may
use a calculator for parts g, hand i.)

3 1 7
a 5 B g ¢ 35
i ; 181
a 2 e 3 t 5o
3 13 .
g 16 h 3 T

2

10

——

Find the largest of each pair of numbers. (You
may use a calculator for part ¢.)

W Lo3 , 1 3 9 s
410 2075 169
‘Write these numbers in order of size, smallest

first:

25 S 2 3

a 5810 20 b 75 007, 40° 0o
2 7

C %,0.2, 5, 0.16

Write these decimals as fractions.

a 05 b 087 c 0.015 d 0.07
e 0375 £ 0004 g 142 h 38
‘Work out:

a 064+ 232

b 374+ 89

¢ 10-—-572

d 146 —935

e 31.34+7.124 + 84

‘Work out:

a 06XxX2 b 3X04

¢ 008 X5 d 146X9

e 1234 X7 f 768 x4

g 5x12 h 372+4
275 | =5

On Wednesday, Anton bought a tie for $15
and a shirt for $47.99. He then went to the
shop and bought a packet of sweets for $0.15

and a lollipop for $0.75.
a How much did he spend on Wednesday
in total?

b  Anton left his house on Wednesday morning
with a $100 bill in his pocket. On Wednesday
night, how much did he have left?

What is the cost of:

6 books costing $8.95 per book

0 stamps costing $0.74 per stamp

8 magazines costing $4.35 per magazine
5 song tracks downloaded from the
internet if it costs $0.98 per song track?

aooTo

A father shares $127.50 equally between his
5 children. How much do they each receive?

Adanya goes out with $20. She spends $3.95 at
the newsagents and $12.37 at the supermarket.
How much change does she have?



10 Fractions and decimals

13 Copy the numbers. Draw lines to show the
equivalent numbers. One has been done for you.

11 The total bill for 6 people in a restaurant is
$266.22. How much does each person pay if
they share the bill equally?

7 4 70 4 74 _ 37
For example: 074 = 35 + 7= = 155 + 76 = To6. — 50

To add or subtract decimals, write the numbers with the place
values and decimal points lined up.
For example: 26 — 0.4

How to multiply and divide decimals.

For example: 0.62 X 4

0.62 X 4 has 2 decimal places.

Since 62 X 4 = 248

0.62 X 4 = 2.48 also has 2 decimal places.

For example: 7.36 + 4 1.84

4)736

1
i 0.625
2
9 0.016
5
3 0.16
4
75 0.25
12 Diane goes to Mackeprang’s hairdressers. She % 02
spends $64.89 on a haircut and $23.45 on her
taxi fare. How much change does she have
from $100?
You should know ... Check out
1 A fraction can be written as a decimal. 1 Write these fractions
7 : as decimals:
Utn|m a 2 5 B
28 _ NN s NS 0.58 10 190
— 3 —4 3 5 "lr
100 Cc 25 d l?’ﬁ
i 63
e % f 000
2 A decimal can be written as a fraction. 2 Write these decimals

as fractions:

a 075 b 038

c 03 d 225
e 1368 f 0.045

3 Work out:
a 7+03+006
b 63+ 778
c 10-03
4 Work out:
a 62x7
b 214 X8
c 76+4
d 1443 =+3




Time and rates of change

© Know the relationships between units of
time; understand and use the 12-hour
and 24-hour clock systems; interpret
timetables; calculate time intervals.

\
© Draw and interpret graphs in realdife
contexts involving more than one stage,
e.g. travel graphs.
J

What's the point?

Twenty-four-hour clock notation is
sometimes referred to as military

time. Military operations are sometimes
coordinated between countries and may
happen at any time of the day or night.
If an operation is to happen at 21:00
hours rather than 9 o’clock there is

no confusion as to whether it is in the

hour clock is also used in the practice
of medicine, so that, when documenting
patient care, there is no confusion about
when events happen.

morning or the evening. The twenty-four-




Before you start )

You should know ... Check in
1 How to tell the time. 1 What time is shown on
To read clock faces, you need to remember that the face is these four clocks?

divided into 60 minutes as well as 12 hours, as shown below.

For example:

The longer minute hand points to the 8, that is 40 minutes
past the hour. The shorter hour hand points between the 4
and the 35, so the time is 4.40.

iv

b Draw clock faces to
show these times:

i 330 it 845
iii 11.05 iv 354




11 Time and rates of change

11.1 Time

In the past, people measured time with sand timers or

candles.

Today, time is measured most accurately using

atomic clocks.

+  The SI unit of time is the second, s.

A second is now defined in terms of the vibrations of

a caesium atom.

Larger units of time and their relationships are shown

in the table.

Unit of time Relationship
Minute (min) 60s =1 min

Hour (h) 60min=1h

Day 24 h = 1 day
Week 7 days = 1 week
Year 52 weeks = 1 year

Exercise 11A

1 Work with a friend. Shut your eyes and tell
your friend when you think a minute has

passed. Get your friend to time you.

How good was your estimate?

2 Estimate the time it takes to:

b
c
d

O T

walk a kilometre

count to twenty

wash up the lunch plates
drink a glass of water.

How many seconds make an hour?
How many minutes make a day?
How many hours make a week?

How many days are there in 5 weeks?
How many hours are there in 2 weeks
5 days?

How many days are there in 1 year

3 weeks?

Most time is now recorded on digital clocks or watches.

The time on this watch is 9.37 or 37 minutes past
9 o’clock.

(») actviry

Recovery times

Using a watch with a second hand or a stop
clock, find how many times your pulse beats

each minute.
Run about 100 m as fast as you can.
Check your pulse rate now.

Check your pulse rate every minute until it gets
back to what it was before you did your run.

How long was this?

A



24-hour clock

On the digital watch and the clocks at the beginning of
this chapter it is not possible to say whether it is
morning or afternoon.

8 o’clock in the morning is
represented by 8.00 am on the
12-hour clock,

08:00 on the 24-hour clock.

This time is read
as ‘zero eight
hundred hours’.

7.30 in the evening is represented
by 7.30 pm on the 12-hour clock,
19:30 on the 24-hour clock.

This time is read as
‘nineteen thirty’.

»  The 24-hour clock uses all 24 hours in a day to
give the time.
The first two figures give the number of hours
after midnight, and the last two figures give the
number of minutes past the hour.

EXAMPLE 1 ) ~

a Write 8.15 pm in 24-hour clock time.

b  Write 02:54 in am/pm time.

a 8pmis8 + 12 = 20 hours after midnight
so 8.15 pmis 20:15

b 02:00is 2 am

11 Time and rates of change

Exercise 11B

1

2

Write in 24-hour clock time:

a 4am b 8.30am 11 am
d 1pm e 3.30pm 8.45 pm
g 925pm h 753pm i 152am

-0

Write in am/pm time:

a 03:00 b 05:00 12:00
d 1500 e 19:00 23:00
g 01:.05 h 04:25 i 21:55

-0

It is easier to find time intervals with the 24-hour clock
than the 12-hour clock.

EXAMPLE 2 ) \
a A football match kicked off at 15:45 and
ended at 17:25. How long did the game last?
b How long is it from 21:30 on Tuesday to
03:15 on Wednesday?
a 1 hour =
6 60 60 minutes
1%:25
_ - 15:45
Time taken = 1:40
The game lasted 1 hr 40 min.
b

k S002:54 is 2.54 am )

3

midnight
3 60 Tuesday time to
24:00 02:30—

21:30 9 03:15 Mg
—21 &+ 03:
h > T time from
2:30 4

05:45 midnight

Time span = 5 hr 45 min )

Exercise 11C

1 How long is it from:

a 06:00to07:15 b 22:00 to 23:50
¢ 09:20to13:40 d 03:15to0 16:28
e 12:25to15:10 f 19:32t022:17
g 18:40to07:15 h 21:35t0 02:05?

Air New Zealand flies from Wellington,
New Zealand at 16:30 and arrives in Jakarta,
Indonesia at 02:30 the next day. How long is
the flight?

Write the times you begin each of today’s
classes in 24-hour clock time.



11 Time and rates of change

4 Look at the LIAT flight timetable below:

Dominica Arr. 06:30 16:50
Dep. 06:40 17:00
Martinique Arr. 07:00 17:20
Dep. 07:10 17:30
St Lucia Arr. 07:35 17:55
Dep. 07:45 18:05
Barbados Arr. 08:25 18:45

a What time does the first flight leave
Dominica?

b When does the second flight arrive in
St Lucia?

¢ What is the flight time from Martinique to
St Lucia, ignoring stopover times?

d What is the flight time from Dominica to
Barbados including stopover times?

e Rewrite the timetable using the 12-hour
clock.

5 The ‘Late Show’ begins at 22:45 and ends at
01:05. How long is the show?

6 How long is it from

9.30 amto 2.15 pm

11.40 am to 7.05 pm

3.50 amto 9.10 pm

8.50 pm to 3.20 am the next day
9.35 pm to 2.55 am the next day?

a0 oTe

7 Passengers should arrive 2% hours before
travelling on international airline flights.
What time should I arrive if my flight leaves at
a 15:30 b 06:20?

8 A cyclist started a journey at 08:15. She rode
for 1 h 25 min, rested for 25 min and then
rode for another 1h 55 min.

At what time did she reach her destination?

9 Look at the Egyptian train timetable below.

Traln A B c D E F
Calro | depart | 06:15 | 10:55 | 13:45 | 14:40 | 19:45 | 23:35

Port = . . . .
cag | 2ive [ 1045 | 15:00 | 18:00 | 1905 23.50&

a Kanika catches train C from Cairo to Port
Said. How long is her journey time?

b  Which is the slowest train?

¢ Which is the fastest train?

d Two trains take the same amount of time for
the journey. Which two trains are these?

e Amenhotep needs to arrive in Port Said
for a meeting at 4 pm. What is the latest
train he can catch?

f  Train F is the overnight train. It takes
4 hours and 2() minutes to travel from
Cairo to Port Said. What is the missing
time in the timetable?

O recinoioor

Compare the 12-hour clock with the 24-hour
clock by visiting this website and looking at the
Teachers Toolkit in the ‘Tools’ section:
www.crickweb.co.uk/ks2numeracy.html

« Did you know that when it is
7.00 am in Los Angeles it is
3.00 pm in London?
Visit
www.timeanddate.com/worldclock
to see how time changes around the world.

11.2 Real-life graphs

Graphs are often used to show numerical information.
You need to be able to read information from graphs
and draw them.

EXAMPLE 3 ) N\

The temperature on 15th September is given by
the graph:

»—-\34’ T

Q \
g0 4 | /

b= "'*""f""'.
230 [ "
1
N}

g :
g 26 : ]
= 1

2 HE
4 6 81012 2 4 6
am

pm
Time of day

a What was the temperature at 8§ am?
b  What was the temperature at 5 pm?
¢ When was the temperature 30°C?

a At 8 amthe temperature was 28°C.
b At 5 pm the temperature was 31°C,
(see dotted lines on graph).
¢ The temperature was 30°C at 9 am and again
at 5.30 pm (see thick dotted lines).
. ’ y,
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3 The graph shows the amount of petrol in a car
every 25 km.

Exercise 11D
1 The graph shows the cost of lengths of

electric wire.
A b

=

/

Cost ($)
O~ N WL LG X O

(RIS D A S G T
Length of wire (m)

How much does 4 m of wire cost?

How much wire can be bought for $7?
How much does 4.5m of wire cost?

Mr Lyn spent $9 on wire. How much did
he buy?

Copy and complete the statement:

Wire costs $. . . per metre.

ao0ooTD

(]

The graph shows the temperature on 3rd June.

4

L]
B

LA

4 6 81012 2 4 6
am pm

[em I

L7

L/

Temperature (°C)
[ S B S S R S
oo

e

b
2

a What was the temperature at 6 am?

What was the maximum temperature?

¢ When was the first time the temperature

reached 30°C?

What was the temperature at 6 pm?

e What was the lowest temperature
recorded?

f At what times was the temperature 29°C?

=3

bJ
=]

Petrol in tank (litres)
=)

o

Distance (km)

a How much petrol was in the tank after:
i 25km il 45km iii 108 km?

b How far had the car travelled when the
amount of petrol in the tank was:
i 17 litres
il 14 litres
ili 1 litre?

¢ When was the car refilled with petrol?
How much petrol was put in the tank?

A spring is stretched by hanging
masses from its end. The lengths
of the spring for different masses
are given in the table.

Mass (g) 0 | 20| 36| 52| 84 | 100
Length(cm) | 7 | 10 [12.4 14.8|19.6| 22

a Draw a graph to show this information.
Use a scale of 1 cm to represent 10g on
the horizontal axis and 1 cm to represent
2cm on the vertical axis.

b From your graph find the length of the
spring when the mass is:

i 26¢g ii 63g

¢ From your graph find the mass which would
cause the spring to have a length of:
i locm ii 21.6cm

A baby was 4 kg when he was born. His mass
over the next 7 weeks is shown in the table.

Week 0 [t 2 (il 4 [Eol 6 [

Mass (kg) | 4 |4.4|48|52/56| 6 |6.4|68

Draw a graph and use it to state approximately
how many days old the baby was when his
mass was Skg.

@
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6 Copy and complete the graph below to show
what happened to the volume of water in the
bath.

* Iturned both taps on for 50 seconds until
there were 100 litres of water in the bath.

* Tturned the cold tap off but left the hot tap
running for another 50 seconds until there
were 150 litres of water in the bath.

* Iclimbed into the bath and the water level
rose by 70 litres.

* Istayed in the bath for 5 minutes.

* Iclimbed out of the bath.

» [ let the water run out of the bath, which
took 40 seconds.

2501&.. ...................................
1004
50 {

Volume (litres)

0 50 100 150 200 250 300 350 400 450
Time (seconds)

11.3 Travel graphs

A distance—time graph shows how far you travel in a
given time.

A
E 40- D
5]
£ 30- C
2 20
ol A _B
0 { 2 3 4
Time (h)

This distance—time graph shows the distance travelled
by a cyclist over a four-hour period.

After the first hour she had travelled 10 km.

For the next hour she rested (AB).

During the third hour she rode a further 20km (BC)
and in the fourth hour another 10km (CD).

If you know how far someone has travelled in a given
time, you can calculate their speed from the formula:

distance travelled

ed = :
e time taken

This formula only tells you the average speed for the
journey. It does not tell you the actual speed at any
instant.

During the third hour the cyclist’s speed was 20 km/h
and in the fourth hour 10km/h.

EXAMPLE 4 ) N

Find the average speed during the fifth and sixth
hours of the car journey shown below.

b

250 E

200 | D

Distance travelled (km)

1501

100

501

0 1 2 3 4 5 6

Time (h)
The fifth and sixth hours are shown on the graph
by the line DE. The car travels 50km in these

2 hours. The average speed is % = 25km/h.
(This is the gradient of line DE. You will learn

\more about gradient later.)

J

Exercise 11E

1 Using the graph in Example 4, find the
average speed during:
a the first hour
b the second hour
¢ the third hour
d the fourth hour.

During which hour of the journey was the
average speed greatest? How can you tell this
from the graph?
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2 The graph shows the distance a man walks 4 The graph shows Benji’s journey by car from

from his home one afternoon.

16
14
E 12
= 10
§ 8
z 6
a 4
2

0 | A I | 1

123 456

Time of day (pm)

What time did he leave home?

How far had he travelled at 2 pm?

What did he do between 3 pm and 4 pm?
When was he 13 km from home?
Between which times was he walking
fastest?

©c a0 o

The graph shows Martin’s journey to school
one day.

12

8

4

Distance from home (km)

0
07:00 08:00 09:00

Time

a How long did it take him to reach school?

b What was his average speed during the
first half-hour?

¢ What happened between (7:30 and 08:00?

d What was his average speed during the
last half-hour of his journey?

e How far does Martin live from school?

home to work and back one day.

80
60

40
20

9am llam lpm 3pm
Time

Distance from home (km)

a What time did he reach his work?

b How long did he stay at his work
meeting?

¢ What was his average speed between
I1am and 12 noon?

d  When was the car travelling the fastest?

e How far did he travel between 10am and
11am?

f  How far was it from home to work?

g How long did the whole journey take?

A train leaves a station at 08:45. It travels
for 1 hour at 100 km/h and then stops for
15 minutes. It then travels a further 200 km
which takes 2 hours. Then it stops for

15 minutes. The return journey is non-stop
and takes 3 hours.

a Draw the travel graph to show this journey.
b Calculate the average speed for the return
journey

Abeke goes on a bicycle ride. She leaves
home at 10:00. She travels 5 km in half an
hour, then the next 10 km takes half an hour.
She stops for a rest for half an hour. Then she
cycles 10 more kilometres in 1 hour. She stops
for an hour for lunch, then cycles non-stop,
returning home at 16:00.

a Draw the travel graph to show this journey.
b Calculate Abeke’s average speed for the
first half an hour of her journey.
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( Consolidation

Example 1

‘What is:
a 7.40 pm in 24-hour clock time
b 13:21 in 12-hour clock time?

a 7pmis7+ 12 = 19 hours after midnight so
7.40 pm is 19:40.

b 13:00 is 13 hours after midnight or
13 — 12 = 1 hour after midday
so 13:21is 1.21 pm.

Example 2

How long is it from:
a 920amto 245 pm
b 08:50 to 13:05?

a 2:45 pmis 14:45 in 24-hour clock time.

(Time intervals are easier in 24-hour clock time.)

14 : 45
—-9:20
5:25

Time span = 5 hours 25 minutes

b 2 @
12:05
- 8:50
4:15 \
Time span = 4 hours 15 minutes
Example 3

The graph shows Ken’s weight in kilograms at
different birthdays.

60 - -
50 il
20T
= 41 LR
PLLII

0246 8101214
Age (years)

a What was Ken’s weight when he was 77
b When did Ken weigh 30kg?

a At7Ken weighed 25kg.
b He weighed 30 kg when he was 9 years old.

S

Exercise 11

1 a Write in 24-hour clock time:
i 3.15am ii 625pm iii 1040 pm
b  Write in 12-hour clock time:
i 20:35 ii 07:55 iii  23:10

2 Egypt Air has three flights daily leaving Cairo,
Egypt for Abuja, Nigera. The timetable is
shown below.

Flight No. From | Dep. To Arr.
520 CAl 00:40 | ABY | 05:50
522 CAl 08:55 | ABV | 14:05
424 CAl 17:30 |ABV | 22:40

a Rewrite the timetable using the 12-hour
clock.
b What is the flight time for each flight?

3 Passengers should arrive 2% hours before
travelling on international airline flights.
What time should I arrive if my flight leaves at:
a 14:25 b 08:05?

4 The graph shows the height of a seedling in

centimetres over a period of 24 days.

14
P /
g 10 P
= 8 P
B 6 )
T 4 A
2 o
— -
0 246 81012141618202224
Days

a What is the height of the seedling 12 days
after planting?
b When was the seedling 12 cm tall?



5 The graph shows Ned’s journey from home to
school. On the way he stops at Michael’s house.
by
30

=
=2

—
(&=
s

oo

Distance from Ned’s home (km)

700 730 800 830 ¥

Time (am)

a What time did Ned leave home?

b How far is Michael’s house from Ned's
home?

¢ How long does Ned wait for Michael?

d At what time do they arrive at school?

e What was Ned’s average speed during the
first half-hour of his journey?

11 Time and rates of change

6 The cost for taxi journeys of different lengths

is given in the table.

Hire charge ($) 5 |11 | 65014
Distance travelled (km) | 2 | 6 | 3 | 8

a Draw a graph to show the information.
b What would be the cost of a journey
of Skm?

Mike leaves home at 11 am to cycle to his
uncle’s house 30km away. In the first hour it is
mostly uphill so he cycles only 10 km. He
cycles the last 20km in 1 hour. Mike stops at
his uncle’s house for an hour and a half. He
needs to get home by 3 pm so puts his bike in
the back of his uncle’s car and his uncle drives
him home. The journey home takes 25 minutes.

a Draw a distance—time graph for this
journey.

b Mike needed to be home by 3 pm. Was he
early or late? By how much?

¢ What was Mike’s average speed during
i the first hour of his journey
ii the second hour of his journey?

ﬂ What was the average speed for the car
journey home?

You should know ...

For example:

and remember to add the pm!
So the time is 7.36 pm

1 How to work with 24-hour and 12-hour time.

To write 6.53 am in 24-hour clock time, put O at the front and time:

leave out the am. i 423am
So the time is 06:53 iil 530pm
To write 19:36 in 12-hour clock time, subtract 12 from the hours — iii 7.22 pm

\

Check out

1 a Change these times
to 24-hour clock

b Change these times
to 12-hour clock
time:

i 21:00
i 09:31

iii 16:15 °
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<1

2 How to read information from graphs.
For example:

The height of
the plant after
9 days is
4.5cm
54 4
—_ SR e
£ |
= 2 [
&2 {
2l
= 0 t R
0246 810
Days after planting

3 How to draw and interpret travel graphs.
For example:
Describe what is happening in this distance—time graph.

-
T

=
)
L

Taa
=D
L

24—

10

Distance from start (km)

I
|
T T T T T

0 1 2 2 4 5 6
Time (hours)

=

Y

During the first hour 20 km were covered, so the average speed was

20km/h.

Then there was a rest for half an hour. The next part of the journey
was 15km long and took 1.5 hours. The speed was 10km/h. Then
there was a rest for one and a half hours. The return journey was
35km long and took 2 hours, at a speed of 17.5km/h.

W i

ot

Distance from start (km)
[
S
II._

B B

Kilograms
(=]
S

|
i

MTWTFS
Days of the week

The graph shows the
amount of peas that
Mr Kelly picked in
one week.

a How many
kilograms of peas
were picked on
Tuesday?

b On which day were
most peas picked?

¢ How many
kilograms of peas
were picked in the
entire week?

Describe what is
happening in this
distance-time graph:

A

0123456780910
Time (hours)




m 2 Presenting data and
interpreting results

Objectives

O Draw and interpret:
© pictograms
O bar-line graphs and bar charts
© simple pie charts
0O frequency diagrams for grouped

discrete data.

O Draw conclusions based on the shape of
graphs and simple statistics.

O Compare two simple distributions using
the range and the mode, median or mean.

.

What's the point?

Graphs help organize information.

A graph is a visual way to compare
data. It is often easier to see

patterns in data when a graph is drawn
rather than looking at a list of numbers
or words. Graphs are used in many
areas, for example in politics (to show
voting patterns across the country),

in business (showing profit and loss),
in medicine (tracking a patient’s
temperature). Journalists use graphs

a lot in the news, on television and

in newspapers. They use graphs to
demonstrate something in a way that
is interesting or nice to look at.




12 Presenting data and interpreting results

Before you start

You should know ...

4

How to collect data using a frequency diagram and tallies.
For example:

The data about how many people live in 18 houses is:
4.4.5,4,2, 3.2 4.9 433 4.3.5.3. 4.4

This can be shown more clearly in a frequency table:

Number in house Tally Frequency
2 ] 3
3 g 5
4 JHN 8
5 1l 2

How to work out averages and the range.

For example:

The mean, median, mode and range of 5, 3, 11, 8 and 3

can be worked out like this:

Mean=5+3+ 11+8+3=£=6
3 5

The values, in order, are 3, 3, 5, 8, 11.

Median = middle number = 5

Mode = most common value = 3

Range = largest number — smallest number = 11 — 3 = 8

How to find fractions of an amount,

For example:
%0f15=2><%0f15=2><5=10

Check in

1 This is the number of
people who live in
25 houses:
4,2,2,5,4,3,5 2
4,4,2,3,3,4,3,5.3. 4,
4,5,5,4,4
Copy and complete
the frequency table for
the data.

3

2,4,
504

Number | Tally | Frequency
in house

2

5
4
5

2 Find the mean, median,
mode and range for the
following data:

a 93,104 592
b 8,4,56,8,54,8

3 Find
a 4l0f 12
b %of 24
c %of 60
d %0’[‘56




When people collect information, they try to show it
in away that everyone will understand easily.

12.1 Pictograms

The table shows the students absent in David’s class at
Portsmouth Secondary School last week.

Day Mon | Tue Wed Thur Fri

12 Presenting data and interpreting results

EXAMPLE 1 ) N\

Number absent 2 3 5 1 7

On what day were most students absent?
The chart that follows shows the information from
the table.

Form 1A : students absent last week

Monday ;Oq E

Tuesday % % %
Wednesday £ % % % %
Thursday 2

Friday AR AR i

2 represents 1 student

This chart is called a pictogram.

* A pictogram uses pictures or drawings to represent
discrete data.

Exercise 12A

1 The table shows the heights of students in
Form 1C of Portsmouth Secondary School.

Height (cm) Frequency
136 6
138
139
141
142
143

N Q| & &u

Show the information on a pictogram.

2 The table shows the favourite sports of the
students in Form 1B of Portsmouth Secondary

School.
Netball Football Cricket Volleyball
13 10 19 9

Show the information on a pictogram.

Cakes sold last week

S[=T=[=]>)

Tuesday &

Monday

Wednesday ¢ 6 6 &2

Thursdyy SGQQGG
Friday ===
Saturday GGG

ﬁ represents 7 cakes

Using the pictogram above, make a table to show
how many cakes were sold at a bakery each day
last week.

Day Mon | Tues | Wed | Thur | Fri | Sat
Cakes sold | 35 7 28 | 42 | 35 | 56

A drawing of 1 cake represents 7 cakes.
A scale of 1 to 7 has been used

U : J
* A scale tells you the number of items each
symbol represents.

Every pictogram must have a scale.

Exercise 12B

1 The pictogram shows how the students in
Form 1A of Portsmouth Secondary School
travel to school every day. The pictogram is
not c:omplete because it does not say what
each © . represents.

How Form 1A students come to school

Car 23

Bus AL &

Bicycle LR

Walk s B e E kgt

a 20 students in Form 1A travel by car
every day. What scale has been used in
the pictogram?
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b  What should be written at the bottom? a How many students like History the most?
¢ Write down the number of students that b Which is the most popular subject?
walk to school, cycle to school, and go to ¢ Which is the least popular?
school by bus every day. d How many students were surveyed?

2 The pictogram shows the pets kept by the 5 Here are the numbers of students in the first
students of Form 2 at the Little Valley School. two years at a school.
Form 1A | 1B | 1C | 2A | 2B | 2C
T 5 g ;o s
Cat ARAXRRARA Number | ;o | 35 | 45 | 45 | 40 | 40
. o o o of students
Bird s c s T
) L e a How many students could a | represent?
Rabbit S PN b Make a pictogram for the table.
Other S 6 In a basketball tournament for a special

trophy, the scores were:

T sents 1 student
§ represents 1 studen = s
a How many students keep a bird as a pet? A A4 poels
b How many students were in the survey? B 32 goals
¢ What fraction of the students keep a rabbit c 56 goals
as a pet? D 48 goals
3 The activities chosen by Form 3 students are E 52 goals

shown in the pictogeim. a What object could you use to represent

goals in the pictogram?
O O o 0o O £
Woodwork % * * % % b What sca_le could you use?
¢ Draw a pictogram to show the scores.
. o 9 o
SEWIRE AKX R 7 Timis a fisherman. His weekly catch, over
Painting 22289 six weeks, is shown.
Cooking 2 2 Week 1st |2nd | 3rd | 4th | 5th | 6th
/ Pt
Kilograms
9 represents 2 students (kg) of fish | 150 | 140 | 130 | 110 | 150 | 130
caught
a How many students chose painting? a What symbol would you use to represent
b  Which was the least popular activity? his catch?
¢ How many students were surveyed? b Draw a pictogram to show the information.

¢ Can you think of another way you could

4 The favourite subjects of some students are . .
show the information?

represented in the pictogram:

12.2 Bar charts

Sometimes it takes a lot of time to draw the pictures

Mathematics

>to

o o
>o C
o o
o

; ]
Buglsh A for a pictogram. A bar chart is quicker to draw.
Geography 3 ¥ In a bar chart, a small square is used to represent the

object, instead of a picture. Bar charts are sometimes
History 3 5 called bar graphs or block graphs.

% represents 5 students




Using the data about students absent from David’s
class again:

Day Mon | Tue Wed | Thurs Fri
Number absent 2 3 5 1 7

The bar chart below uses a square to represent each
student in the table.

Form 1A : students absent last week

Monday 1
Tuesday (NI
Wednesday [DIRIRIRI

Thursday ]

Fidy (N

[ represents 1 student

* A bar chart uses bars of different lengths or
heights to represent data.

*  Bar charts can be drawn horizontally or vertically.
We usually use a scaled axis instead of a key. Bars
in a bar chart should not touch each other.

Exercise 12C

1 The bar chart shows the favourite colours of
the students in Form 1A.

Favourite colours of Form 1A

Number of students

Red |

=2
&
&
a Which colour is the most popular?
How can you tell?
b  Which colour is the least popular?
How can you tell?
¢ The same number of students prefer two
different colours. What are the colours?
d How many students were questioned?

Blue |

c
=)

Yellow |

S

Orange

12 Presenting data and interpreting results

e List the colours in order of popularity,

starting with the most popular.

f Copy and complete the table below for the
information in the bar chart.
o T .
colour
Number
of
students

2 The table shows the subjects that students in
Form IC like the least.

Subject Number of students
English 6
Spanish 7
Maths 10
History 5
Geography 6
PE 5
Science 3

Number of students

a On squared paper, draw a bar chart, like the
one in Question 1, to show this information.
b  Which subject is the most unpopular?

The bar chart shows the day of the week on
which some students have their birthdays

this year.

Students’ birthdays

S VS

Monday
Tuesday
Thursday
Friday
Saturday
Sunday

Wednesday

Use the bar chart to answer:

a How many students have birthdays on a
Saturday this year?

b How many students have birthdays on a
Sunday?

¢ Which day has the most students’
birthdays this year?
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4 a Find out the birthday month of each of the EXAMPLE 2 J N\
stgdents in your class. Fill in a table like The table shows how the Form 2 students in
this one: Radley High School come to school every day.
Birthday month | Number of students Means of transport Number of students
January Bus 70
February Car 40
Bicycle 20
March Walk 80
e T A NN T e~ o~ ]

Draw a bar chart to show this information.

b Which month is the most popular for How Form 2 students
your class? come to school

¢ On squared paper, make a larger copy of 80 —
the bar chart started below, to show all the . 70
months of the year. On your copys, fill in Notice. the

. . scale:
the information from your table. represents

Students’ birthday months

60
50
40
30
20
10

0

I~

Number of students

(98]

=]

Number of students

Walk |

Bicycle | |

o

Each square represents 10 students.

¥

January
February
March .
April
May
June

Data can also be drawn as a bar-line graph instead of

a bar chart. A bar-line graph looks like this:
5 Form 3A were asked to choose their favourite

: : : Number of cakes sold in school kitch
radio programme. Their options were: Record 35 Hmber of cakes soid in sehool kitchen

Request, Meet the Stars, Story Time, Sport
Special and Music Review. = 30
The table below shows how they chose. bl L
[}
Favourite programme Number of students % 20
]
Record Request 7 c1s
[¥]
Meet the Stars 5 e 10
Story Time 7 Zz 5
Sport Special 9 0
Music Review 8 Mon  Tues Wed Thur Fri

a Which progamme was the most popular?
b  Use squared paper to show the information
in the table as a bar chart.

In a bar-line graph there are no blocks to represent
frequency. Instead the height of the line shows the
frequency.

Bar—line graphs are useful when you have a lot of bars
to draw as lines take up less space.



Exercise 12D

1 The occupations of mothers of students at
Little Rock School are shown in the table.

Occupation Number of mothers
Doctor 70

Teacher 100

Office worker 120

Lawyer 80
Stay-at-home 90

mother

What scale should you use to show the data on

a bar chart?

2 The table shows the shoe sizes of the Form 1C
students in Radley High School.

Shoe size Number of students
1 6
15 12
2 15
% 6
3
3

a How many students could you represent
by each square in a bar chart?

b On squared paper, draw a bar chart to
show the information in the table.

¢ What scale did you use in your bar chart
for the number of students?

3 The table shows the favourite sports of the
students of Form 2 in Radley High School.

12 Presenting data and interpreting results

4 The bar chart shows the number of cakes sold
in the Radley High School kitchen each day.

Number of cakes sold

oo

Number of cakes sold in
school kitchen

lam

Mon Tue Wed Thur Fri

I
=

{5
(== O

—
mmef s W

How many cakes were sold on Monday?
How many cakes were sold on Friday?
How many cakes were sold during

the week?

If each cake costs 10 cents, how much
money was taken in the week?

(@) rechnotooy )

You can draw bar charts using Microsoft Word.
Use the data from Question 1 of Exercise 12D.
On the Word menu click on Insert then Chart.

On the pop-up spreadsheet type the data from
Question 1.

140

Occupation

120

100

80

60 -
40 -
20 4
0

[] Occupation

Doctor

Teacher

Office worker

Lawyer

mother

Stay-at-home

Favourite Sport Number of students
Rounders 35
Football 60
Netball 10
Cricket 50
Athletics 25
Basketball 30
a On squared paper draw a bar-line graph

to show this information.

b  Which sport is the most popular?

Repeat for other questions in Exercise 12D.
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12.3 Pie charts

Another way of showing information is on a pie chart.

EXAMPLE 3 ) N\

The circle below is a pie chart. It shows how a boy
spends $12 pocket money.

Work out how much he spends on each item and
how much he saves.

bus fares

The circle represents the total amount of $12.
It is divided into six equal sectors.
So each sector is worth é of $12 = $2.

He spends 2 X $2 = $4 on sweets.

He spends 2 X $2 = $4 on toys.

He spends 1 X $2 = $2 on bus fares.

'& He saves $2. r

* A pie chart uses a circle divided into sectors to
represent discrete data.

The size of each sector represents the frequency.

The angle of the sector shows the fraction of the total.

Pie charts should either have their sectors labelled or have
a key so that it is clear what each sector represents.

Exercise 12E

1 This pie chart shows how a

girl spends $16.

a How many sectors are
in the pie chart?

b How much is each
sector worth?

¢ Copy and complete
the table.

sweefs |savings

Where money goes | Sweets | Savings | Books
Money spent ($)

2 This pie chart shows how Susan spends
her day.
a How many equal sectors are in the
pie chart?
b How many hours does each sector
represent?
¢ Copy and complete:
. Eating
Activty | Seeping | "% | School | and | Playing
work -
washing
No. of
hours
3 a This pie chart shows how Mr Williams

spends his weekly wage of $500.

e .
ﬂtm@nmenr

savings

savings

household items

i How many sectors are in the pie chart?
ii How much is each sector worth?



b Copy and complete the table to show how
Mr Williams spends his weekly wage of

$500.
Where
money |Savings|Rent|Food Ho:i:lh:” Entertainment
goes
Money
spent ($)
¢ Draw a bar chart using the data from
the table.
d Draw a pictogram using the data from
the table.

Drawing pie charts
You will need a protractor and a pair of compasses.

EXAMPLE 4 ) e
The table shows how 80 students travel to school.
Means of .
e Walk Bus Car | Bicycle
Number of
inlois 40 20 10 10

Draw a pie chart to show this information.

; : 40 _ 4 _ 1
Fraction of students walking = g5 = ¢ = 3

Fraction of students coming by bus
20 2 |1

=80 b

Fraction of student ing b =0_1
raction ot studen Scommg ycar—m—g

10 1

Fraction of students coming by bicycle = &5 = ¢

%of students
walk, so 13
of the pie chart
represents walkers.

The whole circle represents the 80 students.
Divide the circle into 8 equal sectors. Each sector
represents 80 + 8 = 10 students. The angle of

. 360
each sector is T 45°,

\_ J
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Exercise 12F

1 The pie chart shows the favourite fruits of
some students.

a How many equal sectors are in the
pie chart?
b  What is the favourite fruit?
¢ Which fruit is liked least?
d What fraction of the students chose
i mango ii plum?
150 students were questioned.
€ How many students are represented by
each sector?
f How many students preferred
i pineapple ii melon iii orange?

2 The table shows the number of letters a school
receives each day.

Day Mon | Tues | Wed | Thur Fri

Number
of letters

5 10 15 b 5

a How many letters does the school receive
during the week?

b What fraction of letters are received on
i Monday iil Tuesday
ili ~ Wednesday?

¢ Into how many sectors should you divide
a circle in order to draw a pie chart for the
information in the table?

d How many letters will be represented by
each sector?

€ How many sectors will represent the
number of letters received on Wednesday?

f Draw a pie chart to show this information.
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3 The table shows the number of cars sold each
year by Cheap motors.

Year 2008 | 2009 | 2010 | 2011 | 2012
Numberof | 100 | 200 | 200 | 300 | 400
cars sold

a How many cars were sold between 2008

b

c

d
e

f

and 20127

What fraction of the cars were sold in

i 2008 ii 2011 iii 20127

Into how many sectors should you divide
the circle in order to draw a pie chart?
How many cars will each sector represent?
How many sectors will represent the
number of cars sold in 20117?

Draw a pie chart to show this information.

E At a café the owner kept a list of drinks
ordered over two days. The results are shown
in the table.

Day
Drinks sold
Friday Saturday

Coffee 48 72
Tea 16 48
Hot chocolate 16 24
Lemonade 32 72
Fruit juice 16 24

Draw two pie charts (one for each day) to show
this information.

EI The table shows the results of 30 hockey
matches during one season.

Hockey results
Win 10
Loss 15
Draw 5

¢ Draw a pictogram to show the same
information.

d Which method of showing the information
is the easiest to read? Why?

Which method of showing data do you
prefer? Explain why.

b When may it be better to use

i abar chart

ii a pictogram

iii a pie chart

to show data?

12.4 Frequency diagrams for
grouped discrete data

Another name for a bar chart is a frequency diagram,
which is a graph or chart with frequencies shown on
the axis. You can use a frequency diagram for grouped
discrete data.

50 students took a geography test. Here are their marks:

35, 37, 38, 43, 45,
47, 47, 48, 49, 51,
53, 54, 54, 54, 55,
56, 57, 57, 57, 59,
59, 60, 60, 62, 63,
64, 64, 65, 66, 66,
67, 68, 68, 69, 69,
69, 70, 71, 72, 72,
72,74, 76, 77, 78,
78, 81, 81, 84, 84
The lowest mark is 35

The highest mark is 84
The frequency table would be really long:

Mark 353637} {82]83]s4

a Draw a pie chart to show these results. Nutiber ot
b Draw a bar chart to show the same students 1101 010]2
information.
It would be difficult to draw a bar chart for this data as
there would be so many bars of height 0, 1 or 2. The
bar chart would not show much. Instead the data can
be grouped like this:
Mark 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84
Number of
stidorks 3 1 5 b 7 6 9 6 4 4




The frequency diagram for this grouped data would
look like this:

Marks in a geography test

Number of students
[ (8] I Ln o =] oo D

Lol

”‘q ”‘Qp fé"f\"(\"'q?‘
&

T
Marks

AN\

Exercise 12G

1 Use the frequency diagram above to answer
the following questions (if possible).
a How many students took the test?
b How many students scored between 59
and 657
¢ How many students scored 70 or more?
How many students scored 507
e How many students failed, if the pass mark
was 507

=1

2 How Form 2D counted

12 Presenting data and interpreting results

Mrs Singh asked Form 2D to count quietly:
one, two, three . ..

After exactly one minute, she asked them to
stop. She wrote down the number that each

student had reached.

The results are shown in the chart.

Answer the following questions:

a How many students are in Form 2D?

b  Why do the groups of numbers start at
80 instead of 07

¢ How many students counted to one of the
numbers 105, 106, 107, 108 or 1097

d How many students counted to between
124 and 130?

€ How many students counted to between

04 and 100?

f Can you tell how many students counted
to 131?

g Can you tell whether anyone counted
to 149?

h How many students counted to 143?

3 Redraw the bar chart from Question 2, but this
time group the Number reached into tens,
using groups 80-89, 90-99, and so on.

Number of students
(S
t

= v =

80 85 90 95 100 105 110 115 120 125 130 135 140 145
to to to o to to to o to 1o o to 1o to
84 89 94 99 104 109 114 119 124 129 134 139 144 149

Number reached in one minute
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(@m Exercise 12H

1 A group of 31 candidates took exams in
English and Mathematics. The list of results,
in alphabetical order of candidates, is given in
the table below.

Collect data in your class to find, for example:

»  Favourite games of students
» Transportation used to reach school
» |latecomers over a 5-day period

Favourite TV programmes. English | Mathematics | | English | Mathematics
In each case, separate the results for boys and girls. 73 74 25 b
Enter the data collected as tables in a spreadsheet. 38 8 45 48
For example: 48 50 54 49
A B C 57 64 66 98
1 Boys | Girls 84 58 30 28
2 Cricket 5 2 40 58 46 9
3 Football 8 3 49 53 55 63
4 Swimming| 4 10 58 90 66 86
12 2 33 35
Higr.ziight your table and select the bar chart. - 7 38 a7 1
s e SR i s T
Copy your charts into a word processing program 50 ih 7 id
and make brief notes to explain your results. 21 17 38 35
45 43 47 34
53 54 56 67
12.5 Using statistics 64 82
When you take an examination, the mark you getis a Using intervals 0-19, 20-39, etc., draw a
very important to you. frequency table for the marks in each
subject.

b Draw frequency diagrams to show the
marks in each subject.

¢ Describe all the differences you notice
between the two frequency diagrams.

d Do you think these differences have
anything to do with the differences
between English and Mathematics?

2 a Foreach subject in Question 1, write
down the marks in order and find the
median.

b What is the range of marks for each
subject?

¢ Use your answers to parts a and b to
compare the marks in the two subjects.

To the examiners, your mark is not so important.
Instead they think about the overall pattern of marks.
This tells them a great deal. For example, the pattern
of results in an IGCSE exam tells the examiners how 3 For the students in your class, find the results
good the schools are in different countries. for the last English and Maths tests (ask your
English and Maths teachers.) Repeat
Questions 1 and 2 for these results.



4 40 students measured their pulse rates before
and then immediately after jumping up and
down for two minutes. The results, in beats
per minute, are recorded in the table at the
bottom of the page.

a Draw a frequency table for the pulse
rates before the exercise. Use the intervals
71-75, 7680, 81-85, etc.

Draw a bar chart of the results.

b Draw a frequency table for the pulse
rates after the exercise. Use the intervals
111-115, 116-120, 121-125, etc.

Draw a bar chart of the results.

¢ Compare your two bar charts. Are they
alike in any way?

d Write down the median and the range of
the pulse rates before exercise.

e Find the median and range of the pulse
rates after exercise.

f Compare the median before and after

12 Presenting data and interpreting results

5 Two athletes keep a record of their times in
their last ten 400-metre races. They work out

the mean and range for these data.

Athlete 1 | Athlete 2
Mean time (seconds) 48.25 48.35
Range of times 3.2 1:%

a Which athlete is more consistent?
b Which athlete would you pick for your

squad? Why?

6 A shoe shop kept a record of the number of pairs

and sizes of shoes sold for men and women
during one day. The data is shown below.

Shoe size Men Women
3 0 6
4 1 10
5 5 18
6 10 15
7 12 8
8 14 1
9 1
10 1 0

a What was the modal shoe size for women?
b What was the range of shoe sizes for

women?

¢ What was the modal shoe size for men?
d What was the range of shoe sizes for men?
e Compare men and women's shoe sizes

using your answers to parts a—d.

7 The scores for two cricketers for a test series

were:

Player A 33, 40,40,35,2,0,114,101,3,2
Player B 71, 26, 15,33, 65, 17,35, 40,42, 26

The data above can be summarised as follows:

Mean | Median | Mode Range
Player A 37 34 40 114
Player B 37 34 26 56

exercise.
g Compare the range before and after
exercise.

Before After Before After
71 117 79 126
72 124 80 125
72 138 80 129
73 123 81 133
74 118 82 124
74 122 82 130
74 119 83 130
75 118 83 135
75 127 84 140
76 121 85 120
76 118 85 134
76 143 86 136
77 127 87 130
77 119 88 130
7 120 89 138
78 120 89 116
78 129 92 149
78 129 92 123
79 126 95 150
79 112 99 124

James said, “I would pick Player A for my team

because Player A has a higher modal score.”
Ishwar said, “I would pick Player B for my

team because they are more consistent, as they

have a lower range.”
Sohan said, “I would pick Player A for my

team as Player B has never scored above 71."

Joshua said, “I think both players are just

as good because they both have the same
mean score.”

‘Whose opinion do you agree with and why?

@
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(Consolidation

Example 1

This table shows the favourite bands of a group of
50 students.

Band Take That | Euphoria | Coldplay | U2 | Aerosmith

Votes 10 5 15 10 10

Show this as a pictogram.
_Favourite band

Take That 9 U2 22

Euphoria Q Aerosmith e

Coldplay e

Q represents 5 students

Example 2

Use the data in Example 1 to draw a bar chart showing
this information.

Favourite band

20
S
£ 15
2
= 10
2
£ ST 1 1 =
=
Z
0
TT E C u A
Band
Example 3

Using the data in Example 1, draw a pie chart to show
this information.

There are 50 students.

Fraction liking Take That = % = %
Fraction liking Euphoria = % == %
Fraction liking Coldplay = % e %
Fraction liking U2 = % = 12—0

0 _ 2

Fraction liking Aerosmith = 57 = 75

Split your pie chart into 10 equal sectors.

2,
10 2

10
2 3
10 10

———

Example 4

The marks in a maths test for five girls and five boys are
shown in the table below. By working out the mean and
range for girls and boys, compare their performances in
the test.

Girls 71 63 58 44 39
Boys 78 18 55 61 38

. 71 + 63 + 58 + 44 + 39
Mean for girls = 3 =55

Range for girls = 71 — 39 = 32

78 + 18 + 55 + 61 + 38
Mean for boys = 3 = 50

Range for boys = 78 — 18 = 60

Girls’ results were better on average as they have a
higher mean. Girls’ results were more consistent as they
have a smaller range. This comparison is not very
reliable as it is only based on ten students.

Exercise 12
1 The table shows the colours of fish in Grace’s

aquarium.
Colour Gold Green Blue Silver
Number 7 4 2 5

The charts on the next page all represent the
data from the table.

Write a paragraph comparing the charts.
Explain which features of the data each chart
shows most clearly, and comment on how easy
each one is to read.

Fish
Silver
Blue
Green
Gold
v o o e o [ |
5308 Ll i (R S
Fish
7
6
5
4
3
2
1
0
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Copy and complete the bar chart below.

@ Gold 30
H Green
| Blue
O Silver
@ Gold
@ Green
m Blue
O Silver M T W Th F
2 The pictogram shows the number of ice cream [5] The results of a class test taken by boys and
cones sold in a canteen during the first week girls are shown on the bar chart.
in March. 2 ‘51 [1boys W girls
=]
Monday Vi é_ 3
' = 5
Tuesday g T 1 |:I I:I |:I &
Wednesda G T 0 0 1
o vy 1 234567 8910
Thursday S Scores
Frid 08 0%
oo MR a How many
c-.u:-‘-‘ represents 20 cones i boys i girls
were in the class?
a How many cones were sold on Tuesday? b If the pass mark is 5, how many
b How many cones were sold altogether i boys i girls
during the week? passed the test?
¢ Ifthe cost of a cone was $3, how 6 Every 400g of dried fish contains about 150 g
much money did the canteen make of water, 50 g of fat, 150 g of protein and 50 g
during the week? of other substances.
3 The pictogram shows the number of children a To represent this information, draw a pie
in 56 families. chart divided into 8 equal sectors.
- — b How many grams does each sector
No. of children ~ No. of families represent?
0 x ¢ How many sectors will represent the
1 ££1 amount of protein in dried fish?
999
2 AXXY 7 The table shows a tally of the types of vehicles
3 E involved in serious accidents on a busy road.
4 X
% revisents 6 funilics Vehicle Taxi | Car | Bus | Truck | Other

Frequency | Mrll | Mt | | | I

In how many families were there

a 4 children b 3 children ¢ 2 children? a Write the frequencies as numbers instead

of tallies.
4 Miss Carty kept a record of the number of b Which type of vehicle had the least
students in her class each day for one week. Sumber ofetident?
The results are shown in the table. ¢ How many accidents were there altogether?
Day Mon | Tues | Wed | Thur Fii d Which two types of vehicle account for %
Numbar of the total number of accidents?
present 21 24 30 25 16 € Draw a bar-line graph to show this

information.
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The pie chart shows how Mrs Peters spends 29““‘- Typc B had a mean height of 158 cm
with a range of 10cm.

a Sketch two bar charts showing how the
results might have looked.

b What can you say about the two different
types of ape? (Use the means and ranges
in your comparison. )

her weekly housekeeping money.

The amount that she spends on rent is $100.
Find:
a The amount represented by each sector.
b The amount spent on

i utilities

il bus fares
¢ The total weekly housekeeping money. (@m

@ Zoologists discovered two unknown types of -

Visit the Graphs Index at the website

ape deep in the South American jungle. To

compare them they took 100 adult apes of www.mathsisfun.com/data
each type and measured their heights. Type A Make different charts and compare them.
had a mean height of 176cm with a range of Which representation do you prefer? Why?
You should know ... Check out
1 A pictogram uses pictures or drawings to represent data. 1 The diagram below
For example: shows part of a
pictogram.
Favourite singer
A Rafi i o No. of absent students
- Rafi L X 5
1 ' Ist Monday & % ¥ ¥
Jessie k& ok ok 2nd Monday 1 T
Alka Yagnik 3 £ represents 1 student
Mohamed Mounir ¢ § T How many students
were absent on the first
7 represents 3 students Monday?

2 A scale can be used when numbers are large. 2 If  represents

50 students, how
many symbols would
you use to represent
250 students?
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-~

(<

3 A bar chart uses the height of bars to represent frequencies.
For example:

Bar chart of favourite
singers

12

10

Number of students
ey
[

A. Rafig
Jessie J
Alka Yagnik

Mohamed Mounir

Favourite singer

4 A pie chart is a circle divided into sectors.
The size of the sector represents the number of items.
For example:

Favourite singers

A. Rafig

Jessie J

Alka Yagnik

Mohamed Mounir

3 The bar chart below

shows places visited by

Tobias High School
students during the

~

a How many students

holidays.
25
E
=20
=)
=]
@ 15
f—
[
8 10 |
il
g
Z 5
0
g .=
. w
g <
<
visited
i Africa
il Asia?

b How many students

Europe

took part in the
survey?

4 A survey showed the

ways in which the

students in Form 1T

travelled to school.

Africa

Bus

Car

Walk

Cycle

20

8

8

4

Draw a pie chart to

show this information.

For example:

Batting averages for two cricketers for a test series are summarised

as follows.
Mean Median Mode Range
Player A 35 27 41 35
Player B 38 26 23 47

Player B has a higher mean batting average. Although Player A has a
higher median and mode, the mean is the more significant average
in this example. Player A is more consistent, with a lower range.

5 Compare these two
cricketers’ batting

averages:
Player C | Player D
Mean 47 32
Median 21 30
Mode 8 38
Range 68 12




1 Copy and complete: d five to six in the morning
3 6 0 21 63 € three o’clock in the afternoon
2071w OO f quarter to seven in the evening
4 0O 24 48 0[O g twenty-five minutes before midnight?
b= "0 0" & h Write all of these times as 24-hour clock times.
” 12 _0O_10_28_10 7 The estimated world primary energy production is
18 21 O O 63 shown on this pie chart.
O _25_20_ 0O _ 60

Oil 475%

2 a Find the mass, M, of n tins of paint each of
mass mkg.
b Find the cost ¢ of each book if the total cost
of b books is T.
¢ Find A, the area of card left if a square of edge

pcm is cut out from a square card of edge gcm. ..
Electricity

3 Say whether each angle is: acute, right-angled,
obtuse or reflex. a What percentage of the total energy is
represented by electricity?
b What is the size of the angle of the sector
representing electricity?
¢ Calculate the sizes of the angles of the other
sectors.

8 Copy and complete:

aD0f90=36 b§0f60=%0fD
¢ sof (]=27
9 Arrange these fractions in order of size, putting the

smallest first:

'

4 Estimate the size of each angle in Question 3. 125 g 5 =
Use a protractor to check your estimates. a3978 b 4312
5 Change to decimals: & 9 713
3 9 19 1571271
25 P
10 Show these points on a coordinate graph.
d = e o f (272, (0.73), (1,73). 3,72), (1,7 1), (0.7 1).
25 100 100 Join them in order and then to (72, 2).
g 3 h 3 What shape have you made?
S0 250 Mark in any lines of symmetry.
6 What time is shown on a digital watch when it is: (See Chapter 17 if you need help with lines of
a midday symmetry.)

b twenty past four in the morning 11 Write as a fraction in its simplest form.
¢ twenty to three in the morning a0s b 02 ¢ 0.25

d 0.15 e 0.125 f 0.37



12

14

15

16

17

18

Look at the chart below:

Ages of athletes
A

Number of athletes
o R o IR VS R S |

12 13 14 15 16 17
Age of athletes

a How many athletes are shown?

b Which age is the mode?

¢ Which is the median age?

d Find the mean age of the athletes.

A water container when a quarter full holds
320 litres. How much does the full container hold?

Derive a formula to convert D dollars (USD) into
I Indonesian rupiahs (IDR) using the exchange
rate 1 USD = 9000 IDR. Use your formula to
convert 250 USD into Indonesian rupiahs.

Write down the greater number:
1 1

a E, 0.2 b 4—,0.4
1 3
c 3 0.5 d 4—,0.34

Through how many degrees does the minute hand
of a clock turn between

a 3 o’clock and 3.15 pm

b 3.15 pmand 3.25 pm

¢ 3.25 pmand 4.05 pm?

Find the size of the angles marked by the letters.
a b

42°
a/\ 128°

Jan, Jim and Joy agreed to meet at the local cinema.

Jan arrived 20 minutes before the film started, Jim
arrived 5 minutes after the film started and Joy
was in her seat with 3 minutes to spare.

By how many minutes did

a Jan arrive before Jim

b Jim arrive after Joy

¢ Jan have to wait before Joy arrived?

If they all left the cinema 1 hour 47 minutes after
the film started how long did each person spend in
the cinema?

Review B

19

20

21

22

23

24

Write these fractions in their simplest form:

56 6 12
96 16 108
d m e 42_8 f 12m

Write down, without measuring, the size of the
angles marked with letters. Give a reason for
each answer.

123°
47° P

If m=3,n=>35andp =7, find the value of:
am+n-—p

b d4m —n+2p

c m(p —n)

d 10p —2m — 4n

Giselle spends % of her day in bed, éin front of the
television, :—‘ at school, and 11—2 eating.
What fraction of her day is left?

What change would you get from $10.00 if you
spent:

a $3.50

b $3.05

¢ $0.35

d $0.03?

It is possible to travel from London to Paris by
train, boat and train, or aeroplane. This is part of
a timetable:

London (depart) Paris (arrive)
0804 1807
0850 1702
1430 2228
2040 0625
2255 0915

a Write the timetable using the 12-hour clock.
b Which journeys involve travelling at night?
¢ Calculate the time taken for each journey.

d Which is the shortest journey?



Review B

25 Look at the chart below: 31 Are the following statements true or false?

a There are 60 seconds in an hour.

b 00:24 is 12.24 pm in 12-hour clock time.

¢ Between 4 am and 2 pm there are 10 hours.

d In 24-hour clock time 3 pm is 13:00.

€ There are 52 weeks in a year.

f There are 24 hours in a week.

g€ 00:13 is 13 minutes past midnight in 12-hour
clock time.

h Between 21:00 and 04:30 the next day there are
six and a half hours.

i 7.15pmis07:15 in 24-hour clock time.

Bar chart to show the ages of
people in a block of flats

4

| R S B " B = ) T R e}

Number of occupants

32 Find the angles marked by the letters in these
1 - triangles.
a b
2323 ' “

4 88° S
S g g 24

Age of occupants

0

=
o

30-39

a Which age group is the mode?
b How many occupants are 20 or older? 74°
¢ How many occupants are 29 or younger?

26 A writer can type 6 pages in % hour. 2
How long will it take to type 72 pages? d
27 PQRS is a parallelogram.
S R

33 The estimated percentage of total world energy
production in 2012 is given in this table:

Region %
North America 30
P’ Q Asia 7
RPQ = 32°and PSR = 128° Russia 223
Find, giving reasons: X Europe 15
a PRS b SPR ¢ PQR
Africa 5
28 Calculate: :
a32+48l b 328 + 4.82 SOt Antenca 8
¢ 3.62 — 1.725 d 36 — 106
e 8 —032 f 40235 Construct a pie chart to show the information.
g28x4 h 84 +7 34 Find the size of the angles marked by the letters.
i 144 +12 j 156+ 3 a b
29 Jayceline walks at 6_%kmfhr. 350 350
How far can she walk in 8 hours?
d 2 76°
30 Solve: " «0° /| 83°
adx =44 b 3x+2=238 9(r
cl12—12=12 d 16 + 5p = 36 ¢

@



35 Here is a game you can try on a calculator or on a

36

37

38

39

40

Review B

piece of paper. Put a number in the calculator, say:

This number is made up of 5 digits.
Can you eliminate it by subtracting 5 numbers?
Try some more.

Change these improper fractions to mixed
numbers:

23 19 72 171
% b3 “1s 173
Solve:
ad=20 b8-x=3
c 30 =5y d3n—12=15
e 20-8x="74

Test scores were recorded for two different 42

classes. The results can be summarised as follows:

Mean Median Mode Range
Form 7L 54 48 67 35
Form 7TM 63 ) 24 48

The teacher of Form 7L said her students were
better. The teacher of Form 7M thought her
students were better.

Which form do you think was the best and why?
Which is the most useful average when thinking
about test scores? Why?

43

Ahmad shares 40 oranges between his 6 children.
How many oranges do they get each? Write your
answer as a mixed number.

A(1,1),B(0,3),C (74,1),D(73,71) are the four
vertices of a parallelogram.

Draw the parallelogram.

Which of the following points are inside the

parallelogram? a4
a (20 b (2,2) c (73,0
d (2,73) e @1 f 00

41 Look at the graph below for a walker.

a What time did he reach home?

b What was his furthest distance from home?
¢ When did he stop for a rest?

d When was he walking fastest? How do you

know?

£ 16t

L)

E 124

=

e/

]

Z 4 >

2 "9 1011 12 1 2 3

am noon pm
Time of day

The total number of cell phones in use in Japan is
given by this table:
Year 1990 | 1995 | 2000 | 2005 |2010
Cell phones
(millions) 35 50 80 100 | 135

Design a pictogram to represent this information.

Find the angles marked by letters in these
four-sided figures.
a

03°
a

55° 67%

Is é the same as 0.16?
This number line shows (0.16:

0 0.3
| | | | |

Find 0.16 X 6.1s it less than 1?7
Find (.17 X 6.1s it more than 17

Is é nearer 0.16 or 0.177



Review B

45 The height of a plant after w weeks of growth

49 James eats i— of a pizza. Isabella eats J; of the same
following germination is given in this table: '

pizza. How much of the pizza have they eaten
altogether? How much is left?

w (weeks) 2 | 4|6 |8 |10]12
Height (cm) 5 10 | 20| 40 | 60 | 70 50 Copy out the equations below. Draw lines to show
the equations that have the same solution. One has
been done for you.

Plot a graph of height against w and use your
graph to estimate

a the height after 9 weeks 4x =4 22 = 11x
b how long it takes to reach a height of 35cm. \
Sx+3=53 Ix+5=8
46 Change these mixed numbers to improper
fractions: 25—-9x=7 10—3x="5
2 3 7 1l
a’; b 3; c 85 d 3=
: ! = 2 6 + 4x = 26 Tx—62=8

47 lsis and Nashwa have 24 oranges between them.

Nashwa has twice as many oranges as Isis. 51 Write down the number that is:

Construct an equation to show this, then solve the a 1 of 0.1 b 1 of 0.2
equation. 2 4
48 The following data shows the weights of c % of 04 d % of 0.25

30 people, in kilograms:
52 This pictogram shows the number of PCs sold in

52 .91 61 76 67 8 83 70 66 75 India, to the nearest 2 million.

65 82 80 54 75 60 70 71 82 79

Year
71 89 92 74 76 84 60 73 58 92 1995 [
2000 OO
Weight (kg) Tally Frequency 2005 [0
50-59 2010 OOOOO
60-69 [ represents 2 million PCs
70-79 a How many PCs are shown for 20057
80-89 b In 2005 there were 4.5 million PCs sold, but
90-99 only 4 million is shown in the pictogram. Show

a way of improving the representation.
a Copy and complete the table.

b Draw the frequency diagram for the grouped data.



Fractions, decimals
and percentages

Objectives =
O Recognise the equivalence of simple O Calculate simple percentages of
fractions, decimals and percentages. guantities (whole number answers),
O Understand percentage as the number e.g 2_0% of 50kg, and express a smaller
of parts in every 100; use fractions guantity as a fraction or percentage of a
and percentages to describe parts of larger one.
shapes, guantities and measures. O Use percentages to represent and
compare different quantities.

\_
: v [
What’s the point? !
We use money on a daily basis to buy ll"’" ;
and sell things. Finding how much you T
can save when a percentage discount 5.3
is offered is important if you don’t 34
want to end up with no money! g

I (
J/

Before you start

You should know ... Check in

1 How to simplify fractions. 1 Simplify:

— b A= C —
X A

£ oy
10 5 18 12 . 26
= d 51 ¢ 36t 39

2 Work out:

2 How to find fractions of a number. a % of 10 b %of 10
For example: ) =
c =of50d 2of64
of12=12+3 =4

W=

e Lof80f 12of75

0f12=2><%0f12=2x4=8

Wb




13 Fractions, decimals and percentages

£ p
0 3 How to write a fraction as a decimal. 3  Write as decimals:
For example: 2 7
. a5 P
ST 3+-10=0.3 16 . 82
o ¢ oo 100
*@—7477100*0.47 3 3
e = fi o=
X 2 5 4
A
2 -4
5 10=4+10=04
S
X 2
4 How to write a decimal as a fraction. 4  Write as fractions in
For example: their simplest form:
8 4 Cancel a 07 b 0.13
0.8 = 0°5 -{‘md:w_ns c 02 d 0.25
u 6 to their e 048 f 0.017
P R e I simplest form
. 100 25
\ J

13.1 Understanding
percentages

Often you will go into a store and see signs like this:

& ‘I =

The sign means that the price of the TV has been
reduced by 10%.

The symbol ‘%" means ‘per cent’ or ‘out of 100’.

For example:

In a bag of 100 tomatoes, 6 are bad.

% or 6 per cent (6%) of the tomatoes are bad.

EXAMPLE 1 )

Mrs Brown the fruit vendor bought 200 oranges.
She found 8 of the oranges were bad. Find the
percentage that were bad.

Fraction of bad oranges =

200
_ 82 4
T 200 =2 100

4 oranges in 100 were bad.
That is, 4% were bad.

~N

Exercise 13A
1 Write using the symbol %.

a 5 percent b 14 per cent
2 Write using the symbol %.
15 y 25
4 100 100

[3]a Janscored 67 out of 100 in a maths exam.

‘What percentage is this?
b Her sister got 16 out of 20 in a science
test. Who got the higher percentage?



E Mrs Brown kept a record of the bad oranges she
received from the fruit farmer. Using the method
from Example 1, copy and complete the table.

Oranges bought from Mr Johnson in 2012

13 Fractions, decimals and percentages

EXAMPLE 2 ) N\

Month | Number | Number | Fraction | Percentage
bought bad bad bad

Jan 300 ¥ | ¥X=% 12

Feb 500 0 | =3 8

March 600 54 | X -

April 600 42

May 800 40

June 900 45

July 1200 72

Aug 1500 75

Sept 1000 70

Oct 800 56

Nov 700 63

Dec 500 55

[[5] What do you think these mean?

a 100% cotton '

b 50% nylon
50% cotton

€ Messi still not 100 % fit l
SALE!
10% OFF!!

13.2 Fractions, decimals
and percentages

You will need squared paper.

You can show percentages, like fractions,
on diagrams.

What percentage of the square is shaded?

19 out of 100 squares are shaded. That is, % or 19%.

i,

Exercise 13B

1 What percentage of each shape is shaded?
a b

2 Draw pictures on your squared paper to show:
a 70% b 64%

- 1
3 1% is the same as 355.

Use this idea to copy and complete:
a S5%isthesameas ...

b 39% is the same as ...

¢ 81% is the same as ...

22 : :
4 22% = 15 as a per cent fraction. Write these
as per cent fractions.

a 34% b 11% c 9%

5 Write as a percentage:
L 7
@ 00 100 ¢ 100

Changing fractions to percentages

It is easy to write a fraction with a denominator of
100 as a percentage.
For example:

23

m=23%

You can change any fraction to a percentage by writing
it with a denominator of 100.




13 Fractions, decimals and percentages

EXAMPLE 3 ) )
Write the fraction 2% as a percentage.
x 4
TR
6 _24_ 5
25 ~ 100~ 4%
e S 4

X i J

Another way of changing a fraction to a percentage is
100

to multiply by 100%. Remember 100% = {5 = 1
EXAMPLE 4 ) \
Write the fraction % as a percentage.
28 28
% - % x 100%
28 10
=56 X 186%
8
28?
=% X 10%
= E% = 35%

Rt J

Example 4 can also be done another way.

Cancel the fraction:

Exercise 13C
1 Copy and complete, using the method in

Example 3.

I-H-os b 1-—2--0%
c %=%—D% d %=E—O=D%
- 27_0_50_5%

Write as a percentage:

a 3 b s c i
5 5 20
9 3

@ € 3

Write as a percentage:
32 p 12 28

a 30 75 ¢ 20
48 2 17

d % &= f &
120 108

g 150 h

John scored 6 out of 10 in a mathematics test.
a Write his score as a fraction.
b  Write his score as a percentage.

David scored 13 out of 20 in an English test.
a Write his score as a fraction.
b  Write his score as a percentage.

a Janice scored 56 out of 80 in a science
exam. What is her score as a percentage?
b Janice scored 49 out of 70 in a
French paper. In which exam did she get
a higher percentage?

Change each of these test scores to percentages:
3

a3
b 37 out of 50
e H

50

d 131 out of 200

Six children in a class of forty were absent
from school. What percentage were absent?

Earl and Eric won the last 6 of their § domino
matches.

Rennick and Raymond won the last 14 of their
20 domino matches.

Which pair won the higher percentage

of matches?

Out of the 200 students at a school, 120 were
present when the register was taken today, 50
were late and 30 were absent. Write down the
percentage

a present b late ¢ absent.



11 Copy and complete the table below showing
the number of girls at Queens School.

Year | No. of girls Total pupils % girls
i 75 150
90 120
) 58 100
10 66 120
11 50 80

Which form has the greatest percentage of girls?

12 At adriving centre in Cairo last week,
45 people took a driving test. The results are
shown below.

Number tested

Number passed

Men

25

13

Women

20

14

Find the percentage of
a men who passed

b women who passed
¢ men who failed

d women who failed
people who passed.

13 What
i fraction
ii percentage
of these shapes is shaded?

a b

(]

Write as a percentage:
a 13km out of 25 km have been travelled on
a journey.
b The distance still left to travel in part a.

¢ 40gout of 200¢ in a recipe is sugar.

d 420cm? out of a 600cm® magazine page is
advertising space.

e 20 cents out of each dollar is paid in tax.

13 Fractions, decimals and percentages

f  900ml out of 1 litre of fruit juice is water.
g 3120cm’ out of 4000cm’® of gas ina
balloon is nitrogen.

Expressing decimals as percentages

To write decimals as percentages you can first write
your decimal as a fraction with denominator 100.

EXAMPLES ) N

Write a 0.35 b (.3 as percentages.

a 0"35=W=35%
b 0_3=%—%—30%
\_ 8

A quicker way to change a decimal to a percentage is
to multiply by 100.

( EXAMPLE 6 )

Write 0.316 as a percentage.

0316 = 0.316 X 100%
= 31.6%

Exercise 13D

1 Stwudy Example 5, then copy and complete the
table below.

Decimal Per cent fraction %
05 X 50%
0.68 & 68%
0.9
0.75
0.25
0.03

2 Look at the table in Question 1. Can you see a
quick way of changing a decimal to a percentage?

3 Using the pattern you discovered in Question 2,
write each decimal as a percentage.

a 08 b 041 c 097
d 006 e 001
4 Write each of these decimals as a percentage:
a 01 b 0.134 c 0.025
d 0.796 e 00234 f 0.8175



13 Fractions, decimals and percentages

Expressing percentages as decimals

. AE k]
Percentages are easily turned back to decimals. 5 Lookat the fractions 75 and .
a Can you tell quickly which is the larger
( EXAMPLE 7 ) fraction?

b Now express each fraction as a

Write 45% as a decimal. percentage. Which one is larger?
45 6 Which of these is larger?

a %or 26%

b 060r62%

Exercise 13E c 29—0 or 40%
1 Copy and complete the table: 7 Which of these is smaller?
% Per cent fraction Decimal a % or 65%
2
= %ﬁi g b 004 or39%
5 5 0.05
2 6 —orl5%
12 1—% 25
3 Which of these diagrams have more than
60% shaded?
10
a b
16
39
64

2 Look at the table you completed in Question 1.
a Compare the numbers in the first and

third columns. < d

b How many places do the digits move?

3 Copy and complete the table:

Fraction Decimal %
2
5
08 [9] Copy and complete the table:
70 Fraction Decimal %
3 1
4 8
0.65 0.375
85 62.5
2& 3
5 16
0.06 43.75
- E
4  Write each percentage as a decimal: ;
a 19% b 29% c 66%
d 3% e 2% f 79% Write these numbers in order of size,
g 1% smallest first.
9 11 43

L it i
20° 42%, 25 S 100



Jane’s doctor has recommended a diet low
in fat. She wants to buy the cheese with the
least amount of fat. Here are the packets:

CHEESE (9

contains 144 g of fat

Jane always buys the 400 g cheese because it
has only 144 g of fat, which is lower than the
204 g of fat in the other cheese. Is she doing
the right thing? Why?

'(©) recHnoLooy )

Review online what you have learnt. Visit ‘How to
work with fractions' at

www.mathsisfun.com/numbers

Then have a go at the conversion game at
www.nrich.maths.org/1249

Can you score 400? J

13.3 Finding percentages
of amounts

Percentages are often used in everyday transactions.
For example,

Discount Tax
5% 15%

In each case you have to find the percentage of an
amount to find the discount or the tax.

EXAMPLE 8 ) 2
Find 75% of 20 oranges.

75 73
75%0f20—m0f20 —mx20

><20=3><%><20

W

X

N

= 15

13 Fractions, decimals and percentages

EXAMPLE 9 ) N\

A 10% cash discount is given on a table priced at
$1450.

How much is the discount?

10

\SO 75% of 20 oranges is 15 oranges. )

Discount = 10% of $1450 = 100 X $1450
" = % X $1450 = $145
J
Exercise 13F
1 Work out:
a 15%ofl00cm b 15% of 60kg
¢ 20% of $35 d 35% of 80 eggs
e 50%of 120tigers f  50% of 72 mangoes
g 60% of40 fish h 70% of 50 litres.

2 Find these percentages:
a 50% of $50 b
c  25% of $64 d
e 100% of $64 f  100% of $40
g 50% of $40 h  75% of $32

3 There are 25 children in Class 2A and 20% of
them wear glasses.
How many wear glasses?

4 There are 60 members of the All Stars club.
50% prefer cricket, 30% football and the rest
basketball. How many prefer each game?

(5] W /

50% of $64
75% of $64

$60 / \ $420
5% cash | ~ 10% cash
discount | .+ '1 @ =|'| discount
& JR= @ﬁi
a Find the cash discount for the
i blender ii stove.
b How much would a cash customer pay
for the
i blender ii stove?

IEI Of 80 drivers stopped by police, 20% did not
have licences, 30% had defective lights and
5% failed to observe a stop sign. Calculate the
number of drivers who committed each
offence.

The fuel tank of a lorry holds 80 litres when it
is 40% full. How much does the tank hold
when it is full?

@



13 Fractions, decimals and percentages

(Consolidation

Example 1
‘Write:

3
§ as a percentage

o o

0.75 as percentage
¢ 65% as a fraction

3
a 3= % %X 100% = %%
=37.5%
b 0.75=0.75 X% 100%
= 75%
65 13
c 65% = m = 20
Example 2
Find:
a 5% of $40 b 15% of $8

a 5% of $40 b 15% of $8

————

59% of the white loaf is flour.

The white loaf contains a higher percentage of flour.

Exercise 13

1 Change these test scores into percentages:
a 7outof 10
b 36 out of 80
¢ 105 out of 150

2 Write as a percentage.
a 72km have been travelled out of a journey
of 200km.
b The distance still left to travel in part a.

66 .
€ A score of {55 in a test.

d 120g outof400g in arecipe is flour.
3 Copy and complete the table:

Percentage Fraction

38%

Decimal

g

0.02

4 Find:

a 10% of $50
¢ 50% of 8km
e 15% of $80

20% of 10cm

1% of 50 litres

5 3
= 100 X 40 _A5 S
2 £l
10 24
% ~ 20
_ 12
10

=$1.20

Example 3

A 400 g loaf of wholemeal bread contains 228 g of
wholemeal flour. An 800 g loaf of white bread contains
472 g of white tflour. Which loaf contains a higher
percentage of flour?

‘Wholemeal bread:

Use equivalent
fractions to make

_ /—_i the denominator
fraction 400 100
~T
-4

57% of the wholemeal loaf is flour.

‘White bread:

b
d 5% of $60
f
h

€ 3% of 500m 8% of 25 g

5 Part of James Khan’s annual school report
is shown; it was sent to his parents last July.
It shows his marks in the tests at the end of

each term.
SCHOOL REPORT
NAME: James Khan
Marks
Subject 1st 2nd 3rd
term term term
: 135 | 43 70
English 150 | 50 | 100
Spanish S8 89 166
p 40 100 | 200
. 88 72 47
Selenee 100 | 700 | 100
e 108 | 96 84
i 150 | 120 | 100

Each mark is shown as a fraction of the full
marks for the subject.



10

11

a Can you tell quickly whether James's
History marks improved over the year?

b Can you tell quickly which of the subjects
he got the highest mark in during the
first term?

¢ Do you think this is a good way to show
the marks? Why?

Copy the school report in Question 5, but this
time show all the marks as percentages.

Look at the report you completed in Question 6.

a Did James’s History marks improve over
the year?

b In the first term, which of his marks was
highest?

¢ In which subject and which term did he
get his highest mark?

Could you answer the parts of Question 7
quickly? Do you think percentages are a good
way to show test marks? Why?

Which of these is larger?
&
a Sor6o5%
b 0.4or4l1%
Which of these diagrams has 40% shaded?
a b

Write these numbers in order of size,
smallest first.

1
20°

54

13
(&) oo i,
53%, 25 051, 100

13 Fractions, decimals and percentages

12 Paul’s doctor has recommended a diet low

in salt. When he eats pizza he usually has
3 slices (about 200 g) with a salad. Which
pizza should he buy? Explain why, using
percentages.

13 Copy out the text below. Draw lines to show

the calculations that have the same answer.
One has been done for you.

3 2
7of32 \ 13 0f 169
2
3 of39 30% of 80
40% of 75 20% of 280
35% of 160 3 of 72

12



13 Fractions, decimals and percentages

You should know ...
1 ‘Percent’ means ‘out of a hundred’.
For example:

25 )
1og €an be written as 25%

2 How to write percentages as fractions or decimals.

For example:

36
O = — =
36% 100 0.36
5 3
g—gx 100% = 60% = 0.6

3 How to find a percentage of an amount.

For example:
15% of 80 oranges

15
EXSO

3
EXSO
1
3X%X80
3X4

12 oranges

]

Il

4 How to express a smaller quantity as a fraction or percentage of a
larger quantity.
For example:
900 g of peas contain 36 g of sugar. What percentage of the peas
is sugar?

oy Write as a fraction and
;_.‘ use equivalent fractions to
36 4 make the denominator 100.

9 Q?_glr()o /

So 4% of the peas is sugar.

Check out

1 a David got85
out of 100 in a
test. What is
this as a
percentage?

b 90% of the
class were
present for their
exam. What

percentage
were absent?

2 Copy and complete:

Fraction | Decimal | Percentage
4
5
0.45
0%
3
8
3 a Find:

i 10% of $600
ii 15% of $20

b A radio priced
at $95 is
reduced by
20% in a sale.
How much
was taken off
the price?

4 A 400g pizza

contains 12g of
sugar, 36 g of fat,
4 g of salt, 48 g of
protein and 140 g
of carbohydrate.
What percentage
of the pizza is

a sugar

b fat

c salt

d protein

e carbohydrate?

J




Objectives

O Generate sequences from spatial
patterns and describe the general term

in simple cases.
O Generate terms of an integer
seguence and find a term given its
position in the sequence; find simple

Sequences, functions

and graphs

term-to-term rules.

O Represent simple functions using
words, symbols and mappings.
© Generate coordinate pairs that satisfy a
linear equation, where y is given explicitly
in terms of x; plot the corresponding
graphs; recognise straight-line graphs
parallel to the x- or y-axis.

What's the point?

Sequences occur in many different

I (

places, for example in nature, computer

programming, science, engineering and
in design. A designer may want to
decorate a kitchen or bathroom with
tiles. He would need to know how the

E'

sequence of tiles continues and how
many of each different-coloured tile

he needs.

.

Before you start

1

You should know ...

How to write and plot the coordinates of a point

For example:
In the graph below the coordinates of the point

shown are (7, 15).

Coordinates are also 3
sometimes called 15
coordinate pairs or 10
ordered pairs. 5
0

719

12345678%x

Check in

1 From the graph, write
down the coordinates of

A, B and C.
}!
B
15¢
10
5
i 1
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14 Sequences, functions and graphs

The number of toothpicks is related to the pattern

number.

a How many toothpicks are needed to make the
4th pattern?

b How many to make the 10th pattern?

¢ How is the number of toothpicks related to the
pattern number?

b 10x2=20
¢ The number of toothpicks is double the pattern
number.

. J

Exercise 14A
1 Look at this pattern:

Pattern Number 5

4
R
9

I\)lu‘j;lv
.
.
.

Number of dots 3

a How many dots will make the 5th pattern?

b How many dots will make the 20th pattern?

¢ How is the pattern number related to the
number of dots?

'é A
o 2 How to add and subtract with negative numbers. 2 Work out:
For example: a 7—-9
2=5=—13 b 7+20
2+8=6 €l il =5
d 14+10
J
14.1 LOOklng for patterns 2 Repeat Question 1 for each of the following
patterns:
ESAMTLE 1) ke a | pattern Number | 1 2 3 4 b
Look at the pattern made from toothpicks: S L
1 2 3 4 Numberofdots | 3 6 9 12
y _ 3 ? b [pattemNumber |1 2 3 4 5
2 46 L e o o
The 1st pattern has 2 toothpicks. Number of dots 3 4 5 6
The 2nd pattern has 4 toothpicks. — - I : _
The 3rd pattern has 6 toothpicks. C |PattemNumber |1 2 3 4 5
You can make a table: . i : ?
Number of dots 0o 1 2 3
Pattern number Number of toothpicks
1 2 d [ pattern Number [1 2 3 4 5
2 L s T ?
3 6 s se ses sess

Number ofdots |3 5 7 9

3 Look at the diagrams:

a Draw the next two diagrams.
b Copy and complete the table:

Number of yellowtiles | 1 | 2 [3 [ 4 | 5
Number of blue tiles

¢ Describe the pattern linking the number of
blue tiles to the number of yellow tiles.

d How many blue tiles are there if there are
10 yellow tiles?

4 Repeat Question 3 for the following tile pattern:



14 Sequences, functions and graphs

Think of your work from Chapter 2 on
expressions and Chapter 8 on formulae.

a Foreach of Questions 3 to 5, write a
formula for the number of blue tiles b, if
there are n yellow tiles. Start by writing
an expression for the number of blue tiles
there will be if there are n yellow tiles.

b Foreach of Questions 6 to 8, write a
formula for the number of green counters g,
if there are n black counters. Start by
writing an expression for the number of
green counters there will be if there are n

6 black counters.

000 0000 00000
] o0 000 14.2 Number sequences
000 0000 00000

5 Repeat Question 3 for the following tile
pattern:

The numbers 5, 8, 11, 14, 17, 20, . . . follow a pattern.

a Draw the next two diagrams in the You can add 3 to each number to get the next number
sequence. (5+3=8,8+4+3=11,andsoon).
b Copy and complete the table: * A sequence is a set of numbers that follows a
pattern.
Number of black counters | 1 |2 |3 |4 |5 + Each number in a sequence is called a term.
Number of green counters For example, the third term in the sequence
¢ Describe the relationship between the 5,811, 14,17, 20, .. .is 11.
number of black counters and the number * A term-to-term rule describes how to get from
of green counters. one term to the next. For the sequence 5, 8, 11, 14,
d How many green counters are there when 17,20, .. . the term-to-term rule is add 3.

there are 100 black counters? By continuing the pattern we can find terms further

7 Repeat Question 6 for this pattern: along in the sequence. For the sequence above we can

find the tenth term by continuing to add 3 until we
® . . ® . . ® . . have 10 numbers:

200 06000 .. 5,8, 11, 14, 17, 20, 23, 26, 29, 32
900 0000 00O

So the tenth term is 32.

Exercise 14B

1 Write down the next two terms in the sequence:
6,12, 18, 24, 30,5

2,.4,6, 8, 10,

10, 30, 50, 70, 90, . . .

40, 36, 32, 28, 24, . ..

9 Draw some diagrams of your own with green
and black counters (make sure there is one
black counter in the first diagram, two in the

- 0o anoTo

second diagram, and so on). Look for the 6,3, 12, ), 18, .
patterns in your diagrams. ML 0 28 .
20, 18, 16, 14, 12, . ..
3.2 0l 2
40, ~30, "20, "10,0,...
10,8,6,4,2, ...



14 Sequences, functions and graphs

3

For each of the sequences in Question 1 write
down the term-to-term rule.

For each of the sequences in Question 1 write
down the tenth term.

m A number is added to each term in the

sequence below, to give the next term. The
number added may be the same each time or
it may be different. If different, there is still
a pattern.

Find the pattern, then write down the next
three terms of each sequence.

1,6, 11, 16,21, 26 ..

1, 24,7 11,16, ..

152 3. 1007, 2605 ¢

1,11, 31,61, 1151 ...

1,4, 10, 19,31, 46, ...
0,1,5,14,30.55, ...

s

-0 Qa0 oo

What are the missing numbers in these
sequences?

a 22,28,34,0,46,52, 0,64, . ..
BN S Sl S s SR

¢ =3 R 7O S S 305,
d 400 -2 4,6 8.0,...

Write down the first five terms of these

sequences:

a the first term is 7, the term-to-term rule is
add 4

b the first term is 20, the term-to-term rule
is subtract 5

¢ the first term is 1, the term-to-term rule is
multiply by 4

d the first term is 64, the term-to-term rule
is divide by 2

e the fourth term is 9, the term-to-term rule
is add 2

f the third term is 70, the term-to-term rule
is subtract 10

g the second term is 4, the term-to-term rule
is multiply by 2

h the fifth term is 6, the term-to-term rule
is add 3.

Sometimes the pattern for a sequence is found
by multiplying or dividing. Write down the
next two terms and describe the term-to-term
rule for these sequences:

a 1,2,4816,...

b 5,10,20,40,80,...

c 1,10, 100, 1000, 10000, . ..

d 192, 96,48,24,12, ...

Write down the next two terms, the term-to-term

rule and the tenth term of this sequence:
19683, 6561, 2187, 729, 243, . ..

IEI Copy and complete this sequence:
] [
Is there more than one way to do this?

m The cards below can be used to create two
different sequences. One of the sequences
goes up in eights. Describe the term-to-term
rule of the other sequence.

55 10 18 23 14 16

8 31 15 12 39 47

14.3 Functions

The drawing below shows a function machine.
A function machine is a type of flow chart.

INPUT OUTPUT

Multiply Add
by 4 5

A number entered into the function machine is called
the input. When the function machine uses the
function, e.g. ‘multiply by 4 then add 5, it produces
an output. If the input is 2 then the output is 13
because 2 X 4 + 5 = 13. If the input is 10 the output
is 45, and so on. We can use a mapping diagram like
this one to show which outputs go with which inputs:

function

x4+ 5

—_—

» 13

- .
10/ \=45

input output

The same thing can be shown in a table:

Input Output
2 13
5 25
10 45




Exercise 14C

1
INPUT OUTPUT
|| | Muitiply | | Add -
by 7 1
Use the function machine to fill in the table.
Input Output
1
2
3
4
5
2
INPUT OUTPUT
||| Multiply Subtract| |
> by s — 5 3

Use the function machine to fill in the table.

Input Output
1

oW

3 Copy and complete the mapping diagram
using the function shown.

function
<10 +3
1 — —>
) A\
s
o
s /
input output

4 Look at the sequence of outputs for Question 1.
What is the term-to-term rule for the sequence
of outputs?

5 Look at the sequence of outputs for Question 2.
What is the term-to-term rule for the sequence
of outputs?

6 Look at the sequence of outputs for Question 3.
What is the term-to-term rule for the sequence
of outputs?

14 Sequences, functions and graphs

7 Copy and complete these mapping diagrams
using the functions shown.

a function
+2+10
2 g
6 - £
¢ -
12 } \ >
0 \
input output
b function
-5x3
— —>

input output

Using your answers to Questions 4, 5 and 6,
which part of the function machine relates to the
term-by-term rule for the sequence of outputs?

E In Questions 4, 2 and 3, if the input is n, what
is the output?

m Copy and complete the mapping diagram
using the function shown.

function
x6-4
3 — >
L] \\
]
[l
0 /
input output
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Look at the function machine:
INPUT

OUTPUT

Multiply | | Add
by 3 2

a Do youagree that5, 11, 14, 20, 32 and 302
are output numbers for your machine?

b  What are the input numbers that make the
outputs listed in part a?

m Look at this table:

mput | 1]2]3[a[5[6[7[8]9]10
output | 8 [14[20]26(32(38{44 [50(56 |62

Draw the function machine that goes with
this table.

14.4 Graphs of linear
functions

Mappings and functions can be shown as graphs.

A linear function is a function that produces a straight
line when the graph is drawn. We use the x-coordinate
as the input. The y-coordinate is the output.

EXAMPLE 2 ) N\

Draw the graph representing the linear
function X 2 + 5 if the x-coordinate is the
input and the y-coordinate is the output.

function

x2+5

input=
x—coordinate

output=
v—coordinate

We need to plot the points (1,7), (2,9), and (3,11).
¥

11

10

e IV I SNV o N - BN o

<o

In Example 2, all of the points are joined using a
straight line. This is because all of the points between
x = 1 and x = 3 follow the same rule. For example, if
you had x = 1.5 as your input, the output would be
y=15X2+ 5 =8, which also lies on the same line.
The line represents all the mappings of the linear
function.

When we want to represent a linear function as a graph
we can write it as a linear equation. For example, the
linear equation y = x + 3 represents the mapping:

+3

input output
This can also be written as x — x + 3

The equation y = x + 3 means that to find y-coordinates
you apply the function ‘+ 3 to the x-coordinates.

Drawing a table is often quicker than drawing a
mapping diagram.

EXAMPLE 3 ) B

Draw the graph of y = x — 2

This means that to find the y-coordinates you need
to subtract 2 from the x-coordinates:

X y

4 | a-2=2

5 H=2=13

6 6—2=4

Then plot the points (4,2), (5,3) and (6,4).
¥ A
5 1
4 |
3] y=x-2
2 4
1 |
e
1 2.3 4 5 6

Join these points with a straight line (which can be
extended either way to go on forever). Extend the

1234%
\_

line to fill your graph.
\ your grap )




EXAMPLE 4 ) )

Draw the graphof y = 2x + 3

This means to find the y-coordinates you need to
multiply the x-coordinates by 2 then add 3. So use
the function X 2 + 3:

x y
1 | 1x243=5
Bl 2x<2i3=7
3 | 3x2+3=9

Then plot the points (1,5), (2,7) and (3,9) and join
them with a straight line.

. J

Exercise 14D

1 Copy and complete the sentences using the
cards below (cards can be used more than once).

multiplyj add I 3 I -1 Jsubtract‘ halvel

a When y = 10x, to find the y-coordinates
you . . . the x-coordinates by 10.

b  When y = x — 4, to find the y-coordinates
you . . . 4 from the x-coordinates.

¢  Wheny = 3x — 5, to find the y-coordinates
you . . . the x-coordinates by . . . then you
D,

d Wheny=3x+ 10, to find the
y-coordinates you . . . the x-coordinates
then you . .. 10.

e When y = "x, to find the y-coordinates
you multiply the x-coordinates by . . . .

f Wheny= 10 — x, to find the
y-coordinates you . . . the x-coordinates
from 10.

To complete Questions 2 to 4, draw

coordinate axes for 0 to 4 on the x-axis and 0

to 10 on the y-axis.

14 Sequences, functions and graphs

Copy and complete the table. Draw the
straight line graph fory = x + 2

X Y

1 1+2=3
289 O+2=0
Sl O +2=0

Copy and complete the table. Draw the
straight line graph for y = 3x

X y

it 1X3=3
TN O x3=0
Ul O<3=0

Copy and complete the table. Draw the
straight line graph fory = 2x — 1

X y

1 1x2-1=0
2 |0x2-1=0
3 |Ox2-1=0

To draw a straight line graph you only need to
plot 2 points. Why is it a good idea actually to
plot 3 or more points?

The equation of a straight line graph is

y = 4x — 1. Copy and complete these
coordinate pairs by using the given x-coordinate
to calculate the missing y-coordinate.

a (2,0 b (1,00

¢ (3.0 d (1.0

The equation of a straight line graph is

y= i—x + 4. Copy and complete these
coordinate pairs:

a (2,0 b @0

¢ (0.0) d (10,00

One of these points does
not lie on the line y = 2x.
Which is it?

(1,2) (4.8 3.7 (0,0

The y-coordinate should
be double the x—coordinate

@ Which of these points lie on the line

y = 5x — 107
(1,°5) (2.0) 4.5) (5.10)

10 Draw the line y = 2x — 3 by choosing three

suitable x-coordinates and working out the
corresponding y-coordinates.
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11 Copy and complete the table for y = 3x + 5.
Draw the line y = 3x + 5, choosing suitable

axes.
xa "1 el 1 |2
y 11

[12] Copy and complete the table for y = "2x + 3.

Draw the line y = ~2x + 3, choosing
suitable axes.

0 i 2 B

y

@ Copy and complete the table fory = 5 — x.
Draw the line y = 5 — x, choosing suitable

axes

— 2 W st Oy D

=]

125 A4

Complete the coordinate pairs using the
line graph above.

i (00 i (1,00

iii (2,00 iv (3.0

What is the pattern connecting the
y-coordinate to the x-coordinate?

What is the equation of the line?

— 0L Rt O

<

12347%

Complete the coordinate pairs using the
line graph above.

i (00 iii
i (2,00) iv

(1,00)
3.0

b What is the pattern connecting the
y-coordinate to the x-coordinate?
¢ What is the equation of the line?

Horizontal and vertical lines

Some equations do not have the letter x in them.

What does the graph of an equation suchasy = 4
look like?

EXAMPLES5 ) N\

Draw a graph of the equation y = 4.
The equation y = 4 describes the mapping x — 4.

A diagram of this mapping is:

X

)!

.}’

—- W |

ki ' P

The equation y = 4 means that the y-coordinate is always
4, no matter what the x-coordinate is. Any equations in
the form y = ‘a number’ are horizontal lines.

Vertical lines are described by x = ‘a number’. For
example, x = 2 means that the x-coordinate is always
2, no matter what the y-coordinate is. So the line x = 2

looks like this:

y
3
2
1

0
1 2 3 4%
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Exercise 14E @ The following four sets of points lie on

1 a Usingx="2,x=0andx = 2, name straight lines:
three points that are on the line: a (32),(72,73),(0,71),(1,0)
i y=2 b (78,710),(0,6),(1,8),(3,12)
i y="1 ¢ (2,0),(0,71),(4,1),(4,73)

i y=6 d (0,78),(1,74),(2,0),(4,8)
D th hs of th tions i
B R BRI Which of these equations represents
part a. <
which line?
2 Plot the coordinates (3, 2), (3, 1) (3,0), y=2x+6 y=x—1
(3.1), (3,2) on a pair of axes. What is the =4y — 8 .
equation of the line through these points? Y= 2=z
3 Complete the coordinate pairs (CJ, ~1), ([,0), Write down an equation for each set of
([, 1) and ([J,2), then draw graphs for: ordered pairs:
a x=4 bx=3 ¢cx=1; a (0,0),(1,2),(2,4),(3,6),(4,8)
i , b (0,1),(1,3),(2,5),(3,7),(4,9)
il ¢ 01 (11).(2.3),(3,5) (A7)
| | 5. d (0,74),(1,73), (2,72),(3,71), (4,0)
@ 4 e (0.72).(L0).(2.2).(3.4), (4.6)
® | ! 2.
| ! . 1..
PEEENEERERIIE
4 ! 1 .—3.. | !
=44 I ® 1 . !
.—5.. | | @
Write down the equations of the lines A, B, C,
D and E.
@ Which line in the graph has the equation:
a y=4 b x=3
c y=x+2 d v=x—-1
e y=4-—x?
@ y
3 _//
4
3.
2
BAZEEE 5x
o] |
e ®
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(Consolidation

Example 1

a Draw the next two diagrams in the pattern.

b Draw a table showing the relationship between the
number of blue tiles and the number of green tiles.

¢ Describe the relationship between the number of
blue tiles and the number of green tiles.

d How many blue tiles will there be if there are

50 green tiles?

a The nexttwo diagrams are:

b [ Number of green tiles

1 (23 3

a4

5

Number of blue tiles

2

3

4

5

6

¢ The number of blue tiles is always one more than

the number of green tiles.

d If there are 50 green tiles there will be 51 blue

tiles.

Example 2

a Describe the term-to-term rule in the sequence

716,25, 34,43,

b  What is the tenth term of this sequence?

a The term-to-term rule is add 9.
b Continuing the sequence to the tenth term, you get

7,16,25,34,43,52,61,70,79, 88, .. ..

So the tenth term is 88.

I ——

Example 3

a Copy and complete the mapping diagram using the
function shown.

function
x8+3
l — —>
o)
=
4
s/
input output

b Use your answer to part a to draw the liney = 8x + 3

a function
«x8+3

— —

> 1x8+3=11

{ >2x8+3=19
\ »3x8+3=27
»4x8+3=35

L S R S
] | e

>»5x8+3=43

input output
b  Using the input from part a as x and the output as
y, the coordinates (or ordered pairs) are (1,11),
(2,19),(3,27), (4,35) and (5,43).
The graph of y = 8x + 3 is:
}!
50
40
30
20
10

0

1 2 3 4 5 &



Exercise 14

1

a Draw the next two diagrams in the
sequence.
b Copy and complete the table:

Number of black counters | 1 |2 [ 3 | 4
Number of green counters

w

¢ Describe the relationship between the
number of black counters and the number
of green counters.

d How many green counters are there when
there are 100 black counters?

Write down the next two terms in these
sequences.

a 8 18,28, 38,48, ...

B 500, 713,19, . ..

c 12,8,4,0 74,...

d 1.2,4,8.16,...

For each of the sequences in Question 2, write
down the term-to-term rule and the tenth term.

It the first term in a sequence is 3 and the
term-to-term rule is add 6, write down the first
five terms.

Find the missing term in these sequences
a 12,18 24 [0 36,...

b 2,0 76,78 710,...

c [, 40,20, 10,5,...

dis 20 =00 EIEER =

If the third term is 10 and the term-to-term
rule is subtract 2, write down the first five
terms of the sequence.

Copy and complete the table using the
function machine + 3 X 4.

Input Output
1

D= wW

14 Sequences, functions and graphs

a Copy and complete the mapping diagram
using the function shown.

function

x2+7
l — —
2
=
4
s J

input output

b Use your answer to part a to draw the line
y=2x+7

Copy and complete the table for each
equation, then draw the line.

N 0 [miE 2 [wE
y

2x + 2
Sx
X
5 A

X
=10 —x

o

-0 o0 oo

¥
y
y
¥
y
¥

Copy and complete the table for y = %x =il
Draw the line.

x |0|2]|4]686
Y

a Draw axes for 75 to 5 on the y- and

X-axes.
b Draw these lines on your axes.
i y=4 ii x=3

iii y="1 iv x=72

¢ The four lines intersect at the four vertices
of a quadrilateral. What is the shape of
this quadrilateral ?

12 Name the four lines in the diagram.

®) y ®

2.

=31 2 - I B3 =
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You should know ...

1 A mapping diagram can be used to show outputs of functions.
For example:

add 3

2 Mappings can be represented as ordered pairs, or coordinates.
For example:
In the mapping diagram

¥
5 .

(%]

the pairs are (1, 3), (2,4), (3,5). These pairs can be shown on a graph.

Check out

1 Copy and complete this
mapping diagram:

x2
X y

2 For each mapping
diagram, write down
the ordered pairs and
plot them on a graph.

a
\
]
J
b

3 How to draw the graph of an equation using a table of values.
For example:

y=3x+1
Vi
10— /
8
p ("\_Fﬂr,y=3x+l
= 1 [l 3 4 /

1
i
(=)
Al

S
fi
o
Lo

3 Draw graphs of
a y=2x+5
b y=3x-2
by copying and
completing the table of
values in each case.

110 (1] 2
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=1

4 Equations of the form y = ‘a number’ are horizontal lines.
Vertical lines are described by x = ‘a number’.
For example:

x = 3 means that that the x-coordinate is always 3, y = 2 means that

that the y-coordinate is always 2. The lines x = 3 and y = 2 look
like this:

¥4 x=3
2 y=2
1-
-1 0 2 X
=1

5 A sequence is a list of numbers following a pattern. The term-to-
term rule describes how to get from one term in the sequence to
the next.

For example:

8,01 141720, 5

For this sequence, the term-to-term rule is add 3.

Draw these lines:

a y=1
b y=73
c x=4
d xr=0

Write down the term-to-
term rule and next two

terms for these sequences.

a 7,18,29.40.51,..:

=2 =N =

& 3,6,12,24.48 ...

\




m 5 Symmetry and
transformations

© Recognise line and rotational 0 Transform 2D points and shapes by
symmetry inf_20 shapes and patterns; — reflection in a given line
draw lines of symmetry and complete - -
patterns with two lines of symmetry; N rotatlon_about AL
identify the order of rotational - translation.
symmetry. © HKnow that shapes remain congruent
after reflection, rotation and translation.

\ J

What's the point? )

Symmetry occurs everywhere in nature
from the radial symmetry of a starfish
to the reflectional symmetry of a crab’s
shell. Studies even suggest that we
are more attracted to people with
symmetrical features!

Before you start

You should know ... Check in

‘A turn of 90° is a quarter-turn: How many 90° turns are in
a aquarter-turn

b ahalf-turn

¢ afull-turn?

‘A turn of 180° is a half-turn:

A turn of 360° is a full-turn:

\




15 Symmetry and transformations

15'1 symmetry o Keeping the paper folded, cut out the shape, as in
diagram C. Open out your shape, as in diagram D.

D

Fold line

Draw a line along the fold line with a pencil. What

. . . do you notice about the parts on each side of the
Symmetry is all around us. It occurs in nature and in fold line?

the physical world. . .
Repeat the activity for different shapes.

This shape has been cut from folded paper. Trace the
shape, cut out the tracing and find the fold line.

v ‘_ 2B ‘ : \
To investigate the idea of symmetry, you will need
some paper, some tracing paper and a pair of scissors.

Fold a piece of paper in two.

k- B

Notice that one half of the shape fits exactly over the
other. We say the shape is symmetrical. The shapes
you cut out in the activity are also symmetrical.

The fold line is called a line of symmetry.

Fold line

Draw a shape on the folded paper, starting and
finishing at the fold line, as in diagram B.

Cc Cut out
E the shape.

°= A line of symmetry is also called a mirror line.

A



15 Symmetry and transformations

Exercise 15A

1 Copy these shapes, drawing the line of
symmetry where possible.

e
PR
M N

2 These drawings show halves of shapes. In
each, the dotted line is a line of symmetry.
Trace and complete each shape.

Fold a piece of paper, then fold it again, as in
diagram A.

A B

Draw a shape at the corner as in diagram B.

c Cut out
the shape.

Cut out the shape at the corner.
Open out your shape as in diagram D.

D

Fold line

Fold line

How many fold lines does your shape have?
How many lines of symmetry?

Repeat Question 3 for three different shapes.

Trace each shape. Cut out your tracing. By
tolding, find a line of symmetry, and mark it
with a pencil. There may be more than one
line. See how many you can find.

a b c




6 Repeat Question 5 for this shape. Is there a

line of symmetry?

7 Copy and complete the table:

Shape

Number of lines of symmetry

Kite

Trapezium

Rhombus

Square

Parallelogram

Copy the shapes and mark all the lines of

symmetry. How many lines of symmetry does

each shape have?

Y
3

)

A
@
X

T

9 a Write the alphabet in capital letters:

ABCDEF

b  Which letters have one line of symmetry?
¢ Which letters have two lines of symmetry?

15 Symmetry and transformations

Make a collection of pictures or photographs which

show symmetry in nature.

Display these in your class.

Visit this website for some ideas:
www.misterteacher.com

[(3) INVESTIGATION |

Can you draw a triangle with

a no lines of symmetry

b one line of symmetry

¢ two lines of symmetry

d three lines of symmetry?

Repeat for a quadrilateral.
What about a five-sided shape?

15.2 Reflection

When you look in a mirror you see your reflection.

Shapes can also be reflected in a mirror.
The shape is the object and its reflection is the image.

EXAMPLE 1 } N\
Reflect the shape in the line X.
X.
object
On reflection:
. o image
|
X
40bject'
Notice that the image is the same distance from
the mirror line as the object.
\. i y




15 Symmetry and transformations

Exercise 15B 3 Copy and complete these diagrams using

1 Copy the shapes and the mirror lines both mirror lines to reflect the shaded squares.

(indicated by dotted lines) onto squared paper. The first one has been done for you.
Draw the reflection of each shape. a

a b

OO
When yoﬁ reflect evéry
square in both lines,
check you get this
c d

/\

2 Reflect each of the following shapes in the
mirror line indicated by a dotted line.

Tamir says that, since 6 squares are shaded in
the diagram, when all the reflections are
a b > drawn in there will be 24 squares shaded in.

1 Leilah disagrees and says she thinks only
1 ol 16 squares will be shaded in. Who is right?
What mistake had the other person made?

L]

b 4 O




5 Copy these diagrams. Reflect each shape first
in the line X and then in the line Y.

a
| X
Y
b
X
Y
Cr
X
Y

6 a Repeat Question 5 but this time reflect
the shape first in the line Y and then
in the line X.
b Does it matter which is done first?

7 Each diagram below shows both the object
and image. Copy the diagrams and draw in
the position of the mirror line.

L. A

15 Symmetry and transformations

Reflection is a type of transformation. A transformation
is a way of moving a shape, often on a coordinate grid.
When a shape has been reflected, the original object and
the image are congruent to each other.

Congruent means exactly the same shape and size.
Reflecting a shape does not affect the lengths of its
sides or size of its angles, only which way round the
shape faces. Reflection ‘flips’ the shape over.

You will be learning about two other transformations
in this chapter. These are translation and rotation. In
Book 2 you will learn about another transformation,
enlargement. In Cambridge IGCSE® Maths you will
also learn about two further transformations: shears
and stretches.

15.3 Translation

The triangular tiles shown here are congruent to
each other.

Notice that the tiling pattern or tessellation was made
simply by sliding the dark and light blue triangular
tiles to new positions.

This sliding movement is called a translation.
A translation does not change an object’s size,
shape or direction.

3 3

The footprint has been translated to a new position.
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e 15 Symmetry and transformations ¢

Exercise 15C 3 = .
1 Which of these transformations show a
translation? \
a
— — / \
. / \
A B E D
c d

Look at the triangles ABC and DEF.

a [striangle ABC congruent to
triangle DEF?
b Is triangle DEF the image of triangle ABC

under a translation? Give reasons for your
answer.

2  Which of these pictures show translations?

Look at the shapes A, B, C, D and E.

a Which of the shapes are congruent to
shape A?

b Shape B is a translated image. Which
shape or shapes could be the object?

image
translation
object

A translation can be described as a movement to the
left or right followed by a movement up or down.



EXAMPLE 2 )

a shape X — shape Y
b shape Y — shape Z

a XtoY:3right, 1 up

b Y toZ: 2left, 4 down
\_

Describe the translation that takes

N

/]

J

To help you count, choose one corner of the object
shape and then count to the corresponding corner on

the image shape.

Exercise 15D

1 Describe these translations.

A B il
c
D

E | —1

F G

|
a A—B b B—C
¢ A—C d E>A
e D—E f B0
g F—E h F—G
i G—A G

2
[Xx

On squared paper, draw the image of the
shape X after a translation:

2 right, 1 up
1 left, 1 up

2 left, 3 down

a0 oTo

3 left, 2 down.

3 right, 1 down

15 Symmetry and transformations

3 Khalid wrote this solution: ‘The translation
from B to A is 4 left and 2 up.” Is he correct?
If he is wrong, write down what the answer
should be.

4 Habibah wrote this solution: ‘The translation
from C to D is 2 right and 2 down.’ [s she
correct? If she is wrong, write down what the
answer should be.

D S |

15.4 Rotation

You will need some card, a drawing pin, tracing paper,
a pair of scissors and some squared paper.

Exercise 15E
1 a Copy this rectangle onto a piece of card.

Cut it out and put a black dot at the
bottom left-hand corner.



15 Symmetry and transformations

b Place your rectangle on a page in your
exercise book and draw round it. Stick a
pin through the black dot. Rotate your
rectangle just a little. Draw round it.

Turn your
rectangle just
a Little.

drawing pin

¢ Now turn your rectangle through a _}'-turn
(90°) about your black dot. Draw its new
outline.

Bl meas S, S, e

2 Turn the rectangle from Question 1 through:
a ;—,-turn (180°)
b 3-turn (270°)
Draw around it before and after each turn.

3 Repeat Questions 1 and 2 for these shapes:

h A

o 1
4 Draw each shape and its image after a 5-turn
rotation about the black dot.

a b

'(©) rechnotooy )

Leam more about rotation by watching the
instructive video lesson at

http:/ /Igfl.skoool.co.uk

Click on the Key Stage 3 tab and select the

‘Rotational Transformations’ video in the Maths
section. You will see how to construct a shape after
rotation through an angle.

Rotational symmetry

A shape which fits into the same position more than
once when rotated through 360° has rotational
symmetry.

: Rotate Rotate j

~7 ~T
Rectangle

after Jl'-tum

Rectangle
after %-tum

Rectangle

The rectangle above fits exactly on to the rectangle
rotated through a %—turn.

So the rectangle has rotational symmetry.



15 Symmetry and transformations

EXAMPLE 3 ) N\

Which of these letters has rotational symmetry?

A H

a Trace the letter A on tracing paper. e f
Rotate it; these are some of its positions:

A® sl pinly

Start L amn Lturn . y
4 2 2 Find the order of rotational symmetry of

% \%\ - > > /<? Y A each shape.

%-tum Full turn a b

The letter A can fit exactly onto its start
position only after a full turn. It has no
rotational symmetry.

¥ He =T =4 =

I | c d
Start Z—l-tum i-tum
%-tum Full turn
The letter H can fit exactly onto itself after a
1 . .
5-turn and after a full turn. So it has rotational
e

symmetry.
S J

The number of times a shape fits onto itself in a i
complete turn is the order of the rotational symmetry.

The letter H has rotational symmetry of order 2, so
does the letter I

Which of these letters possess rotational

7 T T symmetry?

B C D

Exercise 15F

1 Trace these shapes and find their order of
rotational symmetry.

: S

<Orm>
SO
x =z T+
<0
N C O AT
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4  Which of these shapes have rotational
symmetry? State the order of rotational
symmetry where there is one.

P
e

IE Which of these shapes have
a rotational symmetry only
b line symmetry only
¢ rotational and line symmetry?

T

N

2 <

"N

DA

Rotation about a given point

If you rotate a shape about a given point, this point is
called the centre of rotation. In Question 1 of
Exercise 15E, the point where you put your drawing
pin was the centre of rotation.

S
P}

Shapes can be rotated clockwise or anticlockwise, and
through different angles.

You will need tracing paper, squared paper and a ruler.

EXAMPLE 4 ) N\

Rotate the T-shape 90° anticlockwise about O.

\ ' ' .
The diagram above shows a T-shape and its image
after rotation.

The centre of rotation is O.
The angle of rotation is 90° anticlockwise.

* Rotation always takes place about a single point in
a clockwise or anticlockwise direction.

Notice that the size and shape of the object are
unchanged after a rotation. Both object and image are
said to be congruent to each other.

Exercise 15G

1 Copy each shape shown on squared paper.
Draw the image formed by rotating the shape
anticlockwise through 90° about O. Use a
tracing to help you.
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2 Repeat Question 1 but this time rotate the b  90° anticlockwise about O
shapes through 180° about O.

3 ABC is aright-angled triangle. _ _
A ' o)

C

Trace the triangle.

b Use your tracing to help you draw ¢ 180 clockwise about O

the triangle and its image after a Zi-turn

rotation about

i the midpoint of AB

ii the midpoint of AC | [
¢ Does it matter whether the rotation is O)

clockwise or anticlockwise?

F
L A d 270° clockwise about O

The centre of rotation does not need to touch
the shape.

Copy the diagram. Draw the image formed by
rotating triangle ABC

a 90° clockwise about D

b 90° anticlockwise about E (m
" .

: ;g? floikv.vlse a;bou;EF Can you draw a triangle with order of rotational
cloc w1s.c out symmetry

e 270° clockwise about D i 2 il 37

(You may find this easier with tracing paper. b What quadrilaterals can you draw with

rotational symmetry of order
i 2 ii 3 iti 4?2
¢ How about five-sided shapes?

You can draw the answers to parts a, b and ¢
all on one diagram. Make a second copy of the
diagram for the answers to parts d and e.)

5 Copy the diagrams below. In each diagram,

draw the image formed by rotating the object: (@m
a 90° clockwise about O

Conduct an internet search for pictures and
photographs that illustrate line symmetry and
rotational symmetry.

+ Make a booklet on symmetry by pasting the

// photographs into a word processing program
and giving brief descriptions of each picture.
00- : * Visit Adrian Bruce's web pages on

symmetry at www.adrianbruce.com for
further ideas. ] @



(Consolidation —

Example 1 a Turn the shape through 90° about the centre.

How many lines of symmetry does this shape have? O_._O

w Turn it through another 90° about the centre and

the shape is same as the original.
The shape has rotational symmetry of order 2.

(=3

Rotate the shape through 120° about the centre
I_\\ ¢ and the image fits exactly on the original shape.
ine of symmetry Rotate it through another 120° and the image fits
It has one line of symmetry only. again. The shape has rotational symmetry of order 3.
X2 Exercise 15
Draw the image of the shape in the mirror line. 1 a How many lines of symmetry do these

' shapes have?

o0

mirror line iii

N

B
P

Example 3

What is the image of triangle ABC when translated

L s e g b Draw four different shapes with exactly

two lines of symmetry.

2 Copy the diagram. Reflect each shape in the
mirror line shown.

b e

I
I
I
I
1 7|
1
I
1

s

&7 TR
/

mirror line mirror line  mirror line

Example 4
‘What is the order of rotational symmetry of these
shapes?

a b
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3 In the graph, describe the translations that send: b 90° anticlockwise about O

ABC — DEF
DEF — ABC
GHI — DEF
ABC — GHI

a0ooTD

& ‘B 10 | _ 6 Draw two different shapes with:

Dl E a order of rotational symmetry 2

' /% [ ] | b order of rotational symmetry 3

/ / ¢ order of rotational symmetry 5
G H d 2 lines of symmetry
e 3 lines of symmetry
4  What is the order of rotational symmetry of £ e of syt

these shapes? 7 Copy and complete the table for regular shapes:

Regular shape | Order of rotational | Number of lines
symmetry of symmetry

Pentagon
Triangle
Octagon
Quadrilateral
Hexagon

e f 8 a Identify three items, buildings or pictures
<:> ﬁ that have reflectional symmetry.

Make a sketch of each showing clearly
the line(s) of symmetry.

b Identify three items or pictures that have
rotational symmetry.
Make a sketch of each and state the order
of rotational symmetry.

5 Copy the diagrams below. In each diagram,
draw the image formed by rotating the object:

a 90° clockwise about O
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\.

You should know ...

1 When a shape is folded so that one half fits exactly over the other
half, the fold line is called a line of symmetry or mirror line.

This picture
15 symmetrical

For example:

2 A shape can be reflected in a line.

For example:

These distances
are equal.

: Object
{ Reflection line
: Mirror image

32 How to find the image of a shape after a translation.

For example:

p| | [k

The image of ABC after a translation 2 right, 4 down is DEE

Check out

1 Copy these shapes. Draw
in the lines of symmetry.

OV

Draw the image of the
shape after reflection in
the mirror line.

mirror line

Describe the translation of

PQR to STU.

S

G i '
£ “mirror line

\

Ul T| /
R: Q
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(A

-~

4 A shape has rotational symmetry if, when turned less than 360°, it 4 Find the order of rotational
fits onto itself. The order of rotational symmetry is the number of symmetry of these shapes.
times the shape fits onto itself in a complete turn.
For example: B Z /\‘ AZ gq 1 ! P

A B

The order of rotational symmetry is 2. c d

5 How to find the image of a shape after a rotation. 5 Rotate the T-shape 90°

clockwise about centre

For example: :
P of rotation O.

E B
F /,\
\\\ Dn.m ‘! .
ey AT C 0
‘O

The image of triangle ABC after a rotation of 90° anticlockwise
about centre of rotation O is DEF.

\_ /
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Ratio and proportion

Use ratio notation, simplify ratios and divide a quantity
into two parts in a given ratio.

Recognise the relationship between ratio and proportion.
Use direct proportion in context; solve simple problems

involving ratio and direct proportion.

\

What's the point?

Earthquakes and hurricanes are
common in many parts of the world.
To withstand such forces of nature,
buildings have to be constructed with
solid foundations. Builders need to
use suitable ratios of sand to cement
to ensure structures are solid.

Before you start

You should know ... Check in
1 Equivalent fractions are different ways of showing 1 Write down two fractions
the same fraction. equivalent to
For example: 3 4
ity b =g
2_4_6_8 ® 3 5
3 6 9 12
2 Fractions can be simplified by dividing the numerator and 2  Simplify:
the denominator by the same number. 12 20
For example: 9 3¢ b 25
/+_\3* =2 c 85 d 16
'\ R e
18_6_3 100 a8
24 8 4
~—T
SE S
.




16.1 Making comparisons

One way of comparing two quantities is to say how
much larger or how much smaller one is than the other.

N\

EXAMPLE 1 )

Dev is 20 c¢m taller than his friend Aisha.

J

( EXAMPLE 2 J

7 13

7 is 6 less than 13

Exercise 16A

1 Use both of the phrases is greater than and
is less than to compare each pair of numbers.
a 50,5 b 40,8
c 100,25 d 1000, 25

2 Using one of the phrases is greater than, is less
than or is equal to, complete the statements:
a The number of boys in my class ... the
number of girls.
b The number of exercise books [ have
brought to school ... the number of
text books.

3 Rewrite the statements in Question 2 using
another phrase where possible.

Larger than, smaller than, taller than, less than, and
greater than are only a few of the ways of comparing
two objects or sets of objects. Another way is to use
a ratio.

16 Ratio and proportion

What is a ratio?
Look at this group of children:

R

You could compare the number of boys and girls in the
group by saying:

For two boys there are three girls.

or
For three girls there are two boys.

As aratio the number of boys compared to the number
of girls can be written as 2: 3. The ratio of girls to boys
is3:2.

* A ratio compares the size of two quantities.

Exercise 16B

1 Compare the number of triangles and circles,
then copy and complete the statement:

AAAAA
(O ©)
a For ... triangles there are ... circles.
b For ... circles there are ... triangles.

2 Repeat Question 1 for the diagrams below.
a b

A A A K A A A LA
A A A
o e o @0 606 e
c d
AAA AAAA
& e e6
000 ® ® e @

3 For each diagram, use a ratio to compare:
a the number of small squares to the
number of circles
b the number of circles to the number of
small squares.
I OENMCHO g

CEOMNEO

EOCEROMN
O Nl O o o




16 Ratio and proportion

4  Each ratio below compares the number of
black circles to the number of white circles.
Draw a group of black circles and white
circles to show the ratio.

a 3:2 b 1:5 c 7:4 d 5:9

5 For the students in your class, use a ratio to

compare

a the number of boys to the number of girls

b the number of girls to the number of boys

¢ the number with long hair to the number
with short hair

d the number wearing glasses to the number
without glasses.

6 Measure each pair of lines in centimetres.
Use a ratio to compare the longer line to the
shorter line.

a

b

c

7 Write a ratio to compare the shorter line to the
longer line, for each pair of lines in Question 6.

8 Use aratio to compare the mass of the first
elephant with the mass of the second.
a

The ratio of girls to boys is 2 : 4. You can write this as

a fraction.
number of girls 2
number of boys 4

The ratio 2 :4 is linked to the fraction _%

Equivalent ratios
The ratios 1:3,2:6 and 3 : 9 are called

equivalent ratios.
They are all linked to the fraction %, since !; = %

1:5,2:10 and 3: 15 are also equivalent ratios.
They are all linked to the fraction %

Exercise 16C
1 a Copy and complete:

eee

3.
5

i Number of bats: number of balls = []:[]

. number of bats _ [J

" Tumber ofballs ~ [J
b  Which fraction is the ratio linked to?

2 a Copy and complete:

i Number of bats: number of balls = []:[]

. number of bats _ [J

= number of balls ~ [J
b  Which fraction is the ratio linked to?

3 a Copy and complete:

i Number of bats: number of balls = []:[]

. number of bats [

Y umber oftballs | [
b  Which fraction is the ratio linked to?

4 a For the drawings in Questions 1 to 3,
do you agree that

number of balls = 3 X number of bats?

b Do you agree that the ratios
Il 2 2:6 Sl
all show the same comparison?

¢ Do you agree that the ratios are all linked

to the same fraction?



16 Ratio and proportion

. - EXAMPLE 5 ) )
@ Copy and complete these equivalent ratios:
a 1:2, 3:6, 5:0 Simplify
b [:3, 4:-12; 5:15, 10:[] % 2.5 ks 3.2
¢ 1:5 =0 3:0 3’6 4°3
d 1:0 2:16, 3:[]
e 1:[. 200 ATk g m

o
LI

Ratios can easily be simplified by dividing both sides
of the ratio by the same number.

b %:
( EXAMPLE 3 J
Simplify the ratio 9 : 108. \
Divide both sides by 9.
9: 108 is equivalent to 1 : 12 Exercise 16E
ik

To write a ratio in its simplest form you divide by the
HCEF of the two numbers.

EXAMPLE 4 ) k.
What is the simplest form of the ratio 100:30?

Find the HCF of the two numbers.
Itis 10.

Divide both numbers by 10.
100:30 is equivalent to 10 : 3

What fraction of the squares is shaded?

What fraction is white?

¢ Write a ratio to compare the shaded
fraction to the white fraction.

d Write aratio to compare the number of

shaded squares to the number of white

oo

i squares.
e Copy and complete:
: 54
Exercise 16D g'g ~ 2L
1 Write each ratio in its simplest form: 2 s o) 3““?“” e
a 10:2 b 2:10 ¢ 9:3 BN R
d 3:9 e 16:20 f 20:16 a What fraction of the squares is dotted?
g 12:11 h 300:50 i 40:56 b What fraction is shaded?
I 16:80 k 144:12 1 54:90 ¢ Write a ratio to compare the shaded
2 Which pairs of ratios are equivalent? frac.tion to .the dottecl.fr action.
a 1:54:20 b 1:3.4:16 d Write a ratio comparing the number of
e A+ 106 d 12:2.18:3 squares that are shaded to the number that
e 2:3,24:12 f10:4,30:12 are dotted,

e Copy and complete:
3 Draw three different rectangles, with

longer side : shorter side = 3:2. 12 10 o
e5 68 -
4 In what ratio are the sides of
a asquare 3 Write each ratio in its simplest form.
b anequilateral triangle 2 3 35 15
¢ arhombus? Al sE b 38 “c
i 1.5 . 96 51
Fraction ratios can also be simplified. You need first to 12712 15715 6°2

ensure that the fractions have a common denominator.



16 Ratio and proportion

4 By first writing the fractions with a common
denominator, give each ratio in its simplest

form.

L
5720 12° 6 2°'8
3 23 3 4

d 55 *© 3z f o5z

How would you share this cake between Ivie and
Naya, in the ratio 2 : 3?

Ivie will get 2 parts and Naya 3 parts. That is, they will
have to share the cake into 2 + 3 = 5 parts.

EXAMPLE 6 ) N\

Share $1 between Clara and Hope in the ratio4: 1.

For every 1 part Hope gets, Clara gets 4 parts.
4+1=5

You must divide $1 into 5 equal parts.

So 1 part is 20 cents.
Hope gets 20 cents.
Clara gets 80 cents.

You can also do Example 7 another way, using
equivalent ratios:

boys : girls
3 ; 2
X 20 X 20
60 : O
60 ; 40

This is an example of direct proportion. This means
that as one quantity increases the other increases at the
same rate.

If an average builder can lay 700 bricks in a day,

two builders will lay 1400. If you double the number of
builders, you double the number of bricks laid. If you
have 4 builders, 2800 bricks will be laid, and so on.
The same method works for decreasing at the same rate.

If 10 pick-up trucks can carry 6 tonnes of gravel, how
much gravel can 5 pick-up trucks carry?

If you halve the amount of trucks you halve the
amount of gravel.

So 5 pick-up trucks can carry 3 tonnes.

EXAMPLE 8 ) N\

. J/

In Example 6 you worked out the proportion of $1 that
Clara and Hope each receive.

Sometimes you will be given one of the proportions
and you will have to work out the other proportion or
the total amount.

EXAMPLE 7 ) N\

The ratio of boys to girls in Year 7is 3:2.
There are 60 boys in Year 7.

How many girls are there?

For every 3 boys there are 2 girls.

So for every 1 boy there are % girls.

For 60 boys there are 60 X % girls

L = 40 girls. P

3 glasses of orange squash are made with
600m] of water.

How much water is needed to make 7 glasses
of squash?

Work out for
1 glass first

glasses water

3 600
1 - 200

“ 2N Then work out
o | for 7 glasses

Go 7 glasses of squash need 1400 ml of water. o

In Example 8, the direct proportion question was
solved using the method of equivalent ratios and a
process called the unitary method (finding the result
for 1 first).



16 Ratio and proportion

Exercise 16F 8 The ratio of boys to girls at the Valley School
1 A cake is shared between Dian and Lastri, in is 3:2. The school has 800 students.
the tatio 25 a How many boys are at the school?
b How many girls?

9 The ratio of sand to cement to mix concrete is
4: 1. How many wheelbarrows of sand does
Sam need to make 25 barrows of concrete mix?

a If Dian gets 2 parts, how many parts 10 The ratio of men to women in the Abuja
should Lastri get? Sports club is 4 : 3. Use the method shown in
b How would you cut up the cake? Example 7 to find out how many women there
2 Bessie ar}d Jason share this rice [—— ,ffl’ aaIc, llfztlsseri a.rcs dgien @ 6nen
AT DA | Ree | d 108men e 400men f 144 men
a If Jason gets 3 parts, how | 3zkg |
many parts should Bessie < - 4 11 a Number of boys : number of girls = 2: 1
get? in Woodstock School. How many boys are
b Do you agree that the rice should be there in the school, if the number of girls is
divided into 8 equal parts? i 25 il 200 i 75 iv 80?
¢ How many kilograms does Bessic get? b How many girls are there in Woodstock

School, if the number of boys is
3 a How would you share these apples i 50 i 200 iii 150 iv 807

between Ali and Padma, in the ratio 1:37
12 4 pens cost $2.80.

OOQ@ Q@OOO@O a How much does 1 pen cost?

b How much do 3 pens cost?

b How many apples would Ali get?
13 If 3 books cost $9, how much do 5 books cost?

¢ How many apples would Padma get?
4 Share $1 between Clara and Hope, in the ratio: 14 A wo_rkcr takes 8 minutes to ma_lfe 2

a 3-1 b 1:1 e 9:1 circuit boards. How long would it take her to

d 7:3 8 173 f 4:21 make 1 circuit board?

8 Shor S bhotvesn Ben md ataes dn the i 15 In a fruit shop, the ratio of oranges to lemons
a el b 9:1 2 ’17 .3 is 5 : 3. If there are 39 lemons, how many
o ' ' oranges are there?

6 Share 30 cows between Farmer X and FarmerY,
16 Three coaches can carry 156 passengers.

in the ratio:
:1 2 Ii ° b 1:1 c 4:1 How many coat‘:?hes would be needed for
d 7:3 e 4:11  f 3:27 i R

17 In a hall, the ratio of chairs to tables is 7 : 2. If

T Share the following bet X andY in th
P ReNE e S e = there are 18 tables, how many chairs are there?

given ratio.

20 apples, in the ratio 3: 7 18 5 bags of sweets contain 70 sweets.

15 camels, in the ratio 2: 3 a How many sweets will there be in 7 bags?
$60, in the ratio 1:4 b How many bags will there be if there are
$5.50, in the ratio 4 : 1 154 sweets in total ?

3 metres of cloth, in the ratio 3: 7

1 metre of rope, in the ratio 2 : 3

2 kilograms of honey, in the ratio 1 : 7

2 tonnes of sand, in the ratio 4 : |

17.5 metres of ribbon, in the ratio 3:7
15.6 kilograms of sugar, in the ratio 9:4

-t QO T



16 Ratio and proportion

Need another look? Visit
www.onlinemathlearning.com

and follow the links to Arithmetic, Proportions, Ratios.

Go over the examples and watch the video!

Exercise 16G - mixed questions
1 Copy and complete:

@ 9999

Number of girls : number of oranges
=2:[0] orl:[]
2 Number of maths students : number of
chemistry students = 25:2
How many students study chemistry, if the
number who study maths is

a 25 b 125 c 2507

3 For the ratio in Question 2, how many
students study maths if the number who
study chemistry is

a 24 b 30 c 787

4 For a certain type of concrete, the ratio of
cement powder to sand is 3: 5.
How much cement powder is needed to make
the concrete mix if the mass of sand is

¢ 45kg?

a 10kg b 30kg

The cost of 12 eggs is $4.80.
a What is the cost of one egg?
b  What is the cost of 9 eggs?

y

6 Twenty books cost $360. Find the cost of
15 books.

Benny’s supermarket sells 25 tea bags of

Tim’s Tea for $2.25 and 30 bags for $3.30.

a Work out the cost of one tea bag for
each pack.

b  Which pack is the better buy?

8 30m of electric cable is sold for $36.
How much does 25 m cost?

9 A loaf of bread for four people needs 440 g
of flour.

How much flour will be needed to make a
similar loaf for five people?

10 A 180ml tube of ‘Super Fresh’ toothpaste
retails for $3.06.

What should a 270 ml tube retail for?
(Assume the same price per millilitre.)

11 A ‘six-pack’ of soft drinks costs $7.20.
What is the cost of

a 4 soft drinks b 7 soft drinks?

A box of 13 floor tiles costs $58.50.
Find the cost of
a 26tiles b 20tiles.

The scale on a plan is 1:2500.
a How long is a wall which is 3cm in length
on the plan?
b  What length would be represented on the
plan for a window the actual length of
which is 2m?



The recipe for pumpkin soup is shown below.

{. For two people, use:

5 500ml  water

400g  pumpkin
30g  butter
10g  seasoning

L”-"\r-v\/\/'\’\z\-z

a How much butter is needed if five people
are to be served?

b A cook uses 35 g of seasoning to make the
soup. How much pumpkin will he need?

At Western School there are 375 boys, 325
girls and 35 teachers.
a What is ratio of boys to girls?
b What is the student—teacher ratio?
¢ [f three teachers left and only two were
replaced, what would be the new
student—teacher ratio?

Copy the diagram.

et N

Shade some of the squares so that the ratio of
shaded to unshaded squares is 2:7

Find two numbers in the ratio 3:7 and with a
difference of 48.

16 Ratio and proportion

Two 6-sided dice are thrown. The ratio of the
smallest score to the largest score is simplified
then written down.

3

For example, if the first dice scored 6 and the
second dice scored 4, you would write down 2 : 3,
because smallest score : largest score = 4 : 6,
which can then be simplified to 2 : 3.

If the first roll was 6 and the second roll was 6 you
would write down 1:1.

Write down all the possible ratios you could get.
Which four ratios are you most likely to get?




@

16 Ratio and proportion

(Consolidation

Example 1

Write as a ratio in its simplest form:
a 5:30 b 144:36

a Divide by 5:
5:30=5+5:30+5
=1:6

b Divide by 12, then 3:

144:36 = 144 +12:36 =12
=12:3
=12 -+3:3+3
=4:1
Example 2
Share $20 in the ratio
a 4:1 b 7:3

a Thereare4 + 1 = 5 parts

Each part = $20 + 5 = $4
So4 parts = 4 X $4 = 16
Thatis,4:1 = $16:$4

b Thereare 7 + 3 = 10 parts
Each part = $20 ~ 10 = $2
So7parts =7 X $2 = $14
3parts = 3 X $2 = $6
Thatis, 7:3 = $14:%6

Example 3

A baker uses 1800 grams of flour to make 3 loaves
of bread.

How much flour will he need to use if he wants to
make 5 loaves?

For 1 loaf the baker would need 1800g + 3 = 600g
of flour.

For 5 loaves the baker will need 600g X 5 = 3000¢g
of flour.

Exercise 16

1 Write these ratios in their simplest form:

a 2:20 b 3540 ¢ 85:17
d 125:625 e 192:56 f 56:72
g 108:68 h 144:78 i 195:125
i 256:72

2 Share the following between Anton and
Dannisha:
a 20 marbles in the ratio 3:2
b 36 biscuits in the ratio 4 : 5

————

¢ 9 pencils in the ratio 1:2
d $72in theratio7:5
e 400 oranges in the ratio 3: 17

3 The ratio of boys to girls at a football
matchis 4: 1.
a How many boys are at the match if the
number of girls is:
i IS5 ii 25 iii 62
iv 100 v 2147
b How many girls are at the match if the
total number of children there is:
i 200 ii 125 iii 460
iv 1025 v 9857
4 A necklace has black and silver beads in the
ratio 7: 3.
a If the necklace has 63 silver beads, how
many black beads will it have?
b If the necklace has 63 black beads, how
many silver beads will it have?

5 The student : teacher ratio at a school is 15: 1.
a How many students are there if there is a
total of 320 students and staff?
b What would be the new student : teacher
ratio if two more teachers joined the
school?

6 A cake for 6 people requires 1 cup of sugar,
2 cups of flour, %cup of butter and 3 eggs.
a What would be the ingredients for a cake
for 8 people?
b How many eggs should be used in a cake
for 13 people?

A fruit juice is made of 2 parts pineapple juice
to 3 parts orange juice to 4 parts passion
fruit juice.

a Diane wishes to make 18 litres of fruit
juice. How much
i pineapple
ii orange
iii passion fruit
juice does she need?
b If Diane has 5 litres of pineapple juice,
how many litres of
i orange juice
ii  passion fruit juice
will she need to make the fruit juice?



16 Ratio and proportion

Look at the diagram.

How many more squares need to be shaded
so that the ratio of shaded to unshaded squares
is 2:5?

[[9] Find two numbers in the ratio 5:3 and with a
sum of 144,

You should know ...

1 How to compare one thing to another using a ratio.
For example:

BHAN
A AAA

The ratio of triangles to squares is 5: 2.

2 How to simplify a ratio by dividing both sides of the ratio by
the HCF of the two numbers.
For example:
The ratio 8:12 = 2:3 (divide both sides by 4)

Check out
1 ' oAD0O0A
ODD0ADD

What is the ratio of

a triangles to circles
b squares to triangles
¢ circles to squares?

Write each ratio in its
simplest form.
a 6:12 b 28:7

c 24:9 d 40:15

3 How to share something in a given ratio.
For example:
Share $30 in the ratio 2:3
There are 2 + 3 = 5 parts
Each part is worth $30 + 5 = $6,
so 2 parts are worth 2 X $6 = $12
and 3 parts are worth 3 X $6 = $18

4 How to increase or decrease amounts in direct proportion.
For example:
If 3 bags of sweets contain 72 sweets altogether, how many sweets
are there in 4 bags?
In 1 bag there are 72 + 3 = 24 sweets
In 4 bags there are 24 X 4 = 96 sweets

4

Share $50 in the ratio
a 4:1 b 7:3
¢ 1:9 d 17:3

If 5 pencils cost $1.35,

how much do

a 10 pencils cost
b 3 pencils cost

¢ 34 pencils cost?




Area, perimeter and volume

Objectives R
© Know the abbreviations for and © Derive and use formulae for the area
relationships between square metres and perimeter of a rectangle; calculate
(m2), square centimetres (cm?2) and the perimeters and areas of compound
square millimetres (mm?2). shapes made from rectangles.
© Derive and use the formula for the © Calculate the surface area of cubes
volume of a cuboid. and cuboids from their nets.
\_ J

What's the point? Jum

How big is your bedroom? How much
carpet would you need to buy to put
on your bedroom floor? What about
your whole house? To answer such
guestions you need to be able to
measure the area of shapes.

Before you start i
You should know ... Check in
1 How to multiply and divide decimals by 10, 100 or 1000. 1 Work out:
For example: a 13 x100
100 X 0.34 = 34 b 03+10
42.1 + 10 =4.21 ¢ 1000 x< 0.07
d 2640 < 100
e 100x27
f 13.8 = 1000 (>
. J




17 Area, Perimeter and Volume

I N\
O 2  The relationship between metres, centimetres and millimetres. 2 a Write in centimetres:
Im = 100cm i 6m §i 24m
lcm = 10mm b  Write in millimetres:
Im = 1000 mm i 7cmii 7.3cm

iiil 2m iv 2.6m

J

17.1 What is area?

Surface of
table

The top of a desk is a surface. The front of a
blackboard and the floor of a room are also surfaces.

*  The size of a surface is called its area.

The area of surface Q is bigger than the area of surface P.

17.2 Some units of area

You will need centimetre-squared paper.

The square centimetre

Squares are used to measure area. A square centimetre
is a square with each side 1cm long.
Here it is:

«lcm-

Area = | square centimetre
or lem?

This square has an area of one square centimetre.

Centimetre-squared paper is covered with squares
like this.

Exercise 17A

1  Write in a short way:
a 5 square centimetres
b 16 square centimetres
¢ 420 square centimetres.

2 The shape below is drawn on centimetre-
squared paper.

a What is the area of each square?
b How many squares are in the shaded shape?
¢ What is the area of the shaded shape?

3 Write down the area, in square centimetres, of
each of the shaded shapes below.
a
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4 Draw accurately two shapes each with an area
of 4 square centimetres.

@ Look at the shaded triangles below. Can you
find their areas?

B

c T

@ Find the area of each of the shapes below:
a b

7  Which shapes in Question 6 have the same area?

[(3>) INvesTicaTION

Big foot!
Put your shoe on a sheet of centimetre-squared
paper.

L L] 2 outline
A N
of your
EESERS shoe

centimetre-squared
paper

a Draw an outline around your shoe. Find the
approximate area of your foot.

b Compare your foot size with other class
members. Who has the biggest foot?

¢ Repeat parts a and b to find the biggest hand.

@Do people with big feet have big hands?

The square millimetre

Look at the drawings below of a mosquito’s wing and
a square centimetre.

-

Mosquito’s
wing

lem?

The area of the mosquito’s wing is less than 1cm?

You can measure small areas using the square
millimetre (mm?).

s «— | square millimetre

A square millimetre is a square with side 1 mm.

Below is a square centimetre divided into 100 square
millimetres (10 rows with 10 square millimetres in
each row).

lem? = 100 mm?

Exercise 17B

1 The shape below is drawn on cm/mm graph

paper. Each small square is 1 mm?.

a How many small squares are in the shape?
b  What is the area of the shape?



2 Find the area of each of these shapes, in mm?.

[3] Draw accurately shapes with area:

a 300mm’ b  450mm’
Change these measurements to mm?:

a lcm?

b 3cm?

¢ 42cm?

d 05cm?

E Change these measurements to cm?:
a 100mm’

b 600 mm?
¢ 80mm’
d 730mm?

The square metre

The square centimetre is too small to measure large
areas like the area of a football stadium.

For larger areas, the square metre (m?) is used.

A square metre is much
bigger than this really

— it's half a door!

1 metre 1m?2

17 Area, Perimeter and Volume

A square metre is a square with side 1 m. It is about
half the size of a door.

1 square metre can be split into 100 rows with
100 square centimetres in each row.

I m? =10000cm?

One square metre can also be splitinto 1000 rows with
1000 square millimetres in each row.

I m? =1000000mm?

Exercise 17C

1 Draw a square with side length 1 metre on the
classroom board.
What is the area of your square?

2 Estimate the area, in m?, of:
a your classroom ceiling
b afootball field
¢ the classroom window.

3 Which unit would you choose for measuring
the area of:
a the classroom floor
b  your smallest fingernail
c this page
d the school playground
e the top of your desk
f  ashirt button?

Ch

a

(4]

ange these measurements to m>:

20000cm?
b 5000000 mm?2
¢ 30000cm?

d 7000000 mm?

@ Change these measurements to cm?:

a 4m?

b 3m?

c 26m?

d 02m?

@ Change these measurements to mm?;

a 9m’

b 3m®

c 27m?

d 0.05m?
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17.3 Areas of rectangles EXAMPLE 1 ) o
Areas of rectangles Find the area of the rectangle below.
These rectangles are drawn on centimetre-squared S
paper. Count squares to find the area of each.
Then copy and complete the table.
a
3cm
The length of the rectangle = 5cm
The width of the rectangle = 3cm
Area of recangle = length X width
b = 5cm X 3cm
= 15cm’
\. J
Exercise 17D
c 1 Find the area of each rectangle when drawn on
centimetre-squared paper:
a b
d
C
Area | Length | Width Length x Width
a 12 4 3 12
b d
c
d

Compare the first column and the last column of the
completed table. What do you notice?

Can you see a quick way to find the area of a rectangle
without counting all the squares?

*  The area of a rectangle = length X width



2 Find the area of each rectangle.

a . _6cm— b <«3cm—
6cm
l 8cm
< t
%.4cm
l1lecm
d

-—th—»
8

—Tm—

35mm

~—T4dmm——

3 Copy and complete the table for rectangle
measurements.

Length Width Area
(in cm) (incm) | (incm?)
g 7
6 35
6 24
4 36
10 110
12 144

4 The rectangle below has length L and width W.

o

|

Write down its area, A, in terms of L and W.

5 Look at the rectangle below.

17 Area, Perimeter and Volume

a Measure, with your ruler, its length and

width.

b What do you notice about the length and
width?

¢ What is the special name for this sort of
rectangle?

d What is its area?

6 Find the area of the square with each side
a 3cm b S5cm
¢ 4mm d 10m

7 Fill in the missing measurements:

Rectangle Length | Width Area
(cm) (cm) (cm?)

Picture 25 20
Envelope 25 150
Book 30 600
Poster 50 1200

8 Draw as many rectangles as you can with
area 24 cm?,

9 A square carpet has an area of 36m’.
What is the length of one side?

10 A school has two football fields. One is 115m
long and 60m wide and the other is 105m
long and 85 m wide.

Which football field has the larger area and by
how much?

A rectangle is 40 mm long and 30 mm wide.
Find its area in
a square millimetres
b square centimetres.

EF] A carpenter wants to make a rectangular table

with an area of 1.8m>. The width must be
90cm. How long should he make it?

The floor of a room which measures 3 m by
4m is to be covered with tiles. The tiles are
20 cm square. How many tiles are needed?

A rectangular photograph measures 15cm by
12 cm. It is fixed on to a rectangular piece of
cardboard which measures 24 cm by 30 cm.
‘What area of the cardboard is not covered by
the photograph?

T3 Mrs Al decided that she needed 15m? of
curtain material. She was shown some
materials in three different widths:

a 90cm b 12m ¢ 1l5m
What length of each width would she have
to buy?
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17.4 Perimeters of
rectangles

A farmer has a rectangular field. He wants to put a
fence all the way around the outside edges of the field.
To know how much fencing he needs to buy, he needs
to know the perimeter of his field.

The perimeter is the total distance around the edges of
a shape.

Perimeter can be measured in mm, cm or m. Be careful
not to use mm?Z, cm? or m?, which are the units for area.

EXAMPLE 2 ) N

Find the perimeter of the rectangle below.

|

3m

|

Imagine walking around the outside edge of this
shape. Add up side lengths as you go:

Sm

3m+S5Sm+3m+5m= 16m

o J/

Find the perimeters of the rectangles below, when
drawn on centimetre-squared paper. Then copy and
complete the table.

Perimeter | Width | Length
18 4 5

(Width + Length) X 2
(4+5)x2=18

a o0 T o

What do you notice? Is there a slightly quicker way to
find the perimeter, without adding all four side
lengths? Is there an even quicker way for a square?

*  The perimeter of a rectangle = (width + length) X 2
*  The perimeter of a square = side length X 4

Exercise 17E

1 Find the perimeter of each rectangle, when

drawn on centimetre-squared paper.
a

2 Find the perimeter of each rectangle from
Question 2 of Exercise 17D.



3 Copy and complete the table for rectangles.

Width (cm) | Length (cm) | Perimeter (cm)
10 15
4.5 12
8 36
12 42
12 56

4 The rectangle below has length L and width W.

ol

|

Write down its perimeter, P, in terms of L and W.

5 Draw as many rectangles as you can with a
perimeter of 24 cm.

6 What is the perimeter of a square with side
length 8 m?

7 Find the perimeters of the rectangles
measuring:
a 18cmby 5cm
b 10mm by 6 mm
¢ 25mby4.5m
d 70cmby3m

8 The square below has side length L.

3

Write down its perimeter, F, in terms of L.

9 A square rug has a perimeter of 64 cm. Baasim
says the side length of the square is 8 cm,
Devaj thinks it is 16 cm. Who is correct?

10 Daryl was working out the perimeter of a
rectangle measuring 4 m by 20 cm.
This was his working:
The perimeter of & rectangle
= (width + length) x 2
Perimeter = (4 + 20) x 2
24 x 2
= 48
What are the mistakes Daryl made? Write
down what the correct working should be.

1]

17 Area, Perimeter and Volume

These two rectangles have the same perimeter.
‘What are the missing side lengths?

12cm

Area=112cm? 8cm

Parvati said she thought that the formula
perimeter of a rectangle = (width + length) X 2
was wrong and that the formula should be:
perimeter of a rectangle
= width X 2 + length X 2.

Milana said she thought that they both gave the
same answer.

Who is correct? Explain your answer.

A rectangle has a perimeter of 20 cm. What is
the width and length of the rectangle if its

area is

a 2lcm?
b 24cm?
¢ 9cm??

m Are there any other possible areas for a
rectangle with a perimeter of 20cm, with
whole-number side lengths, that are not given
in Question 137 Is 24 cm? the greatest
possible area? Is 9cm? the smallest possible
area? Give reasons for your answer.

15 PN rectangular piece of card measures 430 mm by
310mm. It is being cut up to make rectangular
business cards measuring 8cm by Scm.

a What is the maximum number of business
cards that can be made?

If you make the maximum number of business

cards:

b What area of the card have you used?

¢ What area of card is left over?

@
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17.5 Compound shapes

A compound shape (or composite shape) is made up
of two or more simpler shapes. To work out the area of
a compound shape, work out the areas of the simpler
shapes, then add or subtract them.

Areas of some shapes can be found by dividing them
up into rectangles.

EXAMPLE 3 ) N\

Find the area of the L-shaped room.

10m

|
3m
| E I

~— Hm —

The shape can be divided into two rectangles
A and B.

Area of rectangle A = 8m X 6m

= 48 m?
Area of rectangle B = 4m X 3m
= 12m’
Areaof room = A + B = 48m’* + 12m’
= 60m’

\ J

Example 3 can be done another way.

C 10m

m

m

| |
| il

~— 6m

4m —

Area of large rectangle, C = 10m X 8m = 80m’
Area of small rectangle, D = 4m X 5m = 20m?

Then subtract the area of the smaller rectangle, D,
from the larger rectangle to get the area of the
L-shaped room.

Area of room = C — D = 80m? — 20m?
= 60m?

If you need to find the perimeter of a compound shape,
you need to add up all the edges around the outside.
A common error is to forget to add on unlabelled edges.

The perimeter of the shape from Example 3 is
I0m+3m+4m+5m+ 6m+8m = 36m.

You will notice that the perimeter of the L-shaped
room from Example 3 is the same as the perimeter of
the large rectangle (rectangle C in the diagram). This
does not always happen. Can you see why it is true in
this case?

Exercise 17F
1 Find the areas of the shapes using rectangles:
a b 2m

—8m—

1—3]‘1‘]—&

~—8m——

c d —6m—
Aim 9m e
~2m- hi L4 m- 4
i Jm
+3m9
e f —8m—
—8m—— —5m IZm

I £|)m 15m|  =Sm-{{im
|

|



2 Find the area of each of these shapes:

a — 8cm—— b

fan 10cm

2¢cm Jem
3cm 3cm

4cm)

2cm
c | Sm d
2m —Tm—
5m 2m
2m 2m [5m 10m 2m
2m
2m
3 Calculate the area of this shape:

-— 4m E—

’ 2m

4m
S5Sm| 2m
3m {
Im |
6m

17 Area, Perimeter and Volume

4 Find the perimeters of the shapes in Question 1.
5 Find the perimeters of the shapes in Question 2.

IE] This is the plan of the paved patio outside
Mr Ramchand’s house. Find its area.

1.5rr[1 1 <1.5m~ 1.5m
2.5m . e—
0.5m
6.5m

(O

Visit the Area and Perimeter section at the site
www.woodlands-junior.kent.sch.uk/maths
and try

i Area Explorer
il Perimeter Explorer
iii Compare Area and Perimeter

for further practice.

The cartoon shows how Supercrow got water
from a jug.

a Was there more water in the jug after Supercrow
had dropped in the stones?

b  Why did the water rise to the top of the jug?

¢ If Supercrow kept on adding stones, what would
happen to the water?

The water rose in the jug because the stones took up
space in the bottom of the jug.

Anything that takes
up space has volume
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»  The amount of space that something takes up is
called its volume.

The volume of your body is much larger than the
volume of this book. But it is much smaller than the
volume of your classroom.

You can find the area of a surface by covering it with
squares and counting them.

Area. is the
number of squares
that can fit

r{ into the shape.

In the same way you can find the volume of a space by
filling it with cubes and counting them.

Volume is the
number of clbes
that can fit
into the space.

The cubic centimetre

To make sure everyone uses the same cubes for
measuring volume, special sizes were chosen.
One of these is the cube with each edge | centimetre.

lcm

1

i

I

e
([

z lem

lem

It has a volume of 1 cubic centimetre. This is usually
written as 1em?.
(Sometimes you will see 1cc.)

This cuboid is made up of 10 cubes of edge 1 cm.

It has a volume of 10cm’.

Exercise 17G

1 These shapes are made of centimetre cubes.

Write down the volume of each shape.

These shapes are made of centimetre cubes.
Write down the volume of each shape.

Make a guess at the volume, in cm’, of:
a apencil case

b a calculator

¢ anegg

Compare your answers with those of
your friends.



17.7 Volume of cuboids

The volume of a cuboid, V, can be worked

a Copy and complete the table.

17 Area, Perimeter and Volume

EXAMPLE 4 )

Find the volume of the cuboid shown.

Volume of cuboid

= length X width X height
=4cm X 25cm X 2cm

10cm® X 2cm

Il

Number| Number | Number
of of of
cubes | cubes | cubes
long | wide | high

Total
number
of cubes

L w H |[LXWXH
3 3 4 36
6

A
B
c
b
two columns?

4cm wide and 3 cm high.

What do you notice about the last

[ 5] Jean found a small cardboard box 6¢m long,

How many centimetre cubes could she pack

into the box?

out using:

V = length X width X height

\ = 20cn?’

N\

Exercise 17H

1 Find the volume of these cuboids.

a

3cm

b s

201111
3cm\*-
c [ I
2cm

i |

{ Sonre

2 When a cuboid is measured in centimetres, its

volume is given by:

lem X wem X hem = Vem®

Can you explain why the raised 3 is used

in Vem’?



17 Area, Perimeter and Volume

3 Copy and complete the table for cuboids:

Length (cm) 4 5 6.5 4.5
Width (cm) 2 2 3 2.5
Height (cm) 1 3 4 3
Volume (cm?)

4 Copy and complete the table for cuboids:

Vem® 60 25 30 64
Icm 3 5
wcecm 4 | 2
hcm i 3
5
t
dem
¥

B
l_x.m\‘_______jilcm

A box of macaroni measures 12cm by 20cm
by 4cm.
What is the volume of the box?

@ A cuboid measures 50cm by 1 m by 40cm.
What is its volume?

The cuboid below has a volume of 2160 cm’.
It has a square cross-section. What is the side
length x?

xcm ’
Vs 15em

xcm

8 a Think of two things with volumes too
great to measure in cm’.
b Think of two things with volumes too

small to measure in cm’.

9 a The cubic centimetre is based on a unit of

length. What unit is this?

b Write down a metric unit of length that is
larger than the centimetre.

¢ Write down a metric unit of length that is
smaller than the centimetre.

d Do you think there could be units of volume
based on these? Try to imagine them.

A box of pins has a volume of 24cm’.
a Draw and show the measurements of two
boxes with this volume.
b David made a box that was 1 cm long,
1 cm wide and 24cm high. Why is this not
a good design?

'(©) rechnoLooy )

Find out more about how to find the volume of
common solids by visiting the Geometry Lessons at

www.mathguide.com/lessons
Try the tests (quizmasters) at the end of each lesson!

17.8 Surface area

The area of the total surface of a solid is called its
surface area. For example, the surface area of a box is
the sum of the areas of its six rectangular faces.

EXAMPLE 5 ) \

What is the surface area of a cuboid with
dimensions 8c¢m by 6 cm by 4 cm?

C
AT
4em B
6cm |
\

~— 8cm ——

The cuboid has six faces.
Area side A = length X width
6cm X 4cm
= 24cm?
Arcaside B = 4cm X 8cm = 32cm’
Area side C = 8cm X 6cm = 48cm?®

Surface area of cuboid
=2XA+2XB+2XC
=2 X 24cm? + 2 X 32cm? + 2 X 48cm’
= 48cm’® + 64cm® + 96cm’

. = 208cm’ )




To help work out the surface area of a cuboid, you can

draw a net of the cuboid and calculate the area of the net.

The net of the cuboid from Example 5 looks like this:

~—8cm ——

|
6cm
-!I cm
4 cm- <4 cm— I
A C 6cm
|
1
B dem
|

The working out for the surface area is exactly the same:

Surface area of cuboid
= surface area of net
=2XA+2XB+2X%XC
=2 %X 24cm? + 2 X 32cm? + 2 X 48cm?
= 48cm’ + 64cm? + 96cm?
= 208cm?

Note that the units for surface area are cm?

EXAMPLE 6 ) N

What is the surface area of a cube with side length
Scm? Draw a net to help you.

Scm
|
Scm

—5cm—| -—Scm——]

I

5cm

S5cm

1

There are 6 faces on a cube, all of them squares.

The area of one face is S5cm X 5cm = 25¢cm?
So the total surface area
=6 X 25cm?

= 150cm?
.

17 Area, Perimeter and Volume

Exercise 171

1 a Whatis the surface area of a cube with
side 1cm?

b  What is the surface area of a cube with
side 3cm?

2 The face of a cube has area 24 cm’. What is
the surface area of the cube?

3 a Find the total surface area of cubes with
sides 4 cm and 8 cm.
b What happens to the surface area if the

edge length of a cube is doubled?

4 Find the surface area of these cuboids.
a

3cm

—8cm ——

8cm

Z‘Em\ Som

e
c
L
.8cm
5.;\cm I
~— 6.7cm —
d

a With a ruler, measure, the dimensions of a
DVD case.

b Calculate the total surface area of your
DVD case.

@
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aocooTo

Collect three different cereal boxes.
Measure their dimensions.

Calculate the total surface area of each.
Which box can be made using the least
amount of card?

A cube has surface area 486 cm® What is its
side length?

A room has a rectangular floor 5.5m long and
4.5m wide. The room is 2.5 m in height.

a
b

Ela

What is the area of wall space in the room?
How much paint is required to paint the
walls with two coats if 1 litre of paint can
cover 1125m*?

Find the total surface area of a cuboid
with dimensions 4cm X 3cm X 2cm.

If the length of the cube, 4 cm, is doubled,
what is the new surface area of the cuboid?
If both length 4 cm and width 3cm are
doubled, what is the new surface area’?
How does the surface area change from the
original if all three side lengths are
doubled?



17 Area, Perimeter and Volume

( Consolidation

Example 1
Find the area of these rectangles.

a | T

2cm

«~—dem——os

4.6cm

a Area of rectangle = length X width

=4cm X 2cm
= 8cm’

b  Area of rectangle = length X width
=46cm X 2cm
= 92cm’

Example 2

Find the perimeter of these shapes.

"
6cm

l

b —4em—

~—8em——

2cm

|

lem lem

a Perimeter = (width + length) X 2

(6cm + 8cm) X 2
= 28cm

b Perimeter = distance around shape

=4cm+ 3cm+ lem + 2cm
+2cm+ 2cm + lem + 3em

= 18¢cm

Example 3

Find the area of this shape.

Je——

Tm

|

Sm
+ 4
l 2m 2m
! !
<2m= <2m=

First divide the shape into rectangles.

Tm
i i
B |
5m| A i i C
A
l 2m
il
<2ms <2ma»

Notice that the length of rectangle
B=7m—-2m —-2m = 3m

and width of rectangle B = 5m — 2m = 3m
Area of rectangle A = 5m X 2m = 10m?
Area of rectangle B = 3m X 3m = 9m’

Area of rectangle C = 5m X 2m = 10m’
Area of shape = 10m* + 9m® + 10m* = 29m’

Alternative method:

D[ Tm
Sm
4
2m im
\ o B
<2m> <2m>

Length of small rectangle, E=7m — 2m — 2m = 3m
Area of large rectangle, D = 7m X 5m = 35m?

Area of rectangle E = 3m X 2m = 6m?

Area of shape = 35m? — 6m? = 29 m*
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Example 4

Find the volume of this cuboid.

Volume of cuboid = length X width X height
= 8cm X 6¢cm X 3cm
= l44cm’

Example 5

Find the surface area of:

C
N t
48m B %cm
6cm

Area of A = 4cm X 2cm = 8cm?
Area of B = 6cm X 2cm = 12em?
Area of C = 6cm X 4cm = 24cem’

Total surfacearea =2 X A+ 2 X B+ 2 X C
=2 X 8cn® + 2 X [2cm’

+ 2 X 24cm?

16cm? + 24cm® + 48cm’

= 88cm’

Exercise 17
1 Which metric units of area would you use to
measure the area of
a yourclassroom door b your hand

€ acompuler screen d acat’s paw
e New Zealand f ablade of grass?
2 Calculate the area of these rectangles:
a t b t
2cm 2cm
[ |
~—3cm— <2cm—>

3 A rectangular room is 7m wide. If its area is
35m?, what is the room’s length?

Draw five different shapes with area
a 6cm’ b 8cm’ ¢ 10cm’
d 28mm’

Find the perimeter of these rectangles:

: I

3cm
—4dcm—
b ~—6cm—
3cm
Find the area of these shapes:
a 7m
|
m
] =2 m—
ST
=3m~>
b —8em——
] 3gm
7cem \

<dem-

7 Find the perimeter of the shapes in Question 6.

Calculate the total surface area of this cuboid:

4\Cm\ J |
9cm

‘What is the total surface area of a cube with
side length 10cm?



10 What is the volume of these cuboids?

a
b I 2cm
et

~—bcem—
: |
S5em
/
=0
2cm
d
t
Tem
}
o~ el
7
7cm\ % tm
e I
5.3cm
il
4dcm
—
2.1em
f 4
2.8cm
+
/
45
—6.Jcm— < om

11 A double page of ‘The Chronicle’ newspaper

is 56¢cm wide and 43 cm deep. Find:
a the area of a single page
b the total area of 32 pages.

17 Area, Perimeter and Volume

12 The wall of a shower in a bathroom is 2m
high and 1.5 m wide.

13

14

a
b
c

What is the area of the wall, in m>?

What is the area of the wall, in cm”?

The bathroom tiles are square, with a side
length of 15cm.

What is the area of a tile, in em>?

How many tiles would be needed to tile
the shower wall?

What would be the cost of tiling the wall,
if the price of one tile is $3.15?

A store room has a rectangular base 3.2m by
4.1m, with walls 2.4 m tall. On one wall there
is a door 2.1 m high and 0.9 m wide.

a
b

[+

What is the area of the door?

What is the total surface area of the

four walls?

Paint costs $12.25 per litre.

i How many litres of paint are required
to paint the walls if 1 litre can cover
24m*?

ii What will be the cost of painting two
coats on the walls?

Ashton wishes to tile the area above his
kitchen sink.
The area is shown in the diagram.

60cm A

-— 90cm —

30cm
t

150cm ——

What is the area that he has to tile?

Kitchen tiles are square with length of

side 15 cm.

i  Whatis the area of a kitchen tile?

ii How many tiles are needed to tile the
area above Ashton’s kitchen sink?
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You should know ...

1 Standard units of area are:

lem
One square metre = | m?
<lem~ One square centimetre = lcm?
¥
tmm 1 u__ One square millimetre = 1 mm’

Imm 100 mm* = lem?

2 You can find the area of a shape by counting the number of
square-centimetres or square millimetres in it.
For example:
a b

Area = 35mm?
Area = 6cm?

3 The area of a rectangle, A, is given by A = length X width
For example:

4em

Area of rectangle = length X width
=dcm X 2cm

4 The distance around the edge of a shape is called its perimeter.

Check out

1 Which unit of area
would you use to find
the area of

b
c
d

your fingernail
an envelope

a cricket pitch
a fly’s wing?

2 Find the area of these

shapes.
a
b
3 a Find the area of the

rectangle below.

!

2cm

6cm >

What is the area of a
football pitch 80 m
long and 50m wide?

= Scm’

4 What is the perimeter
of this shape?

-8 .

lcm

-—

——

~—2cm—
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To find the area of a compound shape, you need to divide it into

simple shapes.
For example:
The area of this L-shaped room:

9m

T i B :Zm
6m| A
i 9m —-4m = 5m

1—4m—h

Area of rectangle A = 6cm X 4cm = 24m’
Area of rectangle B = S5cm X 2cm = 10m?
Area of room = 24m”* + 10m’* = 34m’

The volume of a cuboid is given by the formula
volume of cuboid = length X width X height
For example:

Volume of cuboid = 4cm X 5em X 4em
= 80cm’

The area of the total surface of a solid is called its surface area.

5 Find the area of this
shape.

~—5cm—

2cm
'

3 om—-
8cm

6

What is the volume
of this box?

b Find the volume of
a sugar cube that has
sides 1.5cm long.

7 Find the total surface

For example: area of a
The surface area of a cube with side length 2 cm. There are 6 faces, a cuboid with length
all squares: 7m, width 6 m and
t b cube with side
2em length 11cm
| <2cm-~<2cm-
t
2cm
|
<2 Cm—> T
2cm
}

Area of each face = 2cm X 2cm = 4cm?
Total surface area = 6 X 4cm? = 24cm?

\
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Probability

©O Use the language of probability to Find probabilities based on equally
describe and interpret results involving likely outcomes in simple contexts.
likelihood and chance. Identify all the possible mutually

O Use experimental data to estimate exclusive outcomes of a single event.
probabilities. Compare expetimental and theoretical

© Understand and use the probability probabilities in simple contexts.
scale from O to 1.

\.

What's the point? I

What is the likelihood that you will

be caught in traffic on your way to
school? Busy traffic on the road would
make your journey time longer and
could decrease your chances of
arriving on time!

Before you start

You should know ... Check in
1 About simple equivalent fractions and decimals. 1 a Write iias a decimal.

For example: b Write0.25asa

simplified fraction.
05=2md =03 P
2 10
About simple equivalent percentages and decimals. Write 0.4 as a
For example: percentage.

0.5 = 50% and 24% = 0.24 Wre/ S ka5
decimal.




18.1 Language of probability

Consider these questions:

* Should you take a raincoat to school today?
*  Who will win the test match?
» Should I buy that newspaper?

However you answer there is a chance that you will be
right. There is also a risk that you may be wrong.

In mathematics, probability is used to describe the
likelihood of an event occurring.

For example:
There is a high probability that you will put on your
school clothes before you go to school.

There is a low probability that it will rain in the desert
tomorrow.

Mathematically, the probability of an event is given
as a number between 0 and 1. Probability can therefore
be written as a fraction or a decimal.

A probability can also be written as a percentage.
When percentages are used, the probability scale goes
from 0 to 100.

In this chapter, fractions and decimals will be used.

1 —+ Certain
0.9
0.8 + Very likely
0.7 1
0.6 1
0.5 + Even chance
0.4+
0.3 1
0.2 + Unlikely
0.1+

0 L Impossible

An event that is certain is assigned a probability of 1.
The probability of an impossible event is (.

For example:

Event Likelihood Probability
| will live to be 200 Impossible 0
| will die someday Certain 1

18 Probability

Exercise 18A

1 How likely are these events?
a I will play cricket for my country
b I will pass my next maths test
¢ [ will sleep tonight.

2 Write down three events that you think
are impossible

are certain

have an even chance of happening
are very likely to happen

are very unlikely to happen.

o ao0on

3 0 010203040506070809 1
[mpolssiblc

CE:TI[HiI'I
On a copy of the probability line above, insert
the following events:

I will walk home tonight

It will rain today

School will end at 10.00 am today

At least 50 children will be at school

today.

aoTo

4  Assign a probability between 0 and 1 to
each event.
a [ will grow 4cm taller today
b The maths lesson will last two hours
today
¢ [ will be 16 next year
d My next class will be art.

18.2 Experimental probability

Probability can be estimated through experiments.

In such cases you can define the probability of a
successtul outcome, P(S), as

number of successful outcomes
total number of outcomes

P(S) =
For example:

You throw a coin 30 times and obtain 16 heads and
14 tails.
The experimental probability of getting a head, P(H) is

P(H) = number of heads _ 16 _ 8
number of throws 30 15

Many probabilities are, in fact, found through surveys

or statistics.




18 Probability

EXAMPLE 1 ) N
The number of pins in 30 boxes is shown in the table:
Numberof | ;. | 47 | 48 | 49 | 50 | 51
pins
Number of 9 1 10 8 A 5
boxes

What is the probability that a box holds

a 48 pins b more than 49 pins?

number of boxes with 48
total number of boxes

10 1

T30 3
b P(more than 49 pins)

a P(48 pins)

number of boxes with more than 49 pins

total number of boxes
4+ 2 6 1

30 30 5

. J

Exercise 18B

You will need a coin and a dice.

1 Toss a coin 20 times. Record the number of
times heads comes up.
For what fraction of the total number of
throws was the outcome

a heads b tails?

2 Throw a dice 50 times.

S

a Copy and complete the table:

Score 112 |3]4|5]|6
Frequency

b  What fraction of throws are
i 2s ii even numbers
iii odd numbers iv 8s?

3 Petra throws a coin 50 times and gets these
results:

Heads | Tails
23 27

Do you think the coin was fair? Explain.

4 The scores of 100 students on a test were:

Score Number of students

0-9 1
10-19 2
20-29 9
30-39 9
40-49 12
50-59 24
60-69 15
70-79 18
80-89 8
90-99

What is the probability that a student picked at
random scored

a 40-49 b
c 50-59 d

less than 40
80 or more?

El A shoe store sells shoes of the following sizes
during the course of one week:

Shoe size 213|4|5(6|7|8|9(10)11|12

Numbersold ( 4 | 4 | 3 | 6 |10(14|33|24|16(10| 4

a What is the probability that a customer
bought shoes with
i size6
ii size 5 orless
iii size 10 or more?

b Why is such data useful for the shoe
store’s manager?

E The number of patients seen at a doctor’s
surgery one day is shown below by age group.

Age 0-19 | 20-29 | 30-39 | 40-49 [ 50-59 | 60+

Patients 12 23 14 7 10 14

a What fraction of patients are in the 20-29
age group?

b Given a patient, what is the probability
that the person is 50 years old or older?

(L) TecHNOLOGY

Learmn more about probability by visiting the
Probability section at

www.onlinemathlearning.com
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18.3 Theoretical probability >

It is usually impractical to carry out experiments to
find the probability of events. Instead you can
calculate what might be expected to occur. This is
called the theoretical probability; it is given by the

simple formula A six-faced dice is thrown. What is the
number of possible successes probability of throwing:
P{sucsens) = number of possible outcomes a a4 b a5 c a3
. . ) d 4dormore e 2orless f notab
Eor exarflple, when rolling an ordinary dice there are g a7 h less than 72
six possible outcomes: 1, 2, 3, 4, 5 or 6. Each of these
are equally likely outcomes if the dice is fair. They EI 25 red cards numbered 1 to 25 and 25 blue
are also mutually exclusive outcomes, which means cards numbered 1 to 25 are mixed together.
they cannot happen at the same time. Here are some of the cards:
If a success is ‘getting an even number’ then there are 120 N INa (1S

three possible successes: 2, 4, or 6. So the theoretical

probability of getting an even number is shown as: Whatis the probability that a card picked at

random is
3 1 a al0
Pleven) =3 =3 b ared
The theoretical probability of getting heads when : Eg: je‘(‘i
s ay 2 .
you toss a coin is 3, so if you tossed 20 coins you e anumber which is a multiple of 2
would expect half of them to be heads. £ uared 117

Look back at Question 1 of Exercise 18B, where you 4
did this experiment. Did you get 10 heads? How many

of your friends got 10 heads? Because probability is

based on chance, what should happen in theory doesn’t
necessarily happen in reality.

EXAMPLE 2 ) N

A bag contains 3 white beads and 2 black beads.
What is the probability that a bead picked at
random from the bag is black?

_ number of black beads a For the spinner shown above, write down
P(black bead ) = X :
number of beads all the possible mutually exclusive
2 outcomes.
\_ 5 ) b Using the spinner above, what is the
probability of getting
i ablue
Exercise 18C i ared
. iii ayellow
1 A bag .Contams 6 yf.:l.low and 4 green H%arbles. N o white
What is .the probability that a marble picked at v ayellow or green?
random is
a yellow b not yellow? ¢ Isit true that mutually exclusive outcomes

all have the same probability of happening?
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5 The 26 letters of the alphabet are written on
tiles and placed inside a bag.

Q4
5‘5;/\\6 > A
LETN s
AL T NS

One tile is drawn at random. What is the
probability of

picking the letter W

not picking the letter E

picking a vowel

picking any of the letters D, S or B
picking a consonant

picking a letter from the word MATHS?

=0 Q0oTo

6 A computer program is written to produce a
number from 1 to 25 at random.
a What is the probability that the number
produced is
i 7
il greater than 20
ili a multiple of 5
iv a prime number
v not a multiple of 7?

b Draw a probability scale. Mark your
answers to part a on the scale.

7 When rolling a fair dice, each of the six
scores, 1-6, are equally likely.

a What is the theoretical probability of each
score on a dice?

b Roll adice 60 times. Write down the
experimental probabilities for each score.

¢ How many 2s would you expect to get?
Did you get this many 2s? What about the
other scores?

d Compare your experimental probabilities
to the theoretical probabilities. Were they
the same?

e Compare your friend’s experimental
probabilities to the theoretical
probabilities.

8 James decided to carry out an experiment.
He ripped up a piece of paper into 10 pieces.
He wrote the numbers 1 to 10 on the pieces,
turned them all face down on his desk and
mixed them up. Then he picked a piece of
paper at random, wrote down the number

and put the piece of paper back on his desk.

He repeated this 20 times.

a What is the theoretical probability of
James picking a 97

b Carry out this experiment yourself.
What was the experimental probability
of picking a 9?7 Compare the
experimental probabilities for the
other scores.

¢ Was this experiment fair when you did it?
Can you think of any reason it might not
be fair?

@ A bag has 6 green, 4 red, 5 yellow and 15 blue

marbles.

A marble is picked from the bag. What is the

probability that the marble is

a red b blue
¢ notred d not blue
e red or blue f  neither red nor blue?

Tennis players toss a coin to decide who will
serve first in a match. One player loses the
toss five times in a row. What is the
probability that he will lose it next time?
Explain.

Draw a spinner with the following

probabilities:
Colour Red | Yellow | Blue | Green
1 1 5 i
Probability - - o c

Baasim was trying to draw a spinner that his
friend Govinda said had the following
probabilities:

Colour Red | Yellow | Blue

Probability of colour % %

=

It is not possible to draw this spinner.
Why not?

A coin is thrown three times. What is the
probability that
a you throw three heads
b you throw only two heads
¢ you throw only one head
d you throw no heads?
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Example 3 —
I3 X0

A card is drawn at random from the set above. What is
the probability that the card is

(Consolidation

Example 1

Use the probability number scale to show the
probability of
a tossing a coin and getting heads

b randomly picking the letter R from the word MATHS  a ablue card
b 2
¢ rolling adice and scoring less than six. ﬂ
number of blue cards 4 1
. B e B o & a  P(Blue) = number of cards 8 2
Picking R Tossing Rolling less
from MATHS heads than six b P(2) = numberof2s 2 1
| v y "~ number of cards 8 4
0 0.5 |
Impossible Unlikely Even Likely  Certain Exercise 18
chance

1 Draw a probability scale to show the
probability of
a drawing a red marble from a jar
containing 20} red marbles

Example 2

The table below shows the outcomes when a dice is

ralled o) Himes. b randomly choosing the letter T from the

Score 1 2| 3| a5 |6 word BEST _

¢ rolling a dice and getting an even number.
R > [l 6 10 | 2
times scored 8 2 The Meadow Swim Club conducted a survey

of the ages of its members.

Compare the experimental probabilities with the
theoretical probabilities. Do you think this dice is fair? A 0-19 R 40-59
Frequency 96 61 36 7
Number of Experimental | Theoretical Whitish it . e
Score times scored probabilities | probabilities k1% fhe probauiuty (al s WeToeE 5¢ ol
(to 2 d.p.) (to 2 d.p.) at random is in the age group:
a 20-39 b 60-79?
1 12 2=020 |§=017 o
3 Toss acoin 10 times. Compare the
d 22 g—ﬁ = 0.37 -é= 0.17 experimental probability of getting heads with
3 6 6 _ 010 1_ 617 the theoretical probability.
6: i 4 A bag contains 6 red, 3 white, 4 yellow and
g g g~ 013 5= 017 7 orange marbles. What is the probability that
5 10 J-017 |il=017 a mart::e drawn at random is
re
6 2 2-003 [i=017 yellow
not red

It is easler to
make comparisons
with decimals

[F) =

This dice could be biased, as the experimental
probabilities of getting a 2 or a 6 are very different
from the theoretical probabilities.

white or orange
neither red nor white?

a0 oTo
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5 The letters of the word CHANCE are placed 6 Sally picks a bead out of a bag without
in a bag. One letter is chosen at random. What looking. She writes down the colour then
is the probability that the letter is replaces the bead. She does this 100 times and
a H b C c P picks out a blue bead 17 times. Estimate the
d avowel e notC? probability of picking a blue bead.
 Summary \
You should know ... Check out
1 Some events are more likely to happen than others. In mathematics, 1 Write down two events
the likelihood of an event happening is described by a number which are
between () and 1. a impossible
. . - b certain
This number is the probability of the event. e b
As likely Very :
Tenpoestble Dnlikaly L kel Cortain d unlikely to happen.
0 0.2 0.5 09 1
2 How to find the probability of an event by performing 2 The shoe sizes of
an ex periment. 20 customers at a shoe
The occurrence of a particular event is called a successful store were:
Sl Size 4567 ]8]9]10
This means Frequency | 1|2 |3 (3 |54 2
the probability
of 1 SUCEEsS Plsiiccess) = number of successful outcomes What is the probability
z 8 total number of outcomes that a customer chosen
For example: at random
A coin was thrown 100 times and 52 heads a has a size 8 shoe
occurred, so b has a shoe size less
than 67
P(heads) = ol - . "
100 25
is the experimental probability.
3 How to find the probability of simple events without 3 A letter is chosen at
performing experiments. random from the word
CHECKER. What is
i the probability that the
If a coin is tossed. the probability of getting heads is i R
letter is:
Plhicads) = number of successful outcomes a anH
; total number of outcomes b avowel
1 ¢ notaC?
~7
This is the theoretical probability.
\ _)




Write as a percentage:
a 20in 100
¢ 20in 500

b 20in200
d 20in 1000

The following ratios are equivalent.
Copy and complete:

al:3 2:0 0:12

b 5:1, O:2, 25:0

¢ 2:7,4:0, O:35

d 6:5, [0:45, 24:0

Draw a coordinate graph to show these points:
a (2,1),(3,2),(4,3),(5.4)
b (1,5),(2,4),(3,3),(6,0)
c (0,4),(3.,4), 4.4),(6,4)

In each case, what can you say about the points?

Here is a rectangle with a perimeter of 24 cm.

T

4cm

«—8cm—m—>

a Draw two different rectangles each with a
perimeter of 24cm.
b Calculate the area of each rectangle.

Copy these diagrams and reflect each shape in the
mirror line, X.

"R "

dv, NGEE

YN Y| ' X
HANEN [T N
In a survey, 100 shoppers were asked what their
favourite fruit was. The results were:

9
® o o

a For each diagram above, use a ratio to compare
the number of white squares to the number of
shaded squares.

b Simplify your ratio for part aii.

8 Each of these shapes is made of 1cm? cubes.

Write down the volume of each shape.

a b

a Draw the next two diagrams in the sequence.
b Copy and complete the table:

Number of blackcounters | 1 | 2 | 3 | 4 | 5
Number of green counters

¢ Describe the relationship between the number of

black counters and the number of green counters.

d How many green counters are there when there
are 100 black counters?

10 Change these fractions to percentages:

1 3 6 17
a7z b 7o €3 d%
64 12 80 36
€3 f s Es hg

11 The diagram shows a function machine.

Oranges 28 Apples 12
Bananas 26 Pineapples 34

Write out the popularity of each fruit as a percentage.

INPUT —p>

Multiply
by 2

Add
3

> OQUTPUT

Find the output when the input is

as
c 10

b 7
d x



12 [ook at the capital letters:

A B C

18

=<
N C UOAM

Which of these letters have
a no lines of symmetry

b one line of symmetry

¢ two lines of symmetry

d more than two lines of symmetry? 5

13 A bag contains 6 red, 4 green and 8 yellow
marbles. A marble is drawn at random from the
bag. What is the probability that the marble is
a red
b yellow
C green
d not green?

14 Calculate:
a 10% of 200 men
b 5% of 60kg
¢ 75% of 140 car drivers
d 32% of 5000ml
e 35% of 2400cm

15 The ratio of boys to girls in Class 4W is 5:3.

a Find how many girls there are, if there are
15 boys.

b Find how many boys there are, if there are
18 girls.

¢ Find how many boys and girls there are,
if altogether there are
i 32 students

20

21

ii 48 students 292

16 Use your calculator to find the volume of each
cuboid below.
a

23

7.9cm

24

1.5¢m ,1.,30['11

17 Find the surface area of each cuboid in
Question 16.

@

Copy and complete this table:

Fraction % Decimal
a
1
1
5
T4S]
0.4
16
8
0.8
0.04
100
13
20

Draw a function machine that, given an input x,
produces an output

a 2x b3x+1 cdx+5
Copy the diagram below.

ny

|- 1]

Reflect each square in both mirror lines m, and m,.

360 sheep are to be shared between Jo and Jim in a
given ratio. How many sheep will each get if the
ratio is:
a’7:3
d7:5

b 16:20
e 35:37

c 1:8
f 5:137

A rectangle is 3cm long and 2 cm wide.
a What is its area, in cm’?
b What is its length and breadth, in mm?

¢ What is its area, in mm>?

The sides of a rectangle are 10cm and 4.3cm long.
a What are the side lengths, in mm?

b What is the area, in mm>?

¢ What is the area, in em®?

Write as percentages:

a 80g outof 400 g in a recipe is sugar

b 3 out of a group of 15 people wear glasses

€ 33km out of 75 km have been travelled

d 51cm ofa 60cm length of wood remains,
after some has been cut off.



25

26

27

28

29

Copy and complete the table for each equation,
then draw the line.

X 0 [FiN 2 |88

ay=2x-4
cy=x+35

b y=4dx
dy=5-—-x

I pick a ball from a bag, replace it and then pick
another. I keep doing this until [ have chosen

40 balls. If I picked out 12 yellow balls, estimate
the probability of not picking out a yellow ball.

How much do you save if a shop offers
a 10% off a $175 dress?
b 20% off a $34 tie?

Draw mapping diagrams to show these number
machines, using x = 0, 1, 2 and 3 as inputs.

a ) :
| | IMultiply Add |||
Input = by 3 =1 Output
b
Input Output
c
Input (= Square _.Subtlracr___ Output

Copy the diagrams below. In each diagram, draw
the image formed by rotating the object:
a 90° clockwise about O

b 90° anticlockwise about O

30

31

¢ 180° clockwise about O

o
0]

d 90° clockwise about O

Share the following between Ann and Jane in the
given ratio:

a 12 apples, in the ratio 1:5

b 18 oranges, in the ratio 8: 1

¢ 42 bananas, in the ratio4:3

d 45 figs, in the ratio 4: 5

e 16 records, in the ratio 5:3

f 84 CDs, in the ratio 13:15

g 16.8 metres of cloth, in the ratio 3: 1
h 25.6kg of rice, in the ratio 7:9

i 0.63 litres of juice, in the ratio 5:4

j $3328,in the ratio 6:7

Copy and complete the table for cuboids:

Length Width Height Volume
a 5cm 4cm 3cm
b 7cm 6cm 9cm
c 13cm 8cm 2.5¢cm
d 12cm 9cm 3.1cm
e 7cm 5¢cm 280cm?
f 12¢m 4cm 360cm?




32 You can change percentages containing fractions
like this: 175% = 173 in 100
= 35in200
— B _ 1
= 300 ~ 0
Which of these statements are true? Now try these, changing the percentages to
a 7% is shaded b 0.65 is unshaded fractions and cancelling:
l . o
c 'S 1.s shaded d 35% %S shaded i 27%% b 33%% & 63;%
€ 5; is unshaded f 65% is shaded . ) .
36 Write down for each mapping diagram:
33 Write down the term-to-term rule and next two i the function
terms of these sequences: ii the missing numbers.
a 3,16,29,42,55, ... .
b 9,3 39°"15,... a s
SRR B NG .
T
. .
ARG
46

For this spinner, what is the probability of getting 37

a blue b red
¢ yellow d white
e red or green? T & C E

35 Half ofi is é. What s % as a percentage”?

Do you agree thaté must be 12%%?
Complete the following table:

Fraction %

7 A D
125 i

25

Describe the translation from
aAtwC
b BtoC
c EtoD
dDtwA
e CtoD

= oo~ | &=jw |oojon | M | ooj | & | Oof—




38

39

40

41

42

The cross-section of a metal casting is shown below.
Find

a its perimeter b its area.
«2.5cm~> <2.5cm~>
¥
%.Sm I
Ilcm 4 cm
<2cm- l
10.5 cm
Draw axes and add the lines:
ay=1
by=5
cx=2
dx=4

Where the lines intersect they form a rectangle.
Is the rectangle:

landscape I:l or portrait ?

A baker uses 900 grams of flour to make 6 cakes.

a How much flour will she need use if she wants
to make 5 cakes?

b How many cakes can she make with 1650 grams
of flour?

a b c d e

I T T T T T T T T T ]

0 0.5 1
Impossible Unlikely Even Likely Certain

chance

Copy the probability scale. Label each arrow a—e
with one event.

Look at the axes below.

[S%] (7S] e

a Write down the coordinates of each of the eight
marked points.

b Draw a function machine for these points.

¢ Write down the equation for the line passing
through these points.

45

46

47

d What number is output from your machine
if "6 is input?

e What number must be input to your machine
if "6 is output?

Trace the shapes below. For each shape, draw in
the lines of symmetry and write down the order of
rotational symmetry.

[

a Copy and complete the table for cubes.

Edge length (cm) 1l2]3]al|s5]6

Volume (cm®)

b Use your results for part a to write down the
sum of
i the first two volumes
ii the first three volumes
iii the first four volumes
iv the first five volumes.

¢ What do you notice about your answers for
part b?

Find the missing terms in these sequences:

a [, 14, 20,26,[], 38, ...

b =7.0,711,713;715,. 0, ...

c([],2,4,8, 16,1, ...

d The first term is 7 and the term-to-term rule is
add 8. What is the fourth term?

€ The third term is 50 and the term-to-term rule
is subtract 5. What are the sixth term and the
first term?

Look at the diagram. How many more squares
need to be shaded so that the ratio of shaded to
unshaded is 3:47

Write down a definition of each of these terms:
a theoretical probability

b experimental probability

¢ mutually exclusive outcomes.

@



Sets and Venn diagrams

© Understand the mathematical meaning of the
word ‘set’.

© Learn how ideas of sets and their notation assist
in sorting and classification.

© Discover what a Venn diagram is, and how to draw
and use one.

O Use Venn diagrams to find HCFs and LCMs.

~

What's the point?

Sets are used in many areas of
mathematics, so much so that they are
sometimes called the building blocks
of the subject. Basic ideas about sets
are used by many scientists to assist
in sorting. Biologists use such ideas
when they try to classify the 34000
species of spider, which they sort into
some 100 families!

\_

r

The work in this
chapter is not in the
Cambridge Secondary
1 Mathematics
curriculum framework.
Sets and Venn
diagrams are not

in the Checkpoint
tests. They are in the
Cambridge IGCSE®
maths curriculum and
are here for you to try
if you have completed
the work from the
other chapters.

Before you start

You should know ...

1 The even numbers are 2, 4. 6, 8, 10, ...
The odd numbers are 1,3.5,7.9, ...

Check in

il

17, 28, 116, 215, 7, 30

Which of these numbers
are

a odd

b even?

©
>




19 Sets and Venn diagrams

The multiples of a number are the same as its
multiplication table.

exactly into it.
For example: The factors of 6 are 1, 2, 3 and 6.

A composite number has more than two factors.

\.

For example: The multiples of 3 are 3,6,9, 12, .

3 The factors of a number are the numbers that divide

4 A prime number has exactly two factors: itself and one.

2 6,15,60, 103,95
‘Which of these numbers
are multiples of 57

3 List all the factors of 12.

4 11,15,8,20,13
Which of these numbers
are a prime b composite?

J

19.1 Sets and their members

* A setis a collection of things with a common
feature.
For example, a set of 4-legged animals.

» Each thing in a set is called a member of the set.
For example, a camel is a member of the set of
4-legged animals.

Exercise 19A

AAAAMARA]

1 Look at the drawings above. Write down what
you see in each picture.

2 Look around your classroom. Write down five
sets of things you can see.

3 Look at the drawings again.
How many members are in
a the set of ice creams
b the set of footballs
c the set of parrots
d the set of palm trees?

19.2 How to describe a set

To save time writing ‘the set of” you can use curly
brackets.
For example:
the set of ice creams = {ice creams}
or,
the set of whole numbers from 1 to 10
={1,2,3,4,5,6,7,8,9, 10}

Sometimes there are too many members in a set to list
them all. You can still use curly brackets:

The set of even numbers between 4 and 20000
={even numbers between 4 and 20000}

The set of students in Anil’s school
={students in Anil’s school}

To show that things belong to a set, you can draw a
loop around them.

So a set of fruit could be shown as:

The set of whole numbers from 1 to 10 could be
shown as:




19 Sets and Venn diagrams

EXAMPLE 2 ) N

Describe these sets in your own words:
a {Alice, Ann, Alison, Anya}
b {35,42,49, 56, 63}

A set of girls’ names beginning with A.

a
QJ The set of multiples of 7 from 35 to 63. Y,

Exercise 19B

1 Using brackets, list the set of
a months of the year
b whole numbers between 10} and 20
¢ even numbers between 10 and 14
d odd numbers between 25 and 35.

2 Using a loop, show the set of

names of people in your family
days of the week

subjects you study in school

odd numbers between 2 and 10
even numbers between 80 and 100.

a0 o

3 For each set in Questions 1 and 2, write down
the number of members it has.

4 Describe each of these sets in your own words:
a {James, John, Judith, Jennifer, Joseph}
b {sandal, slipper, boot, shoe, clog}
¢ {3,6,9,12,15}
d {121,132, 143, 154, 165}

5 Describe each of these sets in words:

Essequibo
Niger
Thames
Ganges

Using symbols
Look at the set {1, 2, 3, 4, 5}.
2 is a member of this set.

You can write this in a short way:
2 €{1,2,3,4,5}.

* Thesymbol € means is a member of, belongs
to or is an element of.

Look at the set of odd numbers between () and 10:
{1,:3,5,7:9]):

2 is not a member of this set.

You can write this:

2¢{1,3,5,7,9}).

*  The symbol & means is not a member of, does
not belong to or is not an element of.

The empty set

Some sets have no members.

For example:

{people with three heads}

or

{whole numbers between 1 and 2}.

* A set with no members is an empty set.
The symbol for any empty set is .

Exercise 19C

1 Write in words:

a 3¢ {1,2,3}

b blue € {blue, green, yellow, red, orange}

¢ cricket € {cricket, football, tennis,
badminton, volleyball }

d 10 € {10,20, 30,40, 50}

e 121 € {121,132, 143, 154, 165}

f 73 & {10, 20, 30, 40, 50, 60, 70, 80,
90, 100}

g W¢é& (XYZ)

2 Write using brackets and the symbol € or &.

a 36 is a member of {6, 16, 26, 36}.

b A isamemberof {A, B, C}.

¢ 16 is one of the even numbers 10, 12, 14,
16, 18, 20.

d 10 is not a member of
[1.2.3,4 5.6, 78,9}

e Fisnota vowel.



Using brackets, list the members of each set.

a {numbers between 1 and 101 that end in 0}

b {numbers between 5 and 80 that are
divisible by 3}

¢ {numbers between 12 and 17 that are
divisible by 9}

Using brackets, write these setsin a

different way.

a {0,1,2,3,4,5,6,7,8,9,10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20}

b {1,3,5,7,9,11,13,15,17,19,21,23,
25,27,29,31}

¢ {3,6,9,12,15,18,21,24,27, 30, 33,
36, 39,42, 45,48, 51}

Which of these are empty sets?

a {spiders that have twenty-four legs}

b {whole numbers between 21 and 22}

¢ {numbers ending in 1 that are divisible
by 11}

d {numbers between 0 and 500 that are

divisible by 10}

{years with 370 days}

{boys’ names beginning with A}

{days of the week beginning with X}

{rivers that run to the sea}

{months of the year ending with W}

{human beings with wings}

—— g ™ ®

Make up five sets of your own.
List each one, using brackets, then describe it
in your own words.

Describe five empty sets of your own.

19.3 Venn diagrams

A labelled diagram like this is called a Venn diagram.
It is named after the English mathematician John Venn.

Months of the year

Feb April
ebruary October P
May Q}egjﬂning Wity September
>
January
March August
July June
November December

19 Sets and Venn diagrams

The rectangular box contains the whole set.

*  The whole set is usually called the universal set.

The symbol used for the universal set is €.
*  The smaller loop shows a subset of the
universal set.

All members of a subset are also members of the

universal set.

EXAMPLE 2 )

A Venn diagram has been started below.

Andew Adam

Anil

Alex

Anthony

a Name the universal set and the subset.
b List, using curly brackets:

i  the universal set

ii  the subset.

a The universal set could be called ‘Names

beginning with A’.

b i The universal setis
{Andrew, Adam, Anil, Anthony, Alex,
Adela, Anou, Anne, Anita}

ii The subsetis

\ {Adela, Anou, Anne, Anita}

N\

beginning with A’ and the subset ‘Girls’ names

Exercise 19D

1 Copy this Venn diagram:

Wellington Jakarta
London
Cairo Paris Beijing
Berlin
Abuja Madrid
Delln Bangkok

On your drawing label the universal set and
the subset with their names.

2 From Question 1, list, using brackets
a the universal set
b the subset.
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3 Using{l,2,3,4,5,6,7,8,9, 10} as the
universal set, draw a Venn diagram showing
the subset of even numbers.

Label your diagram.

The subset symbol

There is a quick way to show a subset of a set, without
drawing a Venn diagram. You use the symbol C.

*  The symbol C means is a proper subset of.

For example:

4 For the universal set {3.6,9} c{1.2.3.4,5.6,7.8,9, 10}
{whole numbers from 1 to 20} draw separate
Venn diagrams to show each of these subsets:
a multiples of 3

b multiples of 4

¢ multiples of 5

d factors of 20.

Exercise 19E

1 Using symbols, describe each Venn diagram.
The first one can be described as
{Monday} C {Monday, Tuesday, Wednesday,

Which of these four subsets has fewest members? Thursday, Friday, Saturday, Sunday}

5 A grid that shows information is called an a The days of the weck
information matrix. Saturday
Stephen asked eight of his friends about how Sunday . _ Friday
they like to spend time. The information he e%\“m“é ""1'{4
found is shown in the information matrix. A =z
v/ means likes. X means dislikes
. . . . Tuesd Thursd
For example, Michael likes swimming but seneRy e
S : Wednesday
dislikes reading.
Name Swimming | Cricket | Movies | Reading | Drawing b e areRinl
dog Qi animcv horse
HUgh v X X v X lion ‘
camel .
Mohamed v X X o X tiger thino \ €OW
cheetah
Donald X v v v X sheep cat
Michael v v v X v < Numbers between 0 and 11
2
Greg X v X X v h
Oﬁe‘:atef t an 6 3
Morris v v X v v 6
Winston X v v X X
5 4
Lawrence v X v X X
2 Show, with labels, these sets on

Using {eight of Stephen’s friends} as the Venn diagrams.

universal set, draw separate Venn diagrams a {1,3,5,7,9}c{1,2,3,5,6,7,8,9, 10}
showing the subsets of his friends b {2,468 10}C{1,2,3,4,5,6,7,8,9, 10}
who like swimming ¢ {3,6,9}c{3,6,9,12, 15, 18,21,24,27}

a
b  who like cricket

¢ who like reading and movies

d who like reading and drawing
e who like movies and drawing
f whose names begin with K

g who are male.
Label your diagrams.



19.4 Intersection of sets

This set shows people whose photos appeared in
today’s Daily News.

'/ Claudia Cloudy
an air hostess

Denis Defoe
_ a policeman
Anita Addy
a nurse

Two subsets of the universal set are:

{people wearing glasses}
= {Anita, Ratna, Charlie, Bernard}

and
{people wearing a uniform}
= {Claudia, Anita, Denis, Charlie}

Anita and Charlie are in both subsets. This can be
shown on a Venn diagram:

People with photos in today’s Daily News

R glasses yearing a uniz,
0,
&

Anita and Charlie are both wearing glasses and
wearing a uniform.

They make up the intersection of the two subsets.
* The intersection of two sets is made up of those
members that are common to both sets.

W Ratna Roy
|| ateacher

19 Sets and Venn diagrams

Ricky Rocker
a reggae star

~ _ ~~ DianaDivine
F @ O.; a film star

Charlie Camp
a cub scout

Bernard Brain
a mathematician

- intersection

Notice that the names Diana and Ricky are written
inside the universal set box but are not in either subset
(or loop). This is because they don’t wear glasses and
they are not wearing a uniform.

Exercise 19F

1 This is the set of names of Harry's friends.

Names of Harry’s friends

. Ratna Revi
Billy Rose cgma

David
oy Michael

. Roland
Ramsingh
Robert Shirley

Raquel
Rocky Janet

Using brackets, list the subset of these
names that
a aregirls’ names b begin with R.



19 Sets and Venn diagrams

2 a InQuestion 1, which names are girls’
names and begin with R?
b Copy and complete the Venn diagram:

Names of Harry’s friends

‘oagﬂming with p  Girls® 24,

NM}@F

\
Rose is a girl’s name

and it begins with R

3 In Question 2, are the names in the shaded
region of the Venn diagram in part b the same
as the names in your answer to part a?

4 The matrix below gives information about ten
students in Form 1.
v/ means yes, X means no

Name Likes maths | Can swim | Owns a bicycle
Deo v v X
Wendy v X v
Ali v X X
Ramsingh X v v
Loma X X X
Addie v X X
Bob X v v
Shirley v X v
Janice v v X
Rani X v X

List the subset of students who

a like maths b canswim.

¢  Which students like maths and can swim?

d Copy and complete the Venn diagram.
Remember to use all ten names.

Ten students in Form 1

LIKeS Mathg  Can Swiy,

e Lorna’s name appears outside both small
loops in the Venn diagram you drew for
part d. What can you say about Lorna?

@

El a Draw a Venn diagram using the students
in the matrix in Question 4 showing
i the subset of students who can swim
ii the subset of students who own a
bicycle.

b  Which students are in the intersection
of the subsets?

¢ Which students neither own a bicycle
nor can swim?

d Which students own a bicycle but
cannot swim?

[6] Whole numbers from 1 to 20

5 T
Qﬂe“ NUmbe, Mu

thp;e‘?

19

17 13

From the Venn diagram, list the subset of
numbers from 1 to 20 which are

even

multiples of 3

even and multiples of 3

even but not multiples of 3

multiples of 3 but not even

neither even nor multiples of 3.

a Using {whole numbers from 1 to 30} as
the universal set, copy and complete the
Venn diagram:

=0 a0ooTwwD

Whole numbers from 1 to 30

4
2 ;
yh\)\'i'np]CS 0/"5‘ 0dd nab?d

o
%

b Write down the subset of numbers from
1 to 30 which are
i odd
ii multiples of 5
iii odd and multiples of 5
iv odd but not multiples of 5
v multiples of 5 but not odd
Vi neither odd nor multiples of 5.



Using the numbers from 2 to 25 as the
universal set, show on a Venn diagram the
subset of prime numbers and the subset of
composite numbers.

b  Which numbers are prime and composite?
¢ Which numbers are neither prime nor
composite?

19.5 Common factors,
common multiples

Set notation and Venn diagrams can give you another
way of finding common factors and multiples.

EXAMPLE 3 J N

Draw a Venn diagram to show the factors of 6 and 9.

Factors of 6 = {l, 23, 6}
Factors of 9 = {1, 3,9}

Two of the factors, 1 and 3, are in both sets.
1 and 3 are common factors of 6 and 9.

A Venn diagram shows this well:

Whole numbers from 1 to 10

7/
The intersection of the two sets
shows the common factors.

19 Sets and Venn diagrams

‘Write down the factors of 9.
Write down the factors of 12.
¢ Copy and complete the Venn diagram:

=2

Whole numbers from 1 to 12

rbE:’.U;)rs of g Factors 0e
g 2
3 11

d Write down the common factors of

9 and 12.
@ Use Venn diagrams to find the common
factors of
a 10and 15 b 4and6
c Gand§ d 8and 10
e oOand 14 f 12 and 15.

It is now a short step to find the highest common factor
(HCF) of two numbers using a Venn diagram.

EXAMPLE 4 ) N

\. J/

Exercise 19G

1 a Write down the set of factors of 8.
b  Write down the set of factors of 12.
¢ Copy and complete the Venn diagram:

Whole numbers from 1 to 15

0TS O
Q‘bfc" f 8 Factﬂrs

15

14

d Write down from the Venn diagram the set
of common factors of 8 and 12.

Use a Venn diagram to find the HCF of 18
and 24.

Factors of 18 = {1,2,3,6,9, 18}

Factors of 24 = {1,2,3,4,6,8, 12,24}

Factors of 18  Factors of 24

Common factors of 18 and 24 = {1, 2,3, 6}
So the HCF of 18 and 24 is 6.

5 J

Exercise 19H

1 Use the Venn diagrams you drew in Question 3
of Exercise 19G to find the HCF of

a 10andl15 b 4and6
¢ 6and 8 d 8and 10
e OGand 14 f 12and 15.



19 Sets and Venn diagrams

2 Use Venn diagrams to find the HCF of

a 6and15 b 16 and 20
¢ 12and 16 d 24 and 30
[e] 35 and 25 [f]28 and 42
[£] 56 and 48 [h] 36 and 54.

3 List the elements of
a {factors of 24}
b {factors of 36}

Draw a Venn diagram to illustrate these sets
and hence state the HCF of 24 and 36.

Common multiples
The set of the first eight multiples of 3
={3,6,9, 12,15, 18,21, 24}

The set of the first six multiples of 4
= {4,8,12,16,20,24}

12 and 24 belong to both sets.
12 and 24 are common multiples of 3 and 4.
A Venn diagram shows this:

Whole numbers from 1 to 25

‘1 7l 5 74
25 @u\uples of 5 Muttip;es_

23

22 10

. Py
The intersection of the sets shows
the common multiples.

Exercise 191

1 a Write down the set of the first ten
multiples of 2.
b  Write down the set of the first four
multiples of 5.
¢ Copy and complete the Venn diagram:

Whole numbers from 1 to 20

\tiples .
NN Ples of » b&ultll’fesof

J

3 7 9

d Write down the set of common multiples

of 2 and 5.

2 a Write down the first six multiples of 2.
b Write down the first six multiples of 3.
¢ Copy and complete the Venn diagram:

Whole numbers from 1 to 20

\)\(113'163 of 2 Multp, o

1 s 1

d Write down the set of common multiples
of 2 and 3.

El Use Venn diagrams to find the common
multiples of

a 3and5 b 3and6
¢ 2and7 d 4and>5
e 2and8 f Gand4.

A Venn diagram can show the lowest common multiple
(LCM) of a pair of numbers.

EXAMPLE 5 ) N

Use a Venn diagram to find the LCM of 4 and 6.

The set of multiples of 4
={4,8, 12, 16,20, 24,28, 32, 36,40, 44,
48,52,56,60, ...}

The set of multiples of 6
= {6, 12, 18,24, 30,36, 42, 48,54, 60, ...}

whultiples of 4 Multipy,
&

Common multiples of 4 and 6
={12,24,36,48,60, ...}

G.o LCM of4and 61is 12.

Exercise 19)

1 Use the Venn diagrams you drew in Question 3
of Exercise 191 to find the LCM of
a 3and5 b 3and6
¢ 2and7 d 4and5
e 2and8 f 6and4.



2 Use Venn diagrams to find the LCM of

19 Sets and Venn diagrams

5 E Copy and complete:

a 2and3 b dand8 The intersection of {factors of 6} and
¢ 3andd g 2anc & {multiples of 2 less than 10} is ...
g il Jand 10 b Draw a Venn diagram to show the
5and 7 8 and 12.

Exercise 19K - mixed questions

information in part a.

6 [a] List the factors of 6.
[E List the factors of 24.
El Draw a Venn diagram to show that

1 Copy and complete using the correct symbol, {factors of 6} C {factors of 24}.
aE OLE}IIS?C[:C_ ?F.'ac{:‘;.:ience subjects) Use Venn diagrams to illustrate the HCF and
b {April} ... {months of the year} el o e
¢ {knife, fork, spoon} ... {kitchen utensils} 8 band 19
d 15 ... {multiples of 5} PR e
e {3,612} ... {factors of 24} ¢ Samd L3
2 Which of these are empty sets?
a {studentin your class who like mathematics}
b {people over 150 years old }
¢ {students in your class with three legs}
d {prime numbers less than 20}
e {odd numbers with a factor of 2}

[B]ifa € {3,6,9, 12} anda € {1,2.3.4,5}
find the value of a.

@ The Venn diagram shows the sports played by
some students in Form 7B.

Students in Form 7B

Susan
Netball  Basketbaj;

Paul

List, using brackets, the set of students who
i play basketball

ii play netball, but nor basketball

iii play neither netball nor basketball

iv play both netball and basketball.

How many students play either basketball
or netball or both?
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(Consolidation

———

Exercise 19

Example 1
Describe the sets.

1 Describe these sets:

REDRGD

C

Monday
Tuesday  Wednesday
Thursday  Friday
Saturday Sunday

The set can be written as ~ The set can be written as Australasia

{28, 30, 32, 34, 36, 38, 40} {Monday, Tuesday,

That is, the set of even Wednesday, Thursday,

numbers from 28 to 40. Friday, Saturday, Sunday.}
That is, the set of days of

the week.

Asia
Europe

South America

Antarctica Africa

North America

Example 2 2 Write down five different empty sets.

3 Draw Venn diagrams to show
a {1,3,5}c{1,2,3,4,5,6}
b {10,20,30} c {5, 10, 15, 20, 25, 30}
c {Saturday, Sunday} &= {Days of the week}

Draw a Venn diagram to show
{2.4,61C11,2,3,4,5.6,7}

The symbol C means is a subset of.
The Venn diagram to show the two sets is: 4 Draw Venn diagrams to show
a factors of 4 and factors of 6

Numbers between 1 and 7 b factors of 12 and factors of 24

@

1 " qumbers betweep, 5. 7 ¢ factors of 9 and factors of 24
Q«/@ Lo d factors of 36 and factors of 15.
a Write down the intersection of each of the
pairs of sets.
3 5
5 a Using {whole numbers from 1 to 20} as
Example 3 the universal set, draw a Venn diagram to
Draw a Venn diagram to show the factors of 8 and the show {multiples of 3} and {odd numbers}.
tictoieoth. b Write down the subset of numbers from
Write down the intersection of the two sets. 1 to 20 which are
............................................................................................................... i  multiples of 3
Factors of 8 = {1,2, 4, 8} Il odd _
Factors of 6 = {1,2, 3, 6} iii odd and multiples of 3
The Venn diagmm’ o iv  odd but not multiples of 3
v even and multiples of 3
Numbers between 1 and 8 vi neither odd nor multiples of 3.
Faclors of @ Factors of 6 a Draw a Venn diagram to show factors
of 16 and factors of 24.
5 b List the members of the intersection
of the two sets.
7 ¢ What are the common factors of 16
and 247
The intersection of the two sets is {1, 2}. d  What is the highest common factor (HCF)
of 16 and 24?
7 Use the method you used in Question 6 to find

the HCF of

12and 18 b 36and 27 ¢ 36 and 60.
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8 Use a similar method to find the LCM of Label the sets in the diagram

a 3and5 b 2and6 ¢ 7andl15.

9 Which diagram illustrates that
{even numbers} C {whole numbers}? p
a ., g
i\\lmbejjg-\l'h()}@ o\)mbej’j’ @hule,?o 4

evey

3
S
SO

c ole nuy, d en Nump
Ty 14 & Cr,
FNU A Y Label the sets in the diagram.

0
=
2 % Y

~A\d)
| Summary | \

You should know ... Check out
1 A setis acollection of things with a common feature. 1 a Usea loop to show
For example: the set of odd
The set of even numbers between 1 and 11. numbers between 6
and 16.
b Using brackets list
or {2.4,6,8,10} the set of days of
the week beginning
with T.
2 The symbol € means ‘is a member of . 2 a Rewrite the

The symbol & means ‘is not a member of”. BftETEDE

‘cod is a member of
For example: the set of fish’ using
r € {n,0.p.q.r, s} the € symbol.

A set with no members is an empty set, (. b Rewrite the

statement
For example:

The set of girls with three heads = (J ll.lere ate 0o Birds
with two heads’

using the symbol ¢J. S

- @
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~
o 3 This is a Venn diagram:
Names beginning with B

Beth ; &
©0YS Name,
Bette

Belle Brenda

Barbara

/ \

The box contains  The loop contains
the whole, or a subset of the
universal, set, &. universal set.

In symbols,
{Billy, Ben, Bob} C {names beginning with B}
C means ‘is a proper subset of .
4 The intersection of two sets consists of members common to
both sets.

| intersection

two or more numbers.

For example:
The HCF of 12 and 20 is 4.

The lowest common multiple (LCM) is the smallest multiple
common to two or more numbers.

For example:
The LCM of 3 and 5 is 15.

5 The highest common factor (HCF) is the largest factor common to

3 a Usng{l,23,...10}
as the universal set,
draw a Venn
diagram to show
the subset of prime
numbers.

b Rewrite the
statement ‘Mary
and Liz are girls’
names’ using the
symbol C.

4 Copy and complete this
Venn diagram:

Whole numbers between 10 and 20

5 a Copyand complete
the Venn diagram:

Whole numbers from 1 to 21

Q,&Cmrs of 14 ¢actors of o 2

b  Write down the
HCF of 14 and 21.
¢ Draw a Venn
diagram showing
i universal set =
{whole numbers
less than 25}
ii asubset of the
multiples of 4
iii a subset of the
multiples of 6.
d Find the LCM of
4 and 6.




24-hour clocks, 195

acute angles, 52
acute-angled triangles, 60
addition, 9
decimals, 185-6
fractions, 143-5
negative numbers, 21-3
algebra, 38
algebraic expressions, 40
alternate angles, 171-3
angle sum, 168
angles, 50-3
acute, 52
alternate, 171-3
calculating, 165-6
corresponding, 169-71
drawing, 57-8
measuring, 53-6
naming, 51
obtuse, 52
at points, 165
in quadrilaterals, 167-9
reflex, 52
relationships between,
163-73
right, 52
straight, 52, 165
supplementary, 165
in triangles, 167-9
vertically opposite, 165
approximation, 16
area, 274-93
rectangles, 278-9
surface, 286-8
units, 275-7
arithmetic, laws of,
28-30, 188
associative law, 28
averages, 119-23

bar charts, 206-9

bar graphs, 206

bar-line graphs, 208
BIDMAS, 30

block graphs, 206
brackets, expanding, 43-5

calculations, numbers and,

7-36, 81-98

calculators

and decimals, 14-15

and square roots, 89
cancelling, 140
capacity, 107-9
Celsius, 25
centimetres, 101-2
change, rates of, 192-202
charts

bar, 206-9

pie, 210-12

see also diagrams; graphs
clocks, 24-hour, 195
common factors, 313-15
common multiples, 313-15
commutative law, 28
comparisons, 265-6
compasses, 72
complements, 8
compound shapes, 282-3
cones, 69
congruency, 253
constants, 38
constructions, 714

shapes and, 49-80
coordinates, 173-5

negative, 174
corresponding angles, 169-71
cubes, 66
cubic centimetres, 2845
cuboids, 66-7

volume, 285-6
cylinders, 67-8

data
discrete, 115
presentation, 203-19
primary, 115
relevant, 117
secondary, 115
data collection, 115-19
data collection sheets,
117-18
decimal places, two, 12
decimals, 11-13, 225-34
addition, 185-6
and calculators, 14-15
division, 15-16, 189
and fractions, 181-91
and money, 14
multiplication, 15-16,
187-9
on number lines, 11-12
and percentages, 229-30
and place value, 13-14
recurring, 184
rounding, 18
subtraction, 186=7
diagrams
frequency. 212-14
mapping, 238
Venn, 309-10
see also charts; graphs
direct proportion, 268
direction, 253
discrete data, 115
distributive law, 28-9, 43

divisibility tests, 86-7
division, 9-11
decimals, 15-16, 189
long. 93
two digit numbers, 90—4

edges. 66
empty sets, 308
enlargements, 253
equally likely outcomes, 297
equations, 41, 154-61
solving, 157-9
equilateral triangles, 58
equivalent fractions, 136-41
equivalent ratios, 266-8
estimation, 19
expanding, brackets, 43-5
experimental probability, 295-6
expressions, 3748
algebraic, 40
simplifying, 41-3
substitution into, 155

faces, 66
factors, 82-6
common, 313-15
prime, 85
formulae, 154-61
fraction walls, 137-8
fractions, 132-53, 225-34
addition, 143-5
calculating, 1336
comparing, 184-5
and decimals, 181-91
equivalent, 13641
greater than 1, 141-3
improper, 141, 142-3
multiplication, 147-8
operations, order of, 148-9
and percentages, 227-9
problem solving, 149-50
proper, 141
of shapes, 138-9
simplifying, 140-1
subtraction, 145-6
of whole, 133-5
whole from, 135-6
frequency diagrams, for grouped
discrete data, 212-14
frequency tables, 115, 121-3
grouped, 115
function machines, 238
functions, 238-40

linear, 240-3

geometry, 162-80
grams, 105
graphs, 235-47

bar, 206
bar-line, 208
block, 206
of linear functions, 240-3
real-life, 196-8
travel, 198-9
see also charts; diagrams
grouped discrete data,
frequency diagrams for,
212-14
grouped frequency tables, 115

HCF (highest commeon factor),
85-6

hexagons, 66

highest commeon factor (HCF),
85-6

horizontal lines, 73, 242-3

hundredths, on number lines,
12-13

improper fractions, 141, 142-3

indices, 87

information, representing,
114-27

inputs, 238, 240

integers, 20

multiplying fractions by,

147-8

intersection, of sets, 311-13

inverse operations, 28-30, 188

isosceles triangles, 58

kilograms, 104-5
kilometres, 102
kites, 64-5

LCM (lowest common
multiple), 85-6
length, 100-4
units, 100
like terms, 41
line segments, 51
linear functions, graphs of,
240-3
lines, 50-3
horizontal, 73, 242-3
perpendicular, 73
of symmetry, 249
vertical, 73, 242-3
see also number lines
litres, 108
long division, 93
lowest common multiple
(LCM), 85-6

mapping diagrams, 238
mass. 103-7

units, 104

and weight. 104



mean, 119-20
median, 119, 120
metres, 101
metric units, 102-4
millilitres, 108
millimetres, 101-2
mixed numbers, 141, 142-3
modal class, 122-3
modal values, 120
mode, 119, 120, 122-3
money, 25
and decimals, 14
multiples, 82-6
common, 313-15
multiplication, 9-11
decimals, 15-16, 187-9
fractions, 147-8
two digit numbers, 90—4
mutually exclusive outcomes,
297

negative coordinates, 174
negative numbers, 20-1
addition, 21-3
applications, 24-8
subtraction, 23-24
number facts, 8§
number lines
decimals on, 11-12
hundredths on, 12-13
number sequences, 237-8
numbers
and calculations, 7-36. 81-98
mixed, 141, 142-3
prime, 83-5
square, 88
see also negative numbers;
two digit numbers

obtuse angles, 52
obtuse-angled triangles, 60
octagons, 66

operations
inverse, 28=30, 188
order of, 30-1
fractions, 148-9
outcomes

equally likely, 297
mutually exclusive, 297
possible, 297

outputs, 238, 240

parallel rays. 50
parallelograms, 624
patterns, looking for, 236-7
pentagons, 66
percentages, 225-34
of amounts, 231
and decimals, 229-30
and fractions, 227-9
understanding, 226-7

perimeters, 274-93
rectangles, 2801
perpendicular lines, 73

pictograms, 205-6
pie charts, 210-12
place value, and decimals,
13-14
points, 50
angles at, 165
rotations about, 258-9
polygons, 656
regular, 65-6, 74
polyhedra, 70
possible outcomes, 297
possible successes, 297
primary data, 115
prime factors, 85
prime numbers, 83-5
prisms, 68
probability, 294-300
experimental, 295-6
language of, 295
theoretical, 207-8
proper fractions, 141
proportion, 268-71
direct, 268
protractors, 54-6
pyramids, 69-70
square-based, 69

quadrilaterals, 61-5
angles in. 167-9
see also rectangles
questionnaires, 118-19

range, 119-23
rates of change, time and,
192-202
ratios, 264-73
equivalent, 266-8
rays, parallel, 50
real-life graphs, 196-8
rectangles, 61-2
area, 278-9
perimeters, 280-1
recurring decimals, 184
reflections, 251-3
reflex angles, 52
regular polygons, 65-6, 74
relevant data, 117
results, interpretation,
203-19
rhombi, 624
right angles, 52
right-angled triangles, 60
rotational symmetry, 256-7
rotations, 255-9
about points, 258-9
rounding, 16-20
decimals, 18
without number lines, 18

scalene triangles, 58
scales, 205
reading, 109-10
sea level, 24
secondary data, 115
seconds, 194
segments, line, 51
sequences, 235-47
number, 237-8
set squares, 73
sets, 306-18
describing, 307-9
empty, 308
intersection of, 311-13
members, 307
universal, 309
shapes
compound, 282-3
and constructions, 49-80
fractions of, 138-9
labelling, 51
solid, 66-71
three-dimensional, 66
two-dimensional, 66
SI (Systéme international)
d’ unités, 101, 104-5
simplest form, 140
simplifying, expressions, 41-3
solid shapes, 6671
solids, properties, 70-1
speed, 198
spheres, 70
square centimetres, 275-6
square metres, 277
square millimetres, 2767
square numbers, 88
square roots, 87-90
square-based pyramids, 69
squares, 61-2, 87-90
statistics, using, 214-15
straight angles, 52, 165
subsets, 309
symbols, 310
substitution, into expressions,
155
subtraction, 9
decimals, 1867
fractions, 145-6
negative numbers, 23-24
successes, possible, 297
supplementary angles, 165
surface area, 286-8
symbols
subsets, 310
using, 308
symmetry, 249-51
lines of, 249
rotational, 256-7
Systéme international (SI)
d unités, 101, 104-5

tables, frequency, 115, 121-3
temperature, 25
terms, 41
like, 41
tessellations, 253
tetrahedra, 69
theoretical probability, 297-8
thousandths, 13
three-dimensional shapes, 66
time, 194-6
and rates of change, 192-202
time zero, 24
tonnes, 1067
transformations, 248-63
translations, 253-5
transversals, 169
trapeziums, 64-5
travel graphs, 198-9
triangles, 58-61
acute-angled. 60
angles in, 167-9
equilateral, 58
isosceles, 58
obtuse-angled. 60
right-angled, 60
scalene, 58
turns, 52
two digit numbers
division, 90-4
multiplication, 904
two-dimensional shapes, 66

units
area, 275-7
length, 100
mass, 104
metric, 1024
SL 101, 104-5
universal sets, 309

values, modal, 120
variables, 38
Venn diagrams, 309-10
vertical lines, 73, 242-3
vertically opposite angles, 165
vertices, 66
volume, 283-5

cuboids, 285-6

weight, and mass, 104
whole
fractions of, 133-5
from fractions, 135-6
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