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Introduction

Essential Mathematics for the Victorian Curriculum has been published to the new Victorian Curriculum,

which schools in Victoria will implement from December 2016.

The Victorian Curriculum series includes additional content to cover new content descriptions and

elaborations not found in the Australian Curriculum.

In particular, a new chapter on Algorithmic Thinking has been added to each book in the series. Instead of

exercises and worked examples, this chapter contains a range of activities that show how algorithms and

programming can be used as powerful tools for solving mathematical problems across all three curriculum

content strands (Number and Algebra, Measurement and Geometry, Statistics and Probability). The

activities utilise a range of readily-available technology, can be completed at any time during the year, and

assume no prior knowledge of algorithmics.

Other features of the Essential Mathematics for the Victorian Curriculum series:

• New topics, worked examples and questions provide full coverage of the Victorian Curriculum.

• Victorian Curriculum content carried across from the Australian Curriculum has been further re/ned

and improved.

• Revision and extension topics are marked as ’Consolidating’ or ’Extending’ to help customise the

course to each classroom’s needs.

• The working programs are subtly embedded in each exercise to differentiate three student pathways:

Foundation, Standard and Advanced.

• A ‘progress quiz’ appears approximately two-thirds of the way into each chapter, allowing students to

check and consolidate their learning – in time to address misunderstandings or weaknesses prior to

completing the chapter.

• Pre-tests have been revised and are located in the Interactive Textbook.

Features of the all-new Interactive Textbook:

• Seamlessly blended with Cambridge HOTmaths, allowing enhanced learning opportunities in blended

classrooms, revision of previous years’ work, and access to Scorcher and the HOTmaths games library

• Every worked example in the book is linked to a high-quality video demonstration, supporting both

in-class learning and the ‘8ipped classroom’

• Hundreds of interactive widgets and walkthroughs

• Built-in scienti/c calculator

• Searchable dictionary of mathematical terms and pop-up de/nitions in the text

• Automatically-marked quizzes and assessment tests, with saved scores

• Hundreds of printable worksheets (HOTsheets) suitable for homework or class group work.

Features of the Online Teaching Suite, also powered by Cambridge HOTmaths:

• Test generator, with ready-made tests

• Printable worked solutions for all questions

• Powerful learning management system with task-setting, progress-tracking and reporting functions.

The chart on the next pages shows how the components of this resource are integrated.

x
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Guide to the working programs

ach exercise is structured in subsections that match the four Australian Curriculum profi ciency 

strands (Understanding, Fluency, Problem-solving and Reasoning) as well as Enrichment (Challenge). 

The questions suggested for each pathway are listed in three columns at the top of each subsection:

• The left column (lightest shaded colour) is 

the Foundation pathway

• The middle column (medium shaded 

colour) is the Standard pathway

• The right column (darkest shaded colour) 

is the Advanced pathway.

Gradients within exercises and 
profi ciency strands
The working programs make use of the 

gradients that have been seamlessly integrated 

into the exercises. A gradient runs through 

the overall structure of each exercise – where 

there is an increasing level of mathematical 

sophistication required from Understanding through to Reasoning and Enrichment – but also within each 

profi ciency strand; the fi rst few questions in Fluency, for example, are easier than the last few, and the last 

Problem-solving question is more challenging than the fi rst Problem-solving question. 

The right mix of questions
Questions in the working programs are selected to give the most appropriate mix of types of questions for 

each learning pathway. Students going through the Foundation pathway will likely need more practi e at 

Understanding and Fluency, but should also attempt the easier Problem-solving and Reasoning questions. 

An Advanced student will likely be able to skip the Understanding questions, proceed through the 

Fluency questions (often half of each question), focus on the Problem-solving and Reasoning questions, 

and attempt the Enrichment question. A Standard student would do a mix of everything.

Choosing a pathway
There are a variety of ways of determining the appropriate pathway for students through the course. 

Schools and individual teachers should follow the method that works for them. 

If required, the chapter pre-tests (now found online) can also be used as a diagnostic tool. The following 

are recommended guidelines:

• A student who gets 40% or lower in the pre-test should complete the Foundation questions

• A student who gets between 40% and 85% in the pre-test should complete the Standard questions

• A student who gets 85% or higher in the pre-test should complete the Advanced questions.

For schools that have classes grouped according to ability, teachers may wish to set one of the 

Foundation, Standard or Advanced pathways as their default setting for their entire class and then make 

individual alterations depending on student need. For schools that have mixed-ability classes, teachers 

may wish to set a number of pathways within the one class, depending on previous performance and other 

factors.
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* The nomenclature used to list questions is as follows:

 • 3, 4: complete all parts of questions 3 and 4

 • 1-4: complete all parts of questions 1, 2, 3 and 4

 • 10(½): complete half of the parts from question 

 10 (a, c, e, ... or b, d, f, ...)

 

• 2-4(½): complete half of the parts of questions 2, 3 and 4

• 4(½), 5: complete half of the parts of question 4 and all 

parts of question 5

• — : d  not complete any of the questions in this section.

c

o

Essential Mathematics for the Victorian Curriculum contains working programs that are subtly embedded

in every exercise. The suggested working programs provide three pathways through each book to allow

differentiation for Foundation, Standard and Advanced students.
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36 36 Chapter 1 Whole numbers

1H Estimating and rounding CONSOLIDATING

Many theoretical and practical problems do not need precise or exact answers. In such situations

reasonable estimations can provide enough information to solve the problem.

The total revenue from the Australian Open tennis tournament depends on crowd numbers. Estimates

would be used before the tournament begins to predict these numbers. An estimate for the total revenue

might be $8 million.

Let’s start: The tennis crowd

Here is a photo of a crowd at a tennis match.

Describe how you might estimate the number of

people in the photo. What is your answer? How

does your answer differ from those of others in

your class?

How can you estimate the number of spectators?

Key
ideas

Estimates or approximations to the answers of problems can be found by rounding numbers to

the nearest 10, 100, 1000 etc.

If the next digit is 0, 1, 2, 3 or 4, then round down.

If the next digit is 5, 6, 7, 8 or 9, then round up.

Leading digit approximation rounds the .rst digit to the nearest 10 or 100 or 1000 etc.

e.g. For 932 use 900 For 968 use 1000

The symbol ≈ means ‘approximately equal to’. The symbol � can also be used.

Example 12 Rounding

Round these numbers as indicated.

86 (to the nearest 10)a 4142 (to the nearest 100)b

SOLUTION EXPLANATION

a 86 ≈ 90 The digit after the 8 is greater than or equal to 5,

so round up.

b 4142 ≈ 4100 The digit after the 1 is less than or equal to 4,

so round down.

i

i

i

i

i

i

i

i

Number and Algebra 37 37

Example 13 Using leading digit approximation

Estimate the answers to these problems by rounding each number to the leading digit.

42 × 7a 95 × 326b

SOLUTION EXPLANATION

a 42 × 7 ≈ 40× 7

= 280

The leading digit in 42 is the 4 in the ‘tens’

column.

b 95 × 326 ≈ 100× 300

= 30 000

The nearest ‘ten’ to 95 is 100, and the leading

digit in 326 is in the ‘hundreds’ column.

Example 14 Estimating with operations

Estimate the answers to these problems by rounding both numbers as indicated.

115 × 92 (to the nearest 100)a 2266 ÷ 9 (to the nearest 10)b

SOLUTION EXPLANATION

a 115 × 92 ≈ 100× 100

= 10 000

115 rounds to 100 and 92 rounds to 100.

b 2266 ÷ 9 ≈ 2270÷ 10

= 227

2266 rounds to 2270 and 9 rounds to 10.

Exercise 1H

1 State whether these numbers have been rounded up or down.

59 ≈ 60a 14 ≈ 10b 137 ≈ 140c

255 ≈ 260d 924 ≈ 900e 1413 ≈ 1000f

2 For the given estimates, decide if the approximate answer is going to give a larger or smaller

result compared to the true answer.

58 + 97 ≈ 60 + 100a 24 × 31 ≈ 20× 30b

130 – 79 ≈ 130 – 80c 267 – 110 ≈ 270 – 110d

U
N
D
E
R
S
TA
N
D
IN
G

—1, 2 2
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xiv Working with unfamiliar problems: Part 1

Working with unfamiliar problems: Part 1

The questions on the next four pages are designed to provide practice in solving unfamiliar

problems. Use the ‘Working with unfamiliar problems’ poster at the back of this book to help

you if you get stuck.

In Part 1, apply the suggested strategy to solve these problems, which are in no particular order.

Clearly communicate your solution and �nal answer.

1 How many diagonals exist for a 7-sided regular polygon?

How many diagonals can be drawn from one vertex of a

30-sided regular polygon?

2 Find the value of 11111111 squared.

3 Find the sum of the �rst 25 odd numbers.

For questions 1−3,

try starting with smaller

numbers and look

for a pattern.

4 Five students have entered a race. How many

different arrangements are there for �rst, second

and third place, given that nobody ties?

5 Arrange all the digits 1, 2, 3, 4 and 5 into the

form × so that the 3-digit number

multiplied by the 2-digit number gives the largest

possible answer.

For questions 4 and 5, try
making a list or table.

6 A tree surgeon charges $15 to cut a log into 4 pieces. How much

would he charge, at the same rate, to cut a log into 99 pieces?

7 How many 2-digit numbers can be written using only the digits

0, 1, 2, 3 or 4 with no repetition?

8 An 8-sided star is formed by drawing an equilateral triangle on

each side of a square. Find the obtuse angle formed by adjacent

sides of the star.

For questions 6−8,

draw a labelled diagram

to help you visualise

the problem.

9 Approximately how many planes are needed to carry

76 819 people if each plane holds 289 people? Give

your answer to the nearest 10 planes.

For question 9,

try estimating by

roundng the values in

the question.
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Working with unfamiliar problems: Part 1 xv

10 Approximately how many times does the word ‘the’

appear in this book?

11 Approximately how far would you have walked, in

km, after walking 10 000 steps?

For questions 10 and 11,

try working with a

smaller sample �rst.

12 Insert operation signs between the digits 1 2 3 4 5 6 7 8 9

to make an answer of 100. The digits must be kept in

ascending order.

Use any of the four operations and keep the digits

separate.

a

Use only addition and substraction. Also digits may

be combined to form a 2- or 3-digit number.

b

13 A glass ,sh tank is a rectangular prism of width 40 cm

and length 1 m. A scale is to be marked on the side of the

tank showing 10-litre increases in volume. How far apart

should the scale markings be? If the tank is to hold 280

litres of water and 5 cm height is allowed above the water

level, what is the height of the ,sh tank?

For questions 12 and 13,

try using a formula or rule

to  �nd a shortcut to

the answer. 

14 Divide $410 between Bob, Zara and Ahmed so

that Bob gets $40 more than Zara and Zara has

$20 more than Ahmed.

For question 14, try

using algebra as a tool:

de�ne the pronumerals,

form an equation and

then solve it.

15 A sailor has a cat, a mouse and a chunk of cheese

that he needs to get across the lake in his boat. The

boat is very small and it can only hold the sailor and

one passenger, or the cheese, at a time. The other

problem the sailor faces is that if he leaves the mouse

and the cat alone, the cat will eat the mouse and if he

leaves the cheese with the mouse alone, the cheese

will get eaten. How many trips are needed for the

sailor, the cat, the mouse and the cheese to arrive

safely on the other side of the lake?

For question 15, try

using concrete, everyday

materials to represent

the problem.

16 Ethan takes 6 days to paint a house, Jack takes 8 days

to paint a house and Noah takes 12 days to paint a

house. Exactly how many days would it take to paint a

house if all three of them worked together?

For question 16, try
applying one or more

mathematical procedures,
such as a rule  for
adding fractions.
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xvi Working with unfamiliar problems: Part 2

Working with unfamiliar problems: Part 2

For the questions in Part 2, again use the ‘Working with unfamiliar problems’ poster at the back

of this book, but this time choose your own strategy (or strategies) to solve each problem. Clearly

communicate your solution and �nal answer

1 Maddie remembered her friend’s house number has two digits and that they added to 8. In

ascending order, list the possible house numbers that �t this description.

2 Find the smaller angle between the big hand and little hand of a clock at 2 pm and also at

7:10 am.

3 Find each 2-digit number, from 12 to 40, that has the sum of its factors greater than double

the number.

4 Using grid paper, draw all the possible different arrangements of 5 equally sized connecting

squares. Rotations and re;ections don’t count as separate arrangements. Which of your

arrangements would fold up to make an open box? Mark the base square for these

arrangements.

5 How many prime numbers are less than 100?

6 At the end of a soccer match, each member of the two teams of 11 players wishes to shake

hands with everyone else who played. How many handshakes are needed?

7 What is the smallest number that has each of the numbers 1 to 9 as a factor?
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Working with unfamiliar problems: Part 2

8 A game involves rolling two 8-sided dice. The numbers shown on both dice are 1 to 8 inclusive.

How many different totals are possible in this game?

9 What is the 2018th digit in the number
4

7
?

10 Approximately how many 20 cent coins are needed so when placed next to each other they cover

a 1-metre square? Give your answer to the nearest 100. What is their value in $?

11 A triangle has one angle double the smallest angle and the other angle 25° less than double the

smallest angle. Find the size of the smallest angle in this triangle.

12 What is the last digit in the number 3203?

13 Find the interior angle sum of a 42-sided regular polygon.

14 How many palindromic numbers are there that are more than 100 and less than 1000. (A

palindrome is the same when written forwards and backwards.)

15 In a message that is written in secret code, what letter of the alphabet would likely be represented

by the most common symbol in the message?

16 How many squares of any size are on a chess board?
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N U M B E R  A N D  A L G E B R A

Number and place value

Apply the associative, commutative and 

distributive laws to aid mental and written 

computation and make estimates for these 

computations (VCMNA240)

Victorian curriculum

 1A Number systems

 1B Place value (Consolidating)

 1C  Addition and subtraction mental 

strategies

 1D Addition and subtraction algorithms

What you will learn

 1E Multiplication

 1F Multiplying larger numbers

 1G Division

 1H  Estimating and rounding (Consolidating)

 1I Order of operations

Chapter1
Whole 
numbers
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• Chapter pre-test

• Video demonstrations of 

all worked examples

• Interactive widgets

• Interactive walkthroughs

• Downloadable HOTsheets

• Access to all HOTmaths 

Australian Curriculum 

courses

• Access to the HOTmaths 

games library

Online 
resources

The Mayan people lived in northern Central 

America from around 2000 BCE until the 

17th century. Their civilisation became highly 

advanced in language, religion, writing, maths, 

science and art. Everyday people used maths 

in the markets and scholars made complex 

calendar and astronomy calculations. 

Mayans counted in 20s rather than 10s. 

Their simplest numeral system used a pebble 

for one unit, a stick for five units and a shell 

for zero. For example:

zero 3 5 13

Numbers were written vertically from the 

bottom upwards. Lowest were numbers up to 19; 

above that row were multiples of 20; then above 

that multiples of 202 etc. For example:

20

(1 ×     20 + 0 ) (1 ×     20 + 9 )

29 103 

(5 ×     20 + 3 )

20s

units

An addition example: 11 + 7 = 18

A subtraction example: 10  2 = 8

Due to their isolation, the Mayan’s 

arithmetic systems were not shared with the 

rest of the world.

Mayan number system 
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4 Chapter 1 Whole numbers

1A Number systems

Throughout the ages and in different countries, number systems

were developed and used to help people count and communicate

with numbers. From the ancient Egyptians to the modern day,

different systems have used pictures and symbols to represent

whole numbers. Some of the well-known number systems are

the Egyptian, Babylonian, Roman, modern Chinese and the

Hindu-Arabic or decimal system.

Let’s start: Count like a Roman

Here are the letters used in the Roman number system for some

numbers that you know.

Number 1 2 3 4 5 6 7 8 9 10 50 100

Roman numerals I II III IV V VI VII VIII IX X L C

Evidence of ancient number systems

can be seen via stone carvings and clay

tablets found in archeological digs.

• What numbers do you think XVII and XIX represent?

• Can you write the numbers 261 and 139 using Roman numerals?

Key
ideas

Egyptian number system

• Records show that this number system was used from about 3000 BCE.

• Hieroglyphics were used to represent numbers.

• From about 1600 BCE hieroglyphics were used to represent groups of 10, 100, 1000 etc.

• Symbols of the same type were grouped in twos or threes and arranged vertically.

Number 1 10 100 1000 10 000 100 000 1 000 000

Hieroglyphic

Description Stick or Arch or Coil of Lotus Bent finger Tadpole or Genie

staff heel bone rope flower or reed frog

• Examples:

3 5 21 342

Note that the hieroglyphics with the larger value are written in front (i.e. on the left).

There was no symbol for the number zero.
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Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 5

Key
ideas

Babylonian number system

• From about 1750 BCE the

ancient Babylonians used a very

sophisticated number system and its

origins have been traced to about

3000 BCE.

• Symbols called cuneiform (wedge

shapes) were used to represent

numbers.

• The symbols were written into clay

tablets, which were then allowed to

dry in the Sun.

• The number system is based on the

number 60, but a different wedge

shape was used to represent groups

of 10.

The Hanging Gardens of Babylon, built for his wife by

King Nebuchadnezzar II around 600 BCE, were one of the

seven wonders of the ancient world.

• The system is positional in that

the position of each wedge

shape helps determine its value.

So means 2 but

means 62.

Number 1 10 60

Symbol

Description Upright Sideways Upright

wedge shape wedge wedge shape

• To represent zero, they used a blank space or sometimes a small slanted wedge shape for

zeros inside a number.

• Examples:

5 11 72 121

Roman number system

• Some capital letters are used and are called Roman numerals.

• The Roman number system was developed in about the third century BCE and remained the

dominant system in many parts of the world until about the Middle Ages. It is still used today

in many situations.

• A smaller letter value to the left of a larger letter value indicates subtraction.

For example, IV means 5 - 1 = 4 and XC means 100 - 10 = 90. Only one letter can be placed

to the left for subtraction. Is, Xs and Cs are the numerals that can be used to reduce the next

two larger numerals. So X, for example, can be used to reduce L and C but not D.

Number 1 5 10 50 100 500 1000

Symbol I V X L C D M

• Examples:

2 4 21 59 90

II IV XXI LIX XC
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6 Chapter 1 Whole numbers

Example 1 Using ancient number systems

Write each of the numbers 3, 15 and 144 using the given number systems.

Egyptiana Babylonianb Romanc

SOLUTION EXPLANATION

a 3

15

144

means 1

means 10

means 100

b 3

15

144

means 1

means 10

means 60

c 3 III I means 1

15 XV V means 5

X means 10

144 CXLIV C means 100

XL means 40

IV means 4

Exercise 1A

1 Which number system uses these symbols?

a cuneiform (wedge shapes), e.g.

b capital letters, e.g. V and L

c hieroglyphics (pictures), e.g. and

2 Draw the symbols used in these number systems for the given numbers.

a Egyptian

1i 10ii 100iii 1000iv

b Babylonian

1i 10ii 60iii

c Roman

1i 5ii 10iii 50iv 100v

3 In the Roman system, IV does not mean 1 + 5 to give 6. What do you think it means?

U
N
D
E
R
S
TA
N
D
IN
G

—1–3 3
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Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 7

1A

4Example 1 Write these numbers using the given number systems.

a Egyptian

3i 21ii 114iii 352iv

b Babylonian

4i 32ii 61iii 132iv

c Roman

2i 9ii 24iii 156iv

5 What number do these groups of symbols represent?

a Egyptian

i ii iii iv

b Babylonian

i ii iii iv

c Roman

IVi VIIIii XVIiii XLiv

6 Work out the answer to each of these problems. Write your answer using the same number

system that is given in the question.

XIV + XXIIa −b

−c DCLXIX + IXd

F
L
U
E
N
C
Y

4–64, 5 4–6

7 In ancient Babylon, a person adds goats to another group of .

How many goats are there in total? Write your answer using the Babylonian number system.

8 An ancient Roman counts the number of people in three queues. The <rst

queue has XI, the second has LXII and the third has CXV. How many

people are there in total? Write your answer using the Roman number

system.

9 One Egyptian house is made from stones and a second house is

made from stones.

How many more stones does the <rst house have? Write your answer

using the Egyptian number system.

10 Which number system (Egyptian, Babylonian or Roman) uses the least number of symbols to

represent these numbers?

55a 60b 3104c

P
R
O
B
L
E
M
-S
O
LV
IN
G

8–107, 8 7–9
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8 Chapter 1 Whole numbers

1A

11 In the Roman system Is, Xs and Cs are used to reduce either of the next two larger numerals.

So 9 is IX, not VIIII; and 49 is XLIX, not IL.

Also, only one numeral can be used to reduce another number. So 8 is VIII, not IIX.

Write these numbers using Roman numerals.

4a 9b 14c 19d

29e 41f 49g 89h

99i 449j 922k 3401l

12 The Egyptian system generally uses more symbols than the other systems described here.

Can you explain why? How many symbols are used for the number 999?

13 In the Babylonian system stands for 1, but because they did not use a symbol for zero at the

end of a number, it also represents 60. People would know what it meant, depending on the

situation it was used. Here is how it worked for large numbers. The dots represent empty spaces.

1 60 3600

…… …………

a Write these numbers using the Babylonian system.

i 12 ii 72 iii 120 iv 191 v 3661 vi 7224

b Can you explain why ………… represents 3600?

c What would ……………… represent?

R
E
A
S
O
N
IN
G

11(½), 12, 1311(½) 11(½), 12

Other number systems

14 Other well-known number systems include:

Mayani

modern Chineseii

ancient Greek.iii

Look up these number systems on the internet or

in other books. Write a brief sentence covering

the points below.

a When and where the number systems were

used.

b What symbols were used?

c Examples of numbers using these symbols.
An ancient Mayan carving.

E
N
R
IC
H
M
E
N
T

14— —
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Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 9

1B Place value CONSOLIDATING

The commonly used number system

today, called the decimal system or

base 10, is also called the Hindu-Arabic

number system. Like the Babylonian

system, the value of the digit depends

on its place in the number, but only

one digit is used in each position. A

digit for zero is also used. The decimal

system originated in ancient India

about 3000 BCE and spread throughout

Europe through Arabic texts over the

next 4000 years. The famous ‘Histoire de la Mathematique’, a French document

showing the history of the Hindu-Arabic number system over

thousands of years.

Let’s start: Largest and smallest

Without using decimal points, repeated digits or a zero (0) at the start of a number, see if you can use all the

digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 to write down:

• the largest possible number

• the smallest possible number.

Can you explain why your numbers are, in fact, the largest or smallest possible?

Key
ideas

The Hindu-Arabic or decimal system uses base 10. This means powers of 10 (1, 10 or 101, 100

or 102, 1000 or 103, ....) are used to determine the place value of a digit in a number.

The symbols 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9 are called digits.

The value of each digit depends on its place in the number. The place value of the digit 2 in the

number 126, for example, is 20.

3 × 1000 + 2 × 100 + 5 × 10 + 4 × 1 (or 3 × 103 + 2 × 102 + 5 × 101 + 4 × 1) is said to be the

expanded form of the basic numeral 3254.

thousands   hundreds    tens    ones

3 2 5 4 = 3 × 1000 + 2 × 100 + 5 × 10 + 4 × 1

expanded form

Symbols used to compare numbers include the following.

= (is equal to) 1 + 3 = 4 or 10 – 7 = 3

¢ (is not equal to) 1 + 3 ¢ 5 or 11 + 38 ¢ 50

> (is greater than) 5 > 4 or 100 > 37
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10 Chapter 1 Whole numbers

Key
ideas

Å (is greater than or equal to) 5 Å 4 or 4 Å 4

< (is less than) 4 < 5 or 13 < 26

Ä (is less than or equal to) 4 Ä 5 or 4 Ä 4

¥ or� (is approximately equal to) 4.02 ¥ 4 or 8997 � 9000

Example 2 Finding place value

Write down the place value of the digit 4 in these numbers.

437a 543 910b

SOLUTION EXPLANATION

a 4 × 100 = 400 4 is worth 4 × 100

3 is worth 3 × 10

7 is worth 7 × 1

b 4 × 10 000 = 40 000 5 is worth 5 × 100 000

4 is worth 4 × 10 000

3 is worth 3 × 1000

9 is worth 9 × 100

1 is worth 1 × 10

Example 3 Writing in expanded form

Write 517 in expanded form.

SOLUTION EXPLANATION

517 = 5 × 100 + 1 × 10 + 7 × 1 Write each digit separately and multiply by

the appropriate power of 10.

Place value is very important, such as in a bank cheque.
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Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 11

Exercise 1B

1 Choose one of the words ‘ones’, ‘tens’, ‘hundreds’ or ‘thousands’ to describe each number.

100a 1000b 10c 1d

2 Write down these numbers using digits.

two hundred and sixty-threea seven thousand four hundred and twenty-oneb

thirty-six thousand and <fteenc one hundred thousand and oned

3 Which symbol (next to the capital letters) matches the given words?

=A ¢B >C ÅD

<E ÄF ¥G

is not equal toa is less thanb is greater than or equal toc

is equal tod is greater thane is less than or equal tof

is approximately equal tog

U
N
D
E
R
S
TA
N
D
IN
G

—1–3 3

4Example 2 Write down the place value of the digit 7 in these numbers.

37a 71b 379c 704d

1712e 7001f 45 720g 170 966h

5 Write down the place value of the digit 2 in these numbers.

126a 2143b 91 214c 1 268 804d

6 State whether each of these statements is true or false.

5 > 4a 6 = 10b 9 ¢ 99c 1 < 12d

22 Ä 11e 126 Ä 126f 19 Å 20g 138 > 137h

7Example 3 Write these numbers in expanded form.

17a 281b 935c 20d

4491e 2003f 10 001g 55 555h

8 Write these numbers, given in expanded form, as a basic numeral.

3 × 100 + 4 × 10 + 7 × 1a 9 × 1000 + 4 × 100 + 1 × 10 + 6 × 1b

7 × 1000 + 2 × 10c 6 × 100 000 + 3 × 1d

4 × 1 000 000 + 3 × 10 000 + 7 × 100e 9 × 10 000 000 + 3 × 1000 + 2 × 10f

F
L
U
E
N
C
Y

5–8(½)4–7(½) 4–8(½)

9 Arrange these numbers from smallest to largest.

55, 45, 54, 44a 729, 29, 92, 927, 279b

23, 951, 136, 4c 435, 453, 534, 345, 543, 354d

12 345, 54 321, 34 512, 31 254e 1010, 1001, 10 001, 1100, 10 100f

P
R
O
B
L
E
M
-S
O
LV
IN
G

10, 119 9(½), 10
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12 Chapter 1 Whole numbers

1B

10 How many numbers can be made using the given digits? Digits are not allowed to be used more

than once and all digits must be used.

2, 8 and 9a 1, 6 and 7b 2, 5, 6 and 7c

11 How many different three-digit numbers, not including the zero digit, can be made if the same

digit is allowed to be used more than once?

P
R
O
B
L
E
M
-S
O
LV
IN
G

12 The letters used here represent the digits of a number. Write each one in expanded form.

For example 7a2 means 700 + 10a + 2

aba abcdb a0000ac

13 By considering some of the other number systems (Egyptian, Babylonian or Roman) explained

in the previous section, describe the main advantages of the Hindu-Arabic system.

R
E
A
S
O
N
IN
G

12, 1312 12

Large numbers and expanded form

14 It is convenient to write very large numbers in expanded form with index notation.

Here is an example.

50 000 000 = 5 × 10 000 000 = 5 × 107

a Explain why it is convenient to write large numbers in this type of expanded form.

b 3200 can also be written in the form 32 × 102. All the non-zero digits are written down and

then multiplied by a power of 10. Similarly, write each of these numbers in the same way.

4100i 370 000ii 21 770 000iii

c Write each of these numbers as basic numerals.

381 × 102i 7204 × 103ii 1028 × 106iii

d Write these numbers in expanded form, just as you did in the examples above. Research

them if you do not know what they are.

1 millioni 1 billionii 1 trillioniii

1 googoliv 1 googolplexv

In 2008 in Zimbabwe, bank notes were issued in

trillions of dollars, but soon became worthless

due to inflation.

E
N
R
IC
H
M
E
N
T

14— —
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Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 13

1C Addition and subtraction mental strategies

The process of <nding the total value of two or more numbers

is called addition. The words ‘plus’, ‘add’ and ‘sum’ are also

used to describe addition.

The process for <nding the difference between two numbers

is called subtraction. The words ‘minus’, ‘subtract’ and ‘take

away’ are also used to describe subtraction.

Let’s start: Your mental strategy

Many problems that involve addition and subtraction can be

solved mentally without the use of a calculator or complicated

written working.

Consider 98 + 22 - 31 + 29

How would you work this out? What are the different ways it

could be done mentally? Explain your method.
We use subtraction to find the difference

in height of two objects.

Key
ideas

The symbol + is used to show addition or <nd a sum.

e.g. 4 + 3 = 7

a + b = b + a e.g. 4 + 3 = 3 + 4 7654 83

+3

• This is the commutative law for addition, meaning that the order does not matter.

a + (b + c) = (a + b) + c e.g. 4 + (11 + 3) = (4 + 11) + 3

• This is called the associative law for addition, meaning that it

does not matter which pair is added <rst.

765 84

−2

The symbol - is used to show subtraction or <nd a difference.

e.g. 7 - 2 = 5

a - b ¢ b - a (in general) e.g. 4 - 3 ¢ 3 - 4

a - (b - c) ¢ (a - b) - c (in general) e.g. 8 - (4 - 2) ¢ (8 - 4) - 2

Mental addition and subtraction can be done using different strategies.

• Partitioning (grouping digits in the same position)

171 + 23 = 100 + (70 + 20) + (1 + 3)

= 194

• Compensating (making a 10, 100 etc. and then adjusting or compensating by adding or

subtracting)

46 + 9 = 46 + 10 - 1

= 55
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14 Chapter 1 Whole numbers

Key
ideas

• Doubling or halving (making a double or half and then adjusting with addition or

subtraction)

75 + 78 = 75 + 75 + 3 124 - 61 = 124 - 62 + 1

= 150 + 3 = 62 + 1

= 153 = 63

Example 4 Mental addition and subtraction

Use the suggested strategy to mentally work out the answer.

132 + 156 (partitioning)a 25 + 19 (compensating)b

56 - 18 (compensating)c 35 + 36 (doubling or halving)d

SOLUTION EXPLANATION

a 132 + 156 = 288 100 + 30 + 2

100 + 50 + 6

200 + 80 + 8

b 25 + 19 = 44 25 + 19 = 25 + 20 - 1

= 45 - 1

= 44

c 56 - 18 = 38 56 - 18 = 56 - 20 + 2

= 36 + 2

= 38

d 35 + 36 = 71 35 + 36 = 35 + 35 + 1

= 70 + 1

= 71

Exercise 1C

1 a List three words that mean addition.

b List three words that mean subtraction.

2 Write the number which is:

3 more than 7a 58 more than 11b

7 less than 19c 137 less than 157d

U
N
D
E
R
S
TA
N
D
IN
G

—1–5 5
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1C

3 a Find the sum of these pairs of numbers.

2 and 6i 19 and 8ii 62 and 70iii

b Find the difference between these pairs of numbers.

11 and 5i 29 and 13ii 101 and 93iii

4 State whether each of these statements is true or false.

4 + 3 > 6a 11 + 19 Å 30b 13 - 9 < 8c

26 - 15 Ä 10d 1 + 7 - 4 Å 4e 50 - 21 + 6 < 35f

5 Give the result for each of the following.

7 plus 11a 22 minus 3b

the sum of 11 and 21c 128 add 12d

36 take away 15e the difference between 13 and 4f

U
N
D
E
R
S
TA
N
D
IN
G

6Example 4a Mentally <nd the answers to these sums. Hint: Use the partitioning strategy.

23 + 41a 71 + 26b 138 + 441c

246 + 502d 937 + 11e 1304 + 4293f

140 273 + 238 410g 390 447 + 201 132h 100 001 + 101 010i

7 Mentally <nd the answers to these differences. Hint: Use the partitioning strategy.

29 - 18a 57 - 21b 249 - 137c

1045 - 1041d 4396 - 1285e 10101 - 100f

8Example 4b Mentally <nd the answers to these sums. Hint: Use the compensating strategy.

15 + 9a 64 + 11b 19 + 76c

18 + 115d 31 + 136e 245 + 52f

9Example 4c Mentally <nd the answers to these differences. Hint: Use the compensating strategy.

35 - 11a 45 - 19b 156 - 48c

244 - 22d 376 - 59e 5216 - 199f

10Example 4d Mentally <nd the answers to these sums and differences. Hint: Use the doubling or halving

strategy.

25 + 26a 65 + 63b 121 + 123c

240 - 121d 482 - 240e 1006 - 504f

11 Mentally <nd the answers to these mixed problems.

11 + 18 - 17a 37 - 19 + 9b 101 - 15 + 21c

136 + 12 - 15d 28 - 10 - 9 + 5e 39 + 71 - 10 - 10f

1010 - 11 + 21 - 1g 5 - 7 + 2h 10 - 25 + 18i

F
L
U
E
N
C
Y

7–11(½)6(½), 7–10 6–11(½)
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16 Chapter 1 Whole numbers

1C

12 Gary worked 7 hours on Monday, 5 hours on Tuesday, 13 hours on Wednesday, 11 hours

on Thursday and 2 hours on Friday. What is the total number of hours that Gary worked during

the week?

13 In a batting innings, Phil hit 126 runs and Mario hit

19 runs. How many more runs did Phil hit compared to

Mario?

14 A farmer reduced his cattle numbers from 86 to

54. How many cows were taken away?

15 Bag A has 18 marbles and bag B has 7 fewer marbles than bag A. What is the total number of

marbles?

16 Matt has 36 cards and Andy has 35 more cards than Matt. If they combine their cards, how many

do they have in total?

17 Each side on a magic triangle adds up to the same number, as shown in this

example with a sum of 12 on each side.
4

3

5

12 12

12

61

2

a Place each of the digits from 1 to 6 in a magic triangle with three digits along each side so

that each side adds up to the given number.

i 9 ii 10

b Place each of the digits from 1 to 9 in a magic triangle with four digits

along each side so that each side adds up to the given number.

i 20 ii 23

P
R
O
B
L
E
M
-S
O
LV
IN
G

15–1712–14 13–15
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1C

18 a The mental strategy of partitioning is easy to apply for 23 + 54 but harder for 23 + 59.

Explain why.

b The mental strategy of partitioning is easy to apply for 158 - 46 but harder for 151 - 46.

Explain why.

19 Complete these number sentences if the letters a, b and c represent numbers.

a + b = c so c - __ = aa a + c = b so b - a = __b

20 This magic triangle uses the digits 1 to 6, and has each side adding to the same

total. This example shows a side total of 9.

a How many different side totals are possible using the same digits?

b Explain your method.

6 5

2 4 3

1

R
E
A
S
O
N
IN
G

19, 2018 18, 19

Magic squares

21 A magic square has every row, column and main diagonal adding

to the same number, called the magic sum. For example, this magic

square has a magic sum of 15.

Find the magic sums for these squares, then <ll in the missing

numbers.

4 9 2 15

3 5 7 15

8 1 6 15

15 15 15 15 15

6

7 5

2

 a
10

11 13

12

 b
15 20

14

19

 c
1 15 4

6 9

11

13 2 16

d

22 The sum of two numbers is 87 and their difference is 29. What are the two numbers?

This magic square was known in ancient China as a

‘Lo Shu’ square and uses only the numbers 1 to 9. It is

shown in the middle of this ancient design as symbols

on a turtle shell, surrounded by the animals which

represent the traditional Chinese names for the years.

E
N
R
IC
H
M
E
N
T

21, 22— —
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18 Chapter 1 Whole numbers

1D Addition and subtraction algorithms

It is not always practical to solve problems involving addition and subtraction mentally. For more

complex problems a procedure involving a number of steps can be used and this helps to give the answer.

Such a procedure is called an algorithm.

For the addition algorithm, if two digits add to more than 9, then the higher place value digit in the sum

can be carried to the next column.

For the subtraction algorithm, if two digits subtract to be less than 0, then a 1 can be borrowed from the

next column to form an extra 10.

Let’s start: The missing digits

Discuss what numbers should go in the empty boxes.

Give reasons for your answers.

1 4

+ 9 5

1 2 5

5

- 1 4

9 4

Key
ideas

An algorithm is a procedure involving a number of steps that eventually leads to the answer to a

problem.

Addition algorithm

• Arrange the numbers vertically so that the digits with

similar place value are in the same column.

• Add digits in the same column, starting on the right.

• If the digits add to more than 9, carry the 10 to the next

column.

1234

192

426

4 + 2 = 6

3 + 9 = 12

1 + 2 + 1 = 4

Subtraction algorithm

• Arrange the numbers vertically so that the digits with similar

place value are in the same column.

• Subtract digits in the same column top-down and starting on

the right.

• If the digits subtract to less than 0, borrow a 1 from the next

column to form an extra 10.

1
 2
159

1 82

77

9 − 2 = 7

15 − 8 = 7

1 − 1 = 0

Calculators may be used to check your answers.
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Example 5 Using the addition algorithm

Give the result for each of these sums.

26

+ 66

a 439

+ 172

b

SOLUTION EXPLANATION

a 126

+ 66

92

Add the digits vertically.

6 + 6 = 12, so carry the 1 to the tens column.

b 1413 9

+ 1 7 2

6 1 1

9 + 2 = 11, carry a 1 to the tens column.

1 + 3 + 7 = 11, so carry a 1 to the hundreds

column.

Example 6 Using the subtraction algorithm

Give the result for each of these differences.

74

- 15

a 3240

- 2721

b

SOLUTION EXPLANATION

a 6
 7
14

- 1 5

5 9

Borrow 1 from 7 to make 14 - 5 = 9.

Then subtract 1 from 6 (not 7).

b 2
 3
12 3 4

10

- 2 7 2 1

5 1 9

Borrow 1 from 4 to make 10 – 1 = 9.

Subtract 2 from 3 (not 4).

Borrow 1 from 3 to make 12 – 7 = 5.

Note that 2 - 2 = 0 and you do not need to

show a 0 before the 5.
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20 Chapter 1 Whole numbers

Exercise 1D

1 Mentally <nd the results to these simple sums.

8 + 9a 87 + 14b 138 + 6c 99 + 11d

998 + 7e 19 + 124f 102 + 99g 52 + 1053h

2 Mentally <nd the results to these simple differences.

13 - 5a 36 - 9b 75 - 8c 100 - 16d

37 - 22e 104 - 12f 46 - 17g 1001 - 22h

3 What is the missing number in these problems?

2 7

+ 3 1

5

a 3 6

+ 1 5

5

b 1 2 3

+ 9 1

2 4

c 4 6

+ 4

1 1 0

d

2 4

- 1

1 2

e 6 7

- 4 8

9

f 1 6 2

- 1

8 1

g 1 4 2

- 6 2 3

8 0 9

h

U
N
D
E
R
S
TA
N
D
IN
G

—1–3(½) 3(½)

4Example 5 Give the answer to each of these sums. Check your answer with a calculator.

36

+ 51

a 74

+ 25

b 17

+ 24

c 47

+ 39

d

129

+ 97

e 458

+ 287

f 1041

+ 882

g 3092

+ 1988

h

5 Show your working to <nd the result for each of these sums.

85 + 76a 131 + 94b 1732 + 497c 988 + 987d

6 Give the result for each of these sums.

17

26

+ 34

a 126

+ 47

+ 19

b 152

247

+ 19

c 2197

1204

+ 807

d

946 + 241 + 27 + 9e 1052 + 839 + 7 + 84f

7Example 6 Find the answers to these differences. Check your answer with a calculator.

54

- 23

a 85

- 65

b 46

- 27

c 94

- 36

d

125

- 89

e 241

- 129

f 358

- 279

g 491

- 419

h

F
L
U
E
N
C
Y

5–8(½)4–5(½), 7(½) 4–8(½)
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1D

8 Show your working to <nd the answer to each of these differences.

a 32 - 16 b 124 - 77 c 613 - 128 d 1004 - 838 F
L
U
E
N
C
Y

9 Farmer Green owns 287 sheep, farmer Brown owns

526 sheep and farmer Grey owns 1041 sheep. How

many sheep are there in total?

10 A car’s odometer shows 12 138 kilometres at the start of a journey and 12 714 kilometres

at the end of the journey. How far was the journey?

11 Two different schools have 871 and 950 students enrolled.

How many students are there in total?a

Find the difference in the number of students between the schools.b

12 Find the missing numbers in these sums.

3

+ 5 3

1

a 1 4

+ 7

9 1

b

+ 4 7

9 1 4

c

13 Find the missing numbers in these differences.

6

- 2 8

4

a 2 5

- 8

8 1

b 3 2

- 9 2

1 6 5

c

P
R
O
B
L
E
M
-S
O
LV
IN
G

11–139, 10 10–12
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22 Chapter 1 Whole numbers

1D

14 a First work out the answer to these simple problems before doing part b.

i 28 + 18 - 17 ii 36 - 19 + 20

b For part i above, is it possible to work out 18 - 17 and then add this total to 28?

c For part ii above, is it possible to work out 19 + 20 and then subtract this total from 36?

d Can you suggest a good mental strategy for part ii above that gives the correct answer?

15 a What are the missing digits in this sum?

b Explain why there is more than one possible set of missing numbers in the sum

given opposite. Give some examples.

2 3

+

4 2 1

R
E
A
S
O
N
IN
G

14, 1514 14, 15

More magic squares

16 Complete these magic squares.

62 67 60

65

 a
101 114

106 109

110

113 103 102 116

b

17 The sum of two numbers is 978 and their difference is 74. What are the two numbers?

18 Make up some of your own problems like Question 17 and test them on a friend.

E
N
R
IC
H
M
E
N
T

16–18— —
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1E Multiplication

The multiplication of two numbers represents a repeated addition.

For example, 4 × 2 could be thought of as 4 groups of 2 or 2 + 2 + 2 + 2.

Similarly, 4 × 2 could be thought of as 2 groups of 4 or 2 × 4 or 4 + 4.

4 × 2

2 × 4

Let’s start: Which is the correct mental strategy?

Three students explain their method for <nding the answer to 124 × 8.

• Billy says that you can do 124 × 10 to get 1240, then subtract 2 to get 1238.

• Lea says that you halve 124 and 8 twice each to give 31 × 2 = 62.

• Surai says that you multiply 8 by 4 to give 32, 8 by 2 to give 16 and 8 by 1 to give 8. She says the total

is therefore 32 + 16 + 8 = 56.

Are any of the students correct and can you explain any errors in their thinking?

Key
ideas

Finding the product of two numbers involves multiplication. We say ‘the product of

2 and 3 is 6’.

a × b = b × a e.g. 2 × 3 = 3 × 2

• This is the commutative law for multiplication, meaning that the order does not matter.

(a × b) × c = a × (b × c) e.g. (3 × 5) × 4 = 3 × (5 × 4)

• This is the associative law for multiplication, meaning it does not matter which pair is

multiplied <rst.

The multiplication algorithm for multiplying by a single digit involves:

• Multiplying the single digit by each digit in the other number,

starting from the right.

• Carrying and adding any digits with a higher place value to the total

in the next column.

123

× 4

92

4 × 3 = 12 

4 × 2 + 1 = 9 

Mental strategies for multiplication include:

• Knowing your multiplication tables off by heart.

• Using the commutative law by changing the order. For

example, 43 × 2 might be thought of more easily as 2 groups

of 43 or 2 × 43.

9 × 7 = 63 12 × 3 = 36

• Using the commutative and associative law by altering the order if

more than one number is being multiplied.
5 × 11 × 2 = 5 × 2 × 11

= 10 × 11

= 110
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24 Chapter 1 Whole numbers

Key
ideas

• Using the distributive law by making a 10, 100 etc. and then adjusting by adding or

subtracting. The distributive law is:

a × (b + c) = (a × b) + (a × c) or a × (b - c) = (a × b) - (b × c).

This will be used more extensively in the algebra chapters.

6 × 21 = (6 × 20) + (6 × 1)

= 120 + 6

= 126

7 × 18 = (7 × 20) - (7 × 2)

= 140 - 14

= 126

• Using the doubling and halving strategy by doubling

one number and halving the other.
15 × 18 = 30 × 9

= 270

• Using factors to split a number. 11 × 16 = 11 × 8 × 2

= 88 × 2

= 176

Example 7 Using mental strategies for multiplication

Use a mental strategy to <nd the answer to each of these products.

7 × 6a 3 × 13b 4 × 29c 5 × 24d 7 × 14e

SOLUTION EXPLANATION

a 7 × 6 = 42 7 × 6 or 6 × 7 should be memorised

(from multiplication tables).

b 3 × 13 = 39 3 × 13 = (3 × 10) + (3 × 3) = 30 + 9 = 39

(The distributive law is being used.)

c 4 × 29 = 116 4 × 29 = (4 × 30) - (4 × 1) = 120 - 4 = 116

(The distributive law is being used.)

d 5 × 24 = 120 5 × 24 = 10 × 12 = 120

(The doubling and halving strategy is being

used.)

e 7 × 14 = 98 7 × 14 = 7 × 7 × 2 = 49 × 2 = 98

(Factors of 14 are used.)

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 25

Example 8 Using the multiplication algorithm

Give the result for each of these products.

31 × 4a 197 × 7b

SOLUTION EXPLANATION

a 31

× 4

124

4 × 1 = 4

4 × 3 = 12

b

61 49 7

× 7

1 3 7 9

7 × 7 = 49 (carry the 4)

7 × 9 + 4 = 67 (carry the 6)

7 × 1 + 6 = 13

Exercise 1E

1 Write the next three numbers in these patterns.

4, 8, 12, 16, __a 11, 22, 33, __b 17, 34, 51, __c

2 Are these statements true or false?

4 × 3 = 3 × 4a 2 × 5 × 6 = 6 × 5 × 2b 11 × 5 = 10 × 5c

3 × 32 = 3 × 30 + 3 × 2d 5 × 18 = 10 × 9e 21 × 4 = 2 × 42f

19 × 7 = 20 × 7 - 19g 39 × 4 = 40 × 4 - 1 × 4h 64 × 4 = 128 × 8i

3 What is the missing digit in these products?

2 1

× 3

6

a 3 6

× 5

18

b 7 6

× 2

1 2

c 4 0 2

× 3

1 0 6

d
U
N
D
E
R
S
TA
N
D
IN
G

—1, 2(½), 3 3

4Example 7a Using your knowledge of multiplication tables, give the answer to these products.

8 × 7a 6 × 9b 12 × 4c 11 × 11d

6 × 12e 7 × 5f 12 × 9g 13 × 3h

5Example 7b, c Find the results to these products mentally. Hint: Use the distributive law strategy – subtraction

for a to d and addition for e to h.

3 × 19a 6 × 29b 4 × 28c 38 × 7d

5 × 21e 4 × 31f 6 × 42g 53 × 3h

F
L
U
E
N
C
Y

5–8(½)4–7 4–5(½), 6, 7(½), 8
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26 Chapter 1 Whole numbers

1E

6Example 7d, e Find the answer to these products mentally. Hint: Use the double and halve strategy or split a

number using its factors.

4 × 24a 3 × 18b 6 × 16c 24 × 3d

7Example 8 Give the result of each of these products, using the multiplication algorithm. Check your results

using a calculator.

33

× 2

a 43

× 3

b 72

× 6

c 55

× 3

d

129

× 2

e 407

× 7

f 526

× 5

g 3509

× 9

h

8 Find the answer to these products, showing your working.

47 × 5a 1391 × 3b 9 × 425c 7 × 4170d

F
L
U
E
N
C
Y

9 Eight tickets costing $33 each are purchased for a concert. What is the total cost of the tickets?

10 A circular race track is 240 metres long and Rory runs seven laps. How far does Rory run in total?

11 Reggie and Angelo combine their packs of cards. Reggie has <ve sets of 13 cards and Angelo

has three sets of 17 cards. How many cards are there in total?

12 Sala purchases some goods for a party at an outlet store and has $100 to spend. She selects

eight bottles of drink for $2 each, 13 food packs at $6 each and 18 party hats at 50 cents each.

Does she have enough money to pay for all the items?

P
R
O
B
L
E
M
-S
O
LV
IN
G

11–139, 10 10–12
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1E

13 Find the missing digits in these products.

3 9

× 7

2 3

a 2 5

×

1 2 5

b 7 9

×

3 7

c 1 3 2

×

10 6

d

2

× 7

8 9

e

× 9

3 5 1

f 2 3

× 5

1 6 0

g 4

×

1 9 8

h

P
R
O
B
L
E
M
-S
O
LV
IN
G

14 The commutative and associative laws for multiplication mean that numbers can be multiplied in

any order. So (a × b) × c = (b × a) × c = b × (a × c) = ______, where the brackets show which

numbers are multiplied <rst. In how many ways can 2 × 3 × 5 be calculated?

15 The distributive law can help to work out products mentally.

e.g. 7 × 31 = (7 × 30) + (7 × 1) = 210 + 7 = 217

Write each of the following as single products. Do not <nd the answer.

3 × 20 + 3 × 1a 9 × 50 + 9 × 2b 7 × 30 + 7 × 2c

5 × 100 - 5 × 3d a × 40 - a × 2e a × 200 + a × 3f

16 How many different ways can the two spaces be <lled in this problem?

Explain why.
2 3

× 4

8 2

R
E
A
S
O
N
IN
G

15, 1614 14, 15

Missing digits

17 Find all the missing digits in these products.

1

× 7

5 1

a 2 9

× 3

8

b

18 The product of two numbers is 132 and their sum is 28. What are the two

numbers?

E
N
R
IC
H
M
E
N
T
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28 Chapter 1 Whole numbers

1F Multiplying larger numbers

There are many situations that require the multiplication of large numbers – for example, the total

revenue from selling 40 000 tickets at $23 each, or the area of a rectangular park with length and width

dimensions of 65 metres by 122 metres. To complete such calculations by hand requires the use of a suitable

algorithm.

How much revenue came from selling tickets to this game?

Let’s start: Spot the errors

There are three types of errors in the working shown for this problem. Find the errors

and describe them.
271

× 13

613

271

1273

Key
ideas

When multiplying by 10, 100, 1000, 10 000 etc. each digit moves to the left by the number of

zeros, e.g. 45 × 1000 = 45 000.

A strategy for multiplying by multiples of 10, 100 etc. is to <rst multiply by the number without

the zeros then add the zeros to the answer later.

For example, 21 × 3000 = 21 × 3 × 1000 = 63 × 1000 = 63 000

The algorithm for multiplying large numbers involves dividing the

problem into smaller products and then adding the totals.
143

× 14

1572 » 143 × 4

1430 » 143 × 10

2002 » 1430 + 572
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Example 9 Multiplying large numbers

Give the result for each of these products.

37 × 100a 45 × 70b 614 × 14c

SOLUTION EXPLANATION

a 37 × 100 = 3700 Move the 3 and the 7 two places to the left and

add two zeros.

b 45 × 70 = 45 × 7 × 10

= 315 × 10

= 3150

First multiply by 7, then multiply by 10 later.

45

× 7

315

c 614

× 14

2456

6140

8596

First multiply 614 × 4.

Then multiply 614 × 10.

Add the totals to give the answer.

Exercise 1F

1 What is the missing digit in these products?

72 × 10 = 7 0a 13 × 100 = 130b 49 × 100 = 49 0c 924 × 10 = 92 0d

2 What is the missing number in these products?

15 × __ = 1500a 329 × __ = 3290b 92 × __ = 920 000c

3 State if the following calculations are correct.

If they are incorrect, <nd the correct answer.

26

× 4

84

a 39

× 14

156

39

195

b

92

× 24

368

1840

2208

c 102

× 24

408

240

648

d How could you calculate the number of

pieces of fruit and vegetables on this stall

without counting them all?

U
N
D
E
R
S
TA
N
D
IN
G

—1–3 3
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30 Chapter 1 Whole numbers

1F

4Example 9a Give the result of each of these products.

4 × 100a 29 × 10b 183 × 10c 46 × 100d

50 × 1000e 630 × 100f 1441 × 10g 2910 × 10 000h

5Example 9b Use the suggested strategy in Example 9b to <nd these products.

17 × 20a 36 × 40b 92 × 70c 45 × 500d

138 × 300e 92 × 5000f 317 × 200g 1043 × 9000h

6Example 9c Use the multiplication algorithm to <nd these products.

37

× 11

a 72

× 19

b 126

× 15

c 428

× 22

d

396

× 46

e 416

× 98

f 380

× 49

g 1026

× 33

h

7 First estimate the answers to these products, then use a calculator to check.

19 × 11a 26 × 21b 37 × 15c 121 × 18d

F
L
U
E
N
C
Y

5–7(½)4–6(½) 4–7(½)

8 A pool area includes 68 square metres of paving at $32 per square metre. What is the total

cost of paving?

9 Waldo buys 215 metres of pipe at $28 per metre. What is the total cost of piping?

10 How many seconds are there in one day?

11 Find the missing digits in these products.

2

× 1 7

1 1

2 0

1

a 1 3

× 1

2 9

1 3

5

b

× 3 7

3 4 3

4

c 2

× 2

1 2 6

5 2

6

d

12 There are 360 degrees in a full turn. How many degrees does the minute hand on a clock

turn in one week?

P
R
O
B
L
E
M
-S
O
LV
IN
G

10–128, 9 9–11
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1F

13 The product of two whole numbers is less than their sum. Neither number is zero or less.

What must be true about one of the numbers?

14 If both numbers in a multiplication problem have at least three digits, then the algorithm needs

to be expanded. Use the algorithm to <nd these products.

294

× 136

a 1013

× 916

b 3947

× 1204

c 47126

× 3107

d

15 Can you work out these computations using an effective mental strategy? Look to see if you can

<rst simplify each question.

98 × 16 + 2 × 16a

33 × 26 - 3 × 26b

19 × 15 + 34 × 17 - 4 × 17 + 1 × 15c

22 × 19 - 3 × 17 + 51 × 9 - 1 × 9 + 13 × 17 - 2 × 19d

R
E
A
S
O
N
IN
G

14, 1513 13, 14

Multiplication puzzle

16 a What is the largest number you can make by choosing <ve digits from the list

1, 2, 3, 4, 5, 6, 7, 8, 9 and placing them into the product shown at right?

b What is the smallest number you can make by choosing <ve digits from the list

1, 2, 3, 4, 5, 6, 7, 8, 9 and placing them into the product shown at right?

×

17 The product of two whole numbers is 14 391 and their difference is 6. What are the two

numbers?

E
N
R
IC
H
M
E
N
T

16, 17— —
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Progress quiz

11A Write the number 134 using the given number systems.

Egyptiana Romanb

21B Write the number 50862 in expanded form.

31C Use the suggested strategy to mentally work out the answer.

143 + 232 (partitioning)a 35 + 29 (compensating)b

74 - 17 (compensating)c 35 + 36 (doubling)d

41D Give the result for each of these problems.

Addition

18

+ 44

a Subtraction

124

- 46

b

51E Using your knowledge of multiplication tables, give the answer to these products.

7 × 4a 9 × 8b 12 × 9c 5 × 9d

61E Use the distributive law strategy to <nd the answer to each of these products.

Show your working.

6 × 14a 5 × 39b

71E Give the result of each of these products, using the multiplication algorithm. Show your

working.

84

× 3

a 237

× 4

b 2146 × 7c

81F Give the result of each of these products. Show your working.

38 × 100a 24 × 70b 513 × 200c

91F Use the multiplication algorithm to <nd these products.

26

× 12

a 317

× 16

b

101D Two different schools have 948 and 1025 students enrolled.

How many students are there in total?a

Find the difference in the number of students between the

schools.

b
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1G Division

Division involves <nding the number of equal groups into which a particular number can be divided.

This can be achieved both with and without a remainder or ‘left over’. Dividing 20 apples among <ve people

and $10 000 between three bank accounts are examples of when division can be used.

Multiplication and division are reverse operations, and this is shown in this simple example:

7 × 3 = 21 So, 21 ÷ 3 = 7 or 21 ÷ 7 = 3

Let’s start: Arranging counters

A total of 24 counters sit on a table. Using whole numbers, in how many ways can

the counters be divided into equal-sized groups with no counters remaining?

• Is it also possible to divide the counters into equal-sized groups but with two

counters remaining?

• If <ve counters are to remain, how many equal-sized groups can be formed

and why?

• • • • •

• • • • •

• • • • •

• • • • •

• • • •

Key
ideas

The number of equal-sized groups formed from the division operation is called the quotient.

The total being divided is called the dividend and the size of the equal groups is called the

divisor.

Any amount remaining after division

into equal-sized groups is called the

remainder.

7 ÷ 3 = 2 and 1 remainder means

7 = 2 × 3 + 1

37 ÷ 5 = 7 and 2 remainder means

37 = 7 × 5 + 2

7 ÷ 3 = 2 and 1 remainder

total being divided

(dividend)

size of equal

groups (divisor)

quotient

= 2
1

3

a÷ b ¢ b÷ a (in general)

• The commutative law does not hold for division, e.g. 8 ÷ 2 ¢ 2 ÷ 8

(a÷ b) ÷ c ¢ a÷ (b÷ c)

• The associative law does not hold for division, e.g. (8 ÷ 4) ÷ 2 ¢ 8 ÷ (4 ÷ 2)

The short division algorithm involves <rst

dividing into the digit with the highest place

value and then carrying any remainder to

the next digit, working from left to right.

413 ÷ 3 = 137 and 2 remainder

= 13723

4 ÷ 3 =  1 and

1 rem. 

11 ÷ 3 =  3 and

2 rem. 

23 ÷ 3 = 7 and

2 rem. 

)3 4 1 3

137
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34 Chapter 1 Whole numbers

Key
ideas

Mental division can be done using different strategies.

• Knowing your multiplication tables off by heart.

• 63 ÷ 9 =? is the same as asking 9 × ? = 63.

• Making a convenient multiple of the divisor and then adjusting by adding or subtracting.

Below is an application of the distributive law.

84 ÷ 3 = (60 + 24) ÷ 3 84 ÷ 3 = (90 - 6) ÷ 3

= (60 ÷ 3) + (24 ÷ 3) = (90 ÷ 3) - (6 ÷ 3)

= 20 + 8 = 30 - 2

= 28 = 28

• Halving both numbers. If both numbers in the division are

even, then halve both numbers.
70 ÷ 14 = 35 ÷ 7

= 5

Example 10 Using mental strategies for division

Use a mental strategy to <nd the quotient.

84 ÷ 7a 93 ÷ 3b 128 ÷ 8c

SOLUTION EXPLANATION

a 84 ÷ 7 = 12 7 × ? = 84

(Use your knowledge from multiplication

tables.)

b 93 ÷ 3 = 31 93 ÷ 3 = (90 ÷ 3) + (3 ÷ 3) = 30 + 1

(This uses the distributive law.)

c 128 ÷ 8 = 16 128 ÷ 8 = 64 ÷ 4 = 32 ÷ 2 = 16

(Halve both numbers repeatedly.)

Example 11 Using the short division algorithm

Use the short division algorithm to <nd the quotient and remainder.

3
)

37a 7
)

195b

SOLUTION EXPLANATION

a
3

13
)

37

37 ÷ 3 = 12 and 1 remainder.

3 ÷ 3 = 1 with no remainder.

7 ÷ 3 = 2 with 1 remainder.
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b
7

2 7
)

1955

195 ÷ 7 = 27 and 6 remainder.

7 does not divide into 1.

19 ÷ 7 = 2 with 5 remainder.

55 ÷ 7 = 7 with 6 remainder.

Exercise 1G

1 Write the number that is missing in these statements.

8 ÷ 2 = 4 is the same as 4 × ? = 8.a 36 ÷ 12 = 3 is the same as ? × 12 = 36.b

42 ÷ ? = 6 is the same as 6 × 7 = 42.c 72 ÷ 6 = ? is the same as 12 × 6 = 72.d

2 What is the remainder when:

2 is divided into 7?a 5 is divided into 37?b

42 is divided by 8?c 50 is divided by 9?d

3 Write the missing digit in each of these divisions.

3

7
)

5 1
a

7

2
)

8 4
b

5

2
)

1 2 5
c

9

1
)

1 3 5
d

U
N
D
E
R
S
TA
N
D
IN
G

—1–3 3

4Example 10a Use your knowledge of multiplication tables to <nd the quotient.

28 ÷ 7a 36 ÷ 12b 48 ÷ 8c 45 ÷ 9d

56 ÷ 8e 63 ÷ 7f 96 ÷ 12g 121 ÷ 11h

5Example 10b Find the answer to these using a mental strategy. Hint: Use the distributive law strategy.

63 ÷ 3a 76 ÷ 4b 57 ÷ 3c 205 ÷ 5d

203 ÷ 7e 189 ÷ 9f 906 ÷ 3g 490 ÷ 5h

6Example 10c Find the answers to these using a mental strategy. Hint: Use the halving strategy by halving

both numbers.

88 ÷ 4a 124 ÷ 4b 136 ÷ 8c 112 ÷ 16d

7 Write the answers to these divisions, which involve 0s and 1s.

26 ÷ 1a 1094 ÷ 1b 0 ÷ 7c 0 ÷ 458d

8Example 11 Use the short division algorithm to <nd the quotient and remainder.

3
)

71a 7
)

92b 2
)

139c 6
)

247d

4
)

2173e 3
)

61 001f 5
)

4093g 9
)

90 009h

9 Use the short division algorithm to <nd the quotient and remainder.

526 ÷ 4a 1691 ÷ 7b 2345 ÷ 6c 92 337 ÷ 8d

F
L
U
E
N
C
Y

5–9(½)4–5(½), 6–8 4–5(½), 6–9
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1G

10 If 117 food packs are divided equally among nine families, how many packs does each family

receive?

11 Spring Fresh Company sells mineral water in packs of six bottles. How many packs are

there in a truck containing 744 bottles?

12 A bricklayer earns $1215 in a week.

a How much does he earn per day if he works Monday to Friday?

b How much does he earn per hour if he works 9 hours per day?

13 A straight fence has two end posts as well as other posts that are

divided evenly along the fence 4 metres apart. If the fence is to be

264 metres long, how many posts are needed, including the end

posts?

14 Friendly Taxis can take up to four passengers each. How many taxis

are required to transport 59 people?

15 A truck can carry up to 7 tonnes of rock. What is the minimum number of trips needed to

transport 130 tonnes of rock?

16 All the rows, columns and main diagonals in the magic square multiply to give

216. Can you <nd the missing numbers?
9 12

1

P
R
O
B
L
E
M
-S
O
LV
IN
G

14–1610–12 11–14

17 Write down the missing numbers.

37 ÷ 3 = 12 and remainder means 37 = × 3 + 1a

96 ÷ 7 = and 5 remainder means 96 = 13 × + 5b

104 ÷ 20 = 5 and remainder means 104 = × 20 + 4c

18 Pies are purchased wholesale at 9 for $4. How much will it cost to purchase 153 pies?

19 Give the results to these problems, if a represents any number.

a÷ 1a

0 ÷ ab

a÷ ac

20 A number less than 30 leaves a remainder of 3 when divided by 5 and a remainder of 2 when

divided by 3. What two numbers meet the given conditions?

R
E
A
S
O
N
IN
G

20–2217, 18 17–19
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1G

21 As you know a÷ b is not generally equal to b÷ a. However, can you <nd a situation where

a÷ b = b÷ a?

22 The short division algorithm can also be used to divide by numbers with more than

one digit.

e.g. 215 ÷ 12 = 17 and 11 remainder.

21 ÷ 12 = 1 and 9 remainder.

95 ÷ 12 = 7 and 11 remainder.

12

1 7
)

2195

Use the short division algorithm to <nd the quotient and remainder.

371 ÷ 11a 926 ÷ 17b 404 ÷ 13c

1621 ÷ 15d 2109 ÷ 23e 6914 ÷ 56f

R
E
A
S
O
N
IN
G

Long, short division

23 Use the short division algorithm to <nd the quotient and remainder.

1247 ÷ 326a 1094 ÷ 99b 26 401 ÷ 1432c

24 The magic product for this square is 6720. Find the missing numbers.

1 6 56

40 2 3

14

10

25 Instead of carrying out a complex division algorithm, you could convert the divisor into a

smaller pair of factors and complete two simpler division questions to arrive at the correct

answer.

For example: 1458 ÷ 18 = (1458 ÷ 2) ÷ 9

= 729 ÷ 9

= 81

Use factors to help you calculate the following.

555 ÷ 15a 860 ÷ 20b 3600 ÷ 48c

1456 ÷ 16d 6006 ÷ 42e 2024 ÷ 22f

E
N
R
IC
H
M
E
N
T

23–25— —
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38 Chapter 1 Whole numbers

1H Estimating and rounding CONSOLIDATING

Many theoretical and practical problems do not need precise or exact answers. In such situations

reasonable estimations can provide enough information to solve the problem.

The total revenue from the Australian Open tennis tournament depends on crowd numbers. Estimates

would be used before the tournament begins to predict these numbers. An estimate for the total revenue

might be $8 million.

Let’s start: The tennis crowd

Here is a photo of a crowd at a tennis

match. Describe how you might estimate the

number of people in the photo. What is your

answer? How does your answer differ from

those of others in your class?

How can you estimate the number of spectators?

Key
ideas

Estimates or approximations to the answers of problems can be found by rounding numbers to

the nearest 10, 100, 1000 etc.

If the next digit is 0, 1, 2, 3 or 4, then round down.

If the next digit is 5, 6, 7, 8 or 9, then round up.

Leading digit approximation rounds the <rst digit to the nearest 10 or 100 or 1000 etc.

e.g. For 932 use 900 For 968 use 1000

The symbol ¥ means ‘approximately equal to’. The symbol � can also be used.

Example 12 Rounding

Round these numbers as indicated.

86 (to the nearest 10)a 4142 (to the nearest 100)b

SOLUTION EXPLANATION

a 86 ¥ 90 The digit after the 8 is greater than or equal to 5,

so round up.

b 4142 ¥ 4100 The digit after the 1 is less than or equal to 4,

so round down.
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Example 13 Using leading digit approximation

Estimate the answers to these problems by rounding each number to the leading digit.

42 × 7a 95 × 326b

SOLUTION EXPLANATION

a 42 × 7 ¥ 40 × 7

= 280

The leading digit in 42 is the 4 in the ‘tens’

column.

b 95 × 326 ¥ 100 × 300

= 30 000

The nearest ‘ten’ to 95 is 100, and the leading

digit in 326 is in the ‘hundreds’ column.

Example 14 Estimating with operations

Estimate the answers to these problems by rounding both numbers as indicated.

115 × 92 (to the nearest 100)a 2266 ÷ 9 (to the nearest 10)b

SOLUTION EXPLANATION

a 115 × 92 ¥ 100 × 100

= 10 000

115 rounds to 100 and 92 rounds to 100.

b 2266 ÷ 9 ¥ 2270 ÷ 10

= 227

2266 rounds to 2270 and 9 rounds to 10.

Exercise 1H

1 State whether these numbers have been rounded up or down.

59 ¥ 60a 14 ¥ 10b 137 ¥ 140c

255 ¥ 260d 924 ¥ 900e 1413 ¥ 1000f

2 For the given estimates, decide if the approximate answer is going to give a larger or smaller

result compared to the true answer.

58 + 97 ¥ 60 + 100a 24 × 31 ¥ 20 × 30b

130 - 79 ¥ 130 - 80c 267 - 110 ¥ 270 - 110d

U
N
D
E
R
S
TA
N
D
IN
G

—1, 2 2
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40 Chapter 1 Whole numbers

1H

3Example 12 Round these numbers as indicated.

59 (nearest 10)a 32 (nearest 10)b 124 (nearest 10)c

185 (nearest 10)d 231 (nearest 100)e 894 (nearest 100)f

96 (nearest 10)g 584 (nearest 100)h 1512 (nearest 1000)i

4 Round these numbers using leading digit approximation; i.e. round to the <rst digit.

21a 29b 136c 857d

5600e 92 104f 9999g 14h

5 Estimate the answers to these problems by <rst rounding both numbers as indicated.

72 + 59 (nearest 10)a 138 - 61 (nearest 10)b

275 - 134 (nearest 10)c 841 + 99 (nearest 10)d

203 - 104 (nearest 100)e 815 + 183 (nearest 100)f

990 + 125 (nearest 100)g 96 + 2473 (nearest 100)h

1555 - 555 (nearest 1000)i

6Example 13 Use leading digit approximation to estimate the answer.

29 × 4a 124 + 58b 232 - 106c 61 ÷ 5d

394 ÷ 10e 97 × 21f 1390 + 3244g 999 - 888h

7Example 14 Estimate the answers to these problems by rounding both numbers as indicated.

29 × 41 (nearest 10)a 92 × 67 (nearest 10)b

124 × 173 (nearest 100)c 2402 × 3817 (nearest 1000)d

48 ÷ 11 (nearest 10)e 159 ÷ 12 (nearest 10)f

104 ÷ 11 (nearest 10)g 2493 ÷ 103 (nearest 100)h

F
L
U
E
N
C
Y

3–7(½)3–7(½) 3–7(½)

8 Many examples of Aboriginal art include

dot paintings. Here is one example.

Estimate the number of dots it contains.

9 A digger can dig 29 scoops per hour and work 7 hours per day. Approximately how many

scoops can be dug over 10 days?

10 Most of the pens at a stockyard are full of sheep. There are 55 pens and one of the pens has

22 sheep. Give an estimate for the total number of sheep at the stockyard.

P
R
O
B
L
E
M
-S
O
LV
IN
G

10–128, 9 9–11
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1H

11 A whole year group of 159 students is roughly divided into 19 groups. Estimate the number

in each group.

12 It is sensible sometimes to round one number up if the other number is going to be

rounded down. Use leading digit approximation to estimate the answers to these problems.

11 × 19a 129 × 954b 25 × 36c 1500 × 2500d

P
R
O
B
L
E
M
-S
O
LV
IN
G

13 The letters a and b represent numbers. Which of the words ‘smaller’ or ‘larger’ completes

these sentences?

a If a and b are both rounded up, then compared to the true answer the approximate answer to:

a + b will be .i

a × b will be .ii

b If only a is rounded up, but b is left as it is, then compared to the true answer the

approximate answer to:

a - b will be .i

a÷ b will be .ii

c If only b is rounded up, but a is left as it is, then compared to the true answer the

approximate answer to:

a - b will be .i

a÷ b will be .ii

d If only b is rounded down, but a is left as it is, then compared to the true answer the

approximate answer to:

a - b will be .i

a÷ b will be .ii

R
E
A
S
O
N
IN
G

1313a, b 13

Maximum error

14 When rounding numbers before a calculation is completed, it is most likely that there will be

an error. This error can be large or small, depending on the type of rounding involved.

For example, when rounding to the nearest 10, 71 × 11 ¥ 70 × 10 = 700.

But 71 × 11 = 781, so the error is 81.

a Calculate the error if these numbers are rounded to the nearest 10 before the

multiplication is calculated.

23 × 17i 23 × 24ii 65 × 54iii 67 × 56iv

b Explain why the error in parts i and iii is much less than the error in parts ii and iv.

c Calculate the error if these numbers are rounded to the nearest 10 before the division

is calculated.

261 ÷ 9i 323 ÷ 17ii 99 ÷ 11iii 396 ÷ 22iv

d Explain why the approximate answers in parts i and ii are less than the correct answer, and

why the approximate answers in parts iii and iv are more than the correct answer.

E
N
R
IC
H
M
E
N
T

14— —
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1I Order of operations

When combining the operations of addition, subtraction, multiplication and division, a particular order needs

to be followed. Multiplication and division sit higher in the order than addition and subtraction, and this

relates to how we might logically interpret simple

mathematical problems put into words.

Consider these two statements.

• 2 groups of 3 chairs plus 5 chairs.

• 5 chairs plus 2 groups of 3 chairs.

In both cases, there are 2 × 3 + 5 = 11 chairs. This means that 2 × 3 + 5 = 5 + 2 × 3.

This also suggests that for 5 + 2 × 3 the multiplication should be done <rst.

Let’s start: Minimum brackets

• How might you use brackets to make this statement true?

2 + 3 × 5 - 3 ÷ 6 + 1 = 2

• What is the minimum number of pairs of brackets needed to make it true?

Key
ideas

When working with more than one operation:

• Deal with brackets (also known as parentheses) <rst.

• Domultiplication and division next, working from left to right.

• Do addition and subtraction last, working from left to right.

Recall (a + b) + c = a + (b + c) but (a - b) - c ¢ a - (b - c)

(a × b) × c = a × (b × c) but (a÷ b) ÷ c ¢ a÷ (b÷ c)

Brackets can sit inside other brackets.

• Square brackets can also be used. e.g. [2 × (3 + 4) - 1] × 3

• Always deal with the inner brackets <rst.

4 × (2  + 3) − 12 ÷ 6

1st

5

2nd 3rd

20 2

    last

     18

Note that some calculators apply the order of operations and some do not.

Example 15 Using order of operations

Use order of operations to answer the following.

5 + 10 ÷ 2a 18 - 2 × (4 + 6) ÷ 5b

SOLUTION EXPLANATION

a 5 + 10 ÷ 2 = 5 + 5

= 10

Do the division before the addition.
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b 18 - 2 × (4 + 6) ÷ 5 = 18 - 2 × 10 ÷ 5

= 18 - 20 ÷ 5

= 18 - 4

= 14

Deal with brackets <rst.

Do the multiplication and division next, working

from left to right.

Do the subtraction last.

Example 16 Using order of operations in worded problems

Find the difference between 76 and 43, triple this result and, <nally, subtract the quotient of 35 and 7.

SOLUTION EXPLANATION

3 × (76 - 43) - 35 ÷ 7 = 3 × 33 - 5

= 99 - 5

= 94

First, write the problem using symbols and

numbers.

Use brackets for the difference since this

operation is to be completed <rst.

Exercise 1I

1 Which operation (addition, subtraction, multiplication or division) is done <rst in the following?

2 + 5 - 3a 5 ÷ 5 × 2b 2 × 3 ÷ 6c

5 × 2 + 3d 7 ÷ 7 - 1e (6 + 2) × 3f

(8 ÷ 4) - 1g 4 + 7 × 2h 8 - 10 ÷ 5i

10 - 2 + 3j 6 + 2 × 3 - 1k 5 × (2 + 3 ÷ 3) - 1l

2 Classify these statements as true or false.

5 × 2 + 1 = (5 × 2) + 1a 10 × (3 + 4) = 10 × 3 + 4b

21 - 7 ÷ 7 = (21 - 7) ÷ 7c 9 - 3 × 2 = 9 - (3 × 2)d
U
N
D
E
R
S
TA
N
D
IN
G

—1(½), 2 2

3Example 15a Use order of operations to <nd the answers to the following. Check your answers using a

calculator and see if it applies the order of operations.

2 + 3 × 7a 5 + 8 × 2b 10 - 20 ÷ 2c

22 - 16 ÷ 4d 6 × 3 + 2 × 7e 1 × 8 - 2 × 3f

18 ÷ 9 + 60 ÷ 3g 2 + 3 × 7 - 1h 40 - 25 ÷ 5 + 3i

63 ÷ 3 × 7 + 2 × 3j 78 - 14 × 4 + 6k 300 - 100 × 4 ÷ 4l

F
L
U
E
N
C
Y

3–6(½)3–4(½), 6 3–4(½), 5, 6
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1I

4Example 15b Use order of operations to <nd the answer to the following problems. Check your answers

using a calculator and see if it applies the order of operations.

2 × (3 + 2)a 18 ÷ (10 - 4)b (19 - 9) ÷ 5c

(100 + 5) ÷ 5 + 1d 2 × (9 - 4) ÷ 5e 50 ÷ (13 - 3) + 4f

16 - 2 × (7 - 5) + 6g (7 + 2) ÷ (53 - 50)h 14 - (7 ÷ 7 + 1) × 2i

(20 - 10) × (5 + 7) + 1j 3 × (72 ÷ 12 + 1) - 1k 48 ÷ (4 + 4) ÷ (3 × 2)l

5 These computations involve brackets within brackets. Ensure you work with the inner

brackets <rst.

2 × [(2 + 3) × 5 - 1]a [10 ÷ (2 + 3) + 1] × 6b 26 ÷ [10 - (17 - 9)]c

[6 - (5 - 3)] × 7d 2 + [103 - (21 + 52)] - (9 + 11) × 6 ÷ 12e

6Example 16 Find the answer to these worded problems by <rst writing the sentence using numbers

and symbols.

Triple the sum of 3 and 6.a

Double the quotient of 20 and 4.b

The quotient of 44 and 11 plus 4.c

5 more than the product of 6 and 12.d

The quotient of 60 and 12 is subtracted from the product of 5 and 7.e

15 less than the difference of 48 and 12.f

The product of 9 and 12 is subtracted from double the product of 10 and 15.g

F
L
U
E
N
C
Y

7 A delivery of 15 boxes of books arrives, each box

containing eight books. The bookstore owner removes

three books from each box. How many books still

remain in total?

8 In a class, eight students have three TV sets at home, four have two TV sets, 13 have one TV set

and two students have no TV sets. How many TV sets are there in total?

P
R
O
B
L
E
M
-S
O
LV
IN
G

8–107, 8 8, 9

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 45

1I

9 Insert brackets into these statements to make them true.

4 + 2 × 3 = 18a 9 ÷ 12 - 9 = 3b 2 × 3 + 4 - 5 = 9c

3 + 2 × 7 - 3 = 20d 10 - 7 ÷ 21 - 18 = 1e 4 + 10 ÷ 21 ÷ 3 = 2f

20 - 31 - 19 × 2 = 16g 50 ÷ 2 × 5 - 4 = 1h 25 - 19 × 3 + 7 ÷ 12 + 1 = 6i

10 The amount of $100 is divided into two <rst prizes of equal value and three second prizes of

equal value. Each prize is a whole number of dollars and <rst prize is at least four times the

value of second prize. If second prize is more than $6, <nd the amount of each prize.

P
R
O
B
L
E
M
-S
O
LV
IN
G

11 Decide if the brackets given in each statement are actually necessary; that is, do they make

any difference to the problem?

2 + (3 × 6) = 20a (2 + 3) × 6 = 30b (20 × 2) × 3 = 120c

10 - (5 + 2) = 3d 22 - (11 - 7) = 18e 19 - (10 ÷ 2) = 14f

(40 ÷ 10) ÷ 4 = 1g 100 ÷ (20 ÷ 5) = 25h 2 × (3 + 2) ÷ 5 = 2i

12 The letters a, b and c represent numbers. Decide if the brackets are necessary in these

expressions.

a a + (b + c) b a - (b - c) c a × (b × c) d a÷ (b÷ c)

13 Simplify the following. Assume b ¢ 0, and a ¢ 0.

a a + b - a b (a - a) × b c a + b÷ b d a × b÷ a

R
E
A
S
O
N
IN
G

12, 1311 11, 12

Operation in rules

14 Using whole numbers and any of the four operations (+, -, ×, ÷ ), describe how you would obtain

the ‘Finish’ number from the ‘Start’ number in each of these tables. Your rule must work for

every pair of numbers in its table.

Start Finish

1 3

2 5

3 7

4 9

a

1 0

2 3

3 6

4 9

Start Finish
b

3 10

4 17

5 26

6 37

Start Finish
c

Make up your own table with a ‘secret’ rule and test it on a friend.

E
N
R
IC
H
M
E
N
T

14— —

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



46 Chapter 1 Whole numbers

Investigation

The abacus

The abacus is a counting device that has been used for

thousands of years. Abacuses were used extensively by

merchants, traders, tax collectors and clerks before modern-day

numerals systems were developed. Counting boards called

Abax date back to 500 BCE. These were wood or stone tablets

with grooves, which would hold beans or pebbles.

The modern abacus is said to have originated in China in about

the thirteenth century and includes beads on wires held in a

wooden frame.

A German woodcut from 1508

showing an abacus in use by the

gentleman on the right, while a

mathematician (at left) writes

algorithms.

A modern abacus with 13 wires.
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There are 5 beads on one side of a modern

abacus worth 1 each and 2 beads on the

opposite side worth 5 each.

• Each wire represents a different unit, e.g.

ones, tens, hundreds etc.

• Beads are counted only when they are

pushed towards the centre.

o
n
es

te
n
s

h
u
n
d
re
d
s

th
o
u
sa
n
d
s

Here is a diagram showing the number 5716.

a What numbers are showing on the abacus diagrams below? Only the <rst six wires are showing.

i ii

iii iv

b Draw abacus diagrams showing these numbers.

57i 392ii 6804iii 290 316iv

c Imagine adding two numbers using an abacus by sliding beads along their wires.

Clearly explain the steps taken to add these numbers.

11 + 7i 2394 + 536ii

d Imagine subtracting two numbers using an abacus by sliding beads along their wires.

Clearly explain the steps taken to subtract these numbers.

23 - 14i 329 - 243ii

e Multiplication is calculated as a repeated addition.

e.g. 3 × 21 = 21 + 21 + 21

Clearly explain the steps involved when using an abacus to multiply these numbers.

3 × 42i 5 × 156ii

f Division is calculated as a repeated subtraction.

e.g. 63 ÷ 21 = 3, since 63 - 21 - 21 - 21 = 0

Clearly explain the steps involved when using an abacus to divide these numbers.

28 ÷ 7i 405 ÷ 135ii

g See if you can <nd a real abacus or computer abacus with which to work. Use the abacus

to show how you can do the problems in Questions c to f above.
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48 Chapter 1 Whole numbers

Problems and challenges
Up for a challenge? If you

get stuck on a question,

check out the 'Working

with unfamiliar problems'

poster at the end of the

book to help you.

1 The extra dollar. The cost of dinner for two people is $45 and they both give the waiter $25 each.

Of the extra $5 the waiter is allowed to keep $3 as a tip and returns $1 to each person. So the two

people paid $24 each, making a total of $48, and the waiter has $3. The total is therefore

$48 + $3 = $51. Where did the extra $1 come from?

2 The sum along each line is 15. Can you place each of the digits 1, 2, 3, 4, 5, 6, 7, 8 and 9 to make

this true?

3 Ethan starts at 2637 and counts backwards by eights. He stops counting when he reaches a

number less than 10. What is this <nal number?

4 Make the total of 100 out of all the numbers 2, 3, 4, 7 and 11, using each number only once.

You can use any of the operations (+, -, ×, ÷ ), as well as brackets.

5 A leaking tap loses 1 drop of water per second. If 40 of these drops of water make a volume

of 10 mL, how many litres of water are wasted from this tap in mL:

in 1 day? (round answer to the nearest unit)a

in 1 year? (round answer to the nearest 100)b

6 When this shape is folded to make a cube, three of the sides will meet at every vertex (corner) of

the cube. The numbers on these three sides can be multiplied together.

Find the smallest and largest of these products.

7 9 11

531
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Order of operations

Place value

Addition and

subtraction

Ancient

number systems

955 to the nearest 10 is 960

950 to the nearest 100 is 1000

Leading digit approximation

39 × 326 ≈ 40 × 300 = 12 000

Mental strategies

172 + 216 = 300 + 80 + 8

   = 388

98 − 19 = 98 − 20 + 1

 = 79

Mental strategies

 7 × 31 = 7 × 30 + 7 × 1 = 217

 5 × 14 = 5 × 2 × 7 = 70

 64 ÷ 8 = 32 ÷ 4 = 16 ÷ 2 = 8

156 ÷ 4 = 160 ÷ 4 − 4 ÷ 4

  = 40 − 1

  = 39

Multiplying by 10, 100, ……

38 × 100 = 3800

38 × 700 = 38 × 7 × 100

               = 26 600

The place value of 3 in

1327 is 300.

2 × 100 + 7 × 10 + 3 × 1

is the expanded form of 273.

Algorithms

Algorithms

Multiplication

and division
Whole numbers

Babylonian 

          is 71

          is 23

29
× 13____

87
290____
377

68

3 20
2
5

with 1 

remainder

2

371

+ 843_____

1214

1
937

− 643_____

294

1
8

Roman

LXXVI is 76

 XCIV is 94

Egyptian

is 143

is 21

Estimation

Brackets first, then ×

and ÷, then + and −

from left to right.

2 + 3 × 4 ÷ (9 ÷ 3)

= 2 + 12 ÷ 3

= 2 + 4         

= 6               
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50 Chapter 1 Whole numbers

Multiple-choice questions

11A The correct Roman numerals for the number 24 are:

XXIIIA XXIVB XXXLIVC IVXXD IXXVE

21B 3 × 1000 + 9 × 10 + 2 × 1 is the expanded form of:

3920A 392B 3092C 3902D 329E

31C/E Which of the following is not true?

2 + 3 = 3 + 2A 2 × 3 = 3 × 2B (2 × 3) × 4 = 2 × (3 × 4)C

5 ÷ 2 ¢ 2 ÷ 5D 7 - 2 = 2 - 7E

41C The sum of 198 and 103 is:

301A 304B 299C 199D 95E

51C The difference between 378 and 81 is:

459A 297B 303C 317D 299E

61E The product of 7 and 21 is:

147A 141B 21C 140D 207E

71G The missing digit in this division

7

1 1 8
)

12 56

is:

6A 1B 9C 8D 7E

81G The remainder when 317 is divided by 9 is:

7A 5B 2C 1D 0E

91G 458 rounded to the nearest 100 is:

400A 500B 460C 450D 1000E

101I The answer to [2 + 3 × (7 - 4)] ÷ 11 is:

1A 5B 11C 121D 0E

C
ha
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Short-answer questions

11A Write these numbers using the given number systems.

a Egyptian

3i 31ii 326iii

b Babylonian

12i 60ii 132iii

c Roman

14i 40ii 146iii

21B Write down the place value of the digit 5 in these numbers.

357a 5249b 356 612c

31C Use a mental strategy to <nd these sums and differences.

124 + 335a 687 - 324b 59 + 36c 256 - 39d

41D Use an algorithm and show your working for these sums and differences.

76

+ 52

a 1528

+ 796

b 329

- 138

c 2109

- 1814

d

51E/G Use a mental strategy to answer the following.

5 × 19a 22 × 6b 5 × 44c 123 ÷ 3d

264 ÷ 8e 96 ÷ 4f 29 × 1000g 36 × 300h

14 678 ÷ 1i

61F/G Use an algorithm and show your working for the following.

157

× 9

a
27

× 13

b 7
)

327c 4
)

30162d

71D/F/G Find the missing digits in the following.

2 3

+ 7 3

9 6 1

a
2

- 4 3

2 5 6

b

3

× 2

7 1

0 6 0

3 1

c 5

1 3
)

4 1 with no remainderd
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52 Chapter 1 Whole numbers

81H Round these numbers as indicated.

72 (nearest 10)a 3268 (nearest 100)b 951 (nearest 100)c

91H Use leading digit approximation to estimate the answers to the following.

289 + 532a 22 × 19b 452 × 11c 99 ÷ 11d

101I Use order of operations to <nd the answers to the following.

3 × (2 + 6)a 6 - 8 ÷ 4b 2 × 8 - 12 ÷ 6c

(5 + 2) × 3 - (8 - 7)d 0 × (9 88 234 ÷ 3)e 1 × (3 + 2 × 5)f

Extended-response questions

1 A city tower construction uses 4520 tonnes of cement trucked from a factory that is

7 kilometres from the construction site. Each cement mixer can carry 7 tonnes of cement,

and the cement costs $85 per truck load for the <rst 30 loads and $55 per load after that.

a How many loads of cement are needed? Add a full load for any remainder.

b Find the total distance travelled by the cement mixers to deliver all loads, assuming they

need to return to the factory after each load.

c Find the total cost of cement needed to make concrete for the tower construction.

d A different cement supplier offers a price of $65 per 8-tonne truck, no matter how many

loads are needed. Find the difference in the cost of cement for the tower by this supplier

compared to the original supplier.

C
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2 One night Ricky and her brother Micky decide to have some fun at their father’s sweet shop.

In the shop they <nd 7 tins of 135 jelly beans each, 9 packets of 121 choc buds, 12 jars of

70 smarties and 32 packets of 5 liquorice sticks.

a Find the total number of sweets that Ricky and Micky <nd that night.

b Find the difference between the number of choc buds and the number of smarties.

c Ricky and Micky decide to divide each type of sweet into groups of 7 and then eat any remainder.

Which type of sweet will they eat the most of and how many?

d After eating the remainders, they round the total of each sweet using leading digit approximation.

If they round down they put the spare sweets in their pockets. If they round up they borrow any

spare sweets from their pockets. Any leftover in their pockets they can eat. Do Ricky and Micky

get to eat any more sweets? C
ha
pt
er
re
vi
ew
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Chapter

M E A S U R E M E N T  A N D  G E O M E T R Y

Geometric reasoning

Identify corresponding, alternate and co-

interior angles when two straight lines are 

crossed by a transversal (VCMMG264)

Victorian curriculum

Investigate conditions for two lines to be 

parallel and solve simple numerical problems 

using reasoning (VCMMG265)

 2A  Points, lines and angles 

(Consolidating)

 2B Measuring angles (Consolidating)

 2C Angles at a point

 2D Transversal lines and parallel lines

What you will learn

 2E  Problems with parallel lines 

(Extending)

 2F Circles and constructions

 2G Dynamic geometry

2 Geometry
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• Chapter pre-test

• Video demonstrations of 

all worked examples

• Interactive widgets

• Interactive walkthroughs

• Downloadable HOTsheets

• Access to all HOTmaths 

Australian Curriculum 

courses

• Access to the HOTmaths 

games library

Online 
resources

The volcanic formation known as Sawn Rocks 

was created over 21 million years ago by the 

Nandewar volcano near Narrabri NSW. It is a 

40 metre high structure of pentagonal prisms, 

or ‘organ pipes’. This unusual rock formation is 

the result of the slow and even cooling of molten 

rock from the volcano. The cooling process 

allowed the crystals within the rock to align 

perfectly to form the pentagonal prism shapes.

The cross sections seen are almost 

perfect examples of regular polygons, where 

each side is the same length and each 

internal angle the same size.

A similar structure exists in Organ 

Pipes National Park, 20 km North West of 

Melbourne. Unlike the NSW formation, the 

Victorian ones are 20 m high hexagonal 

columns, some of them 1 metre in 

diameter.

Examples of what is known as Columnar 

Joining can be found around the world, with 

the Giants Causeway in Northern Ireland 

another famous example. Most columns 

formed are pentagonal or hexagonal, but 

they can have as few as 3 sides and as 

many as 7. 

Sawn Rocks
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56 Chapter 2 Geometry

2A Points, lines and angles CONSOLIDATING

The fundamental building blocks of geometry

are the point, line and plane. They are the basic

objects used to construct angles, triangles and

other more complex shapes and objects. Points

and lines do not actually occupy any area but

can be represented on a page using drawing

equipment.

Let’s start: Geometry around you

Take a look around the room you are in or

consider any solid object near where you are

seated (e.g. a book). Discuss what parts of the

Theoretically a point and line do not occupy an area however,

they exist everywhere in nature.

room or object could be described using:

• single points

• straight lines

• !at planes.

Key
ideas

A point is usually labelled with a capital letter. P

A line passing through two points, A and B, can be called line AB or line

BA and extends inde#nitely in both directions.

B

A

A plane is a !at surface and extends inde#nitely.

Points that all lie on a single line are collinear.
B

C

A

If two lines meet, an intersection point is formed.

Three or more lines that intersect at the same point are concurrent.

A line segment (or interval) is part of a line with a #xed length and end

points. If the end points are A and B then it would be named segment AB

or segment BA (or interval AB or interval BA).

A

B
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Key
ideas

A ray AB is a part of a line with one end point A and passing through

point B. It extends inde#nitely in one direction.

B

A

When two rays (or lines) meet, an angle is formed at the intersection

point called the vertex. The two rays are called arms of the angle.

arm

arm

vertex

An angle is named using three points, with the

vertex as the middle point. A common type of

notation is ÒABC or ÒCBA. The measure of the

angle is a°.

B

C

A
or

a°

This mosaic around a fountain in Morocco is made up

entirely of straight lines, even though it looks circular.

Example 1 Naming objects

Name this line segment and angle.

A B
a

Q

R

Pb

SOLUTION EXPLANATION

a segment AB Segment BA, interval AB or interval BA are

also acceptable.

b ÒPQR Point Q is the vertex and sits in between P and

R. ÒRQP is also correct.
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58 Chapter 2 Geometry

Exercise 2A

1 Draw the following objects.

a point Pa a line ANb an angle ÒABCc

a ray STd a planee three collinear points A, B and Cf

2 Explain what it means to say:

three points D, E and F are collineara three lines are concurrentb

3 Match the words line, segment or ray to the correct description.

Starts from a point and extends inde#nitely in one direction.a

Extends inde#nitely in both directions, passing through two points.b

Starts and ends at two points.c

4 Match the words point, line or plane with the following descriptions.

the edge of a sheet of papera

a !at wallb

the surface of a pool of water on a calm dayc

where two walls and a !oor meet in a roomd

where two walls meet in a roome

one side of a cereal packetf

where two sides meet on a boxg

where three sides meet on a boxh

U
N
D
E
R
S
TA

N
D
IN

G

—1–4 4

5Example 1 Name the following objects.

Ta D

C

b

C

B

A

c

d
Q

P

e S

T

f

F
L
U
E
N
C
Y

5–6(½), 7–95–9 5–9
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2A

6 Name the angle marked by the arc in these diagrams.

A

B

C

D

O

a

A

B

C

D

b

A

D

B

E

C

c

A B

O

C D

E

d

7 In each of these diagrams name the #ve line segments and the four marked angles using the

given labels.

A

B

D

C

a S R

Q

P

b

8 Name the set of three labelled points that are collinear in these diagrams.

D

A
B

C

a

A

B

C

Db

9 State whether the following sets of lines are concurrent.

a b

F
L
U
E
N
C
Y

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



60 Chapter 2 Geometry

2A

10 Count the number of angles formed inside these shapes. Count all angles, including ones that

may be the same size and those angles that are divided by another segment.

a b

11 How many line segments are there on this line? Do not count AB and BA as separate segments

since they represent the same segment.

A B
C D E

12 A line contains a certain number of labelled points. For example, this line has three points.

a Complete this table by counting the total number of segments for the given number

of labelled points.

A
B

C

Number of points 1 2 3 4 5 6

Number of segments

b Explain any patterns you see in the table. Is there a quick way of #nding the next number

in the table?

P
R
O
B
L
E
M
-S

O
LV

IN
G

11, 1210 10, 11
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2A

13 The lines joining each vertex (corner) of a triangle with the midpoint (middle point) of the

opposite side are drawn here.

a Draw any triangle and use a ruler to measure and mark the

midpoints of each side.

b Join each vertex with the midpoint of the opposite side.

c Are your segments from part b concurrent?

d Do you think your answer to part c will always be true for any triangle? Try one other

triangle of a different size to check.

14 a If points A, B and C are collinear and points A, B and D are collinear, does this mean that

points B, C and D are also collinear?

b If points A, B and C are collinear and points C, D and E are collinear, does this mean that

points B, C and D are also collinear?

R
E
A
S
O
N
IN

G

13, 1413 13

The general rule

15 In Question 12 you may have determined a quick method of #nding the number of segments

for the given number of points. If n is the number of points on the line, can you #nd a

rule (in terms of n) for the number of segments? Test your rule to see if it works for at least

three cases, and try to explain why the rule works in general.

Number of segments

= (2n + 1) × n?

E
N
R
IC
H
M
E
N
T

15— —

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



62 Chapter 2 Geometry

2B Measuring angles CONSOLIDATING

Angles are usually described using the unit of

measurement called the degree, where 360 degrees

(360°) describes one full turn. The idea to divide a

circle into 360° dates back to the Babylonians, who used

a sexagesimal number system based on the number 60.

Because both 60 and 360 are numbers that have a large

number of factors, many fractions of these numbers are

very easy to calculate.

Let’s start: Estimating angles
What angle is between each spoke on this Ferris

wheel?

How good are you at estimating the

size of angles? Estimate the size of

these angles and then check with a

protractor.

Alternatively, construct an angle

using computer geometry. Estimate

and then check your angle using the

angle-measuring tool.

Key
ideas

Angles are classi#ed according to their size.

Angle type Size Examples

acute between 0° and 90°

right 90°

obtuse between 90° and 180°

straight 180°

reflex between 180° and 360°

revolution 360°
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Key
ideas

A protractor can be used to measure angles to within an accuracy of about half a degree. Some

protractors have increasing scales marked both clockwise and anticlockwise from zero. To use a

protractor:

1 Place the centre of the protractor on the vertex of the angle.

2 Align the base line of the protractor along one arm of the angle.

3 Measure the angle using the other arm and the scale on the protractor.

4 A re!ex angle can be measured by subtracting a measured angle from 360°.

Example 2 Measuring with a protractor

For the angles shown, state the type of angle and measure its size.

O
B

Aa

E
F

Gb

O

E

D
c

SOLUTION EXPLANATION

a acute

ÒAOB = 60°

B

A

O

b obtuse

ÒEFG = 125°

E

F

G

c re!ex

obtuse ÒDOE = 130°

re!ex ÒDOE = 360° - 130°

= 230°

O

E

D
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64 Chapter 2 Geometry

Example 3 Drawing angles

Use a protractor to draw each of the following angles.

ÒAOB = 65°a ÒWXY = 130°b ÒMNO = 260°c

SOLUTION EXPLANATION

a

O

B

A Step 1: Draw a base line OB.

Step 2: Align the protractor along the base line

with the centre at point O.

Step 3: Measure 65° and mark a point, A.

Step 4: Draw the arm OA.

b

X
W

Y Step 1: Draw a base line XW.

Step 2: Align the protractor along the base line

with the centre at point X.

Step 3: Measure 130° and mark a point, Y.

Step 4: Draw the arm XY.

c

N
M

O Step 1: Draw an angle of 360° - 260° = 100°.

Step 2: Mark the re!ex angle on the opposite

side to the obtuse angle of 100°.

Alternatively, draw a 180° angle and measure

an 80° angle to add to the 180° angle.

Exercise 2B

1 Without using a protractor, draw an example of the following types of angles.

acutea rightb obtusec

straightd re!exe revolutionf

2 How many right angles (i.e. angles of 90°) make up:

a straight angle?a 270°?b a revolution?c

U
N
D
E
R
S
TA

N
D
IN

G

—1–3 3
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2B

3 What is the size of the angle measured with these protractors?

a b

c d

U
N
D
E
R
S
TA

N
D
IN

G

4Example 2 For the angles shown, state the type of angle and measure its size.

a b c

d e f

g h i

F
L
U
E
N
C
Y

4(½), 5, 6(½), 84, 5, 6(½) 4(½), 5, 6(½), 7
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2B

5 a Write down the size of the angles shown on this protractor.

ÒAOBi ÒBOCii

ÒCODiii ÒDOEiv

ÒEOFv

b Find the sum of all the angles from part a. Name a single

angle in the diagram that equals this sum. O

A

B

C

D
E

F

6Example 3 Use a protractor to draw each of the following angles.

40°a 75°b 90°c 135°d 175°e

205°f 260°g 270°h 295°i 352°j

7 For each of the angles marked in the situations shown, measure:

a the angle that this ramp makes with the ground

b the angle the Sun’s rays make with the ground

c the angle or pitch of this roof

d the angle between this laptop screen and the

keyboard

8 In the diagram shown at right, there are two marked angles, ÒAOB and

ÒBOC. Measure ÒAOB, ÒBOC and ÒAOC.

Does ÒAOB + ÒBOC = ÒAOC? Why or why not?
A

B

C
O

F
L
U
E
N
C
Y
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2B

9 A clock face is numbered 1 to 12. Find the angle the minute hand turns in:

30 minutesa 1 hourb 15 minutesc 45 minutesd

5 minutese 20 minutesf 55 minutesg 1 minuteh

9 minutesi 10.5 minutesj 42.5 minutesk 21.5 minutesl

10 A clock face is numbered 1 to 12. Find the angle between the hour hand and the minute hand at:

6:00 pma 3:00 pmb 4:00 pmc 11:00 amd

P
R
O
B
L
E
M
-S

O
LV

IN
G

9(½), 109(½) 9(½), 10

11 The arrow on this dial starts in an upright position. It then turns by a given number of

degrees clockwise or anticlockwise.

a Find the angle between the arrow in its #nal position with the arrow in its

original position, as shown in the diagram opposite, which illustrates part i.

Answer with an acute or obtuse angle.

290° clockwisei 290° anticlockwiseii

450° clockwiseiii 450° anticlockwiseiv

1000° clockwisev 1000° anticlockwisevi

?

290°

b Did it matter to the answer if the dial was turning clockwise or anticlockwise?

c Explain how you calculated your answer for turns larger than 360°.

12 An acute angle ÒAOB is equal to 60°. Why is it unnecessary to use a

protractor to work out the size of the re!ex angle ÒAOB?

60°
O
?

A

B

R
E
A
S
O
N
IN

G

11, 1211 11

Time challenge

13 Find the angle between the hour hand and the minute hand of a clock at

these times.

10:10 ama 4:45 amb

11:10 pmc 2:25 amd

7:16 pme 9:17 pmf

E
N
R
IC
H
M
E
N
T

13— —
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2C Angles at a point

Not all angles in a diagram or construction need to be measured directly. Special relationships exist

between pairs of angles at a point and this allows some angles to be calculated exactly without

measurement, even if diagrams are not drawn to scale.

Let’s start: Special pairs of angles

By making a drawing or using computer geometry, construct the diagrams below. Measure the two marked

angles. What do you notice about the two marked angles?

A

B

C
O

O

C

A

B

O

D

A B

C

Key
ideas

Adjacent angles are side by side and share a vertex and an arm. ÒAOB

and ÒBOC in this diagram at right are adjacent angles.

A

B

C

O

Complementary adjacent

angles sum to 90°.

b°

a°

a + b = 90

Supplementary adjacent

angles sum to 180°.

a°
b°

a + b = 180

Angles in a revolution sum to

360°.

a°

b°

a + b = 360

Vertically opposite angles are formed when two lines intersect.

The opposite angles are equal. The name comes from the fact that

the pair of angles has a common vertex and they sit in opposite

positions across the vertex.

a° a°

b°

b°

Perpendicular lines meet at a right angle (90°).

We write AB ⊥ CD.

A

B

C

D
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Example 4 Finding angles at a point

Without using a protractor, #nd the size of each angle marked with the letter a.

a°

35°

a

a°

55°

b a°

120°

c

SOLUTION EXPLANATION

a a + 35 = 90

a = 55

Angles in a right angle add to 90°.

90 - 35 = 55

b a + 55 = 180

a = 125

Angles on a straight line add to 180°.

180 - 55 = 125

c a + 90 + 120 = 360

a + 210 = 360

a = 150

The sum of angles in a revolution is 360°.

Simplify by adding 90 and 120.

a is the difference between 210 and 360°.

Exercise 2C

1 a Measure the angles a° and b° in this diagram.

b Calculate a + b. Is your answer 90? If not, check your

measurements.

c Write the missing word: a° and b° are ____________ angles.

a°
b°

2 a Measure the angles a° and b° in this diagram.

b Calculate a + b. Is your answer 180? If not,

check your measurements.

c Write the missing word: a° and b° are

____________ angles.

a° b°

U
N
D
E
R
S
TA

N
D
IN

G

—1–4 4
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2C

3 a Measure the angles a°, b°, c° and d° in this

diagram.

b What do you notice about the sum of the four

angles?

c Write the missing words: b° and d° are

_____________ angles.

a°

b°

c°

d°

4 a Name the angle that is complementary to ÒAOB in this diagram. A B

C

O

b Name the two angles that are supplementary to ÒAOB in this diagram.

A

B

C

D

O

c Name the angle that is vertically opposite to ÒAOB in this diagram.

A

B C

D

O

U
N
D
E
R
S
TA

N
D
IN

G
5Example 4 Without using a protractor, #nd the value of the pronumeral a. (The diagrams shown may not

be drawn to scale.)

a°

30°

a

a°

75°
b

a°

45°

c

a°

110°

d
a°

50°

e

a°

115°

f

a°

37°

g a°

120°

h

a°

140°

i

F
L
U
E
N
C
Y

5–8(½)5–7 5–6(½), 7, 8(½)
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2C

6 For each of the given pairs of angles, write C if they are complementary, S if they are

supplementary or N if they are neither.

21°, 79°a 130°, 60°b 98°, 82°c 180°, 90°d

17°, 73°e 31°, 59°f 68°, 22°g 93°, 87°h

7 Write a statement like AB ⊥ CD for these pairs of perpendicular line segments.

F

G

H

E

a
T

US

V

b W

Y

X

c

8 Without using a protractor, #nd the value of a in these diagrams.

a°30° 30°

a

a°

40°

65°

b

a°

100°
110°

c

a° 45°

d

a°

135°

e

a°

40°

f

F
L
U
E
N
C
Y

9 Decide whether the given angle measurements are possible in the diagrams below. Give reasons.

60°

25°

a

140°
40°

b

310°

50°

c

35°

35°

d

42° 138°

e

80° 250°

f

P
R
O
B
L
E
M
-S

O
LV

IN
G

10, 119 9, 10(½)
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2C

10 Find the value of a in these diagrams.

a°

a°
a°

a

(2a)°

a°

b

(3a)°
(2a)°

a°

c

(a + 10)°

(a − 10)°

d

(a − 60)°

(a + 60)°

e
(2a)°

(3a)°

f

11 A pizza is divided between four people. Bella is

to get twice as much as Bobo, who gets twice as

much as Rick, who gets twice as much as Marie.

Assuming the pizza is cut into slices from the

centre outwards, #nd the angle at the centre of the

pizza for Marie’s piece.

P
R
O
B
L
E
M
-S

O
LV

IN
G

12 Write down a rule connecting the letters in these diagrams, e.g. a + b = 180.

a° b°

a

a°

b°

c°

b

b°

a°

c

13 What is the minimum number of angles needed in this diagram to determine all other angles?

Explain your answer.

R
E
A
S
O
N
IN

G

12, 1312 12
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2CPentagon turns

14 Consider walking around a path represented by this regular pentagon.

All sides have the same length and all internal angles are equal. At

each corner (vertex) you turn an angle of a, as marked.
b°

b°

b°

b° b°

a°

a°

a°

a°

a°

a How many degrees would you turn in total after walking around the entire shape? Assume

that you face the same direction at the end as you did at the start.

b Find the value of a.

c Find the value of b.

d Explore the outside and inside angles of other regular

polygons using the same idea. Complete this table to

summarise your results.

Regular shape a b

Triangle

Square

Pentagon

Hexagon

Heptagon

Octagon

E
N
R
IC
H
M
E
N
T

14— —
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Progress quiz

12A/B Consider the diagram opposite and answer

the following.

a Name the point where the line EH

intersects KF.

b Name an angle which has its vertex at G.

c Name an angle adjacent to ÒFGH.

d Name a set of three concurrent lines.

e Name an obtuse angle with its vertex at

B and use your protractor to measure the

size of this angle.

C

D

H

I

K

A

B

E

G

F

J

22C Find the value of each pronumeral below and give a reason for each answer.

62°

x°

a

105°
x°

b

64°
x°

c

157°

x°
d

47°
x°

e

300° x°

f
60°

x°x°

g 140°

75°x°

h

x°

i
x°

x° x°

120°

j

65° x°

k

68°

2x°l

32B/C Consider the following diagram and answer

these questions.

Explain why ÒACB equals 56°.a

Find the size of the angle which is

supplementary to the angle of size 146°.

b

Write down the value of x + y + z.c

123°

146°

147°

56° B

A

C

y °

x ° z °

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



Essential Mathematics for the Victorian Curriculum Year 7 Measurement and Geometry 75

2D Transversal lines and parallel lines

When a line, called a transversal, cuts two or more other

lines a number of angles are formed. Pairs of these angles are

corresponding, alternate or cointerior angles, depending on their

relative position. If the transversal cuts parallel lines, then there is

a relationship between the sizes of the special pairs of angles that

are formed.

Let’s start: What’s formed by a transversal?

Draw a pair of parallel lines using either:

• two sides of a ruler; or

• computer geometry (parallel line tool).

Then cross the two lines with a third line (transversal) at any angle.

Measure each of the eight angles formed and discuss what you

#nd. If computer geometry is used, drag the transversal and see

Multiple angles are formed when

this transversal road intersects

with the freeway.
if your observations apply to all the cases that you observe.

Key
ideas

A transversal is a line passing through two or more

other lines that are usually, but not necessarily, parallel. transversal

transversal

A transversal crossing two lines will form special pairs of angles. These are:

• corresponding (in corresponding positions)

×

• alternate (on opposite sides of the transversal and inside the

other two lines)
×

• cointerior (on the same side of the transversal and inside

the other two lines).

×

×
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Key
ideas

Parallel lines are marked with the same arrow set.

• Skew lines are not parallel.

• If AB is parallel to CD, then we write AB ||CD. A

B

C

D

If a transversal crosses two parallel lines then:

• corresponding angles are equal

• alternate angles are equal

• cointerior angles are supplementary (i.e. sum to 180°).

corresponding alternate cointerior

a + b = 180

a°

b°
a°

a + b = 180

b°

Example 5 Naming pairs of angles

Name the angle that is:

corresponding to ÒABF b alternate to ÒABFa

cointerior to ÒABF d vertically opposite to ÒABFc

A H

G

C

B F

ED

SOLUTION EXPLANATION

a ÒHFG

b ÒEFB

c ÒHFB

×

d ÒCBD
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Example 6 Finding angles in parallel lines

Find the value of a in these diagrams and give a reason for each answer.

a°

115°

a

a°
55°

b

a°

110°

c

SOLUTION EXPLANATION

a a = 115

alternate angles in parallel lines

Alternate angles in parallel lines are equal.

b a = 55

corresponding angles in parallel lines

Corresponding angles in parallel lines are

equal.

c a = 180 - 110

= 70

cointerior angles in parallel lines

Cointerior angles in parallel lines sum to 180°.

Example 7 Proving lines are parallel

Giving reasons, state whether the two lines cut by the transversal are parallel.

75°

78°

a

122°

58°

b

SOLUTION EXPLANATION

a not parallel

Alternate angles are not equal.

Parallel lines have equal alternate angles.

b parallel

The cointerior angles sum to 180°.

122° + 58° = 180°

Cointerior angles inside parallel lines are

supplementary (i.e. sum to 180°).
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Exercise 2D

1 Use a protractor to measure each of the eight angles in this

diagram.

a How many different angle measurements did you #nd?

b Do you think that the two lines cut by the transversal

are parallel?

2 Use a protractor to measure each of the eight angles in this diagram.

a How many different angle measurements did you #nd?

b Do you think that the two lines cut by the transversal are parallel?

3 Choose the word equal or supplementary to complete these sentences.

If a transversal cuts two parallel lines, then:

alternate angles are _____________.a cointerior angles are _____________.b

corresponding angles are ________.c vertically opposite angles are ______.d

U
N
D
E
R
S
TA

N
D
IN

G

—1–3 3

4Example 5 Name the angle that is:

a corresponding to ÒABE

b alternate to ÒABE

c cointerior to ÒABE

d vertically opposite to ÒABE

G

A

D

H

F

C

E
B

5 Name the angle that is:

a corresponding to ÒEBH

b alternate to ÒEBH

c cointerior to ÒEBH

d vertically opposite to ÒEBH
G

F

A

C D

E

H

B

F
L
U
E
N
C
Y

4, 7–9(½)4–8 4, 6, 7(½), 8, 9
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2D

6 Name an angle that is:

a corresponding to ÒACD

b vertically opposite to ÒACD

H

E B A

C

D

F

G

7Example 6 Find the value of a in these diagrams, giving a reason.

a°130°

a

a°

70°

b

a°

110°

c

a°

120°

d
a°

130°

e

a°

67°f

a°

115°

g

a°

62°

h
a°

100°

i

a°

117°

j

a°

64°

k

a°

116°

l

8 Find the value of each pronumeral in the following diagrams.

c°
b°

a°

70°

a

c°
b°

a° 120°

b

b° c°

d°

a°

82°

c

c°b°

a°
d

b°
c°

a°
85°

e

b°

a°

119°
f

F
L
U
E
N
C
Y
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2D

9Example 7 Giving reasons, state whether the two lines cut by the transversal are parallel.

59°

58°

a

81°

81°

b

112°

68°

c

132°
132°

d

79° 78°

e

60°
100°

f

F
L
U
E
N
C
Y

10 Find the value of a in these diagrams.

35°

a°

a

41°a°

b

70°

a°

c

150°

a°

d
60°

a°

e 141°

a°

f

11 Find the value of a in these diagrams.

115°

a°

a
80°

a°

b

62°

a°

c

67°

a°

d

42°

a°

e

57°

a°

f

P
R
O
B
L
E
M
-S

O
LV

IN
G

11(½), 12, 1310–11(½) 10–11(½), 12
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2D

80°

a°
g

130°

a°
h

121°

a°

i

12 A transversal cuts a set of three parallel lines.

a How many angles are formed?

b How many angles of different sizes are formed if the transversal is not perpendicular to the

three lines?

13 Two roads merge into a freeway at the same angle, as shown. Find the size of the obtuse angle,

a°, between the parallel roads and the freeway.

60°

freeway

a°

P
R
O
B
L
E
M
-S

O
LV

IN
G

14 a This diagram includes two triangles with two sides that are parallel.

Give a reason why:

a = 20i b = 45ii
20°

45°

a°

b°

b Now #nd the values of a and b in the diagrams below.

50°

25°b°

a°

i

41°

35°

a°

b°

ii

25°
35°

a°

b°

iii

R
E
A
S
O
N
IN

G

14–1614 14, 15
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2D

15 This shape is a parallelogram with two pairs of parallel sides.

a Use the 60° angle to #nd the value of a and b.

b Find the value of c.

c What do you notice about the angles inside a parallelogram?

60°

a°

b°

c°

16 Explain why these diagrams do not contain a pair of parallel lines.

150°
40°

a

130°

300°

b

140°

130°c

R
E
A
S
O
N
IN

G

Adding parallel lines

17 Consider this triangle and parallel lines.

a Giving a reason for your answer, name an angle equal to:

ÒABDi ÒCBEii

A B C

ED

b What do you know about the three angles ÒABD, ÒDBE and ÒCBE?

c What do these results tell you about the three inside angles of the triangle BDE. Is this true

for any triangle? Try a new diagram to check.

18 Use the ideas explored in Question 17 to show that the angles inside a

quadrilateral (i.e. a four-sided shape) must sum to 360°. Use this diagram to

help.
E
N
R
IC
H
M
E
N
T

17, 18— —
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2E Problems with parallel lines EXTENDING

Parallel lines are at the foundation of construction in

all its forms. Imagine the sorts of problems engineers

and builders would face if drawings and constructions

could not accurately use and apply parallel lines.

Angles formed by intersecting beams would be

dif#cult to calculate and could not be transferred to

other parts of the building.

Let’s start: Not so obvious

Some geometrical problems require a combination of

two or more ideas before a solution can be found.

This diagram includes an angle of size a°.

Parallel support beams are used at the entrance of

Parliament House in Canberra

• Discuss if it is possible to #nd the value of a.

• Describe the steps you would take to #nd the value of a. Discuss your

reasons for each step.
65°

a°

Key
ideas

Some geometrical problems involve more than one step.

Step 1: ÒABC = 75° (corresponding angles on parallel lines)

Step 2: a = 360 - 75 (angles in a revolution sum to 360°)

= 285
75°

A E

C D

B

a°

Example 8 Finding angles with two steps

Find the value of a in these diagrams.

170°A

E

F

C

B

D
a°

a

60° 70°

A

C

B

D

a°

b
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SOLUTION EXPLANATION

a ÒBDE = 360° - 90° - 170°

= 100°

Â a = 100

Angles in a revolution add to 360°.

ÒABC corresponds with ÒBDE, and BC and DE

are parallel.

b ÒABC = 180° - 70°

= 110°

Â a = 110 - 60

= 50

ÒABC and ÒBCD are cointerior angles, with AB

and DC parallel.

ÒABC = 110° and a° + 60° = 110°

Exercise 2E

1 In these diagrams, #rst #nd the value of a and then #nd the value of b.

65°

a° b°

a
74°a°

b°

b

125° a°

b°

c

2 Name the angle in these diagrams (e.g. ÒABC) that you would need to #nd #rst before #nding

the value of a. Then #nd the value of a.

60°

E

F

D
C

A

B

a°

a

70°

E

G

F
D

C

A

B

a°

b

70°

60° D

C

A

B

a°

c

U
N
D
E
R
S
TA

N
D
IN

G

—1, 2 2
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2E

3Example 8 Find the value of a in these diagrams.

300°

D

E

C

a°

A

B

a

150°

D

E
F

C

A

B

a°

b

65°

D

E

F

C

A

B

a°

c

57°

D

E

F

G

H

C

A

B

a°

d

130°

D

E

F

H

a°

I

G

C

A
B

e

38°

62°

D

C

A

B

a°

f

45°

75°

D

C

A

B
a°

g

85°

30°

D

C

A

B a°

h

45°

D EC

A
a°

Bi

a°

40°

80°

D CE

A B

j

a°

35°

D

C

EA

B

k

a°

25°

D

C

E

A Bl
F
L
U
E
N
C
Y

3(½)3(½) 3(½)
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2E

4 Find the size of ÒABC in these diagrams.

60°

70°

C

A

B

a

130°

110°
A

B

C

b

130°

75°
B

CAc

25°

50°

A

C

B

d

30°

60°

A

B

C

e

40°

35°

B

A

C

f

5 Find the value of x in each of these diagrams.

110°

60°

x°

a

130°

280°

x °

b
140°

100°

x°

c

P
R
O
B
L
E
M
-S

O
LV

IN
G

4, 5(½)4 4, 5

6 What is the minimum number of angles you need to know to #nd all the angles marked in

these diagrams?

g°

b°

c°

d°

e°
f °

h°

a°

a

b°

c°

d°

e°
f °

a°

b

c°

b°

e°

d°

a°

c R
E
A
S
O
N
IN

G

7, 86 6, 7(½)
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2E

7 In these diagrams, the letter x represents a number and 2x means 2 × x. Find the value of x.

60°
(2x)°

a

120°

(2x)°

b

60°
(3x)°

c

50°

(x + 20)°

d

70°
(x − 10)°

e

60°
80°(4x)°

f

8 Find the value of a in these diagrams.

(2a)°

a°

a

(3a)°
a°

b

 150°(5a)°

c

R
E
A
S
O
N
IN

G

Adding parallel lines

9 Find the value of a in these diagrams. You may wish to add one or more parallel lines to each

diagram.

 60°

 50°

a°

a

 50°

120°

a°

b

a°

 50°

 80°

c

 260°

 30°

a°

d

 300°

 280°

 20°

a°

e

 140°
 70°

a°f

E
N
R
IC
H
M
E
N
T

9— —
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2F Circles and constructions

One of the most important characteristics

of a circle is that the distance from the

centre to the circle, called the radius, is

always the same. This fact is critical in the

construction of geometrical diagrams and

other objects that contain circular parts like

gears and wheels.

Let’s start: Features of a circle

Here is a circle with some common

features.

Which of the features (radius, diameter,

chord or arc) would change in length if:

Gears in an engine gear box must be circular.

• point A is moved around the circle?

• point B is moved away from O so that the size of the circle changes?

If possible, try constructing this diagram using computer geometry. Measure

lengths and drag the points to explore other possibilities.

ra
d
iu
s

c
h
o
rd

diam
eter

O

arc

B

A

Key
ideas

Common circle features include:

• centre – point at an equal distance from all points on the circle.

• radius – line interval joining the centre to a point on the circle.

Plural: radii

• chord – line interval joining two points on the circle

• diameter – chord passing through the centre

• arc – part of a circle. It is possible for a circle to have either a

minor or major arc.

ra
d
iu

s

ch
or

ddiameter

   m

ajor ar c

minor
arc

A pair of compasses (sometimes called a compass) and a ruler can

be used to construct geometrical #gures precisely.

The word bisect means to cut into two equal halves.
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Example 9 Constructing an angle bisector

Use a pair of compasses and a ruler to bisect an angle ÒAOB by following steps a to e.

a Draw and label an angle ÒAOB.

b Construct an arc with centre O so that it cuts OA at point C and OB at point D.

c With the same radius construct an arc with centre C and another with centre D. Ensure these arcs

intersect at a point E.

d Mark in the ray OE.

e Measure ÒAOE and ÒDOE. What do you notice?

SOLUTION EXPLANATION

a, b A

C

DO

B

First, draw an angle ÒAOB. The size of the

angle is not important.

Construct an arc using O as the centre to

produce points C and D.

c, d A

C
E

DO

B

Construct E so that the intersecting arcs have

the same radius.

Ray OE completes the construction.

e ÒAOE = ÒBOE The angles are equal, so ray OE bisects

ÒAOB.

Exercise 2F

1 Use a pair of compasses and a ruler to draw a circle with a radius of about 3 cm. Then mark and

label these features.

centre Oa two points, A and B, at any place on the circleb

radius OAc chord ABd minor arc ABe

2 Use a ruler to draw a segment AB of length 6 cm and then complete the following.

a Construct a circle with radius 3 cm with centre A. (Use a ruler to help set the pair of

compasses.)

b Construct a circle with radius 3 cm with centre B.

c Do your two circles miss, touch or overlap? Is this what you expected?

U
N
D
E
R
S
TA

N
D
IN

G

—1–3 3
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90 Chapter 2 Geometry

2F

3 Use a ruler to draw a line segment, AB, of about 5 cm in length.

a Using a pair of compasses, construct arcs with radius 4 cm, as

shown, using:

centre Ai centre Bii

b Mark point C as shown and use a ruler to draw the segments:

ACi BCii A

C

4 cm 4 cm

B

c Measure the angles ÒBAC and ÒABC. What do you notice?

U
N
D
E
R
S
TA

N
D
IN

G

4Example 9 Follow steps a to e to construct a perpendicular line.

a Draw a line segment, AB, of about 5 cm in length.

b Construct overlapping circles of different sizes

using the two centres A and B.

c Mark the intersecting points of the circles and

label these points C and D.

d Draw the line CD and mark the intersection of

line CD and segment AB with the point E.

e Measure ÒAEC with a protractor. What do you

notice?

A B

D

E
C

5 Follow steps a to d to construct a 60° angle.

a Draw a line segment, AB, of about 5 cm in length.

b Construct an arc with centre A and intersecting the segment AB

at C.

c With the same radius construct an arc with centre C and

intersecting the #rst arc at D.

d Draw the ray AD and measure ÒBAD. What do you notice?

D

60°
C

B
A

6 Follow steps a to e to construct an angle bisector.

a Draw any angle and label ÒAOB.

b Construct an arc with centre O so that it cuts OA and OB at

points C and D.

c With the same radius, construct an arc with centre C and

another with centre D. Ensure these arcs intersect at a point, E.

d Mark in the ray OE.

e Measure ÒAOE and ÒBOE. What do you notice?

A

C
E

DO

B

F
L
U
E
N
C
Y

4–64, 5 4–6
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2F

7 Consider the construction of the perpendicular line. (See the diagram in Question 4.)

Explain how to alter the construction so that the point E is the exact midpoint of the

segment AB.

a

If point E is at the centre of segment AB, then the line CD will be called the perpendicular

bisector of segment AB. Complete the full construction to produce a perpendicular bisector.

b

8 Using the results from Questions 5 and 6, explain how you could construct the angles below.

Try each construction and then check each angle with a protractor.

30°a 15°b

9 Show how you could construct these angles. After each construction, measure the angle

using a protractor. (You may wish to use the results from Questions 4 and 6 for help.)

45°a 22.5°b

P
R
O
B
L
E
M
-S

O
LV

IN
G

8, 97 7, 8

10 Consider the construction of a perpendicular line. (See the diagram in Question 4.) Do you think

it is possible to construct a perpendicular line using circles with radii of any size? Explain.

11 The diagram in Question 6 shows an acute angle, ÒAOB.

Do you think it is possible to bisect an obtuse angle? If so, show how.a

Do you think it is possible to bisect a re!ex angle? If so, show how.b

R
E
A
S
O
N
IN

G

10, 1110 10

No measurement allowed

12 Using only a pair of compasses and a ruler’s edge, see if you can construct these objects.

No measurement is allowed.

a Perpendicular line at the end point of a segment. Start with segment AB.

A B

b Two parallel lines. Start with line AB.

A

B

c A square. Start with segment AB.

A B

E
N
R
IC
H
M
E
N
T
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2G Dynamic geometry

Dynamic geometry is an ideal tool for constructing geometrical #gures. Constructing with dynamic

geometry is like constructing with a ruler and a pair of compasses, but there is the added freedom to drag

objects and explore different variations of the same construction. With dynamic geometry the focus is on

‘construction’ as opposed to ‘drawing’. Although this is more of a challenge initially, the results are more

precise and allow for greater exploration.

Let’s start: The disappearing line

Use computer geometry to construct this #gure starting with

segment AB.

Add the line CD and check that it makes a right angle.

Drag the points A and B or increase the size of the circles.

Can you drag point A or B to make the line CD disappear? Why would

this happen?

C

D

A B

Key
ideas

Using dynamic geometry is like using

a pair of compasses and a ruler.

Objects can be dragged to explore

different cases.

drag

Upon dragging, the geometrical construction should retain the desired properties.

The same segment can be used to ensure two circles have exactly

the same radius.
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Example 10 Constructing a 60° angle

Construct an angle of 60° using computer geometry. Then drag one of the starting points to check the

construction.

SOLUTION EXPLANATION

C

A B

Step 1: Construct and label a segment AB.

Step 2: Construct two circles with radius AB

and centres A and B.

Step 3: Mark the intersection C and draw the

ray AC.

Step 4: Measure ÒBAC to check.

Exercise 2G

1 a Use computer geometry to construct an angle ÒABC. Any size

will do.

b Mark and measure the angle using computer geometry. Drag the

point A around B to enlarge the angle. See whether you can form all

these types of angles.

acutei rightii straightiii

re!exiv revolutionv

A

B C

58.2°

2 Look at the 60° angle construction in Example 10.

a Why do the two circles have exactly the same radius?

b What other common geometrical object could be easily constructed simply by adding one

more segment?

U
N
D
E
R
S
TA

N
D
IN

G

—1, 2 2

3Example 10 Construct each of the following using dynamic geometry. If necessary, refer back to Section 2F

and Exercise 2F to assist you. Check each construction by dragging one of the starting points.

All desired properties should be retained.

perpendicular linea perpendicular bisectorb

60° anglec angle bisectord

F
L
U
E
N
C
Y

33 3
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2G

4 a Use the ‘parallel line’ tool to construct a pair of parallel lines and a transversal.

b Measure the eight angles formed.

c Drag the transversal to change the size of the angles. Check that:

alternate angles are equali

corresponding angles are equalii

cointerior angles are always supplementaryiii

5 Use computer geometry to construct these angles. You may wish to use the ‘angle bisector’

shortcut tool.

30°a 15°b 45°c

6 Use computer geometry to construct a six-pointed !ower. Then drag

one of the starting points to increase or decrease its size.

P
R
O
B
L
E
M
-S

O
LV

IN
G

5, 64 4, 5

7 a When using computer geometry it may be necessary to use a full circle instead of an arc.

Explain why.

b When constructing a perpendicular bisector the starting segment AB is used as the radius

of the circles. This is instead of two circles with different radii. Explain why.

8 Explain why geometrical construction is a precise process, whereas drawing using

measurement is not.
R
E
A
S
O
N
IN

G

7, 87 7, 8

Intricate designs

9 Sketch your own intricate design or use the internet to #nd a design that uses circles and lines.

Use dynamic geometry to see if it is possible to precisely construct the design. Use colour to

enhance your design. E
N
R
IC
H
M
E
N
T
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Investigation

The perfect billiard ball path

When a billiard ball bounces off a straight wall (with no side

spin) we can assume that the angle at which it hits the wall

(incoming angle) is the same as the angle at which it leaves the

wall (outgoing angle). This is similar to how light re!ects off a

mirror.

Single bounce

Use a ruler and protractor to draw a diagram for

each part and then answer the questions.

a Find the outgoing angle if:

the incoming angle is 30°i

the centre angle is 104°ii

wall

centre

angle

incoming

angle

outgoing

angle

b What geometrical reason did you use to calculate the answer to part a ii above?

Two bounces

Two bounces of a billiard ball on a rectangular table are

shown here.

a Find the values of angles a, b, c, d and e, in that order. Give a

reason for each.

30° a°

c°
b°

e°
d°

b What can be said about the incoming angle on the #rst bounce and the outgoing angle on the second

bounce? Give reasons for your answer.

c Accurately draw the path of two bounces using:

an initial incoming bounce of 20°i an initial incoming bounce of 55°ii

More than two bounces

a Draw paths of billiard balls for more than two bounces starting at the

midpoint of one side of a rectangular shape, using the starting incoming

angles below.

45°i 30°ii

b Repeat part a but use different starting positions. Show accurate diagrams, using the same

starting incoming angle but different starting positions.

c Summarise your #ndings of this investigation in a report that clearly explains what you have

found. Show clear diagrams for each part of your report.
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Problems and challenges
Up for a challenge? If you

get stuck on a question,
check out the 'Working

with unfamiliar problems'
poster at the end of the

book to help you.

1 What is the angle between the hour hand and minute hand of a clock at 9:35 am?

2 Two circles are the same size. The shaded circle rolls around the other circle. How

many degrees will it turn before returning to its starting position?

3 Move three matchsticks to turn the #sh to face the opposite direction.

4 A cube is shown with diagonals BD and DG marked. What is the size of angle BDG?

D

G

B

5 How many angles of different sizes can you form from joining dots in this 2 by 3 grid?

One possible angle is shown for you. Do not count the 0° or 180° angle or re!ex angles

outside the grid.

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



C
ha

pt
er

su
m
m
ar
y

Essential Mathematics for the Victorian Curriculum Year 7 Measurement and Geometry 97

Angles

acute 0°−90°

right 90°

obtuse 90°−180°

straight 180°

reflex 18 °−360°

revolution 360°

Angles at a point

Complementary

 a + b = 90
Supplementary

 c + d = 180
Vertically opposite

        a = c
Revolution

 a + b + 90 + c + d = 360

a°
b°

c° d°

Parallel lines

a = b (corresponding)

a = d (alternate)

a + c = 180 (cointerior)

If a = 120, b = 120,

d = 120 and c = 60.

c°a°

d°

transversalb°

Circle features

ra
di

us

diameter

minor

arc

chord

centre

Geometrical objects

∠ABC

ray BD

line EF

segment AB

collinear points B, C, D

vertex B

A

B

F

E
C

D

Constructions

angle

bisector

triangle

perpendicular

line

Measuring angles

3 cm

5 cm

4 cm

Problem with parallel

lines (Ext )

Geometry

∠ABC  = 30° + 60°= 90°

A

C

B
30°

60°
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Multiple-choice questions

12A Three points are collinear if:

they are at right anglesA they form a 60° angleB

they all lie in a straight lineC they are all at the same pointD

they form an arc on a circleE

22A The angle shown here can be named:

ÒQRPA ÒPQRB ÒQPRC

ÒQRRD ÒPQPE

Q R

P

32C Complementary angles:

sum to 180°A sum to 270°B sum to 360°C

sum to 90°D sum to 45°E

42B A re!ex angle is:

90°A 180°B between 180° and 360°C

between 0° and 90°D between 90° and 180°E

52B What is the reading on this protractor?

15°A 30°B

105°C 165°D

195°E

9080
70

60

50

4
0

3
0

2
0

1
0

0

1
8
0

1
7
0

1
6
0

1
5
0

1
4
0

130

120

110
100

90100
110

12
0

13
0

1
4
0

1
5
0

1
6
0

1
7
0

1
8
0 0

1
0

2
0

3
0

4
0

50

60

70
80

62B The angle a minute hand on a clock turns in 20 minutes is:

72°A 36°B 18°C 144°D 120°E

72D If a transversal cuts two parallel lines, then:

A cointerior angles are equal

B alternate angles are supplementary

C corresponding angles are equal

D vertically opposite angles are supplementary

E supplementary angles add to 90°

82F An angle bisector:

cuts an angle in halfA cuts a segment in halfB

cuts a line in halfC makes a 90° angleD

makes a 180° angleE

C
ha

pt
er

re
vi
ew
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92E

Ext

The value of a in this diagram is

115A 75B 60C 55D 65E a°

115°

102F In this diagram, if line CD is to cut segment AB in half then:

A segment AB has to be 5 cm

B the radii of the arcs must be the same

C the radii of the arcs must not be the same

D line CD should be 10 cm

E AB should be a line not a segment

C

BA

D

Short-answer questions

12A Name each of these objects.

C

Da

O

B

Ab
P

c

d

C

A

e

T

S

f

22B For the angles shown, state the type of angle and measure its size using a protractor.

a b

c

C
ha

pt
er

re
vi
ew
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100 Chapter 2 Geometry

32B Find the angle between the hour and minute hands on a

clock at the following times.

a 6:00 am

b 9:00 pm

c 3:00 pm

d 5:00 am

42C Without using a protractor, #nd the value of a in these diagrams.

70°

a°

a

130°

a°

b

145°

a°

c

41°

a°

d

a°
75°

e

a°

52°

f

(2a)°
a°

g

(2a)°

a°

h

a°

(a + 30)°

i

52D Using the pronumerals a, b, c or d given in the diagram, write

down a pair of angles that are:

a vertically opposite

b cointerior

c alternate

d corresponding

e supplementary but not cointerior

b°

a°

d°
c°

62D For each of the following, state whether the two lines cut by the transversal are parallel.

Give reasons for each answer.

65°

65°

a

92°

89°

b

130°

60°

c

C
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72E

Ext

Find the value of a in these diagrams.

80° a°

a

85° a°

b

59°

70°

a°

c

150°

a°

d

140°
a°

e

70°

32°a°

f

82E

Ext

Find the size of ÒABC in these diagrams.

70°

75°

B

A

C

a

60°
80°

B

A

C

b

70°

30°

B

A

C

c

92F Use the diagrams to help draw your own construction. You will need a pair of compasses and a ruler.

a angle bisector (start with any angle size).

b perpendicular line (start with a segment of about 6 cm in length).
C
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102 Chapter 2 Geometry

Extended-response questions

1 A factory roof is made up of three sloping sections. The sloping sections are all parallel and the

upright supports are at 90° to the horizontal, as shown. Each roof section makes a 32° angle (or

pitch) with the horizontal.

B C

E

factory

GF

A D

a State the size of each of these angles.

ÒEABi ÒGCDii ÒABFiii ÒEBFiv

b Complete these sentences.

ÒBAE is ____________________________ to ÒCBF.i

ÒFBC is ____________________________ to ÒGCB.ii

ÒBCG is ____________________________ to ÒGCD.iii

c Solar panels are to be placed on the sloping roofs and it is decided that the angle to the

horizontal is to be reduced by 11°. Find the size of these new angles.

ÒFBCi ÒFBAii ÒFCGiii
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2 A circular birthday cake is cut into pieces of equal size, cutting from the centre outwards. Each cut

has an angle of a° at the centre.

Tanya’s family takes four pieces. George’s family takes three pieces.

Sienna’s family takes two pieces. Anita’s family takes two pieces.

Marcus takes one piece.

a How many pieces were taken all together?

b If there is no cake left after all the pieces are taken, #nd the value of a.

c Find the value of a if:

half of the cake still remainsi

one-quarter of the cake still remainsii

one-third of the cake still remainsiii

one-#fth of the cake still remainsiv
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Chapter

N U M B E R  A N D  A L G E B R A

Number and place value

Investigate index notation and represent 

whole numbers as products of powers of 

prime numbers (VCMNA238)

Investigate and use square roots of 

perfect square numbers (VCMNA239)

Linear and non-linear relationships

Given coordinates, plot points on the 

Cartesian plane, and find coordinates for a 

given point (VCMNA255)

Victorian curriculum

Investigate, interpret and analyse graphs 

from real life data, including consideration of 

domain and range (VCMNA257)

 3A  Factors and multiples 

(Consolidating)

 3B  Highest common factor and lowest 

common multiple (Consolidating)

 3C Divisibility (Extending)

 3D Prime numbers

 3E  Powers

What you will learn

 3F Prime decomposition

 3G Squares and square roots

 3H Number patterns (Consolidating)

3I  Spatial patterns

3J  Tables and rules

 3K The number plane and graphs

3
Number 
properties  
and patterns
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• Chapter pre-test

• Video demonstrations of 

all worked examples

• Interactive widgets

• Interactive walkthroughs

• Downloadable HOTsheets

• Access to all HOTmaths 

Australian Curriculum 

courses

• Access to the HOTmaths 

games library

Online 
resources

Mathematicians are always looking for 

patterns in number sequences. When a 

pattern is known, rules can be determined 

and used to predict future values. 

To create a number pattern with a common 

difference, add or subtract the same amount. 

For example:

• savings for a holiday increase by adding 

the same sum of money each week

• the amount owing on a debt decreases 

monthly by a fixed amount, i.e. payment 

minus the simple interest

• the total distance travelled after every 

hour increases by equal values at a 

constant speed

• a plane’s speed down a runway increases 

by the same amount every second with 

constant acceleration 

To create a number pattern with a common 

ratio, multiply or divide by the same amount. 

For example:

• the yearly value of a certain investment 

increases by 7% p.a. Each year the 

investment is 107% of the previous 

year’s amount, making a sequence with a 

common ratio of 1.07

• if Australia’s population continues to 

increase by 1.4% annually, the yearly 

figures will form a sequence with the 

common ratio 1.014. Predicting population 

growth helps governments plan for roads, 

hospitals, schools etc. 

• threatened animal species (such as 

Leadbeater’s possum or the Mountain 

pygmy possum) may have small population 

numbers that are declining with a common 

ratio. When a sequence is decreasing, the 

common ratio is a number less than 1

Number patterns around us
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106 Chapter 3 Number properties and patterns

3A Factors and multiples CONSOLIDATING

Number patterns are fascinating. Factors and multiples

are key building blocks for a broad �eld known as

Number Theory. Many famous mathematicians

have studied number patterns in an attempt to better

understand our world and to assist with new scienti�c

discoveries. Around 600 BCE, the Greeks built on the

early work of the Egyptians and Babylonians. Thales of

Miletus, the ‘father of Greek mathematics’, is credited

for signi�cant advances in Number Theory. One of his

students, Pythagoras of Samos, went on to become one

of the most well-known mathematicians to have lived.
How many factors are there in a set of 12?

Pythagoras was primarily a religious leader, but he believed that the understanding of the world could

be enhanced through the understanding of numbers. We start this chapter on Number Patterns by

explaining the concepts of factors and multiples.

One dozen doughnuts are generally packed into bags with 3 rows of 4 doughnuts each. Since 3 × 4 = 12,

we can say that 3 and 4 are factors of 12.

Purchasing ‘multiple’ packs of one dozen doughnuts could result in buying 24, 36, 48 or

60 doughnuts, depending on the number of packs. These numbers are known asmultiples of 12.

Let’s start: The most factors, the most multiples

Which number that is less than 100 has the most factors?

Which number that is less than 100 has the most multiples less than 100?

Key
ideas

Factors of a particular number are numbers that divide exactly into that number.

• For example: The factors of 20 can be found by considering pairs of numbers that multiply to

give 20 which are 1 × 20, 2 × 10 and 4 × 5.

Therefore, written in ascending order, the factors of 20 are 1, 2, 4, 5, 10, 20.

• Every whole number is a factor of itself and also 1 is a factor of every whole number.

Multiples of a particular number are numbers created by multiplying the particular number by

any whole number.

• For example: The multiples of 20 are 20, 40, 60, 80, 100, 120, …

Multiples of 20 are also 480, 2000, 68 600. There is an in�nite number of multiples!

Given the statements above, it follows that factors are less than or equal to the particular number

being considered and multiples are greater than or equal to the number being considered.
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Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 107

Example 1 Finding factors

Find the complete set of factors for each of these numbers.

15a 40b

SOLUTION EXPLANATION

a Factors of 15 are 1, 3, 5, 15. 1 × 15 = 15, 3 × 5 = 15

b Factors of 40 are:

1, 2, 4, 5, 8, 10, 20, 40.

1 × 40 = 40, 2 × 20 = 40

4 × 10 = 40, 5 × 8 = 40

The last number you need to check is 7.

Example 2 Listing multiples

Write down the �rst six multiples for each of these numbers.

11a 35b

SOLUTION EXPLANATION

a 11, 22, 33, 44, 55, 66 The �rst multiple is always the given number.

Add on the given number to �nd the next

multiple.

Repeat this process to get more multiples.

b 35, 70, 105, 140, 175, 210 Start at 35, the given number, and repeatedly

add 35 to continue producing multiples.

Example 3 Finding factor pairs

Express 195 as a product of two factors, both of which are greater than 10.

SOLUTION EXPLANATION

195 = 13 × 15 Systematically divide 195 by numbers greater

than 10 in an attempt to �nd a large factor.
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108 Chapter 3 Number properties and patterns

Exercise 3A

1 For each of the following numbers, state whether they are factors (F), multiples (M) or neither

(N) of the number 60.

120a 14b 15c 40d

6e 5f 240g 2h

22i 600j 70k 1l

2 For each of the following numbers, state whether they are factors (F), multiples (M) or neither

(N) of the number 26.

2a 54b 52c 4d

210e 27f 3g 182h

1i 26 000j 13k 39l

U
N
D
E
R
S
TA
N
D
IN
G

—1–2 2

3Example 1 List the complete set of factors for each of the following numbers.

10a 24b 17c

36d 60e 42f

80g 12h 28i

4Example 2 Write down the �rst six multiples for each of the following numbers.

5a 8b 12c

7d 20e 75f

15g 100h 37i

5 Fill in the gaps to complete the set of factors for each of the following numbers.

18 1, 2, , 6, 9,a

25 1, , 25b

72 , 2, 3, , , 8, , , 18, , 36, 72c

120 1, 2, , , , 6, , 10, , , 20, , 30, , 60,d

6 Which number is the incorrect multiple for each of the following sequences?

3, 6, 9, 12, 15, 18, 22, 24, 27, 30a

43, 86, 129, 162, 215, 258, 301, 344b

11, 21, 33, 44, 55, 66, 77, 88, 99, 110c

17, 34, 51, 68, 85, 102, 117, 136, 153, 170d

FL
U
E
N
C
Y

3–6(½)3–5(½) 3–6(½)

7 Consider the set of whole numbers from 1 to 25 inclusive.

Which number has the most factors?a

Which number has the fewest factors?b

Which numbers have an odd number of factors?c

P
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B
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G

8–107–8 8–10
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Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 109

3A

8Example 3 Express each of the following numbers as a product of two factors, both of which are greater

than 10.

192a 315b 180c

121d 336e 494f

9 Zane and Matt are both keen runners. Zane takes 4 minutes to jog around a running track and

Matt takes 5 minutes. They start at the same time and keep running until they both cross the

�nish line at the same time.

How long do they run for?a

How many laps did Zane run?b

How many laps did Matt run?c

10 Anson is preparing for his 12th birthday party. He has invited 12 friends and is making each of

them a ‘lolly bag’ to take home after the party. To be fair, he wants to make sure that each friend

has the same number of lollies. Anson has a total of 300 lollies to share among the lolly bags.

a How many lollies does Anson put in each of his friends’ lolly bags?

b How many lollies does Anson have left over to eat himself?

Anson then decides that he wants a lolly bag for himself also.

c How many lollies will now go into each of the 13 lolly bags?

After much pleading from his siblings, Anson prepares lolly bags for them also. His sister

Monique notices that the total number of lolly bags is now a factor of the total number of lollies.

d What are the different possible number of sibling(s) that Anson could have?

e How many siblings do you expect Anson has?

P
R
O
B
LE
M
-S
O
LV
IN
G

11 Are the following statements true or false?

A multiple of a particular number is always smaller than that number.a

2 is a factor of every even number.b

3 is a factor of every odd number.c

A factor is always greater than or equal to the given number.d

When considering a particular number, that number is both a factor and a multiple of itself.e

12 60 is a number with many factors. It has a total of 12 factors and, interestingly, it has each

of the numbers 1, 2, 3, 4, 5, 6 as a factor.

What would be the smallest number that could boast having 1, 2, 3, 4, 5, 6, 7 and 8 as factors?a

What would be the smallest number that could boast having 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10

as factors?

b

13 a What numbers can claim that the number 100 is a multiple of them?

b What are the factors of 100?

R
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G
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110 Chapter 3 Number properties and patterns

3A

14 All Australian AM radio stations have

frequencies that are multiples of 9. For

example, a particular radio station has a

frequency of 774 (kilohertz or kHz). Find

three other AM radio stations and show their

frequencies are, indeed, multiples of 9.

15 Two numbers are chatting with one another when one number asks the other, ‘Are you a multiple

of mine?’ The reply comes back, ‘Well, I have always considered you to be one of my factors’.

Explain why this response is enough to help the �rst number answer her question. Which number

is the larger number?

R
E
A
S
O
N
IN
G

Factors and multiples with computers

16 a Design a spreadsheet that will enable a user to enter any number between 1 and 100 and

it will automatically list the �rst 30 multiples of that number.

b Design a spreadsheet that will enable a user to enter any particular number between 1 and 100

and it will automatically list the number’s factors.

c Improve your factor program so that it �nds the sum of the factors and also states the total

number of factors for the particular number.

d Use your spreadsheet program to help you �nd a pair of amicable numbers. A pair of

numbers is said to be amicable if the sum of the factors for each number, excluding the

number itself, is equal to the other number. Each number that makes up the �rst such pair

of amicable numbers falls between 200 and 300.

An example of a non-amicable pair of numbers:

12 - factor sum = 1 + 2 + 3 + 4 + 6 = 16

16 - factor sum = 1 + 2 + 4 + 8 = 15

The factor sum for 16 would need to be 12 for the pair to be amicable numbers.

Helpful Excel formulas

INT(number) – Rounds a number down to the nearest integer (whole number).

MOD(number, divisor) – Returns the remainder after a number is divided by its divisor.

IF(logical test, value if true, value if false) – Checks whether a condition is met and returns

one value if true and another value if false.

COUNTIF(range, criteria) – Counts the number of cells within a range that meet the given

condition.
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3B Highest common factor and lowest
common multiple CONSOLIDATING

In the previous exercise, factors and muliples of a number were explained. Remember that factors are less

than or equal to a given number and that multiples are greater than or equal to a given number.

given number

e.g. 12

factors

≤ 12

e.g. 1, 2, 3, 4, 6, 12

multiples

≥ 12

e.g. 12, 24, 36, 48,  .  .  .

There are many applications in Mathematics for which the highest common factor (HCF) of two or more

numbers must be determined. In particular, the skill of �nding the HCF is required for the future topic

of factorisation, which is an important aspect of Algebra.

Similarly, there are many occasions for which the lowest common multiple (LCM) of two or more numbers

must be determined. Adding and subtracting fractions with different denominators requires the skill of

�nding the LCM.

Let’s start: You provide the starting numbers!

For each of the following answers, you must determine possible starting numbers. On all occasions, the

numbers involved are less than 100.

The HCF of two numbers is 12.1 Suggest two possible starting numbers.

The HCF of three numbers is 11.2 Suggest three possible starting numbers.

The LCM of two numbers is 30.3 Suggest two possible starting numbers.

The LCMof three numbers is 75.4 Suggest three possible starting numbers.

The HCF of four numbers is 1.5 Suggest four possible numbers.

The LCM of four numbers is 24.6 Suggest four possible numbers.

Key
ideas

HCF stands for highest common factor.

As the name suggests, it refers to the highest (i.e. largest) factor that is common to the numbers

provided in the question.

• For example: Find the HCF of 24 and 40.

Factors of 24 are 1, 2, 3, 4, 6, 8, 12 and 24.

Factors of 40 are 1, 2, 4, 5, 8, 10, 20 and 40.

Therefore, common factors of 24 and 40 are 1, 2, 4 and 8.

Therefore, the highest common factor of 24 and 40 is 8.
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112 Chapter 3 Number properties and patterns

Key
ideas

LCM stands for lowest common multiple.

As the name suggests, it refers to the lowest (i.e. smallest) multiple that is common to the

numbers provided in the question.

• For example: Find the LCM of 20 and 12.

Multiples of 20 are 20, 40, 60, 80, 100, 120, 140, …

Multiples of 12 are 12, 24, 36, 48, 60, 72, 84, 96, 108, 120, 132, …

Therefore, common multiples of 20 and 12 are 60, 120, 180, …

Therefore, the lowest common multiple of 20 and 12 is 60.

The LCM of two numbers can always be found by multiplying the two numbers together and

dividing by their HCF.

• For example: Find the LCM of 20 and 12.

The HCF of 20 and 12 is 4.

Therefore, the LCM of 20 and 12 is 20 × 12 ÷ 4 = 60.

Example 4 Finding the highest common factor (HCF)

Find the highest common factor (HCF) of 36 and 48.

SOLUTION EXPLANATION

Factors of 36 are:

1, 2, 3, 4, 6, 9, 12, 18 and 36.

Factors of 48 are:

1, 2, 3, 4, 6, 8, 12, 16, 24 and 48.

The HCF of 36 and 48 is 12.

1 × 36 = 36, 2 × 18 = 36, 3 × 12 = 36,

4 × 9 = 36, 6 × 6 = 36

1 × 48 = 48, 2 × 24 = 48, 3 × 16 = 48,

4 × 12 = 48, 6 × 8 = 48

Common factors are 1, 2, 3, 4, 6 and 12, of

which 12 is the highest.

Example 5 Finding the lowest common multiple (LCM)

Find the lowest common multiple (LCM) of the following pairs of numbers.

5 and 11a 6 and 10b

SOLUTION EXPLANATION

a The LCM of 5 and 11 is 55. Note that the HCF of 5 and 11 is 1.

5 × 11 ÷ 1 = 55

b The LCM of 6 and 10 is 30. Note that the HCF of 6 and 10 is 2.

The LCM of 6 and 10 is 6 × 10 ÷ 2 = 30.

Multiples of 6 are 6, 12, 18, 24, 30, 36, …

Multiples of 10 are 10, 20, 30, 40, …
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Exercise 3B

1 The factors of 12 are 1, 2, 3, 4, 6 and 12, and the factors of 16 are 1, 2, 4, 8 and 16.

What are the common factors of 12 and 16?a

What is the HCF of 12 and 16?b

2 Fill in the missing numbers to �nd out the HCF of 18 and 30.

Factors of 18 are 1, , 3, , and 18.

Factors of are 1, , , 5, , 10, and 30.

Therefore, the HCF of 18 and 30 is .

3 The �rst 10 multiples of 8 are 8, 16, 24, 32, 40, 48, 56, 64, 72 and 80.

The �rst 10 multiples of 6 are 6, 12, 18, 24, 30, 36, 42, 48, 54 and 60.

What are two common multiples of 8 and 6?a

What is the LCM of 8 and 6?b

4 Fill in the missing numbers to �nd out the LCM of 9 and 15.

Multiples of 9 are 9, 18, , 36, , , , , 81 and .

Multiples of 15 are , 30, , 60, 75, , and 120.

Therefore, the LCM of 9 and 15 is .

U
N
D
E
R
S
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N
D
IN
G

—1–4 4

5Example 4 Find the HCF of the following pairs of numbers.

4 and 5a 8 and 13b 2 and 12c 3 and 15d

16 and 20e 15 and 60f 50 and 150g 48 and 72h

80 and 120i 75 and 125j 42 and 63k 28 and 42l

6 Find the HCF of the following groups of numbers.

20, 40, 50a 6, 15, 42b 50, 100, 81c

18, 13, 21d 24, 72, 16e 120, 84, 144f

7Example 5 Find the LCM of the following pairs of numbers.

4 and 9a 3 and 7b 12 and 5c

10 and 11d 4 and 6e 5 and 10f

12 and 18g 6 and 9h 20 and 30i

12 and 16j 44 and 12k 21 and 35l

8 Find the LCM of the following groups of numbers.

2, 3, 5a 3, 4, 7b 2, 3, 4c

3, 5, 9d 4, 5, 8, 10e 6, 12, 18, 3f

9 Find the HCF of the following pairs of numbers and then use this information to help calculate

the LCM of the same pair of numbers.

15 and 20a 12 and 24b 14 and 21c 45 and 27d

FL
U
E
N
C
Y

5–9(½)5–7(½) 5–8(½)
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114 Chapter 3 Number properties and patterns

3B

10 Find the LCM of 13 and 24.

11 Find the HCF of 45 and 72.

12 Find the LCM and HCF of 260 and 390.

13 Andrew runs laps of ‘the circuit’ in

4 minutes. Bryan runs laps of the same

circuit in 3 minutes. Chris can run laps

of the same circuit in 6 minutes. They

all start together on the starting line and

run a ‘race’ that goes for 36 minutes.

What is the �rst time, after the start,

that they will all cross over the

starting line together?

a

How many laps will each boy

complete in the race?

b

How many times does Bryan

overtake Andrew during this race?

c

P
R
O
B
LE
M
-S
O
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G

11–1310, 11 11, 12

14 Given that the HCF of a pair of different numbers is 8, �nd the two numbers:

if both numbers are less than 20a

when one number is in the 20s and the other in the 30sb

15 Given that the LCM of a pair of different numbers is 20, �nd the seven possible pairs of numbers.

16 The rule for �nding the LCM of two numbers x and y is
x × y

HCF (x, y)
. Is the rule for the LCM

of three numbers x, y and z
x × y × z

HCF (x, y, z)
? Explain your answer.

R
E
A
S
O
N
IN
G

15, 1614 14, 15

LCM of large groups of numbers

17 a Find the LCM of these single-digit numbers: 1, 2, 3, 4, 5, 6, 7, 8, 9.

b Find the LCM of these �rst 10 natural numbers: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10.

c Compare your answers to parts a and b. What do you notice? Explain.

d Find the LCM of the �rst 11 natural numbers.

E
N
R
IC
H
M
E
N
T

17— —

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 115

3C Divisibility EXTENDING

It is useful to know whether a large number is exactly divisible by another number. Although we can

always carry out the division algorithm, this can be a dif�cult and tedious process for large numbers.

There are simple divisibility tests for each of the single-digit numbers, with the exception of 7.

These divisibility tests determine whether or not the number is divisible by the chosen divisor.

Let’s start: Five questions in 5 minutes

In small groups, attempt to solve the following �ve questions in 5 minutes.

1 Some numbers are only divisible by 1 and themselves. What are these numbers called?

2 Is 21 541 837 divisible by 3?

3 What two-digit number is the ‘most divisible’ (i.e. has the most factors)?

4 Find the smallest number that is divisible by 1, 2, 3, 4, 5 and 6.

5 Find a number that is divisible by 1, 2, 3, 4, 5, 6, 7 and 8.

Key
ideas

A number is said to be divisible by another number if there is no remainder after the division

has occurred.

If the divisor divides into the dividend exactly, then the divisor is said to be a factor of that

number.

Division notation

Example: 27 ÷ 4 = 6 remainder 3

27

4
6 3 6 3

4
= =rem.

dividend

remainder

quotient

divisor

Another way of representing this information is 27 = 4 × 6 + 3.

Key terms

Dividend The starting number; the total; the amount you have

Divisor The number doing the dividing; the number of groups

Quotient The number of times the divisor went into the dividend, also known as

‘the answer’

Remainder The number left over; the number remaining (sometimes written as ‘rem.’)

Divisibility tests

1 All numbers are divisible by 1.

2 All even numbers are divisible by 2. Last digit must be a 0, 2, 4, 6 or 8.

3 The sum of the digits must be divisible by 3.

4 The number formed from the last two digits must be divisible by 4.

5 The last digit must be a 0 or 5.

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



116 Chapter 3 Number properties and patterns

Key
ideas

6 Must pass the divisibility tests for 2 and 3.

7 There is no easy divisibility test for the numeral 7.

8 The number formed from the last three digits must be divisible by 8.

9 The sum of the digits must be divisible by 9.

10 The last digit must be 0.

Example 6 Applying divisibility tests

Determine whether or not the following calculations are possible without leaving a remainder.

54 327 ÷ 3a 765 146 ÷ 8b

SOLUTION EXPLANATION

a Digit sum = 21

Yes, 54 327 is divisible by 3.

5 + 4 + 3 + 2 + 7 = 21

21 is divisible by 3.

b

)8 146

18
6

 
rem. 2

No, 765 146 is not divisible by 8.

Check whether the last three digits are

divisible by 8.

Example 7 Testing divisibility

Carry out divisibility tests on the given number and �ll in the table with ticks or crosses.

Divisible Divisible Divisible Divisible Divisible Divisible Divisible Divisible

Number by 2 by 3 by 4 by 5 by 6 by 8 by 9 by 10

48 569 412

SOLUTION

Divisible Divisible Divisible Divisible Divisible Divisible Divisible Divisible

Number by 2 by 3 by 4 by 5 by 6 by 8 by 9 by 10

48 569 412         

EXPLANATION

48 569 412 is an even number and therefore is divisible by 2.

48 569 412 has a digit sum of 39 and therefore is divisible by 3, but not by 9.

48 569 412 is divisible by 2 and 3; therefore it is divisible by 6.

The last two digits are 12, which is divisible by 4.

The last three digits are 412, which is not divisible by 8.

The last digit is a 2 and therefore is not divisible by 5 or 10.
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Exercise 3C

1 Give a reason why:

8631 is not divisible by 2a 31 313 is not divisible by 3b

426 is not divisible by 4c 5044 is not divisible by 5d

87 548 is not divisible by 6e 214 125 is not divisible by 8f

3 333 333 is not divisible by 9g 56 405 is not divisible by 10h

2 Give the remainder when:

326 is divided by 3a 21 154 is divided into groups of fourb

72 is divided into six groupsc 45 675 is shared into �ve groupsd

3 Which three divisibility tests involve calculating the sum of the digits?

4 If you saw only the last digit of a 10-digit number, which three divisibility tests (apart from 1)

could you still apply?

U
N
D
E
R
S
TA
N
D
IN
G

—1–4 4

5 aExample 6 Determine whether the following calculations are possible without leaving a remainder.

23 562 ÷ 3i 39 245 678 ÷ 4ii 1 295 676 ÷ 9iii

213 456 ÷ 8iv 3 193 457 ÷ 6v 2 000 340 ÷ 10vi

51 345 678 ÷ 5vii 215 364 ÷ 6viii 9543 ÷ 6ix

25 756 ÷ 2x 56 789 ÷ 9xi 324 534 565 ÷ 5xii

2 345 176 ÷ 8xiii 329 541 ÷ 10xiv 225 329 ÷ 3xv

356 781 276 ÷ 9xvi 164 567 ÷ 8xvii 2 002 002 002 ÷ 4xviii

b Repeat the process using a calculator. Which way is quicker?

6 Write down �ve two-digit numbers that are divisible by:

5a 3b 2c 6d

8e 9f 10g 4h

7Example 7 Carry out divisibility tests on the given numbers and �ll in the table with ticks or crosses.

Divisible Divisible Divisible Divisible Divisible Divisible Divisible Divisible

Number by 2 by 3 by 4 by 5 by 6 by 8 by 9 by 10

243 567

28 080

189 000

1 308 150

1 062 347

FL
U
E
N
C
Y

5–6(½), 75(½), 7 5–6(½), 7
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3C

8 a Can Julie share $41.75 equally among her three children?

b Julie �nds one more dollar on the Koor and realises that she can now share the money

equally among her three children. How much do they each receive?

9 The game of ‘clusters’ involves a group getting into smaller-sized

groups as quickly as possible once a particular cluster size has been

called out. If a year level consists of 88 students, which ‘cluster’

sizes would ensure no students are left out of a group?

10 How many of the whole numbers between 1 and 250 inclusive are not divisible by 5?

11 How many two-digit numbers are divisible by 2 and 3?

12 Find the largest three-digit number that is divisible by both 4 and 5.

13 Find the largest three-digit number that is divisible by both 6 and 7.

P
R
O
B
LE
M
-S
O
LV
IN
G

11–138, 9 9–11

14 a Is the number 968 362 396 392 139 963 359 divisible by 3?

b Many of the digits in the number above can actually be ignored when calculating the digit

sum. Which numbers can be ignored and why?

c To determine if the number above is divisible by 3, only �ve of the 21 digits actually need

to be added together. Find this ‘reduced’ digit sum.

15 The divisibility test for the numeral 4 is to consider whether the number formed by the last

two digits is a multiple of 4. Complete the following sentences to make a more detailed

divisibility rule.

If the second-last digit is even, the last digit must be either a , or .a

If the second-last digit is odd, the last digit must be either a or .b

16 Blake’s age is a two-digit number. It is divisible by 2, 3, 6 and 9. How old is Blake if you know

that he is older than 20 but younger than 50?

17 Find the smallest number that satis�es each of the conditions below.

The number must be larger than the divisor and leave:

a a remainder of 5 when divided by 6

b a remainder of 4 when divided by 5

c a remainder of 3 when divided by 4

d a remainder of 2 when divided by 3

e a remainder of 1 when divided by 2

R
E
A
S
O
N
IN
G

15–1714 14, 15
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3CDivisible by 11?

18 a Write down the �rst nine multiples of the numeral 11.

b What is the difference between the two digits for each of these multiples?

c Write down some three-digit multiples of 11.

d What do you notice about the sum of the �rst digit and the last digit?

The following four-digit numbers are all divisible by 11:

1606, 2717, 6457, 9251, 9306

e Find the sum of the odd-placed digits and the sum of the even-placed digits. Then subtract

the smaller sum from the larger. What do you notice?

f Write down a divisibility rule for the number 11.

g Which of the following numbers are divisible by 11?

2 594 669i 45 384 559ii 488 220iii

14 641iv 1 358 024 679v 123 456 789 987 654 321vi

An alternative method is to alternate adding and subtracting each of the digits.

For example: 4 134 509 742 is divisible by 11.

Alternately adding and subtracting the digits will give the following result:

4 - 1 + 3 - 4 + 5 - 0 + 9 - 7 + 4 - 2 = 11

h Try this technique on some of your earlier numbers.

Can you explain how the digits in each row of Pascal’s triangle form the powers of 11?

E
N
R
IC
H
M
E
N
T

18— —
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3D Prime numbers

It is believed that prime numbers (i.e. positive whole numbers

with only two factors) were �rst studied by the ancient

Greeks. More recently, the introduction of computers has

allowed for huge developments in this �eld. Computers have

allowed mathematicians to determine which large numbers

are primes. Programs have also been written to automatically

generate huge prime numbers that could not be calculated

previously by hand.

There continues to be much debate as to whether or not 1 is

a prime number. The current thinking is that 1 should not be

considered a prime number, the basic reason being that it does

not have two distinct factors.

Remarkable fact: There are some interesting prime

numbers that have patterns in their digits; for example,

12 345 678 901 234 567 891. This is known as an

ascending prime.

Computers allow mathematicians to examine

and work with extremely large numbers.

You can also get palindromic primes, such as 111 191 111 and 123 494 321.

Below is a palindromic prime number that reads the same upside down or when viewed in a mirror.

l88808l80888l

Let’s start: How many primes?

How many numbers from 1 to 100 are prime?

You and a classmate have 4 minutes to come up with your answer.

Key
ideas

A prime number is a positive whole number that has only two factors: 1 and itself.

A number that has more than two factors is called a composite number.

0 and 1 are neither prime nor composite numbers.

Example 8 Determining whether a number is a prime or composite

State whether each of these numbers is a prime or composite: 22, 35, 17, 11, 9, 5.

SOLUTION EXPLANATION

Prime: 5, 11, 17

Composite: 9, 22, 35

5, 11, 17 have only two factors (1 and itself).

9 = 3 × 3, 22 = 2 × 11, 35 = 5 × 7
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Example 9 Finding prime factors

Find the prime numbers that are factors of 30.

SOLUTION EXPLANATION

Factors of 30 are:

1, 2, 3, 5, 6, 10, 15, 30

Find the entire set of factors �rst.

Prime numbers from this list of factors

are 2, 3 and 5.

Determine which factors are prime according

to the given de�nition.

Exercise 3D

1 The factors of 12 are 1, 2, 3, 4, 6 and 12. Is 12 a prime number?

2 The factors of 13 are 1 and 13. Is 13 a prime number?

3 List the �rst 10 prime numbers.

4 List the �rst 10 composite numbers.

5 What is the �rst prime number greater than 100?

6 Explain why 201 cannot be the �rst prime number greater than 200.

U
N
D
E
R
S
TA
N
D
IN
G

—1–6 4, 6

7Example 8 State whether each of the following is a prime (P) or composite (C) number.

14a 23b 70c 37d

51e 27f 29g 3h

8i 49j 99k 59l

2m 31n 39o 89p

8Example 9 Find the prime numbers that are factors of:

42a 39b 60c

25d 28e 36f

9 List the composite numbers between:

30 and 50a 50 and 70b 80 and 100c

FL
U
E
N
C
Y

7–8(½), 97(½), 8 7(½), 8, 9
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3D

10 The following are not prime numbers, yet they are the product (×) of two primes. Find the two

primes for each of the following numbers.

55a 91b 143c

187d 365e 133f

11 Which one of these numbers has factors that are only prime numbers, itself and 1?

12, 14, 16, 18, 20

12 Twin primes are pairs of primes that are separated from each other by only one even number;

for example, 3 and 5 are twin primes. Find three more pairs of twin primes.

13 13 and 31 are known as a pair of ‘reverse numbers’. They are also both prime numbers.

Find any other two-digit pairs of prime reverse numbers.

P
R
O
B
LE
M
-S
O
LV
IN
G

11–1310 11, 12

14 Find three different prime numbers that are less than 100 and which sum to a fourth different

prime number. Can you �nd more than �ve sets of such numbers?

15 Many mathematicians believe that every even number greater than 2 is the sum of two prime

numbers. Show this is true for even numbers between 30 and 50.

16 Give two examples of a pair of primes that add to a prime number. Explain why all possible

pairs of primes that add to a prime must contain the number 2.

R
E
A
S
O
N
IN
G

15, 1614 14, 15

Prime or not prime?

17 Design a spreadsheet that will check whether or not any number entered between 1 and 1000

is a prime number.

If your spreadsheet is successful, someone should be able to enter the number 773 and very

quickly be informed whether or not this is a prime number.

You may choose to adapt your factor program (Enrichment activity Exercise 3A, Question 16).

E
N
R
IC
H
M
E
N
T

17— —
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3E Powers

When repeated multiplication of the same factor

occurs, the expression can look quite cumbersome.

Mathematicians have a method for simplifying such

expressions by writing them as powers. This involves

writing the repeated factor as the base number and then

including an index number to indicate how many times

this factor must be multiplied by itself. This is also

known as writing a number in index form.

Powers are also used to represent very large and very

small numbers. For example, 400 000 000 000 000 would be written as 4 × 1014. This way of writing

a number is called standard form or scienti#c notation, and you will come across this concept in

future years.

Let’s start: A better way …

• What is a better way of writing 2 + 2 + 2 + 2 + 2 + 2 + 2 + 2 + 2 + 2 (that is not the answer, 20)?

• What is a better way of writing 2 × 2 × 2 × 2 × 2 × 2 × 2 × 2 × 2 × 2 (that is not the answer, 1024)?

You may need to access the internet to �nd out some of the following answers.

Computers have the capacity to store a lot of information. As you most likely know, computer memory is

given in bytes.

• How many bytes (B) are in a kilobyte (kB)?

• How many kilobytes are in a megabyte (MB)?

• How many megabytes are in a gigabyte (GB)?

• How many gigabytes are in a terabyte (TB)?

• How many bytes are in a gigabyte?

Hint: It is over 1 billion and it is far easier to write this number as a power!

• Why do computers frequently use base 2 (binary) numbers?
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Key
ideas

Powers are used to help write expressions involving repeated multiplication in a simpli�ed form

using indices

For example: 8 × 8 × 8 × 8 × 8 can be written as 85

When writing a basic numeral as a power, you need a base number and an index number. This is

also known as writing an expression in index form.

8
5 
= 32 768

base number basic numeral

index number

ab reads as ‘a to the power of b’. In expanded form it would look like:

a × a × a × a × a…. . . × a
| {z }

a is repeated b times

Powers take priority in the order of operations.

For example: 3 + 2 × 42 = 3 + 2 × 16

= 3 + 32

= 35

Note: 23 ¢ 2 × 3, therefore 23 ¢ 6. This is a common mistake that must be avoided.

Instead: 23 = 2 × 2 × 2 = 8.

Example 10 Converting to index form

Simplify the following expressions by writing them in index form.

5 × 5 × 5 × 5 × 5 × 5a 3 × 3 × 2 × 3 × 2 × 3b

SOLUTION EXPLANATION

a 5 × 5 × 5 × 5 × 5 × 5 = 56 The number 5 is the repeated factor and it

appears six times.

b 3 × 3 × 2 × 3 × 2 × 3 = 22 × 34 2 is written two times.

3 is written four times.

Powers are common place in many

areas of mathematics.
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Example 11 Expanding a power

Expand and evaluate the following terms.

24a 23 × 52b

SOLUTION EXPLANATION

a 24 = 2 × 2 × 2 × 2

= 16

Write 2 down four times and multiply.

b 23 × 52 = 2 × 2 × 2 × 5 × 5

= 8 × 25

= 200

Write the number 2 three times, and the

number 5, two times.

Example 12 Evaluating expressions with powers

Evaluate:

72 - 62a 2 × 33 + 102 + 17b

SOLUTION EXPLANATION

a 72 - 62 = 7 × 7 - 6 × 6 Write in expanded form (optional).

Powers are evaluated before the subtraction

occurs.
= 49 - 36

= 13

b 2 × 33 + 102 + 17

= 2 × 3 × 3 × 3 + 10 × 10 + 1 × 1 × 1 Write in expanded form (optional).

× 1 × 1 × 1 × 1 Follow order of operation rules.

= 54 + 100 + 1 Carry out the multiplication �rst, then carry

out the addition.= 155

Exercise 3E

1 Select the correct answer from the following alternatives.

37 means:

3 × 7A 3 × 3 × 3B 7 × 7 × 7C

3 × 7 × 3 × 7 × 3 × 7 × 3D 3 × 3 × 3 × 3 × 3 × 3 × 3E 37F

U
N
D
E
R
S
TA
N
D
IN
G

—1–3 3
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3E

2 Select the correct answer from the following alternatives.

9 × 9 × 9 × 9 × 9 can be simpli�ed to:

9 × 5A 5 × 9B 59C

95D 99 999E 95F

3 Copy and complete the table.

Index form Base number Index number Basic numeral

23 2 3 8

52

104

27

112

121

05

U
N
D
E
R
S
TA
N
D
IN
G

4Example 10a Simplify the following expressions by writing them as powers.

3 × 3 × 3a 2 × 2 × 2 × 2 × 2b 15 × 15 × 15 × 15c

10 × 10 × 10 × 10d 6 × 6e 20 × 20 × 20f

1 × 1 × 1 × 1 × 1 × 1g 4 × 4 × 4h 100 × 100i

5Example 10b Simplify the following expressions by writing them as powers.

3 × 3 × 5 × 5a 7 × 7 × 2 × 2 × 7b 12 × 9 × 9 × 12c

8 × 8 × 5 × 5 × 5d 6 × 3 × 6 × 3 × 6 × 3e 13 × 7 × 13 × 7 × 7 × 7f

4 × 13 × 4 × 4 × 7g 10 × 9 × 10 × 9 × 9h 2 × 3 × 5 × 5 × 3 × 2 × 2i

6 Simplify by writing using powers.

2 × 3 × 5 × 5 × 3 × 3 × 2 × 2 × 2 × 5 × 3 × 2 × 2 × 5 × 3

7Example 11a Expand these terms. (Do not evaluate.)

24a 172b 93c 37d

144e 88f 105g 543h

8Example 11b Expand these terms. (Do not evaluate.)

35 × 23a 43 × 34b 72 × 53c 46 × 93d

5 × 74e 22 × 33 × 41f 115 × 92g 203 × 302h

FL
U
E
N
C
Y

5(½), 6, 7–10(½)4–5(½), 7–9(½) 4–5(½), 7–10(½)
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3E

9 Evaluate:

25a 82b 103c 32 × 23d

104e 23 × 53f 16 × 26g 112 × 18h

10Example 12 Evaluate:

32 + 42a 2 × 52 - 72b 82 - 2 × 33c

(9 - 5)3d 24 × 23e 27 - 1 × 2 × 3 × 4 × 5f

14 + 23 + 32 + 41g 103 - 102h (127 + 123) × 22i

FL
U
E
N
C
Y

11 Determine the index number for the following basic numerals.

16 = 2?a 16 = 4?b 64 = 4?c 64 = 2?d

27 = 3?e 100 = 10?f 49 = 7?g 625 = 5?h

12 Write one of the symbols <, = or > in the box to make the following statements true.

26 29a 83 82b 24 42c 32 42d

64 53e 122 34f 112 27g 18 23h

13 A text message is sent to �ve friends. Each of the �ve friends then forwards it to �ve other

friends and each of these people also sends it to �ve other friends. How many people does the

text message reach, not including those who forwarded the message?

14 Jane writes a chain email and sends it to �ve friends. If each person who receives the email

reads it within 5 minutes of the email arriving and then sends it to �ve other people:

a How many people, including Jane, will have read the email 15 minutes after Jane

�rst sent it?

b If the email always goes to a new person, and assuming every person in Australia has an

email address and access to email, how long would it take until everyone in Australia

has read the message? (Australian population is approx. 25 million people.)

c How many people will read the email within 1 hour?

d Using the same assumptions as above, how long would it take until everyone in the world has

read the message? (World population is approx. 7 billion people.)

e How many people will have read the email in 2 hours?

P
R
O
B
LE
M
-S
O
LV
IN
G

12–1411, 12 12, 13
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3E

15 Write the correct operation (+, -, ×, ÷ ) in the box to make the following equations true.

32 42 = 52a 24 42 = 44b 27 53 = 31c

92 34 = 120d 102 102 = 104e 102 82 = 62f

16 A chain email is initiated by an

individual and sent to x number

of recipients. This process is

repeated (i.e. is forwarded to x new

recipients) y times including the �rst

sending. How many people receive

the email, not including those who

forwarded the message?

17 Find a value for a and for b such that a ¢ b and ab = ba.

R
E
A
S
O
N
IN
G

16, 1715 15, 16

Investigating factorials

18 In mathematics, the exclamation mark (!) is the symbol for factorials.

4! = 4 × 3 × 2 × 1 = 24

n! = n × (n - 1) × (n - 2) × (n - 3) × (n - 4) × · · · × 6 × 5 × 4 × 3 × 2 × 1

a Evaluate 1!, 2!, 3!, 4!, 5! and 6!

Factorials can be written in prime factor form, which involves powers.

For example: 6! = 6 × 5 × 4 × 3 × 2 × 1

= (2 × 3) × 5 × (2 × 2) × 3 × 2 × 1

= 24 × 32 × 5

b Write these numbers in prime factor form.

7!i 8!ii 9!iii 10!iv

c Write down the last digit of 12!

d Write down the last digit of 99!

e Find a method of working out how many consecutive zeros would occur on the right-hand

end of each of the following factorials if they were evaluated. Hint: Consider prime

factor form.

5!i 6!ii 15!iii 25!iv

f 10! = 3! × 5! × 7! is an example of one factorial equal to the product of three factorials.

Express 24! as the product of two or more factorials.

E
N
R
IC
H
M
E
N
T
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3F Prime decomposition

All composite numbers can be broken down (i.e. decomposed) into a unique set of prime factors. A common

way of performing the decomposition into prime factors is using a factor tree. Starting with the given

number, ‘branches’ come down in pairs, representing a pair of factors that multiply to give the number

above it. This process continues until prime factors are reached.

Let’s start: Composition of numbers from prime factors

‘Compose’ composite numbers from the following sets of prime factors. The �rst one has been done

for you.

2 × 3 × 5 = 30a 2 × 3 × 7 × 3 × 2b

32 × 23c 5 × 11 × 22d

13 × 17 × 2e 22 × 52 × 72f

25 × 34 × 7g 11 × 13 × 17h

Note that this process is the reverse of decomposition.

Key
ideas

Every composite number can be expressed as a product of its prime factors.

A factor tree can be used to show the prime factors of a composite number.

Each ‘branch’ of a factor tree eventually terminates in a prime factor.

Powers are often used to ef�ciently represent composite numbers in prime factor form.

For example:

48
starting composite

numbera pair of

‘branches’

‘branches’

terminate on

prime factors ∴ 48 = 2 × 2 × 2 × 2 × 3

= 24
× 3

4 12

2

2 2

2 4 3

expressed with powers

It does not matter which pair of factors you choose to start a factor tree. The �nal result of prime

factors will always be the same.

It is conventional to write the prime factors in ascending (i.e. increasing) order.

For example: 600 = 23 × 3 × 52
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130 Chapter 3 Number properties and patterns

Example 13 Expressing composites in prime factor form

Express the number 60 in prime factor form.

SOLUTION EXPLANATION

∴ 60 = 2 × 2 × 3 × 5

     60 = 2
2
 ×3 × 5

60

5 12

3 4

2 2

A pair of factors for 60 is 5 × 12.

The 5 branch terminates since 5 is a prime

factor.

A pair of factors for 12 is 3 × 4.

The 3 branch terminates since 3 is a prime

factor.

A pair of factors for 4 is 2 × 2.

Both these branches are now terminated.

Hence, the composite number, 60, can be

written as a product of each terminating

branch.

Exercise 3F

1 Sort the following list of numbers into two groups: composite numbers and prime numbers.

15, 13, 7, 5, 8, 9, 27, 23, 11, 4, 12, 2

2 Fill in the gaps to complete the following factor trees.

40

8

2

2 2

a 30

5

3

b 100

10

2 5

c

3 Complete each of the following factor trees.

90

9 10

a 56

4 14

b 220

55 4

c

4 Write the following prime factors, using powers.

2 × 3 × 3 × 2 × 2a 5 × 3 × 3 × 3 × 3 × 5b

7 × 2 × 3 × 7 × 2c 3 × 3 × 2 × 11 × 11 × 2d

U
N
D
E
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S
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N
D
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G
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3F

5Example 13 Express the following numbers in prime factor form.

72a 24b 38c 44d

124e 80f 96g 16h

75i 111j 64k 56l

6 Express these numbers in prime factor form.

600a 800b 5000c 2400d

1 000 000e 45 000f 820g 690h

FL
U
E
N
C
Y

5–6(½)5(½) 5–6(½)

7 Match the correct composite number (a to d) to its set of prime factors (A to D).

120a 2 × 3 × 52A

150b 22 × 32 × 5B

144c 24 × 32C

180d 2 × 3 × 2 × 5 × 2D

8 Find the smallest composite number that has the �ve smallest prime numbers as factors.

9 a Express 144 and 96 in prime factor form.

b By considering the prime factor form, determine the HCF of 144 and 96.

10 a Express 25 200 and 77 000 in prime factor form.

b By considering the prime factor form, determine the HCF of 25 200 and 77 000.

P
R
O
B
LE
M
-S
O
LV
IN
G

8–107, 8 7–9

11 Represent the number 24 with four different factor

trees, each resulting in the same set of prime

factors. Note that simply swapping the order of a

pair of factors does not qualify it as

a different form of the factor tree.

12 Only one of the following is the correct set of prime factors for 424.

22 × 32 × 5A 2 × 32 × 52B 53 × 8C 23 × 53D

Justify why you can eliminate alternatives A and B straight away.i

Why can option C be discarded as an option?ii

Show that option D is the correct answer.iii

R
E
A
S
O
N
IN
G

12–1411 11, 12
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3F

13 a State the error in each of the following prime factor trees.

60 = 2 × 52

60

5 10

2 5

i

60 = 2 × 5 × 6

60

2 30

6 5

ii

60 = 2 × 3 × 5

60

2 30

2 15

3 5

iii

b What is the correct way to express 60 in prime factor form?

14 Write 15 different (i.e. distinct) factor trees for the number 72.

R
E
A
S
O
N
IN
G

Four distinct prime factors

15 There are 16 composite numbers that are smaller than 1000 which have four distinct

(i.e. different) prime factors. For example: 546 = 2 × 3 × 7 × 13.

By considering the prime factor possibilities, �nd all 16 composite numbers and express

each of them in prime factor form.

Supercomputers like this have been used to search for prime

numbers with millions of digits.

16 A conjecture is a statement that may appear to be true but has not been proved conclusively.

Goldbach’s conjecture states: ‘Every even number greater than 2 is the sum of two prime

numbers.’ For example, 52 = 47 + 5

Challenge: Try this for every even number from 4 to 50.

17 Use the internet to �nd the largest known prime number.

E
N
R
IC
H
M
E
N
T

15–17— —
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Progress quiz

13A Find the complete set of factors for each of these numbers.

16a 70b

23A Write down the �rst four multiples for each of these numbers.

7a 20b

33B Find the HCF of the following groups of numbers.

15 and 10a 36, 54 and 72b

43B Find the LCM of the following groups of numbers.

8 and 12a 3, 5 and 9b

53C

Ext

Use divisibility rules to determine whether the following calculations are possible

without leaving a remainder. Give a reason for each answer.

34 481 ÷ 4a 40 827 ÷ 3b 824 730 ÷ 6c 5 247 621 ÷ 9d

63C

Ext

The game of ‘clusters’ involves a group

getting into smaller-sized groups as quickly

as possible once a particular cluster size has

been called out. If a year level consists of

120 students, which ‘cluster’ sizes (of more

than one person) would ensure no students

are left out of a group?

73D State whether each of the following is a prime (P) or composite (C) number or neither (N).

Give reasons.

60a 1b 13c 0d

83D Find the prime numbers that are factors of:

35a 36b

93E Simplify the following expressions by writing them as powers.

5 × 5 × 5 × 5a 7 × 3 × 7 × 7 × 3 × 7 × 7b

103E Expand and evaluate the following terms.

34a 14 × 32b 51 × 104c (12 - 8)2d 92 - 33 × 2e

113F Express the following numbers in prime factor form, writing them in ascending order.

24a 180b
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3G Squares and square roots

A square number can be illustrated by considering the area of a square with a whole number as its

side length.

For example:

4 cm

4 cm

Area of square = 4 cm × 4 cm = 16 cm2

Therefore, 16 is a square number.

Another way of representing square numbers is through a square array of dots.

For example:

Number of dots = 3 rows of 3 dots

= 3 × 3 dots

= 32 dots

= 9 dots

Therefore, 9 is a square number.

To produce a square number you multiply the number by itself. All square numbers written in index form

will have a power of 2.

Finding a square root of a number is the opposite of squaring a number.

For example: 42 = 16 and therefore
√

16 = 4.

To �nd square roots we use our knowledge of square numbers. A calculator is also frequently used

to �nd square roots. Geometrically, the square root of a number is the side length of a square whose area is

that number.

Old Town Square in Prague. The square root of its area is the length of one of

its sides.
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Let’s start: Speed squaring tests

In pairs, test one another’s knowledge of square numbers.

• Ask 10 quick questions, such as ‘3 squared’, ‘5 squared’ etc.

• Have two turns each. Time how long it takes each of you to answer the 10 questions.

• Aim to be quicker on your second attempt.

Write down the �rst 10 square numbers.

• Begin to memorise these important numbers.

• Time how quickly you can recall the �rst 10 square numbers without looking at a list of numbers.

• Can you go under 5 seconds?

Key
ideas

Any whole number multiplied by itself produces a square number.

For example: 52 = 5 × 5 = 25. Therefore, 25 is a square number.

• Square numbers are also known as perfect squares.

• The �rst 12 square numbers are:

Index form 12 22 32 42 52 62 72 82 92 102 112 122

Basic numeral 1 4 9 16 25 36 49 64 81 100 121 144

• All square numbers have an odd number of factors.

• The symbol for squaring is ( )2. The brackets are optional, but can be very useful when

simplifying more dif�cult expressions.

The square root of a given number is the ‘non-negative’ number that, when multiplied by itself,

produces the given number.

• The symbol for square rooting is
√

.

• Finding a square root of a number is the opposite of squaring a number.

For example: 42 = 16; hence,
√

16 = 4

We read this as: ‘4 squared equals 16, therefore, the square root of 16 equals 4.’

• Squaring and square rooting are ‘opposite’ operations.

(
√

x)2 = x also
√

(x)2 = x (assuming x Å 0)

• A list of common square roots are:

Square root form
√

1
√

4
√

9
√

16
√

25
√

36
√

49
√

64
√

81
√

100
√

121
√

144

Basic numeral 1 2 3 4 5 6 7 8 9 10 11 12
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136 Chapter 3 Number properties and patterns

Example 14 Evaluating squares and square roots

Evaluate:

62a
√

64b
√

1600c

SOLUTION EXPLANATION

a 62 = 36

b
√

64 = 8

c
√

1600 = 40

62 = 6 × 6

8 × 8 = 64 Â
√

64 = 8

40 × 40 = 1600 Â
√

1600 = 40

Example 15 Evaluating expressions involving squares and square roots

Evaluate:

32 -
√

9 + 12a
√

82 + 62b

SOLUTION EXPLANATION

a 32 -
√

9 + 12 = 9 - 3 + 1

= 7

32 = 3 × 3,
√

9 = 3, 12 = 1 × 1

b
√

82 + 62 =
√

64 + 36

=
√

100

= 10

82 = 8 × 8, 62 = 6 × 6
√

100 = 10

Exercise 3G

1 Draw a square of side length 6 cm. What would be the area of this shape? What special type of

number is your answer?

2 Write down the �rst 15 square numbers in index form and as basic numerals.

3 We can con�rm that 9 is a square number by drawing the diagram shown at right.

a Show, using dots, why 6 is not a square number.

b Show, using dots, why 16 is a square number.

U
N
D
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G
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3G

4 Evaluate:

62a 5 squaredb (11)2c

10 to the power of 2d 72e 12 × 12f

5 Evaluate:
√

25a square root of 16b
√

100c

the length of a square that has an area of 49 cm2d

U
N
D
E
R
S
TA
N
D
IN
G

6Example 14a Evaluate:

82a 72b 12c 122d

32e 152f 52g 02h

112i 1002j 172k 332l

7Example 14b Evaluate:
√

25a
√

9b
√

1c
√

121d
√

0e
√

81f
√

49g
√

16h
√

4i
√

144j
√

400k
√

169l

8Example 14c Evaluate:
√

2500a
√

6400b
√

8100c
√

729d

9Example 15 Evaluate:

32 + 52 -
√

16a 4 × 42b 82 - 02 + 12c

12 × 22 × 32d
√

52 - 32e
√

81 - 32f

62 ÷ 22 × 32g
√

9 ×
√

64 ÷
√

36h
√

122 + 52i

FL
U
E
N
C
Y

6–9(½)6–9(½) 6–9(½)

10 List all the square numbers between 50 and 101.

11 List all the square numbers between 101 and 200. Hint: There are only four.

12 a Find two square numbers that add to 85.

b Find two square numbers that have a difference of 85.

13 Find three different square numbers that sum to 59.

P
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O
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G

11–1310, 11 11, 12
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3G

14 a Evaluate 32 × 42.

b Evaluate 122.

c The rule a2 × b2 = (a × b)2 can be used to link 32 × 42 and 122. What are the values of a and

b if 32 × 42 = 122?

d Check this formula using other numbers.

15 a Show that 32 + 42 = 52.

b What does 62 + 82 equal? Write the answer in the form a2.

c What does 92 + 122 equal?

d What does 302 + 402 equal?

16 a Evaluate 112 and 1112.

b Predict an answer for 11112.

c Evaluate 11112 and test your prediction.

17 Stuart decides there are no odd square numbers. His justi�cation is that ‘because an even number

multiplied by an even number produces an even number, and an odd number multiplied by an

odd number also produces an even number, then there are no odd square numbers’. Do you agree

with Stuart’s claim? If not, give an example to explain your answer.

R
E
A
S
O
N
IN
G

15–1714 14, 15

Properties of square roots

18 Trial different numbers in the following formulas to determine whether these algebraic

statements involving square roots are true or false.
√
a +
√

b =
√

a + ba
√
a -
√

b =
√

a - bb

√
a ×
√

b =
√

a × bc

√

a

b
=

√
a

√

b
d

√

a2 = ae a3 = a
√
af

√

a2 + b2 = a + bg
√

a2 - b2 = a - bh

Can you see where the square root symbol is used?

E
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3H Number patterns CONSOLIDATING

Mathematicians commonly look at lists of numbers in an attempt to discover a pattern. They also aim to

�nd a rule that describes the number pattern to allow them to predict future numbers in the sequence.

Here is a list of professional careers that all involve a high degree of mathematics and, in particular, involve

looking at data so that comments can be made about past, current or future trends:

Statistician, economist, accountant, market researcher, �nancial analyst, cost estimator, actuary, stock

broker, data analyst, research scientist, �nancial advisor, medical scientist, budget analyst, insurance

underwriter and mathematics teacher!

There are many careers that involve using

mathematics and data.

Let’s start: What’s next?

A number sequence consisting of �ve terms is placed on the board. Four gaps are placed after the last

number.

20, 12, 16, 8, 12, , , , ,

• Can you work out and describe the number pattern?

This number pattern involves a repeated process of subtracting 8 and then adding 4.

• Make up your own number pattern and test it on a class member.
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140 Chapter 3 Number properties and patterns

Key
ideas

Number patterns are also known as sequences, and each number in a sequence is called a term.

• Each number pattern has a particular starting number and terms are generated by following a

particular rule.

Strategies to determine the pattern involved in a number sequence include:

• Looking for a common difference

Are terms increasing or decreasing by a constant amount?

For example: 2, 6, 10, 14, 18, … Each term is increasing by 4.

• Looking for a common ratio

Is each term being multiplied or divided by a constant amount?

For example: 2, 4, 8, 16, 32, … Each term is being multiplied by 2.

• Looking for an increasing/decreasing difference

Is there a pattern in the difference between pairs of terms?

For example: 1, 3, 6, 10, 15, … The difference increases by 1 each term.

• Looking for two interlinked patterns

Is there a pattern in the odd-numbered terms, and another pattern in the even-numbered

terms?

For example: 2, 8, 4, 7, 6, 6, … The odd-numbered terms increase by 2, the even-numbered

terms decrease by 1.

• Looking for a special type of pattern

Could it be a list of square numbers, prime numbers, Fibonacci numbers etc.?

For example: 1, 8, 27, 64, 125, … This is the pattern of cube numbers: 13, 23, 33, . . .

Example 16 Identifying patterns with a common difference

Find the next three terms for these number patterns that have a common difference.

6, 18, 30, 42, , ,a 99, 92, 85, 78, , ,b

SOLUTION EXPLANATION

a 54, 66, 78 The common difference is 12. Continue

adding 12 to generate the next three terms.

b 71, 64, 57 The pattern indicates the common difference

is 7.

Continue subtracting 7 to generate the next

three terms.
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Example 17 Identifying patterns with a common ratio

Find the next three terms for the following number patterns that have a common ratio.

2, 6, 18, 54, , ,a 256, 128, 64, 32, , ,b

SOLUTION EXPLANATION

a 162, 486, 1458 The common ratio is 3. Continue multiplying

by 3 to generate the next three terms.

b 16, 8, 4 The common ratio is
1

2
. Continue dividing by 2

to generate the next three terms.

Exercise 3H

1 Generate the �rst �ve terms of the following number patterns.

starting number of 8, common difference of adding 3a

starting number of 32, common difference of subtracting 1b

starting number of 52, common difference of subtracting 4c

starting number of 123, common difference of adding 7d

2 Generate the �rst �ve terms of the following number patterns.

starting number of 3, common ratio of 2 (multiply by 2 each time)a

starting number of 5, common ratio of 4b

starting number of 240, common ratio of
1

2
(divide by 2 each time)c

starting number of 625, common ratio of
1

5
d

3 State whether the following number patterns have a common difference (+ or -), a common ratio

(× or ÷) or neither.

4, 12, 36, 108, 324, …a 19, 17, 15, 13, 11, …b

212, 223, 234, 245, 256, …c 8, 10, 13, 17, 22, …d

64, 32, 16, 8, 4, …e 5, 15, 5, 15, 5, …f

2, 3, 5, 7, 11, …g 75, 72, 69, 66, 63, …h

U
N
D
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G

—1–3 3
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3H

4Example 16 Find the next three terms for the following number patterns that have a common difference.

3, 8, 13, 18, , ,a 4, 14, 24, 34, , ,b

26, 23, 20, 17, , , ,c 106, 108, 110, 112, , ,d

63, 54, 45, 36, , ,e 9, 8, 7, 6, , ,f

101, 202, 303, 404, , ,g 75, 69, 63, 57, , ,h

5Example 17 Find the next three terms for the following number patterns that have a common ratio.

2, 4, 8, 16, , ,a 5, 10, 20, 40, , ,b

96, 48, 24, , ,c 1215, 405, 135, , ,d

11, 22, 44, 88, , ,e 7, 70, 700, 7000, , ,f

256, 128, 64, 32, , ,g 1216, 608, 304, 152, , ,h

6 Find the missing numbers in each of the following number patterns.

62, 56, , 44, 38, ,a 15, , 35, , , 65, 75b

4, 8, 16, , , 128,c 3, 6, , 12, , 18,d

88, 77, 66, , , , 22e 2997, 999, , , 37f

14, 42, , , 126, , 182g 14, 42, , , 1134, , 10 206h

7 Write the next three terms in each of the following sequences.

3, 5, 8, 12, , ,a 1, 2, 4, 7, 11, , ,b

1, 4, 9, 16, 25, , ,c 27, 27, 26, 24, 21, , ,d

2, 3, 5, 7, 11, 13, , ,e 2, 5, 11, 23, , ,f

2, 10, 3, 9, 4, 8, , ,g 14, 100, 20, 80, 26, 60, , ,h

8 Generate the next three terms for the following number sequences and give an appropriate

name to the sequence.

1, 4, 9, 16, 25, 36, , ,a 1, 1, 2, 3, 5, 8, 13, , ,b

1, 8, 27, 64, 125, , ,c 2, 3, 5, 7, 11, 13, 17, , ,d

4, 6, 8, 9, 10, 12, 14, 15, , ,e 121, 131, 141, 151, , ,f
FL
U
E
N
C
Y

4–8(½)4–7(½) 4–8(½)

9 Complete the next three terms for the following challenging number patterns.

101, 103, 106, 110, , ,a 162, 54, 108, 36, 72, , ,b

3, 2, 6, 5, 15, 14, , ,c 0, 3, 0, 4, 1, 6, 3, , ,d

P
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10–129, 10 10, 11
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3H

10 When making human pyramids, there is one less person on each row above, and it is complete

when there is a row of only one person on the top.

Write down a number pattern for a human pyramid with 10 students on the bottom row. How

many people are needed to make this pyramid?

11 The table below represents a seating plan with speci�c seat number for a section of a grandstand

at a soccer ground. It continues upwards for another 20 rows.

Row 4 25 26 27 28 29 30 31 32

Row 3 17 18 19 20 21 22 23 24

Row 2 9 10 11 12 13 14 15 16

Row 1 1 2 3 4 5 6 7 8

What is the number of the seat directly above seat number 31?a

What is the number of the seat on the left-hand edge of row 8?b

What is the third seat from the right in row 14?c

How many seats are in the grandstand?d

12 Find the next �ve numbers in the following number pattern.

1, 4, 9, 1, 6, 2, 5, 3, 6, 4, 9, 6, 4, 8, 1, , , , ,

P
R
O
B
LE
M
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O
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3H

13 Jemima writes down the following number sequence: 7, 7, 7, 7, 7, 7, 7, …

Her friend Peta declares that this is not really a number pattern. Jemima defends her number

pattern, stating that it is most de�nitely a number pattern as it has a common difference and also

has a common ratio. What are the common difference and the common ratio for the number

sequence above? Do you agree with Jemima or Peta?

14 Find the sum for each of the following number sequences.

1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 + 9 + 10a

1 + 3 + 5 + 7 + 9 + 11 + 13 + 15 + 17 + 19b

1 + 2 + 3 + 4 + 5 + · · · + 67 + 68 + 69 + 70c

5 + 8 + 11 + 14 + 17 + 20 + 23 + 26 + 29 + 32 + 35 + 38d

15 The great handshake problem

There are a certain number of people in a room and they must all shake one another’s hand. How

many handshakes will there be if there are:

3 people in the room?a 5 people in the room?b

10 people in the room?c 24 people in a classroom?d

n people in the room?e

R
E
A
S
O
N
IN
G

14, 1513 13, 14

What number am I?

16 Read the following clues to work out the mystery number.

I have three digits.a

I am divisible by 5.

I am odd.

The product of my digits is 15.

The sum of my digits is less than 10.

I am less than 12 × 12.

I have three digits.b

The sum of my digits is 12.

My digits are all even.

My digits are all different.

I am divisible by 4.

The sum of my units and tens digits equals my hundreds digit.

I have three digits.c

I am odd and divisible by 5 and 9.

The product of my digits is 180.

The sum of my digits is less than 20.

I am greater than 302.

Make up two of your own mystery number puzzles and submit your clues to your teacher.d
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3I Spatial patterns

Patterns can also be found in geometric shapes.

Mathematicians examine patterns carefully to determine

how the next term in the sequence is created. Ideally, a

rule is formed that shows the relationship between the

geometric shape and the number of objects (e.g. tiles,

sticks, counters) required to make such a shape. Once a

rule is established it can be used to make predictions about

future terms in the sequence.

Let’s start: Stick patterns
A pattern rule can be created to show how

these shapes can be constructed.

Materials required: One box of toothpicks or matches per student.

• Generate a spatial pattern using your sticks.

• You must be able to make at least three terms in your pattern.

For example:

• Ask your partner how many sticks would be required to make the next term in the pattern.

• Repeat the process with a different spatial design.

Key
ideas

A spatial pattern is a sequence of geometrical shapes that can be described by a

number pattern.

For example:

spatial pattern

number pattern 4 8 12

A spatial pattern starts with a simple geometric design. Future terms are created by adding on

repeated shapes of the same design. If designs connect with an edge, the repetitive shape will be a

subset of the original design, as the connecting edge does not need to be repeated.

For example:

starting

design

repeating

design

To help describe a spatial pattern, it is generally converted to a number pattern and a common

difference is observed.
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Key
ideas

The common difference is the number of objects (e.g. sticks) that need to be added on to create

the next term.

Rules can be found that connect the number of objects (e.g. sticks) required to produce the

number of designs.

For example: hexagon design

Rule is: Number of sticks used = 6 × number of hexagons formed

Example 18 Drawing and describing spatial patterns

Draw the next two shapes in the spatial pattern shown.a

Write the spatial pattern above as a number pattern in regard to the number of sticks required to

make each shape.

b

Describe the pattern by stating how many sticks are required to make the �rst term, and how many

sticks are required to make the next term in the pattern.

c

SOLUTION EXPLANATION

a Follow the pattern.

b 5, 8, 11, 14, 17 Count the number of sticks in each term. Look

for a pattern.

c 5 matches are required to start the pattern,

and an additional 3 matches are required to

make the next term in the pattern.
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Example 19 Finding a general rule for a spatial pattern

Draw the next two shapes in this spatial pattern.a

Complete the table.

Number of triangles 1 2 3 4 5

Number of sticks required 3

b

Describe a rule connecting the number of sticks required to the number of triangles.c

Use your rule to predict how many sticks would be required to make 20 triangles.d

SOLUTION EXPLANATION

a Follow the pattern by adding one triangle

each time.

b No. of triangles 1 2 3 4 5

No. of sticks 3 6 9 12 15

An extra 3 sticks are required to make each

new triangle.

c Number of sticks = 3 × number of triangles 3 sticks are required per triangle.

d Number of sticks = 3 × 20 triangles

= 60 sticks

20 triangles × 3 sticks each

Exercise 3I

1 Draw the next two terms for each of these spatial patterns.

a

b

U
N
D
E
R
S
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N
D
IN
G
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3I

c

d

e

2 Draw the following geometrical designs in sequential ascending (i.e. increasing) order and draw

the next term in the sequence.

3 For each of the following spatial patterns, draw the starting geometrical design and also the

geometrical design added on repetitively to create new terms. (For some patterns the repetitive

design is the same as the starting design.)

a

b

c

d

e

f

U
N
D
E
R
S
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N
D
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G
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3I

4Example 18 For each of the spatial patterns below:

Draw the next two shapesi

Write the spatial pattern as a number patternii

Describe the pattern by stating how many sticks are required to make the �rst term and

how many more sticks are required to make the next term in the pattern

iii

a

b

c

d

e

f

5 aExample 19 Draw the next two shapes in this spatial pattern.

b Copy and complete the table.

Number of crosses 1 2 3 4 5

Number of sticks required

c Describe a rule connecting the number of sticks required to the number of crosses produced.

d Use your rule to predict how many sticks would be required to make 20 crosses.

FL
U
E
N
C
Y

4(½), 64, 5 4(½), 5, 6
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3I

6 a Draw the next two shapes in this spatial pattern.

b Copy and complete the table. Planks are vertical and horizontal.

Number of fence sections 1 2 3 4 5

Number of planks required

c Describe a rule connecting

the number of planks

required to the number of

fence sections produced.

d Use your rule to predict

how many planks would be

required to make 20 fence

sections.

FL
U
E
N
C
Y

7 At North Park Primary School, the classrooms have trapezium-shaped tables. Mrs Greene

arranges her classroom’s tables in straight lines, as shown.

Draw a table of results showing the relationship between the number of tables in a row and

the number of students that can sit at the tables. Include results for up to �ve tables in a row.

a

Describe a rule that connects the number of tables placed in a straight row to the number of

students that can sit around the tables.

b

The room allows seven tables to be arranged in a straight line. How many students can sit

around the tables?

c

There are 65 students in Grade 6 at North Park Primary School. Mrs Greene would like to

arrange the tables in one straight line for an outside picnic lunch. How many tables will

she need?

d

P
R
O
B
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M
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O
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G

8–107, 8 7, 9
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3I

8 The number of tiles required to pave around a spa is related to the size of the spa.

The approach is to use large tiles that are the same size as that of a small the smallest spa.

A spa of length 1 unit requires 8 tiles to pave around its perimeter, whereas a spa of length 4 units

requires 14 tiles to pave around its perimeter.

Complete a table of values relating length of spa and number of tiles required, for values up

to and including a spa of length 6 units.

a

Describe a rule that connects the number of tiles required for the length of the spa.b

The largest spa manufactured is 15 units long. How many tiles would be required to pave

around its perimeter?

c

A paving company has only 30 tiles left. What is the largest spa they would be able to

tile around?

d

9 Which rule correctly describes this spatial pattern of ‘hats’?

A Number of sticks = 7 × number of hats

B Number of sticks = 7 × number of hats + 1

C Number of sticks = 6 × number of hats + 2

D Number of sticks = 6 × number of hats

10 Which rule correctly describes this spatial pattern?

A Number of sticks = 5 × number of houses + 1

B Number of sticks = 6 × number of houses + 1

C Number of sticks = 6 × number of houses

D Number of sticks = 5 × number of houses

P
R
O
B
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O
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G

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



152 Chapter 3 Number properties and patterns

3I

11 Design a spatial pattern to �t each of the following number patterns.

4, 7, 10, 13, …a 4, 8, 12, 16, …b

3, 5, 7, 9, …c 3, 6, 9, 12, …d

5, 8, 11, 14, …e 6, 11, 16, 21, …f

12 A rule to describe a special window spatial pattern is written as y = 4 × x + 1, where y represents

the number of ‘sticks’ required and x is the number of windows created.

How many sticks are required to make one window?a

How many sticks are required to make 10 windows?b

How many sticks are required to make g windows?c

How many windows can be made from 65 sticks?d

13 A rule to describe a special fence spatial pattern is written as y = m × x + n, where y represents

the number of pieces of timber required and x represents the number of fencing panels created.

a How many pieces of timber are required to make one panel?

b What does m represent?

c Draw the �rst three terms of the fence spatial pattern for m = 4 and n = 1.

R
E
A
S
O
N
IN
G

12, 1311 11, 12

Cutting up a circle

14 What is the greatest number of sections into which you can divide a circle, using only a

particular number of straight line cuts?

a Explore the problem above. Hint: For a given number of lines, you may need to draw several

circles until you are sure that you have found the maximum number of sections.

Note: The greatest number of sections is required and, hence, only one of the two diagrams

below is correct for three straight line cuts.

5 4

Incorrect.

Not the maximum

number of sections

for 3 lines.
1

6 3

2

3
5

4

1

2
6

7

Correct.

The maximum

number of

sections for

3 lines.

Copy and complete this table of values.

Number of straight cuts 1 2 3 4 5 6 7

Maximum number of sections 7

b Can you discover a pattern for the maximum number of sections created? What is the

maximum number of sections that could be created with 10 straight line cuts?

c The formula for determining the maximum number of cuts is quite complex:

sections =
1

2
× cuts2 +

1

2
× cuts + 1

Verify that this formula works for the values you listed in the table above.

Using the formula, how many sections could be created with 20 straight cuts?

E
N
R
IC
H
M
E
N
T
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3J Tables and rules

In the previous section on spatial patterns, it was observed that rules can be used to connect the number of

objects (e.g. sticks) required to make particular designs.

A table of values can be created for any spatial pattern. Consider this spatial pattern and the corresponding

table of values.

What values would go in the next row of the table?

A rule that produces this table of values is:

Number of sticks = 4 × number of diamonds

Number of diamonds Number of sticks

(input ) (output )

1 4

2 8

3 12

Alternatively, if we consider the number

of diamonds as the input variable and the

number of sticks as the output variable, then

the rule could be written as:

output = 4 × input

If a rule is provided, a table of values can

be created.

If a table of values is provided, often a rule

can be found.

Let’s start: Guess the output

A table of values is drawn on the board with three completed rows of data.

• Additional values are placed in the input column. What output values should be in the output column?

• After adding output values, decide which rule �ts (models) the values in the table and check that it works

for each input and output pair.

Four sample tables are listed below.

input output

2 6

5 9

6 10

1 ?

8 ?

input output

12 36

5 15

8 24

0 ?

23 ?

input output

2 3

3 5

9 17

7 ?

12 ?

input output

6 1

20 8

12 4

42 ?

4 ?
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Key
ideas

A rule shows the relation between two varying quantities.

For example: output = input + 3 is a rule connecting the two quantities input and output.

The values of the input and the output can vary, but we know from the rule that the value of the

output will always be 3 more than the value of the input.

A table of values can be created from any given rule. To complete a table of values, the input

(one of the quantities) is replaced by a number. This is known as substitution. After substitution

the value of the other quantity, the output, is calculated.

For example: If input = 4, then

output = input + 3

= 4 + 3

= 7

Often, a rule can be determined from a table of values. On close inspection of the values, a

relationship may be observed. Each of the four operations should be considered when looking for

a connection.

input 1 2 3 4 5 6

output 6 7 8 9 10 11

By inspection, it can be observed that every output value is 5 more than the corresponding input

value. The rule can be written as: output = input + 5.

Example 20 Completing a table of values

Complete each table for the given rule.

output = input - 2

input 3 5 7 12 20

output

a output = (3 × input) + 1

input 4 2 9 12 0

output

b

SOLUTION EXPLANATION

a output = input - 2

input 3 5 7 12 20

output 1 3 5 10 18

Replace each input value in turn into the rule.

e.g. When input is 3:

output = 3 - 2 = 1

b output = (3 × input) + 1

input 4 2 9 12 0

output 13 7 28 37 1

Replace each input value in turn into the rule.

e.g. When input is 4:

output = (3 × 4) + 1 = 13
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Example 21 Finding a rule from a table of values

Find the rule for each of these tables of values.

input 3 4 5 6 7

output 12 13 14 15 16

a input 1 2 3 4 5

output 7 14 21 28 35

b

SOLUTION EXPLANATION

a output = input + 9 Each output value is 9 more than the input

value.

b output = input × 7 or

output = 7 × input

By inspection, it can be observed that

each output value is 7 times bigger than the

input value.

Exercise 3J

1 State whether each of the following statements is true or false.

a If output = input × 2, then when input = 7, output = 14.

b If output = input - 2, then when input = 5, output = 7.

c If output = input + 2, then when input = 0, output = 2.

d If output = input÷ 2, then when input = 20, output = 10.

2 Which table of values matches the rule output = input -3?

input 10 11 12

output 13 14 15

A input 5 6 7

output 15 18 21

B

input 8 9 10

output 5 6 7

C input 4 3 2

output 1 1 1

D

3 Which table of values matches the rule output = input÷ 2?

input 20 14 6

output 18 12 4

A input 8 10 12

output 4 5 6

B

input 4 5 6

output 8 10 12

C input 4 3 2

output 6 5 4

D

4 Choose the rule (A to D) for each table of values (a to d).

Rule A: output = input - 5 Rule B: output = input + 1

Rule C: output = 4 × input Rule D: output = 5 + input

input 20 14 6

output 15 9 1

a input 8 10 12

output 13 15 17

b

input 4 5 6

output 5 6 7

c input 4 3 2

output 16 12 8

d

U
N
D
E
R
S
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N
D
IN
G

—1–4 4
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3J

5Example 20a Copy and complete each table for the given rule.

output = input + 3

input 4 5 6 7 10

output

a output = input × 2

input 5 1 3 21 0

output

b

output = input - 8

input 11 18 9 44 100

output

c output = input÷ 5

input 5 15 55 0 100

output

d

6Example 20b Copy and complete each table for the given rule.

output = (10 × input) - 3

input 1 2 3 4 5

output

a output = (input÷ 2) + 4

input 6 8 10 12 14

output

b

output = (3 × input) + 1

input 5 12 2 9 14

output

c output = (2 × input) - 4

input 3 10 11 7 50

output

d

7Example 21 State the rule for each of these tables of values.

input 4 5 6 7 8

output 5 6 7 8 9

a input 1 2 3 4 5

output 4 8 12 16 20

b

input 10 8 3 1 14

output 21 19 14 12 25

c input 6 18 30 24 66

output 1 3 5 4 11

d

FL
U
E
N
C
Y

5–7(½)5–7 5–7

8 Copy and complete the missing values in the table and state the rule.

input 4 10 13 24 5 11 2

output 39 42 9 15 6

9 Copy and complete the missing values in the table and state the rule.

input 12 93 14 17 10

output 3 8 12 1 34 0 200

P
R
O
B
L
E
M
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O
LV
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G

9, 108, 9 8, 9
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3J

10 Copy and complete each table for the given rule.

output = input × input - 2

input 3 6 8 12 2

output

a output = (24 ÷ input) + 1

input 6 12 1 3 8

output

b

output = input2 + input

input 5 12 2 9 0

output

c output = 2 × input × input - input

input 3 10 11 7 50

output

d

P
R
O
B
LE
M
-S
O
LV
IN
G

11 Copy and complete each table for the given rule.

output = input + 6

input c d 2p b 2 www

output

a output = 3 × input - 2

input t k p 2 2f ab

output

b

12 Copy and complete the missing values in the table and state the rule.

input b e g 2 x c 1

output cd cmn xc 0 c

13 It is known that for an input value of 3 the output value is 7.

a State two different rules that work for these values.

b How many different rules are possible? Explain.

R
E
A
S
O
N
IN
G

12, 1311 11, 12

Finding harder rules

14 a The following rules all involve two operations. Find the rule for each of these tables of values.

input 4 5 6 7 8

output 5 7 9 11 13

i input 1 2 3 4 5

output 5 9 13 17 21

ii

input 10 8 3 1 14

output 49 39 14 4 69

iii input 6 18 30 24 66

output 3 5 7 6 13

iv

input 4 5 6 7 8

output 43 53 63 73 83

v input 1 2 3 4 5

output 0 4 8 12 16

vi

b Write three of your own two-operation rules and produce a table of values for each rule.

c Swap your tables of values with those of a classmate and attempt to �nd one another’s rules.

E
N
R
IC
H
M
E
N
T

14— —
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3K The number plane and graphs

We are already familiar with number lines.

A number line is used to locate a position in one dimension

(i.e. along the line).

A number plane is used to locate a position in two

dimensions (i.e. within the plane). A number plane uses

two number lines to form a grid system, so that points can

be located precisely. A rule can then be illustrated visually

using a number plane by forming a graph.

2

3

1

2 31 4 5
x

y

O

4

5
What is the

position of this

point on the

number plane?

Let’s start: Estimate your location

Consider the door as ‘the origin’ of

your classroom.

• Describe the position you are

sitting in within the classroom in

reference to the door.

• Can you think of different ways

of describing your position?

Which is the best way?

Submit a copy of your location

description to your teacher.

• Can you locate a classmate

correctly when location

descriptions are read out by your

teacher?

Key
ideas

A number plane is used to represent position in two dimensions, therefore it requires

two coordinates.

In mathematics, a number plane is generally referred to as a Cartesian plane, named after the

famous French mathematician, René Descartes (1596–1650).

A number plane consists of two straight perpendicular number lines, called axes.

• The horizontal number line is known as the x-axis.

• The vertical number line is known as the y-axis.

For a rule describing a pattern with input and output, the x value is the input and the y value is

the output.

• The possible input values are called the domain.

• The possible output values are called the range.

The point at which the two axes intersect is called the origin, and is often labelled O.
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Key
ideas

The position of a point on a number plane is given

as a pair of numbers, known as the coordinates

of the point. Coordinates are always written

in brackets and the numbers are separated by

a comma.

For example: (2, 4).

• The x-coordinate (input) is always written

�rst. The x-coordinate indicates how far to go

from the origin in the horizontal direction.

• The y-coordinate (output) is always written

second. The y-coordinate indicates how far to

go from the origin in the vertical direction.

2

3

1

2

the origin

the vertical

y-axis

the horizontal

x-axis

31 4 5O

4

5

y

This dot is

represented by

the coordinates

(2, 4)

x

Example 22 Plotting points on a number plane

Plot these points on a number plane.

A(2, 5) B(4, 3) C(0, 2)

SOLUTION EXPLANATION

2

3

1

21
O

4

A

B

C

5

y

x
4 53

Draw a Cartesian plane, with both axes

labelled from 0 to 5.

The �rst coordinate is the x-coordinate.

The second coordinate is the y-coordinate.

To plot point A, go along the horizontal axis

to the number 2, then move vertically up

5 units. Place a dot at this point, which is

the intersection of the line passing through

the point 2 on the horizontal axis and the

line passing through the point 5 on the

vertical axis.

Example 23 Drawing a graph

For the given rule output = input + 1:

a Complete the given table of values

b Plot each pair of points in the table to form a graph

input (x ) output (y )

0 1

1

2

3
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SOLUTION EXPLANATION

a input (x ) output (y )

0 1

1 2

2 3

3 4

Use the given rule to �nd each output value for

each input value. The rule is:

output = input + 1, so add 1 to each input value.

b

2

3

1

2 31
O

4

o
u
tp
u
t

input

x

y Plot each (x, y) pair.

The pairs are (0, 1), (1, 2), (2, 3) and (3, 4).

Exercise 3K

1 Draw a number plane, with the numbers 0 to 6 marked on each axis.

2 Draw a Cartesian plane, with the numbers 0 to 4 marked on both axes.

3 Which of the following is the correct way to describe point A?

2, 1A 1, 2B (2, 1)C

(x2, y1)D (2x, 1y)E
2

3

1 A

2 31
O

x

y

4 Which of the following is the correct set of coordinates for

point B?

(2, 4)A 4, 2B (4, 2)C

(24)D x = 4, y = 2E
2

3

1

2 31 4O

B

y

x

5 Copy and complete the following sentences.

a The horizontal axis is known as the .

b The is the vertical axis.

c The point at which the axes intersect is called the .

d The x-coordinate is always written .

e The second coordinate is always the .

f comes before in the dictionary, and the coordinate comes

before the coordinate on the Cartesian plane.

U
N
D
E
R
S
TA
N
D
IN
G
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3K

6Example 22 Plot the following points on a number plane.

A(4, 2)a B(1, 1)b C(5, 3)c D(0, 2)d

E(3, 1)e F(5, 4)f G(5, 0)g H(0, 0)h

7 Write down the coordinates of each of these labelled points.

2

3 G

A

D

B
E

1

1 6O

4

5

6

y

x

C

H

F

4 532

a

2

3
M

Q

T

R

N

1

2 31 4 5 6O

4

5

6

y

x

U

P

S

b

8Example 23 For the given rule output = input + 2:

a Copy and complete the given table of values.

b Plot each pair of points in the table to form a graph.

input (x ) output (y )

0 2

1

2

3

o
u
tp
u
t

input

2

3

1

2 3 41
O

4

5

y

x

9 For the given rule output = input - 1:

a Copy and complete the given table of values.

b Plot each pair of points in the table to form a graph.

input (x ) output (y )

1

2

3

4

2

3

1

2 3

input

o
u
tp
u
t

1 4O

y

x

10 For the given rule output = input × 2:

a Copy and complete the given table of values.

b Plot each pair of points in the table to form a graph.

input (x ) output (y )

0

1

2

3

input

o
u
tp
u
t

2

3

1

2 31O

4

5

6

y

x

FL
U
E
N
C
Y

6(½), 8, 10, 126–10 6(½), 7, 8, 9, 11
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162 Chapter 3 Number properties and patterns

3K

11 Draw a Cartesian plane from 0 to 5 on both axes. Place a cross on each pair of coordinates

that have the same x and y value.

12 Draw a Cartesian plane from 0 to 8 on both axes. Plot the following points on the grid and

join them in the order they are given.

(2, 7), (6, 7), (5, 5), (7, 5), (6, 2), (5, 2), (4, 1), (3, 2), (2, 2), (1, 5), (3, 5), (2, 7)

FL
U
E
N
C
Y

13 a Plot the following points on a Cartesian plane and join the points in the order given, to draw

the basic shape of a house.

(1, 5), (0, 5), (5, 10), (10, 5), (1, 5), (1, 0), (9, 0), (9, 5)

b Describe a set of four points to draw a door.

c Describe two sets of four points to draw two windows.

d Describe a set of four points to draw a chimney.

14 Point A(1, 1) is the bottom left-hand corner of a square of side length 3.

a State the other three coordinates of the square.

b Draw the square on a Cartesian plane and shade in half of the square where the x-coordinate

is greater than or equal to the y-coordinate.

15 A grid system can be used to make secret messages.

Jake decides to arrange the letters of the alphabet

on a Cartesian plane in the following manner.

a Decode Jake’s following message:

(3, 2), (5, 1), (2, 3), (1, 4)

b Code the word SECRET.

c To increase the dif�culty of the code, Jake does not

include brackets or commas and he

uses the origin to indicate the end of a word.

What do the following numbers mean?

13515500154341513400145354001423114354.

d Code the phrase: BE HERE AT SEVEN.

2

3

1

2 31 4 5O

4

5

y

U V W X Y

P Q R S T

K L M N O

F G H I J

A B C D E

x

16 ABCD is a rectangle. The coordinates of A, B and C are given below. Draw each rectangle

on a Cartesian plane and state the coordinates of the missing corner, D.

a A(0, 5) B(0, 3) C(4, 3) D(?, ?)

b A(4, 4) B(1, 4) C(1, 1) D(?, ?)

c A(0, 2) B(3, 2) C(3, 0) D(?, ?)

d A(4, 1) B(8, 4) C(5, 8) D(?, ?)

P
R
O
B
L
E
M
-S
O
LV
IN
G

14–1613, 14 14, 15

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 163

3K

17 Write a rule (e.g. output = input × 2) that would give these graphs.

2

3

1

2 31 4
O

4

5

6

o
u
tp
u
t

input

x

ya

4

6

2

2 31
O

8

10

o
u
tp
u
t

input

x

yb

2

3

1

2 31 4 5 6O

o
u
tp
u
t

input

x

yc

18 A(1, 0) and B(5, 0) are the base points of an isosceles triangle.

a Find the coordinates of a possible third vertex.

b Show on a Cartesian plane that there are an in�nite number of answers for this third vertex.

c The area of the isosceles triangle is 10 square units. State the coordinates of the third vertex.

R
E
A
S
O
N
IN
G

17, 1817 17

Locating midpoints

19 a Plot the points A(1, 4) and B(5, 0) on a Cartesian plane. Draw the line segment AB.

Find the coordinates of M, the midpoint of AB, and mark it on the grid.

b Find the midpoint, M, of the line segment AB, which has coordinates A(2, 4) and B(0, 0).

c Determine a method for locating the midpoint of a line segment without having to draw

the points on a Cartesian plane.

d Find the midpoint, M, of the line segment AB, which has coordinates A(6, 3) and B(2, 1).

e Find the midpoint, M, of the line segment AB, which has coordinates A(1, 4) and B(4, 3).

f Find the midpoint, M, of the line segment AB, which has coordinates A(-3, 2) and B(2, -3).

g M(3, 4) is the midpoint of AB and the coordinates of A are (1, 5). What are the

coordinates of B?
E
N
R
IC
H
M
E
N
T

19— —
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164 Chapter 3 Number properties and patterns

Investigation

Fibonacci sequences

Leonardo Fibonacci was a famous thirteenth century mathematician who

discovered some very interesting patterns of numbers in nature.

Fibonacci’s rabbits

These rules determine how fast rabbits can breed in ideal circumstances.

• Generation 1: One pair of newborn rabbits is in a paddock. A pair is one female and one male.

• Generation 2: When it is 2 months old, the female produces another pair of rabbits.

• Generation 3: When it is 3 months old, this same female produces another pair of rabbits.

• Every female rabbit produces one new pair every month from age 2 months.

a Using the ‘rabbit breeding rules’, complete a

drawing of the �rst �ve generations of rabbit

pairs. Use it to complete the table opposite.

Month 1 2 3 4 5

Number of rabbits 2

Number of pairs

b Write down the numbers of pairs of rabbits at the end of each month for 12 months. This is the

Fibonacci sequence.

c How many rabbits will there be after 1 year?

d Explain the rule for the Fibonacci sequence.

Fibonacci sequence in plants

a Count the clockwise and anticlockwise spiralling ‘lumps’ of some pineapples and show how

these numbers relate to the Fibonacci sequence.

b Find three examples of Kowers that have two terms of the Fibonacci sequence as the ratio of the

numbers of clockwise and anticlockwise spirals of petals.

c On many plants, the number of petals is a Fibonacci number. Research the names and images of

some of these ‘Fibonacci’ Kowers.

Fibonacci sequence and the golden ratio

a Copy this table and extend it to

show the next 10 terms of the

Fibonacci sequence: 1, 1, 2, 3, 5, …

b Write down a new set of numbers

that is one Fibonacci number

divided by its previous Fibonacci

number. Copy and complete this

table.

Fibonacci sequence

Ratio

1 1 2 3 5

1 2 1.5

1 ÷ 1  2 ÷ 1 3 ÷ 2

c What do you notice about the new sequence (ratio)?

d Research the golden ratio and explain how it links to your new sequence.
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Problems and challenges

Up for a challenge? If you

get stuck on a question,

check out the 'Working

with unfamiliar problems'

poster at the end of the

book to help you.

1 Matches are arranged by a student such that the �rst three diagrams in the pattern are:

How many matches would there be in the 50th diagram of the pattern?

2 A number is said to be a ‘perfect number’ if the sum of its factors equals the number. For this

exercise, we must exclude the number itself as one of the factors.

The number 6 is the �rst perfect number.

Factors of 6 (excluding the numeral 6) are 1, 2 and 3.

The sum of these three factors is 1 + 2 + 3 = 6. Hence, we have a perfect number.

a Find the next perfect number. Hint: It is less than 50.

b The third perfect number is 496. Find all the factors for this number and show that it is a

perfect number.

496
3 Anya is a Korist who is making up bunches of tulips with every bunch

having the same number of tulips. Anya uses only one colour in each

bunch. She has 126 red tulips, 108 pink tulips and 144 yellow tulips.

Anya wants to use all the tulips.

a What is the largest number of tulips Anya can put in each bunch?

b How many bunches of each colour would Anya make with this

number in each bunch ?
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166 Chapter 3 Number properties and patterns

4 Mr and Mrs Adams have two teenage children. If the teenagers’ ages multiply together to give

252, �nd the sum of their ages.

5 Complete this sequence.

22 = 12 + 3

32 = 22 + 5

42 = 32 + 7

52 = _______

62 = _______

6 Use the digits 1, 9, 7 and 2, in any order, and any operations and brackets you like,

to make as your answers the whole numbers 0 to 10. For example:

1 × 9 - 7 - 2 = 0

(9 - 7) ÷ 2 - 1 = 0

7 The �rst three shapes in a pattern made with matchsticks are:

How many matchsticks make up the 100th shape?

8 Two numbers have a highest common factor of 1. If one of the numbers is 36 and

the other number is a positive integer less than 36, �nd all possible values for the number

that is less than 36.
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Factors are ≤ number

Factors

A prime number

only has two

factors: 1 and itself.

  5: factors 1 and 5

17: factors 1 and 17

Prime numbers

10: factors 1, 2, 5, 10

62: factors 1, 2, 31, 62

Composite numbers

are not prime.

Composite numbers

1 is not

a prime number.

Multiples are ≥ number

Multiples

Divisibility tests (Ext)

  2: last digit even (0, 2, 4, 6, 8)

  3: sum digits ÷ 3

  4: number from last two digits ÷ 4

  5: last digit 0 or 5

  6: ÷  by 2 and 3

  8: number from last 3 digits ÷ 8

  9: sum digits ÷ 9

10: last digit 0

dividend→
divisor→

52 = 3 × 17 + 1

= 17

Division

52

3

1

3

remainder

quotient

243 = 3 × 3 × 3 × 3 × 3 = 35

Powers

basic

numeral

expanded

form

index

form

base

number

index
number

Factor trees

90 = 2 × 3 × 3 × 5

90 = 2 × 32 × 5

90

9 10

2 53 3

Square numbers

16 = 4 × 4 = 42

25 = 5 × 5 = 52

First 10

square numbers

1, 4, 9, 16, 25,

36, 49, 64, 81, 100

Square roots

√16 = 4

√25 = 5

20: 20, 40, 60 , 80, ...

15: 15, 30, 45, 60 , 75, ...

Lowest common multiple

LCM = 60

20: 1, 2, 4,  5 , 10, 20

15: 1, 3,  5 , 15

Highest common factor

HCF = 5

Number

properties
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168 Chapter 3 Number properties and patterns

Common difference of minus 3

100, 97, 94, ...

Sequence

Rules, graphs and tables show

a relation between two

quantities that can vary.

Common ratio of times 2

3, 6, 12, 24, ...

Pair differences increase by 3

6, 7, 11, 18, 28, ...

Common difference: increase of 4

Spatial pattern:         ...

Number pattern:   4           8       12        ...

Rule: Number of sticks

         = 4 × number of diamonds

output = 2 × input − 3

input   20   10    5

output   37   17    7

Sam is 5 years older than his sister Mikaela

                    0     3 7     13

 5 8    12    18

Mikaela’s age 

Sam’s age

2, 4, 6, 8, ...

  terms

2

3

1

2

the origin

the vertical

y-axis

the horizontal

x-axis

31 4 5O

4

5

y

This dot 

represents a point 

with the coordinates

(2, 4)

x

4

6

2

4 62 8

Mikaela’s age (years)

Sam = Mikaela + 5

S
am

’s
 a

g
e 

(y
ea

rs
)

10 12 14O

8

10

12

14

16

18

Number patterns

Sam is 5 years older than his sister Mikaela

137      3  0                   

5 8    12    18

Mikaela’s age                  

Sam’s ag

↑↑↑↑
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Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 169

Multiple-choice questions

13A Which number is the incorrect multiple for the following sequence?

3, 6, 9, 12, 15, 18, 22, 24, 27, 30

18A 22B 30C 6D 3E

23A Which group of numbers contains every factor of 60?

2, 3, 4, 5, 10, 12, 15, 60A 2, 3, 4, 5, 10, 12, 15, 20, 30B

1, 2, 3, 4, 5, 10, 12, 15, 20, 30C 2, 3, 4, 5, 10, 15, 20, 30, 60D

1, 2, 3, 4, 5, 6, 10, 12, 15, 20, 30, 60E

33C Which of the following numbers is not divisible only by prime numbers, itself and 1?

Ext
21A 77B 110C 221D 65E

43D Which of the following groups of numbers include one prime and two composite numbers?

2, 10, 7A 54, 7, 11B 9, 32, 44C 5, 17, 23D 18, 3, 12E

53E 7 × 7 × 7 × 7 × 7 can be simpli�ed to:

57A 75B 7 × 5C 75D 77 777E

63G Evaluate
√

32 + 42.

7A 5B 14C 25D 6E

73B The HCF and LCM of 12 and 18 are:

6 and 18A 3 and 12B 2 and 54C 6 and 36D 3 and 18E

83F The prime factor form of 48 is:

24 × 3A 22 × 32B 2 × 33C 3 × 42D 23 × 6E

93E Evaluate 43 - 3 × (24 - 32).

427A 18B 43C 320D 68E

103A Factors of 189 are:

3, 7, 9, 18, 21, 27A 3, 9, 18, 21B 3, 9, 18C

3, 7, 9, 17, 21D 3, 7, 9, 21, 27, 63E

113C Which number is not divisible by 3?

Ext
25 697 403A 31 975B 7 297 008C

28 650 180D 38 629 634 073E

123K Which set of points is in a horizontal line?

(5, 5), (6, 6), (7, 7)A (3, 2), (3, 4), (3, 11)B

(2, 4), (3, 6), (4, 8)C (5, 4), (6, 4), (8, 4), (12, 4)D

(1, 5), (5, 1), (1, 1), (5, 5)E
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170 Chapter 3 Number properties and patterns

Short-answer questions

13A/D a Find the complete set of factors of 120 and circle those that are composite numbers.

b Determine three numbers between 1000 and 2000 that each have factors 1, 2, 3, 4, 5

and itself.

23A/D a Write down the �rst 12 multiples for each of 8 and 7 and circle the odd numbers.

b Which two prime numbers less than 20 have multiples that include both 1365

and 1274?

33B a Find the HCF of the following pairs of numbers.

15 and 40i 18 and 26ii 72 and 96iii

b Find the LCM of the following pairs of numbers.

5 and 13i 6 and 9ii 44 and 8iii

43D a State whether each of these numbers is a prime or composite number.

21, 30, 11, 16, 7, 3, 2

b How many prime multiples are there of 13?

53D/F a State the prime factors of 770.

b Determine three composite numbers less than 100, each with only three factors that

are all prime numbers less than 10.

63E Simplify these expressions by writing them in index form.

a 6 × 6 × 6 × 6 × 6 × 6 × 6 × 6

b 5 × 5 × 5 × 5 × 2 × 2 × 2 × 2 × 2

73F Write these numbers as a product of prime numbers. Use a factor tree and then index form.

32a 200b 225c

83F Determine which number to the power of 5 equals each of the following.

100 000a 243b 1024c

93F Evaluate each of the following.

52 - 32a 2 × 42 - 52b

5 × 34 - 32 + 16c 122 - (72 - 62)d

103C Determine whether the following calculations are possible without leaving a remainder.

Ext
32 766 ÷ 4a 1136 ÷ 8b 2417 ÷ 3c

113C a

Ext

Carry out divisibility tests on the given number and �ll in the table with ticks or crosses.

State the explanation for each result.

Divisible Divisible Divisible Divisible Divisible Divisible Divisible Divisible

Number by 2 by 3 by 4 by 5 by 6 by 8 by 9 by 10

84 539 424

b Use divisibility rules to determine a 10-digit number that is divisible by 3, 5, 6 and 9.

c Determine a six-digit number that is divisible by 2, 3, 5, 6, 9 and 10.
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123G Evaluate:
√

25a
√

2500b
√

52 + 122c

42 -
√

25 +
√

72d
√

16 × 49 ÷
√

4e 102 ÷
√

32 + 42f

133H Find the next three terms for the following number patterns that have a common difference.

27, 30, 33, …a 67, 59, 51, …b 238, 196, 154, …c

143H Find the next three terms for the following number patterns that have a common ratio.

35, 70, 140, …a 24 300, 8100, 2700, …b 64, 160, 400, …c

153H Find the next six terms for each of these number patterns.

21, 66, 42, 61, 84, 56, …a 22, 41, 79, 136, …b

163I a Draw the next two shapes in this spatial pattern of sticks.

b Copy and complete this table.

Number of rhombuses 1 2 3 4 5

Number of sticks required

c Describe the pattern by stating how many sticks are required to make the �rst rhombus and how

many sticks must be added to make the next rhombus in the pattern.

173I A rule to describe a special window spatial pattern is:

Number of sticks = 3 × number of windows + 2

How many sticks are required to make 1 window?a

How many sticks are required to make 10 windows?b

How many sticks are required to make g windows?c

How many windows can be made from 65 sticks?d

183J Copy and complete each table for the given rule.

output = input + 5

input 3 5 7 12 20

output

a output = 2 × input + 7

input 4 2 9 12 0

output

b

193J Find the rule for each of these tables of values.

input 3 4 5 6 7

output 12 13 14 15 16

a input 1 2 3 4 5

output 20 32 44 56 68

b

input 0 1 2 3 4

output 1 3 5 7 9

c input 3 4 5 6 7

output 7 6 5 4 3

d
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172 Chapter 3 Number properties and patterns

203K a State the coordinates of each point plotted on this number plane.

2

3

1

2 31 4 5
O

4

5

y

A

D

B

x

b State the coordinates on this grid of a point C so that ABCD is a square.

c State the coordinates on this grid of a point E on the x-axis so that ABED is a

trapezium (i.e. has only one pair of parallel sides).

21 Determine the next three terms in each of

these sequences and explain how each is

generated.

a 1, 4, 9, 16, 25, …

b 1, 8, 27, 64, …

c (1, 3), (2, 4), (3, 5), …

d 31, 29, 31, 30, 31, 30, …

e 1,
√

2,
√

3, 2 , …

f 1, 1, 2, 2, 3, 4, 4, 8, 5, 16, 6, 32, …

Extended-response questions

1 For the following questions, write the answers in index notation (i.e. bx) and simplify

where possible.

a A rectangle has width 27 cm and length 125 cm. Determine power expressions for its

area and perimeter.

b A square’s side length is equal to 43. Determine three power expressions for each of the

area and perimeter of this square.

c a × a × a × a × c × c

d 43 + 43 + 43 + 43

e
3x + 3x + 3x

3
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2 A class arranges its square desks so that the space between their desks creates rhombuses of

identical size, as shown in this diagram.

one desk two desks three desks four desks five desks

a How many rhombuses are contained between:

four desks that are in two rows (as shown in the diagram above)?i

six desks in two rows?ii

b Draw 12 desks in three rows arranged this way.

c Rule up a table with columns for the number of:

• rows

• desks per row

• total number of desks

• total number of rhombuses

If there are four desks per row, complete your table for up to 24 desks.

d If there are four desks per row, write a rule for the number of rhombuses in n rows of

square desks.

e Using a computer spreadsheet, complete several more tables, varying the number of desks

per row.

f Explain how the rule for the number of rhombuses changes when the number of desks, d,

per row varies and also the number of rows, n, varies.

g If the number of rows of desks equals the number of desks per row, how many desks

would be required to make 10 000 rhombuses?
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Chapter

N U M B E R  A N D  A L G E B R A

Real numbers

Compare fractions using equivalence. Locate and 

represent positive and negative fractions and 

mixed numbers on a number line (VCMNA242)

Solve problems involving addition and 

subtraction of fractions, including those with 

unrelated denominators (VCMNA243)

Multiply and divide fractions and decimals 

using efficient written strategies and digital 

technologies (VCMNA244)

Express one quantity as a fraction of 

another, with and without the use of digital 

technologies (VCMNA245)

Victorian curriculum

Round decimals to a specified number of 

decimal places (VCMNA246)

Find percentages of quantities and 

express one quantity as a percentage of 

another, with and without digital technologies. 

(VCMNA248)

Recognise and solve problems involving 

simple ratios (VCMNA249)

Money and financial mathematics

Investigate and calculate ‘best buys’, with and 

without digital technologies (VCMNA250)

 4A What are fractions? (Consolidating)

 4B  Equivalent fractions and simplified 

fractions

 4C Mixed numbers (Consolidating)

 4D Ordering fractions

 4E  Adding fractions

 4F Subtracting fractions

What you will learn

 4G Multiplying fractions

 4H Dividing fractions

4I  Fractions and percentages

4J  Percentage of a number

 4K  Expressing a quantity as a 

proportion

4L  Ratios, rates and best buys

4
Fractions and
percentages
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• Chapter pre-test

• Video demonstrations of 

all worked examples

• Interactive widgets

• Interactive walkthroughs

• Downloadable HOTsheets

• Access to all HOTmaths 

Australian Curriculum 

courses

• Access to the HOTmaths 

games library

Online 
resources

Many people love to travel. During the 

2014–15 financial year, 9.2 million 

Australians made short-term trips overseas. 

This was double the number in 2004–2005. 

The Australian Bureau of Statistics has 

looked at other trends associated with 

short-term travel to and from Australia over 

the past 10 years and some interesting 

facts have emerged.

While travel by Australians is up across 

the board, New Zealand is still the leading 

destination, with 13.4% of all short-term 

travel being to one of its many cities (that’s 

1 200 000 journeys in 2014–2015). This is an 

increase of 48.7% over 10 years. 

However, the next most popular 

destination for Australians travelling abroad 

has changed over the last 10 years, from 

the UK to Indonesia. This follows a general 

trend of Asia growing in popularity as the 

continent of choice for Australian travellers 

compared to North America and Europe. 

Travel to Indonesia has increased by 223% 

over the past 10 years, and India (228.5%) 

and Thailand (194%) have also dramatically 

increased in popularity as travel destinations.

The Australian travel trend

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



176 Chapter 4 Fractions and percentages

4A What are fractions? CONSOLIDATING

The word ‘fraction’ comes from the Latin word

‘frangere’, which means ‘to break into pieces’.

Although the following sentences are not directly

related to the mathematical use of fractions, they all

contain words that are related to the orginal Latin term

‘frangere’ and they help us gain an understanding of

exactly what a fraction is.

• The fragile vase smashed into a hundred pieces

when it landed on the ground.

• After the window was broken, several fragments

were found on the �oor.

Fragments of a broken object are all fractions of

the whole.

• She fractured her leg in two places.

• The computer was running slowly and needed to be defragmented.

• The elderly gentleman was becoming very frail in his old age.

Can you think of any other related sentences?

Brainstorm speci!c uses of fractions in everyday life. The list could include cooking, shopping, sporting,

building examples and more.

Let’s start: What strength do you like your cordial?

Imagine preparing several jugs of different strength cordial. Samples could include
1

4
strength cordial,

1

5
strength cordial,

1

6
strength cordial,

1

8
strength cordial.

• In each case, describe how much water and how much cordial is needed to make a 1 litre mixture.

Note: 1 litre (L) = 1000 millilitres (mL).

• On the label of a Cottee’s cordial container, it suggests ‘To make up by glass or jug: add !ve parts water

to one part Cottee’s Fruit Juice Cordial, according to taste’. What fraction of cordial do Cottee’s suggest

is the best?

Key
ideas

A fraction is made up of a numerator (up) and a denominator (down).

For example: 3

5

numerator

denominator

• The denominator tells you how many parts the whole is divided up into.

• The numerator tells you how many of the divided parts you have selected.

• The horizontal line separating the numerator and the denominator is called the vinculum.

A proper fraction or common fraction is less than a whole, and therefore the numerator must

be smaller than the denominator.

For example:
2

7
is a proper fraction.
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Key
ideas

An improper fraction is greater than a whole, and therefore the numerator must be larger than

the denominator.

For example:
5

3
is an improper fraction.

We can represent fractions on a number line.

This number line shows the whole numbers 0, 1 and 2. Each unit has then been divided equally

into four segments, therefore creating ‘quarters’.

210 1

2

0

2

4

1

4

4

4

3

4

6

4

5

4

8

4

7

4

10

4

9

4

1
1

2
2
1

2

Whole numbers can be represented as fractions.

On the number line above we see that 1 is the same as
4

4
and 2 is the same as

8

4
.

We can represent fractions using area. If a shape is divided into regions of equal areas, then

shading a certain number of these regions will create a fraction of the whole shape.

For example: Fraction shaded =
3

4

Example 1 Understanding the numerator and the denominator

a Into how many pieces has the whole pizza been divided?

b How many pieces have been selected (shaded)?

c In representing the shaded fraction of the pizza:

What must the denominator equal?i

What must the numerator equal?ii

Write the amount of pizza selected (shaded) as a fraction.iii

SOLUTION EXPLANATION

a 8 The pizza is cut into 8 equal pieces.

b 3 3 of the 8 pieces are shaded in blue.

c i 8 The denominator shows the number of parts

the whole has been divided into.

ii 3 The numerator tells how many of the divided

parts you have selected.

iii
3

8
The shaded fraction is the numerator over the

denominator; i.e. 3 out of 8 divided pieces.
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Example 2 Representing fractions on a number line

Represent the fractions
3

5
and

9

5
on a number line.

SOLUTION EXPLANATION

210 3

5

9

5

Draw a number line starting at 0 and mark on

it the whole numbers 0, 1 and 2.

Divide each whole unit into !ve segments of

equal length. Each of these segments has a

length of one-!fth.

Example 3 Shading areas

Represent the fraction
3

4
in three different ways, using a square divided into four equal regions.

SOLUTION EXPLANATION

Ensure division of the square creates four

equal areas. Shade in three of the four regions.

Exercise 4A

1 a State the denominator of this proper fraction:
2

9
.

b State the numerator of this improper fraction:
7

5
.

2 Group the following list of fractions into proper fractions, improper fractions and whole numbers.

7

6
a

2

7
b

50

7
c

3

3
d

3

4
e

5

11
f

1

99
g

9

4
h

11

8
i

10

10
j

5

1
k

121

5
l

U
N
D
E
R
S
TA

N
D
IN
G

—1–4 4
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4A

3Example 1 Answer the following questions for each of the pizzas (A to D) drawn below.

a Into how many pieces has the whole pizza been divided?

b How many pieces have been selected (shaded)?

c In representing the shaded fraction of the pizza:

What must the denominator equal?i

What must the numerator equal?ii

Write the amount of pizza selected (shaded) as a fraction.iii

A B C D

4 Find the whole numbers amongst the following list of fractions. Hint: There are !ve whole

numbers to !nd.
15

4
a

14

8
b

12

5
c

30

15
d

17

3
e

30

12
f

12

12
g

33

10
h

53

3
i

9

3
j

50

20
k

28

7
l

96

8
m

24

5
n

62

4
o

1031

2
p

U
N
D
E
R
S
TA

N
D
IN
G

5Example 2 Represent the following fractions on a number line.

3

7
and

6

7
a

2

3
and

5

3
b

1

6
and

5

6
c

2

4
and

11

4
d

11

5
and

8

5
e

5

4
,
9

4
and

3

2
f

6Example 3 Represent each of these fractions in three different ways, using a rectangle divided into

equal regions.

1

4
a

3

8
b

2

6
c

7 Write the next three fractions for each of the following fraction sequences.

3

5
,
4

5
,
5

5
,
6

5
, ___, ___, ___a

5

8
,
6

8
,
7

8
,
8

8
, ___, ___, ___b

1

3
,
2

3
,
3

3
,
4

3
, ___, ___, ___c

11

7
,
10

7
,
9

7
,
8

7
, ___, ___, ___d

13

2
,
11

2
,
9

2
,
7

2
, ___, ___, ___e

3

4
,
8

4
,
13

4
,
18

4
, ___, ___, ___f

F
L
U
E
N
C
Y

5(½), 6, 7(½)5(½), 6 5(½), 6, 7(½)
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4A

8 What fractions correspond to each of the different shapes positioned on these number lines?

a

76543210

b

210

c

21 430

d

21 430

9 What operation (i.e. +, -, × or ÷ ) does the vinculum relate to?

10 For each of the following, state what fraction of the diagram is shaded.

a b c

d e f

P
R
O
B
L
E
M
-S
O
LV
IN
G

9, 108 8, 9

11 For each of the following, write the fraction that is describing part of the total.

a After one day of a 43-kilometre hike, the walkers had

completed 12 kilometres.

b Out of 15 starters, 13 runners went on and !nished the

race.

c Rainfall was below average for 11 months of the year.

d One egg is broken in a carton that contains a dozen eggs.

e Two players in the soccer team scored a goal.

f The lunch stop was 144 kilometres into the 475-kilometre

trip.

g Seven members in the class of 20 have visited Australia

Zoo.

h One of the car tyres is worn and needs replacing.

i It rained three days this week.

R
E
A
S
O
N
IN
G

12, 1311 11, 12
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4A

12 Explain the logic behind the terms ‘proper fraction’ and ‘improper fraction’.

13 Which diagram has one-quarter shaded?

A B C D

R
E
A
S
O
N
IN
G

Adjusting concentration

14 a A 250-millilitre glass of cordial is made by mixing four parts water to one part syrup.

What fraction of the cordial is syrup?i

What amount of syrup is required?ii

b Fairuz drinks 50 millilitres of the cordial but !nds it too strong. So he !lls the glass

back up with 50 millilitres of water.

How much syrup is in the cordial now?i

What fraction of the cordial is syrup?ii

c Fairuz drinks 50 millilitres of the cordial but still !nds it too strong. So, once again, he !lls

the glass back up with 50 millilitres of water.

How much syrup is in the glass now?i

What fraction of the cordial is syrup?ii

d Lynn prefers her cordial much stronger compared with Fairuz. When she is given a glass

of the cordial that is mixed at four parts to one, she drinks 50 millilitres and decides it is

too weak. So she !lls the glass back up with 50 millilitres of syrup.

How much syrup is in Lynn’s now?i

What fraction of the cordial is syrup?ii

e Lynn decides to repeat the process to make her cordial even stronger. So, once again,

she drinks 50 millilitres and then tops the glass back up with 50 millilitres of syrup.

How much syrup is in Lynn’s glass now?i

What fraction of the cordial is syrup?ii

f If Fairuz continues diluting his cordial concentration in

this manner and Lynn continues strengthening her cordial

concentration in this manner, will either of them ever reach pure

water or pure syrup? Explain your reasoning.

E
N
R
IC
H
M
E
N
T

14— —
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4B Equivalent fractions and simpli>ed fractions

Often fractions may look very different when in

fact they have the same value.

For example, in an AFL football match,

‘half-time’ is the same as ‘the end of the second

quarter’. We can say that
1

2
and

2

4
are equivalent

fractions. In both situations, the equivalent

fraction of the game has been completed.

Consider a group of friends eating pizzas during

a sleepover. The pizzas are homemade and each

person cuts up their pizza as they like. There are four quarters played out in a game of AFL

football.

Trevor cuts his pizza into only two pieces, Jackie cuts hers

into four pieces, Tahlia into six pieces and Jared into eight

pieces. The shaded pieces are the amount that they have eaten

before it is time to start the second movie.

By looking at the pizzas, it is clear to see that Trevor, Jackie,

Tahlia and Jared have all eaten the same amount of pizza.

We can therefore conclude that
1

2
,
2

4
,
3

6
and

4

8
are equivalent

fractions.

This is written as
1

2
=
2

4
=
3

6
=
4

8
.

Trevor Jackie

Tahlia Jared

Let’s start: Fraction clumps

Prepare a class set of fraction cards. (Two example sets are provided below.)

• Hand out one fraction card to each student.

• Students then arrange themselves into groups of equivalent fractions.

• Set an appropriate time goal by which this task must be completed.

Repeat the process with a second set of equivalent fraction cards.

Sample sets of fraction cards

Class set 1

1

2
,
3

12
,
3

24
,
10

80
,
1

3
,
8

40
,
1

5
,
3

6
,
1

8
,
5

40
,
3

9
,
1

4
,
1000

4000
,
100

200
,
10

50
,
2

16
,
10

30
,
13

39
,
5

10
,
7

14
,
2

6
,
7

28
,
2

10
,
4

20
,
2

8

Class set 2

2

3
,
6

14
,
3

18
,
4

10
,
2

12
,
24

64
,
11

66
,
4

6
,
3

7
,
30

70
,
12

32
,
3

8
,
10

15
,
5

30
,
1

6
,
2000

5000
,
21

49
,
300

800
,
6

9
,
9

21
,
2

5
,
14

35
,
20

30
,
6

16
,
22

55

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 183

Key
ideas

Equivalent fractions are fractions that mark the same place on a number line.

For example:
1

2
and

2

4
are equivalent fractions.

Equivalent fractions are produced by multiplying the numerator and denominator by the same

number. This number can be any whole number greater than 1.

Equivalent fractions can also be produced by dividing the numerator and denominator by the

same number.

Simplifying fractions involves writing a fraction in its ‘simplest form’ or ‘easiest form’ or

‘most convenient form’. To do this, the numerator and the denominator must be divided by their

highest common factor (HCF).

It is a mathematical convention to write all answers involving fractions in their simplest form.

A fraction wall can be helpful when comparing fractions.

one whole

halves

thirds

quarters

�fths

sixths

eighths

ninths

tenths

twelfths

1

2

1

1

3

1

4

1

5

1

6

1

8

1

9

1

10

1

12
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Example 4 Producing equivalent fractions

Write four equivalent fractions for
2

3
.

SOLUTION EXPLANATION

2

3
=
4

6
=
6

9
=
8

12
=
10

15

Many other fractions are also possible.

Other common choices include:

20

30
,
200

300
,
2000

3000
,
40

60

2

3

4

6

6

9

8

12

10

15
=

×2

×2

×3

×3

×4

×4

×5

×5

= = =

Example 5 Checking for equivalence

By writing either = or ¢ between the fractions, state whether the following pairs of fractions are

equivalent or not equivalent.

1

3

3

7
a

4

5

20

25
b

SOLUTION EXPLANATION

a
1

3
¢
3

7
Convert to a common denominator.

1

3
=
1 × 7

3 × 7
=
7

21
and

3

7
=
3 × 3

7 × 3
=
9

21
,
7

21
¢
9

21

b
4

5
=
20

25

4

5
=
4 × 5

5 × 5
=
20

25

Example 6 Converting to simplest form

Write these fractions in simplest form.

12

20
a

7

42
b
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SOLUTION EXPLANATION

a
12

20
=
3 ×  4

5 ×  4
=
3

5
The HCF of 12 and 20 is 4.

Both the numerator and the denominator are

divided by the HCF of 4.

b
7

42
=
 7 × 1

 7 × 6
=
1

6
The HCF of 7 and 42 is 7.

The 7 is ‘cancelled’ from the numerator and the

denominator.

Exercise 4B

1 Which of the following fractions are equivalent to
1

2
?

3

5
,
3

6
,
3

10
,
2

4
,
11

22
,
7

15
,
8

12
,
2

1
,
5

10
,
6

10

2 Which of the following fractions are equivalent to
8

20
?

4

10
,
1

5
,
6

20
,
8

10
,
16

40
,
2

5
,
4

12
,
12

40
,
80

200
,
1

4

3 Fill in the missing numbers to complete the following strings of equivalent fractions.

1

3
=
6
=
4
=
30
=
60
=
100

a

2

8
=
4
=
12
=
6
=
80
=
10

b

4 In the following lists of equivalent fractions, circle the fraction that is in its simplest form.

3

15
,
10

50
,
2

10
,
1

5
a

100

600
,
3

18
,
1

6
,
7

42
b

4

6
,
2

3
,
16

24
,
20

30
c

9

12
,
15

20
,
6

8
,
3

4
d

U
N
D
E
R
S
TA

N
D
IN
G

—1–5 5
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4B

5 Fill in the gaps to reduce these fractions to their simplest form.

10

30
a HCF =i

10

30
=
1 ×

3 ×
Therefore, simplest form is

3
ii

4

18
b HCF =i

4

18
=
2 ×

9 ×
Therefore, simplest form is

9
ii

4

28
c HCF =i

4

28
=
1 ×

7 ×
Therefore, simplest form is

1
ii

9

15
d HCF =i

9

15
=
3 ×

5 ×
Therefore, simplest form isii

U
N
D
E
R
S
TA

N
D
IN
G

6Example 4 Write four equivalent fractions for each of the fractions listed.

1

2
a

1

4
b

2

5
c

3

5
d

2

9
e

3

7
f

5

12
g

3

11
h

7 Find the unknown value to make the equation true.

3

4
=
?

12
a

5

8
=
?

80
b

6

11
=
18

?
c

2

7
=
16

?
d

3

?
=
15

40
e

?

1
=
14

7
f

?

10
=
24

20
g

13

14
=
?

42
h

2

7
=
10

?
i

19

20
=
190

?
j

11

21
=
55

?
k

11

?
=
44

8
l

8Example 5 Write either = or ¢ between the fractions, to state whether the following pairs of fractions

are equivalent or not equivalent.

1

2

5

8
a

4

8

2

4
b

3

7

30

60
c

5

9

15

18
d

11

15

33

45
e

1

2

402

804
f

12

36

1

3
g

18

24

21

28
h

6

18

11

33
i

9Example 6 Write the following fractions in simplest form.

15

20
a

12

18
b

10

30
c

8

22
d

14

35
e

2

22
f

8

56
g

9

27
h

35

45
i

36

96
j

120

144
k

700

140
l

F
L
U
E
N
C
Y

7–10(½)6–9(½) 6–10(½)
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4B

10 These lists of fractions are meant to contain only fractions in their simplest form; however,

there is one mistake in each list. Find the fraction that is not in simplest form and rewrite

simplest form.

1

3
,
3

8
,
5

9
,
7

14
a

2

5
,
12

16
,
16

9
,
13

37
b

12

19
,
4

42
,
5

24
,
6

61
c

7

63
,
9

62
,
11

81
,
13

72
d

F
L
U
E
N
C
Y

11 A family block of chocolate consists of

12 rows of 6 individual squares. Tania eats

16 individual squares. What fraction of the block,

in simplest terms, has Tania eaten?

12 Four people win a competition

that allows them to receive
1

2
a

tank of free petrol.

Find how many litres of petrol the

drivers of these cars receive.

a Ford Territory with a 70-litre

tank

b Nissan Patrol with a 90-litre

tank

c Holden Commodore with a

60-litre tank

d Mazda 323 with a 48-litre tank

P
R
O
B
L
E
M
-S
O
LV
IN
G

1211 11, 12

13 Justin, Joanna and Jack are sharing a large pizza for dinner. The pizza has been cut into 12 equal

pieces. Justin would like
1

3
of the pizza, Joanna would like

1

4
of the pizza and Jack will eat

whatever is remaining. By considering equivalent fractions, determine how many slices each

person gets served.

R
E
A
S
O
N
IN
G

14, 1513 13, 14
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4B

14 J.K. Rowling’s !rst book, Harry Potter and the Philosopher’s

Stone, is 225 pages long. Sam plans to read the book in three

days, reading the same number of pages each day.

a How many pages should Sam read each day?

b The fraction
75

225
of the book is equivalent to what fraction in

simplest form?

By the end of the second day, Sam is on track and has read
2

3

of the book.

c How many pages of the book does
2

3
represent?

15 A fraction when simpli!ed is written as
3

5
. What could the fraction have been before it was

simpli!ed?

R
E
A
S
O
N
IN
G

Equivalent bars of music

16 Each piece of music has a time signature. A common time signature is called
4

4
time, and is

actually referred to as common time!

Common time, or
4

4
time, means that there are four ‘quarter notes’ (or crotchets) in each bar.

Listed below are the !ve most commonly used musical notes.

whole note (!lls the whole bar) – semibreve

half note (!lls half the bar) – minim

quarter note (four of these to a bar) – crotchet

eighth note (eight to a bar) – quaver

sixteenth note (sixteen to a bar) – semiquaver

a Write six different ‘bars’ of music in
4

4
time.

Carry out some research on other types of musical time

signatures.

b Do you know what the time signature
12

8
means?

c Write three different bars of music for a
12

8
time signature.

d What are the musical symbols for different length rests?

e How does a dot (or dots) written after a note affect the length of the note?

E
N
R
IC
H
M
E
N
T

16— —
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4C Mixed numbers CONSOLIDATING

As we have seen in this chapter, a fraction is a

common way of representing part of a whole number.

For example, a particular car trip may require
2

3
of a

tank of petrol.

On many occasions, you may need whole numbers

plus a part of a whole number. For example, a long

interstate car trip may require 2
1

4
tanks of petrol.

When you have a combination of a whole number and

a fraction this number is known as amixed number.

Let’s start: Pizza frenzy

With a partner, attempt to solve the following pizza

problem. There is more than one answer.

At Pete’s pizza shop, small pizzas are cut into four

equal slices, medium pizzas are cut into six equal

slices and large pizzas are cut into eight equal slices.

A long car trip may require a full tank of petrol and

another fraction of a tank as well.

For a class party, the teacher ordered 13 pizzas, which the students ate with ease. After the last slice was

eaten, a total of 82 slices of pizza had been eaten by the students. How many pizzas of each size did the

teacher order?

Key
ideas

A number is said to be amixed number when it is a mix of a whole number plus a

proper fraction.

is a mixed number

whole 

number

proper 

fraction

2
3

5

Improper fractions (fractions greater than a whole, where the numerator is greater than the

denominator) can be converted to mixed numbers or whole numbers.

15

4
3

3

4
=

improper 

fraction

mixed 

number

16
4

4=

improper 

fraction

whole 

number
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190 Chapter 4 Fractions and percentages

Key
ideas

Mixed numbers can be converted to improper fractions.

In general, improper fractions should be written as mixed numbers, with the fraction part written

in simplest form.

A number line helps show the different types of fractions.

21

proper

fractions

mixed

numbers

improper fractions

30

4
4

1

4

1

2

3

4

11
4

12
2

12
4

32
4

11
2

31
4

5
4

6
4

7
4

8
4

9
4

10
4

11
4

12
4

Example 7 Converting mixed numbers to improper fractions

Convert 3
1

5
to an improper fraction.

SOLUTION EXPLANATION

3
1

5
= 1 + 1 + 1 +

1

5

=
5

5
+
5

5
+
5

5
+
1

5

=
16

5

or

3
1

5
= 3 wholes +

1

5
of a whole

+

+=

= +

+

+

+

3
1

5
=
15

5
+
1

5

=
16

5

Short-cut method:

Multiply the whole number by the

denominator and then add the numerator.

3 × 5 + 1 = 16

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 191

Example 8 Converting improper fractions to mixed numbers

Convert
11

4
to a mixed number.

SOLUTION EXPLANATION

Method 1

11

4
=
8 + 3

4
=
8

4
+
3

4
= 2 +

3

4
= 2

3

4

Method 2

4

2
)

11

rem 3

So
11

4
= 2

3

4

11

4
= 11 quarters

+ + + + +

+

+ +

+ + ++

=

=

= 2
3

4

Example 9 Writing mixed numbers in simplest form

Convert
20

6
to a mixed number in simplest form.

SOLUTION EXPLANATION

20

6
= 3

2

6
= 3

1 ×  2

3 ×  2
= 3

1

3

Method 1: Convert to mixed number and then

simplify the fraction part.

or

20

6
=
10 ×  2

3 ×  2
=
10

3
= 3

1

3

Method 2: Simplify the improper fraction !rst

and then convert to a mixed number.

Each pane of glass is
1
12

of the whole window.
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192 Chapter 4 Fractions and percentages

Exercise 4C

1 Between which two whole numbers do the following mixed numbers lie?

2
1

2
a 11

1

7
b 36

8

9
c

2 Work out the total number of pieces in each of these situations.

a four pizzas cut into six pieces each

b 10 Lego trucks, where each truck is made from 36 Lego pieces

c !ve jigsaw puzzles with 12 pieces in each puzzle

d three cakes cut into eight pieces each

3 The mixed number 2
3

4
can be represented in ‘window shapes’ as

2
3

4
= + +

Represent the following mixed numbers using window shapes.

1
1

4
a 1

3

4
b 3

2

4
c 5

2

4
d

4 A window shape consists of four panes of glass. How many panes of glass

are there in the following number of window shapes?

2a 3b 7c 11d

4
1

4
e 1

3

4
f 2

2

4
g 5

4

4
h

5 What mixed numbers correspond to the letters written on each number line?

11 1298

A B

107

a

4 521

C D E

30

b

24

F G H I

23 262522

c
U
N
D
E
R
S
TA

N
D
IN
G

—1–5 5

6Example 7 Convert these mixed numbers to improper fractions.

2
1

5
a 1

3

5
b 3

1

3
c 5

2

3
d 4

1

7
e 3

3

7
f

2
1

2
g 6

1

2
h 4

2

3
i 11

1

3
j 8

2

5
k 10

3

10
l

6
1

9
m 2

7

9
n 5

2

8
o 2

5

8
p 1

11

12
q 3

5

11
r

4
5

12
s 9

7

12
t 5

15

20
u 8

3

100
v 64

3

10
w 20

4

5
x

F
L
U
E
N
C
Y

6–8(½)6–8(½) 6–8(½)
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4C

7Example 8 Convert these improper fractions to mixed numbers.

7

5
a

4

3
b

5

3
c

7

4
d

11

3
e

21

5
f

16

7
g

10

4
h

12

7
i

19

6
j

20

3
k

41

4
l

35

8
m

26

5
n

48

7
o

41

3
p

37

12
q

81

11
r

93

10
s

78

7
t

231

100
u

333

10
v

135

11
w

149

12
x

8Example 9 Convert these improper fractions to mixed numbers in simplest form.

10

4
a

28

10
b

16

12
c

8

6
d

18

16
e

30

9
f

40

15
g

60

25
h

F
L
U
E
N
C
Y

9 Draw a number line from 0 to 5 and mark the following fractions on it.

2

3
, 2,

5

3
, 3
1

3
a

3

4
,
12

4
, 2
1

4
, 3
1

2
b

4

5
,
14

5
, 3
1

5
,
10

5
,
19

5
c

10 Fill in the gaps for the following number patterns.

a 1
1

3
, 1
2

3
, 2,

___
, 2
2

3
, 3, 3

1

3
,
___

,
___

, 4
1

3
, 4
2

3
, 5

b
3

7
,
5

7
, 1, 1

2

7
,
___

, 1
6

7
,
___

, 2
3

7
, 2
5

7
,
___

, 3
2

7
,
___

,
___

c
3

5
, 1
1

5
, 1
4

5
,
___

, 3, 3
3

5
,
___

,
___

, 5
2

5
,
___

, 6
3

5
,
___

11 Four friends order three large pizzas for their dinner. Each pizza is cut into eight equal slices.

Simone has three slices, Izabella has four slices, Mark has !ve slices and Alex has three slices.

How many pizza slices do they eat in total?a

How many pizzas do they eat in total? Give your answer as a mixed number.b

How many pizza slices are left uneaten?c

How many pizzas are left uneaten? Give your answer as a mixed number.d

P
R
O
B
L
E
M
-S
O
LV
IN
G

10, 119 9, 10
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4C

12 a Patricia has three sandwiches that are cut into quarters and she eats all but one-quarter. How

many quarters does she eat?

b Phillip has !ve sandwiches that are cut into halves and he eats all but one-half. How many

halves does he eat?

c Crystal has x sandwiches that are cut into quarters and she eats them all but one-quarter. How

many quarters does she eat?

d Byron has y sandwiches that are cut into thirds and he eats all but one-third. How many thirds

does he eat?

e Felicity has m sandwiches that are cut into n pieces and she eats them all. How many pieces

does she eat?

R
E
A
S
O
N
IN
G

1212 12

Mixed number swap meet

13 Using the digits 1, 2 and 3 only once, three different mixed numbers can be written.

a i Write down the three possible mixed numbers.

ii Find the difference between the smallest and highest mixed numbers.

b Repeat part a using the digits 2, 3 and 4.

c Repeat part a using the digits 3, 4 and 5.

d Predict the difference between the largest and smallest mixed number when using only the

digits 4, 5 and 6. Check to see if your prediction is correct.

e Write down a rule for the difference between the largest and smallest mixed numbers when

using any three consecutive integers.

f Extend your investigation to allow mixed numbers where the fraction part is an

improper fraction.

g Extend your investigation to produce mixed numbers from four consecutive digits.

E
N
R
IC
H
M
E
N
T

13— —

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 195

4D Ordering fractions

You already know how to order a set of whole numbers.

For example: 3, 7, 15, 6, 2, 10 are a set of six different whole numbers that you could place in ascending

or descending order.

In ascending order, the correct order is: 2, 3, 6, 7, 10, 15.

In descending order, the correct order is: 15, 10, 7, 6, 3, 2.

In this section you will learn how to write different fractions in ascending and descending order. To be able

to do this we need to compare different fractions and we do this through our knowledge of equivalent

fractions (see Section 4B).

Remember that a fraction is greater than another fraction if it lies to the right of that fraction on a number

line.

3

4
>
1

2 10 1

2

3

4

Let’s start: The order of >ve

• As a warm-up activity, ask !ve volunteer students

to arrange themselves in alphabetical order, then in

height order and, !nally, in birthday order.

• Each of the !ve students receives a large fraction

card and displays it to the class.

• The rest of the class must then attempt to order

the students in ascending order, according to their

fraction card. It is a group decision and none of

the !ve students should move until the class agrees

on a decision.

• Repeat the activity with a set of more challenging fraction cards.

Key
ideas

To order (or arrange) fractions we must know how to compare different fractions. This is often

done by considering equivalent fractions.

If the numerators are the same, the smallest fraction is the one with the biggest denominator, as it

has been divided up into the most pieces.

For example:
1

7
<
1

2

If the denominators are the same, the smallest fraction is the one with the smallest numerator.

For example:
3

10
<
7

10
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196 Chapter 4 Fractions and percentages

Key
ideas

To order two fractions with different numerators and denominators, we can use our knowledge

of equivalent fractions to produce fractions with a common denominator and then compare the

numerators.

The lowest common denominator (LCD) is the lowest common multiple of the different

denominators.

Ascending order is when numbers are ordered going up, from smallest to largest.

Descending order is when numbers are ordered going down, from largest to smallest.

Example 10 Comparing fractions

Place the correct mathematical symbol <, = or >, in between the following pairs of fractions to make a

true mathematical statement.

2

5

4

5
a

1

3

1

5
b

2

3

3

5
c 2

3

7

16

7
d

SOLUTION EXPLANATION

a
2

5
<
4

5

Denominators are the same, therefore compare

numerators.

b
1

3
>
1

5

Numerators are the same.

Smallest fraction has the biggest denominator.

c
2

3

3

5

10

15
>

9

15
. Hence,

2

3
>
3

5
.

LCD of 3 and 5 is 15.

Produce equivalent fractions.

Denominators now the same, therefore

compare numerators.

d 2
3

7

16

7

17

7
>
16

7
. Hence, 2

3

7
>
16

7
.

Convert mixed number to an improper

fraction.

Denominators are the same, therefore compare

numerators.
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Example 11 Ordering fractions

Place the following fractions in ascending order.

3

4
,
4

5
,
2

3
a 1

3

5
,
7

4
,
3

2
, 2
1

4
,
11

5
b

SOLUTION EXPLANATION

a
45

60
,
48

60
,
40

60
LCD of 3, 4 and 5 is 60. Produce equivalent

fractions with denominator of 60.
40

60
,
45

60
,
48

60
Order fractions in ascending order.

2

3
,
3

4
,
4

5
Rewrite fractions back in original form.

b
8

5
,
7

4
,
3

2
,
9

4
,
11

5
Express all fractions as improper fractions.

32

20
,
35

20
,
30

20
,
45

20
,
44

20
LCD of 2, 4 and 5 is 20. Produce equivalent

fractions with a denominator of 20.

30

20
,
32

20
,
35

20
,
44

20
,
45

20

Order fractions in ascending order.

3

2
, 1
3

5
,
7

4
,
11

5
, 2
1

4
Rewrite fractions back in original form.

Exercise 4D

1 Circle the largest fraction in each of the following lists.

3

7
,
2

7
,
5

7
,
1

7
a

4

3
,
2

3
,
7

3
,
5

3
b

5

11
,
9

11
,
3

11
,
4

11
c

8

5
,
4

5
,
6

5
,
7

5
d

2 State the lowest common multiple of the following sets of numbers.

2, 5a 3, 7b 5, 4c 6, 5d

3, 6e 2, 10f 4, 6g 8, 6h

2, 3, 5i 3, 4, 6j 3, 8, 4k 2, 6, 5l

3 State the lowest common denominator of the following sets of fractions.

1

3
,
3

5
a

2

4
,
3

5
b

4

7
,
2

3
c

2

10
,
1

5
d

4

6
,
3

8
e

5

12
,
2

5
f

1

2
,
2

3
,
3

4
g

4

3
,
3

4
h

U
N
D
E
R
S
TA

N
D
IN
G

—1–4(½) 3–4(½)
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198 Chapter 4 Fractions and percentages

4D

4 Fill in the gaps to produce equivalent fractions.

2

5
=
15

a
2

3
=
12

b
1

4
=
16

c

3

7
=
14

d
3

8
=
40

e
5

6
=
18

f U
N
D
E
R
S
TA

N
D
IN
G

5Example 10 Place the correct mathematical symbol <, = or >, in between the following pairs of fractions to

make true a mathematical statement.
3

5

1

5
a

7

9

2

9
b

2

2

3

3
c

13

18

17

18
d

1

4

1

3
e

1

10

1

20
f

1

7

1

5
g

3

5

18

30
h

2

3

1

3
i

4

5

3

4
j

5

6

9

10
k

5

7

15

21
l

7

11

3

5
m 1

2

3
1
1

2
n 3

3

7

15

4
o

12

5

19

8
p

6Example 11 Place the following fractions in ascending order.

3

5
,
8

5
, 1
2

5
a

5

9
,
1

3
,
2

9
b

2

5
,
3

4
,
4

5
c

5

6
,
3

5
,
2

3
d

2
1

4
,
11

4
,
5

2
, 3
1

3
e

15

8
,
11

6
,
7

4
,
5

3
f

2
7

10
,
9

4
,
11

5
, 2
1

2
, 2
3

5
g 4

4

9
,
15

3
, 4
10

27
, 4
2

3
, 4
1

6
h

7 Place the following fractions in descending order, without !nding common denominators.

1

3
,
1

5
,
1

4
,
1

2
a

3

5
,
3

7
,
3

6
,
3

8
b

7

2
,
7

5
,
7

8
,
7

7
c

1

15
,
1

10
,
1

50
,
1

100
d

7
1

11
, 8
3

5
, 5
4

9
, 10

2

3
e 2

1

3
, 2
1

9
, 2
1

6
, 2
1

5
f

F
L
U
E
N
C
Y

5–7(½)5–6(½) 5–7(½)
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4D

8 Place the following cake fractions in decreasing order of size.

A sponge cake shared equally by four people =
1

4
cake

B chocolate cake shared equally by eleven people =
1

11
cake

C carrot and walnut cake shared equally by eight people =
1

8
cake

9 Four friends, Dean, David, Andrea and Rob, all competed in the Great Ocean Road marathon.

Their respective !nishing times were 3
1

3
hours, 3

5

12
hours, 3

1

4
hours and 3

4

15
hours. Write down

the correct !nishing order of the four friends.

10 Rewrite the fractions in each set with their lowest common denominator and then write the next

two fractions that would continue the pattern.

2

9
,
1

3
,
4

9
, ,a

1

2
,
5

4
, 2, ,b

11

6
,
3

2
,
7

6
, ,c

1

2
,
4

7
,
9

14
, ,d

P
R
O
B
L
E
M
-S
O
LV
IN
G

9, 108 8, 9

11 For each of the following pairs of fractions, write a fraction that lies between them.

3

5
,
3

4
a

1

4
,
1

2
b

2

7
,
1

6
c

17

20
,
7

10
d 2

1

3
, 2
1

5
e 8

7

10
, 8
3

4
f

12 Write all the whole number values that ? can take so that
?

3
lies between:

2 and 3a 5 and 5
1

2
b

R
E
A
S
O
N
IN
G

12, 1311 11, 12
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4D

13 Thomas and Nathan had a doughnut eating race to see who could eat the most doughnuts in

1 minute. Before the race started Thomas cut each of his doughnuts into !fths to make them just

the right bite-size. Nathan decided to cut each of his doughnuts into quarters before the race.

After 1 minute of frenzied eating, the stop whistle blew. Thomas had devoured 28 !fths of

doughnut and Nathan had munched his way through 22 quarters of doughnut.

a Who won the doughnut eating race?

b What was the winning doughnut margin? Express your answer in simplest form.

R
E
A
S
O
N
IN
G

Shady designs

14 a For each of the diagrams shown, work out what fraction of the rectangle is coloured purple.

Explain how you arrived at each of your answers.

b Design and shade two more rectangle designs.

i ii

iii iv

E
N
R
IC
H
M
E
N
T

14— —
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4E Adding fractions

Fractions with the same denominator can be easily added together.

+ =

3

8
+

2

8
=

5

8

Fractions with different denominators cannot be added together so easily.

+ =

Note:

1
3
+
1
4
¢
1
7

1
3
+
1
4
¢
2
7

1

3
+

1

4
= ?

But with a common denominator it is possible.

+ =

1

3
+

1

4
= ?

4

12
+

3

12
=

7

12

Let’s start: ‘Like’ addition

Pair up with a classmate and discuss the following.

1 Which of the following pairs of numbers can be simply added together without having to carry out any

form of conversion?

6 goals, 2 goalsa 11 goals, 5 behindsb 56 runs, 3 wicketsc

6 hours, 5 minutesd 21 seconds, 15 secondse 47 minutes, 13 secondsf

15 cm, 3 mg 2.2 km, 4.1 kmh 5 kg, 1680 gi

2

7
,
3

7
j

1

4
,
1

2
k 2

5

12
, 1
1

3
l

Does it become clear that we can only add pairs of numbers that have the same unit? In terms of fractions,

we need to have the same ?

2 By choosing your preferred unit (when necessary), work out the answer to each of the problems above.
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Key
ideas

Fractions can be simpli!ed easily using addition if they are ‘like’ fractions; that is, they have the

same denominator. This means they have been divided up into the same number of pieces.

Same denominators

If two or more fractions have the same denominator, to add them together simply add the

numerators and keep the denominator. This allows you to !nd the total number of divided pieces.

Different denominators

If the denominators are different, we must use our knowledge of equivalent fractions to convert

them to fractions with the same lowest common denominator (LCD).

To do this, carry out these steps.

1 Find the LCD (often, but not always, found by multiplying denominators).

2 Convert fractions to their equivalent fractions with the LCD.

3 Add the numerators and write this total above the LCD.

After adding fractions, always look to see if your answer needs to be simpli!ed.

Example 12 Adding ‘like’ fractions

Add the following fractions together.

1

5
+
3

5
a

3

11
+
5

11
+
6

11
b

SOLUTION EXPLANATION

a
1

5
+
3

5
=
4

5
The denominators are the same; i.e. ‘like’,

therefore simply add the numerators.

b
3

11
+
5

11
+
6

11
=
14

11

= 1
3

11

Denominators are the same, so add

numerators.

Simplify answer by converting to a mixed

number.

Example 13 Adding ‘unlike’ fractions

Add the following fractions together.

1

5
+
1

2
a

3

4
+
5

6
b
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SOLUTION EXPLANATION

a
1

5
+
1

2
=
2

10
+
5

10

=
7

10

LCD is 10.

Write equivalent fractions with the LCD.

Denominators are the same, so add numerators.

b
3

4
+
5

6
=
9

12
+
10

12

=
19

12

= 1
7

12

LCD is 12.

Write equivalent fractions with the LCD.

Denominators are the same, so add numerators.

Simplify answer to a mixed number.

Example 14 Adding mixed numbers

Simplify:

3
2

3
+ 4

2

3
a 2

5

6
+ 3

3

4
b

SOLUTION EXPLANATION

a Method 1

3 + 4 +
2

3
+
2

3
= 7 +

4

3

= 8
1

3

Add the whole number parts together.

Add the fraction parts together.

Noting that
4

3
= 1

1

3
, simplify the answer.

Method 2

11

3
+
14

3
=
25

3

= 8
1

3

Convert mixed numbers to improper fractions. Have the

same denominators, so add numerators.

Convert improper fraction back to a mixed number.

b Method 1

2 + 3 +
5

6
+
3

4
= 5 +

10

12
+
9

12

= 5 +
19

12

= 6
7

12

Add the whole number parts together.

LCD of 6 and 4 is 12.

Write equivalent fractions with LCD.

Add the fraction parts together.

Noting that
19

12
= 1

7

12
, simplify the answer.
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Method 2

17

6
+
15

4
=
34

12
+
45

12

=
79

12

= 6
7

12

Convert mixed numbers to improper fractions.

Write equivalent fractions with LCD.

Add the numerators together.

Simplify answer back to a mixed number.

Exercise 4E

1 Copy the following sentences into your workbook and !ll in the gaps.

a To add two fractions together, they must have the same ______________.

b When adding fractions together, if they have the same ______________, you simply

add the ______________.

c When adding two or more fractions where the ______________ are different, you must

!nd the ____________ ____________ ____________.

d After carrying out the addition of fractions, you should always ______________ your

answer to see if it can be ______________.

2 Copy the following sums into your workbook and !ll in the empty boxes.

3

8
+
2

8
=
8

a
4

7
+
1

7
=
7

b

1

3
+
1

4

=
12
+
12

=
12

c
2

5
+
3

4

=
20
+
20

=
20
= 1

20

d

3 State the LCD for the following pairs of ‘incomplete’ fractions.

5
+
3

a
4
+
5

b
2
+
3

c
6
+
3

d

2
+
8

e
5
+
10

f
7
+
11

g
3
+
9

h

12
+
8

i
2
+
18

j
15
+
10

k
12
+
16

l

U
N
D
E
R
S
TA

N
D
IN
G

—1–4 4
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4E

4 The following sums have been completed, but only six of them are correct. Copy them into

your workbook, then place a tick beside the six correct answers and a cross beside the six

incorrect answers.

1

6
+
3

6
=
4

6
a

1

3
+
1

4
=
2

7
b

2

5
+
4

5
=
6

10
c

1

11
+
3

11
=
4

11
d

3

5
+
4

5
= 1

2

5
e

2

7
+
2

7
=
2

7
f

7

12
+
4

12
=
11

12
g

4

9
+
4

5
=
4

14
h

3

10
+
4

10
=
7

10
i

1

2
+
2

5
=
3

7
j 2

2

7
+ 3

1

7
= 5

3

7
k 1

2

3
+ 2

1

5
= 3

3

8
l

U
N
D
E
R
S
TA

N
D
IN
G

5Example 12a Add the following fractions.

1

8
+
4

8
a

2

7
+
3

7
b

1

5
+
3

5
c

3

11
+
6

11
d

5

8
+
2

8
e

1

12
+
6

12
f

3

15
+
4

15
g

3

9
+
2

9
h

Example 12b
6

7
+
3

7
i

7

10
+
6

10
j

2

5
+
3

5
+
4

5
k

12

19
+
3

19
+
8

19
l

6Example 13a Add the following fractions.

1

2
+
1

4
a

1

3
+
3

5
b

1

2
+
1

6
c

1

4
+
1

3
d

2

5
+
1

4
e

1

5
+
3

4
f

2

7
+
1

3
g

3

8
+
1

5
h

Example 13b
3

5
+
5

6
i

4

7
+
3

4
j

8

11
+
2

3
k

2

3
+
3

4
l

7Example 14a Simplify:

1
1

5
+ 2

3

5
a 3

2

7
+ 4

1

7
b 11

1

4
+ 1

2

4
c 1

3

9
+ 4

2

9
d

5
2

3
+ 4

2

3
e 8

3

6
+ 12

4

6
f 9

7

11
+ 9

7

11
g 4

3

5
+ 7

4

5
h

8Example 14b Simplify:

2
2

3
+ 1

3

4
a 5

2

5
+ 1

5

6
b 3

1

2
+ 8

2

3
c 5

4

7
+ 7

3

4
d

8
1

2
+ 6

3

5
e 12

2

3
+ 6

4

9
f 17

8

11
+ 7

3

4
g 9

7

12
+ 5

5

8
h

F
L
U
E
N
C
Y

6(½), 8(½)5–7(½) 5–8(½)
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4E

9 Myles, Liza and Camillus work at a busy cinema complex. For a particular movie, Myles sells
3

5

of all the tickets and Liza sells
1

3
.

a What fraction of movie tickets are sold by Myles and Liza, together?

b If all of the movie’s tickets are sold, what is the fraction sold by Camillus?

10 Martine loves to run and play. Yesterday, she ran for 2
1

4
kilometres, walked for 5

2

5
kilometres

and skipped for
1

2
a kilometre. What was the total distance that Martine ran, walked and

skipped?

11 Jackson is working on a 1000-piece jigsaw puzzle. After 1 week, he has completed
1

10
of the

puzzle. After 2 weeks he has completed another
2

5
of the puzzle. In the third week, Jackson

completed another
1

4
of the puzzle.

a By the end of the third week, what fraction of the puzzle has Jackson completed?

b How many pieces of the puzzle does Jackson place in the second week?

c What fraction of the puzzle is still un!nished by the end of the third week? How many pieces

is this?

12 A survey of Year 7 students’ favourite sport is carried out. A total of 180 students participate

in the survey. One-!fth of students reply that netball is their favourite, one-quarter reply

rugby and one-third reply soccer. The remainder of students leave the question unanswered.

a What fraction of the Year 7 students answered the survey question?

b What fraction of the Year 7 students left the question unanswered?

c How many students did not answer the survey question?

P
R
O
B
L
E
M
-S
O
LV
IN
G

11, 129, 10 10, 11
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4E

13 Fill in the empty boxes to make the following fraction sums correct.

1
+
1
=
7

10
a

1
+
1
+
1
=
7

8
b

3
+
4
=
17

20
c

2
+
3
+
4
= 1d

14 Four students each read the same English novel over two nights, for homework. The table

shows what fraction of the book was read on each of the two nights.

Student First night Second night

Mikhail
2
5

1
4

Jim
1
2

1
10

Vesna∗
1
4

1
5

Juliet
7
12

1
20

∗Vesna woke up early on the third morning and read another
1

6
of the novel before leaving for

school.

Place the students in order, from least to most, according to what fraction of the book they

had read by their next English lesson.

R
E
A
S
O
N
IN
G

13, 1413 13, 14

Raise it to the max

15 a Using the numbers 1, 2, 3, 4, 5 and 6 only once, arrange them in the boxes below to, !rst,

produce the maximum possible answer, and then the minimum possible answer. Work out the

maximum and minimum possible answers.

+ +

b Repeat the process for four fractions using the digits 1 to 8 only once each. Again, state

the maximum and minimum possible answers.

c Investigate maximum and minimum fraction statements for other sets of numbers and explain

your !ndings.

d Explain how you would arrange the numbers 1 to 100 for 50 different fractions if you were

trying to achieve the maximum or minimum sum.

E
N
R
IC
H
M
E
N
T

15— —
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208 Chapter 4 Fractions and percentages

4F Subtracting fractions

Subtracting fractions is very similar to adding fractions. You must establish the lowest common

denominator (LCD) if one does not exist and this is done through producing equivalent fractions. Then,

instead of adding numerators at the !nal step, you simply carry out the correct subtraction.

Complications can arise when subtracting mixed numbers and Example 16 shows the available methods

that can be used to overcome such problems.

Let’s start: Alphabet subtraction

10 1

12

2

12

3

12

4

12

5

12

6

12

7

12

8

12

9

12

10

12

11

12

• Copy into your workbook the number line above.

• Place the following letters in the correct position on the number line.

A =
2

3
B =

5

12
C =

1

2
D =

11

12
E =

1

12
F =

1

4
G =

0

12

H =
1

3
I =

7

12
J =

5

6
K =

12

12
L =

3

4
M =

1

6

• Complete the following alphabet subtractions, giving your answer as a fraction and also the

corresponding alphabet letter.

J - Fa A - Gb D - F -Mc C - Bd

K - Ce L - H - Ef K - J - Eg L - I -Mh

• What does A + B + C + D + E + F + G + H + I - J - K - L -M equal?

Key
ideas

Fractions can be simpli!ed easily using subtraction if they are ‘like’ fractions.

The process for subtracting fractions is the same as adding fractions, until the !nal step. At the

!nal step you follow the operation and subtract the second numerator from the !rst numerator.

When subtracting mixed numbers, you must have a fraction part that is large enough to allow the

other proper fraction to be subtracted from it. If this is not the case at the start of the problem,

you may choose to borrow a whole.

For example:

7
1
2
- 2

3
4

1
2
is not big enough to have

3
4
subtracted from it.

6
3
2
- 2

3
4

Therefore, we choose to borrow a whole from the 7.

A fail-safe method for subtracting mixed numbers is to convert to improper fractions right from

the start.

For example: 7
1

2
- 2

3

4
=
15

2
-
11

4
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Example 15 Subtracting ‘like’ and ‘unlike’ fractions

Simplify:

7

9
-
2

9
a

5

6
-
1

4
b

SOLUTION EXPLANATION

a
7

9
-
2

9
=
5

9
Denominators are the same, therefore we are

ready to subtract the second numerator from

the !rst.

b
5

6
-
1

4
=
10

12
-
3

12

=
7

12

Need to !nd the LCD, which is 12.

Write equivalent fractions with the LCD.

We have the same denominators now, so

subtract second numerator from the !rst.

Example 16 Subtracting mixed numbers

Simplify:

5
2

3
- 3

1

4
a 8

1

5
- 4

3

4
b

SOLUTION EXPLANATION

Method 1: Converting to an improper

fraction

a 5
2

3
- 3

1

4
=
17

3
-
13

4

=
68

12
-
39

12

=
29

12

= 2
5

12

Convert mixed numbers to improper fractions.

Need to !nd the LCD, which is 12.

Write equivalent fractions with the LCD.

We have the same denominators now, so

subtract second numerator from the !rst and

convert back to improper fraction.

b 8
1

5
- 4

3

4
=
41

5
-
19

4

=
164

20
-
95

20

=
69

20

= 3
9

20

Convert mixed numbers to improper fractions.

Need to !nd the LCD, which is 20.

Write equivalent fractions with the LCD.

We have the same denominators now, so

subtract second numerator from the !rst and

convert back to improper fraction.
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Method 2: Borrowing a whole number

a 5
2

3
- 3

1

4
=

(

5 +
2

3

)

-

(

3 +
1

4

)

= (5 - 3) +

(

2

3
-
1

4

)

= 2 +

(

8

12
-
3

12

)

= 2
5

12

Understand that a mixed number is the addition

of a whole number and a proper fraction.

Group whole numbers and group proper

fractions.

Simplify whole numbers; simplify proper

fractions.

Borrowing a whole was not required.

b 8
1

5
- 4

3

4
=

(

8 +
1

5

)

-

(

4 +
3

4

)

=

(

7 +
6

5

)

-

(

4 +
3

4

)

= (7 - 4) +

(

6

5
-
3

4

)

= 3 +

(

24

20
-
15

20

)

= 3
9

20

3

4
cannot be taken away from

1

5
easily.

Therefore, we must borrow a whole.

Group whole numbers and group proper

fractions.

Simplify whole numbers; simplify proper

fractions.

Borrowing a whole was required.

Exercise 4F

1 Copy the following sentences into your workbook and !ll in the blanks.

a To subtract one fraction from another, you must have a common ______________.

b One fail-safe method of producing a common denominator is to simply ______________ the

two denominators.

c The problem with !nding a common denominator that is not the lowest common denominator

is that you have to deal with larger numbers and you also need to ___________ your answer

at the !nal step.

d To !nd the LCD you can ______________ the denominators and then divide by the HCF

of the denominators.

2 State the LCD for the following pairs of ‘incomplete’ fractions.

4
-
6

a
2
-
10

b
15
-
5

c
6
-
9

d

8
-
12

e
12
-
20

f
14
-
8

g
9
-
21

h

U
N
D
E
R
S
TA

N
D
IN
G

—1–4 4
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4F

3 Copy these equations into your workbook, and !ll in the empty boxes.

3

7
-
2

7
=
7

a
8

13
-
5

13
=
13

b

1

3
-
1

4
=
12
-
12

=
12

c
4

5
-
2

3
=
15
-
15

=
15

d

4 The following equations have been completed, but only six of them are correct. Copy them

into your workbook, then place a tick beside the six correct answers and a cross beside the

six incorrect answers.

8

10
-
5

10
=
3

10
a

3

5
-
2

3
=
1

2
b

5

12
-
5

10
=
5

2
c

3

4
-
1

4
=
2

4
d

8

11
-
8

10
=
0

1
= 0e

12

15
-
3

15
=
9

15
f

2

3
-
2

3
= 0g

5

7
-
2

7
=
2

7
h

3

20
-
2

20
=
1

20
i 2

5

9
- 1

4

9
= 1

1

9
j 2

8

14
-
5

14
= 2

3

0
k

12

21
-
7

11
=
5

10
=
1

2
l

U
N
D
E
R
S
TA

N
D
IN
G

5Example 15a Simplify:

5

7
-
3

7
a

4

11
-
1

11
b

12

18
-
5

18
c

2

3
-
1

3
d

3

5
-
3

5
e

6

9
-
2

9
f

5

19
-
2

19
g

17

23
-
9

23
h

84

100
-
53

100
i

41

50
-
17

50
j

23

25
-
7

25
k

7

10
-
3

10
l

6Example 15b Simplify:

2

3
-
1

4
a

3

5
-
1

2
b

3

5
-
3

6
c

4

7
-
1

4
d

1

2
-
1

3
e

3

4
-
1

9
f

8

11
-
1

3
g

4

5
-
2

3
h

3

4
-
5

8
i

11

20
-
2

5
j

5

12
-
7

18
k

7

9
-
2

3
l

7Example 16a Simplify:

3
4

5
- 2

1

5
a 23

5

7
- 15

2

7
b 8

11

14
- 7

9

14
c 3

5

9
-
3

9
d

6
2

3
- 4

1

4
e 5

3

7
- 2

1

4
f 9

5

6
- 5

4

9
g 14

3

4
- 7

7

10
h

F
L
U
E
N
C
Y

6–8(½)5–7(½) 5–8(½)
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4F

8Example 16b Simplify:

5
1

3
- 2

2

3
a 8

2

5
- 3

4

5
b 13

1

2
- 8

5

6
c 12

2

9
- 7

1

3
d

8
5

12
- 3

3

4
e 1

3

5
-
7

9
f 11

1

11
- 1

1

4
g 6

3

20
- 3

2

3
h

F
L
U
E
N
C
Y

9 Tiffany poured herself a large glass of cordial. She noticed that the cordial jug has
3

4
of a litre

in it before she poured her glass and only
1

5
of a litre in it after she !lled her glass. How much

cordial did Tiffany pour into her glass?

10 A family block of chocolate is made up of 60 small squares of chocolate. Marcia eats 10 blocks,

Jon eats 9 blocks and Holly eats 5 blocks. What fraction of the block of chocolate is left?

11 Three friends split a restaurant bill. One pays
1

2
of

the bill and one pays
1

3
of the bill.

What fraction of the bill must the third friend pay?

12 Patty has 23
1

4
dollars, but owes her parents 15

1

2

dollars. How much money does Patty have left

after she pays back her parents? Repeat this

question using decimals and dollars and cents.

Do you get the same answer?

13 Three cakes were served at a birthday party: an ice-cream cake, a chocolate cake and a sponge

cake.
3

4
of the ice-cream cake was eaten. The chocolate cake was cut into 12 equal pieces,

of which 9 were eaten. The sponge cake was divided into 8 equal pieces, with only 1 piece

remaining.

What fraction of each cake was eaten?a

What fraction of each cake was left over?b

What was the total amount of cake eaten during the party?c

What was the total amount of cake left over after the party?d

P
R
O
B
L
E
M
-S
O
LV
IN
G

11–139, 10 10–12
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4F

14 Fill in the empty boxes to make the following fraction sums correct.

1
-
1
=
1

12
a

5
-
2
=
1

10
b

2
3
- 1

3
=
2

3
c 8

1
- 6

4
= 1

1

2
d

15 Today David’s age is one-seventh of Felicity’s age. Felicity is a teenager.

a In 1 year’s time David will be one-!fth of Felicity’s age. What fraction of her age will he be

in 2 years’ time?

b How many years must pass until David is one-third of Felicity’s age?

c How many years must pass until David is half Felicity’s age?

16 a Example 16 shows two possible methods for subtracting mixed numbers: ‘Borrowing a

whole number’ and ‘Converting to an improper fraction’. Simplify the following two

expressions and discuss which method is the most appropriate for each question.

2
1

5
- 1

2

3
i 27

5

11
- 23

4

5
ii

b If you have an appropriate calculator, work out how to enter fractions and check your answers

to parts i and ii above.

R
E
A
S
O
N
IN
G

15, 1614 14, 15

Letter to an absent friend

17 Imagine that a friend in your class is absent for this lesson on the subtraction of fractions.

They were present yesterday and understood the process involved when adding fractions. Your

task is to write a letter to your friend, explaining how to subtract mixed numbers. Include some

examples, discuss both possible methods but also justify your favourite method. Finish off with

three questions for your friend to attempt and include the answers to these questions on the

back of the letter.
E
N
R
IC
H
M
E
N
T

17— —
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4G Multiplying fractions

What does it mean to multiply two fractions together?

Do you end up with a smaller amount or a larger amount when you multiply two proper fractions together?

What does
1

3
×
2

3
equal?

• ‘Strip’ method

Imagine you have a strip of paper.

You are told to shade
2

3
of the strip.

You are now told to shade in a darker colour
1

3
of your

2

3
strip.

The !nal amount shaded is your answer. 2
9

• ‘Number line’ method

Consider the number line from 0 to 1 (shown opposite).

It is divided into ninths.

Locate
2

3
.

Divide this position into three equal pieces (shown as

).

To locate
1

3
×
2

3
you have only one of the three pieces.

The !nal location is your answer (shown as ); i.e.
2

9
.

1

1

0

0

1

9

2

9

3

9

4

9

5

9

6

9

7

9

8

9

2

3

1

3

• ‘Shading’ method

Consider
1

3
of a square multiplied by

2

3
of a

square.
2

9
× = =

• ‘The rule’ method

When multiplying fractions, multiply the numerators together and

mutiply the denominators together.
1

3
×
2

3
=
1 × 2

3 × 3
=
2

9

Cutting materials to fit a purpose may involve multiplying a fraction by a fraction.
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Let’s start: ‘Clock face’ multiplication

Explain and discuss the concept of fractions of an hour on the clock face.

In pairs, students match up the following 10 ‘clock face’ multiplication questions with their correct answer.

You may like to place a time limit of 5 minutes on the activity.

Discuss answers at the end of the activity.

Questions Answers

1
1
2

of 4 hours A 25 minutes

2
1
3

of 2 hours B 1
1
2

hours

3
1
4

of 6 hours C 5 minutes

4
1
3

of
1
4

hour D
1
4

hour

5
1
4

of
1
3

hour E 2 hours

6
1
3

of
3
4

hour F 2 hours 40 minutes

7
1
10

of
1
2

hour G
1
12

hour

8
1
5

of
1
2

hour H 40 minutes

9
2
3

of 4 hours I
1
10

hour

10
5
6

of
1
2

hour J 3 minutes

Key
ideas

Fractions do not need to have the same denominator to be multiplied together.

To multiply fractions, multiply the numerators together and multiply the denominators together.

• In symbols:
a

b
×
c

d
=
a × c

b × d
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216 Chapter 4 Fractions and percentages

Key
ideas

If possible, ‘simplify’, ‘divide’ or ‘cancel’ fractions before multiplying.

• Cancelling can be done vertically or diagonally.

• Cancelling can never be done horizontally.

3

Never do this!

cancelling vertically

cancelling diagonally

cancelling horizontally

5

4

8

1

2

1

2

3

5

4

6

1 2
3

5

6

7

×

×

×

A whole number can be written as a fraction with a denominator of 1.

‘of’, ‘×’, ‘times’, ‘lots of’ and ‘product’ all refer to the same mathematical operation of

multiplying.

Mixed numbers must be changed to improper fractions before multiplying.

Final answers should be written in simplest form.

Example 17 Finding a simple fraction of a quantity

Find:

2

3
of 15 bananasa

3

10
of 50 lolliesb

SOLUTION EXPLANATION

a
2

3
of 15 bananas

(

1

3
of 15

)

× 2 = 10

Divide 15 bananas into 3 equal groups.

Therefore, 5 in each group.

Take 2 of the groups.

Answer is 10 bananas.

b
3

10
of 50 lollies

(

1

10
of 50

)

× 3 = 15

Divide 50 into 10 equal groups.

Therefore, 5 in each group.

Take 3 of the groups.

Therefore, answer is 15 lollies.
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Example 18 Multiplying proper fractions

Find:

2

3
×
1

5
a

3

4
×
8

9
b

4

8
of
3

6
c

SOLUTION EXPLANATION

a
2

3
×
1

5
=
2 × 1

3 × 5

=
2

15

Multiply the numerators together.

Multiply the denominators together.

The answer is in simplest form.

b
3

4
×
8

9
=
1
 3 ×  8

2

1
 4 ×  9

3

=
2

3

Cancel !rst.

Then multiply numerators together and

denominators together.

c
4

8
of
3

6
=
4

8
×
3

6

=
1
 4 ×  3

1

2
 8 ×  6

2

=
1

4

Change ‘of’ to multiplication sign.

Cancel and then multiply the numerators and

the denominators.

The answer is in simplest form.

Example 19 Multiplying proper fractions by whole numbers

Find:

1

3
× 21a

2

5
of 32b

SOLUTION EXPLANATION

a
1

3
× 21 =

1
1
 3
×
  21 7

1

=
7

1

= 7

Rewrite 21 as a fraction with a denominator equal to 1.

Cancel and then multiply numerators and denominators.

7 ÷ 1 = 7

b
2

5
of 32 =

2

5
×
32

1

=
64

5

= 12
4

5

Rewrite ‘of’ as a multiplication sign.

Write 32 as a fraction.

Multiply numerators and denominators.

Convert answer to a mixed number.
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218 Chapter 4 Fractions and percentages

Example 20 Multiplying improper fractions

Find:

5

3
×
7

2
a

8

5
×
15

4
b

SOLUTION EXPLANATION

a
5

3
×
7

2
=
5 × 7

3 × 2

=
35

6
= 5

5

6

Multiply the numerators together.

Multiply the denominators together.

Convert the answer to a mixed number.

b
8

5
×
15

4
=
2
 8 ×  15

3

1
 5 ×  4

1

=
6

1
= 6

Cancel !rst.

Multiply ‘cancelled’ numerators together and

‘cancelled’ denominators together.

Write the answer in simplest form.

Example 21 Multiplying mixed numbers

Find:

2
1

3
× 1

2

5
a 6

1

4
× 2

2

5
b

SOLUTION EXPLANATION

a 2
1

3
× 1

2

5
=
7

3
×
7

5

=
49

15
Multiply denominators together.

= 3
4

15
Write the answer in simplest form.

Convert mixed numbers to improper fractions.

Multiply numerators together.

b 6
1

4
× 2

2

5
=
5  25
1
 4
×
  123

 5
1

=
15

1
Multiply numerators and denominators together.

= 15 Write the answer in simplest form.

Convert to improper fractions.

Simplify fractions by cancelling.
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Exercise 4G

1 Copy these sentences into your workbook and !ll in the blanks.

A proper fraction has a value that is between and .a

An improper fraction is always greater than .b

A mixed number consists of two parts, a part

and a part.

c

2 When multiplying a whole number by a proper fraction, do you get a smaller or larger answer

when compared with the whole number? Explain your answer.

3 Copy into your workbook the grid shown opposite.

a On your diagram, shade in blue
1

3
of the grid.

b Now shade in red
1

4
of the shaded blue.

c You have now shaded
1

4
of
1

3
. What fraction is this of the original grid?

4Example 17 Use drawings to show the answer to these problems.

1

3
of 12 1olliesa

1

5
of 10 pencilsb

2

3
of 18 donutsc

3

4
of 16 boxesd

3

8
of 32 dotse

3

7
of 21 trianglesf

5 One of the following four methods is the correct solution to the problem
1

2
×
1

5
. Find the

correct solution and copy it into your workbook.

1

2
×
1

5

=
1 + 1

2 + 5

=
2

7

A
1

2
×
1

5

=
1 × 1

2 × 5

=
2

10

B
1

2
×
1

5

=
5

10
×
2

10

=
7

20

C
1

2
×
1

5

=
1 × 1

2 × 5

=
1

10

D

U
N
D
E
R
S
TA

N
D
IN
G

—1–5 5

6Example 18 Evaluate:
3

4
×
1

5
a

2

7
×
1

3
b

2

3
×
5

7
c

4

9
×
2

5
d

2

3
×
3

5
e

4

7
×
1

4
f

3

4
×
1

3
g

5

9
×
9

11
h

3

6
×
5

11
i

2

3
×
4

8
j

8

11
×
3

4
k

2

5
×
10

11
l

2

7
of
3

5
m

3

4
of
2

5
n

5

10
of
4

7
o

6

9
of
3

12
p

F
L
U
E
N
C
Y

7–10(½)6–9(½) 6–10(½)
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220 Chapter 4 Fractions and percentages

4G

7Example 19 Find:
1

3
of 18a

1

5
of 45b

2

3
of 24c

3

5
of 25d

2

7
of 42e

1

4
of 16f

4

5
of 100g

3

7
of 77h

8Example 20 Find:
5

2
×
7

3
a

6

5
×
11

7
b

6

4
×
11

5
c

9

6
×
13

4
d

8

5
×
10

3
e

21

4
×
8

6
f

10

7
×
21

5
g

14

9
×
15

7
h

9Example 21 Find:

1
3

5
× 2

1

3
a 1

1

7
× 1

2

9
b 3

1

4
× 2

2

5
c 4

2

3
× 5

1

7
d

10 Find:
6

5
×
8

3
a

1

2
×
3

8
b

3

4
of 5

1

3
c 7

1

2
× 4

2

5
d

3

7
of
2

3
e 1

1

2
× 2

1

4
f

8

9
×
6

20
g

15

4
×
8

5
h

F
L
U
E
N
C
Y

11 At a particular secondary college,
2

5
of the Year 7 students are boys.

What fraction of the Year 7 students are girls?a

If there are 120 Year 7 students, how many boys and girls are there?b

12 To paint one classroom, 2
1

3
litres of paint are required. How many litres of paint are required to

paint !ve identical classrooms?

P
R
O
B
L
E
M
-S
O
LV
IN
G

12–1411, 12 12, 13
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4G

13 A scone recipe requires 1
3

4
cups of self-raising Lour and

3

4
of a cup of cream. James is catering for a large group

and needs to quadruple the recipe. How much self-raising

Lour and how much cream will he need?

14 Julie has !nished an injury-plagued netball season during which she was able to play only
2

3
of

the matches. The season consisted of 21 matches. How many games did Julie miss as a result

of injury?

P
R
O
B
L
E
M
-S
O
LV
IN
G

15 Not all of the following fraction equations are correct. Copy them into your workbook, then

place a tick beside those that are correct and a cross beside those that are wrong. Provide the

correct solution for those you marked as incorrect.

1

3
+
1

4
=
1

7
a

1

3
+
1

4
=
1

12
b

1

3
×
1

4
=
2

7
c

1

3
×
1

4
=
1

12
d

1

3
-
1

4
=
1

12
e

1

3
-
1

4
=
0

- 1
f

16 Circle the correct alternative for the following statement and justify your answer. Using an

example, explain why the other alternatives are incorrect.

When multiplying a proper fraction by another proper fraction the answer is:

a whole numberA a mixed numeralB

an improper fractionC a proper fractionD

17 Write two fractions that:

multiply to
3

5
a multiply to

3

4
b multiply to

1

7
c

R
E
A
S
O
N
IN
G

16, 1715 15, 16

Who are we?

18 a Using the clues provided, work out which two fractions are being discussed.

• We are two proper fractions.

• Altogether we consist of four different digits.

• When added together our answer will still be a proper fraction.

• When multiplied together you could carry out some cancelling.

• The result of our product, when simpli!ed, contains no new digits from our original four.

• Three of our digits are prime numbers and the fourth digit is a cube number.

b Design your own similar question and develop a set of appropriate clues. Have a classmate

try and solve your question.

c Design the ultimate challenging ‘Who are we?’ question. Make sure there is only one

possible answer.

E
N
R
IC
H
M
E
N
T

18— —
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222 Chapter 4 Fractions and percentages

4H Dividing fractions

Remember that division used to be referred to as ‘how many’.

Thinking of division as ‘how many’ helps us to understand dividing fractions.

For example, to !nd
1

2
÷
1

4
, think of

1

2
how many

1

4
s? or how many

1

4
s are in a

1

2
?

Consider this strip of paper that is divided into four equal

sections.

In our example of
1

2
÷
1

4
, we have only

1

2
a strip, so we will shade

in half the strip.

By thinking of the ÷ sign as ‘how many’, the question is asking how many quarters are in half the strip.

From our diagram, we can see that the answer is 2. Therefore,
1

2
÷
1

4
= 2.

In a game of football, when it is half-time, you have played two quarters. This is another way of con!rming

that
1

2
÷
1

4
= 2.

Let’s start: ‘Divvy up’ the lolly bag

To ‘divvy up’ means to divide up, or divide out, or share

equally.

Consider a lolly bag containing 24 lollies.

In pairs, students answer the following questions.

• How many lollies would each person get if you divvy

up the lollies between three people?

• If you got
1

3
of the lollies in the bag, how many did you

get?

• Can you see that ‘divvying up’ by 3 is the same as

getting
1

3
? Therefore, ÷ 3 is the same as ×

1

3
.

How many ways can these 24 lollies be divided?

• How many lollies would each person get if you divvy up the lollies between eight people?

• If you got
1

8
of the lollies in the bag, how many did you get?

• Can you see that ‘divvying up’ by 8 is the same as getting
1

8
? Therefore, ÷ 8 is the same as ×

1

8
.

• What do you think is the same as dividing by n?

• What do you think is the same as dividing by
a

b
?
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Key
ideas

To !nd the reciprocal of a fraction, you must invert the fraction. This is done by swapping the

numerator and the denominator. ‘Inverting’ is sometimes known as turning the fraction upside

down, or Lipping the fraction.

• The reciprocal of
a

b
is
b

a
.

For example: The reciprocal of
3

5
is
5

3
.

Dividing by a number is the same as multiplying by its reciprocal.

For example: 15 ÷ 3 = 5 and 15 ×
1

3
= 5.

• Dividing by 2 is the same as multiplying by
1

2
.

When asked to divide by a fraction, instead choose to multiply by the fraction’s reciprocal.

Therefore, to divide by
a

b
we multiply by

b

a
.

When dividing, mixed numbers must be changed to improper fractions.

Example 22 Finding reciprocals

State the reciprocal of the following.

2

3
a 5b 1

3

7
c

SOLUTION EXPLANATION

a Reciprocal of
2

3
is
3

2
. The numerator and denominator are swapped.

b Reciprocal of 5 is
1

5
. Think of 5 as

5

1
and then invert.

c Reciprocal of 1
3

7
is
7

10
. Convert 1

3

7
to an improper fraction; i.e.

10

7
,

and then invert.

Example 23 Dividing a fraction by a whole number

Find:

5

8
÷ 3a 2

3

11
÷ 5b

SOLUTION EXPLANATION

a
5

8
÷ 3 =

5

8
×
1

3

=
5

24

Change the ÷ sign to a × sign and invert the 3

(

or
3

1

)

.

Multiply the numerators and denominators.
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224 Chapter 4 Fractions and percentages

b 2
3

11
÷ 5 =

25

11
÷
5

1

=
5  25

11
×
1

 5
1

=
5

11

Convert the mixed number to an improper fraction.

Write 5 as an improper fraction.

Change the ÷ sign to a × sign and invert the divisor.

Simplify by cancelling.

Multiply numerators and denominators.

Example 24 Dividing a whole number by a fraction

Find:

6 ÷
1

3
a 24 ÷

3

4
b

SOLUTION EXPLANATION

a 6 ÷
1

3
=
6

1
×
3

1

=
18

1
= 18

Instead of ÷
1

3
, change to ×

3

1
.

Simplify.

b 24 ÷
3

4
=
8  24

1
×
4

 3
1

= 32

Instead of ÷
3

4
, change to ×

4

3
.

Cancel and simplify.

Example 25 Dividing fractions by fractions

Find:

3

5
÷
3

8
a 2

2

5
÷ 1

3

5
b

SOLUTION EXPLANATION

a
3

5
÷
3

8
=
3

5
×
8

3

=
8

5
= 1

3

5

Change the ÷ sign to a × sign and invert the divisor.

(Note: The divisor is the second fraction.)

Cancel and simplify.

b 2
2

5
÷ 1

3

5
=
12

5
÷
8

5

=
3  12

 5
1
×
1
 5

 8
2

=
3

2
= 1

1

2

Convert mixed numbers to improper fractions.

Change the ÷ sign to a × sign and invert the divisor.

Cancel, multiply and simplify.
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Exercise 4H

1 Which of the following is the correct !rst step for !nding
3

5
÷
4

7
?

3

5
×
7

4
A

5

3
×
4

7
B

5

3
×
7

4
C

2 Write the correct !rst step for each of these division questions. (Do not go on and

!nd the !nal answer.)

5

11
÷
3

5
a

1

3
÷
1

5
b

7

10
÷
12

5
c

8

3
÷ 3d

3 When dividing mixed numbers, the !rst step is to convert to improper fractions and the second

step is to multiply by the reciprocal of the divisor. Write the correct !rst and second steps for

each of the following mixed number division questions. (Do not go on and !nd the !nal

answer.)

2
1

2
÷ 1

1

3
a 24 ÷ 3

1

5
b 4

3

11
÷ 5

1

4
c

8

3
÷ 11

3

7
d

4 Make each sentence correct, by inserting the word more or less in the gap.

10 ÷ 2 gives an answer that is than 10a

10 ÷
1

2
gives an answer that is than 10b

3

4
÷
2

3
gives an answer that is than

3

4
c

3

4
×
3

2
gives an answer that is than

3

4
d

5

7
÷
8

5
gives an answer that is than

5

7
e

5

7
×
5

8
gives an answer that is than

5

7
f

U
N
D
E
R
S
TA

N
D
IN
G

—1–4 4

5Example 22 State the reciprocal of each of the following.

5

7
a

3

5
b

2

9
c

1

8
d

2
1

3
e 4

3

5
f 1

5

6
g 8

2

3
h

12i 101j
1

9
k 1l

6Example 23 Find:
3

4
÷ 2a

5

11
÷ 3b

8

5
÷ 4c

15

7
÷ 3d

2
1

4
÷ 3e 5

1

3
÷ 4f 12

4

5
÷ 8g 1

13

14
÷ 9h

F
L
U
E
N
C
Y

5–9(½)5–8(½) 5–9(½)
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4H

7Example 24 Find:

5 ÷
1

4
a 7 ÷

1

3
b 10 ÷

1

10
c 24 ÷

1

5
d

12 ÷
2

5
e 15 ÷

3

8
f 14 ÷

7

2
g 10 ÷

3

2
h

8Example 25 Find:
2

7
÷
2

5
a

1

5
÷
1

4
b

3

7
÷
6

11
c

2

3
÷
8

9
d

2
1

4
÷ 1

1

3
e 4

1

5
÷ 3

3

10
f 12

1

2
÷ 3

3

4
g 9

3

7
÷ 12

4

7
h

9 Find:
3

8
÷ 5a 22 ÷

11

15
b 2

2

5
÷ 1

3

4
c

3

4
÷
9

4
d

7 ÷
1

4
e 2

6

15
÷ 9f 7

2

3
÷ 1

1

6
g

3

5
÷
2

7
h

F
L
U
E
N
C
Y

10 If 2
1

4
leftover pizzas are to be shared between three friends, what fraction of pizza will each

friend receive?

11 A property developer plans to subdivide 7
1

2
acres of land into blocks of at least

3

5
of an acre.

Through some of the land runs a creek, where a protected species of frog lives. How many

of the blocks can the developer sell if two blocks must be reserved for the creek and its

surroundings?

12 Miriam cuts a 10-millimetre thick sisal rope into four equal pieces. If the rope is 3
3

5
metres long

before it is cut, how long is each piece?

13 A carpenter takes
3

4
of an hour to make a chair. How many chairs can he make in 6 hours?

14 Justin is a keen runner and regularly runs at a pace of 3
1

2
minutes per kilometre. Justin !nished

a Sunday morning run in 77 minutes. How far did he run?

P
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4H

15 Pair up the equivalent expressions and state the simpli!ed answer.

1

2
of 8 12 ÷ 4 10 ×

1

2
10 ÷ 2

3 ÷
1

2
12 ×

1

4

1

2
÷
1

8
3 × 2

16 Find:
3

8
×
4

5
÷
2

3
a

3

8
÷
4

5
÷
2

3
b

3

8
÷
4

5
×
2

3
c

3

8
×
4

5
×
2

3
d

17 a A car travels 180 kilometres in 1
1

2
hours. How far will it travel in 2 hours if it travels at the

same speed?

b A different car took 2
1

4
hours to travel 180 kilometres. How far did it travel in 2 hours, if it

maintained the same speed?

R
E
A
S
O
N
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G

16, 1715 15, 16

You provide the question

18 Listed below are six different answers.

You are required to make up six questions that will result in the following answers.

All questions must involve a division sign. Your questions should increase in order of dif!culty

by adding extra operation signs and extra fractions.

Answer 1:
3

5
a Answer 2: 2

1

3
b Answer 3:

7

1
c

Answer 4: 0d Answer 5:
1

100
e Answer 6: 4

4

5
f

E
N
R
IC
H
M
E
N
T
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Progress quiz

14A Consider the fraction
3

4
.

Represent this fraction on a diagram.a State the denominator of this fraction.b

State the numerator of this fraction.c Represent this fraction on a number line.d

Is this a proper fraction, an improper fraction or a mixed numeral?e

24A What fraction is represented

on the number line shown?
3210

Write it as an improper fraction and as a mixed number.

34B Write three equivalent fractions for
2

5
.

44B/C Write these fractions in simplest form.

4

10
a

15

30
b

14

6
c

24

8
d

54C Convert 1
3

5
to an improper fraction.

64C Convert
13

4
to a mixed number.

74D Place the correct mathematical symbol <, = or > between the following pairs of fractions

to make true mathematical statements.
2

3

5

9
a

4

5

24

30
b 1

1

5

12

10
c

5

9

18

20
d

84D Write the following fractions in ascending order:
1

2
,
2

3
,
9

4
,
4

9
.

94E Add the following fractions together.

4

7
+
2

7
a

2

5
+
3

10
b

3

4
+
2

5
c 1

3

4
+ 3

1

2
d

104F Simplify:

5

12
-
1

3
a

5

6
-
1

4
b 5

1

2
- 3

1

5
c

114G Find:

3

5
of $560a

2

3
×
7

11
b

2

3
×
9

10
c 1

1

3
×
9

16
d

124H State the reciprocal of:

4

5
a 6b 2

1

2
c

1

12
d

134H Find:

7

8
÷ 4a 8 ÷

3

4
b

3

5
÷

7

15
c
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4I Fractions and percentages

We come across percentages in many everyday situations.

Interest rates, discounts, test results and statistics are

just some of the common ways in which we deal with

percentages. Percentages are closely related to fractions.

A percentage is another way of writing a fraction with

a denominator of 100. Therefore, 87% means that if

something is divided into 100 pieces you would have

87 of them.

Let’s start: Student ranking
A fraction can be interpreted as a

percentage of the total.

Five students completed !ve different Mathematics tests. Each of the tests was out of a different number of

marks. The results are shown below. Your task is to rank the !ve students in descending order, according

to their test result.

• Matthew scored 15 out of a possible 20 marks.

• Mengna scored 36 out of a possible 50 marks.

• Maria scored 33 out of a possible 40 marks.

• Marcus scored 7 out of a possible 10 marks.

• Melissa scored 64 out of a possible 80 marks.

Change these test results to equivalent scores out of 100, and therefore state the percentage test score

for each student.

Key
ideas

The symbol% means ‘per cent’. This comes from the Latin per centum, which means out of 100.

Therefore, 75% means 75 out of 100.

We can write percentages as fractions by changing the % sign to a denominator of 100 (meaning

out of 100).

For example: 37% =
37

100

We can convert fractions to percentages through our knowledge of equivalent fractions.

For example:
1

4
=
25

100
= 25%

To convert any fraction to a percentage, multiply by 100.

For example:
3

8
× 100 =

3

8
×
100

1
=
75

2
= 37

1

2
. Therefore

3

8
= 37

1

2
%

Common percentages and their equivalent fractions are shown in the table below. It is useful to

know these.

Fraction
1
2

1
3

1
4

1
5

1
8

2
3

3
4

Percentage 50% 33
1
3
% 25% 20% 12

1
2
% 66

2
3
% 75%
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230 Chapter 4 Fractions and percentages

Example 26 Converting percentages to fractions

Express these percentages as fractions or mixed numbers in their simplest form.

17%a 36%b 140%c

SOLUTION EXPLANATION

a 17% =
17

100
Change % sign to a denominator of 100.

b 36% =
36

100

=
9 × 4

25 × 4

=
9

25

Change % sign to a denominator of 100.

Cancel HCF.

Answer is now in simplest form.

c 140% =
140

100

=
7 × 20

5 × 20

=
7

5
= 1

2

5

Change % sign to a denominator of 100.

Cancel HCF.

Convert answer to a mixed number.

Example 27 Converting to percentages through equivalent fractions

Convert the following fractions to percentages.

5

100
a

11

25
b

SOLUTION EXPLANATION

a
5

100
= 5% Denominator is already 100, therefore simply

write number as a percentage.

b

11

25

44

100

44

=

= %

× 4

× 4

Require denominator to be 100.

Therefore, multiply numerator and

denominator by 4 to get an equivalent

fraction.
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Example 28 Converting to percentages by multiplying by 100%

Convert the following fractions to percentages.

3

8
a 3

3

5
b

SOLUTION EXPLANATION

a
3

8
× 100 =

3
2
 8
×
  100

1

25

=
75

2
= 37

1

2

Â
3

8
= 37

1

2
%

Multiply by 100%.

Simplify by cancelling HCF.

Write your answer as a mixed number.

b 3
3

5
× 100 =

18
1
 5
×
  100

1

20

= 360

Â 3
3

5
= 360%

Convert mixed number to improper fraction.

Cancel and simplify.

Exercise 4I

1 Change these test results to equivalent scores out of 100, and therefore state the percentage.

7 out of 10 = out of 100 = %a

24 out of 50 = out of 100 = %b

12 out of 20 = out of 100 = %c

1 out of 5 = out of 100 = %d

80 out of 200 = out of 100 = %e

630 out of 1000 = out of 100 = %f

2 Write these fraction sequences into your workbook and write beside each fraction the

equivalent percentage value.

1

4
,
2

4
,
3

4
,
4

4
a

1

5
,
2

5
,
3

5
,
4

5
,
5

5
b

1

3
,
2

3
,
3

3
c

3 a If 14% of students in Year 7 are absent due to illness, what percentage of Year 7 students

are at school?

b If 80% of the Geography project has been completed, what percentage still needs to be

!nished?

U
N
D
E
R
S
TA

N
D
IN
G

—1–3 3
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232 Chapter 4 Fractions and percentages

4I

4Example 26a,b Express these percentages as fractions in their simplest form.

11%a 71%b 43%c 49%d

25%e 30%f 15%g 88%h

5Example 26c Express these percentages as mixed numbers in their simplest form.

120%a 180%b 237%c 401%d

175%e 110%f 316%g 840%h

6Example 27 Convert these fractions to percentages, using equivalent fractions.

8

100
a

15

100
b

97

100
c

50

100
d

7

20
e

8

25
f

43

50
g

18

20
h

56

50
i

27

20
j

20

5
k

16

10
l

7Example 28 Convert these fractions to percentages by multiplying by 100%.

1

8
a

1

3
b

4

15
c

10

12
d

1
3

20
e 4

1

5
f 2

36

40
g

13

40
h

F
L
U
E
N
C
Y

5–7(½)4–6(½) 4–7(½)

8 A bottle of lemonade is only 25% full.

a What fraction of the bottle has been consumed?

b What percentage of the bottle has been consumed?

c What fraction of the bottle is left?

d What percentage of the bottle is left?

9 A lemon tart is cut into eight equal pieces. What

percentage of the tart does each piece represent?

10 Petrina scores 28 out of 40 on her Fractions test.

What is her score as a percentage?

11 The Heathmont Hornets basketball team have won 14 out of 18 games. They still have two games

to play. What is the smallest and the largest percentage of games the Hornets could win for the

season?

P
R
O
B
L
E
M
-S
O
LV
IN
G

9–118, 9 9, 10
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4I

12 Lee won his tennis match with the score 6–4, 6–2, 6–1.

What fraction of games did he win?a

What percentage of games did he win?b

13 Scott and Penny have just taken out a home loan, with an interest rate of 5
1

2
%. Write this interest

rate as a fraction.

14 Write each of the following percentages as fractions.

2
1

2
%a 8

1

4
%b 12

1

2
%c 33

1

3
%d

R
E
A
S
O
N
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G

13, 1412 12, 13

Lottery research

15 Conduct research on a major lottery competition. If possible:

Find out, on average, how many tickets are sold each week.a

Find out, on average, how many tickets win a prize each week.b

Determine the percentage chance of winning a prize.c

Determine the percentage chance of winning the various divisions.d

Work out the average pro!t the lottery competition makes each week.e

E
N
R
IC
H
M
E
N
T
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234 Chapter 4 Fractions and percentages

4J Percentage of a number

A common application of percentages is to !nd a

certain percentage of a given number. Throughout life

you will come across many examples where you need to

calculate percentages of a quantity. Examples include

retail discounts, interest rates, personal improvements,

salary increases, commission rates and more.

In this exercise we will focus on the mental calculation

of percentages.

Let’s start: Percentages in your head
Retail sales may involve a percentage of the

original price being taken away.

It is a useful skill to be able to quickly calculate percentages mentally.

Calculating 10% or 1% is often a good starting point. You can then multiply or divide these values to arrive

at other percentage values.

• In pairs, using mental arithmetic only, calculate these 12 percentages.

10% of $120a 10% of $35b 20% of $160c 20% of $90d

30% of $300e 30% of $40f 5% of $80g 5% of $420h

2% of $1400i 2% of $550j 12% of $200k 15% of $60l

• Check your answers with a classmate or your teacher.

• Design a quick set of 12 questions for a classmate.

• Discuss helpful mental arithmetic skills to increase your speed at calculating percentages.

Key
ideas

To !nd the percentage of a number we:

1 Express the required percentage as a fraction.

2 Change the ‘of’ to a multiplication sign.

3 Express the number as a fraction.

4 Follow the rules for multiplication of fractions.

25% of 60 =
25

100
×
60

1

= 15

Percentage of a number =
percentage

100
× number

Example 29 Finding the percentage of a number

Find:

30% of 50a 15% of 400b
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SOLUTION EXPLANATION

a 30% of 50 =
30

100
×
50

1

=
30

2
= 15

Mental arithmetic:

10% of 50 = 5

Hence, 30% of 50 = 15.

Write % as a fraction.

Cancel and simplify.

Multiply by 3 to get 30%.

b 15% of 400 =
15

100
×
400

1

=
15 × 4

1
= 60

Mental arithmetic:

10% of 400 = 40, 5% of 400 = 20

Hence, 15% of 400 = 60.

Write % as a fraction.

Cancel and simplify.

Halve to get 5%.

Multiply by 3 to get 15%.

Example 30 Solving a worded percentage problem

Jacqueline has saved up $50 to purchase a new pair of jeans. She tries on many different pairs

but only likes two styles, Evie and Next. The Evie jeans are normally $70 and are on sale with a 25%

discount. The Next jeans retail for $80 and have a 40% discount for the next 24 hours. Can Jacqueline

afford either pair of jeans?

SOLUTION EXPLANATION

Evie jeans

Discount = 25% of $70

=
25

100
×
70

1
= $17.50

Sale price = $70 - $17.50

= $52.50

Calculate the discount on the Evie jeans.

Find 25% of $70.

Find the sale price by subtracting the discount.

Next jeans

Discount = 40% of $80

=
40

100
×
80

1
= $32

Sale price = $80 - $32

= $48

Jacqueline can afford the Next jeans.

Calculate the discount on the Next jeans.

Find 40% of $80.

Find the sale price by subtracting the discount.
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236 Chapter 4 Fractions and percentages

Exercise 4J

1 Copy and complete the following sentences.

Finding 10% of a quantity is the same as dividing the quantity by .a

Finding 1% of a quantity is the same as dividing the quantity by .b

Finding 50% of a quantity is the same as dividing the quantity by .c

Finding 100% of a quantity is the same as dividing the quantity by .d

Finding 20% of a quantity is the same as dividing the quantity by .e

Finding 25% of a quantity is the same as dividing the quantity by .f

2 Without calculating the exact values, determine which alternative (i or ii) has the highest value.

a 20% of $400i 25% of $500ii

b 15% of $3335i 20% of $4345ii

c 3% of $10 000i 2% of $900ii

d 88% of $45i 87% of $35ii

U
N
D
E
R
S
TA

N
D
IN
G

—1–2 2

3Example 29 Find:

50% of 140a 10% of 360b 20% of 50c 30% of 90d

25% of 40e 25% of 28f 75% of 200g 80% of 250h

5% of 80i 4% of 1200j 5% of 880k 2% of 9500l

11% of 200m 21% of 400n 12% of 300o 9% of 700p

4 Find:

120% of 80a 150% of 400b 110% of 60c 400% of 25d

125% of 12e 225% of 32f 146% of 50g 3000% of 20h

5 Match the questions with their correct answer.

Questions Answers

10% of $200 $8

20% of $120 $16

10% of $80 $20

50% of $60 $24

20% of $200 $25

5% of $500 $30

30% of $310 $40

10% of $160 $44

1% of $6000 $60

50% of $88 $93

6 Find:

30% of $140a 10% of 240 millimetresb 15% of 60 kilogramsc

2% of 4500 tonnesd 20% of 40 minutese 80% of 500 centimetresf

5% of 30 gramsg 25% of 12 hectaresh 120% of 120 secondsi

F
L
U
E
N
C
Y

3–4(½), 6(½)3–4(½), 5 3–4(½), 5, 6(½)
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4J

7 Harry scored 70% on his Percentages test. If the test is out of 50 marks, how many marks did

Harry score?

8Example 30 Grace wants to purchase a new top and has $40 to spend. She really likes a red top that was

originally priced at $75 and has a 40% discount ticket on it. At another shop, she also likes a

striped hoody, which costs $55. There is 20% off all items in the store on this day. Can Grace

afford either of the tops?

9 In a student survey, 80% of students said they received too much homework. If 300 students

were surveyed, how many students felt they get too much homework?

10 25% of teenagers say their favourite fruit is watermelon. In a survey of 48 teenagers, how

many students would you expect to write watermelon as their favourite fruit?

11 At Gladesbrook College, 10% of students walk to school, 35% of students catch public transport

and the remainder of students are driven to school. If there are 1200 students at the school, !nd

how many students:

walk to schoola

catch public transportb

are driven to schoolc

12 Anthea has just received a 4% salary increase. Her wage before the increase was $2000 per week.

How much extra money does Anthea receive due to her salary rise?a

What is Anthea’s new salary per week?b

How much extra money does Anthea receive per year?c

P
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M
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4J

13 Sam has 2 hours of ‘free time’ before dinner is ready. He spends 25% of that time playing

computer games, 20% playing his drums, 40% playing outside and 10% reading a book.

How long does Sam spend doing each of the four different activities?a

What percentage of time does Sam have remaining at the end of his four activities?b

Sam must set the table for dinner, which takes 5 minutes. Does he still have time to get

this done?

c

14 Gavin mows 60% of the lawn in 48 minutes. How long will it take him to mow the entire lawn

if he mows at a constant rate?

15 Find:

20% of (50% of 200)a 10% of (30% of 3000)b

5% of (5% of 8000)c 80% of (20% of 400)d

16 Which is larger: 60% of 80 or 80% of 60?

17 Tom did the following calculation: 120 ÷ 4 ÷ 2 × 3. What percentage of 120 did Tom !nd?

18 a If 5% of an amount is $7, what is 100% of the amount?

b If 25% of an amount is $3, what is 12
1

2
% of the amount?

R
E
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S
O
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15–1813 13, 14

Waning interest

19 When someone loses interest or motivation in a task, they can be described as having a

‘waning interest’. Jill and Louise are enthusiastic puzzle makers, but they gradually lose interest

when tackling very large puzzles.

a Jill is attempting to complete a 5000-piece jigsaw puzzle in 5 weeks. Her interest drops

off, completing 100 fewer pieces each week.

How many pieces must Jill complete in the !rst week to ensure that she !nishes the puzzle

in the 5-week period?

i

What percentage of the puzzle does Jill complete during each of the 5 weeks?ii

What is the percentage that Jill’s interest wanes each week?iii

b Louise is attempting to complete an 8000-piece jigsaw puzzle in 5 weeks. Her interest drops

off at a constant rate of 5% per week.

What percentage of the puzzle must Louise complete in the !rst week to ensure she

!nishes the puzzle in the 5-week period?

i

Record how many pieces of the puzzle Louise completes each week and the corresponding

percentage of the puzzle.

ii

Produce a table showing the cumulative number of pieces completed and the cumulativeiii

percentage of the puzzle completed over the 5-week period.

E
N
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H
M
E
N
T
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4K Expressing a quantity as a proportion

Sometimes we want to know the proportion

of a certain quantity compared to a given total

or another quantity. This may be done using

a fraction, percentage or ratio. The Earth’s

surface, for example, is about 70% ocean. So, the

proportion of land could be written as 30% (as

a percentage) or
3

10
(as a fraction). The ratio of

land to ocean could be described as 30 parts of

land to 70 parts of ocean. Alternatively, the ratio

could be expressed as 3 parts of land to 7 parts of

ocean.

Let’s start: Municipal parkland

The proportion of land to sea in this photo of the

Whitsunday Islands, Queensland, could be expressed as

a fraction, percentage or ratio.

A municipal area is set aside in a new suburb and is to be divided into three main parts. The total area is

10 000 m2 and the three parts are to be divided as follows.

Parkland: 6000 m2

Shops: 2500 m2

Playground and skate park: 1500 m2

• Express each area as a proportion of the total, !rst as a fraction and then as a percentage.

• If
3

5
of the parkland is to be a lake, what percentage of the total area is the lake?

Key
ideas

To express one quantity as a fraction of another:

fraction =
amount

total

To express one quantity as a percentage of another:

percentage =
amount

total
×
100

1

An object or quantity divided into parts can be analysed using fractions or percentages.

Red fraction =
2

5

Red percentage =
2

5
×
100%

1
= 40%
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Example 31 Expressing as a proportion

Express the following as both a fraction and percentage of the total.

$40 out of a total of $200a 24 green ducks out of a total of 30 ducksb

SOLUTION EXPLANATION

a Fraction =
40

200

=
1

5

Percentage =
40

200
×
100

1

= 20%

Write the given amount and divide by the total.

Then simplify the fraction.

Multiply the fraction by 100 to convert to a

percentage.

b Fraction =
24

30

=
4

5

Percentage =
24

30
×
100

1

= 80%

There is a total of 24 brown ducks out of a

total of 30.

Use the same fraction and multiply by 100.

Example 32 Finding fractions and percentages from parts

A glass of cordial is 1 part syrup to 9 parts water.

a Express the amount of syrup as a fraction of the total.

b Express the amount of water as a percentage of the total.

1
2
3
4
5
6

water7
8
9
10

syrup

SOLUTION EXPLANATION

a Fraction =
1

10
There is a total of 10 parts, including 1 part

syrup.

b Percentage =
9

10
×
100

1

= 90%

There is a total 9 parts water in a total of

10 parts.
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Exercise 4K

1 This square shows some coloured triangles and some white triangles.

a How many triangles are coloured?

b How many triangles are white?

c What fraction of the total is coloured?

d What percentage of the total is coloured?

e What fraction of the total is white?

f What percentage of the total is white?

2 A farmer’s pen has 2 black sheep and 8 white sheep.

How many sheep are there in total?a What fraction of the sheep are black?b

What fraction of the sheep are white?c What percentage of the sheep are black?d

What percentage of the sheep are white?e

U
N
D
E
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G

—1, 2 2

3Example 31 Express the following as both a fraction and a percentage of the total.

30 out of a total of 100a 3 out of a total of 5b

$10 out of a total of $50c $60 out of a total of $80d

2 kg out of a total of 40 kge 14 g out of a total of 28 gf

3 L out of a total of 12 Lg 30 mL out of a total of 200 mLh

4 Write each coloured area as both a fraction and percentage of the total area.

a  b c

d e f

5Example 32 A jug of lemonade is made up of 2 parts of lemon juice to 18 parts of water.

a Express the amount of lemon juice as a fraction of the total.

b Express the amount of lemon juice as a percentage of the total.

6 A mix of concrete is made up of 1 part of cement to 4 parts of sand.

a Express the amount of cement as a fraction of the total.

b Express the amount of cement as a percentage of the total.

c Express the amount of sand as a fraction of the total.

d Express the amount of sand as a percentage of the total.

F
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3(½), 5–73(½), 4–6 3(½), 4–7
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4K

7 A pair of socks is made up of 3 parts of wool to 1 part of nylon.

a Express the amount of wool as a fraction of the total.

b Express the amount of wool as a percentage of the total.

c Express the amount of nylon as a fraction of the total.

d Express the amount of nylon as a percentage of the total.

F
L
U
E
N
C
Y

8 In a new subdivision involving 20 000 m2,

speci!c areas are set aside for the following

purposes.

• Dwellings: 12 000 m2

• Shops: 1000 m2

• Roads/Paths: 3000 m2

• Park: 2500 m2

• Factories: Remainder

a What area is set aside for factories?

b Express the area of the following as both a fraction and a percentage of the total area.

shopsi dwellingsii parkiii

c What fraction of the total area is either dwellings, shops or factories?

d What percentage of the total area is park or roads/paths?

9 Gillian pays $80 tax out of her income of $1600. What percentage of her income does she keep?

10 Over summer, a dam’s water volume reduces from 20 megalitres to 4 megalitres. What fraction

of the water in the dam has been lost?

11 Express the following as a fraction and percentage of the total.

20 cents of $5a

14 days out of 5 weeksb

15 centimetres removed from a total length of 3 metresc

3 seconds taken from a world record time of 5 minutesd

180 grams of a total of 9 kilogramse

1500 centimetres from a total of 0.6 kilometresf

12 Of 20 students, 10 play sport and 12 play a musical instrument, with

some of these students playing both sport and music. Two students

do not play any sport or musical instrument.

a What fraction of the students play both sport and a musical

instrument?

? ? ?

?

music sport

b What percentage of the students play a musical instrument but not a sport?

P
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10–128, 9 8, 10, 11
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4K

13 For a recent class test, Ross scored 45 out of 60 and Maleisha scored 72 out of 100. Use

percentages to show that Ross obtained the higher mark.

14 The prices of two cars are reduced for sale. A hatch priced at $20 000 is now reduced by $3000

and a 4WD priced at $80 000 is now reduced by $12 800. Determine which car has the largest

percentage reduction, giving reasons.

15 A yellow sports drink has 50 g of sugar dissolved in Luid that weighs 250 g, including the weight

of the sugar. A blue sports drink has 57 g of sugar dissolved in Luid that weighs 300 g, including

the weight of the sugar. Which sports drink has the least percentage of sugar? Give reasons.

16 A room contains a girls and b boys.

a Write an expression using the pronumerals a and b for the fraction of:

boys in the roomi girls in the roomii

b Write an expression using the pronumerals a and b for the percentage of:

boys in the roomi girls in the roomii

17 A mixture of dough has a parts of Lour to b parts of water.

a Write an expression for the fraction of Lour.

b Write an expression for the percentage of water.

R
E
A
S
O
N
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G

15–1713 13, 14

Transport turmoil

18 A class survey of 30 students reveals that the students use three modes of transport to get to

school: bike, public transport and car. All of the students used at least one of these three modes

of transport in the past week.

Twelve students used a car to get to school and did not use any of the other modes of transport.

One student used all three modes of transport and one student used only a bike for the week.

There were no students who used both a bike and a car but no public transport. Five students

used both a car and public transport but not a bike. Eight students used only public transport.

Use this diagram to help answer the following.

a How many students used both a bike and public transport

but not a car?

b What fraction of the students used all three modes of

transport?

c What fraction of the students used at least one mode of

transport, including a bike?

d What fraction of the students used at least one mode of

transport, including public transport?

bike

public
transport

car

e What percentage of students used public transport and a car during the week?

f What percentage of students used either public transport or a car or both during the week?
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4L Ratios, rates and best buys

Ratios are used to show the relationship between two (or more) related quantities. In general, ratios

compare quantities of the same type given in the same unit. Therefore a ratio is generally not written with

a unit of measurement.

When writing or reading ratios, the order is very important. In sport, a team’s performance during a season

is often written as a ratio. A ratio of 4 : 2 means that a team has won 4 games and only lost 2 games;

the team is having a fairly good season. Note that the ratio is expressed without units, (rather than

4 games : 2 games).

Rates show the relationship between two different types of

quantities with different units. Therefore, all rates must be

expressed with appropriateunits, which often include the

symbol / to represent the word ‘per’. For example, speed is

a rate comparing distance and time. Typical units of speed

include metres per second (m/s) and kilometres per hour

(km/h).

Rates can often be simpli!ed. For example, suppose that the

cricketer Glenn Maxwell, the Melbourne Stars batsman shown

in the picture, was able to score 64 runs in 32 balls. His batting

strike rate would be 64 runs per 32 balls, which could be

simpli!ed to 2 runs/ball. However, in the Big Bash League,

strike rates are shown as runs per 100 balls, so Maxwell would

have a strike rate of 200 runs/100 balls.

Now suppose that one of Maxwell’s team mates scored 12 runs

in 5 balls. is this a better strike rate than Maxwell’s? It will be

easier to decide if we convert to runs per 100 balls.

A cricket batter’s performance can be

measured using a rate called strike-rate.

12 runs per 5 balls = ? runs per 100 balls

5 balls × 20 = 100 balls

12 runs × 20 = 240 runs

So the team mate’s strike rate is 240 runs/100 balls, which is greater than Maxwell’s. (Do you think this is

a fair comparison?)

There are many other everyday situations where it is useful to convert rates to the same unit for easy

comparison. This can be a good way to determine the best value or best buy.

Let’s start: Fair shares

Assuming that everyone gets an equal share, work out how much each person receives in each of the

following situations.

• 40 potato gems for 5 children

• 24 party pies for 6 preschoolers at a party

• 480 mini chocolate bars for 160 students
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Assuming that the adults need twice as much food as the children, work out how much each child and adult

receives in each of the following situations.

• 12 sausages for 2 adults and 2 children

• 80 strawberries for 1 adult and 3 children

• 44 biscuits for 5 adults and 1 child

Key
ideas

Ratios

Ratios show the relationship between two (or more) numbers or quantities measured in the

same unit.

For example, Fleur wrote the ratio 16 : 8 to compare the number of hours she spends awake each

day to the number of hours she sleeps.

The colon : is the mathematical symbol used to represent ratios.

The ratio a : b is read ‘a to b’ or ‘a is to b’.

If each value in a ratio is multiplied or divided by the same number, an equivalent ratio

is formed.

For example, 2 : 3 and 4 : 6 and 10 : 15 are equivalent ratios.

A ratio is in its simplest form when it contains only whole numbers with a highest common

factor (HCF) of 1.

Rates

Rates compare quantities measured in different units.

Every rate has a unit that compares the two quantities. For example, speed compares distance

and time in units such as kilometres per hour (km/h) or metres per second (m/s).

We usually write rates in their simplest form, giving the amount for one unit of the second

quantity.

For example: Travelling 150 km in 3 hours, would not usually be written as 150 km/3 hours.

Instead, it is simpli!ed to 50 km/1 hour, which we write as 50 km/h.

However, not all rates follow that convention. For example, the rate at which a car uses fuel is

given in litres per 100 kilometres (L/100 km).

‘Best buy’

The concept of best buy relates to comparing rates to determine the best value for money, the

best performance and so on.

It is easy to compare rates that have the same units.

For example, the same cheese is sold in packets of 600 g for $9 and 1.75 kg for $29. Converting

both rates to price per kilogram gives $15/kg and $16.57/kg. Now we can see that the smaller

packet is the better buy.

When a rate per one unit is known, the value of any number of units can be found using

multiplication.

For example: If petrol costs $1.45 per litre, the cost of 1 unit (1 litre) is $1.45. Therefore,

50 litres (or 50 units) will cost 50 × $1.45 = $72.50.
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246 Chapter 4 Fractions and percentages

Example 33 Writing a ratio in simplest form

Simplify the following ratios.

3 : 9a 60 : 24b

SOLUTION EXPLANATION

a 3 : 9

1 : 3

÷ 3 ÷ 3

The HCF of 3 and 9 is 3.

Therefore divide both numbers by 3 to write

the ratio in its simplest form.

b 60 : 24

5 : 2

÷ 12 ÷ 12

The HCF of 60 and 24 is 12.

Therefore divide both numbers by 12 to write

the ratio in its simplest form.

Example 34 Writing a rate in simplest form

Simplify the following rates.

Texting 48 words in 3 minutesa Flying 900 kilometres in 90 minutesb

SOLUTION EXPLANATION

a 16 words/minute 48 words in 3 minutes

16 words in 1 minute

÷ 3÷ 3

b 10 km/min or 600 km/h 900 kilometres in 90 minutes

600 kilometres in 60 minutes

600 kilometres in 1 hour

10 kilometres in 1 minute

÷ 90 ÷ 90

× 60 × 60

Example 35 Determining the best buy

By calculating a common rate, determine the best buy for the following brands of dog food.

• A 5 kg bag of King for $35

• A 12 kg bag of Thrive for $60
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SOLUTION EXPLANATION

King dog food costs $7/kg.

÷ 5

$35 for 5 kg

$7/kg

÷ 5

Thrive dog food costs $5/kg.

÷ 12

$60 for 12 kg

$5/kg

÷ 12

The best buy is Thrive dog food.

Exercise 4L

1 Which of the following is an example of a ratio?

3.75 secondsA 5 m/sB $5000C 3 : 7D

2 Which of the following is an example of a rate?

$7.50/kgA 2 : 4 : 5B 12:37pmC
3

4
D

3 Find the HCF for each of the following pairs of numbers.

5 and 15a 3 and 7b 4 and 9c 12 and 8d

4 Using your answers from Question 3, state whether the following ratios can be simpli!ed.

5 : 15a 3 : 7b 4 : 9c 12 : 8d

5 Teddy’s resting heart rate is 60 beats per minute (60 bpm). How many times will Teddy’s heart

beat in:

1 minute?a 5 minutes?b 1 hour?c 1 day?d
U
N
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4L

6Example 33 Simplify the following ratios.

3 : 9a 5 : 10b 2 : 18c 6 : 18d

27 : 9e 16 : 4f 100 : 10g 60 : 12h

10 : 25i 14 : 21j 32 : 40k 50 : 70l

18 : 14m 36 : 15n 55 : 35o 60 : 48p

7 There is one mistake in each of the following groups of equivalent ratios. Find the non-equivalent

ratio in each group and replace one of its numbers to make a correct ratio.

2 : 8, 5 : 20, 4 : 24, 10 : 40, 50 : 200a 11 : 66, 3 : 18, 7 : 42, 10 : 600, 40 : 240b

6 : 9, 2 : 3, 20 : 30, 8 : 24, 14 : 21c 9 : 15, 3 : 5, 15 : 20, 24 : 40, 36 : 60d

8Example 34 Simplify the following rates.

Riding 24 kilometres in 2 hoursa

Clapping 120 times in 30 secondsb

Spending $28 on 4kg of lolliesc

Running 140 metres in 20 secondsd

Scoring 24 goals in 8 gamese

Travelling 180 kilometres in 90 minutesf

9 Solve the following rate problems.

How much will 3 kg of salami cost at $8/kg?a

A radio stations plays songs at a rate of 9 songs per hour. How many songs would you hear in

8 hours?

b

A surfer catches 8 good waves per hour. How many waves would she catch if she surfed for

21/2 hours?

c

A teenager buys 4 pairs of shoes per year. How many pairs of shoes does he buy during his

teenage years?

d

10Example 35 By calculating a common rate, determine the best buy for each of the following.

2 kg of Lour for $3.60 or 5 kg of Lour for $8.50a

12 kg of potatoes for $14.40 or 5 kg of potatoes for $5.50b

500 g of ham for $9.50 or 2 kg of ham for $39c

20 L of cooking oil for $120 or 12 L of cooking oil for $84d

11 Washing powder can be purchased in many different quantities. By calculating a common rate

($/kg), rank the following options in order of best buy to worst buy.

500 g for $2.09• 2 kg for $7.90•

5 kg for $19.95• 10 kg for $38.00•

F
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6–7(½), 9–116–7(½), 8–10 6–7(½), 8, 10
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4L

12 Shaun is an apprentice chef. He is required to make a large amount of pastry. The recipe shows

the ratio of butter to Lour is 1 : 3.

How much Lour will Shaun need if he has 7.5 kg of butter?a

How much butter will Shaun need if he has 7.5 kg of Lour?b

13 A particular hue of paint, called Blazing Sun, requires 3 millilitres of yellow tint and 5 millilitres

of red tint for every litre of white-based paint. How many millilitres of yellow tint and red tint

need to be added to the following orders?

4 litres of Blazing Suna

10 litres of Blazing Sunb

2 litres of Blazing Sun at double strengthc

5 litres of Blazing Sun at half strengthd

14 When Diviesh was 12, he had been learning English for only 3 years and was able to read at a

rate of 96 words per minute. Now he is 14, he is able to read at a rate of 160 words per minute.

Express Diviesh’s reading rates at 12 and at 14 as a ratio in simplest form.a

How much quicker would it be for Diviesh to read a 12 288 word novel now that he is 14 than

when he was 12?

b

At age 14, it took Diviesh a total of 15 hours and 10 minutes to read his longest novel ever.

Assuming he read at 160 words per minute, how many words were in the novel?

c

15 By calculating each rate as a cost per litre ($/L), !nd the best buy out of the following soft drinks.

$2.50 for 2 L• $1.50 for 1.25 L•

$1.00 for a 375 mL can• $4.00 for 6 × 200 mL cans•
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4L

16 a Grace knows she can buy her favourite soft drink for 80 cents per litre. Using that rate, how

much would each of the following cost?

A 5 L bottlei A 1.25 L bottleii

A 375 mL caniii A box of 24 × 375 mL cansiv

b Why are bottles of soft drink usually better value than cans of the same drink?

17 Nyah is able to swim at a rate of x laps per minute.

a How many laps could Nyah swim in 10 minutes?

b How many laps could Nyah swim in 1 hour?

c During recovery sessions, Nyah swims at half her normal rate. What is that rate, and how

many laps does Nyah swim in a 30-minute recovery session?

d If Nyah could improve her swimming rate by 10%, what would her new swimming rate be

and how many laps could she now swim in a 1-hour session?

R
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16, 1716 16, 17

WBBL - Women’s Big Bash League

18 In sport, many different rates are calculated and analysed.

For example, some of the rates calculated in Twenty20 cricket are as follows. The units are shown

in brackets. Note that six balls are bowled during one over.

• Current run rate (runs per over)

• Required run rate (runs per over)

• Batting strike rate (runs per 100 balls)

• Bowling strike rate (balls per wicket)

• Bowling economy rate (runs per over)
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4L

A match of Women’s Twenty20 cricket was played between the Adelaide Strikers and the

Melbourne Stars. The game was won by the Adelaide Strikers and the scorecards are shown

below. (R stands for runs, B stands for balls, O stands for overs (including 6 balls per over) and

M stands for maidens (an over bowled with no runs scored)).

ADELAIDE STRIKERS MELBOURNE STARS

Batting scorecard (4/169) Batting scorecard (7/119)

Batting R B

S.J. Taylor b: Kearney 1 3

S. Nitschke run out (Sub) 23 35

S.J. Coyte c: Mack b: Nielsen 71 54

B. Patterson c: inglis b: Sciver 14 13

S.F.M. Devine not out 47 15

L.K. Ebsary not out 0 0

T.J. McPharlin

Batting R B

M.M. Lanning b: Wellington 16 19

K. Mack lbw: Coyte 8 16

M. du Preez c: (Sub) b: Coyte 4 4

N.R. Sciver b: Coyte 5 4

E.J. Inglis c: Taylor b: Betts 36 30

K.M. Applebee c: Ebsary

b: Nitschke

9 17

A. Lanning c: Ebsary b: Schutt 24 21

E. Kearney not out 2 4

M.J.G. Nielsen not out 6 5

Bowling scorecard Bowling scorecard

Bowling O M R W

M.L. Schutt 4.0 0 32 1

S.J. Coyte 4.0 0 12 3

S. Nitschke 4.0 0 23 1

A. Wellington 2.0 0 12 1

S.F.M. Devine 4.0 0 30 0

S. Betts 2.0 0 7 1

Bowling O M R W

M.J.G. Nielsen 4.0 0 15 1

E. Kearney 4.0 0 44 1

K.M. Beams 2.4 0 11 0

N.R. Sciver 4.0 0 41 1

G.L. Triscari 4.0 0 35 0

M.M. Lanning 1.2 0 17 0

a Determine which player had the highest batting strike rate for the match, and calculate that

strike rate (runs per 100 balls). Give your answer to two decimal places.

b How many players had a batting strike rate of 100 runs per 100 balls, or higher?

c Calculate the Melbourne Stars’ overall run rate for the match (runs per over), and the team’s

overall batting strike rate (runs per 100 balls). Give both answers to two decimal places.

d Determine which bowler had the lowest bowling economy rate for the match, and calculate

that economy rate (number of runs scored per over while that player was bowling).

e Calculate the Adelaide Strikers’ overall bowling strike rate for the match (balls per wicket).

f Who do you think was awarded Player of the Match?

g Investigate some other rates that are calculated and analysed during Twenty20 cricket matches.
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Investigation

Egyptian fractions

The fractions in the ancient Egyptian Eye of

Horus were used for dividing up food and land,

as well as portions of medicine. They are called

unitary fractions because all the numerators

are 1.

Clearly, the ancient Egyptians had no calculators

or precise measuring instruments; nevertheless,

by repeatedly dividing a quantity in half, the

fractions
1

2
,
1

4
,
1

8
,
1

16
or
1

32
were combined to

estimate other fractions.

1/8

1/16 1/21/4

1/3
2

1
/6
4

Imagine that you are an ancient Egyptian baker and wish to share your last three loaves of bread

equally between four people.

• First, you cut two loaves in half and give

  half a loaf to each of your four customers.

• You have one loaf remaining and you

   can cut that into quarters (i.e. half and

   then half again). 

So each of your four customers now receives half a loaf and one-quarter of a loaf, which is 
3

4
( ) of a loaf.
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Using ancient Egyptian fractions, how could three loaves be divided equally between 3ve people?

First, cut the loaves in half and give each customer
1

2
( ) a loaf. The remaining half loaf can be cut

into eight parts and each person is given
1

8
of
1

2
=
1

16
( ) of a loaf. There is a small portion left

(

3 portions of
1

16

)

, so these portions can be divided in half and each customer given
1

2
of
1

16
=
1

32

( ) of a loaf.

1

2

1

2

loaf 1

customer 1 customer 2

1

2

1

2

loaf 2

customer 3 customer 4

1

16

1

32

1

32
left over

loaf 3

shared

between

customers

customer 5

Each customer has an equal share
1

2
+
1

16
+
1

32

( )

of the loaf and the baker will have the small
1

32

( ) of a loaf left over.

1

2

1

16

1

32

If each loaf is divided exactly into !ve parts, the three loaves would have 15 equal parts altogether and

each customer could have three parts of the 15;
3

15
=
1

5
th of the total or

3

5
th of one loaf.

3

5
= 0.6 and

1

2
+
1

16
+
1

32
= 0.59375 ¥ 0.6 (¥ means approximately equal).

So even without calculators or sophisticated measuring instruments, the ancient Egyptian method of

repeated halving gives quite close approximations to the exact answers.

Task

Using diagrams, explain how the following portions can be divided equally using only the ancient

Egyptian unitary fractions of
1

2
,
1

4
,
1

8
,
1

16
and

1

32

a three loaves of bread shared between eight people

b one loaf of bread shared between !ve people

c two loaves of bread shared between three people

Include the Egyptian Eye of Horus symbols for each answer, and determine the difference between the

exact answer and the approximate answer found using the ancient Egyptian method.
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Problems and challenges
Up for a challenge? If you

get stuck on a question,

check out the 'Working

with unfamiliar problems'

poster at the end of the

book to help you.

1 Find the sum of all fractions in the form
a

b
where the numerator a is less than the

denominator b, and b is an integer from 2 to 10 inclusive.

2 At the end of each practice session, Coach Andy rewards his swim team by distributing 30 pieces

of chocolate according to effort. Each swimmer receives a different number of whole pieces

of chocolate. Suggest possible numbers (all different) of chocolate pieces for each swimmer

attending practice when the chocolate is shared between:

4 swimmersa 5 swimmersb

6 swimmersc 7 swimmersd

3 In this magic square the sum of the fractions in each row, column and diagonal is the same. Find

the value of each letter in this magic square.

2
5

A
4
5

B C D

E
1
2

1

4 You are given four fractions:
1

3
,
1

4
,
1

5
and

1

6
. Using any three of these fractions,

complete each number sentence below.

a + × =
7

30

b ÷ - =
7

6

c + - =
13

60

5 When a $50 item is increased by 20%, the !nal price is $60. Yet when a $60 item is

reduced by 20%, the !nal price is not $50. Explain.

6 $500 is divided into the ratio 13 : 7 : 5. How much money is the largest portion?
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numerator

8 is the lowest common denominator

(LCD) which is the lowest common

multiple (LCM) of 4 and 8.

or

Simplify

Comparing fractions

<

?

Recall

denominator
2 parts selected

5 parts in the whole

proper fraction

improper fraction

mixed number 5

or

Adding fractions

Dividing fractions

10

9

5

2 2

3

=

=

÷

÷4
1

6
1

1

9

3
3

4
=

25

6

9

10
×

25

6

Reciprocal 

is
10

9

9

10
of

Equivalent fractions

Percentages

simplest form

= = = =
1

2

50

100

30

60

21

42

8

16

100% = 100

100
1=

1

100
1% =

=25% =

=20% =

10% = =
10

100

20

100

25

100

1

4

1

5

1

10

50% = =
50

100

1

2

75% = =
75

100

3

4

80% = =
80

100

4

5

= 7 ÷ 7 = 17

7

= =
42

63

21 × 2

21 × 3

2

3

42

63

3 × 2

3 × 3

7 × 6

7 × 9
= = = =

2

3

6

9

2

5

3

4

10

7

3

4

+

+=

= 1=

10

15

22

15

7

15

12

15

2

3

4

5

Subtracting fractions

5

8

5

8

6

8

3

4

==
40

15

=
40

15

10

15
2 2 2

3

== 2 2

3

8

3

impropermixed

= +
10

5

13

5
=

3

5
2 3

5

mixedimproper

Simplest form uses whole numbers.

10 : 8 = 5 : 4

        Units must be the same.

The ratio of $1.20 to 60 cents 

          = 120 : 60

          = 2 : 1

5 × 8

5 × 3

HCF of 42 and 

63 is 21.

Multiplying fractions

−

= −

1=

= 1 + ( − )

= (2 − 1) + ( − )

= −

39 − 20

12

−=

=

7

121=
19

12
=

13

4

39

12

20

12

15

12

7

12

8

12

3
1

4

2 5

4
1 2

3

2

3

5

4

1 2

3

5

3

−3
1

4
1 2

3

of

=

× 2

= =

4

1×

5

10

16

5

36

5

20

50

=
2

5

×=

1 2

1 5

5

10

20

50

3 1

5

1

4

9

4

7 1

5

Percentage of a quantity

25% of $40

= $10

1

4
× 40=

120% of

50 minutes

= 60 minutes

= 1 hour

120

100 2

150

1
×=

=
15

4

Fractions

Operation with
fractions

Ratios
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256 Chapter 4 Fractions and percentages

Multiple-choice questions

14A Which set of fractions corresponds to each of the different shapes positioned on the number

line?

210

3

8
,
6

8
, 1
3

8
,
12

8
A

3

8
,
3

4
, 1
1

4
,
12

8
B

1

2
,
3

4
,
9

8
, 1
5

8
C

2

8
,
3

4
, 1
3

8
, 1
1

2
D

3

8
,
3

4
, 1
1

2
,
14

8
E

24B Which of the following statements is not true?

3

4
=
9

12
A

6

11
=
18

33
B

3

10
=
15

40
C

13

14
=
39

42
D

2

7
=
16

56
E

34C Which set of mixed numbers corresponds to the letters written on the number line?

21

A B C D

30

1
1

5
, 1
3

5
, 2
2

5
, 3
1

5
A 1

2

5
, 1
3

5
, 2
3

5
, 3
1

5
B 1

1

5
, 1
2

5
, 2
2

5
, 3
2

5
C

1
2

5
, 1
4

5
, 2
2

5
, 3
2

5
D 1

1

5
, 1
3

5
, 2
3

5
, 3
1

5
E

44D Which is the lowest common denominator for this set of fractions?
7

12
,
11

15
,
13

18

60A 120B 180C 3240D 90E

54D Which of the following fraction groups is in correct descending order?

1

5
,
1

3
,
2

2
A

3

4
,
3

5
,
3

8
,
3

7
B

5

8
,
4

5
,
3

8
,
2

3
C

1

10
,
1

20
,
1

50
,
1

100
D 2

1

5
, 2

8

15
, 2
2

3
, 2
3

4
E

64E Which problem has an incorrect answer?

1

6
+
3

6
=
4

6
A

3

4
+
5

12
=
5

16
B

3

4
×
5

12
=
5

16
C

5
2

3
- 3

1

4
= 2

5

12
D

3

4
×
4

5
=
3

5
E

74E Three friends share a pizza. Kate eats
1

5
of the pizza, Archie eats

1

3
of the pizza and Luke eats

the rest. What fraction of the pizza does Luke eat?

4

12
A

2

3
B

14

15
C

7

15
D

8

15
E
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84D/I Which list is in correct ascending order?

0.68,
3

4
, 0.76, 77%,

13

40
A

7

8
, 82%, 0.87,

12

15
, 88%B

21%, 0.02, 0.2, 0.22,
22

10
C

14

40
, 0.3666, 0.3

.

6, 37%,
93

250
D

0.76, 72%,
3

4
, 0.68,

13

40
E

94C
60

14
can be written as:

4
2

7
A 2

4

7
B 4

2

14
C 7

4

7
D 5

1

7
E

104G
17

25
of a metre of material is needed for a school project. How many centimetres is this?

65 cmA 70 cmB 68 cmC 60 cmD 75 cmE

Short-answer questions

14A List the shaded fractions in correct ascending order.

24B Write four fractions equivalent to
3

5
and write a sentence to explain why they are equal in value.

34B Write the following fractions in simplest form.

18

30
a

8

28
b

35

49
c

44C Convert each of the following to a mixed number in simplest form.

15

10
a

63

36
b

45

27
c

56

16
d

54D Place the correct mathematical symbol <, = or >, in between the following pairs of fractions to make

true mathematical statements.

2

7

4

7
a

3

8

1

8
b 1

2

3
1
3

5
c 3

1

9

29

9
d
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258 Chapter 4 Fractions and percentages

64D State the largest fraction in each list.

3

7
,
2

7
,
5

7
,
1

7
a

3

8
,
2

8
,
5

8
,
1

8
b

74D State the lowest common multiple for each pair of numbers.

2, 5a 3, 7b 8, 12c

84D State the lowest common denominator for each set of fractions.

1

2
,
3

5
a

2

3
,
3

7
b

3

8
,
5

12
c

94D Rearrange each set of fractions in descending order.

1
3

5
,
9

5
, 2
1

5
a

14

8
,
11

6
,
9

4
,
5

3
b 5

2

3
,
47

9
, 5

7

18
, 5
1

9
, 5
1

3
c

104E/F Determine the simplest answer for each of the following.

3

8
+
1

8
a

1

3
+
1

2
b

3

8
+
5

6
c

2
7

15
+ 3

3

10
d

7

8
-
3

8
e 5

1

4
- 2

3

4
f

3

4
-
2

5
+
7

8
g 8

7

12
- 4

7

9
+ 2

1

3
h 13

1

2
+ 5

7

10
- 6

3

5
i

114G Find:

1

3
× 21a

4

5
of 100b

3

4
of 16c

8

10
×
25

4
d

2

3
of
1

4
e 3

1

8
× 2

2

5
f

124H Determine the reciprocal of each of the following.

3

4
a

7

12
b 2

3

4
c 5

1

3
d

134H Perform these divisions.

6

10
÷ 3a 64 ÷ 3

1

5
b 6

2

5
÷ 1

6

10
c

3

8
÷ 1

1

4
÷ 1

1

2
d

144I Copy the table into your workbook and complete.

Percentage form 36% 140% 18%

Fraction 2
1
5

5
100

11
25

154J Determine which alternative (i or ii) is the better value discount.

a 25% of $200i 20% of $260ii

b 5% of $1200i 3% of $1900ii
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Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 259

164K Express the following as both a fraction and percentage of the total.

6 out of 10a $4 out of 20b

50 cents out of $8c 600 mL out of 2 Ld

174L Express these ratios in simplest form.

21 : 7a 3.2 : 0.6b $2.30 : 50 centsc

184L Determine which of the following would be the best value (best buy).

5 kg potatos at $3.60A 3 kg potatos at $2.40B

Extended-response questions

1 Evaluate each of the following.

3
1

4
+ 1

3

4
× 2

1

2
a 5 ÷ 3

1

3
+ 4

3

8
-
5

12
b

7
2

5
+ 2

1

10
÷ 2

4

5
× 3

3

4
c 3

5

7
+ 6

1

4
÷

(

3
3

8
-
3

4

)

d

2 The length of one side of a triangle is
5

12
of the perimeter and a second side has length

5

28
of the

perimeter. If these two sides have a total length of 77 centimetres, determine the triangle’s perimeter

as a mixed number.

3 a A sale on digital cameras offers 20% discount.

Determine the sale price of a camera that was

originally priced at $220.

b The sale price of a DVD is $18. This is 25% less

than the original marked price. Determine the

original price of this DVD.

4 Perform the following calculations.

a Increase $440 by 25%.

b Decrease 300 litres by 12%.

c Increase $100 by 10% and then decrease that amount by 10%. Explain the reason for the answer.

d When $A is increased by 20%, the result is $300. Calculate the result if $A is decreased by 20%.

5 When a Ripstick is sold for $200 the shop makes 25% pro!t on the price paid for it.

a If this $200 Ripstick is now sold at a discount of 10%, what is the percentage pro!t of the price at

which the shop bought the Ripstick?

b At what price should the Ripstick be sold to make 30% pro!t?

6 At Sunshine School there are 640 primary school students and 860 secondary students.

For their Christmas family holiday, 70% of primary school students go to the beach and 45% of

secondary students go to the beach.

Determine the overall percentage of students in the whole school that has a beach holiday for

Christmas. Write this percentage as a mixed number.
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Chapter

N U M B E R  A N D  A L G E B R A

Patterns and algebra

Introduce the concept of variables as a 

way of representing numbers using letters 

(VCMNA251)

Create algebraic expressions and evaluate 

them by substituting a given value for each 

variable (VCMNA252)

Victorian curriculum

Extend and apply the laws and properties 

of arithmetic to algebraic terms and 

expressions (VCMNA253)

 5A Introduction to algebra

 5B Substituting and evaluating

 5C Equivalent expressions

 5D Like terms

What you will learn

 5E Multiplying and dividing expressions

 5F Expanding brackets (Extending)

 5G Algebraic modelling (Extending)

5 Algebra
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• Video demonstrations of 
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• Interactive widgets

• Interactive walkthroughs

• Downloadable HOTsheets
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Australian Curriculum 

courses

• Access to the HOTmaths 
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Online 
resources

Our sun provides enough energy for all the 

world’s power needs with plenty to spare. 

Using algebra and advanced technologies, 

scientists have invented solar panels that 

convert sunlight into electrical power. 

Light intensity affects the amount of 

power that solar panels produce. Sunlight 

arrives above our atmosphere with an 

intensity of 1,368 Watts/m2. Here satellites 

collect sunlight for their power needs. On 

the equator, at noon, the sunlight intensity 

is around 1 kW/m2. North and south of 

the equator, sunlight is spread out due 

to the earth’s curvature and its intensity 

is calculated using algebra formulas. For 

example, sunlight that covers 1 m2 on the 

equator will be spread over 2 m2 in Norway 

(60° N) at only half the intensity.  

Huge solar power stations are being 

constructed world-wide. Two stations 

in California with a total of 18 million 

solar panels save 1,200,000 tonnes of 

carbon dioxide per year from entering the 

atmosphere. Australia also has large solar 

farms and over 2 million Australian homes 

use solar energy. 

There are many solar powered devices. 

For example, Australian farmers can now 

use a solar-powered robot called Ladybird 

which independently travels around 

a field, collecting soil data and pest 

numbers.

Solar energy and algebra 
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262 Chapter 5 Algebra

5A Introduction to algebra

A pronumeral is a letter that can represent a number. The choice of

letter used is not signi�cant mathematically, but can be used as an

aid to memory. For instance, h might stand for someone’s height

and w might stand for someone’s weight.

The table shows the salary Petra earns for various hours of work if

she is paid $12 an hour.

Numbers of hours Salary earned ($)

1 12 × 1 = 12

2 12 × 2 = 24

3 12 × 3 = 36

n 12 × n = 12n

Rather than writing 12 × n, we write 12n because multiplying a

pronumeral by a number is common and this notation saves space.

We can also write 18 ÷ n as
18

n
.

Using pronumerals we can work out a

total salary for any number of hours

of work.

Let’s start: Pronumeral stories

Ahmed has a jar with b biscuits. He eats 3 biscuits and then shares the rest equally among 8 friends. Each

friend receives
b - 3

8
biscuits. This is a short story for the expression

b - 3

8
.

• Try to create another story for
b - 3

8
, and share it with others in the class.

• Can you construct a story for 2t + 12? What about 4(k + 6)?

Key
ideas

In algebra, letters can be used to stand for numbers. A pronumeral is a letter that stands for

a number. If a pronumeral could represent any number rather than just one, it is also called a

variable.

a × b is written as ab and a÷ b is written as
a

b
.

A term consists of numbers and pronumerals combined with multiplication or division. For

example, 5 is a term, x is a term, 9a is a term, abc is a term,
4xyz

3
is a term.

A term that does not contain any pronumerals is called a constant term. All numbers by

themselves are constant terms.

An (algebraic) expression consists of numbers and pronumerals combined with any

mathematical operations. For example, 3x + 2yz is an expression and 8 ÷ (3a - 2b) + 41 is also an

expression. Any term is also an expression.
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Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 263

Key
ideas

A coef�cient is the number in front of a pronumeral. For example, the coef�cient of y in the

expression 8x + 2y + z is 2. If there is no number in front, then the coef�cient is 1, since 1z and z

are equal.

Example 1 The terminology of algebra

a List the individual terms in the expression 3a + b + 13c.

b State the coef�cient of each pronumeral in the expression 3a + b + 13c.

c Give an example of an expression with exactly two terms, one of which is a constant term.

SOLUTION EXPLANATION

a There are three terms: 3a, b and 13c. Each part of an expression is a term. Terms get

added (or subtracted) to make an expression.

b The coef�cient of a is 3, the coef�cient of b is

1 and the coef�cient of c is 13.

The coef�cient is the number in front of a

pronumeral. For b the coef�cient is 1 because

b is the same as 1 × b.

c 27a + 19 (There are many other possible

expressions.)

This expression has two terms, 27a and

19, and 19 is a constant term because it is a

number without any pronumerals.

Example 2 Writing expressions from word descriptions

Write an expression for each of the following.

5 more than ka 3 less than mb the sum of a and bc

double the value of xd the product of c and de

SOLUTION EXPLANATION

a k + 5

b m - 3

c a + b

d 2 × x or 2x

e c × d or cd

5 must be added to k to get 5 more than k.

3 is subtracted from m.

a and b are added to obtain their sum.

x is multiplied by 2. The multiplication sign is

optional.

c and d are multiplied to obtain their product.
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264 Chapter 5 Algebra

Example 3 Expressions involving more than one operation

Write an expression for each of the following without using the × or ÷ symbols.

a p is halved, then 4 is added

b the sum of x and y is taken and then divided by 7

c the sum of x and one-seventh of y

d 5 is subtracted from k and the result is tripled

SOLUTION EXPLANATION

a
p

2
+ 4 p is divided by 2, then 4 is added.

b (x + y) ÷ 7 =
x + y

7
x and y are added. This whole expression

is divided by 7. By writing the result as a

fraction, the brackets are no longer needed.

c x +
y

7
or x +

1

7
y x is added to one-seventh of y, which is

y

7
.

d (k - 5) × 3 = 3(k - 5) 5 subtracted from k gives the expression k - 5.

Brackets must be used to multiply the whole

expression by 3.

Exercise 5A

1Example 1 The expression 4x + 3y + 24z + 7 has four terms.

List the terms.a What is the constant term?b

What is the coef�cient of x?c Which letter has a coef�cient of 24?d

2Example 2 Match each of the word descriptions on the left with the correct mathematical expression

on the right.

the sum of x and 4a x - 4A

4 less than xb
x

4
B

the product of 4 and xc 4 - xC

one-quarter of xd 4xD

the result from subtracting x from 4e
4

x
E

4 divided by xf x + 4F

U
N
D
E
R
S
TA
N
D
IN
G

—1, 2 1, 2
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5A

3 For each of the following expressions, state:

i the number of terms; and

ii the coef�cient of n.

17n + 24a 31 - 27a + 15nb

15nw + 21n + 15c 15a - 32b + 2n +
4

3
xyd

n + 51e 5bn - 12 +
d

5
+ 12nf

4 Write an expression for each of the following without using the × or ÷ symbols.

1 more than xa the sum of k and 5b

double the value of uc 4 lots of yd

half of pe one-third of qf

12 less than rg the product of n and 9h

t is subtracted from 10i y is divided by 8j

5Example 3 Write an expression for each of the following without using the × or ÷ symbols.

5 is added to x, then the result is doubled.a

a is tripled, then 4 is added.b

k is multiplied by 8, then 3 is subtracted.c

3 is subtracted from k, then the result is multiplied by 8.d

The sum of x and y is multiplied by 6.e

x is multiplied by 7 and the result is halved.f

p is halved and then 2 is added.g

The product of x and y is subtracted from 12.h

6 Describe each of these expressions in words.

7xa a + bb

(x + 4) × 2c 5 - 3ad
F
L
U
E
N
C
Y

3–6(½)3, 4–5(½) 3, 4–5(½), 6

7 Nicholas buys 10 lolly bags from a supermarket.

If there are 7 lollies in each bag, how many lollies does he buy in total?a

If there are n lollies in each bag, how many lollies does he buy in total?

Hint: Write an expression involving n.

b

8 Mikayla is paid $x per hour at her job. Write an expression for each of the following

amounts (in $).

How much does Mikayla earn if she works 8 hours?a

If Mikayla gets a pay rise of $3 per hour, what is her new hourly wage?b

If Mikayla works for 8 hours at the increased hourly rate, how much does she earn?c

P
R
O
B
L
E
M
-S
O
LV
IN
G

8–117, 8 8–10
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266 Chapter 5 Algebra

5A

9 Recall that there are 100 centimetres in 1 metre and 1000 metres in 1 kilometre. Write

expressions for each of the following.

How many metres are there in x km?a

How many centimetres are there in x metres?b

How many centimetres are there in x km?c

10 A group of people go out to a restaurant, and the total amount they must pay is $A. They decide

to split the bill equally. Write expressions to answer the following questions.

If there are 4 people in the group, how much do they each pay?a

If there are n people in the group, how much do they each pay?b

One of the n people has a voucher that reduces the total bill by $20. How much

does each person pay now?

c

11 There are many different ways of describing the expression
a + b

4
in words. One way is:

‘The sum of a and b is divided by 4.’ What is another way?

P
R
O
B
L
E
M
-S
O
LV
IN
G

12 If x is a whole number between 10 and 99, classify each of these statements as true or false.

x must be smaller than 2 × x.a

x must be smaller than x + 2.b

x - 3 must be greater than 10.c

4 × x must be an even number.d

3 × x must be an odd number.e

13 If b is an even number greater than 3, classify each of these statements as true or false.

b + 1 must be even.a

b + 2 could be odd.b

5 + b could be greater than 10.c

5b must be greater than b.d

14 If c is a number between 10 and 99, sort the following in ascending order (i.e. smallest

to largest): 3c, 2c, c - 4, c÷ 2, 3c + 5, 4c - 2, c + 1, c × c.

R
E
A
S
O
N
IN
G

13, 1412 12, 14

Many words compressed

15 One advantage of writing expressions in symbols rather than words is that it takes up less space.

For instance, ‘twice the value of the sum of x and 5’ uses eight words and can be written as

2(x + 5). Give an example of a worded expression that uses more than 10 words and then write

it as a mathematical expression.

E
N
R
IC
H
M
E
N
T

15— —
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5B Substituting and evaluating

Evaluation of expressions involves replacing pronumerals (like x and y) with numbers and obtaining a single

number as a result. For example, we can evaluate 4 + x when x is 11, to get 15.

Let’s start: Sum to 10

The pronumerals x and y could stand for any number.

• What numbers could x and y stand for if you know

that x + y must equal 10? Try to list as many pairs

as possible.

• If x + y must equal 10, what values could 3x + y

equal? Find the largest and smallest values.

Key
ideas

To evaluate an expression or to substitute values means to replace each pronumeral in an

expression with a number to obtain a �nal value. For example, if x = 3 and y = 8, then x + 2y

evaluated gives 3 + 2 × 8 = 19.

A term like 4a means 4 × a. When substituting a number we must include the multiplication sign,

since two numbers written as 42 is very different from the product 4 × 2.

Once an expression contains no pronumerals, evaluate using the normal order of operations seen

in Chapter 1:

• brackets

• multiplication and division from left to right

• addition and subtraction from left to right.

For example: (4 + 3) × 2 - 20 ÷ 4 + 2 = 7 × 2 - 20 ÷ 4 + 2

= 14 - 5 + 2

= 9 + 2

= 11
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268 Chapter 5 Algebra

Example 4 Substituting a pronumeral

Given that t = 5, evaluate:

t + 7a 8tb
10

t
+ 4 - tc

SOLUTION EXPLANATION

a t + 7 = 5 + 7

= 12

Replace t with 5 and then evaluate the

expression, which now contains no

pronumerals.

b 8t = 8 × t

= 8 × 5

= 40

Insert × where it was previously implied, then

substitute in 5. If the multiplication sign is not

included, we might get a completely incorrect

answer of 85.

c
10

t
+ 4 - t =

10

5
+ 4 - 5

= 2 + 4 - 5

= 1

Replace all occurrences of t with 5 before

evaluating. Note that the division (10 ÷ 5) is

calculated before the addition and subtraction.

Example 5 Substituting multiple pronumerals

Substitute x = 4 and y = 7 to evaluate these expressions.

5x + y + 8a 80 - (2xy + y)b

SOLUTION EXPLANATION

a 5x + y + 8 = 5 × x + y + 8

= 5 × 4 + 7 + 8

= 20 + 7 + 8

= 35

Insert the implied multiplication sign between

5 and x before substituting the values for x

and y.

b 80 - (2xy + y) = 80 - (2 × x × y + y)

= 80 - (2 × 4 × 7 + 7)

= 80 - (56 + 7)

= 80 - 63

= 17

Insert the multiplication signs, and remember

the order in which to evaluate.

Note that both occurrences of y are replaced

with 7.
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Example 6 Substituting with powers and roots

If p = 4 and t = 5, �nd the value of:

3p2a t2 + p3b
√

p2 + 32c

SOLUTION EXPLANATION

a 3p2 = 3 × p × p

= 3 × 4 × 4

= 48

Note that 3p2 means 3 × p × p not (3 × p)2.

b t2 + p3 = 52 + 43

= 5 × 5 + 4 × 4 × 4

= 25 + 64

= 89

t is replaced with 5, and p is replaced with 4.

Remember that 43 means 4 × 4 × 4.

c
√

p2 + 32 =
√

42 + 32

=
√

25

= 5

Recall that the square root of 25 must be 5

because 5 × 5 = 25.

Exercise 5B

1 Use the correct order of operations to evaluate the following.

4 + 2 × 5a 7 - 3 × 2b

3 × 6 - 2 × 4c (7 - 3) × 2d

2Example 4a What number would you get if you replaced b with 5 in the expression 8 + b?

3 What number is obtained when x = 3 is substituted into the expression 5 × x?

4 What is the result of evaluating 10 - u if u is 7?

5 Calculate the value of 12 + b if:

b = 5a b = 8b

b = 60c b = 0d

U
N
D
E
R
S
TA
N
D
IN
G

—1–5 2, 3
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5B

6Example 4b,c If x = 5, evaluate each of the following. Set out your solution in a manner similar to that

shown in Example 4.

x + 3a x × 2b

14 - xc 2x + 4d

3x + 2 - xe 13 - 2xf

2(x + 2) + xg 30 - (4x + 1)h

20

x
+ 3i (x + 5) ×

10

x
j

x + 7

4
k

10 - x

x
l

7x + 3(x - 1)m 40 - 3x - xn

x + x(x + 1)o
30

x
+ 2x(x + 3)p

100 - 4(3 + 4x)q
6(3x - 8)

x + 2
r

7Example 5 Substitute a = 2 and b = 3 into each of these expressions and evaluate.

2a + 4a 3a - 2b

a + bc 3a + bd

5a - 2be 7ab + bf

ab - 4 + bg 2 × (3a + 2b)h

100 - (10a + 10b)i
12

a
+
6

b
j

ab

3
+ bk

100

a + b
l

8 Evaluate the expression 5x + 2y when:

x = 3 and y = 6a x = 4 and y = 1b

x = 7 and y = 3c x = 0 and y = 4d

x = 2 and y = 0e x = 10 and y = 10f

9 Copy and complete each of these tables.

a n 1 2 3 4 5 6

n + 4 5 8

b x 1 2 3 4 5 6

12 – x 9

c b 1 2 3 4 5 6

2(b – 1)

d q 1 2 3 4 5 6

10q – q

F
L
U
E
N
C
Y

6–10(½)6–8(½), 9 6–7(½), 8, 9, 10(½)
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5B

10Example 6 Evaluate each of the following, given that a = 9, b = 3 and c = 5.

3c2a 5b2b a2 - 33c 2b2 +
a

3
- 2cd

√

a +
√

3abe
√

b2 + 42f 24 +
2b3

6
g (2c)2 - a2h

F
L
U
E
N
C
Y

11 A number is substituted for b in the expression 7 + b and gives the result 12.

What is the value of b?

12 A number is substituted for x in the expression 3x - 1. If the result is a two-digit number,

what value might x have? Try to describe all the possible answers.

13 Copy and complete the table.

x 5 9 12

x + 6 11 7

4x 20 24 28

P
R
O
B
L
E
M
-S
O
LV
IN
G

12, 1311 11, 13

14 Assume x and y are two numbers, where xy = 24.

What values could x and y equal if they are whole numbers? Try to list as many as possible.a

What values could x and y equal if they can be decimals, fractions or whole numbers?b

15 Dugald substitutes different whole numbers into the expression 5 × (a + a). He notices that

the result always ends in the digit 0. Try a few values and explain why this pattern occurs.
R
E
A
S
O
N
IN
G

14, 1514 14

Missing numbers

16 a Copy and complete the following table. Note: x and y are whole numbers (0, 1, 2, 3,…)

for this table.

x 5 10 7

y 3 4 5

x + y 9 14 7

x – y 2 3 8

xy 40 10 0

b If x and y are two numbers where x + y and x × y are equal, what values might x and y have?

Try to �nd at least three (they do not have to be whole numbers).

E
N
R
IC
H
M
E
N
T
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272 Chapter 5 Algebra

5C Equivalent expressions

In algebra, as when using words, there are often many ways to express the same thing. For example, we can

write ‘the sum of x and 4’ as x + 4 or 4 + x, or even x + 1 + 1 + 1 + 1.

No matter what number x is, x + 4 and 4 + x will always be equal. We say that the expressions x + 4 and

4 + x are equivalent because of this.

By substituting different numbers for the pronumerals it is possible to see whether two expressions

are equivalent. Consider the four expressions in this table.

3a + 5 2a + 6 7a + 5 – 4a a + a + 6

a = 0 5 6 5 6

a = 1 8 8 8 8

a = 2 11 10 11 10

a = 3 14 12 14 12

a = 4 17 14 17 14

From this table it becomes apparent that 3a + 5 and 7a + 5 - 4a are equivalent, and that 2a + 6 and a + a + 6

are equivalent.

Let’s start: Equivalent expressions

Consider the expression 2a + 4.

• Write as many different

expressions as possible that

are equivalent to 2a + 4.

• How many equivalent

expressions are there?

• Try to give a logical

explanation for why 2a + 4

is equivalent to 4 + a × 2.

This collection of pronumerals and numbers can be arranged into many

different equivalent expressions.

Key
ideas

Two expressions are called equivalent when they are always equal, regardless of what numbers

are substituted for the pronumerals.

For example:

• x + 12 is equivalent to 12 + x, because the order in which numbers are added is not important.

• 3k is equivalent to k + k + k, because multiplying by a whole number is the same as adding

repeatedly.

The rules of algebra are used to prove that two expressions are equivalent, but a table of values

can be helpful to test whether expressions are likely to be equivalent.
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Example 7 Equivalent expressions

Which two of these expressions are equivalent: 3x + 4, 8 - x, 2x + 4 + x?

SOLUTION EXPLANATION

3x + 4 and 2x + 4 + x are equivalent. By drawing a table of values, we can see

straight away that 3x + 4 and 8 - x are not

equivalent, since they differ for x = 2.

x = 1 x = 2 x = 3

3x + 4 7 10 13

8 – x 7 6 5

2x + 4 + x 7 10 13

3x + 4 and 2x + 4 + x are equal for all values, so

they are equivalent.

Exercise 5C

1 a Copy the following table into your workbook and complete.

x = 0 x = 1 x = 2 x = 3

2x + 2

(x + 1) × 2

b Fill in the gap: 2x + 2 and (x + 1) × 2 are __________ expressions.

2 a Copy the following table into your workbook and complete.

x = 0 x = 1 x = 2 x = 3

5x + 3

6x + 3

b Are 5x + 3 and 6x + 3 equivalent expressions?

U
N
D
E
R
S
TA
N
D
IN
G

—1, 2 2

3 Demonstrate that 6x + 5 and 4x + 5 + 2x are equivalent by completing the table.

6x + 5 4x + 5 + 2x

x = 1

x = 2

x = 3

x = 4

F
L
U
E
N
C
Y

3–53, 4 3–5
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5C

4Example 7 For each of the following, choose a pair of equivalent expressions.

a 4x, 2x + 4, x + 4 + x

b 5a, 4a + a, 3 + a

c 2k + 2, 3 + 2k, 2(k + 1)

d b + b, 3b, 4b - 2b

5 Match up the equivalent expressions below.

3x + 2xa 6 - 3xA

4 - 3x + 2b 2x + 4x + xB

2x + 5 + xc 5xC

x + x - 5 + xd 4 - xD

7xe 3x + 5E

4 - 3x + 2xf 3x - 5F

F
L
U
E
N
C
Y

6 Write two different expressions that are equivalent to 4x + 2.

7 The rectangle shown below has a perimeter given by w + l + w + l. Write an equivalent

expression for the perimeter.

w

w

l l

8 There are many expressions that are equivalent to 3a + 5b + 2a - b + 4a.

Write an equivalent expression with as few terms as possible.
P
R
O
B
L
E
M
-S
O
LV
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G

7, 86 6, 7

9 The expressions a + b and b + a are equivalent and only contain two terms. How many

expressions are equivalent to a + b + c and contain only three terms?

Hint: Rearrange the pronumerals.

10 Prove that no pair of these four expressions are equivalent: 4 + x, 4x, x - 4, x÷ 4.

R
E
A
S
O
N
IN
G

10–129 10, 11
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5C

11 Generalise each of the following patterns in numbers to give two equivalent expressions.

The �rst one has been done for you.

Observation: 3 + 5 = 5 + 3 and 2 + 7 = 7 + 2 and 4 + 11 = 11 + 4.

Generalised: The two expressions x + y and y + x are equivalent.

a

Observation: 2 × 5 = 5 × 2 and 11 × 5 = 5 × 11 and 3 × 12 = 12 × 3.b

Observation: 4 × (10 + 3) = 4 × 10 + 4 × 3 and 8 × (100 + 5) = 8 × 100 + 8 × 5.c

Observation: 100 - (4 + 6) = 100 - 4 - 6 and 70 - (10 + 5) = 70 - 10 - 5.d

Observation: 20 - (4 - 2) = 20 - 4 + 2 and 15 - (10 - 3) = 15 - 10 + 3.e

Observation: 100 ÷ 5 ÷ 10 = 100 ÷ (5 × 10) and 30 ÷ 2 ÷ 3 = 30 ÷ (2 × 3).f

12 a Show that the expression 4 × (a + 2) is equivalent to 8 + 4a using a table of values for a

between 1 and 4.

b Write an expression using brackets that is equivalent to 10 + 5a.

c Write an expression without brackets that is equivalent to 6 × (4 + a).

R
E
A
S
O
N
IN
G

Thinking about equivalence

13 3a + 5b is an expression containing two terms. List two expressions containing three terms

that are equivalent to 3a + 5b.

14 Three expressions are given: expression A, expression B and expression C.

If expressions A and B are equivalent, and expressions B and C are equivalent, does this

mean that expressions A and C are equivalent? Try to prove your answer.

a

If expressions A and B are not equivalent, and expressions B and C are not equivalent,

does this mean that expressions A and C are not equivalent? Try to prove your answer.

Each shape above is made from three identically-sized tiles of width w and

length l. Which of the shapes have the same perimeter?

b

E
N
R
IC
H
M
E
N
T

13–14— —
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5D Like terms

Whenever we have terms with exactly the same pronumerals, they are called ‘like terms’ and can be

collected and combined. For example, 3x + 5x can be simpli�ed to 8x. If the two terms do not have

exactly the same pronumerals, they must be kept separate; for example, 3x + 5y cannot be simpli�ed - it

must be left as it is.

Recall from arithmetic that numbers can be multiplied in any order (e.g. 5 × 3 = 3 × 5). This means

pronumerals can appear in a different order within a term and give equivalent expressions (e.g. ab and

ba are equivalent).

Let’s start: Simplifying expressions

• Try to �nd a simpler expression that is equivalent to

1a + 2b + 3a + 4b + 5a + 6b +… + 19a + 20b

• What is the longest possible expression that is equivalent to 10a+20b+30c? Assume that all coef�cients

must be whole numbers greater than zero.

• Compare your expressions to see who has the longest one.

Key
ideas

Like terms are terms containing exactly the same pronumerals, although not necessarily in the

same order.

• 5ab and 3ab are like terms.

• 4a and 7b are not like terms.

• 2acb and 4bac are like terms.

Like terms can be combined within an expression to create a simpler expression that is

equivalent. For example, 5ab + 3ab can be simpli�ed to 8ab.

If two terms are not like terms (such as 4x and 5y), they can still be added to get an expression

like 4x + 5y, but this expression cannot be simpli�ed further.

Example 8 Identifying like terms

Which of the following pairs are like terms?

3x and 2xa 3a and 3bb 2ab and 5bac

4k and kd 2a and 4abe 7ab and 9abaf

SOLUTION EXPLANATION

a 3x and 2x are like terms. The pronumerals are the same.

b 3a and 3b are not like terms. The pronumerals are different.
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c 2ab and 5ba are like terms. The pronumerals are the same, even though they

are written in a different order (one a and one b).

d 4k and k are like terms. The pronumerals are the same.

e 2a and 4ab are not like terms. The pronumerals are not exactly the same (the

�rst term contains only a and the second term has

a and b).

f 7ab and 9aba are not like terms. The pronumerals are not exactly the same (the

�rst term contains one a and one b, but the

second term contains two copies of a and one b).

Example 9 Simplifying using like terms

Simplify the following by collecting like terms.

a 7b + 2 + 3b

b 12d - 4d + d

c 5 + 12a + 4b - 2 - 3a

d 13a + 8b + 2a - 5b - 4a

e 12uv + 7v - 3vu + 3v

SOLUTION EXPLANATION

a 7b + 2 + 3b = 10b + 2 7b and 3b are like terms, so they are added.

They cannot be combined with the term 2

because it is not ‘like’ 7b or 3b.

b 12d - 4d + d = 9d All the terms here are like terms. Remember

that d means 1d when combining them.

c 5 + 12a + 4b - 2 - 3a

= 12a - 3a + 4b + 5 - 2

= 9a + 4b + 3

12a and 3a are like terms. We subtract 3a

because it has a minus sign in front of it. We

can also combine the 5 and the 2 because they

are like terms.

d 13a + 8b + 2a - 5b - 4a

= 13a + 2a - 4a + 8b - 5b

= 11a + 3b

Combine like terms, remembering to subtract

any term that has a minus sign in front of it.

e 12uv + 7v - 3vu + 3v

= 12uv - 3vu + 7v + 3v

= 9uv + 10v

Combine like terms. Remember that 12uv and

3vu are like terms (i.e. they have the same

pronumerals), so 12uv - 3uv = 9uv.
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Exercise 5D

1 For each of the following terms, state all the pronumerals that occur in it.

4xya 3abcb 2kc pqd

2 Copy the following sentences into your workbook and �ll in the gaps to make the

sentences true. More than one answer might be possible.

3x and 5x are _______________ terms.a

4x and 3y are not ____________ ____________.b

4xy and 4yx are like ____________.c

4a and ____________ are like terms.d

x + x + 7 and 2x + 7 are ____________ expressions.e

3x + 2x + 4 can be written in an equivalent way as ____________.f

U
N
D
E
R
S
TA
N
D
IN
G

—1, 2 2

3Example 8 Classify the following pairs as like terms (L) or not like terms (N).

7a and 4ba 3a and 10ab 18x and 32xc 4a and 4bd

7 and 10be x and 4xf 5x and 5g 12ab and 4abh

7cd and 12cdi 3abc and 12abcj 3ab and 2bak 4cd and 3dcel

4 Simplify the following by collecting like terms.

a + aa 3x + 2xb 4b + 3bc 12d - 4dd

15u - 3ue 14ab - 2abf 8ab + 3abg 4xy - 3xyh

5Example 9 Simplify the following by collecting like terms.

2a + a + 4b + ba 5a + 2a + b + 8bb 3x - 2x + 2y + 4yc

4a + 2 + 3ad 7 + 2b + 5be 3k - 2 + 3kf

7f + 4 - 2f + 8g 4a - 4 + 5b + bh 3x + 7x + 3y - 4x + yi

10a + 3 + 4b - 2aj 4 + 10h - 3hk 10x + 4x + 31y - yl

10 + 7y - 3x + 5x + 2ym 11a + 4 - 3a + 9n 3b + 4b + c + 5b - co

7ab + 4 + 2abp 9xy + 2x - 3xy + 3xq 2cd + 5dc - 3d + 2cr

5uv + 12v + 4uv - 5vs 7pq + 2p + 4qp - qt 7ab + 32 - ab + 4u

F
L
U
E
N
C
Y

3(½), 5(½)3–5(½) 3–5(½)

6 Ravi and Marissa each work for n hours per week. Ravi earns $27 per hour and Marissa

earns $31 per hour.

Write an expression for the amount Ravi earns in one week (in dollars).a

Write an expression for the amount Marissa earns in one week (in dollars).b

Write a simpli�ed expression for the total amount Ravi and Marissa earn

in one week (in dollars).

c P
R
O
B
L
E
M
-S
O
LV
IN
G

7, 8, 9(½)6, 7 7, 8
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5D

7 The length of the line segment shown could be expressed as a + a + 3 + a + 1.

a a 3 a 1

Write the length in the simplest form.a

What is the length of the segment if a is equal to 5?b

8 Let x represent the number of marbles in a standard-sized

bag. Xavier bought 4 bags and Cameron bought 7 bags. Write

simpli�ed expressions for:

the number of marbles Xavier hasa

the number of marbles Cameron hasb

the total number of marbles that Xavier and Cameron havec

the number of extra marbles that Cameron has compared to

Xavier

d

9 Simplify the following by collecting like terms.

3xy + 4xy + 5xya 4ab + 5 + 2abb 5ab + 3ba + 2abc

10xy - 4yx + 3d 10 - 3xy + 8xy + 4e 3cde + 5ecd + 2cedf

4 + x + 4xy + 2xy + 5xg 12ab + 7 - 3ab + 2h 3xy - 2y + 4yxi

P
R
O
B
L
E
M
-S
O
LV
IN
G

10 a Test, using a table of values, that 3x + 2x is equivalent to 5x.

b Prove that 3x + 2y is not equivalent to 5xy.

11 a Test that 5x + 4 - 2x is equivalent to 3x + 4.

b Prove that 5x + 4 - 2x is not equivalent to 7x + 4.

c Prove that 5x + 4 - 2x is not equivalent to 7x - 4.
R
E
A
S
O
N
IN
G

1110 10

How many rearrangements?

12 The expression a + 3b + 2a is equivalent to 3a + 3b.

a List two other expressions with three terms that are equivalent to 3a + 3b.

b How many expressions, consisting of exactly three terms added together, are equivalent

to 3a + 3b? All coef�cients must be whole numbers greater than 0.

E
N
R
IC
H
M
E
N
T

12— —
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Progress quiz

15A For the expression 7a + 4b + c + 9, answer the following.

State the number of terms.a List the individual terms.b

State the coef�cient of b.c What is the constant term?d

25A Write an expression for each of the following.

the product of m and pa the sum of a and kb

8 more than tc 4 less than wd

35A Write an expression for each of the following without using the ÷ or × symbols.

m is halved, then 7 is added.a

7 is added to m and then the result is halved.b

The sum of a and k is taken and then divided by 3.c

The sum of a and one-third of k.d

12 is subtracted from d and the result is tripled.e

d is tripled and 12 is subtracted from the result.f

45B If x = 4, evaluate each of the following.

3x + 7a
20

x
+ 2 - xb 18 - (2x + 1)c

55B Substitute a = 5 and b = 2 into each of these expressions and evaluate.

3a + b + 7a 20 - (a + 2b)b

35

a + b
c 5 + a2 - 2b2d

√

a2 - 16e

65C Which two of the following expressions are equivalent?

3a + 4, 4a + 3, 4 + 3a, 7a

75D Classify the following pairs as like terms (L) or not like terms (N).

3a and 8aa 3x and 3xyb

6 and 6ac 4mp and 5pmd

85D Simplify the following by collecting like terms.

7a + 2b + 5 + a + 3ba 2cd + 4c + 8d + 5dc - c + 4b

95C Archie has two part-time jobs each paying

$8 per hour. He works x hours at one job and

y hours at the other. Write two equivalent

expressions for the total amount of money,

in dollars, that he earns.
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5E Multiplying and dividing expressions

To multiply a number by a pronumeral, we have already seen we can write them next to each other.

For example, 7a means 7 × a, and 5abc means 5 × a × b × c. The order in which numbers or pronumerals

are multiplied is unimportant, so 5 × a × b × c = a × 5 × c × b = c × a × 5 × b. When writing a product

without × signs, the numbers are written �rst.

We write
7xy

3xz
as shorthand for (7xy) ÷ (3xz).

We can simplify fractions like
10

15
by dividing by common factors such as

10

15
=
 5 × 2

 5 × 3
=
2

3
.

Similarly, common pronumerals can be cancelled in a division like
7xy

3xz
, giving

7 xy

3 xz
=
7y

3z
.

Let’s start: Rearranging terms

5abc is equivalent to 5bac because the order of multiplication does

not matter. In what other ways could 5abc be written? 5 × a × b × c =?

Key
ideas

a × b is written as ab.

a÷ b is written as
a

b
.

a × a is written as a2.

Because of the commutative property of multiplication (e.g. 2 × 7 = 7 × 2), the order in which

values are multiplied is not important. So 3 × a and a × 3 are equivalent.

Because of the associative property of multiplication (e.g. 3 × (5 × 2) and (3 × 5) × 2 are equal),

brackets are not required when only multiplication is used. So 3 × (a × b) and (3 × a) × b are

both written as 3ab.

Numbers should be written �rst in a term and pronumerals are generally written in alphabetical

order. For example, b × 2 × a is written as 2ab.

When dividing, any common factor in the numerator and denominator can be cancelled.

For example:
2
 4a

1
 b

1
 2
1
 bc
=
2a

c

Example 10 Simplifying expressions with multiplication

a Write 4 × a × b × c without multiplication signs.

b Simplify 4a × 2b × 3c, giving your �nal answer without multiplication signs.

c Simplify 3w × 4w.
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SOLUTION EXPLANATION

a 4 × a × b × c = 4abc When pronumerals are written next to each other

they are being multiplied.

b 4a × 2b × 3c = 4 × a × 2 × b × 3 × c

= 4 × 2 × 3 × a × b × c

= 24abc

First insert the missing multiplication signs.

Rearrange to bring the numbers to the front.

4 × 2 × 3 = 24 and a × b × c = abc, giving the

�nal answer.

c 3w × 4w = 3 × w × 4 × w

= 3 × 4 × w × w

= 12w2

First insert the missing multiplication signs.

Rearrange to bring the numbers to the front.

3 × 4 = 12 and w × w is written as w2.

Example 11 Simplifying expressions with division

a Write (3x + 1) ÷ 5 without a division sign.

b Simplify the expression
8ab

12b
.

SOLUTION EXPLANATION

a (3x + 1) ÷ 5 =
3x + 1

5
The brackets are no longer required as it

becomes clear that all of 3x + 1 is being

divided by 5.

b
8ab

12b
=
8 × a × b

12 × b

=
2 ×  4 × a ×  b

3 ×  4 ×  b

=
2a

3

Insert multiplication signs to help spot

common factors.

8 and 12 have a common factor of 4.

Cancel out the common factors of 4 and b.

Exercise 5E

1 Chen claims that 7 × d is equivalent to d × 7.

If d = 3, �nd the values of 7 × d and d × 7.a

If d = 5, �nd the values of 7 × d and d × 7.b

If d = 8, �nd the values of 7 × d and d × 7.c

Is Chen correct in his claim?d

U
N
D
E
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S
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G

—1–4 3, 4
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5E

2 Classify each of the following statements as true or false.

4 × n can be written as 4n.a n × 3 can be written as 3n.b

4 × b can be written as b + 4.c a × b can be written as ab.d

a × 5 can be written as 50a.e a × a can be written as 2a.f

3 a Simplify the fraction
12

18
. (Note: This is the same as

2 × 6

3 × 6
.)

b Simplify the fraction
2000

3000
. (Note: This is the same as

2 × 1000

3 × 1000
.)

c Simplify
2a

3a
. (Note: This is the same as

2 × a

3 × a
.)

4 Match up these expressions with the correct way to write them.

2 × ua 3uA

7 × ub
5

u
B

5 ÷ uc 2uC

u × 3d
u

5
D

u÷ 5e 7uE

U
N
D
E
R
S
TA
N
D
IN
G

5Example 10a Write each of these expressions without any multiplication signs.

2 × xa 5 × pb 8 × a × bc

3 × 2 × ad 7 × 4 × fe 5 × 2 × a × bf

2 × 8 × x × yg 2 × b × 5h x × 7 × z × 4i

6Example 10b,c Simplify these expressions.

3a × 12a 7d × 9b 2 × 4ec

3 × 5ad 4a × 3be 7e × 9gf

8a × bcg 4d × 7afh a × 3b × 4ci

2a × 4b × cj 4d × 3e × 5fgk 2cb × 3a × 4dl

w × wm a × an 3d × do

2k × kp p × 7pq q × 3qr

6x × 2xs 3z × 5zt 9r × 4ru

7Example 11a Write each expression without a division sign.

x÷ 5a z÷ 2b a÷ 12c

b÷ 5d 2 ÷ xe 5 ÷ df

x÷ yg a÷ bh (4x + 1) ÷ 5i

(2x + y) ÷ 5j (2 + x) ÷ (1 + y)k (x - 5) ÷ (3 + b)l

F
L
U
E
N
C
Y

5–8(½)5–8(½) 5–8(½)
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5E

8Example 11b Simplify the following expressions by dividing by any common factors. Remember that

a

1
= a.

2x

5x
a

5a

9a
b

9ab

4b
c

2ab

5a
d

2x

4
e

9x

12
f

10a

15a
g

30y

40y
h

4a

2
i

21x

7x
j

4xy

2x
k

9x

3xy
l

F
L
U
E
N
C
Y

9 Write a simpli�ed expression for the area of the following rectangles. Recall that for

rectangles, Area = width × length.

k

3

a

x

6b 3x

4y

c

10 The weight of a single muesli bar is x grams.

a What is the weight of 4 bars? Write an

expression.

b If Jamila buys n bars, what is the total

weight of her purchase?

c Jamila’s cousin Roland buys twice as many

bars as Jamila. What is the total weight of

Roland’s purchase?

11 Five friends go to a restaurant. They split the bill evenly, so each spends the same amount.

If the total cost is $100, how much do they each spend?a

If the total cost is $C, how much do they each spend? Write an expression.b

P
R
O
B
L
E
M
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O
LV
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G

10–129, 10 10, 12
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5E

12 Replace the question marks with algebraic terms to make these equivalence statements true.

4c × ? × b = 12abca 2a × 2b × ? = 28abcb

14ab

?
= 2ac

12xy

?
= xd

50x

?
× y = 5ye

P
R
O
B
L
E
M
-S
O
LV
IN
G

13 The expression 3 × 2p is the same as the expression 2p
(1)
+ 2p

(2)
+ 2p

(3)
.

What is a simpler expression for 2p + 2p + 2p? Hint: Combine like terms.a

3 × 2p is shorthand for 3 × 2 × p. How does this relate to your answer in part a?b

14 The area of the rectangle shown is 3a. The length and width of this rectangle are now doubled.

a Draw the new rectangle, showing its dimensions.

b Write a simpli�ed expression for the area of the new rectangle.

c Divide the area of the new rectangle by the area of the old rectangle.

What do you notice?

d What happens to the area of the original rectangle if you triple both the

length and the width?

3

a

R
E
A
S
O
N
IN
G

13, 1413 13, 14

Managing powers

15 The expression a × a can be written as a2 and the expression a × a × a can be written as a3.

a What is 3a2b2 when written in full with multiplication signs?

b Write 7 × x × x × y × y × y without any multiplication signs.

c Simplify 2a × 3b × 4c × 5a × b × 10c × a.

d Simplify 4a2 × 3ab2 × 2c2.
E
N
R
IC
H
M
E
N
T
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5F Expanding brackets EXTENDING

We have already seen that there are different ways of writing two equivalent expressions. For example,

4a + 2a is equivalent to 2 × 3a, even though they look different.

Note that 3(7 + a) = 3 × (7 + a), which is equivalent to 3 lots of 7 + a.

So, 3(7 + a) = 7 + a + 7 + a + 7 + a

= 21 + 3a

It is sometimes useful to have an expression that is written with brackets, like 3 × (7 + a), and sometimes

it is useful to have an expression that is written without brackets, like 21 + 3a.

Let’s start: Total area

What is the total area of the rectangle shown at right? Try to write two

expressions, only one of which includes brackets.

3

7
a

Key
ideas

Expanding (or eliminating) brackets involves writing an equivalent expression without brackets.

This can be done by writing the bracketed portion a number of times or by multiplying each term.

2(a + b) = a + b + a + b

= 2a + 2b

or 2(a + b) = 2 × a + 2 × b

= 2a + 2b

To eliminate brackets, you can use the distributive law, which states that:

a(b + c) = ab + ac and a(b − c) = ab − ac

The distributive law is used in arithmetic. For example:

5 × 27 = 5(20 + 7)

= 5 × 20 + 5 × 7

= 100 + 35

= 135

The process of removing brackets using

the distributive law is called expansion.

When expanding, every term inside the

brackets must be multiplied by the term

outside the brackets. Many of the simpler expressions in algebra can be thought

of in terms of the areas of rectangles.
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Example 12 Expanding brackets by simplifying repeated terms

Repeat the expression that is inside the brackets and then collect like terms. The number outside the

brackets is the number of copies required.

2(a + k)a 3(2m + 5)b

SOLUTION EXPLANATION

a 2(a + k) = a + k + a + k

= 2a + 2k

Two copies of the expression a + k. Simplify by

collecting the like terms.

b 3(2m + 5) = 2m + 5 + 2m + 5 + 2m + 5

= 6m + 15

Three copies of the expression 2m + 5. Simplify

by collecting the like terms.

Example 13 Expanding brackets using rectangle areas

Write two equivalent expressions for the area of each rectangle shown, only one of which includes

brackets.

2

5 xa

3

12

a

b 2

7

b

a

c

SOLUTION EXPLANATION

a Using brackets: 2(5 + x) The whole rectangle has height 2 and width 5 + x.

Without brackets: 10 + 2x The smaller rectangles have area 2 × 5 = 10 and

2 × x = 2x, so they are added.

b Using brackets: 12(a + 3) The dimensions of the whole rectangle are 12 and a + 3.

Note that, by convention, we do not write (a + 3)12.

Without brackets: 12a + 36 The smaller rectangles have area 12 × a = 12a and

12 × 3 = 36.

c Using brackets: (a + 7)(b + 2) The whole rectangle has height a + 7 and width b + 2.

Note that brackets are used to ensure we are multiplying

the entire height by the entire width.

Without brackets: ab + 2a + 7b + 14 The diagram can be split into four rectangles, with areas

ab, 2a, 7b and 14.
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Example 14 Expanding using the distributive law

Expand the following expressions.

5(x + 3)a 8(a - 4)b

3(a + 2b)c 5a(3p - 7q)d

SOLUTION EXPLANATION

a 5(x + 3) = 5 × x + 5 × 3

= 5x + 15

Use the distributive law: 5(x + 3) = 5x + 5 × 3

Simplify the result.

b 8(a - 4) = 8 × a - 8 × 4

= 8a - 32

Use the distributive law with subtraction:

8(a − 4) = 8a − 8 × 4

Simplify the result.

c 3(a + 2b) = 3 × a + 3 × 2b

= 3a + 6b

Use the distributive law:

3(a + 2b) = 3a + 3 × 2b

Simplify the result, remembering that

3 × 2b = 6b.

d 5a(3p - 7q) = 5a × 3p - 5a × 7q

= 15ap - 35aq

Expanding: 5a(3p − 7q) = 5a × 3p − 5a × 7q

Simplify the result, remembering that

5a × 3p = 15ap and 5a × 7q = 35aq.

Exercise 5F

1Example 12 The expression 3(a + 2) can be written as (a + 2) + (a + 2) + (a + 2).

Simplify this expression by collecting like terms.a

Write 2(x + y) in full without brackets and simplify the result.b

Write 4(p+ 1) in full without brackets and simplify the result.c

Write 3(4a+ 2b) in full without brackets and simplify the result.d

2 The area of the rectangle shown can be written as 4(x+ 3).

What is the area of the green rectangle?a

What is the area of the red rectangle?b

Write the total area as an expression, without using brackets.c

x 3

4

U
N
D
E
R
S
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N
D
IN
G

—1–4 2, 3
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5F

3 Copy and complete the following calculation using the distributive law.

a 3 × 21 = 3 × (20 + 1)

 = 3 × 20 + 3 × 1

 =             +  

 = 

b 7 × 34 = 7 × (30 + 4)

= 7 ×      + 7 × 

=             +  

= 

c 5 × 19 = 5 × (20 − 1)

= 5 ×       − 5 × 

=               

= 
−

4 a Copy and complete the following table. Remember to follow the rules for correct order

of operations.

4(x + 3) 4x + 12

x = 1 = 4(1 + 3)

= 4(4)

= 16

= 4(1) + 12

= 4 + 12

= 16

x = 2

x = 3

x = 4

b Fill in the gap: The expressions 4(x + 3) and 4x + 12 are __________.

U
N
D
E
R
S
TA
N
D
IN
G

5Example 13 For the following rectangles, write two equivalent expressions for the area.

4

12

xa 8

9

z

b 3

3

a

b

c

6Example 14a,b Use the distributive law to expand the following.

6(y + 8)a 7(l + 4)b 8(s + 7)c 4(2 + a)d

7(x + 5)e 3(6 + a)f 9(9 - x)g 5(j - 4)h

8(y - 8)i 8(e - 7)j 6(e - 3)k 10(8 - y)l

F
L
U
E
N
C
Y

5, 6–8(½)5, 6–7(½) 5, 6–8(½)
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5F

7Example 14c Use the distributive law to expand the following.

10(6g - 7)a 5(3e + 8)b 5(7w + 10)c 5(2u + 5)d

7(8x - 2)e 3(9v - 4)f 7(q - 7)g 4(5c - v)h

2(2u + 6)i 6(8l + 8)j 5(k - 10)k 9(o + 7)l

8Example 14d Use the distributive law to expand the following.

6i(t - v)a 2d(v + m)b 5c(2w - t)c 6e(s + p)d

d(x + 9s)e 5a(2x + 3v)f 5j(r + 7p)g i(n + 4w)h

8d(s - 3t)i f(2u + v)j 7k(2v + 5y)k 4e(m + 10y)l

F
L
U
E
N
C
Y

9 Write an expression for each of the following and then expand it.

A number, x, has 3 added to it and the result is multiplied by 5.a

A number, b, has 6 added to it and the result is doubled.b

A number, z, has 4 subtracted from it and the result is multiplied by 3.c

A number, y, is subtracted from 10 and the result is multiplied by 7.d

10 In a school classroom there is one teacher as well as an unknown number of boys and girls.

If the number of boys is b and the number of girls is g, write an expression for the total

number of people in the classroom, including the teacher.

a

The teacher and all the students are each wearing two socks. Write two different expressions

for the total number of socks being worn, one with brackets and one without.

b

P
R
O
B
L
E
M
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O
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G
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5F

11 When expanded, 4(3x + 6y) gives 12x + 24y. Find two other expressions that expand

to 12x + 24y.

12 The distance around a rectangle is given by the expression 2(l + w), where l is the length and w

is the width. What is an equivalent expression for this distance?

P
R
O
B
L
E
M
-S
O
LV
IN
G

13 Use a diagram of a rectangle like that in Question 2 to demonstrate that 5(x + 3) = 5x + 15.

14 Use a diagram of a rectangle to prove that (a + 2)(b + 3) = ab + 2b + 3a + 6.

15 When expanded, 5(2x + 4y) gives 10x + 20y.

How many different ways can the missing numbers be �lled with whole numbers for the

equivalence ( x + y) = 10x + 20y?

a

How many different expressions expand to give 10x + 20y if fractions or decimals are

included?

b

R
E
A
S
O
N
IN
G

14, 1513 13, 14

Expanding sentences

16 Using words, people do a form of expansion. Consider these two statements:

Statement A: ‘John likes tennis and football.’

Statement B: ‘John likes tennis and John likes football.’

Statement B is an ‘expanded form’ of statement A, which is equivalent in its meaning but more

clearly shows that two facts are being communicated. Write an ‘expanded form’ of the

following sentences.

a Rosemary likes Maths and English.

b Priscilla eats fruit and vegetables.

c Bailey and Lucia like the opera.

d Frank and Igor play video games.

e Pyodir and Astrid like fruit and vegetables.

(Note: There are four facts being communicated in

part e.)

E
N
R
IC
H
M
E
N
T
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5G Algebraic modelling EXTENDING

An algebraic expression can be used to describe problems

relating to many different areas, including costs, speeds

and sporting results. Much of modern science relies on the

application of algebraic rules and formulas. It is important

to be able to convert word descriptions of problems to

mathematical expressions in order to solve these problems

mathematically.

Let’s start: Garden bed area

The garden shown at right

has an area of 34 m2, but

the width and length are

unknown.

• What are some possible

values that w and l could

equal?

area = 34 m2

3 m

2 m

w = ?

l = ?

• Try to �nd the dimensions of the garden that make the fencing around the outside as small as

possible.

In many sports, results and details can be
expressed using algebra.

Key
ideas

Many different situations can be modelled with algebraic expressions.

To apply an expression, the pronumerals should be de�ned clearly. Then known values should be

substituted for the pronumerals.

Example 15 Applying an expression

The perimeter of a rectangle is given by the expression 2w + 2l, where w is the width and l is the height.

a Find the perimeter of a rectangle if w = 5 and l = 7.

b Find the perimeter of a rectangle with width 8 cm and length 3 cm.

SOLUTION EXPLANATION

a 2w + 2l = 2(5) + 2(7)

= 10 + 14

= 24

To apply the rule, we substitute w = 5 and l = 7

into the expression.

Evaluate using the normal rules of arithmetic

(i.e. multiplication before addition).

b 2w + 2h = 2(8) + 2(3)

= 16 + 6

= 22 cm

Substitute w = 8 and h = 3 into the expression.

Evaluate using the normal rules of arithmetic,

remembering to include appropriate units (cm)

in the answer.
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Example 16 Constructing expressions from problem descriptions

Write expressions for each of the following.

a The total cost, in dollars, of 10 bottles, if each bottle costs $x.

b The total cost, in dollars, of hiring a plumber for n hours. The plumber charges a $30 call-out fee

plus $60 per hour.

c A plumber charges a $60 call-out fee plus $50 per hour. Use an expression to �nd how much an

8-hour job would cost.

SOLUTION EXPLANATION

a 10x Each of the 10 bottles costs $x, so the total

cost is 10 × x = 10x.

b 30 + 60n For each hour, the plumber charges $60, so

must pay 60 × n = 60n. The $30 call-out fee is

added to the total bill.

c Expression for cost: 60 + 50n

If n = 8, then cost is 60 + 50 × 8 = $460

Substitute n = 8 to �nd the cost for an 8-hour

job. Cost will be $460.

Exercise 5G

1 The area of a rectangle is given by the expression w × l, where w is its width and l is its length.

Find the area if w = 5 and l = 7.a

Find the area if w = 2 and l = 10.b

2 The perimeter of a square with width w is given by the expression 4w.

Find the perimeter of a square with width 6 cm (i.e. w = 6).a

Find the perimeter of a square with width 10 m (i.e. w = 10).b

3 Consider the equilateral triangle shown.

Write an expression that gives the perimeter of this triangle.a

Use your expression to �nd the perimeter if x = 12.b xx

x

U
N
D
E
R
S
TA
N
D
IN
G

—1–3 3
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5G

4Example 16a If pens cost $2 each, write an expression for the cost, in dollars, of n pens.

5 If pencils cost $x each, write an expression for the cost, in

dollars, of:

10 pencilsa

3 packets of pencils, if each packet contains 5 pencilsb

k pencilsc

6 A car travels at 60 km/h, so in n hours it has

travelled 60n kilometres.

a How far does the car travel in 3 hours (i.e.

n = 3)?

b How far does the car travel in

30 minutes?

c Write an expression for the total distance

(in km) travelled in n hours for a

motorbike with speed 70 km/h.

7 A carpenter charges a $40 call-out fee and then $80 per hour. This means the total cost,

in dollars, for x hours of work is 40 + 80x.

How much would it cost for a 2-hour job (i.e. x = 2)?a

How much would it cost for a job that takes 8 hours?b

The call-out fee is increased to $50. What is the new expression for the total cost,

in dollars, of x hours?

c

8Example 16b Match up the word problems with the expressions (A to E) below.

The area of a rectangle with

height 5 and width x.

a 10 + 2xA

The perimeter of a rectangle with

height 5 and width x.

b 5xB

The total cost, in dollars, of hiring

a DVD for x days if the price

is $1 per day.

c 5 + xC

The total cost, in dollars, of hiring

a builder for 5 hours if the builder

charges a $10 call-out fee

and then $x per hour.

d xD

The total cost, in dollars, of buying

a $5 magazine and a book that costs $x.

e 10 + 5xE

F
L
U
E
N
C
Y

5–84–7 4–8
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5G

9 A plumber charges a $50 call-out fee and $100 per

hour.

Copy and complete the table below.

Number of hours 1 2 3 4 5

Total costs ($)

a

Find the total cost if the plumber works for t

hours. Give an expression.

b

Substitute t = 30 into your expression to �nd

how much it will cost for the plumber to work 30 hours.

c

10 To hire a tennis court, you must pay a $5 booking fee plus $10 per hour.

What is the cost of booking a court for 2 hours?a

What is the cost of booking a court for x hours? Write an expression.b

A tennis coach hires a court for 7 hours. Substitute x = 7 into your expression to �nd

the total cost.

c

11 Adrian’s mobile phone costs 30 cents to make a connection, plus 60 cents per minute of talking.

This means that a t-minute call costs 30 + 60t cents.

What is the cost of a 1-minute call?a

What is the cost of a 10-minute call? Give your answer in dollars.b

Write an expression for the cost of a t-minute call in dollars.c

12 In Australian Rules football a goal is worth 6

points and a ‘behind’ is worth 1 point.

This means the total score for a team is 6g + b, if g

goals and b behinds are scored.

What is the score for a team that has scored 5

goals and 3 behinds?

a

What are the values of g and b for a team that

has scored 8 goals and 5 behinds?

b

If a team has a score of 20, this could be

because g = 2 and b = 8. What are the other

possible values of g and b?

c

13 In a closing-down sale, a shop sells all CDs for $c each, books cost $b each and DVDs cost

$d each. Claudia buys 5 books, 2 CDs and 6 DVDs.

What is the cost of Claudia’s order? Give your answer as an expression involving b, c and d.a

Write an expression for the cost of Claudia’s order if CDs doubled in price and DVDs

halved in price.

b

As it happens, the total price Claudia ends up paying is the same in both situations.

Given that CDs cost $12 and books cost $20 (so c = 12 and b = 20), how much do

DVDs cost?

c

P
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5G

14 A shop charges $c for a box of tissues.

Write an expression for the total cost, in dollars, of buying n boxes of tissues.a

If the original price is tripled, write an expression for the total cost, in dollars, of buying

n boxes of tissues.

b

If the original price is tripled and twice as many boxes are bought, write an expression

for the total cost in dollars.

c

15 Hiring a basketball court costs $10 for a booking fee, plus $30 per hour.

Write an expression for the total cost in dollars to hire the court for x hours.a

For the cost of $40, you could hire the court for 1 hour. How long could you hire the court

for the cost of $80?

b

Explain why it is not the case that hiring the court for twice as long costs twice as much.c

Find the average cost per hour if the court is hired for a 5 hour basketball tournament.d

Describe what would happen to the average cost per hour if the court is hired for many hours

(e.g. more than 50 hours).

e

R
E
A
S
O
N
IN
G

14, 1514 14

Mobile phone mayhem

16 Rochelle and Emma are on different mobile phone plans, as shown below.

Connection Cost per minute

Rochelle 20 cents 60 cents

Emma 80 cents 40 cents

Write an expression for the cost

of making a t-minute call using

Rochelle’s phone.

a

Write an expression for the cost

of making a t-minute call using

Emma’s phone.

b

Whose phone plan would be

cheaper for a 7-minute call?

c

What is the length of call for

which it would cost exactly the

same for both phones?

d

Investigate current mobile phone

plans and describe how they compare to those of Rochelle’s

and Emma’s plans.

e

E
N
R
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H
M
E
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T
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Investigation

Fencing paddocks

A farmer is interested in fencing off a large number of 1 m × 1 m foraging regions for the chickens.

Consider the pattern below.

n = 1

n = 2

n = 3

n = 4

a For n = 2, the outside perimeter is 8 m, the area is 4 m2 and the total length of fencing required is

12 m. Copy and complete the following table.

n 1 2 3 4 5 6

Outside perimeter (m) 8

Area (m2) 4

Fencing required 12

b Write an expression for:

the total outside perimeter of the fenced sectioni

the total area of the fenced section.ii

c The farmer knows that the expression for the total amount of fencing is one of the following. Which

one is correct? Prove to the farmer that the others are incorrect.

6ni (n + 1)2ii n × 2 × (n + 1)iii

d Use the correct formula to work out the total amount

of fencing required if the farmer wants to have a total

area of 100 m2 fenced off.
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298 Chapter 5 Algebra

In a spreadsheet application these calculations can be made automatically. Set up a spreadsheet as

follows.

Drag down the cells until you have all the rows from n = 0 to n = 30.

e Find the amount of fencing needed if the farmer wants the total area to be at least:

25 m2i 121 m2ii

400 m2iii 500 m2iv

f If the farmer has 144 m of fencing, what is the maximum area his grid could have?

g For each of the following lengths of fencing, give the maximum area, in m2, that the farmer

could contain in the grid.

50 mi 200 mii 1 kmiii 40 kmiv

h In the end, the farmer decides that the overall grid does not need to be a square, but could be

any rectangular shape. Design rectangular paddocks with the following properties.

a perimeter = 20 m and area = 21 m2

b perimeter = 16 m and fencing required = 38 m2

c area = 1200 m2 and fencing required = 148 m

d perimeter = 1 km and fencing required is less than 1.5 km
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Problems and challenges
Up for a challenge? If you

get stuck on a question,

check out the 'Working

with unfamiliar problems'

poster at the end of the

book to help you.

1 If x + y = 8 and y + m = 17 �nd the value of x + 2y + m.

2 A square is cut in half and the two identical

rectangles are joined to form a rectangle as

shown in this diagram.

Find an expression for the perimeter of the rectangle if the square has a side length of:

2ma 4(x + 3)b w + yc

3 These two identical ‘L’ shapes are to be

joined along identical (matching) sides

without any overlap. Find a simpli�ed

algebraic expression for the largest

and smallest possible perimeters of the

joined shapes and also for the difference

between these two perimeters.

x + 3 x + 3

2(x + 5)2(x + 5)

Calculate this difference when x = 10 cm. The diagrams are not drawn to scale.

4 In a list of �ve consecutive integers, the middle integer is 3a + 2. Find two equivalent expressions

for the sum of these �ve integers: one expanded and simpli�ed, and one factorised.

5 Find the values of the pronumerals below in the following sum/product tables.

a Sum

a b c

d 24 32

Sum 12 e 48

b Product

a b 18

2 c d

Product 12 e 180

6 What is the coef�cient of x once the expression x + 2(x + 1) + 3(x + 2) +

4(x + 3) +… + 100(x + 99) is simpli�ed completely?

7 Think of any number and then perform the following operations. Add 5, then double the result,

then subtract 12, then subtract the original number, then add 2. Use algebra to explain why you now

have the original number again. Then design a puzzle like this yourself and try it on friends.
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Always equal when pronumerals

are substituted.

e.g. 2x + 3 and 3 + 2x are equivalent. 

       4(3x) and 12x are equivalent.

To simplify an expression, find a

simpler expression that is equivalent.

Algebra

Combination of numbers, pronumerals

and operations, e.g. 2xy + 3yz,      − 3 

3(a + 4) = 3a + 12

5k(10 − 2j ) = 50k − 10kj

Using the distributive law gives an

equivalent expression.

Algebraic expressions

Equivalent expressions

Expanding brackets (Ext)

Cost is 50 + 90x

w

l

call-out

fee

hourly

rate

Applications (Ext)

e.g. 4a + 2 + 3a = 7a + 2 

3b + 5c + 2b − c = 5b + 4c

12xy + 3x − 5yx = 7xy + 3x

Combining like terms gives a 

way to simplify.

Replacing pronumerals with values.

e.g. 5x + 2y when x =10 & y = 3 

becomes 5(10) + 2(3) = 50 + 6 = 56

e.g. q2 when q = 7 becomes 72 = 49 

Substitution

are letters used to represent numbers

g: number of grapes in a bunch

d: distance travelled (in metres)

Pronumerals 

combined with ×, ÷ 

e.g. 4x, 10y,     , 12a
3

Terms are pronumerals and numbers 

6 more than k: k + 6 

Product of 4 and x :  4x 

10 less than b: b − 10  

Half of q:  

The sum of a and b is 

tripled:  3(a + b)

q

2

3a means 3 × a 

    means b ÷ 10 b

10

Creating expressions

Like terms have exactly the same

pronumerals.

5a and 3a

2ab and 12ba

7ab and 2a

Commonly used expressions 

A = l × w 

P = 2l + 2w 

12
x
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Multiple-choice questions

15A In the expression 3x + 2y + 4xy + 7yz the coef�cient of y is:

3A 2B 4C 7D 16E

25B If t = 5 and u = 7, then 2t + u is equal to:

17A 32B 24C 257D 70E

35B If x = 2, then 3x2 is equal to:

32A 34B 12C 25D 36E

45D Which of the following pairs does not consist of two like terms?

3x and 5xA 3y and 12yB 3ab and 2abC

3cd and 5cD 3xy and yxE

55D A fully simpli�ed expression equivalent to 2a + 4 + 3b + 5a is:

4A 5a + 5b + 4B 10ab + 4C

7a + 3b + 4D 11abE

65E The simpli�ed form of 4x × 3yz is:

43xyzA 12xyB 12xyzC 12yzD 4x3yzE

75E The simpli�ed form of
21ab

3ac
is:

7b

c
A

7ab

ac
B

21b

3c
C 7D

b

7c
E

85F When brackets are expanded, 4(2x + 3y) becomes:

Ext
8x + 3yA 2x + 12yB 8x + 8yC 24xD 8x + 12yE

95F The fully simpli�ed form of 2(a + 7b) - 4b is:

Ext
2a + 10bA 2a + 3bB a + 3bC

2a + 14b - 4bD 2a + 18bE

105A A number is doubled and then 5 is added. The result is then tripled. If the number is

represented by k, then an expression for this description is:

3(2k + 5)A 6(k + 5)B 2k + 5C

2k + 15D 30kE

Short-answer questions

15A a List the four individual terms in the expression 5a + 3b + 7c + 12.

b What is the constant term in the expression above?

25A Write an expression for each of the following.

7 is added to ua k is tripledb 7 is added to half of rc

10 is subtracted from hd the product of x and ye x is subtracted from 12f

C
ha
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35B If u = 12, �nd the value of:

u + 3a 2ub
24

u
c 3u - 4d

45B If p = 3 and q = 5, �nd the value of:

pqa p + qb 2(q - p)c 4p + 3qd

55B If t = 4 and u = 10, �nd the value of:

t2a 2u2b 3 +
√

tc
√

10tud

65C For each of the following pairs of expressions, state whether they are equivalent (E) or not

equivalent (N).

5x and 2x + 3xa 7a + 2b and 9abb

3c - c and 2cc 3(x + 2y) and 3x + 2yd

75D Classify the following pairs as like terms (L) or not like terms (N).

2x and 5xa 7ab and 2ab 3p and pc

9xy and 2yxd 4ab and 4abae 8t and 2tf

3p and 3g 12k and 120kh

85D Simplify the following by collecting like terms.

2x + 3 + 5xa 12p - 3p + 2pb 12b + 4a + 2b + 3a + 4c

12mn + 3m + 2n + 5nmd 1 + 2c + 4h - 3o + 5ce 7u + 3v + 2uv - 3uf

95E Simplify the following expressions involving products.

3a × 4ba 2xy × 3zb 12f × g × 3hc 8k × 2 × 4lmd

105E Simplify the following expressions involving quotients.

3u

2u
a

12y

20y
b

2ab

6b
c

12xy

9yz
d

115F Expand the following expressions using the distributive law.

Ext
3(x + 2)a 4(p - 3)b 7(2a + 3)c 12(2k + 3l)d

125F

Ext

Give two examples of expressions that expand to give 12b + 18c.

135G

Ext

If tins of paints weigh 9 kg, write an expression for the weight in kg of t tins of paint.

145G

Ext

If there are g girls and b boys in a room, write an expression for the total number of children

in the room.

155G

Ext

Write an expression for the total number of books that Analena owns if she has x �ction books

and twice as many non-�ction books.
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Extended-response questions

1 A taxi driver charges $3.50 to pick up

passengers and then $2.10 per kilometre

travelled.

a State the total cost if the trip length is:

10 kmi

20 kmii

100 kmiii

b Write an expression for the total cost, in dollars, of travelling a distance of d kilometres.

c Use your expression to �nd the total cost of travelling 40 km.

d Prove that your expression is not equivalent to 2.1 + 3.5d by substituting in a value for d.

e Another taxi driver charges $6 to pick up passengers and then $1.20 per kilometre. Write an

expression for the total cost (in dollars) of travelling d kilometres in this taxi.

2 An architect has designed a room, shown opposite, for which x and y are unknown.

(All measurements are in metres.)

a Find the perimeter of this room if x = 3 and y = 2.

b It costs $3 per metre to install skirting boards around the perimeter

of the room. Find the total cost of installing skirting boards if the

room’s perimeter is x = 3 and y = 2.

c Write an expression for the perimeter (in metres) of the room and

simplify it completely. 3

x + 2

x + 5

x + y

y

x

d Write an expanded expression for the total cost, in dollars, of installing skirting boards along the

room’s perimeter.

e Write an expression for the total Koor area in m2.
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Chapter

N U M B E R  A N D  A L G E B R A

Real numbers

Multiply and divide fractions and decimals 

using efficient written strategies and digital 

technologies (VCMNA244)

Round decimals to a specified number of 

decimal places (VCMNA246)

Connect fractions, decimals and percentages 

and carry out simple conversions (VCMNA247)

Victorian curriculum

Find percentages of quantities and 

express one quantity as a percentage of 

another, with and without digital technologies. 

(VCMNA248)

Money and financial mathematics

Investigate and calculate ‘best buys’, with and 

without digital technologies (VCMNA250)

 6A  Decimals and place value 

(Consolidating)

 6B Rounding decimals

 6C  Addition and subtraction of 

decimals (Consolidating)

 6D  Multiplying and dividing by powers 

of 10

What you will learn

 6E Multiplication of decimals

 6F Division of decimals

 6G Decimals and fractions

 6H Decimals and percentages

6 Decimals
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The calculation of lap times and finishing 

times of the Australian MotoGP at Phillip 

Island is the responsibility of a group of timing 

officials, who, with the aid of the latest time 

keeping technology from Tissot, calculate 

the time for each rider correct to the nearest 

millisecond. They do this by placing a high 

tech radio module underneath the front 

fairing of each bike, which communicates 

with the digital sensors placed along the 

track, including the finish line. This timing 

technology, along with high-speed cameras, 

is used to ensure that a single winner can be 

crowned.

In 2015 the race was won by 0.249 

seconds by Marc Marquez with a race time of 

40’33.849 (40 minutes and 33.849 seconds). 

His grid time for the race was 1’28.364. He 

had pole position and beat the 2015 world 

champion Jorge Lorenzo, who came in 

second. On the 4448 m Phillip Island circuit, 

Marc’s fastest lap time of 1’28.108 is a record 

for the course. This time was first recorded 

in 2013, a race won by Jorge Lorenzo, in a 

time of 29’07.155 on the reduced 19 laps in a 

race full of drama, including bike swaps and 

tyre issues and a race in which Marc was 

disqualified.

Decimals at the MotoGP
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6A Decimals and place value CONSOLIDATING

Some quantities change by whole number amounts, such

as the number of people in a room, but there are many

quantities that increase or decrease continuously, such as

your height, weight and age. We often talk about age as

a whole number (e.g. Mike is 12 years old) but, in reality,

our age is an ever-increasing (continuous) quantity. For

example, if Mike is 12 years, 4 months, 2 weeks, 3 days,

5 hours, 6 minutes and 33 seconds old, then Mike is

actually 12.380 621 47 years old!

The price of chocolate bar is often expressed

using decimals. e.g $2.85

There are many numbers in today’s society that are not whole numbers. For example, it is unusual to

buy an item in a supermarket that is simply a whole number of dollars. The price of almost all shopping

items involves both dollars and cents. A chocolate bar may cost $1.95, which is an example of a decimal

number.

Let’s start: Split-second timing

Organise students into pairs and use a digital stopwatch. Many students’ watches will have a suitable

stopwatch function.

• Try to stop the stopwatch on exactly 10 seconds. Have two attempts each.

Were you able to stop it exactly on 10.00 seconds? What was the closest time?

• Try these additional challenges with your partner.

Stop the watch exactly on:a 12
1

2
secondsi 8.37 secondsii

9
7

10
secondsiii 14.25 secondsiv

How quickly can you start and stop the stopwatch?b

How accurately can you time 1 minute without looking at the stopwatch?c

Key
ideas

A decimal point is used to separate the whole number from the decimal or fraction part.

When dealing with decimal numbers, the place value table must be extended to involve tenths,

hundredths, thousandths etc.

The number 428.357 means:

Hundreds Tens Units . Tenths Hundredths Thousandths

4 2 8 . 3 5 7

4 × 100 2 × 10 8 × 1 . 3 ×
1
10

5 ×
1

100
7 ×

1
1000

400 20 8 .
3
10

5
100

7
1000
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Example 1 Understanding decimal place value

What is the value of the digit 8 in the following numbers?

12.85a 6.1287b

SOLUTION EXPLANATION

a The value of 8 is
8

10
The 8 is in the 5rst column after the decimal

point, which is the tenths column.

b The value of 8 is
8

1000
The 8 is in the third column after the decimal

point, which is the thousandths column.

Example 2 Changing to decimals

Express each of the following proper fractions and mixed numerals as decimals.

7

10
a

5

100
b 3

17

100
c

SOLUTION EXPLANATION

a
7

10
= 0.7

7

10
means seven-tenths, so put the 7 in the

tenths column.

b
5

100
= 0.05

5

100
means 5ve-hundredths, so put the 5 in the

hundredths column.

c 3
17

100
= 3.17 3

17

100
means 3 units and 17 one-hundredths.

17 hundredths is one-tenth and

seven-hundredths.
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Example 3 Arranging decimal numbers in order

Arrange the following decimal numbers in ascending order (i.e. smallest to largest).

3.72, 7.23, 2.73, 2.37, 7.32, 3.27

SOLUTION EXPLANATION

2.37, 2.73, 3.27, 3.72, 7.23, 7.32 The units column has a higher value than the tenths

column, and the tenths column has a higher value than

the hundredths column.

2.73 is bigger than 2.37 because it has seven-tenths,

which is bigger than three-tenths.

Exercise 6A

1 For the number 58.237, give the value of the following digits.

2a 3b 7c

2 A stopwatch is stopped at 36.57 seconds.

What is the digit displayed in the tenths column?a

What is the digit displayed in the units column?b

What is the digit displayed in the hundredths column?c

Is this number closer to 36 or 37 seconds?d

3Example 1 What is the value of the digit 6 in the following numbers?

23.612a 17.46b 80.016c 0.693d

16.4e 8.568 13f 2.3641g 11.926h

U
N
D
E
R
S
TA
N
D
IN
G

—1–3 3

4 State whether each of the following statements is true or false.

7.24 < 7.18a 21.32 < 20.89b 4.61 > 4.57c 8.09 > 8.41d

25.8 Ä 28.5e 2.1118 Ä 2.8001f 7.93 Å 8.42g 11.11 Å 11.109h

3

10
=

30

100
i

7

10
=

70

100
j

5

10
¢ 5k

2

10
¢

20

100
l

5Example 2a,b Express each of the following proper fractions as a decimal.

3

10
a

8

10
b

15

100
c

23

100
d

9

10
e

2

100
f

121

1000
g

74

1000
h

F
L
U
E
N
C
Y

4–7(½)4–7(½) 4–7(½)
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6A

6Example 2c Express each of the following mixed numerals as a decimal.

6
4

10
a 5

7

10
b 212

3

10
c 1

16

100
d

14
83

100
e 7

51

100
f 5

7

100
g 18

612

1000
h

7 Write the following number phrases as decimals.

seven and six-tenthsa twelve and nine-tenthsb

thirty-three and four-hundredthsc twenty-six and 5fteen-hundredthsd

eight and forty-two hundredthse ninety-nine and twelve-thousandthsf

F
L
U
E
N
C
Y

8 Find the difference between each of the following decimal numbers and their nearest

whole number.

6.9a 7.03b 18.98c

16.5d 17.999e 4.99f

0.85g 99.11h

9Example 3 Arrange these groups of numbers in ascending order (i.e. smallest to largest).

3.52, 3.05, 3.25, 3.55a 30.6, 3.06, 3.6, 30.3b

17.81, 1.718, 1.871, 11.87c 26.92, 29.26, 29.62, 22.96, 22.69d

10 The batting averages for 5ve retired Australian Cricket test captains are: Adam Gilchrist 47.60,

Steve Waugh 51.06, Mark Taylor 43.49, Allan Border 50.56 and Kim Hughes 37.41.

a List the 5ve players in descending order of batting averages (i.e. largest to smallest).

b Ricky Ponting’s test batting average is 56.72. Where does this rank him in terms of the

retired Australian test captains listed above?
P
R
O
B
L
E
M
-S
O
LV
IN
G

9–118, 9 9, 10
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6A

11 The depth of a river at 9:00 am on six consecutive days was:

Day 1: 1.53 m Day 2: 1.58 m Day 3: 1.49 m

Day 4: 1.47 m Day 5: 1.52 m Day 6: 1.61 m

On which day was the river level highest?a

On which day was the river level lowest?b

On which days was the river level higher than the previous day?c

P
R
O
B
L
E
M
-S
O
LV
IN
G

12 a, b and c are digits and a > b > c. Write these numbers from smallest to largest. Note that the

dot represents the decimal point.

a.b, b.c, a.c, c.c, c.a, b.aa

a.bc, b.ca, b.bb, c.ab, c.bc, ba.ca, ab.ab, a.aa, a.cab

13 Write as decimals, if a is a digit.

a

10
a

a

100
b

a

10
+

a

100
c a +

a

10
+

a

1000
d

R
E
A
S
O
N
IN
G

12, 1312a 12

Different decimal combinations

14 a Write as many different decimal numbers as you can and place them in ascending order using:

the digits 0, 1 and a decimal point. Each digit can be used only once.i

the digits 0, 1, 2 and a decimal point. Each digit can be used only once.ii

the digits 0, 1, 2, 3 and a decimal point. Each digit can be used only once.iii

b Calculate the number of different decimal numbers that could be produced using the digits

0, 1, 2, 3, 4 and a decimal point.

E
N
R
IC
H
M
E
N
T

14— —
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6B Rounding decimals

Decimal numbers sometimes contain more decimal places

than we need. It is important that we are able to round

decimal numbers when working with money, measuring

quantities, including time and distance, or writing answers

to some division calculations.

For example, the distance around the school oval might be

0.39647 km, which rounded to 1 decimal place is 0.4 km

or 400 m. The rounded 5gure, although not precise, is

accurate enough for most applications.

Running events are electronically measured and rounded

to 2 decimal places. Usain Bolt has repeatedly broken

his own world records. In August 2009 he set a new

world record of 9.58 seconds over 100 m at the World

Championships in Germany, which was 11-hundredths

(0.11) of a second faster than his Beijing Olympic Games

(August 2008) record of 9.69 seconds.

Let’s start: Rounding brainstorm Usain Bolt’s 100-metre sprint world record

is measured to 2 decimal places.

1 In a group of four, brainstorm occasions when it may be useful to round or estimate decimal numbers.

Aim to get more than 10 common applications.

2 In pairs one person states a decimal number and the partner needs to state another decimal number that

would allow the two numbers to add up to a whole number. Use mental arithmetic only. Start with

1 decimal place and try to build up to 3 or 4 decimal places.

Key
ideas

Rounding involves approximating a decimal number to fewer decimal places.

To round a decimal:

• Cut the number after the required decimal place; e.g. round to 2 decimal places.

• To determine whether you should round your answer up or down, consider only the digit

immediately to the right of the speci5ed place. For rounding purposes this can be referred to

as the critical digit.

15.63 27

2 is the critical

digit in this example

‘cut’
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Key
ideas

• If the critical digit is less than 5 (i.e. 0, 1, 2, 3 or 4), then you round down. This means write

the original number to the place required, leaving off all other digits. This can be referred to

as simply leaving the number as it is.

• If the critical digit is 5 or more (i.e. 5, 6, 7, 8 or 9), then you round up. This means write the

original number to the place required, but increase this digit by 1. Leave off all other digits.

Example 4 Determining the critical digit

The following decimal numbers need to be rounded to 2 decimal places. Draw a line where the number

must be cut and then circle the critical digit.

23.5398a 1.75137b

SOLUTION EXPLANATION

a 2 3 . 5 3 | 9 8 A line is drawn directly after the speci5ed

number of decimal places, in this case, 2.

b 1 . 7 5 | 1 3 7 The critical digit is always the number straight

after the speci5ed number of decimal places.

Example 5 Rounding decimals to 1 decimal place

Round each of the following to 1 decimal place.

25.682a 13.5458b

SOLUTION EXPLANATION

a 25.7 The critical digit is 8 and therefore the tenths

column must be rounded up from a 6 to a 7.

b 13.5 The critical digit is 4 and therefore the tenths

column remains the same, in effect rounding

the original number down to 13.5.

Example 6 Rounding decimals to different decimal places

Round each of the following to the speci5ed number of decimal places.

Round 18.34728 to 3 decimal places.a Round 0.43917 to 2 decimal places.b

Round 7.59967 to 3 decimal places.c
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SOLUTION EXPLANATION

a 18.347 The critical digit is 2, therefore round down.

b 0.44 The critical digit is 9, therefore round up.

c 7.600 The critical digit is 6, therefore round up.

Rounding up has resulted in digits being carried

over.

Remember to show the stated number of decimal

places; hence, the zeros must be displayed.

Exercise 6B

1 For each of the following, select the closer alternative.

Is 5.79 closer to 5.7 or 5.8?a Is 2.4 closer to 2 or 3?b

Is 83 closer to 80 or 90?c Is 6.777 closer to 6.77 or 6.78?d

2Example 4 The following decimals need to be rounded, correct to 2 decimal places. Draw a line where the

number must be cut and then circle the critical digit that must be checked as to whether to round

up or down.

12.6453a 4.81932b 157.281c 4 001 565.38471d

0.06031e 203.5791f 66.6666g 7.995123h

3 To round correctly to a speci5ed number of places, you must know which digit is the critical

digit. Remember: The critical digit is always the digit immediately to the right of the speci5ed

number of places.

a State the critical digit in each of the following numbers.

25.8174 rounded to 1 decimal place.i Critical digit =

25.8174 rounded to 2 decimal places.ii Critical digit =

25.8174 rounded to 3 decimal place.iii Critical digit =

25.8174 rounded to the nearest whole number.iv Critical digit =

b State the correct rounded numbers for the numbers in parts i to iv above.

U
N
D
E
R
S
TA
N
D
IN
G

—1–3 3

4Example 5 Round each of the following to 1 decimal place.

14.82a 7.38b 15.62c 0.87d

6.85e 9.94f 55.55g 7.98h

F
L
U
E
N
C
Y

5–9(½)4–8(½) 4–9(½)

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



314 Chapter 6 Decimals

6B

5 Write each of the following correct to 2 decimal places.

3.7823a 11.8627b 5.9156c 0.93225d

123.456e 300.0549f 3.1250g 9.849h

56.2893i 7.121 999j 29.9913k 0.8971l

6Example 6a, b Round each of the following to the speci5ed number of decimal places, given as the number in

the brackets.

15.913 (1)a 7.8923 (2)b 235.62 (0)c 0.5111 (0)d

231.86 (1)e 9.3951 (1)f 9.3951 (2)g 34.712 89 (3)h

7Example 6c Round each of the following to the speci5ed number of decimal places.

23.983 (1)a 14.8992 (2)b 6.95432 (0)c 29.999731 (3)d

8 Round each of the following to the nearest whole number.

27.612a 9.458b 12.299c 123.72d

22.26e 117.555f 2.6132g 10.7532h

9 Round each of the following amounts to the nearest dollar.

$12.85a $30.50b $7.10c $1566.80d

$120.45e $9.55f $1.39g $36.19h

F
L
U
E
N
C
Y

10 Some wise shoppers have the habit of rounding all items to the nearest dollar as they place them

in their shopping basket. They can then keep a running total and have a close approximation as to

how much their 5nal bill will cost. Use this technique to estimate the cost of the following.

Jeanette purchases 10 items:

$3.25, $0.85, $4.65, $8.99, $12.30, $7.10, $2.90, $1.95, $4.85, $3.99

a

Adam purchases 12 items:

$0.55, $3.00, $5.40, $8.90, $6.90, $2.19, $3.20, $5.10, $3.15, $0.30, $4.95, $1.11

b

Jeanette’s actual shopping total is $50.83 and Adam’s is $44.75. How accurate were

Jeanette’s and Adam’s estimations?

c

P
R
O
B
L
E
M
-S
O
LV
IN
G

10, 1110 10, 11
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6B

11 Electronic timing pads are standard in National Swimming competitions. In a recent National

Under 15 100-m freestyle race, Edwina receives a rounded time of 52.83 seconds and Jasmine a

time of 53.17 seconds.

a If the timing pads can calculate times only to the nearest second, what will be the time

difference between the two swimmers?

b If the timing pads can calculate times only to the nearest tenth of a second, what will be the

time difference between the two swimmers?

c What is the time difference between the two swimmers, correct to 2 decimal places?

d If the timing pads can measure to 3 decimal places, what would be the quickest time that

Edwina could have swum the race in?

P
R
O
B
L
E
M
-S
O
LV
IN
G

12 Without using a calculator, evaluate 15.735 629 ÷ 7, correct to 2 decimal places. What is the least

number of decimal places you need to 5nd in the quotient to ensure that you have rounded

correctly to 2 decimal places?

13 Samara believes 0.449 999 should be rounded up to 0.5, but Cassandra believes it should be

rounded down to 0.4. Make an argument to support each of their statements, but then show the

Haw in one girl’s logic and clearly indicate which girl you think is correct.

R
E
A
S
O
N
IN
G

12, 1312 12

Rounding with technology

14 Most calculators are able to round numbers correct to a speci5ed number of places. Find out how

to do this on your calculator and check your answers to Questions 5 and 6.

15 Spreadsheet software packages can also round numbers correct to a speci5ed number of places.

Find out the correct syntax for rounding cells in a spreadsheet program, such as Microsoft Excel,

and then check your answers to Questions 7 and 8.

E
N
R
IC
H
M
E
N
T

14, 15— —
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6C Addition and subtraction of decimals CONSOLIDATING

Addition and subtraction of decimals follows the same procedures as those for whole numbers.

To add or subtract whole numbers you must line up the units, tens, hundreds and so on, and then you

add or subtract each column. When dealing with the addition or subtraction of decimals the routine is

the same.

Consider how similar the following two sums are:

51 1 4

2 7 2

1 0 6

8 9 2

51 1 . 4

2 7 . 2

1 0 . 6

8 9 . 2

Let’s start: What’s the total?

Each student thinks of three coins

(gold or silver) and writes their

total value on a sheet of paper. Each

student in the class then estimates

the total value of the amounts written

down in the classroom. Record each

student’s estimated total.

• Each student then writes the value

of the three coins they thought of

on the board (e.g. $2.70, $0.80

etc.).

• Students copy down the values

into their workbooks and add the

decimal numbers to determine
Accounting involves the addition and subtraction of decimal numbers.

the total value of the coins in the classroom.

• Which student has the closest estimated total?

Key
ideas

When adding or subtracting decimals, the decimal points and each of the decimal places must be

aligned under one another.

The location of the decimal point in the answer is directly in line with the location of each of the

decimal points in the question.

Once the numbers are correctly aligned, proceed as if completing whole number addition or

subtraction.

If the numbers of decimal places in the numbers being added or subtracted are different, it can be

helpful to place additional zeros in the ‘shorter’ number(s) to prevent calculation errors.
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Example 7 Adding decimals

Find:

8.31 + 5.93a 64.8 + 3.012 + 5.94b

SOLUTION EXPLANATION

a 18.31

+ 5.93

14.24

Make sure all decimal points and decimal

places are correctly aligned directly under one

another.

b 1614.800

3.012

+ 5.940

7 3.752

Align decimal points directly under one

another. Fill in missing decimal places with

additional zeros.

Carry out addition, following the same

procedure as that for addition of whole

numbers.

Example 8 Subtracting decimals

Find:

5.83 - 3.12a 146.35 - 79.5b

SOLUTION EXPLANATION

a 5.83

- 3.12

2.71

Make sure all decimal points and decimal

places are correctly aligned directly under one

another.

b

13 15 1

1 4 6 35

7 9 5

6 6 85

0

.

.

.

−

Align decimal points directly under one

another and 5ll in missing decimal places with

additional zeros.

Carry out subtraction, following the same

procedure as that for subtraction of whole

numbers.
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Exercise 6C

1 7.12, 8.5 and 13.032 must be added together. Which of the following is the best way to prepare

these numbers ready for addition?

7.12

8.5

+ 13.032

A 7.12

8.5

+ 13.032

B 7.120

8.500

+ 13.032

C 7.12

8.5

+ 13.032

D

2 Which of the following is the correct way to present and solve the subtraction problem

77.81 - 6.3?

77.81

- 6.3

84.11

A 77.81

- 6.30

71.51

B 7 7.81

- 6.3

14.81

C 77.8 1

- 6.3

77.18

D

U
N
D
E
R
S
TA
N
D
IN
G

—1, 2 2

3 Find each of the following.

13.25

+ 14.72

a 7.23

16.31

+ 2.40

b 210.0

22.3

+ 15.1

c 47.81

6.98

+ 3.52

d

4Example 7 Find each of the following.

12.45 + 3.61a 5.37 + 13.81 + 2.15b

312.5 + 31.25c 1.567 + 3.4 + 32.6d

5.882 + 3.01 + 12.7e 323.71 + 3.4506 + 12.9f

5 Find:

17.2

- 5.1

a 128.63

- 14.50

b 23.94

- 17.61

c 158.32

- 87.53

d

6Example 8 Find:

14.8 - 2.5a 234.6 - 103.2b

25.9 - 3.67c 31.657 - 18.2d

412.1 - 368.83e 5312.271 - 364.93f

F
L
U
E
N
C
Y

4–6(½)3–6(½) 3–6(½)
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6C

7 Find the missing numbers in the following sums.

3 .

+ 4 . 6

. 3

a 8. 9

+ . 7 5

4. 4

b 1. 1

+ . 1 1

1 1. 1

c . 3 6

2. 4 3

+ 1. 8 9

1. 3 9 5

d

8 How much greater is 262.5 than 76.31?

9 Stuart wants to raise $100 for the Rainbow Club charity. He already has three donations of

$30.20, $10.50 and $5.00. How much does Stuart still need to raise?

10 Daily rainfalls for 4 days over Easter were 12.5 mm, 3.25 mm, 0.6 mm and 32.76 mm.

What was the total rainfall over the 4-day Easter holiday?

11 Complete the addition table below.

+ 0.01 0.05 0.38 1.42

0.3 1.72

0.75 1.13

1.20 1.21 1.58

1.61 3.03

12 Michelle earned $3758.65 working part-time over a 1-year period. However, she was required

to pay her parents $20 per week for board for 52 weeks. Michelle also spent $425.65 on clothing

and $256.90 on presents for her family and friends during the year. She placed the rest of her

money in the bank. How much did Michelle bank for the year?

P
R
O
B
L
E
M
-S
O
LV
IN
G

10–127, 8 7–10

13 If a = 2.8, b = 1.31 and c = 3.928, 5nd:

a + b + ca a + b - cb c + b - ac c - (b + b)d

14 a Write down three numbers between 1 and 10, each with 2 decimal places, that would add to

11.16.

b Can you 5nd a solution to part a that uses each digit from 1 to 9 exactly once each?

R
E
A
S
O
N
IN
G

13, 1413 13

Money, money, money…

15 Investigate the following procedures and share your 5ndings with a friend.

a Choose an amount of money that is less than $10.00 (e.g. $3.25).

b Reverse the order of the digits and subtract the smaller number from the larger number

(e.g. $5.23 - $3.25 = $1.98).

c Reverse the order of the digits in your new answer and now add this number to your most

recent total (e.g. $1.98 + $8.91 = $10.89).

Did you also get $10.89? Repeat the procedure using different starting values.

Try to discover a pattern or a rule. Justify your 5ndings.

E
N
R
IC
H
M
E
N
T

15— —
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6D Multiplying and dividing by powers of 10

Powers of 10 include 101, 102, 103, 104, . . . , which correspond to the numbers 10, 100, 1000, 10 000, . . .

Note that the number of zeros in the number is the same as the power of 10 for that number. For example,

104 = 10 000, the number ten thousand has four zeros and it is equal to ten to the power of four.

Let’s start: Dynamic leap frog

A set of large number cards, enough for one card per student in the class, is required.

The set of cards should include the following digits, numbers and symbols:

0, 1, 2, 3, 4, 5, 6, 7, 8, 9, . , ×, ÷ , 1, 10, 100, 1000, 10 000, 100 000, 1 000 000

The decimal place card is vital! Cards should be big enough to be read from the back of the classroom. Any

of the digits can be doubled up to increase the total number of cards. Each student receives one card.

• Four students with one of the 0 to 9 digit cards

stand up at the front and make a 4-digit number.

• The student with the decimal place card then

positions themselves somewhere within this

number or on either end.

• Now a student with the × or ÷ operation comes up

the front.

• Finally, a student with a power of 10 card comes

up and performs the actual calculation by gently

moving the decimal place!

• Repeat a number of times with students swapping

cards on several occasions.

Key
ideas

Every number contains a decimal point but it is usually not shown in integers.

For example: 345 is 345.0 and 2500 is 2500.0

Extra zeros can be added in the column to the right of the decimal point without changing the

value of the decimal.

For example: 12.5 = 12.50 = 12.500 = 12.5000 etc.

When multiplying by powers of 10:

• Move the decimal point to the right the same number of places as there are zeros in the

multiplier.

For example, if multiplying by 1000, move the decimal point 3 places to the right.

5.7839 × 1000 = 5783.9

Note: The decimal point actually stays still and all the digits move three places to the left, but

this is harder to visualise.
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Key
ideas

When dividing by powers of 10:

• Move the decimal point to the left the same number of places as there are zeros in the

multiplier.

For example, if dividing by 100, move the decimal point 2 places to the left.

2975.6 ÷ 100 = 29.756

Note: The decimal point actually stays still and all the digits move two places to the right, but

this is harder to visualise.

Example 9 Multiplying by powers of 10

Evaluate:

36.532 × 100a 4.31 × 10 000b

SOLUTION EXPLANATION

a 36.532 × 100 = 3653.2 100 has two zeros, therefore decimal point

appears to move 2 places to the right. 36.532

b 4.31 × 10 000 = 43 100 Decimal point appears to move 4 places to

the right and additional zeros are inserted as

necessary. 4.3100

Example 10 Dividing by powers of 10

Evaluate:

268.15 ÷ 10a 7.82 ÷ 1000b

SOLUTION EXPLANATION

a 268.15 ÷ 10 = 26.815 10 has one zero, therefore decimal point is

moved 1 place to the left. 268.15

b 7.82 ÷ 1000 = 0.00782 Decimal point is moved 3 places to the left and

additional zeros are inserted as necessary.

.00782
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Example 11 Working with ‘the missing’ decimal point

Evaluate:

567 × 10 000a 23 ÷ 1000b

SOLUTION EXPLANATION

a 567 × 10 000 = 5 670 000 If no decimal point is shown in the question,

it must be at the very end of the number.

Four additional zeros must be inserted to move

the invisible decimal point 4 places to the

right. 5670000.

b 23 ÷ 1000 = 0.023 Decimal point is moved 3 places to

the left. 0.023

Example 12 Evaluating using order of operations

Calculate this expression, using the order of operations:

426 ÷ 100 + 10(0.43 × 10 - 1.6)

SOLUTION EXPLANATION

426 ÷ 100 + 10(0.43 × 10 - 1.6)

= 4.26 + 10(4.3 - 1.6)

= 4.26 + 10 × 2.7

= 4.26 + 27

= 31.26

First, we must calculate the brackets.

The division by 100 can also be done in the

5rst step.

10(4.3 - 2.6) means 10 × (4.3 - 2.6).

Exercise 6D

1 Fill in the correct number of zeros in the multiplier to make the following product statements

correct. The 5rst one has been done for you.

56.321 × 1 0 0 = 5632.1a

27.9234 × 1 = 27 923.4b

0.035 72 × 1 = 3.572c

3200 × 1 = 320 000 000d
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6D

2 Fill in the correct number of zeros in the divisor to make the following division statements

correct. The 5rst one has been done for you.

2345.1 ÷ 1 0 0 0 = 2.3451a 7238.4 ÷ 1 = 72.384b

0.003 67 ÷ 1 = 0.000 367c 890 ÷ 1 = 0.0089d

3 a How many places and in what direction does the decimal point in the number appear to move

if the following operations occur?

× 100i ÷ 10ii × 1 000 000iii ÷ 1iv

÷ 1000v × 1000vi × 10vii ÷ 10 000 000viii

b If all of the operations above had taken place on a number, one after the other, what would be

the 5nal position of the decimal place relative to its starting position?

U
N
D
E
R
S
TA
N
D
IN
G

4Example 9 Calculate:

4.87 × 10a 35.283 × 10b 422.27 × 10c

14.304 × 100d 5.699 23 × 1000e 1.259 63 × 100f

12.7 × 1000g 154.23 × 1000h 0.34 × 10 000i

213.2 × 10j 867.1 × 100 000k 0.005 16 × 100 000 000l

5Example 10 Calculate:

42.7 ÷ 10a 353.1 ÷ 10b 24.422 ÷ 10c

5689.3 ÷ 100d 12 135.18 ÷ 1000e 93 261.1 ÷ 10 000f

2.9 ÷ 100g 13.62 ÷ 10 000h 0.54 ÷ 1000i

36.7 ÷ 100j 0.02 ÷ 10 000k 1000.04 ÷ 100 000l

6 Calculate:

22.913 × 100a 0.031 67 × 1000b 4.9 ÷ 10c

22.2 ÷ 100d 6348.9 × 10 000e 1.0032 ÷ 1000f

7Example 11 Calculate:

156 × 100a 43 × 1000b 2251 ÷ 10c

16 ÷ 1000d 2134 × 100e 2134 ÷ 100f

7 ÷ 1000g 99 × 100 000h 34 ÷ 10 000i

F
L
U
E
N
C
Y

4–7(½)4–5(½), 7(½) 4–7(½)

8Example 12 Calculate the following, using the order of operations.

1.56 × 100 + 24 ÷ 10a 16 ÷ 100 + 32 ÷ 10b

3 + 10(24 ÷ 100 + 8)c 10(6.734 × 100 + 32)d

35.4 + 4.2 × 10 - 63.4 ÷ 10e 4.7 - 24 ÷ 10 + 0.52 × 10f

14 ÷ 100 + 1897 ÷ 1000g 78.1 - 10(64 ÷ 100 + 5)h P
R
O
B
L
E
M
-S
O
LV
IN
G

10–128(½), 9 8(½), 9, 10
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6D

9 A service station charges $1.37 per litre of petrol. How much will it cost Tanisha to 5ll her car

with 100 litres of petrol?

10 A large bee farm produces 1200 litres of honey per day.

a If there are 1000 millilitres in 1 litre, how many millilitres of honey can the farm’s bees

produce in one day?

b The farm’s honey is sold in 100 millilitre jars. How many jars of honey can the farm’s bees

5ll in one day?

11 Wendy is on a mobile phone plan that

charges her 3 cents per text message. On

average, Wendy sends 10 text messages per

day. What will it cost Wendy for 100 days

of sending text messages at this rate? Give

your answer in cents and then convert your

answer to dollars.

12 Darren wishes to purchase 10 000 shares at $2.12 per share. Given that there is also an additional

$200 brokerage fee, how much will it cost Darren to purchase the shares?

P
R
O
B
L
E
M
-S
O
LV
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G

13 The weight of a matchstick is 0.000 15 kg. Find the weight of 10 000 boxes of matches, with

each box containing 100 matches. The weight of one empty match box is 0.0075 kg.

14 Complete the table below, listing at least one possible combination of operations that would

produce the stated answer from the given starting number.

Starting number Answer Possible two-step operations

12.357 1235.7 × 1000, ÷ 10

34.0045 0.0340045

0.003 601 360.1

bac.dfg ba.cdfg ÷ 100, × 10

d.swkk dswkk

fwy f.wy

15 The number 12 345.6789 undergoes a series of multiplication and division operations by

different powers of 10. The 5rst four operations are: ÷ 1000, × 100, × 10 000 and ÷ 10. What is

the 5fth and 5nal operation if the 5nal number is 1.234 567 89?
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6DStandard form

16 Extremely large numbers and extremely small numbers are often written in a more practical way,

known as standard form or scienti5c notation.

For example, the distance from the Earth to the Sun is 150 000 000 kilometres! The distance of

150 million kilometres can be written in standard form as 1.5 × 108 kilometres.

On a calculator, 150 000 000 can be represented as 1.5E8.

1.5 × 108 and 1.5E8 represent the same large number and indicate that the decimal place needs to

be moved 8 places to the right.

1.5E8 = 1.5 × 108 = 1.5 × 100 000 000

= 150000000 .

a Represent these numbers in standard form.

50 000 000 000 000i 42 000 000ii 12 300 000 000 000 000iii

b Use a calculator to evaluate the following.

40 000 000 000 × 500 000 000i 9 000 000 × 120 000 000 000 000ii

c The distance from the Earth to the Sun is stated above as 150 million kilometres. The more

precise 5gure is 149 597 892 kilometres. Research how astronomers can calculate the

distance so accurately. Hint: It is linked to the speed of light.

d Carry out further research on very large numbers. Create a list of 10 very large numbers (e.g.

distance from Earth to Pluto, the number of grains in 1 kg of sand, the number of stars in the

galaxy, the number of memory bytes in a terabyte. . . ). Rank your 10 large numbers in

ascending order.

e How are very small numbers, such as 0.000000000035, represented in standard form?

f Represent the following numbers in standard form.

0.000001i 0.0000000009ii 0.000000000007653iii
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6E Multiplication of decimals

There are countless real-life applications

that involve the multiplication of decimal

numbers. For example, 5nding the area of a

block of land that is 34.5 m long and 5.2 m

wide, or pricing a 4.5-hour job at a rate of

$21.75 per hour. In general, the procedure

for multiplying decimal numbers is the

same as multiplying whole numbers. There

is, however, one extra 5nal step, which

involves placing the decimal point in the

correct position in the answer.

Let’s start: Multiplication musings
Finding the area of a block of land usually involves multiplying

decimals.

Consider the following questions within your group.

• What happens when you multiply by a number that is less than 1?

• Consider the product of 15 × 0.75. Will the answer be more or less than 15? Why?

• Estimate an answer to 15 × 0.75.

• What is the total number of decimal places in the numbers 15 and 0.75?

• Calculate 15 × 0.75. How many decimal places are there in the answer?

Key
ideas

When multiplying decimals, start by ignoring any decimal points and perform the multiplication

as you would normally. On arriving at your answer, place the decimal point in the correct

position.

The correct position of the decimal point in the answer is found by following the rule that the

total number of decimal places in the question must equal the number of decimal places in the

answer.

For example: 5.34 × 1.2 3 decimal places in the question

5.34 × 1.2 = 6.408 3 decimal places in the answer

534

12

1068

5340

6408

× decimal points

ignored here

It is always worthwhile estimating your answer. This allows you to check that your decimal point

is in the correct place and that your answer makes sense.

When multiplying by multiples of 10, initially ignore the zeros in the multiplier and any decimal

points and perform routine multiplication. On arriving at your answer, position your decimal

point, remembering to move your decimal point according to the rules of multiplying by

powers of 10.
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Example 13 Multiplying decimals

Calculate:

12.31 × 7a 3.63 × 6.9b

SOLUTION EXPLANATION

a 1231

× 7

8617

Perform multiplication, ignoring decimal

point.

There are 2 decimal places in the question, so

there will be 2 decimal places in the answer.

12.31 × 7 = 86.17 Estimation is less than 100 (¥ 12 × 7 = 84).

b 363

× 69

3267

21780

25047

Ignore both decimal points.

Perform routine multiplication.

Total of 3 decimal places in the question, so

there must be 3 decimal places in the answer.

3.63 × 6.9 = 25.047 Estimation is less than 28 (¥ 4 × 7 = 28).

Example 14 Multiplying decimals by multiples of 10

Calculate:

2.65 × 40 000a 0.032 × 600b

SOLUTION EXPLANATION

a 2.65 × 40 000 = 106 000

265

× 4

1060

∴ 10.60  × 10000 = 106000.

= 106000

Ignore the decimal point and zeros.

Multiply 265 × 4.

Position the decimal place in your answer.

There are 2 decimal places in the question,

so must have 2 decimal places in the answer.

Move the decimal point 4 places to the right.

b 0.032 × 600 = 19.2

32

× 6

192

∴ 0.192 × 100 = 19.2

Ignore the decimal point and zeros.

Multiply 32 × 6.

Position decimal place in the answer.

Shift decimal place 2 places to the right

because there are two zeros in the question.
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Exercise 6E

1 Work out the total number of decimal places in each of the following product statements.

4 × 6.3a 3.52 × 76b 42 × 5.123c

8.71 × 11.2d 5.283 × 6.02e 2.7 × 10.3f

4.87 × 3241.21g 0.003 × 3h 0.00103 × 0.0045i

2 Insert the decimal point into each of the following answers so that the multiplication is true.

6.4 × 3 = 192a 6.4 × 0.3 = 192b 0.64 × 0.3 = 192c

3 Why is it worthwhile to estimate an answer to a multiplication question involving decimals?

4 a What is the difference between a decimal point and a decimal place?

b How many decimal points and how many decimal places are in the number 423.1567?

5 Copy and complete the rule for multiplying decimal numbers (see the Key ideas in this section).

The total number of decimal places must equal the number of

in the answer.

U
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G

—1–5 5

6Example 13 Calculate:

5.21 × 4a 3.8 × 7b 22.93 × 8c

14 × 7.2d 3 × 72.82e 1.293 × 12f

3.4 × 6.8g 5.4 × 2.3h 0.34 × 16i

43.21 × 7.2j 0.023 × 0.042k 18.61 × 0.071l

7Example 14 Calculate:

2.52 × 40a 6.9 × 70b 31.75 × 800c

1.4 × 7000d 3000 × 4.8e 7.291 × 50 000f

0.0034 × 200g 0.0053 × 70 000h 3.004 × 30i

8 Calculate and then round your answer to the nearest dollar.

5 × $6.30a 3 × $7.55b 4 × $18.70c

$1.45 × 12d $30.25 × 4.8e 7.2 × $5200f

34.2 × $2.60g 0.063 × $70.00h 0.085 × $212.50i

F
L
U
E
N
C
Y

6–8(½)6–8(½) 6–8(½)

9 Anita requires 4.21 m of material for each dress she is making. She is planning to make a total of

seven dresses. How much material does she need?

10 The net weight of a can of spaghetti is 0.445 kg. Find the net weight of eight cans of spaghetti.

11 Jimbo ran 5.35 km each day for the month of March. How many kilometres did he run for the

month?
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11–139, 10 10–12
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6E

12 Bernard is making a cubby house for his children. He needs 32 lengths of timber, each 2.1 m

long.

a What is the total length of timber needed to build the cubby house?

b What is the cost of the timber if the price is $2.95 per metre?

13 A lawyer charges $125.00 per hour to assist her client. How much does the lawyer charge the

client if she works on the job for 12.25 hours?

P
R
O
B
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14 According to its manufacturer, a particular car can travel 14.2 km on 1 litre of petrol.

a How far could the car travel on 52 litres of petrol?

b The car has 23.4 litres of fuel in the tank and must complete a journey of 310 km. Will it

make the journey without refuelling?

c If the car does make the journey, how much petrol is left in the tank at the end of the trip? If

the car doesn’t make the journey, how many extra litres of fuel is needed?

15 Write down two numbers, each with 2 decimal places, that when multiplied by 1.83 will give an

answer between 0.4 and 0.5.

16 Write down one number with 4 decimal places that when multiplied by 345.62 will give an

answer between 1 and 2.

17 a If 68 × 57 = 3876, what is the answer to 6.8 × 5.7? Why?

b If 23 × 32 = 736, what is the answer to 2.3 × 32? Why?

c If 250 × 300 = 75 000, what is the answer to 2.5 × 0.3? Why?

d What is 7 × 6? What is the answer to 0.7 × 0.6? Why?

R
E
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15–1714 14, 15

Creating a simple cash register

18 Using a spreadsheet program, such as Excel, design a user-friendly cash register interface. You

must be able to enter up to 10 different items into your spreadsheet. You will need a quantity

column and a cost per item column.

Using appropriate formulas, the total cost of the bill should be displayed, and there should then

be room to enter the amount of money paid and, if necessary, what change should be given.

When your spreadsheet is set up, enter the following items.

4 chocolate bars @ $1.85 each toothpaste @ $4.95

3 loaves of bread @ $3.19 each 2 kg sausages @ $5.99 per kg

newspaper @ $1.40 tomato sauce @ $3.20

2 × 2 litres of milk @ $3.70 each washing powder @ $8.95

2 packets of Tim Tams @ $3.55 each 5 × 1.25 litres of soft drink @ $0.99 each

Money paid = $80.00

If your program is working correctly, the amount of change given should be $13.10.
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6F Division of decimals

Similar to multiplication of decimal numbers, there are countless real-life applications that involve the

division of decimal numbers. However, unlike multiplying decimal numbers, where we basically ignore

the decimal points until the very end of the question, with division we try to manipulate the question in

such a way as to prevent dividing by a decimal number.

Terminology reminders

Example: 24 ÷ 4 = 6 or
24

4
= 6 or

4

6
)

24

24 is known as the dividend (the amount you have, or the number being divided), 4 is known as the

divisor (the number doing the dividing) and 6 is known as the quotient (or the answer).

Let’s start: Division decisions

Consider the following questions within your group.

• What happens when you divide by a number that is less than 1?

• Consider the answer of 10 ÷ 0.2. Will the answer be more or less than 10? Why?

• Estimate an answer to 10 ÷ 0.2.

• Calculate the answer of 100 ÷ 2. How does this compare to the answer of 10 ÷ 0.2?

• Can you think of an easier way to calculate 21.464 ÷ 0.02?

Key
ideas

Division of decimal numbers by whole numbers

• Complete as you would normally with any other division question.

• The decimal point in the quotient (answer) goes directly above the decimal point in the

dividend.

For example: 60.524 ÷ 4

4

15.131
)

2 1
60.524

Division of decimal numbers by other decimals

• Change the divisor into a whole number.

• Whatever change is made to the divisor must also be made to the dividend.

For example: 24.562 ÷ 0.02

24.562 ÷ 0.02 = 2456.2 ÷ 2

• When dividing by multiples of 10, initially ignore the zeros in the divisor and perform routine

division. On arriving at your answer, you must then re-position your decimal point according

to the rules of dividing by powers of 10. For each zero in the question that you ignored

initially, the decimal point must move 1 place to the left.
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Example 15 Dividing decimals by whole numbers

Calculate:

42.837 ÷ 3a 0.0234 ÷ 4b

SOLUTION EXPLANATION

a 14.279

3

1 4.2 7 9
)

4
1
2.8

2
3
2
7

Carry out division, remembering that the

decimal point in the answer is placed directly

above the decimal point in the dividend.

b 0.005 85

4

0.00 5 8 5
)

0.02
2
3
3
4
2
0

Remember to place zeros in the answer every

time the divisor ‘doesn’t go’.

Again, align the decimal place in the answer

directly above the decimal place in the

question.

An additional zero is required at the end of the

dividend to terminate the decimal answer.

Example 16 Dividing decimals by decimals

Calculate:

62.316 ÷ 0.03a 0.03152 ÷ 0.002b

SOLUTION EXPLANATION

a 62.316 ÷ 0.03

= 6231.6 ÷ 3 = 2077.2

3

20 7 7.2
)

62
2
3
2
1.6

Need to divide by a whole number.

62.316 ÷ 0.03

Move each decimal point 2 places to the right.

Carry out the division question 6231.6 ÷ 3.

b 0.031 52 ÷ 0.002

= 31.52 ÷ 2 = 15.76

2

1 5. 7 6
)

3
2
1.
1
5
1
2

Multiply divisor and dividend by 1000.

0.03152 ÷ 0.002

Move each decimal point 3 places to the right.

Carry out the division question 31.52 ÷ 2.
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Example 17 Dividing decimals by multiples of 10

Calculate 67.04 ÷ 8000.

SOLUTION EXPLANATION

8

08.38
)

67.04
Ignore the three zeros in the 8000.

Divide 67.04 by 8.

8.38 ÷ 1000 = 0.00838

67.04 ÷ 8000 = 0.008 38

Now divide by 1000, resulting in moving the

decimal point 3 places to the left.

Example 18 Evaluating using order of operations

Calculate using the order of operations:

3.8 - 1.6 × 0.45 + 5 ÷ 0.4

SOLUTION EXPLANATION

3.8 - 1.6 × 0.45 + 5 ÷ 0.4

= 3.8 - 0.72 + 12.5

= 3.08 + 12.5

= 15.58

First carry out × and ÷ , working from left to right.

Then carry out + and -, working from left to right.

Exercise 6F

1 For the question 36.52 ÷ 0.4 = 91.3, which of the following options uses the correct terminology?

36.52 is the divisor, 0.4 is the dividend and 91.3 is the quotient.A

36.52 is the dividend, 0.4 is the divisor and 91.3 is the quotient.B

36.52 is the quotient, 0.4 is the dividend and 91.3 is the divisor.C

36.52 is the divisor, 0.4 is the quotient and 91.3 is the dividend.D

2 Explain where you place the decimal point in the quotient (i.e. answer), when dividing a decimal

by a whole number.

3 Calculate:

1200 ÷ 20a 120 ÷ 2b 12 ÷ 0.2c 1.2 ÷ 0.02d

Explain why these questions all give the same answer.e

4 For each of the following pairs of numbers, move the decimal points the same number of places

so that the second number becomes a whole number.

3.2456, 0.3a 120.432, 0.12b

0.003 45, 0.0001c 1234.12, 0.004d

U
N
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—1–4 3, 4
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6F

5Example 15 Calculate:

8.4 ÷ 2a 30.5 ÷ 5b 64.02 ÷ 3c

2.822 ÷ 4d 4.713 ÷ 3e 2.156 ÷ 7f

38.786 ÷ 11g 1491.6 ÷ 12h 0.0144 ÷ 6i

234.21 ÷ 2j 3.417 ÷ 5k 0.010 25 ÷ 4l

6Example 16 Calculate:

6.14 ÷ 0.2a 23.25 ÷ 0.3b 2.144 ÷ 0.08c

5.1 ÷ 0.6d 0.3996 ÷ 0.009e 45.171 ÷ 0.07f

0.0032 ÷ 0.04g 0.040 34 ÷ 0.8h 10.78 ÷ 0.011i

4.003 ÷ 0.005j 0.948 ÷ 1.2k 432.2 ÷ 0.0002l

7 Design three decimal division questions for your partner. Make sure you calculate the answer to

each question. Swap questions with your partner. Go to work solving your partner’s questions.

Pass your answers back for your partner to correct. Discuss any mistakes made by either person.

8Example 17 Calculate:

236.14 ÷ 200a 413.35 ÷ 50b 3.712 44 ÷ 300c

0.846 ÷ 200d 482.435 ÷ 5000e 0.0313 ÷ 40f

9 Calculate the following, rounding your answers to 2 decimal places.

35.5 kg ÷ 3a $213.25 ÷ 7b 182.6 m÷ 0.6 mc

287 g ÷ 1.2d 482.523 L÷ 0.5e $5235.50 ÷ 9f

F
L
U
E
N
C
Y

5–6(½), 8–9(½)5–6(½), 7, 8(½) 5–6(½), 8–9(½)

10Example 18 Calculate the following, using the order of operations.

3.68 ÷ 2 + 5.7 ÷ 0.3a 6(3.7 × 2.8 + 5.2)b

17.83 - 1.2(8.1 - 2.35)c 9.81 ÷ 0.9 + 75.9 ÷ 10d

(56.7 - 2.4) ÷ (0.85 ÷ 2 + 0.375)e 34.5 × 2.3 + 15.8 ÷ (0.96 - 0.76)f

11 Find the missing digits in these division questions.

3

0.
)

2. 6 7

a

3

0. 6 4
)

1. 2

b

2. 5
)

10.7

c 2. 1 4
)

15. 2 9

d

12 Charlie paid $12.72 to 5ll his ride-on lawnmower with 8 L of fuel. What was the price per litre of

the fuel that he purchased?

13 Dibden is a picture framer and has recently purchased 214.6 m of timber. The average-sized

picture frame requires 90 cm (0.9 m) of timber. How many average picture frames could Dibden

make with his new timber?

P
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11, 13–1510(½), 11 10(½), 11–13
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6F

14 A water bottle can hold 600 mL of water. How many water bottles can be 5lled from a large

drink container that can hold 16 L?

15 Six friends go out for dinner. At the end of the evening, the restaurant’s bill is $398.10.

a As the bill is split equally among the six friends, how much does each person pay?

b Given that they are happy with the food and the service, they decide to round the amount

they each pay to $70. What is the waiter’s tip?

P
R
O
B
L
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O
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16 Clara purchases 1.2 kg of apples for $3.90. Her friend Sophia buys 900 g of bananas for $2.79 at

the same shop. Find the cost per kilogram of each fruit. Which type of fruit is the best value

in terms of price per kilogram?

17 A police radar gun measures

a car to be 231.5 m away. At

0.6 seconds later, the radar

gun measures the same car to

be 216.8 m away.

a Determine the speed of

the car in metres per

second (m/s).

b Multiply your answer to

part a by 3.6 to convert

your answer to km/h.

c The car is travelling along

an 80 km/h stretch of

road. Is the car speeding?

18 Given that 24.53 × 1.97 = 48.3241, write down the value of each of the following questions,

without using a calculator.

48.3241 ÷ 1.97a 48.3241 ÷ 2.453b 4832.41 ÷ 1.97c

483.241 ÷ 245.3d 0.483 241 ÷ 0.197e 483 241 ÷ 2453f

R
E
A
S
O
N
IN
G

17, 1816 16, 17

What number am I?

19 I am thinking of a number. Given the following clues for each, 5nd the number.

a When I add 4.5 and then multiply by 6, the answer is 30.

b When I divide it by 3 and then add 2.9, the answer is 3.

c When I multiply it by 100 and then add 9, the answer is 10.

d When I multiply it by 5 and then add a half, the answer is 6.

e When I subtract 0.8, then divide by 0.2 and then divide by 0.1, the answer is 200.

f Make up three of your own number puzzles to share with the class.

E
N
R
IC
H
M
E
N
T

19— —
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Progress quiz

16A What is the place value of the digit 6 in the following numbers?

3.5678a 126.872b

26A Express each of the following fractions as a decimal.

9

10
a

19

1000
b 3

1

4
c

36A Arrange the following decimal numbers in ascending order.

3.4, 4.3, 0.43, 0.34, 0.043

46B Round each of the following to the speci5ed number of decimal places.

16.8765 to 2 decimal placesa 2.34999 to 3 decimal placesb

0.6
.

6to 1 decimal placec

56C Find:

0.9 + 4.5a 12.56 + 3.671 + 0.8b

12.89 - 9.37c 8.06 - 2.28d

66D Evaluate:

3.45 × 1000a 65.345 ÷ 100b

76E/F Calculate:

45 × 2000a 23.8 × 5b 4.78 × 0.4c 4.56 × 30 000d

56.4 ÷ 4e 0.065 ÷ 5f 3.864 ÷ 0.02g 88.4 ÷ 400h

9 ÷ 0.001i 3.4 - 3.2 × 0.4 + 1.2 ÷ 3j

86C/E Insert the decimal point in the answer so that each mathematical sentence is true.

12 - 3.989 = 8011a 1.234 × 0.08 × 2000 = 19744b

96C–F It costs $59.85 for 15 kilograms of dog

shampoo. Find:

the change from paying with one

$50 note and one $20 note

a

the cost of the shampoo per

kilogram

b

the number of kilograms that can

be purchased with a $100 note

c
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6G Decimals and fractions

Decimals and fractions are both commonly used

to represent numbers that are not simply whole

numbers. It is important that we know how to

convert a decimal number to a fraction, and how

to convert a fraction to a decimal number.

In the photo opposite, we can see that

1

4
or 0.25 of the cake has been cut and

3

4
or 0.75 of the cake remains.

Let’s start: Match my call

• In pairs, nominate one student to be ‘Fraction kid’ and the other to be ‘Decimal expert’. ‘Fraction kid’

starts naming some common fractions and ‘Decimal expert’ tries to give the equivalent decimal value.

Start with easy questions and build up to harder ones.

• After 10 turns, swap around. This time ‘Decimal expert’ will name some decimal numbers and ‘Fraction

kid’ will attempt to call out the equivalent fraction.

• Discuss the following question in pairs:

Which is easier, converting fractions to decimals or decimals to fractions?

Key
ideas

Converting decimals to fractions

• Using your knowledge of place value, express the decimal places

as a fraction whose denominator is a power of 10. Remember to

simplify the fraction whenever possible.

e.g. 0.25 =
25

100
=
1

4

Converting fractions to decimals

• When the denominator is a power of 10, we can simply change

the fraction to a decimal through knowledge of place value.

• When the denominator is not a power of 10, try to 5nd an

equivalent fraction whose denominator has a power of 10 and

then convert to a decimal.

• A method that will always work for converting fractions to

decimals is to divide the numerator by the denominator.

e.g.
37

100
= 0.37

e.g.
2

5
=

4

10
= 0.4

e.g.
5

8
= 8

0.625
)

5 2 4
5.000

= 0.625

Recurring decimals are decimals with a repeated pattern.

• A dot, dots or a bar above a number or numbers indicates a repeated pattern.

e.g.
1

3
= 0.333 33… = 0.

.

3
13

11
= 1.181 818… = 1.

.

1
.

8 or 1.18

12

7
= 1.714 285 714 285… = 1.

.

714 28
.

5 or 1.714 285
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Example 19 Converting decimals to fractions

Convert the following decimals to fractions in their simplest form.

0.239a 10.35b

SOLUTION EXPLANATION

a
239

1000
0.239 = 239 thousandths

b 10
35

100
= 10

7

20
0.35 = 35 hundredths, which can be simpli5ed

further by dividing the numerator and

denominator by the highest common factor

of 5.

Example 20 Converting fractions to decimals

Convert the following fractions to decimals.

17

100
a 5

3

5
b

7

12
c

SOLUTION EXPLANATION

a
17

100
= 0.17 17 hundredths

b 5
3

5
= 5

6

10
= 5.6

6

10
is an equivalent fraction of

3

5
, whose

denominator is a power of 10.

c
7

12
= 0.583 33 . . . or 0.58

.

3
12

0.5 8 3 3 3 . . .
)

7 10 4 4 4
7.0 0 0 0 0
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Exercise 6G

1 Complete each of these statements, which convert common fractions to decimals.

1

2
=
10
= 0.5a

1

4
=
25
= 0.25b

3

4
=
100

= 0. 5c
2
=

4

10
= 0.d

2 Complete each of these statements, which convert decimals to fractions, in simplest form.

0.2 =
10
=
1

5
a 0.15 =

100
=

3
b

0.8 =
8
=

5
c 0.64 =

64

100
=
25

d

U
N
D
E
R
S
TA
N
D
IN
G

—1, 2 2

3Example 19a State whether each of the following is true or false. Use the examples in the Key ideas to help.

0.333… = 0.3a 0.1111… = 0.
.

1b 3.2222… = 3.
.

2c

1.727 2… = 1.7
.

2d 3.161 616… = 3.
.

1
.

6e 4.216 216… = 4.216f

4Example 19b Convert the following decimals to fractions in their simplest form.

0.5a 6.4b 10.15c 18.12d

3.25e 0.05f 9.075g 5.192h

5Example 20a Convert each of these fractions to decimals.
7

10
a

9

10
b

31

100
c

79

100
d

121

100
e 3

29

100
f

123

1000
g

3

100
h

6Example 20b Convert the following fractions to decimals, by 5rst changing the fraction to an equivalent

fraction whose denominator is a power of 10.

4

5
a

1

2
b

7

20
c

23

50
d

19

20
e 3

1

4
f

5

2
g

3

8
h

7Example 20c Convert the following fractions to decimals, by dividing the numerator by the denominator.

1

2
a

3

6
b

3

4
c

2

5
d

1

3
e

3

8
f

5

12
g

3

7
h

F
L
U
E
N
C
Y

3–8(½)3–7(½) 3–8(½)
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6G

8 Copy and complete the following fraction/decimal tables. The quarters table (part c) has

already been done for you. It’s well worth trying to memorise these fractions and their

equivalent decimal values.

halves

Fraction
0
2

1
2

2
2

Decimal

a thirds

Fraction
0
3

1
3

2
3

3
3

Decimal

b

quarters

Fraction
0
4

1
4

2
4

3
4

4
4

Decimal 0 0.25 0.5 0.75 1

c 5fths

Fraction
0
5

1
5

2
5

3
5

4
5

5
5

Decimal

d

F
L
U
E
N
C
Y

9 Arrange the following from smallest to largest.

1

2
, 0.75,

5

8
, 0.4, 0.99,

1

4
a

3

7
, 0.13,

1

9
, 0.58, 0.84,

4

5
b

10 Tan and Lillian are trying to work out who is the better chess player. They have both been

playing chess games against their computers. Tan has played 37 games and beaten the computer

11 times. Lillian has played only 21 games and has beaten the computer 6 times.

a Using a calculator and converting the appropriate fractions to decimals, determine who is the

better chess player.

b Lillian has time to play another four games of chess against

her computer. To be classi5ed as a better player than Tan,

how many of these four games must she win?

11 To estimate the thickness of one sheet of A4 paper, Christopher

measures a ream of paper, which consists of 500 sheets of A4 paper. He

determines that the pile is 55 mm thick. How thick is one sheet of A4

paper? Express your answer as a decimal number and also as a fraction.

P
R
O
B
L
E
M
-S
O
LV
IN
G

10–119–10 9–10
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6G

12 a Copy and complete the following fraction/decimal table.

Fraction
1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

1
10

Decimal

b Comment on the trend in the decimal values as the denominator increases.

c Try to explain why this makes sense.

13 a Copy and complete the following decimal/fraction table.

Decimal 0.1 0.2 0.25 0.4 0.5 0.6 0.75 0.8 0.9

Fraction

b Comment on the trend in the fractions as the decimal value increases.

c Try to explain why this makes sense.

14 Write three different fractions with different denominators that are between the decimal value of

2.4 and 2.5.

15 When
4

7
is expressed in decimal form, 5nd the digit in the 23rd decimal place. Give a reason for

your answer.

R
E
A
S
O
N
IN
G

13–1512 12–13

Design a decimal game for the class

16 Using the skill of converting decimals to fractions and vice versa, design an appropriate game

that students in your class could play. Ideas may include variations of Bingo, Memory,

Dominoes etc. Try creating a challenging set of question cards. E
N
R
IC
H
M
E
N
T

16— —
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6H Decimals and percentages

Percentages are commonly used in

today’s society. Per cent is derived

from the Latin words per centum,

meaning ‘out of 100’.

Percentages give an idea of

proportion. For example, if a

newspaper states that 2000 people

want a council swimming pool

constructed, then we know how many

want a pool but we don’t know

We see percentages used around us in many different situations.

what proportion of the community that is. However, if there are 2500 people in this community, the

newspaper can state that 80% want a swimming pool. This informs us that a majority of the community

(i.e. 80 out of every 100 people) want a swimming pool constructed.

Let’s start: Creative shading

• Draw a square of side length 10 cm and shade exactly 20%

or 0.2 of this 5gure.

• Draw a square of side length 5 cm and shade exactly 60%

or 0.6 of this 5gure.

• Draw another square of side length 10 cm and creatively

shade an exact percentage of the 5gure. Ask your partner

to work out the percentage you shaded.

What percentage is shaded?

Key
ideas

The symbol,%, means per cent. It comes from the Latin words per centum, which translates to

‘out of 100’.

For example: 23% means 23 out of 100 which equals
23

100
= 0.23

To convert a percentage to a decimal, divide by 100. This is done by moving the decimal point 2

places to the left.

For example: 42% = 42 ÷ 100 = 0.42.

To convert a decimal to a percentage, multiply by 100. This is done by moving the decimal

point 2 places to the right.

For example: 0.654 × 100 = 65.4. Therefore 0.654 = 65.4%

Note: As in Section 6D, it is not actually the decimal point that moves; rather, it is the digits that

move around the stationary decimal point.
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Example 21 Converting percentages to decimals

Express the following percentages as decimals.

30%a 240%b 12.5%c 0.4%d

SOLUTION EXPLANATION

a 30% = 0.3 30 ÷ 100

b 240% = 2.4 240 ÷ 100 = 2.4

c 12.5% = 0.125 Decimal point moves 2 places to the left.

d 0.4% = 0.004 Decimal point moves 2 places to the left.

Example 22 Converting decimals to percentages

Express the following decimals as percentages.

0.045a 7.2b

SOLUTION EXPLANATION

a 0.045 = 4.5% Multiplying by 100 moves the decimal point 2

places to the right.

b 7.2 = 720% Multiply 7.2 by 100.

Exercise 6H

1 What percentage of each square has been shaded?

a b
U
N
D
E
R
S
TA
N
D
IN
G

—1–6 5, 6
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6H

c d

2 72.5% is equivalent to which of the following decimals?

72.5A 7.25B 0.725C 725.0D

3 1452% is equivalent to which of the following decimals?

0.1452A 14.52B 145 200C 145.20D

4 0.39 is equivalent to which of the following percentages?

39%A 3.9%B 0.39%C 0.0039%D

5 Prue answered half the questions correctly for a test marked out of 100.

a What score did Prue get on the test?

b What percentage did Prue get on the test?

c Find the score you would expect Prue to get if the test was out of:

10i 200ii

40iii 2iv

d Find the percentage you would expect Prue to get if the test was out of:

10i 200ii

40iii 2iv

6 Fill in the empty boxes.

58% = 58 out of = 58 100 =
58
= 0 58a

35% = out of 100 = 35 ÷ =
100

= .35b

126% = 126 100 = ÷ 100 =
126

= 1.c

U
N
D
E
R
S
TA
N
D
IN
G
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6H

7Example 21a, b Express the following percentages as decimals.

32%a 27%b 68%c 54%d

6%e 9%f 100%g 1%h

218%i 142%j 75%k 199%l

8Example 21c, d Express the following percentages as decimals.

22.5%a 17.5%b 33.33%c 8.25%d

112.35%e 188.8%f 150%g 520%h

0.79%i 0.025%j 1.04%k 0.95%l

9Example 22 Express the following decimals as percentages.

0.8a 0.3b 0.45c 0.71d

0.416e 0.375f 2.5g 2.314h

0.025i 0.0014j 12.7k 1.004l

F
L
U
E
N
C
Y

8–9(½)7–9(½) 7–9(½)

10 Place the following values in order from highest to lowest.

86%, 0.5%, 0.6, 0.125, 22%, 75%, 2%, 0.78a

124%, 2.45, 1.99%, 0.02%, 1.8, 55%, 7.2, 50b

11 At a hockey match, 65% of the crowd supports the home team. What percentage of the crowd

supports the visiting team?

12 Last Saturday, Phil spent the 24 hours of the day in the following way: 0.42 of the time was spent

sleeping, 0.22 was spent playing sport and 0.11 was spent eating. The only other activity

Phil did for the day was watch TV.

What percentage of the day did Phil spend watching TV?a

What percentage of the day did Phil spend either sitting down or lying down?b

13 Sugarloaf Reservoir has a capacity of 96 gigalitres. However, as a result of the drought it is only

25% full. How many gigalitres of water are in the reservoir?
P
R
O
B
L
E
M
-S
O
LV
IN
G

12,1310, 11 11,12
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6H

14 a, b, c and d are digits. Write the following decimal numbers as percentages.

0.abcda a.acb ab.dcc

0.0ddd c.dbae 0.cccdddf

15 a, b, c and d are digits. Write the following percentages as decimal numbers.

a.b%a bcd%b ac%c

0.da%d abbb%e dd.d%f

16 Trudy says that it is impossible to have more than 100%. She supports her statement by saying

that if you get every question correct in a test, then you get 100% and you cannot get any more.

a Do you agree with Trudy’s statement?

b Provide four examples of when it makes sense that you cannot get more than 100%.

c Provide four examples of when it is perfectly logical to have more than 100%.

R
E
A
S
O
N
IN
G

15, 1614 14, 15

AFL ladder

17 The Australian Rules football ladder has the following column headings.

a Using a calculator, can you determine how the percentage column is calculated?

b What do you think the ‘F’ and the ‘A’ column stand for?

c In their next match, Essendon scores 123 points for their team and has 76 points scored against

them. What will be their new percentage?

d By how much do Hawthorn need to win their next game to have a percentage of 100?

e If Port Adelaide plays Hawthorn in the next round and the 2nal score is Port Adelaide 124

beats Hawthorn 71, will Port Adelaide’s percentage become higher than Hawthorn’s?

18 Create your own AFL-style ladder

using a spreadsheet program. After

inputting the results, the program should

automatically update the points column

and the percentage column.

When carrying out a sort on the

data, ensure that your program will

automatically change any team’s

position on the ladder, if necessary.

E
N
R
IC
H
M
E
N
T

17, 18— —
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Investigation

Best buy

The concept ‘best buy’ relates to purchasing a product that is the best value for money. We

introduced ideas associated with best buys in 4L Ratios, rates and best buys. To determine the ‘best

buy’ you need to compare the prices of similar products for the same weight.

STRAWBERRY JAM jar 375 g

$3.95

$10.53 per kg

STRAWBERRY JAM jar 250 g

$2.95

$11.80 per kg

Converting units

a Convert the following to a price per kg.

2 kg of apples for $3.40i 5 kg of sugar for $6.00ii

1.5 kg of cereal for $4.50iii 500 g of butter for $3.25iv

b Convert the following to a price per 100 g.

300 g of grapes for $2.10i 1 kg of cheese for $9.60ii

700 g of yogurt for $7.49iii 160 g of dip for $3.20iv

Finding ‘best buys’

a By converting to a price per kg, determine which is the best buy.

2 kg of sauce A for $5.20 or 1 kg of sauce B for $2.90i

4 kg of pumpkin A for $3.20 or 3 kg of pumpkin B for $2.70ii

500 g of honey A for $5.15 or 2 kg of honey B for $19.90iii

300 g of milk A for $0.88 or 1.5 kg of milk B for $4.00iv

b By converting to a price per 100 g, determine which is the best buy.

500 g of paper A for $3.26 or 200 g of paper B for $1.25i

250 g of salami A for $4.50 or 150 g of salami B for $3.10ii

720 g of powder A for $3.29 or 350 g of powder B for $1.90iii

1.1 kg of shampoo A for $12.36 or 570 g of shampoo B for $6.85iv
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Problem solving

a Star Washing Liquid is priced at $3.85 for 600 g, while Best Wash Liquid is priced at $5.20 for

1 kg. Find the difference in the price per 100 g, correct to the nearest cent.

b Budget apples cost $6.20 per 5 kg bag. How much would a 500 g bag of Sunny apples have to be

if it was the same price per 100 g?

c 1.5 kg of cheddar cheese costs $11.55, and 800 g of feta cheese costs $7.25. Sally works out the

best value cheese, then buys $5 worth of it. How much and what type of cheese did Sally buy?

Investigate

Go to a local supermarket and choose a type of product where there are many brands to choose from.

a Record the following information for each brand of the same type of product:

pricei weightii brand nameiii

b Calculate the price of each brand per:

kgi 100 gii

c Compare the prices of each brand. Comment on:

which brand is the ‘best buy’i

the differences between the cheapest and most expensive brandsii

reasons why some brands might be more expensiveiii

d Most supermarkets now display an additional price for most items: the cost of the item

per set amount. In effect, this allows the customer to see the best value. Take a photo of

an item at a supermarket which displays this value and explain the prices.
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Decimal vs percentage

Draw two horizontal lines on a long sheet of graph paper that is 100 small squares wide. On line 1,

make a number line from 0 to 1, labelling every tenth and marking hundredths. On line 2, mark

percentages from 0% to 100%, labelling every 10% and marking every %.

0

Example of a portion of two number lines

0.1 0.2

0% 10% 20%

0.3

30%

Answer the following questions, using your number lines to help you.

a Which is larger, 73% or 0.74?

b Which is smaller, 26% or 0.3?

c List in ascending order: 45%, 0.72, 49%, 37%, 0.58, 0.7, 51%, 0.64, 60%, 0.5.

d List in descending order: 37%, 0.03, 82%, 0.37, 0.8, 77%, 0.23, 38%, 2%, 0.4.

e List in ascending order: 78%, 0.683, 77.5%, 79.9%, 0.78452, 0.76, 0.784, 69.9%, 0.6885.

f Write three decimal numbers between 0.47 and 0.57.

g In decimal form, list all the whole tenths that are greater than 0.34 and less than 0.78.

h In decimal form, list all the decimal hundredths that are greater than 0.32 and less than 0.41.

i Write down three pairs of decimals so that each pair has a difference of 0.02. Now write each of

your number pairs as percentages. What is the difference between these percentage values?

j Play some decimal/percentage games in pairs.

• Person A gives a decimal (between 0 and 1) and person B states the percentage that is

equivalent to two-tenths less than person A’s decimal.

• Person A states a percentage and person B gives the decimal that is equivalent to 5% more

than person A’s percentage.

• Use your decimal and percentage number lines to make up your own games.
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Problems and challenges
Up for a challenge? If you

get stuck on a question,

check out the 'Working

with unfamiliar problems'

poster at the end of the

book to help you.

1 a When
3

7
is written as a decimal, state the digit in the 20th decimal place.

b Given that A × 2.75 = 10.56, write an expression for 1.056 ÷ 0.00275.

c Find this product:

(1 - 0.5)(1 - 0.
.

3)(1 - 0.25)(1 - 0.2)

d Write the recurring decimal 1.451 as an improper fraction.

e Callum pays $4.10 for his coffee using eight coins. They are made up of $1 coins and 50 and

20 cent pieces. How many of each coin did Callum use?

2 Consider the ladder in the diagram. The heights of each rung on the

ladder are separated by an equally sized gap. Determine the heights for

each rung of the ladder.

0.54 m high

1.44 m high

3 Find the digits represented by the letters in these decimal problems.

A. 2B

+ 9.C5

11. 12

a 2A. 43

- 9.B4

C7. 8D

b

3.A × B.4 = 8.16c A

0 .757
)

2 .2B1d

4 We know that
√
9 is 3 since 32 = 9, but what about

√
2?

a Find the value of:

1.42i 1.52ii 1.452iii

b Now try to 5nd the value of
√
2 correct to:

two decimal placesi

three decimal placesii
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Changing

decimals to fractions

=0.16 = 4

25

16

100

2.008 = 1

125
2=2

8

1000

Changing fractions

to decimals

2

5

4

10
= = 0.4

35

100

7

20
= = 0.35

Decimals as fractions

0.184 = + +
1

10

8

100

4

1000

=
184

1000

12.3 > 12.1

6.72 < 6.78

0.15 ≠ 0.105

284.7 ≤ 284.7

Comparing decimals

Addition

+

9.807

26.350

36.157

Align decimal points.

Multiplication

     2.78 × 34 = 94.52

     2.78 × 3.4 = 9.452

   0.278 × 3.4 = 0.9452

   0.278 × 0.34 = 0.094 52

 278

 1112
 8340
9452

Number of decimal places in

the question equals number of

decimal places in the answer.

×   34

Multiplication by

powers of 10

    2.76 × 10 000

= 27 600.0

0.63 = 63 ÷ 100 = 63%

  8% = 8 ÷ 100 = 0.08

240% = 240 ÷ 100 = 2.4

Fractions to decimals

= 0.2

3

8

13

100

= 0.375

= 0.13

2

9
= 0.2222...

0.375
3.0008

0.222...
2.000...9

Rounding

The critical digit is circled.

If critical digit is ≥ 5 round up.

If critical digit is < 5 round down.

Division by powers of 10  

           2.76 ÷ 10 000

= 0.000276

1 tenth

8 hundredths

4 thousandths

Place value of digits

0.184

Subtraction

−

216.94
31.53

185.41

1
1

Division

8.547 ÷ 0.03

= 854.7 ÷ 3
2 8 4 . 9

8 5 4 . 7
2 1 2

3

•

2.34 | 6 2.35

2.34 | 2 2.34

2.34 | 5 2.35

5.89 | 9 5.90

5.99 | 7 6.00

Decimal point moves left.

Decimal point moves right.

1

1

Decimals

Decimals and percentage

Align decimal points.
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Multiple-choice questions

16A The next number in the pattern 0.023, 0.025, 0.027, 0.029 is:

0.0003A 0.030B 0.0031C 0.031D 0.033E

26G 0.05 is equivalent to:

5

10
A

5

100
B

5

1000
C

5

500
D 5E

36A The smallest number out of 0.012, 10.2, 0.102, 0.0012 and 1.02 is:

0.012A 0.102B 0.0012C 1.02D 10.2E

46F 0.36 ÷ 1000 is equal to:

3.6A 360B 0.036C 0.0036D 0.000 36E

56E 6.2 × 0.2 is equal to:

1.24A 12.4B 0.124C 124D 0.0124E

66E What is the answer to 0.08 × 0.6?

0.48A 4.8B 0.0048C 0.048D 48E

76B When rounded to 1 decimal place, 84.553 becomes:

80A 84B 84.5C 84.6D 84.55E

86G As a decimal,
23

90
is equal to:

0.2A 0.2
.

5B 0.26C 0.
.

2
.

5D 0.25
.

6E

96A/B 7 + 0.7 + 0.07 + 0.007, to 2 decimal places, is:

7.78A 7.77B 7C 7.7D 7.777E

106G 5.624 means:

5.62444…A 6.6242424…B 5.624624624…C

5.6246464…D 5.62456245624…E

Short-answer questions

16A Arrange each group in descending order, from largest to smallest.

0.4, 0.04, 0.44a 2.16, 2.016, 2.026b 0.932, 0.98, 0.895c

26G Write each fraction as a decimal.

81

10
a

81

100
b

801

100
c

801

1000
d

36A What is the place value of the digit 3 in the following numbers?

12.835a 6.1237b 13.5104c

C
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46A State whether each of the following is true or false.

8.34 < 8.28a 4.668 > 4.67b 8.2 > 8.182c

3.08 Ä
308

100
d

62

100
Å 6.20e

7

10
=

70

100
f

56B List all possible numbers with 3 decimal places that, when rounded to 2 decimal places,

result in 45.27.

66B Round each of the following to the speci5ed number of decimal places (which is given in

brackets).

423.46 (1)a 15.8892 (2)b 7.25432 (1)c

69.999531 (3)d 2
3

4
(1)e

2

3
(2)f

5

11
(3)g

1

81
(44) (Hint: Look for the short method!)h

76C Evaluate:

13.85 - 4.32a 19.12 - 14.983b

27.6 + 15.75c 204.708 37 + 35.7902d

472.427 - 388.93e 210.8 - (26.3 - 20.72)f

86A/B/D State whether each of the following is true or false.

10.34 ÷ 100 = 0.1034a 3.125 × 0.1 = 31.25b

115.23 ÷ 10 = 1.1523 × 1000c 115.23 has 3 decimal placesd

24.673 = 24.7 when rounded to 1 decimal placee

96E State the number of decimal places in each answer to these calculations.

a A number with 2 decimal places × a number with 3 decimal places.

b A number with 1 decimal place × a number with 4 decimal places.

c A number with 2 decimal places × a number with 2 decimal places.

d A number with 2 decimal places × a number with 0 decimal places.

106D Solve each of the following, using the order of operations.

1.37 × 100a 0.79 × 1000b

225.1 ÷ 10c 96.208 ÷ 1000d

75.68 + 6.276 × 100 - 63.24 ÷ 10e 3.56 × 100 + 45 ÷ 10f

100 × (56.34 × 100 + 0.893)g

116E/F Calculate the following.

2.4 × 8a 9 × 7.11b 2.3 × 8.4c

3.8 ÷ 4d 12.16 ÷ 8e 3 ÷ 0.5f

4 ÷ 0.25g 1.2 ÷ 0.4h 3.42 ÷ 1.1i
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Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 353

126F/G/H Copy and complete this table, stating fractions both with the

denominator 100 and in their

simplest form.

Decimal Fraction Percentage

0.45

?
100

=
7
10

32%

0.06

79
100

1.05

?
100

=
7
20

65%

?
1000

=
1
8

Extended-response questions

1 Find the answer in these practical situations.

a Jessica is paid $125.70 for 10 hours of work and Jaczinda is paid $79.86 for 6 hours of work.

Who receives the higher rate of pay per hour, and by how much?

b Petrol is sold for 124.9 cents per litre. Jacob buys 30 L of petrol for his car. Find the total price he

pays, to the nearest 5 cents.

c The Green family are preparing to go to the Great Barrier Reef for a holiday. For each of the four

family members, they purchase a goggles and snorkel set at $37.39 each, 0ns at $18.99 each and

rash tops at $58.48 each. How much change is there from $500?

d For her school, a physical education teacher buys 5 each of basketballs, rugby union and soccer

balls. The total bill is $711.65. If the rugby balls cost $38.50 each and the basketballs cost $55.49

each, what is the price of a soccer ball?

2 A car can use 25% less fuel per km when travelling at

90 km/h than it would when travelling at 110 km/h. Janelle’s

car uses 7.8 litres of fuel per 100 km when travelling at

110 km/h, and fuel costs 155.9 cents per litre.

a How much money could Janelle save on a 1000-km trip

from Sydney to Brisbane if she travels at a constant speed

of 90 km/h instead of 110 km/h?

b During a 24-hour period, 2000 cars travel the 1000-km

trip between Sydney and Brisbane. How much money

could be saved if 30% of these cars travel at 90 km/h

instead of 110 km/h?

3 Siobhan is on a 6-week holiday in the United Kingdom, and is using her phone to keep in contact

with her friends and family in Australia. The phone charge for voice calls is $0.40 ‘=agfall’ and

$0.65 per 45 seconds; text messages are $0.38 each.

During her holiday, Siobhan makes 27 voice calls and sends 165 text messages to Australia. If her

phone bill is $832.30, determine the average length of Siobhan’s voice calls.
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Semester review 1
Whole numbers
Multiple-choice questions

1 Using numerals, thirty-five thousand, two hundred and six is:

350 260A 35 260B 35 000 206C 3526D 35 206E

2 The place value of 8 in 2 581 093 is:

8 thousandA 80 thousandB 8 hundredC 8 tensD 8 onesE

3 The remainder when 23 650 is divided by 4 is:

0A 4B 1C 2D 3E

4 18 - 3 × 4 + 5 simplifies to:

65A 135B 11C 1D 20E

5 800 ÷ 5 × 4 is the same as:

160 × 4A 800 ÷ 20B 800 ÷ 4 × 5C 40D 4 × 5 ÷ 800E

Short-answer questions

1 Write the number seventy-four in:

Babylonian numeralsa

Roman numeralsb

Egyptian numeralsc

2 Write the numeral for:

6 × 10 000 + 7 × 1000 + 8 × 100 + 4 × 10 + 9 × 1a

7 × 100 000 + 8 × 100 + 5 × 10b

3 Calculate:

96 481 + 2760 + 82a 10 963 - 4096b 147 × 3c

980 × 200d 4932 ÷ 3e 9177 ÷ 12f

4 State whether each of the following is true or false.

18 < 20 - 2 × 3a 9 × 6 > 45b 23 = 40 ÷ 2 + 3c

5 How much more than 17 × 18 is 18 × 19?

6 Calculate:

7 × 6 - 4 × 3a 8 × 8 - 16 ÷ 2b 12 × (6 - 2)c

16 × [14 - (6 - 2)]d 24 ÷ 6 × 4e 56 - (7 - 5) × 7f
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7 State whether each of the following is true or false.

4 × 25 × 0 = 1000a 0 ÷ 10 = 0b 8 ÷ 0 = 0c

8 × 7 = 7 × 8d 20 ÷ 4 = 20 ÷ 2 ÷ 2e 8 + 5 + 4 = 8 + 9f

8 Insert brackets to make 18 × 7 + 3 = 18 × 7 + 18 × 3 true.

9 How many times can 15 be subtracted from 135 before an answer of zero occurs?

10 Write 3 859 643 correct to the nearest:

10a thousandb millionc

Extended response question

1 Tom works as a labourer, earning $25 an hour on weekdays and $60 an hour on weekends.

During a particular week, Tom works 7:00 am to 2:00 pm Monday to Thursday. How

many hours does he work that week?

a

How much does Tom earn for this work?b

If Tom works 5 hours on Saturday in the same week, what is his total income for

the week?

c

How many more hours on a Friday must Tom work to earn the same amount as working

5 hours on a Saturday?

d

Geometry
Multiple-choice questions

1 Which statement is correct?

Line m is perpendicular to line l.A

Line m bisects line l.B

Line m is parallel to line l.C

Line m is shorter than line l.D

Line m is longer than line l.E

l

m

2 An angle of 181° is classified as:

acuteA reflexB straightC obtuseD sharpE

3 Which two angles represent alternate angles?

a° and e°A

d° and f °B

a° and f °C

g° and b°D

c° and f °E

c°d°

e° f °

g°h°

b°a°
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356 Semester review 1

4 Which of the following shows a pair of supplementary angles?

×

°

A

×

°

B
× °

C

×°

D

×

°
E

5 The value of x + y is:

A 70

B 220

C 35

D 140

E 110

x° y°

110°

Short-answer question

1 a Name two pairs of parallel lines.

b Name a pair of perpendicular lines.

c List any three lines that are concurrent.

At what point do they cross?

d Name two points that are collinear with

point C.

e Name the point at which line BE and line

FD intersect.

A

F

B C

DE

2 Measure these angles.

a b

c

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



Semester review 1 357

3 What is the complement of 65°?

4 What is the supplement of 102°?

5 Find the value of a in each of the following angles.

a°40°

a

a°40°

b
a°

100°120°

c

25°
a°

d

a° 62°

e a°

56°

f

6 Find the value of each angle formed when these two parallel

lines are crossed by the transversal, as shown.

c°

d°

e°f °

g°

b°

a° 80°

7 Explain why AB is not parallel to CD. A

C D

B
65°

125°

8 Use your ruler and pair of compasses to draw a 60° angle. Bisect it to form two 30° angles.

Extended-response question

1 Consider the diagram shown.

a Find the value of:

i x

ii y

iii z

b What is the value of x + y + z?
z°x°

y°

151°

56°

140°125°
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Number properties and patterns
Multiple-choice questions

1 The first prime number after 90 is:

91A 92B 97C 95D 93E

2 The highest common factor (HCF) of 12 and 18 is:

6A 12B 4C 2D 9E

3 2 × 2 × 2 × 3 is the same as:

6 × 3A 23 × 3B 83C 63D 43E

4 Evaluating 32 -
√

25 + 3 gives:

8A 5B 4C 17D 7E

5 The number 48 in prime factor form is:

24 × 5A 2 × 3 × 5B 23 × 32C 24 × 3D 23 × 3E

Short-answer questions

1 List the factors of:

15a 30b 100c

2 List the first five multiples of:

3a 7b 11c

3 List all factors common to 30 and 36.

4 What is the highest factor common to 36 and 40?

5 Find the value of:

112a 62 × 22b 33 - 23c

6 What is the square root of 14 400?

7 Is the expression
√

32 + 42 = 3 + 4 true or false?

8
Ext

Find the smallest number that must be added to 36 791 so that it becomes divisible by:

2a 3b 4c

9 A pattern is shown using matchsticks.

term 1 term 2 term 3

a How many matchsticks are needed to build the 12th term in this pattern?

b Which term in this pattern uses exactly 86 matchsticks?

10 Find the missing values in the table.

input 4 5 6

output 19 23 39 47 403
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11 Write down the coordinates of each point.

2

3

1

2 31 4

x
A

D

E

C

B

y

O

4

Extended-response question

term 1 term 2 term 3

1 The diagrams above show the tile pattern being used around the border of an inground

swimming pool.

Draw the fourth term in the pattern.a

How many coloured tiles are used in term 4 of the pattern?b

Which term uses 41 coloured tiles in its construction?c

If each coloured tile costs $1 and each white tile costs 50 cents, what is the cost of

completing the pattern using 41 coloured tiles?

d

Fractions
Multiple-choice questions

1 Which of the following is equivalent to
12

7
?

24

7
A 1

5

7
B 1

5

12
C

112

17
D

7

12
E

2
1

2
+

1

3
is equal to:

2

5
A

2

6
B

5

6
C

1

5
D

7

6
E

3
350

450
in simplest form is:

35

45
A

4

5
B

3

4
C

3.5

4.5
D

7

9
E

4 What fraction of $2 is 40 cents?
1

20
A

20

1
B

5

1
C

1

5
D

1

40
E
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5 2
1

2
÷

3

4
is the same as:

5

2
×

4

3
A

5

2
×

3

4
B

2

5
÷

3

4
C

2

5
×

4

3
D

3

2
×

3

4
E

Short-answer questions

1 Arrange
1

2
,
1

3
,
2

5
and

3

10
in ascending order.

2 Express 5
2

3
as an improper fraction.

3 Find each of the following.

2

3
+

1

4
a 4 - 1

1

3
b 2

1

2
+ 3

3

4
c

2

5
×

1

2
d

2

3
÷

1

6
e 1

1

5
×

5

12
f

4 Write 15% as a simple fraction.

5 Find 25% of $480.

6 Find 12
1

2
% of $480.

7 State whether each of the following is true or false.

25% of x = x÷ 4a 10% of w =
w

10
b

20% of 50 = 50% of 20c 1% of x = 100xd

8 Which is larger,
2

3
or 67%?

Extended-response question

1 Caleb’s cold and flu prescription states: ‘Take two pills three times a day with food.’ The

bottle contains 54 pills:

How many pills does Caleb take each day?a

What fraction of the bottle remains after Day 1?b

How many days will it take for the pills to run out?c

If Caleb takes his first dose Friday night before going to bed, on what day will he take

his last dose?

d

Algebra
Multiple-choice questions

1 12 - x means:

12 less than xA x less than 12B x has the value of 12C

x is less than 12D x is more than 12E

2 Double the sum of x and y is:

2(x + y)A 2x + yB x + 2yC (x + y)2D x + y + 2E
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3 Half the product of a and b is:

2abA
a + b

2
B

ab

2
C

1

2
a +

1

2
bD

a

2
+ bE

4 4a + 3b + c + 5b - c is the same as:

32abA 4a + 8b + 2cB 8a + 4bC 64abcD 4a + 8bE

5 If a = 3 and b = 7, then 3a2 + 2b is equal to:

66A 95B 23C 41D 20E

Short-answer questions

1 Consider the expression 5x + 7y + 3x + 9.

How many terms are in this expression?a

Can the expression be simplified?b

What is the value of the constant term?c

What is the coefficient of y?d

2 Write an algebraic expression for each of the following.

the sum of x and 3a

the product of a and 12b

the sum of double x and triple yc

w divided by 6d

double x taken from ye

3 Find how many:

cents are in $ma hours are in x daysb

millimetres are in p kilometresc days are in y hoursd

4 If m = 6, find the value of each of the following.

m + 7a 2m - 1b 6m + 3c

2(m - 3)d
m + 6

2
e

m

2
+ 4m - 3f

5 Evaluate the expression 3(2x + y) when x = 5 and y = 2.

6 Simplify each of the following.

6a + 4aa 7x - 3xb 9a + 2a + ac

m + m - md 6 + 2a + 3ae x + y + 3x + yf

7 a Write an expression for the perimeter of rectangle ABCD.

b Write an expression for the area of rectangle ABCD.

D

3

x + 4

A B

C
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8 Find the missing term.

3a × = 18abca 10ab÷ = 2ab

2p + 2p + 2p = 6c

9
Ext

Expand:

2(a + 3)a 12(a - b)b 8(3m + 4)c

10 Write the simplest expression for the perimeter of this figure.

2xy

Extended-response question

1 A bottle of soft drink costs $3 and a pie costs $2.

a Find the cost of:

i 2 bottles of soft drink and 3 pies

ii x bottles of soft drink and 3 pies

iii x bottles of soft drink and y pies

b If Anh has $50, find his change if he buys x bottles of soft drink and y pies.

Decimals
Multiple-choice questions

1 80 +
6

10
+

7

1000
is the same as:

8067A 867B 80.67C 80.067D 80.607E

2 Select the incorrect statement.

0.707 > 0.7A 0.770 =
77

100
B 0.07 × 0.7 = 0.49C

0.7 ×
1

10
= 0.07D 0.7 × 10 = 7E

3 The best estimate for 23.4 × 0.96 is:

234A 230B 0.234C 23D 20E

4
3

8
is the same as:

0.375A 3.8B 0.38C 2.
.

6D 38%E

5 6.8 ÷ 0.04 is the same as:

68 ÷ 4A 680 ÷ 4B 17C
4

68
D 7 ÷ 0.05E
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Short-answer questions

1 Write each of the following as a decimal.

two-tenthsa
13

100
b

17

10
c

2 In the decimal 136.094:

What is the value of the 6?a

What is the value of the 4?b

What is the decimal, correct to the nearest tenth?c

3 Round 18.398 741 correct to:

the nearest wholea 1 decimal placeb 2 decimal placesc

4 Evaluate:

15 - 10.93a 19.7 + 240.6 + 9.03b 20 - 0.99c

0.6 × 0.4d (0.3)2e
12

0.2
f

5 Find:

1.24 - 0.407a 1.2 + 0.6 × 3b 1.8 × 0.2 ÷ 0.01c

6 If 369 × 123 = 45 387, write down the value of:

3.69 × 1.23a 0.369 × 0.123b 45.387 ÷ 36.9c

7 Find:

36.49 × 1000a 1.8 ÷ 100b 19.43 × 200c

8 For each of the following, circle the larger of each pair.

4

5
, 0.79a 1.1, 11%b

2

3
, 0.6c

9 State if each of the following is true or false.

0.5 = 50%a 0.15 =
2

20
b 38% = 0.19c

126% = 1.26d
4

5
= 0.08e 1

3

4
= 1.75f

Extended-response question

1 The cost of petrol is 116.5 cents per litre.

Find the cost of 55 L of petrol, correct to the nearest cent.a

Mahir pays cash for his 55 L of petrol. What is the amount that he pays, correct to the

nearest 5 cents?

b

If the price of petrol is rounded to the nearest cent before the cost is calculated, how

much would 55 L of petrol cost now?

c

By how much is Mahir better off if the rounding occurs at the end rather than the

beginning?

d

If the price drops to 116.2 cents per litre, is the comparison between rounding at the

end versus rounding at the beginning the same as it was above?

e
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The Antarctic has the coldest climate on 

Earth. Near the coast, the temperature can 

range from +10°C in summer to −60°C in 

winter, making winter up to 70°C colder than 

summer. High in the mountains, temperatures 

average −30°C in summers and −80°C in 

winters, 50°C colder than summer. 

Antarctic icebergs start out as huge  

broken ice shelves. Measuring from sea level, 

the top of an iceberg could be at +50 m and 

the bottom at −350 m, making a total height 

of 400 m. These gigantic icebergs are many 

kilometres across and weigh millions of tonnes.

When measured from its base on the 

ocean �oor, the Hawaiian mountain of Mauna 

Kea is the highest mountain in the world. The 

top is at +4205 m and the base at −6000 m 

making a total height of over 10 200 m from 

the base. That is much higher than Mt Everest 

at 8848 m above sea level.

There are several places on Earth that are 

below sea level. Examples include Australia’s 

Lake Eyre at −15 m, California’s Death Valley 

at −86 m, Israel’s Sea of Galilee with its shores 

at −212 m and the Dead Sea with its shores at 

−423 m, the lowest dry land on earth. 

Positive and negative measurements

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



366 Chapter 7 Negative numbers

7A Integers CONSOLIDATING

The numbers 1, 2, 3,… are considered to be positive because

they are greater than zero (0). Negative numbers extend

the number system to include numbers less than zero. All

the whole numbers less than zero, zero itself and the whole

numbers greater than zero are called integers.

The use of negative numbers dates back to 100 BCE when the

Chinese used black rods for positive numbers and red rods for

negative numbers in their rod number system. These coloured

rods were used for commercial and tax calculations. Later, a

great Indian mathematician named Brahmagupta (598-670) set

out the rules for the use of negative numbers, using the word

fortune for positive and debt for negative. Negative numbers

were used to represent loss in a .nancial situation.

An English mathematician named John Wallis (1616-1703)
John Wallis invented the number line.

invented the number line and the idea that numbers have a direction. This helped de.ne our number

system as an in.nite set of numbers extending in both the positive and negative directions. Today

negative numbers are used in all sorts of mathematical calculations and are considered to be an essential

element of our number system.

Let’s start: Simple applications of negative numbers

• Try to name as many situations as possible in which negative numbers are used.

• Give examples of the numbers in each case.

Key
ideas

Negative numbers are numbers less than zero.

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

. . . , - 4, -3, -2, -1, 0, 1, 2, 3, 4, . . .

A number line shows:

• positive numbers to the right of zero

• negative numbers to the left of zero.

0 1 2 3 4−4 −3 −2 −1

negative positive

Each negative number has a positive opposite.

3 and -3 are examples of opposite numbers.

Negative fractions that are not integers can also be located on a

number line.
−2 −1 0

or
1
1
2

−

3

2
−

2

3
−
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Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 367

Example 1 Drawing a number line

Draw a number line, showing all integers from - 4 to 2.

SOLUTION EXPLANATION

0 1 2−4 −3 −2 −1
Use equally spaced markings and put -4 on the

left and 2 on the right.

Example 2 Less than or greater than

Insert the symbol < (less than) or > (greater than) into these statements to make them true.

-2 3a -1 -6b

SOLUTION EXPLANATION

a -2 < 3 -2 is to the left of 3 on a number line.

2 3−2 −1 0 1

b -1 > -6 -1 is to the right of -6 on a number line.

0−6 −5 −4 −3 −2 −1

Exercise 7A

1 What are the missing numbers on these number lines?

0 1 3−3 −1
a

1 3−2 −1
b

−10 −9 −8 −6
c

−4 −1−2

d

2 -5 is the opposite number of 5, and 5 is the opposite number of -5. Write down the opposite to

these numbers.

2a 6b -3c -7d

-15e 21f 132g -1071h

3 Fill in the blanks using the words greater or less.

5 is than 0a -3 is than 0b

0 is than -6c 0 is than 1d

U
N
D
E
R
S
TA

N
D
IN
G

—1–3 3

4Example 1 Draw a number line for each description, showing all the given integers.

from -2 to 2a from -10 to -6b F
L
U
E
N
C
Y

5–8(½)4–5, 6(½), 7 4–5, 6–8(½)

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



368 Chapter 7 Negative numbers

7A

5 List all the integers that .t the description.

from -2 up to 4a greater than -3 and less than 2b

greater than -5 and less than 1c less than -3 and greater than -10d

6Example 2 Insert the symbol < (less than) or > (greater than) into these statements to make them true.

7 9a 3 2b 0 -2c - 4 0d

-1 -5e -7 -6f -11 -2g -9 -13h

-3 3i 3 -3j -130 1k -2 -147l

7 Give the temperature shown on these thermometers.

−5

0

5

°Ca

−10

0

10

C°b

−20

−10

0

°Cc

−40

−20

0

20

°Cd

8 Write down the negative fraction illustrated by the dot on these number lines.

−2 −1 0

a
−2 −1 0

b

−5 −4
c

−10 −9
d

−12 −10−11
e

−20 −19
f

F
L
U
E
N
C
Y

9 Arrange these numbers in ascending order.

-3, -6, 0, 2, -10, 4, -1a -304, 126, -142, -2, 1, 71, 0b

10 Write the next three numbers in these simple patterns.

3, 2, 1, , ,a -8, -6, - 4, , ,b

10, 5, 0, , ,c -38, -40, - 42, , ,d

-91, -87, -83, , ,e 199, 99, -1, , ,f

P
R
O
B
L
E
M
-S
O
LV

IN
G

10, 119, 10 10, 11
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7A

11 These lists of numbers show deposits (positive numbers) and withdrawals (negative numbers) for

a month of bank transactions. Find the balance at the end of the month.

Start balance $200

-$10

-$130

$25

-$100

$20

Final balance

a Start balance $0

$50

-$60

-$100

$200

-$100

Final balance

b

P
R
O
B
L
E
M
-S
O
LV

IN
G

12 If the height above sea level for a plane is a

positive number, then the height for a submarine

could be written as a negative number. What is

the height relative to sea level for a submarine at

these depths?

50 ma

212.5 mb

0 mc

13 The difference between two numbers could be thought of as the distance between the numbers

on a number line. For example, the difference between -2 and 1 is 3.

0 1 2 3−3 −2 −1

3

Find the difference between these pairs of numbers.

-1 and 1a -2 and 2b -3 and 1c - 4 and 3d

-3 and 0e -4 and -1f -10 and -4g -30 and 14h

R
E
A
S
O
N
IN
G

12, 13(½)12 13(½)

The ;nal position

14 For these sets of numbers, a positive number means to move right and a negative number means

to move left. Start at zero each time and .nd the .nal position.

0 1 2 3−3 −2 −1

negative positive

-1, 4, -5a 3, -5, -1, 4b

-5, -1, 3, 1, -2, -1, 4c -10, 20, -7, -14, 8, - 4d

-250, 300, - 49, -7, 36, -81e -7001, 6214, -132, 1493, -217f

E
N
R
IC
H
M
E
N
T

14— —
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370 Chapter 7 Negative numbers

7B Adding and subtracting positive integers

Adding and subtracting a positive integer can give both positive and

negative answers. For example, when a newly installed fridge at 20°C is

switched on, the temperature inside the freezer might fall by 25°C. The

.nal temperature is -5°C; i.e. 20 - 25 = -5. If a temperature of -10°C rises

by 5°C, the .nal temperature is -5°C; i.e. -10 + 5 = -5.

Let’s start: Positive and negative possibilities

Decide if it is possible to .nd an example of the following.

If so, give a speci.c example.

• A positive number added to a positive number gives a positive number.

• A positive number added to a positive number gives a negative number.

• A positive number added to a negative number gives a positive number.

• A positive number added to a negative number gives a negative number.

• A positive number subtracted from a positive number gives a

positive number.

• A positive number subtracted from a positive number gives a

negative number.

• A positive number subtracted from a negative number gives a positive number.

When food goes into a fridge its

temperature begins to change.

• A positive number subtracted from a negative number gives a negative number.

Key
ideas

If a positive number is added to any number, you move right on a number line.

2 + 3 = 5 Start at 2 and move right by 3.

543

+3

2 61

-5 + 2 = -3 Start at -5 and move right by 2. +2

−6 −5 −4 −3 −2

If a positive number is subtracted from any number, you move left on a number line.

2 - 3 = -1 Start at 2 and move left by 3.

210

−3

3−2 −1

- 4 - 2 = -6 Start at -4 and move left by 2. −2

−7 −6 −5 −4 −3
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Example 3 Adding and subtracting positive integers

Calculate the answer to these additions and subtractions.

-2 + 3a -8 + 1b 5 - 7c -3 - 3d

SOLUTION EXPLANATION

a -2 + 3 = 1

10

+3

2−3 −2 −1

b -8 + 1 = -7 +1

−9 −8 −7 −6 −5

c 5 - 7 = -2

10−3

−7

−2 −1 2 3 4 5 6

d -3 - 3 = -6 −3

−7 −6 −5 −4 −3 −2 −1

Exercise 7B

1 In which direction (i.e. right or left) on a number line do you move for the following calculations?

2 is added to -5a 6 is added to - 4b

4 is subtracted from 2c 3 is subtracted from -4d

2 Match up the problems a to d with the number lines A to D.

5 - 6 = -1a

210 3−2−3 −1

A

-2 + 4 = 2b

0−5 −4 −3 −2 −1

B

-1 - 3 = - 4c

−7 −6 −5 −4 −3 −2

C

-6 + 3 = -3d

10−2 −1 2 3 4 5 6

D

U
N
D
E
R
S
TA

N
D
IN
G

—1, 2 2
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372 Chapter 7 Negative numbers

7B

3Example 3a,b Calculate the answer to these additions. Check your answers using a calculator.

-1 + 2a -1 + 4b -3 + 5c -10 + 11d

- 4 + 3e -5 + 2f -11 + 9g -20 + 18h

- 4 + 0i -8 + 0j -30 + 29k -39 + 41l

-130 + 132m -181 + 172n -57 + 63o -99 + 68p

4Example 3c,d Calculate the answer to these subtractions. Check your answers using a calculator.

4 - 6a 7 - 8b 3 - 11c 1 - 20d

-3 - 1e -5 - 5f -2 - 13g -7 - 0h

-37 - 4i 39 - 51j 62 - 84k -21 - 26l

-100 - 200m 100 - 200n 328 - 421o - 496 - 138p

5 Find the missing number.

2 + = 7a -2 + = 7b -2 + = 3c - 4 + = -2d

5 - = 0e 3 - = - 4f -9 - = -12g -20 - = -30h

-6 + = -1i -8 - = -24j + 1 = -3k + 7 = 2l

- 4 = -10m - 7 = -20n + 6 = -24o - 100 = -213p

6 Evaluate the following. Remember to work from left to right.

3 - 4 + 6a 2 - 7 - 4b -1 - 4 + 6c -5 - 7 - 1d

-3 + 2 - 7 + 9e -6 + 1 - 20 + 3f 0 - 9 + 7- 30g -15 - 20 + 32 - 1h

F
L
U
E
N
C
Y

3–6(½)3–5(½) 3–6(½)

7 Determine how much debt remains in these .nancial situations.

owes $300 and pays back $155a owes $20 and borrows another $35b

owes $21 500 and pays back $16 250c

8 a The reading on a thermometer

measuring temperature rises 18°C

from -15°C. What is the .nal

temperature?

b The reading on a thermometer

measuring temperature falls

7°C from 4°C. What is the .nal

temperature?

c The reading on a thermometer

measuring temperature falls 32°C

from -14°C. What is the .nal

temperature?

P
R
O
B
L
E
M
-S
O
LV

IN
G

8–107, 8 8, 9
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7B

9 For an experiment, a chemical solution starts at a temperature of 25°C, falls to -3°C, rises to

15°C and then falls again to -8°C. What is the total change in temperature? Add all the changes

together for each rise and fall.

10 An ocean sensor is raised and lowered to different depths in the sea. Note that -100 m means

100 m below sea level.

a If the sensor is initially at -100 m and then raised to - 41 m, how far does the sensor rise?

b If the sensor is initially at -37 m and then lowered to -93 m, how far is the sensor lowered?

P
R
O
B
L
E
M
-S
O
LV

IN
G

11 Give an example that suits the description.

A positive number subtract a positive number equals a negative number.a

A negative number subtract a positive number equals a negative number.b

A negative number add a positive number equals a positive number.c

A negative number add a positive number equals a negative number.d

12 a a is a positive integer, b is a positive integer and a > b. For each of the following, decide if

the result will be positive, negative or zero.

a + bi a - bii b - aiii a - aiv

b a is a negative integer and b is a positive integer. Decide if each of the following is always

true.

a + b is positivei a - b is negativeii

R
E
A
S
O
N
IN
G

11, 1211 11

+ or – combinations

13 Insert + or - signs into these statements to make them true.

3 4 5 = 4a 1 7 9 4 = -5b

- 4 2 1 3 4 = 0c -20 10 7 36 1 18 = - 4d

-a b a b = 0e -a a 3a b b = a - 2bf

E
N
R
IC
H
M
E
N
T

13— —

Postive and negative numbers are used to show stock

price changes.
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374 Chapter 7 Negative numbers

7C Adding and subtracting negative integers

By observing patterns in number

calculations, we can see the effect of adding

and subtracting negative integers.

Addition    Subtraction

−1 +1

−1 +1

−1 +1

−1 +1

2 + (−1) = 1

2 + 0 = 2

2 + 1 = 3

2 + 2 = 4

2 + 3 = 5

2 + (−2) = 0

2 + (−3) = −1 

−1 +1

−1

2 − 3 = −1

2 − 2 = 0

2 − 1 = 1

2 − 0 = 2

2 − (−1) = 3

2 − (−2) = 4 +1

2 − (−3) = 5

So adding -3 is equivalent to subtracting 3,

and subtracting -3 is equivalent to adding 3.
If I have $100 of debt and subtract $50 of debt, how do

I calculate my final balance?

Let’s start: Dealing with debt

Let -$10 represent $10 of debt. Write a statement (e.g. 5 + (-10) = -5) to represent the following .nancial

situations.

• $10 of debt is added to a balance of $5.

• $10 of debt is added to a balance of -$5.

• $10 of debt is removed from a balance of -$15.

Key
ideas

Adding a negative number is equivalent to subtracting its opposite.

a + (-b) = a - b

2 + (-3) = 2 - 3 = -1

-4 + (-2) = - 4 - 2 = -6

210

−3

3−2 −1

−2

−7 −6 −5 −4 −3

Subtracting a negative number is equivalent to adding its opposite.

a - (-b) = a + b

5 - (-2) = 5 + 2 = 7

-2 - (-3) = -2 + 3 = 1

4 5 6 7 8

+2

10 2−3 −2 −1

+3

On a number line, the effect of adding or subtracting a negative number is to reverse the direction

of the operation.
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Example 4 Adding and subtracting negative integers

Calculate the answer to these additions and subtractions.

7 + (-2)a -2 + (-3)b 1 - (-3)c -6 - (-2)d

SOLUTION EXPLANATION

a 7 + (-2) = 7 - 2

= 5

Adding -2 is equivalent to subtracting 2.

b -2 + (-3) = -2 - 3

= -5

Adding -3 is equivalent to subtracting 3.

c 1 - (-3) = 1 + 3

= 4

Subtracting -3 is equivalent to adding 3.

d -6 - (-2) = -6 + 2

= - 4

Subtracting -2 is equivalent to adding 2.

Exercise 7C

1 Write down the missing numbers in these sentences. The .rst one has been done for you.

2 + 5 means that 5 is added to 2 .a

-3 + 6 means that is added to .b

1 + (-3) means that is added to .c

-7 + (-11) means that is added to .d

5 - 3 means that is subtracted from .e

-2 - 6 means that is subtracted from .f

7 - (-3) means that is subtracted from .g

-7 - (-11) means that is subtracted from .h

2 Complete these sentences.

Adding - 4 is equivalent to subtracting .a

Adding -6 is equivalent to 6.b

Adding 5 is equivalent to subtracting .c

Adding -11 is equivalent to 11.d

Subtracting -2 is equivalent to adding .e

Subtracting -7 is equivalent to 7.f

U
N
D
E
R
S
TA

N
D
IN
G

—1–3(½) 3(½)
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376 Chapter 7 Negative numbers

7C

3 State whether each of the following is true or false.

2 + (-3) = 5a 10 + (-1) = 9b -5 + (-3) = -8c -6 + (-2) = -4d

5 - (-1) = 4e 3 - (-9) = 12f 2 - (-3) = 1g -11 - (-12) = -1h

U
N
D
E
R
S
TA

N
D
IN
G

4Example 4a,b Calculate the answer to these additions. Check your answer using a calculator.

3 + (-2)a 8 + (-3)b 12 + (-6)c 9 + (-7)d

1 + (-4)e 6 + (-11)f 20 + (-22)g 0 + (-4)h

-2 + (-1)i -7 + (-15)j -5 + (-30)k -28 + (-52)l

-7 + (-3)m -20 + (-9)n -31 + (-19)o -103 + (-9)p

5Example 4c,d Calculate the answer to these subtractions. Check your answer using a calculator.

2 - (-3)a 5 - (-6)b 20 - (-30)c 29 - (-61)d

-5 - (-1)e -7 - (- 4)f -11 - (-6)g - 41 - (-7)h

- 4 - (-6)i -9 - (-10)j -20 - (-20)k -96 - (-104)l

5 - (-23)m 28 - (-6)n -31 - (-19)o -104 - (-28)p

6 Find the missing number.

2 + = -1a 3 + = -7b -2 + = -6c + (-3) = 1d

+ (-10) = -11e + (-4) = 0f 5 - = 6g 2 - = 7h

-1 - = 3i - (-3) = 7j - (-10) = 12k - (- 4) = -20l

5 - = 11m - (-2) = -3n -2 - = - 4o + (-5) = -1p

7 Calculate the answer, working from left to right.

3 + (-2) + (-1)a 2 + (-1) + (-6)b 3 - (-1) - (-4)c 10 - (-6) + (- 4)d

-7 - (-1) + (-3)e -20 - (-10) - (-15)f -9 - (-19) + (-16)g -15 - (-20) + (-96)h

-13 - (-19) + (-21)i -2 - (-3) - (-5)j -18 - (-16) - (-19)k 5 + (-20) - (-26)l
F
L
U
E
N
C
Y

4–7(½)4–6(½) 4–7(½)

8 An ocean sensor is initially at -90 m,

i.e. 90 m below sea level. The sensor

is raised 50 m, lowered 138 m and

then raised again by 35 m. What is the

probe’s .nal position? P
R
O
B
L
E
M
-S
O
LV

IN
G

10–128, 9 9–11
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7C

9 A small business has a bank balance of -$50 000. An amount of $20 000 of extra debt is added

to the balance and, later, $35 000 is paid back. What is the .nal balance?

10 $100 of debt is added to an existing balance of $50 of debt. Later, $120 of debt is removed from

the balance. What is the .nal balance?

11 Here is a pro.t graph showing the pro.t for each

month of the .rst half of the year for a bakery

shop.

a What is the pro.t for:

February?i

April?ii

b What is the overall pro.t for the 6 months?

4

6

2

−4

−6

−2

−8

−10

F MJ J

8

10

P
ro

fi
t 

($
1
0
0
0
s)

Month
A MO

12 Complete these magic squares, using addition. The sum of each row, column and diagonal

should be the same.

-2 5

1

4

a
-6

-3 -17

-7

b

P
R
O
B
L
E
M
-S
O
LV

IN
G

13 Write these sentences as mathematical statements, e.g. 2 + (-3).

The sum of 3 and 4a The sum of -2 and -9b

The difference between 5 and -2c The difference between -2 and 1d

The sum of a and the opposite of be

The difference between a and the opposite of bf

14 Simplify these numbers. Hint: In part a, -(-4) is the same as 0 - (-4).

-(-4)a -(-(-1))b -(-(-(-(-3))))c

R
E
A
S
O
N
IN
G

14, 1513 13, 14
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7C

15 a If a is a positive number and b is a negative number, decide if each of the following

statements is always true.

a + b is negativei a - b is positiveii

b If a is a negative number and b is a negative number, decide if each of the following

statements is always true.

a + b is negativei a - b is positiveii

c If a and b are both negative numbers and b < a, is a - b always positive? Give reasons.

R
E
A
S
O
N
IN
G

Negative fractions

16 Negative decimals and fractions can be added and subtracted using the same rules as those for

integers. Calculate the answer to these sums and differences of fractions.

2 +

(

-
1

2

)

a 5 +

(

-
4

3

)

b -
1

2
+

(

-
3

2

)

c -
2

3
+

(

-
10

3

)

d

5 -

(

-
1

3

)

e 10 -

(

-
3

2

)

f -
5

4
-

(

-
3

4

)

g -
4

7
-

(

-
1

2

)

h

9

2
+

(

-
9

3

)

i
9

2
-

(

-
9

3

)

j 4
2

3
+

(

-1
1

2

)

k 5
5

7
+

(

-4
4

5

)

l

-
3

2
+

(

-
1

3

)

m -
7

4
-

(

-
2

5

)

n 3
2

7
-

(

-1
1

2

)

o -5
1

6
-

(

-3
2

5

)

p

E
N
R
IC
H
M
E
N
T

16(½)— —

In the Celsius scale, temperatures

below the freezing point of water

(zero degrees) are indicated by

negative numbers.
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7D Multiplication and division of integers EXTENDING

The rules for multiplication and division of integers can be developed by considering repeated addition.

For example: 4 groups of -3 is -3 + (-3) + (-3) + (-3) = -12. So, 4 × (-3) = -12.

Also, -3 × 4 = -12 since a × b = b × a.

We also know that if 5 × 7 = 35, then 35 ÷ 7 = 5, so if 4 × (-3) = -12 then -12 ÷ (-3) = 4. This is saying

there are 4 groups of -3 in -12, which we know from the repeated addition above.

Also, -12 ÷ 4 = -3.

These examples give rise to the rules governing the multiplication and division of negative numbers.

Let’s start: Patterns in tables

Complete this table of values for multiplication by

noticing the patterns. What does the table of values

tell you about the rules for multiplying negative

integers?

× -3 -2 -1 0 1 2 3

-3 0

-2 0

-1 0

0 0 0 0 0 0 0 0

1 0 1

2 0 2 4

3 0

Key
ideas

The product or quotient of two numbers of the same sign (i.e. positive or negative) is a

positive number.

So a × b = ab and -a × (-b) = ab

e.g. 3 × 4 = 12 -3 × (-4) = 12

a÷ b =
a

b
and -a÷ (-b) =

a

b

e.g. 12 ÷ 4 = 3 -12 ÷ (-4) = 3

The product or quotient of two numbers of the opposite sign (i.e. positive and negative) is a

negative number.

So -a × b = -ab and a × (-b) = -ab

e.g. -3 × 4 = -12 3 × (-4) = -12

-a÷ b = -
a

b
and a÷ (-b) = -

a

b

e.g. -12 ÷ 3 = 4 12 ÷ (-3) = - 4
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380 Chapter 7 Negative numbers

Example 5 Multiplying and dividing integers

Calculate these products and quotients.

5 × (-6)a -3 × (-7)b -36 ÷ (-4)c -18 ÷ 9d

SOLUTION EXPLANATION

a 5 × (-6) = -30 The two numbers are of opposite sign, so the

answer is negative.

b -3 × (-7) = 21 The two numbers are of the same sign, so the

answer is positive.

c -36 ÷ (- 4) = 9 Both numbers are negative, so the answer

is positive.

d -18 ÷ 9 = -2 The two numbers are of opposite sign, so the

answer is negative.

Example 6 Working with multiple operations

Work from left to right to .nd the answer to -7 × 4 ÷ (-2).

SOLUTION EXPLANATION

-7 × 4 ÷ (-2) = -28 ÷ (-2)

= 14

First, calculate -7 × 4.

Then calculate -28 ÷ (-2).

Exercise 7D

1 Complete these product tables.

× -2 -1 0 1 2

-2 0

-1 0

0 0 0 0 0 0

1 0 1 2

2 0

a
× - 4 -2 0 2 4

-4 16

-2

0 0

2

4 8

b

2 Write down the missing number.

2 × (-3) = -6, so -6 ÷ (-3) =a 2 × (-3) = -6, so -6 ÷ 2 =b

-16 ÷ 4 = - 4, so × 4 = -16c 16 ÷ (-4) = - 4, so × (-4) = 16d

U
N
D
E
R
S
TA

N
D
IN
G

—1–3 3
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7D

3 Complete each sentence by inserting the missing word positive or negative.

The product (×) of two positive numbers is .a

The product (×) of two negative numbers is .b

The product (×) of two numbers with opposite signs is .c

The quotient ( ÷ ) of two positive numbers is .d

The quotient ( ÷ ) of two negative numbers is .e

The quotient ( ÷ ) of two numbers with opposite signs is .f

U
N
D
E
R
S
TA

N
D
IN
G

4Example 5a,b Calculate the answer to these products.

3 × (-5)a 1 × (-10)b -3 × 2c -9 × 6d

-8 × (-4)e -2 × (-14)f -12 × (-12)g -11 × 9h

-13 × 3i 7 × (-12)j -19 × (-2)k -36 × 3l

-6 × (-11)m 5 × (-9)n -21 × (-3)o -36 × (-2)p

5Example 5c,d Calculate the answer to these quotients.

14 ÷ (-7)a 36 ÷ (-3)b -40 ÷ 20c -100 ÷ 25d

-9 ÷ (-3)e -19 ÷ (-19)f -25 ÷ 5g 38 ÷ (-2)h

84 ÷ (-12)i -108 ÷ 9j -136 ÷ 2k -1000 ÷ (-125)l

-132 ÷ (-11)m -39 ÷ (-3)n 78 ÷ (-6)o -156 ÷ (-12)p

6Example 6 Work from left to right to .nd the answer. Check your answer using a calculator.

2 × (-3) × (-4)a -1 × 5 × (-3)b -10 ÷ 5 × 2c

-15 ÷ (-3) × 1d -2 × 7 ÷ (-14)e 100 ÷ (-20) × 2f

48 ÷ (-2) × (-3)g -36 × 2 ÷ (- 4)h -125 ÷ 25 ÷ (-5)i

-8 ÷ (-8) ÷ (-1)j 46 ÷ (-2) × (-3) × (-1)k -108 ÷ (-12) ÷ (-3)l

7 Write down the missing number in these calculations.

a 5 × = -35 b × (-2) = -8 c 16÷ = - 4 d -32÷ = - 4

e ÷ (-3) = -9 f ÷ 7 = -20 g -5000 × = -10 000 h -87 × = 261

i 243÷ = -81 j 50÷ = -50 k -92 × = 184 l -800÷ = -20

8 Remember that
9

3
means 9 ÷ 3. Use this knowledge to simplify each of the following.

-12

4
a

21

-7
b

- 40

-5
c

-124

- 4
d

-15

-5
e

-100

-20
f

-900

30
g

20 000

-200
h

9 Remember that 32 = 3 × 3 = 9, and (-3)2 = -3 × (-3) = 9. Use this knowledge to simplify each

of the following.
(-2)2a (-1)2b (-9)2c (-10)2d

(-6)2e (-8)2f (-3)2g (-1.5)2h

F
L
U
E
N
C
Y

4–9(½)4–8(½) 4–9(½)
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7D

10 List the different pairs of integers that multiply to give these numbers.

6a 16b -5c -24d

11 Insert a multiplication or division sign between the numbers to make a true statement.

2 - 3 - 6 = 1a -25 - 5 3 = 15b

-36 2 - 3 = 216c -19 - 19 15 = 15d

12 a There are two distinct pairs of numbers whose product is -8 and difference is 6. What are

the two numbers?

b The quotient of two numbers is -11 and their difference is 36. What are the two numbers?

There are two distinct pairs to .nd.

P
R
O
B
L
E
M
-S
O
LV

IN
G

11, 1210 10, 11

13 24 means 2 × 2 × 2 × 2, and (-2)4 = -2 × (-2) × (-2) × (-2).

a Calculate:

(-2)3i (-2)6ii (-3)3iii (-3)4iv

b Which questions from part a give positive answers and why?

c Which questions from part a give negative answers and why?

14 a × b is equivalent to ab, and 2 × (-3) is equivalent to -(2 × 3). Use this information to simplify

these expressions.

a × (-b)a -a × bb -a × (-b)c

R
E
A
S
O
N
IN
G

13, 1413 13

× and ÷ with negative fractions

15 Calculate the answer to these problems containing fractions. Simplify where possible.

1

2
×

(

-
1

2

)

a
3

4
×

(

-
2

3

)

b -
5

7
×
3

5
c -

3

4
×

(

-
4

3

)

d

1

4
÷

(

-
1

4

)

e -
5

8
÷
1

2
f -

6

11
÷

(

-
12

11

)

g -
3

2
÷

(

-
1

4

)

h

a

b
×

(

-
b

a

)

i -
b

a
×

(

-
a

b

)

j -
a

b
÷
a

b
k -

b

a
÷

(

-
b

a

)

l

E
N
R
IC
H
M
E
N
T

15— —
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Progress quiz

17A Draw a number line from -2 to +3, showing all the given integers.

27A Copy and insert the symbol < (less than) or > (greater than) into these statements to make

them true.

-2 1a -9 - 12b 4 - 5c

37A Arrange these numbers in ascending order: -6, 8, -4, 0, 7.

47B Calculate the answer to these additions and subtractions.

-10 + 12a - 4 - 5b 26 - 34c -5 - 8 + 9 - 22d

57C Calculate the answer to these additions and subtractions.

9 + (-4)a -8 + (-7)b 0 + (-3)c 12 - (-8)d

67C Calculate the answer, working from left to right.

-20 - (-10) - (-15)a 10 - (-6) + (-4)b

77D

Ext

Calculate these products and quotients.

4 × (-3)a -5 × (-12)b -56 ÷ 8c -20 ÷ (-5)d

87D

Ext

Work from left to right to .nd the answer.

5 × (-2) × (- 4)a 25 ÷ (-5) × 6b

64 ÷ (-8) × (-2)c -40 ÷ (- 4) ÷ (-5)d

97D

Ext

Simplify each of the following.

(-5)2a (-2)3b
- 72

- 6
c

- 1260

4
d

107C Ethan has a debt of $120 on his credit card. He buys another item using his credit card,

which adds an extra debt of $90. At the end of the month Ethan paid $140 off his credit card debt.

What is the .nal balance on Ethan’s credit card?
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384 Chapter 7 Negative numbers

7E Order of operations EXTENDING

We have learnt from our study of positive whole numbers that there is a particular order to follow when

dealing with mixed operations and brackets. This order also applies when dealing with negative numbers.

For example: -2 + 3 × (-4) is different from (-2 + 3) × (- 4).

Let’s start: Brackets or not?

During a classroom debate about the statement 3 × (-4) - 8 ÷ (-2) = -8:

• Lil says that the statement needs to have more brackets to make it true.

• Max says that even with brackets it is impossible to make it true.

• Riley says that it is correct as it is and there is no need for more brackets.

Who is correct and why?

Key
ideas

When working with more than one operation and with positive and/or negative numbers:

• Deal with brackets .rst.

• Do multiplication and division next, working from left to right.

• Do addition and subtraction last, working from left to right.

−2 −2 × 3 10)− ( + ÷ 8

  2nd    1st

  −6     8

        3rd

1

     last

      −7

Example 7 Using order of operations

Use order of operations to evaluate the following.

5 + 2 × (-3)a -6 × 2 - 10 ÷ (-5)b

SOLUTION EXPLANATION

a 5 + 2 × (-3) = 5 + (-6)

= -1

Do the multiplication before the addition.

b -6 × 2 - 10 ÷ (-5) = -12 - (-2)

= -12 + 2

= -10

Do the multiplication and division .rst.

When subtracting -2, add its opposite.
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Example 8 Order of operations with brackets

Use order of operations to evaluate the following.

(-2 - 1) × 8a 5 ÷ (-10 + 5) + 5b

SOLUTION EXPLANATION

a (-2 - 1) × 8 = -3 × 8

= -24

Deal with brackets .rst.

b 5 ÷ (-10 + 5) + 5 = 5 ÷ (-5) + 5

= -1 + 5

= 4

Deal with brackets .rst. Then do the division

before the addition.

Exercise 7E

1 Which operation (i.e. addition, subtraction, multiplication or division) is done .rst in each

of the following problems?

-2 ÷ 2 + 1a 8 × (-6) - 4b -3 + 2 × (-6)c

7 - (-8) ÷ 4d (-2 + 3) ÷ 5e -6 ÷ (4 - (-2))f

- 4 × 3 ÷ (-6)g (2 + 3 × (-2)) + 1h -11 ÷ (7 - 2 × (-2))i

2 Classify each of the following statements as true or false.

- 4 + 2 × 3 = - 4 + (2 × 3)a -4 + 2 × 3 = (-4 + 2) × 3b

8 × (2 - (-2)) = 8 × 4c 8 × (2 - (-2)) = 8 × 0d

- 40 - 20 ÷ (-5) = (-40 - 20) ÷ (-5)e -40 - 20 ÷ (-5) = - 40 - (20 ÷ (-5))f

U
N
D
E
R
S
TA

N
D
IN
G

—1, 2 2

3Example 7 Use order of operations to evaluate the following. Check your answer using a calculator.

2 + 3 × (-3)a 9 + 10 ÷ (-5)b 20 + (-4) ÷ 4c

18 + (-9) × 1d 10 - 2 × (-3)e 10 - 1 × (- 4)f

-8 - (-7) × 2g -2 × 4 + 8 × (-3)h -3 × (-1) + 4 × (-2)i

12 ÷ (-6) + 4 ÷ (-2)j -30 ÷ 5 - 6 × 2k -2 × 3 - 4 ÷ (-2)l

8 × (-2) - (-3) × 2m -1 × 0 - (- 4) × 1n 0 × (-3) - (- 4) × 0 + 0o

4Example 8 Use order of operations to evaluate the following. Check your answer using a calculator.

(3 + 2) × (-2)a (8 - 4) ÷ (-2)b -3 × (-2 + 4)c

-1 × (7 - 8)d 10 ÷ (4 - (-1))e (2 + (-3)) × (-9)f

(24 - 12) ÷ (16 + (-4))g (3 - 7) ÷ (-1 + 0)h -2 × (8 - 4) + (-6)i

-2 - 3 × (-1 + 7)j 0 + (-2) ÷ (1 - 2)k 1 - 2 × (-3) ÷ (-3 - (-2))l

(-3 + (-5)) × (-2 - (-1))m -3 ÷ (-1 + 4) × 6n -5 - (8 + (-2)) + 9 ÷ (-9)o

F
L
U
E
N
C
Y

3–4(½)3–4(½) 3–4(½)
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7E

5 A shop owner had bought socks at $5 a

pair but, during an economic downturn,

sold them for $3 a pair. In a particular

week, 124 pairs are sold and there are

other costs of $280. What is the shop

owner’s overall loss for the week?

6 A debt of $550 is doubled and then $350 of debt is removed each month for 3 months. What

is the .nal balance?

7 Insert brackets to make each statement true.

-2 + 3 × 8 = 8a -10 ÷ 4 + 1 = -2b

-1 + 7 × 2 - 15 = -3c -5 - 1 ÷ (-6) = 1d

3 - 8 ÷ 5 + 1 = 0e 50 × 7 - 8 × (-1) = 50f

-2 × 3 - (-7) - 1 = -21g -3 + 9 ÷ (-7) + 5 = -3h

32 - (-8) ÷ (-3) + 7 = 10i

8 By inserting only one pair of brackets, how many different answers are possible for this

calculation? Also include the answers for which brackets are not required.

-2 + 8 × (-4) - (-3)

P
R
O
B
L
E
M
-S
O
LV

IN
G

6–85, 6 6, 7

9 If brackets are removed from these problems, does the answer change?

(2 × 3) - (-4)a (8 ÷ (-2)) - 1b (-2 + 3) × 4c

9 ÷ (- 4 + 1)d (9 - (-3) × 2) + 1e (-1 + 8 ÷ (-2)) × 2f

10 State if each of the following is generally true or false.

(-3 + 1) + (-7) = -3 + (1 + (-7))a (-3 + 1) - (-7) = -3 + (1 - (-7))b

(a + b) + c = a + (b + c)c (a + b) - c = a + (b - c)d

(a - b) + c = a - (b + c)e (a - b) - c = a - (b - c)f

11 a Is the answer to each of the following positive or negative?

-6 × (-4) × (-8) × (-108) × (-96)i -100 ÷ (-2) ÷ 2 ÷ (-5)ii

(-3)3iii -1 × (-2)3iv

- 6 × (-3) × 4 × 7 × (-3)

(-2)2
v

(-1)2 × (-1)

(-1)3 × (-1)
vi

b Explain the strategy you used to answer the questions in part a.

R
E
A
S
O
N
IN
G

10, 119 9, 10

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 387

7EPowers and negative numbers

12 First, note that:

• 24 = 2 × 2 × 2 × 2 = 16

• (-2)4 = -2 × (-2) × (-2) × (-2) = 16

• -24 = -(2 × 2 × 2 × 2) = -16

When evaluating expressions with powers, the power is dealt with .rst in the order of operations.

For example: ((-2)3 - 1) ÷ (-3) = (-8 - 1) ÷ (-3) = -9 ÷ (-3) = 3

Evaluate each of the following.

22a (-2)2b -22c

(-2)5d -25e (32 - 1) × 4f

((-3)3 - 1) ÷ (-14)g 30 ÷ (1 - 42)h -10 000 ÷ (-10)4i

13 Kevin wants to raise -3 to the power of 4. He types -34 into a calculator and gets -81.

Explain what Kevin has done wrong.

E
N
R
IC
H
M
E
N
T

12, 13— —
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7F Substituting integers EXTENDING

The process known as substitution involves replacing

a pronumeral or letter (sometimes called a variable)

with a number. As a car accelerates, for example, its

speed could be given by the expression 10 + 4t. So,

after 8 seconds we can calculate the car’s speed by

substituting t = 8 into 10 + 4t.

So 10 + 4t = 10 + 4 × 8 = 42 metres per second.

We can also look at the car’s speed before time

t = 0. So at 2 seconds before t = 0 (i.e. t = -2), the

speed would be 10 + 4t = 10 + 4 × (-2) = 2 metres

per second.

We can use substitution to work out this car’s speed

at a given time.

Let’s start: Order matters

Two students substitute the values a = -2, b = 5 and c = -7 into the expression ac-bc. Some of the different

answers received are 21, -49, -21 and 49.

• Which answer is correct and what errors were made in the calculation of the three incorrect

answers?

Key
ideas

Substitute into an expression by replacing pronumerals (letters

representing numbers) with numbers.

If a = -3 then

3 - 7a = 3 - 7 × (-3)

= 3 - (-21)

= 3 + 21

= 24

Brackets can be used around negative numbers to avoid confusion

with other symbols.

Example 9 Substituting integers

Evaluate the following expressions using a = 3 and b = -5.

2 + 4aa 7 - 4bb b÷ 5 - ac

SOLUTION EXPLANATION

a 2 + 4a = 2 + 4 × 3

= 2 + 12

= 14

Replace a with 3 and evaluate the

multiplication .rst.
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b 7 - 4b = 7 - 4 × (-5)

= 7 - (-20)

= 7 + 20

= 27

Replace the b with -5 and evaluate the

multiplication before the subtraction.

c b÷ 5 - a = - 5 ÷ 5 - 3

= - 1 - 3

= - 4

Replace b with -5 and a with 3, and then

evaluate.

Exercise 7F

1 Which of the following shows the correct substitution of a = -2 into the expression a - 5?

2 - 5A -2 + 5B -2 - 5C 2 + 5D

2 Which of the following shows the correct substitution of x = -3 into the expression 2 - x?

-2 - (-3)A 2 - (-3)B -2 + 3C -3 + 2D

3 Rafe substitutes c = -10 into 10 - c and gets 0. Is he correct? If not, what is the

correct answer?

U
N
D
E
R
S
TA

N
D
IN
G

—1–3 3

4Example 9a,b Evaluate the following expressions using a = 6 and b = -2.

5 + 2aa -7 + 5ab b - 6c b + 10d

4 - be 7 - 2bf 3b - 1g -2b + 2h

5 - 12 ÷ ai 1 - 60 ÷ aj 10 ÷ b - 4k 3 - 6 ÷ bl

5Example 9c Evaluate the following expressions using a = -5 and b = -3.

a + ba a - bb b - ac 2a + bd

5b + 2ae 6b - 7af -7a + b + 4g -3b - 2a - 1h

6 Evaluate these expressions for the given pronumeral values.

26 - 4x (x = -3)a -2 - 7k (k = -1)b

10 ÷ n + 6 (n = -5)c -3x + 2y (x = 3, y = -2)d

18 ÷ y - x (x = -2, y = -3)e -36 ÷ a - ab (a = -18, b = -1)f

7 These expressions contain brackets. Evaluate them for the given pronumeral values.

(Remember that ab means a × b.)

2 × (a + b) (a = -1, b = 6)a 10 ÷ (a - b) + 1 (a = -6, b = -1)b

ab × (b - 1) (a = - 4, b = 3)c (a - b) × bc (a = 1, b = -1, c = 3)d

F
L
U
E
N
C
Y

5–7(½)4–5(½), 6 4–5(½), 6–7
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390 Chapter 7 Negative numbers

7F

8 The area of a triangle for a .xed base of 4 metres is given by the rule Area = 2h m2, where

h metres is the height of the triangle. Find the area of such a triangle with these heights.

3 ma 8 mb

9 For a period of time a motorcycle’s speed, in metres per second, is modelled by the

expression 20 + 3t, where t is in seconds.

Find the motorcycle’s speed after 4 seconds.a

Find the motorcycle’s speed at t = -2 seconds (i.e. 2 seconds before passing the t = 0 point).b

Find the motorcycle’s speed at t = -6 seconds.c

10 The formula for the perimeter, P, of a rectangle is P = 2l + 2w, where l and w are the length and

the width, respectively.

a Use the given formula to .nd the perimeter of a rectangle with:

l = 3 and w = 5i l = 7 and w = -8ii

b What problems are there with part a ii above?

P
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9, 108, 9 8, 9

11 Write two different expressions involving x that give an answer of -10 if x = -5.

12 Write an expression involving the pronumeral a combined with other integers, so if a = -4

the expression would equal these answers.

-3a 0b 10c

13 If a and b are any non-zero integer, explain why these expressions will always give the result

of zero.

a - b + b - aa
a

a
- 1b

(a - a)

b
c

ab

b
- ad

R
E
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G

12, 1311 11, 12

Celsius/Fahrenheit

14 The Fahrenheit temperature scale (°F) is still used today in some

countries, but most countries use the Celsius scale (°C). 32°F is the

freezing point for water (0°C). 212°F is the boiling point for water

(100°C).

The formula for converting °F to °C is °C =
5

9
× (°F - 32).

a Convert these temperatures from °F to °C.

41°Fi 5°Fii -13°Fiii

b Can you work out the formula that converts from °C to °F?

c Use your rule from part b to check your answers to part a.
The water temperature

is 100°C and 212°F.
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7G The number plane

During the seventeenth century, two well-known mathematicians,

René Descartes and Pierre de Fermat, independently developed

the idea of a number plane. The precise positions of points are

illustrated using coordinates, and these points can be plotted

using the axes as measuring guides. This invention revolutionised

the study of mathematics and provided a vital link between

geometry and algebra. The number plane or coordinate plane,

is also called the Cartesian plane (named after Descartes). It

uses two axes at right angles that extend in both the positive and

negative directions.

Let’s start: North, south, east and west

The units for this grid are in metres.

Mathematician and philosopher René

Descartes.

René starts at position O and moves:

• 3 m east

• 2 m south

• 4 m west

• 5 m north.

Pierre starts at position O and moves:

• 1 m west

• 3 m south

• 4 m east

• 5 m north.

2

3

1

−2

−3

−1
−2−3 −1 2 31

N

S

EW
O

Using the number plane, how would you describe René and Pierre’s .nal positions?

Key
ideas

The number plane (or Cartesian plane) uses two axes (x-axis

and y-axis) at right angles. Each axis uses a scale that

includes both positive and negative numbers.

A point plotted on the plane has an x- and y-coordinate,

which is written as (x, y). The x-coordinate is written before

the y coordinate, as in the alphabet.

The point (0, 0) is called the origin or O.

2

3

1

−2

−3

−1
(−1, −2)

(−3, 3)

(4, −3)

(2, 3)

−2−3 −1−4

−4

2 31 4
O

4

y

x
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392 Chapter 7 Negative numbers

Example 10 Finding coordinates

For the number plane shown, write down the coordinates of

the points labelled A, B, C and D.

2

3

1

−2

−3

−1

D

A

B

C

−2−3 −1−4

−4

2 31 4
O

4

y

x

SOLUTION EXPLANATION

A = (1, 1)

B = (3, -2)

C = (-2, - 4)

D = (-3, 3)

For each point, write the x-coordinate .rst

(from the horizontal axis) followed by the

y-coordinate (from the vertical axis).

Exercise 7G

1 Match the points A, B, C, D, E, F, G and H with the given

coordinates.

(-1, 3)a (2, -3)b (2, 1)c

(-2, -2)d (3, 3)e (-3, 1)f

(1, -2)g (-1, -1)h

2

3

1

−2

−3

−1
−2−3 −1 2 31

O

y

x

A

F

B

G

C

ED

H

2 Count the number of points, shown as dots, on this plane that have:

a both x and y coordinates as positive numbers

b an x-coordinate as a positive number

c a y-coordinate as a positive number

d an x-coordinate as a negative number

e a y-coordinate as a negative number

f both x and y coordinates as negative numbers

g neither x nor y as positive or negative numbers

2

3

1

−2

−1
−1 2 31O

y

x

U
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—1, 2 2
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7G

3Example 10 For the Cartesian plane given, write down the coordinates of

the points labelled A, B, C, D, E, F, G and H.

2

3

1

−2

−3

−1

H

A

B

C

−2−3 −1−4

−4

2 31 4
O

4

y

x

E

D

F

G

4 a Draw a set of axes using 1 cm spacings. Use -4 to 4 on both axes.

b Now plot these points.

(-3, 2)i (1, 4)ii (2, -1)iii (-2, - 4)iv

(2, 2)v (-1, 4)vi (-3, -1)vii (1, -2)viii

5 For the number plane given, write down the coordinates of

the points labelled A, B, C, D, E, F, G and H.

2

3

1

−2

−3

−1

B

−2−3 −1−4

−4

2 31 4
O

4

y

x

D

E

H

G

C F A

6 Seven points have the following x and y coordinates.

x –3 –2 –1 0 1 2 3

y –2 –1 0 1 2 3 4

Plot the seven points on a Cartesian plane. Use -3 to 3 on the x-axis and -2 to 4 on the y-axis.a

What do you notice about these seven points on the Cartesian plane?b

7 Seven points have the following x and y coordinates.

x –3 –2 –1 0 1 2 3

y 5 3 1 –1 –3 –5 –7

Plot the seven points on a number plane. Use -3 to 3 on the x-axis and -7 to 5 on the y-axis.a

What do you notice about these seven points on the number plane?b

F
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3, 5–73–6 3–7
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394 Chapter 7 Negative numbers

7G

8 When plotted on the Cartesian plane, what shape does each set of points form?

A(-2, 0),B(0, 3),C(2, 0)a A(-3, -1),B(-3, 2),C(1, 2),D(1, -1)b

A(- 4, -2),B(3, -2),C(1, 2),D(-1, 2)c A(-3, 1),B(-1, 3),C(4, 1),D(-1, -1)d

9 Using the origin as one corner, the point A(3, 2) as the opposite corner

and the axes as two of the sides, a rectangle can be positioned on a set

of axes, as shown opposite. Its area is 6 square units. Find the area of the

rectangle if the point A is:

(2, 2)a (-3, 2)b

(-1, - 4)c (3, -5)d

2

3

1

2 31

y

x

A

O

10 Karen’s bushwalk starts at a point (2, 2) on a

grid map. Each square on the map represents

1 km.

If Karen walks to the points (2, -7), then

(- 4, -7), then (- 4, 0) and then (2, 0), how far

has she walked in total?

11 The points A(-2, 0),B(-1, ?) and C(0, 4) all

lie on a straight line. Find the y-coordinate of

point B.

12 The points A(- 4, 8),B(-1, ?) and C(2, -2) all

lie on a straight line. Find the y-coordinate of

point B.
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7G

13 Consider the points A(-2, 2),B(0, 2) and C(3, -2).

Which point is closest to (0, 0)?a

Which point is farthest from (0, 0)?b

List the given points in order from closest to farthest from the origin, O.c

14 A point (a, b) sits on the number plane in one of the four regions 1, 2, 3

or 4, as shown. These regions are called quadrants.

a Name the quadrant or quadrants that include the points where:

a > 0i a > 0 and b < 0ii

b < 0iii a < 0 and b < 0iv

b Shade the region that includes all points for which b > a.

y

x

12

43

R
E
A
S
O
N
IN
G

13, 1413 13, 14

Rules and graphs

15 Consider the rule y = 2x - 1.

a Substitute each given x-coordinate into the rule to .nd the y-coordinate. Then complete
this table.

x –3 –2 –1 0 1 2 3

y

b Draw a Cartesian plane, using -3 to 3 on the x-axis and -7 to 5 on the y-axis.

c Plot each pair of coordinates (x, y) onto your Cartesian plane.

d What do you notice about the set of seven points?

The Cartesian plane was the starting point for the development of computer-generated

graphics and design.
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396 Chapter 7 Negative numbers

Investigation

Account balance with spreadsheets

If you have money saved in a bank account, your account balance should be positive. If you take out

or spend too much money, your account balance may become negative.

a Set up a spreadsheet to record and calculate a bank balance. Enter the given information

describing one week of deposits and withdrawals, as shown.

b For the given spreadsheet, what is the balance at the end of May 1st?i

On which day does the balance become negative?ii

c Enter this formula into cell E5: =E4+C5-D5

Fill down to reveal the balance after each day.

d Enter another week of deposits and withdrawals so that the balance shows both positive and

negative amounts.

e Now alter your opening balance. What opening balance is needed so that the balance never

becomes negative? Is there more than one value? What is the least amount?

f Investigate how positive and negative numbers are used on credit card accounts. Give a

brief explanation.
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Problems and challenges
Up for a challenge? If you

get stuck on a question,
check out the 'Working

with unfamiliar problems'
poster at the end of the

book to help you.

1 Find the next three numbers in these patterns.

a 3, -9, 27, , ,

b -32, 16, -8, , ,

c 0, -1, -3, -6, , ,

d -1, -1, -2, -3, -5, , ,

2 Evaluate the following.

a -100 + (-98) + (-96) +… + 98 + 100

b (50 - 53) + (49 - 52) + (48 - 51) +… + (0 - 3)

c 2 - 3 + 4 - 5 + 6 - 7 +… - 199 + 200

3 Insert brackets and symbols (+, -, × , ÷ ) into these number sentences to make them true.

a -3 4 - 2 = -6

b -2 5 - 1 11 = 21

c 1 30 - 6 - 2 = -3

4 a The difference between two numbers is 14 and their sum is 8. What are the two numbers?

b The difference between two numbers is 31 and their sum is 11. What are the two

numbers?

5 If x and y are integers less than 10 and greater than -10, how many different integer pairs (x, y) make

the equation x + 2y = 10 true?

6 In the sequence of numbers…, e, d, c, b, a, 0, 1, 1, 2, 3, 5, 8, 13,… each number is the sum of its two

preceding numbers, e.g. 13 = 5 + 8. What are the values of a, b, c, d and e?

7 Given the rule x-m =
1

xm
, evaluate -(-5)-2.

8 If p > q > 0 and t < 0, insert > or < to make each of these a true statement for all values

of p, q and t.

p + t q + ta t - p t - qb pt qtc

9 Describe the set of all possible numbers for which the square of the number is greater

than the cube of the number.
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398 Chapter 7 Negative numbers

Cartesian plane

Number line

Adding and subtracting

positive integers

Substitution (Ext)

If a = −2 and b = 4, then:

b − a = 4 − (−2) = 6

ab + 2a = −2 × 4 + 2 × (−2)

             = −8 + (−4)

             = −12  

Division (Ext)

2

3

1

−2

−3

−1−2−3 −1 2 31

y

x

(−2, −2) (1, −2)

(0, 2)

(−3, 0)

(3, 1)

0 1 2 3−3 −2

−2 < 3 1 > −1

−1

negative positive

First brackets, then × or ÷

then + or −, from left to right.

3 × (5 − (−2)) + 8 ÷ (−4)

= 3 × 7 + (−2)

= 21 + (−2)

= 19

Order of operations (Ext)

−3 + 5 = 2

−4 + 3 = −1

  5 − 7 = −2
−1 −10 = −11

Adding and subtracting

negative integers

    2 + (−3) = 2 − 3 = −1
−5 + (−4) = −5 − 4 = −9

     4 − (−3) = 4 + 3 = 7

−10 − (−6) = −10 + 6 = −4

10 ÷ (−5) = −2

−10 ÷ 5 = −2

10 ÷ 5 = 2

−10 ÷ (−5) = 2

Multiplication (Ext)

      2 × 3 = 6

   2 × (−3) = −6

     −2 × 3 = −6

    −2 × (−3) = 6

Integers

…, −−3, −2, −1,

0, 1, 2, 3, …O
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Multiple-choice questions

17A When the numbers -4, 0, -1, 7 and -6 are arranged from lowest to highest, the correct sequence is:

0, -1, - 4, -6, 7A 0, - 4, -6, -1, 7B -6, - 4, -1, 0, 7C

-1, -4, -6, 0, 7D -6, -1, 0, -4, 7E

27B The difference between -19 and 8 is:

152A -11B -27C 11D 27E

37C The missing number in 2 - = 3 is:

1A -1B 5C -5D 2E

47C 5 - (-2) + (-7) is equal to:

-4A 10B 7C 0D 14E

57A The temperature inside a mountain hut is initially -5°C. After burning a .re for 2 hours the

temperature rises to 17°C. What is the rise in temperature?

-12°CA 12°CB 22°CC -85°CD -22°CE

67D The product or quotient of two negative numbers is:

Ext
positiveA negativeB zeroC addedD differentE

77D -2 × (-5) ÷ (-10) is equal to:

Ext
-5A 10B -20C 1D -1E

87E Which operation (i.e. addition, subtraction, multiplication or division) is completed second

in the calculation of (-2 + 5) × (-2) + 1?
Ext

additionA subtractionB multiplicationC

divisionD bracketsE

97F If a = -2 and b = 5, then ab - a is equal to:

Ext
-12A -8B 8C 12D 9E

107G The points A(-2, 3), B(-3, -1), C(1, -1) and D(0, 3) are joined on a number plane. What shape

do they make?

triangleA squareB trapeziumC

kiteD parallelogramE
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400 Chapter 7 Negative numbers

Short-answer questions

17A Insert the symbol < (less than) or > (greater than) into each of these statements to make it true.

0 7a -1 4b 3 - 7c -11 - 6d

27B/C Evaluate:

2 - 7a - 4 + 2b 0 - 15c -36 + 37d

5 + (-7)e -1 + (-4)f 10 - (-2)g -21 - (-3)h

1 - 5 + (-2)i -3 + 7 - (-1)j 0 + (-1) - 10k -2 - (-3) - (-4)l

37C Find the missing number for each of the following.

-2 + = -3a -1 + = -10b 5 - = 6c -2 - = -4d

-1 - = 20e -15 - = -13f 7 + = -80g -15 + = 15h

47D Evaluate:

Ext
5 × (-2)a -3 × 7b -2 × (-15)c 10 ÷ (-2)d

-36 ÷ 12e -100 ÷ (-25)f -3 × 2 ÷ (-6)g -38 ÷ (-19) × (- 4)h

57D Find the missing number.

Ext
4 × = -8a ÷ - 5 = 10b ÷ 9 = - 4c -1 × = 1d

67E Use order of operations to .nd the answers to these expressions.

Ext
-2 + 5 × (-7)a -1 - 18 ÷ (-2)b

-15 ÷ (1 + 4)c 5 - 4 × (-3) ÷ (-3)d

(-2 - 5) × (8 ÷ (-1))e -7 × ((- 4) - 7) + 3f

77F Evaluate the following expressions if a = 7, b = -3 and c = -1.

Ext
a - ba 2b - 5ab ab + cc bc - 2ad

87G For the Cartesian plane shown, write down the coordinates of the points labelled A, B, C, D, E

and F.

2

3

1

−2

−3

−1

E

−2−3 −1−4

−4

2 31 4
O

4

y

x

B

F

D

C

A
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Extended-response questions

1 A scientist, who is camped on the ice in Greenland, records the following details in her notepad

regarding the temperature over .ve days. Note that ‘min’ stands for minimum and ‘max’ stands

for maximum.

• Monday: min = -18°C, max = -2°C.

• Decreased 29°C from Monday’s max to give Tuesday’s min.

• Wednesday’s min was -23°C.

• Max was only -8°C on Thursday.

• Friday’s min is 19°C colder than Thursday’s max.

What is the overall temperature increase on Monday?a

What is Tuesday’s minimum temperature?b

What is the difference between the minimum temperatures for Tuesday and Wednesday?c

What is the overall temperature drop from Thursday’s maximum to Friday’s minimum?d

By how much will the temperature need to rise on Friday if its maximum is 0°C?e

2 When joined, these points form a picture on the number plane. What is the picture?

A(0, 5),B(1, 3),C(1, 1),D(2, 0),E(1, 0),F(1, -2),G(3, -5),

H(-3, -5), I(-1, -2), J(-1, 0),K(-2, 0),L(-1, 1),M(-1, 3),N(0, 5)
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Chapter

S T A T I S T I C S  A N D  P R O B A B I L I T Y

Chance

Construct sample spaces for single-step 

experiments with equally likely outcomes 

(VCMSP266) 

Assign probabilities to the outcomes of 

events and determine probabilities for events 

(VCMSP267)

Data representation and interpretation

Identify and investigate issues involving 

numerical data collected from primary and 

secondary sources (VCMSP268)

Construct and compare a range of data 

displays including stem-and-leaf plots and 

dot plots (VCMSP269)

Victorian curriculum

Calculate mean, median, mode and range for 

sets of data. Interpret these statistics in the 

context of data (VCMSP270)

Describe and interpret data displays using 

median, mean and range (VCMSP271)

N U M B E R  A N D  A L G E B R A

Linear and non-linear relationships

Investigate, interpret and analyse graphs from 

real life data, including consideration of domain 

and range (VCMNA257)

 8A Collecting and classifying data  

 8B Summarising data numerically

 8C Dot plots and column graphs

 8D Line graphs

 8E Stem-and-leaf plots

What you will learn

 8F  Pie charts and divided bar graphs 

(Extending)

 8G Describing chance (Consolidating)

 8H Theoretical probability

 8I Experimental probability (Extending)

8
Statistics and 
probability
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• Chapter pre-test

• Video demonstrations of 

all worked examples

• Interactive widgets

• Interactive walkthroughs

• Downloadable HOTsheets

• Access to all HOTmaths 

Australian Curriculum 

courses

• Access to the HOTmaths 

games library

Online 
resources

Florence Nightingale was born in 1820 into 

a wealthy English family. However, Florence 

didn’t want an easy life of luxury and devoted 

her life to nursing. 

In 1854 the British fought Russia in the 

Crimean war. Florence travelled with 38 

nurses to the British Army hospital where her 

job was nursing supervisor. She found the 

hospital in a state of filth and chaos. Injured 

soldiers had few beds, no blankets, little or no 

food. Toilet waste polluted the drinking water. 

Despite their war wounds healing, soldiers 

were dying daily. The hospital was far more 

dangerous than the battlefield! 

As well as improving hospital conditions 

and caring for patients, Florence started 

keeping statistical records of the cause of 

deaths. She uncovered the appalling fact 

that of the 18 000 deaths, 16 000 soldiers 

had died from preventable diseases such 

as dysentery, typhoid and cholera. Poor 

sanitation in hospitals and on the battlefield 

was the cause. 

Florence’s written reports, complete with 

statistical tables and her newly invented 

circle graphs, helped to persuade the British 

government of the need for reform in all 

hospitals, both army and civilian. Florence 

Nightingale showed the importance of 

keeping medical statistics and started a 

world-wide reform of nursing methods and 

hospital design. 

Statistics saves lives 
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404 Chapter 8 Statistics and probability

8A Collecting and classifying data

People collect or use data almost every day. Athletes and sports teams look at

performance data, customers compare prices at different stores, investors look at

daily interest rates, and students compare marks with other students in their class.

Companies often collect and analyse data to help produce and promote their

products to customers and to make predictions about the future.

Let’s start: Collecting data

Consider, as a class, the following questions and discuss their implications.

• Have you or your family ever been surveyed by a telemarketer at home? What did they want? What

time did they call?

• Do you think that telemarketers get accurate data? Why or why not?

• Why do you think companies collect data this way?

• If you wanted information about the most popular colour of car sold in NSW over the course of a year,

how could you $nd out this information?

Key
ideas

In statistics, a variable is something measurable or observable that is expected to change over

time or between individual observations. It can be numerical or categorical.

• Numerical (quantitative) data can be discrete or continuous:

° Discrete numerical – data that can only be particular numerical values, e.g. the number

of TV sets in a house (could be 0, 1, 2, 3 but not values in between like 1.3125).

° Continuous numerical – data that can take any value in a range. Variables such as

heights, weights and temperatures are all continuous. For instance, someone could have a

height of 172 cm, 172.4 cm, or 172.215 cm (if it can be measured accurately).

• Categorical – data that are not numerical such as colours, gender, brands of cars are all

examples of categorical data. In a survey, categorical data comes from answers which are

given as words (e.g. ‘yellow’ or ‘female’) or ratings (e.g. 1 = dislike, 2 = neutral, 3 = like).

Data can be collected from primary or secondary sources.

• Data from a primary source are $rsthand information collected from the original source by

the person or organisation needing the data, e.g. a survey an individual student conducts or

census data collected and then used by an organisation like the Bureau of Statistics.

• Data from a secondary source have been collected, published and possibly summarised by

someone else before we use it. Data collected from newspaper articles, textbooks or internet

blogs represent secondary source data.

Samples and populations

• When an entire population (e.g. a maths class, all the cars in a parking lot, a company, or a

whole country) is surveyed, it is called a census.

• When a subset of the population is surveyed, it is called a sample. Samples should be

randomly selected and large enough to represent the views of the overall population.

• When we cannot choose which members of the population to survey, and can record only

those visible to us (e.g. people posting their political views on a news website), this is called

an observation.
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Example 1 Classifying variables

Classify the following variables as categorical, discrete numerical or continuous numerical.

a the gender of a newborn baby

b the length of a newborn baby

SOLUTION EXPLANATION

a categorical As the answer is ‘male’ or ‘female’ (a word,

not a number) the data are categorical.

b continuous numerical Length is a measurement, so all numbers are

theoretically possible.

Example 2 Collecting data from primary and secondary sources

Decide whether a primary source or a secondary source is suitable for collection of data on each of the

following and suggest a method for its collection.

a the average income of Australian households

b the favourite washing powder or liquid for households in Australia

SOLUTION EXPLANATION

a primary source by looking at the census data The population census held every 5 years

in Australia is an example of a primary

data source collection and will have this

information.

b secondary data source using the results from a

market research agency

A market research agency might collect

these results using a random phone survey.

Obtaining a primary source would involve

conducting the survey yourself but it is

unlikely that the sample will be large enough

to be suitable.

Exercise 8A

1 Match each word on the left to its meaning on the right.

samplea only takes on particular numbers within a rangei

categoricalb a complete set of dataii

discrete numericalc a smaller group taken from the populationiii

primary sourced data grouped in categories like ‘male’ and ‘female’iv

continuous numericale data collected $rsthandv

populationf can take on any number in a rangevi

U
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8A

2Example 1 Classify the following as categorical or numerical.

the eye colour of each student in your classa

the date of the month each student was born, e.g. the 9th of a monthb

the weight of each student when they were bornc

the brands of airplanes landing at Sydney’s international airportd

the temperature of each classroome

the number of students in each classroom period one on Tuesdayf

3 Give an example of:

discrete numerical dataa continuous numerical datab categorical datac

U
N
D
E
R
S
TA
N
D
IN
G

4 Classify the following variables as categorical, continuous numerical or discrete numerical data.

a the number of cars per household

b the weights of packages sent by Australia Post of the 20th of December

c the highest temperature of the ocean each day

d the favourite brand of chocolate of the teachers at your school

e the colours of the cars in the school car park

f the brands of cars in the school car park

g the number of letters in different words on

a page

h the number of advertisements in a

time period over each of the free-to-air

channels

i the length of time spent doing this exercise

j the arrival times of planes at JFK airport

k the daily pollutions level in the M5

l the number of text messages sent by an

individual yesterday

m the times for the 100 m freestyle event at the world championships over the last 10 years

n the number of Blu-ray discs someone owns

o the brands of cereals available at the supermarket

p marks awarded on a maths test

q the star rating on a hotel or motel

r the censorship rating on a movie showing at the cinema

F
L
U
E
N
C
Y

4–5(½), 64–5(½), 6 4–5(½), 6
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8A

5 Is observation or a sample or a census the most appropriate way to collect data on each of the

following?

a the arrival times of trains at central

station during a day

b the arrival times of trains at central

station over the year

c the heights of students in your class

d the heights of all Year 7 students in

the school

e the heights of all Year 7 students in

NSW

f the number of plastic water bottles

sold in a year

g the religion of Australian families

h the number of people living in each

household in your class

i the number of people living in each

household in your school

j the number of people living in each

household in Australia

k the number of native Australian birds

found in a suburb

l the number of cars travelling past a

school between 8 a.m. and 9 a.m. on

a school day

m the money spent by students during a

week at the canteen

n the ratings of TV shows
F
L
U
E
N
C
Y
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8A

6Example 2 Identify whether a primary or secondary source is suitable for the collection of data on the

following.

a the number of soft drinks bought by the average Australian family in a week

b the age of school leavers in far North Queensland

c the number of cigarettes consumed by school age students in a day

d the highest level of education by the adults in a household

e the reading level of students in Year 7 in Australia

F
L
U
E
N
C
Y

7 Give a reason why someone might have trouble obtaining reliable and representative data using a

primary source to $nd the following.

a the temperature of the Indian Ocean over the course of a year

b the religions of Australian families

c the average income of someone in India

d drug use by teenagers within a school

e the level of education of different cultural communities within NSW

8 Secondary sources are already published data that are then used by another party in their own

research. Why is the use of this type of data not always reliable?

9 When obtaining primary source data you can survey the population or a sample.

a Explain the difference between a ‘population’ and a ‘sample’ when collecting data.

b Give an example situation where you should survey a population rather than a sample.

c Give an example situation where you should survey a sample rather than a population.
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10–127, 8 7, 9–11
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8A

10 A Likert-type scale is for categorical data where items are assigned a number; for example, the

answer to a question could be 1 = dislike, 2 = neutral, 3 = like.

a Explain why the data collected are categorical even though the answers are given as numbers.

b Give examples of a Likert-type scale for the following categorical data. You might need to

reorder some of the options.

strongly disagree, somewhat disagree, somewhat agree, strongly agreei

excellent, satisfactory, poor, strongii

never, always, rarely, usually, sometimesiii

strongly disagree, neutral, strongly agree, disagree, agreeiv

11 A sample should be representative of the population it reports on. For the following surveys,

describe who might be left out and how this might introduce a bias.

a a telephone poll with numbers selected from a phone book

b a postal questionnaire

c door-to-door interviews during the weekdays

d a Dolly magazine poll

e a Facebook survey

12 Another way to collect primary source data is by direct observation. For example, the colour of

cars travelling through an intersection (categorical data) is best obtained in this way rather

than through a questionnaire.

a Give another example of a variable for which

data could be collected by observation.

b Explain how you could estimate the

proportion of black cars parked at a large

shopping centre car park without counting

every single one.
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13 When conducting research on Indigenous Australians, the elders of the community are often

involved. Explain why the community is needed to be involved in the research process.

14 Television ratings are determined by surveying a sample of the population

a Explain why a sample is taken rather than conducting a census.

b What would be a limitation of the survey results if the sample included 50 people nationwide?

c If a class census was taken on which (if any) television program students watched from

7.30–8.30 last night, why might the results be different to the of$cial ratings?

d Research how many people are sampled by Nielsen Television Audience Measurement in

order to get an accurate idea of viewing habits and stick within practical limitations.
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14, 1613 14, 15
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8A

15 Australia’s census surveys the entire population every $ve years.

a Why might Australia not conduct a census every year?

b Over 40% of all Australians were born overseas or had at least one of their parents born

overseas. How does this impact the need to be culturally sensitive when designing and

undertaking a census?

c The census can be $lled out on a paper form or using the internet. Given that the data must be

collated in a computer eventually, why does the government still allow paper forms to be

used?

d Why might a country like India or China conduct their national census every 10 years?

16 Write a sentence explaining why two different samples taken from the same population can

produce different results. How can this problem be minimised?

R
E
A
S
O
N
IN
G

Collecting a sample

17 a Use a random number generator on your calculator or computer to record the number of

times the number 1 to 5 appears (you could even use a die by re-rolling whenever you get a 6)

out of 50 trials. Record these data.

Tabulate your results.i

Compare the results of the individuals in the class.ii

Explain why differences between different students might occur.iii

b Choose a page at random from a novel or an internet page and count how many times each

vowel (A, E, I, O, U) occurs. Assign each vowel the following value

A = 1, E = 2, I = 3, O = 4, U = 5 and tabulate your results.

Why are the results different from those in part a?i

How might the results for the vowels vary depending on the webpage or novel chosen?ii

E
N
R
IC
H
M
E
N
T

17— —

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



Essential Mathematics for the Victorian Curriculum Year 7 Statistics and Probability 411

8B Summarising data numerically

Although sometimes it is important to see a complete set of

data, either as a list of numbers or as a graph, it is often useful to

summarise the data with a few numbers.

For example, instead of listing the height of every Year 7 student

in a school, you could summarise this by stating the median

height and the difference (in cm) between the tallest and shortest

people.

Let’s start: Class summary

For each student in the class, $nd their height (in cm), their age (in years), and how many siblings they have.

• Which of these three sets of data would you expect to have the largest range?

• Which of these three sets of data would you expect to have the smallest range?

• What do you think is the mean height of students in the class? Can you calculate it?

Key
ideas

The range of a set of data is given by:

Range = highest number - lowest number.

1 6 7 1 5  range = 7 − 1 = 6

lowest highest

Themean of a set of data is given by:

Mean = (sum of all the values) ÷ (total number of values)

1 + 6 + 7 + 1 + 5 = 20 mean =     4
20

5
⎯ =

Themedian is the middle value when the values are sorted from lowest to highest. If there are

two middle values, then add them together and divide by 2.

middle  median = 5

1 1 5 6 7 1  3  4  5  7  10

middle median = 4.5

Themode is the most common value. It is the value that occurs most frequently. We also say that

it is the value with the highest frequency. There can be more than one mode.

1 1 5 6 7  mode = 1
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Example 3 Finding the range, mean, median and mode

Consider the ages (in years) of seven people who are surveyed in a shop:

15, 31, 12, 47, 21, 65, 12

Find the range of values.a Find the mean of this set of data.b

Find the median of this set of data.c Find the mode of this set of data.d

If another person is surveyed who is 29 years old, what will be the new median?e

SOLUTION EXPLANATION

a range = 65 - 12

= 53

Highest number = 65, lowest number = 12

The range is the difference.

b mean = 203 ÷ 7

= 29

Sum of values = 15 + 31 + 12 + 47 + 21 +

65 + 12 = 203

Number of values = 7

c values: 12, 12, 15, 21, 31, 47, 65

median = 21

Place the numbers in ascending order and see

that the middle value is 21.

d mode = 12 The most common value is 12.

e values: 12, 12, 15, 21, 29, 31, 47, 65

new median = 25

Place the numbers in ascending order.

Now there are two middle values (21 and 29),

so the median is
21 + 29

2
=
50

2
= 25.

Exercise 8B

1Example 3a Consider the set of numbers 1, 5, 2, 10, 3.

Write the numbers from smallest to largest.a

State the largest number.b

State the smallest number.c

What is the range?d

2 State the range of the following sets of numbers.

2, 10, 1, 3, 9a 6, 8, 13, 7, 1b

0, 6, 3, 9, 1c 3, 10, 7, 5, 10d

3Example 3b–d For the set of numbers 1, 5, 7, 7, 10, $nd the:

total of the numbers when addeda meanb

medianc moded

U
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—1–3 1, 3
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8B

4Example 3e For each of the following sets of data, calculate the:

rangei meanii medianiii modeiv

1, 7, 1, 2, 4a 2, 2, 10, 8, 13b

3, 11, 11, 14, 21c 25, 25, 20, 37, 25, 24d

1, 22, 10, 20, 33, 10e 55, 24, 55, 19, 15, 36f

114, 84, 83, 81, 39, 12, 84g 97, 31, 18, 54, 18, 63, 6h

5 The number of aces that a tennis player serves per match is recorded over eight matches.

Match 1 2 3 4 5 6 7 8

Number of aces 11 18 11 17 19 22 23 12

a What is the mean number of aces the player serves per match? Round your answer to

1 decimal place.

b What is the median number of aces the player serves per match?

c What is the range of this set of data?

6 Brent and Ali organise their test marks for a number of topics in Maths, in a table.

Test Test Test Test Test Test Test Test Test Test
1 2 3 4 5 6 7 8 9 10

Brent 58 91 91 75 96 60 94 100 96 89

Ali 90 84 82 50 76 67 68 71 85 57

Which boy has the higher mean?a

Which boy has the higher median?b

Which boy has the smaller range?c

Which boy do you think is better at tests? Explain why.d

F
L
U
E
N
C
Y

4(½), 5, 64(½), 5 4(½), 5, 6

7 The set 3, 7, 9, 10 has one extra number added to it, and this causes the mean to be doubled.

What is the number?

8 Alysha’s tennis coach records how many double faults Alysha has served per match over a

number of matches. Her coach presents the results in a table.

Number of double faults 0 1 2 3 4

Number of matches with this many double faults 2 3 1 4 2

In how many matches does Alysha have no double faults?a

In how many matches does Alysha have 3 double faults?b

How many matches are included in the coach’s study?c

What is the total number of double faults scored over the study period?d

Calculate the mean of this set of data, correct to 1 decimal place.e

What is the range of the data?f

P
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9–117, 8 8–10
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8B

9 A soccer goalkeeper recorded the number of saves he makes per game during a season. He

presents his records in a table.

Number of saves 0 1 2 3 4 5

Number of games 4 3 0 1 2 2

How many games did he play that season?a

What is the mean number of saves this goalkeeper made per game?b

What is the most common number of saves that the keeper had to make during a game?c

10 Give an example of a set of data with:

a mean of 10 and a range of 2a

a median of 10 and a range of 5b

a range of 100 and a mean of 50c

a mean of 6, a median of 7 and a mode of 5d

11 The set 1, 2, 5, 5, 5, 8, 10, 12 has a mode of 5 and a mean of 6.

If a set of data has a mode of 5 (and no other modes) and a mean of 6, what is the smallest

number of values the set could have? Give an example.

a

Is it possible to make a dataset for which the mode is 5, the mean is 6 and the range is 20?

Explain your answer.

b

P
R
O
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12 Evie surveys all the students in her class to $nd the distance from their homes to school. One of

the students is on exchange from Canada and reports a distance of 16 658 km. Would this very

large value have a greater effect on the mean or median distance? Explain your answer. R
E
A
S
O
N
IN
G

14–1612 12, 13
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8B

13 Consider the set of values 1, 3, 5, 10, 10, 13.

a Find the mean, median, mode and range.

b If each number is increased by 5, state the effect this has on the:

meani medianii modeiii rangeiv

c If each of the original numbers is doubled, state the effect this has on the:

meani medianii modeiii rangeiv

d Is it possible to include extra numbers and keep the same mean, median, mode and range?

Try to expand this set to at least 10 numbers, but keep the same values for the mean, median,

mode and range.

14 a Two whole numbers are chosen with a mean of 10 and a range of 6. What are the numbers?

b Three whole numbers are chosen with a mean of 10 and a range of 2. What are the numbers?

c Three whole numbers are chosen with a mean of 10 and a range of 4. Can you determine the

numbers? Try to $nd more than one possibility.

15 Prove that for three consecutive numbers, the mean will equal the median.

16 A frequency table shows how common an event is. For instance, Magda has presented her

weekly spelling test scores as a frequency table.

Score 4 5 6 7 8 9 10

Frequency 1 5 5 11 12 5 1

This is easier than writing out the results as 4, 5, 5, 5, 5, 5, 6, 6, 6, 6, 6,… , 9, 10.

State the range of scores and the mean score, correct to 2 decimal places.a

If the frequency of each score is reduced by 1, describe the effect this will have on the range

and the mean of the scores.

b

R
E
A
S
O
N
IN
G

Mean challenges

17 For the set of numbers 1, 2, 3,…, 100, $nd the mean.

18 a Give an example of a set of numbers with

the following properties.

mean = median = modei

mean > median > modeii

mode > median > meaniii

median < mode < meaniv

b If the range of a set of data is 1, is it still

possible to $nd datasets for each of parts i

to iv above?
An important aspect of scientific investigation is

collecting data and summarising it numerically.

E
N
R
IC
H
M
E
N
T

17, 18— —

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



416 Chapter 8 Statistics and probability

8C Dot plots and column graphs

Numerical and categorical data can be shown graphically using dot plots, where each value is

represented as a $lled circle. More commonly, it is represented using column graphs, where the height

of each column represents a number. Column graphs can be drawn vertically or horizontally.

Consider a survey of students who are asked to choose their favourite colour from $ve possibilities. The

results could be represented as a dot plot or as a column graph.
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Let’s start: Favourite colours

Survey the class to determine each student’s favourite colour from the possibilities red, green, yellow, blue

and pink.

• Each student should draw a column graph or a dot plot to represent the results.

• What are some different ways that the results could be presented into a column graph? (There are more

than 200 ways.)

Key
ideas

A dot plot can be used to display data, where each dot represents one datum.

A column graph is an alternative way to show data in different categories, and is useful when

more than a few items of data are present.

Column graphs can be drawn vertically or horizontally. Horizontal column graphs can also be

called a bar graph.

Graphs should have the following features:

A title explaining what

the graph is about

Category labels for

any non-numerical data

An even scale for

the numerical axis

A label on

each axis

0
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Any numerical axis must be drawn to scale.

An outlier is a value that is noticeably distinct from the main cluster of points.

0 1 2

main cluster

an outlier

3 4 5 6 7 8 9 10
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Example 4 Interpreting a dot plot

The dot plot below represents the results of a survey that asked some children how many pets they

have at home.

0 1 2

Pets at home survey

3 4

Number of pets

N
u
m

b
er

 o
f 

ch
il

d
re

n

5 6 7 8

a Use the graph to state how many children have 2 pets.

b How many children participated in the survey?

c What is the range of values?

d What is the median number of pets?

e What is the outlier?

f What is the mode?

SOLUTION EXPLANATION

a 4 children There are 4 dots in the ‘2 pets’ category, so

4 children have 2 pets.

b 22 children The total number of dots is 22.

c 8 - 0 = 8 Range = highest – lowest

In this case, highest = 8, lowest = 0.

d 1 pet As there are 22 children, the median is the

average of the 11th and 12th value. In this

case, the 11th and 12th values are both 1.

e the child with 8 pets The main cluster of children has between

0 and 3 pets, but the person with 8 pets is

signi$cantly outside this cluster.

f 1 pet The most common number of pets is 1.
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Example 5 Constructing a column graph

Draw a column graph to represent the following people’s heights.

Name Tim Phil Jess Don Nyree

Height (cm) 150 120 140 100 130

SOLUTION EXPLANATION

0
Tim Phil Jess

Name

Height chart

Don Nyree

20

60

H
ei

g
h
t 
(c
m
)

80

160

40

100
120
140

First decide which scale goes on the vertical axis.

Maximum height = 150 cm, so axis goes from 0 cm to

160 cm (to allow a bit above the highest value).

Remember to include all the features required, including

axes labels and a graph title.

Exercise 8C

1 The graph opposite shows the height of four boys.

Answer true or false to each of the following statements.

Mick is 80 cm tall.a

Vince is taller than Tranh.b

Peter is the shortest of the four boys.c

Tranh is 100 cm tall.d

Mick is the tallest of the four boys.e

Height chart
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8C

2Example 4a,b The favourite after-school activity of a number of Year 7 students is recorded in the dot plot

below.
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a How many students have chosen television as their favourite activity?

b How many students have chosen social networking as their favourite activity?

c What is the most popular after-school activity for this group of students?

d How many students participated in the survey?
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3 From a choice of pink, blue, yellow, green or red, each student of Year 7B chose their favourite

colour. The results are graphed below.

red
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Number of students

Favourite colours in 7B

6 8 10

a How many students chose yellow?

b How many students chose blue?

c What is the most popular colour?

d How many students participated in the class survey?

e Represent these results as a dot plot.
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8C

4Example 4c–f In a Year 4 class, the results of a spelling quiz are presented as a dot plot.

a What is the most common score in the class?

b How many students participated in the quiz?

c What is the range of scores achieved?

d What is the median score?

e Identify the outlier.

Spelling quiz results

Score out of 10

0 1 2 3 4 5 6 7 8 9 10

5 Joan has graphed her height at each of her past $ve

birthdays.

Joan’s height at different birthdays

H
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0
8 9 10

Joan’s age ( years)

11 12

20

60

80

160

180

40

100

120

140

a How tall was Joan on her 9th birthday?

b How much did she grow between her 8th birthday and 9th birthday?

c How much did Joan grow between her 8th and 12th birthdays?

d How old was Joan when she had her biggest growth spurt?

6Example 5 Draw a column graph to represent each of these boys’ heights at their birthdays.

Mitchell

Age (years) Height (cm)

8 120

9 125

10 135

11 140

12 145

a Fatu

Age (years) Height (cm)

8 125

9 132

10 140

11 147

12 150

b
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8C

7 Every $ve years, a company in the city conducts a transport survey of people’s preferred method

of getting to work in the mornings. The results are graphed below.

Transport methods
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public transport

walk/bicycle

car

a Copy the following table into your workbook and complete it, using the graph.

1990 1995 2000 2005 2010 2015

Use public transport 30

Drive a car 60

Walk or cycle 10

b In which year(s) is public transport the most popular option?

c In which year(s) are more people walking or cycling to work than driving?

d Give a reason why the number of people driving to work has decreased.

e What is one other trend that you can see from looking at this graph?

8 a Draw a column graph to show the results of the following survey of the number of boys and

girls born at a certain hospital. Put time (years) on the horizontal axis.

2000 2001 2002 2003 2004 2005

Number of boys born 40 42 58 45 30 42

Number of girls born 50 40 53 41 26 35

b During which year(s) were there more girls born than boys?

c Which year had the fewest number of births?

d Which year had the greatest number of births?

e During the entire period of the survey, were there more boys or girls born?
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8C

9 The average (mean) income of adults in a

particular town is graphed over a 6-year

period.

a Describe in one sentence what has

happened to the income over this period

of time.

b Estimate what the income in this town

might have been in 2009.

c Estimate what the average income

might be in 2025 if this trend continues.

Average income in a town

0
2010 2011 2012 2013

Year

2014 2015

1

3

I
n
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e
 (

×
 
$
1
0
0
0
0
)

4

2

5

6

7

10 A survey is conducted of students’ favourite subjects

from a choice of Art, Maths, English, History and

Science. Someone has attempted to depict the results

in a column graph.

a What is wrong with the scale on the vertical axis?

b Give at least two other problems with this graph.

c Redraw the graph with an even scale and

appropriate labels.

d The original graph makes Maths look twice as

popular as Art, based on the column size.
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According to the survey, how many times more popular is Maths?

e The original graph makes English look three times more popular than Maths. According to

the survey, how many times more popular is English?

f Assume that Music is now added to the survey’s choice of subjects. Five students who had

previously chosen History now choose Music, and 16 students who had previously chosen

English now choose Music. What is the most popular subject now?
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8C

11 Mr Martin and Mrs Stevensson are

the two Year 3 teachers at a school.

For the latest arithmetic quiz, they

have plotted their students’ scores on

a special dot plot called a parallel dot

plot, shown opposite.

a What is the median score for

class 3M?

b What is the median score for

class 3S?

c State the range of scores for each

class.

0 1 2

Class 3M

Class 3S

N
u
m

b
er

 o
f 

st
u
d
en

ts

Score
3 4 5 6 7 8 9 10

7

6

5

4

3

2

1

1

2

3

4

5

6

7

d Based on this test, which class has a greater spread of arithmetic abilities?

e If the two classes competed in an arithmetic competition, where each class is allowed only

one representative, which class is more likely to win? Justify your answer.
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12 At a central city train station, three

types of services run – local, country

and interstate. The average number of

passenger departures during each week

is shown in the stacked column graph.

a Approximately how many passenger

departures per week were there in

2010?

b Approximately how many passenger

departures were there in total during

2015?

interstate country local

2010 2011 2012 2013

Year

Train passengers at Urbanville Station

2014 2015
0

500

N
o
. 
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g
e
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1000

1500

2000

2500

c Does this graph suggest that the total number of passenger departures has increased or

decreased during the period 2010–2015?

d Approximately how many passengers departed from this station in the period 2010–2015?

Explain your method clearly and try to get your answer within 10 000 of the actual number.
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8C

13 Explain why it is important to align dot points in a dot plot. Illustrate your explanation with two

dot plots of the set of data below.

Activity Netball Dancing Tennis Chess

Number of students 5 3 2 4

R
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How many ways?

14 As well as being able to draw a graph horizontally or vertically, the order of the categories can be

changed. For instance, the following three graphs all represent the same data.
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How many different column graphs could be used

to represent the results of this survey? (Assume

that you can only change the order of the columns,

and the horizontal or vertical layout.) Try to list

the options systematically to help with your count.

Animal sightings
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8D Line graphs

A line graph is a connected set of points joined with straight line segments. The variables on both

axes should be continuous numerical data. It is often used when a measurement varies over time, in which

case time is conventionally listed on the horizontal axis. One advantage of a line graph over a series

of disconnected points is that it can often be used to estimate values that are unknown.

Let’s start: Room temperature

As an experiment, the temperature in two rooms is measured hourly over a period of time. The results

are graphed below.
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• Each room has a heater and an air conditioner to control the temperature. At what point do you think

these were switched on and off in each room.

• For each room, what is the approximate temperature 90 minutes after the start of the experiment?

• What is the proportion of time that room A is hotter than room B?

Key
ideas

The variables on both axes should be continuous numerical data.

A line graph consists of a series of points joined by straight line

segments.

Time is often shown on the horizontal axis.

time

w
ei
g
h
t

A common type of line graph is a travel

graph.

• Time is shown on the horizontal axis.

• Distance is shown on the vertical axis.

• The slope of the line indicates the rate

at which the distance is changing over

time. This is called speed.
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30 km in 3 hours

or 10 km/h

30 km in 1 hour or 30 km/h

at rest
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Example 6 Drawing a line graph

The temperature in a room is noted at hourly intervals.

Time 9:00 am 10:00 am 11:00 am 12:00 pm 1:00 pm

Temperature (°C) 10 15 20 23 18

a Present the results as a line graph.

b Use your graph to estimate the room temperature at 12:30 pm.

SOLUTION EXPLANATION

a

9 
am

10
 a
m

11
 a
m

Time

12
 p

m
1 

pm

0T
e
m
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tu
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°
C

)

5

10

15

20

25

Room temperature • The vertical axis is from 0 to 25. The scale

is even (i.e. increasing by 5 each time).

• Dots are placed for each measurement and

joined with straight line segments.

b About 20°C By looking at the graph halfway between

12 pm and 1 pm an estimate is formed.

Example 7 Interpreting a travel graph

This travel graph shows the distance travelled by a cyclist over 5 hours.

a How far did the cyclist travel in total?

b How far did the cyclist travel in the $rst hour?

c What is happening in the second hour?

d When is the cyclist travelling the fastest?

e In the $fth hour, how far does the cyclist travel? 0

Time (hours)
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30
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)

SOLUTION EXPLANATION

a 30 km The right end point of the graph is at (5, 30).

b 15 km At time equals 1 hour, the distance covered

is 15 km.

c at rest The distance travelled does not increase in the

second hour.

d in the $rst hour This is the steepest part of the graph.

e 5 km In the last 3 hours, the distance travelled is

15 km, so in 1 hour, 5 km is travelled.
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Exercise 8D

1 The line graph shows the weight of a cat over a 3-month

period. It is weighed at the start of each month. State the cat’s

weight at the start of:

a January

b February

c March

d April
1

2

3

4

5

6

FebJan Mar Apr
0

Month

Cat’s weight over time

W
ei

g
h
t 
(k
g
)

2Example 6a A dog is weighed over a period of 3 months.

Draw a line graph of its weight.

January: 5 kg, February: 6 kg, March: 8 kg, April: 7 kg.
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3Example 6b The graph shows Lillian’s height over a 10-year period from when she was born.

a What was Lillian’s height when she was

born?

b What was Lillian’s height at the age of

7 years?

c At what age did she $rst reach 130 cm

tall?

d How much did Lillian grow in the year

when she was 7 years old?

e Use the graph to estimate her height at

the age of 9
1

2
years.
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8D

4 Consider the following graph, which shows the outside temperature over a 24-hour period that

starts at midnight.

a What was the temperature at midday?

b When was the hottest time of the day?

c When was the coolest time of the

day?

d Use the graph to estimate the

temperature at these times of the day:

4:00 ami

9:00 amii

1:00 pmiii

3:15 pmiv
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5 Oliver measures his pet dog’s weight over the course of a year, by weighing it at the start of

each month. He obtains the following results.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Weight (kg) 7 7.5 8.5 9 9.5 9 9.2 7.8 7.8 7.5 8.3 8.5

a Draw a line graph showing this information, making sure

the vertical axis has an equal scale from 0 kg to 10 kg.

b Describe any trends or patterns that you see.

c Oliver put his dog on a weight loss diet for a period of

3 months. When do you think the dog started the diet?

Justify your answer.

6Example 7 This travel graph shows the distance travelled by a van over

6 hours.

a How far did the van travel in total?

b How far did the van travel in the $rst hour?

c What is happening in the fourth hour? (i.e. from t = 3

to t = 4)

d When is the van travelling the fastest?

e In the sixth hour, how far does the van travel?
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8D

7 This travel graph shows the distance travelled by a bushwalker

over 5 hours.

a For how long was the bushwalker at rest?

b How far did the bushwalker walk in the second hour?

c During which hour did the bushwalker walk the fastest?
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8 The water storage levels for a

given city are graphed based on the

percentage of water available on

the $rst day of each month. For this

question, assume that the amount

of water used does not change from

month to month.

a During which month did it rain the

most in this city?

b At what time(s) in the year

is the water storage

below 40%?

c From August to September, it

rained a total of 20 megalitres of

water. How much water did the

people in the city use during this

period?
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d Is it more likely that this city is located in the Northern Hemisphere or the Southern

Hemisphere? Justify your answer.
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8D

9 The temperature in a lounge room is measured frequently throughout a particular day. The

results are presented in a line graph, as shown below. The individual points are not indicated on

this graph to reduce clutter.
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Temperature in a lounge room

a Twice during the day the heating was switched on. At what times do you think this

happened? Explain your reasoning.

b When was the heating switched off? Explain your reasoning.

c The house has a single occupant, who works during the day. Describe when you think that

person is:

i waking up ii going to work iii coming home iv going to bed

d These temperatures were recorded during a cold winter month. Draw a graph that shows what

the lounge room temperature might look like during a hot summer month. Assume that the

room has an air conditioner, which the person is happy to use when at home.
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10 Draw travel graphs to illustrate the following journeys.

a A car travels:

• 120 km in the $rst 2 hours

• 0 km in the third hour

• 60 km in the fourth hour

• 120 km in the $fth hour

b A jogger runs:

• 12 km in the $rst hour

• 6 km in the second hour

• 0 km in the third hour

• at a rate of 6 km per hour for

2 hours
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8D Which hemisphere?

11 The following line graph shows the average monthly temperature in a city.
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a Is this city in the Northern or Southern Hemisphere? Explain why.

b Is this city close to the equator or far from the equator? Explain why.

c Redraw the graph to start the 12-month period at July and $nish in June.

d Describe how the new graph’s appearance is different from the one shown above.

e In another city, somebody graphs the temperature over a 12-month period, as shown below.

In which hemisphere is this city likely to be? Explain your answer.
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8E Stem-and-leaf plots

A stem-and-leaf plot is a useful way of presenting numerical

data in a way that allows trends to be spotted easily. Each

number is split into a stem (the $rst digit or digits) and a leaf

(the last digit).

Stem Leaf

53 is 5 3

78 is 7 8

125 is 12 5

By convention, leaves are shown in increasing order as you

work away from the stem, and stems are shown in increasing

order going down the page.

The advantage of presenting data like this comes when

multiple numbers have the same stem. For example, the list

122, 123, 124, 124, 127, 129 can be represented as shown

opposite. Stem Leaf

12 2 3 4 4 7 9

Let’s start: Test score analysis

In a class, students’ most recent test results out of 50 are recorded.

Test 1 results

43, 47, 50, 26, 38, 20, 25, 20, 50, 44,  

33, 47, 47, 50, 37, 28, 28, 22, 21, 29

• For each test, try to $nd how many students:

– achieved a perfect score (i.e. 50)

– failed the test (i.e. less than 25)

– achieved a mark in the 40s.

• If there are 100 test results that you wish to analyse, would

you prefer a list or a stem-and-leaf plot?

• What is it that makes a stem-and-leaf plot easier to work

with? Discuss.

Test 2 results

Stem Leaf

1 8

2 7 8

3 2 2 4 5 5 7 9

4 0 1 2 3 3 6 8 8

5 0 0
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434 Chapter 8 Statistics and probability

Key
ideas

A stem-and-leaf plot is a way to display numerical data.

Each number is usually split into a stem (the $rst digit or digits) and a leaf (the last digit).

For example:

Stem Leaf

The number 7 is 0 7

The number 31 is 3 1

The number 152 is 15 2

3|1 means 31

A key is usually connected to each stem and leaf plot to show the value of the stem and leaf. For

example: 4|8 means 48 or 4|8 means 4.8.

Leaves should be aligned vertically, listed in ascending order as you move away from the stem.

Any outliers can be identi$ed by looking at the lowest value or highest value to see if they are far

away from all the other numbers.

Example 8 Interpreting a stem-and-leaf plot

Average daily temperatures are shown for some different countries.

Stem Leaf

1 3 6 6

2 0 0 1 2 5 5 6 8 9

3 0 2

2|5 means 25

a Write out the temperatures as a list.

b How many countries’ temperatures are represented?

c What are the minimum and maximum temperatures?

d What is the range of temperatures recorded?

e What is the median temperature recorded?

SOLUTION EXPLANATION

a 13, 16, 16, 20, 20, 21, 22, 25, 25,

26, 28, 29, 30, 32

Each number is converted from a stem and a leaf to a

single number. For example, 1|3 is converted to 13.

b 14 The easiest way is to count the number of leaves – each

leaf corresponds to one country.

c minimum = 13

maximum = 32

The $rst stem and leaf is 1|3 and the last stem and

leaf is 3|2.

d range = 19 Range = maximum - minimum = 32 - 13 = 19.

e median = 23.5 The middle value is halfway between the numbers 2|2

and 2|5, so median =
1

2
(22 + 25) = 23.5.
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Example 9 Creating a stem-and-leaf plot

Represent this set of data as a stem-and-leaf plot:

23, 10, 36, 25, 31, 34, 34, 27, 36, 37, 16, 33

SOLUTION EXPLANATION

Sorted: 10, 16, 23, 25, 27, 31, 33, 34, 34,

36, 36, 37

Sort the list in increasing order so that it can be

put directly into a stem-and-leaf plot.

Stem Leaf

1 0 6

2 3 5 7

3 1 3 4 4 6 6 7

Split each number into a stem and a leaf.

Stems are listed in increasing order and leaves

are aligned vertically, listed in increasing order

down the page.

2|5 means 25 Add a key to show the value the stem and leaf.

Exercise 8E

1 The number 52 is entered into a stem-and-leaf plot.

What digit is the stem?a

What digit is the leaf?b

2 What number is represented by the following combinations?

3|9a 2|7b 13|4c

3 In this stem-and-leaf plot, the smallest number is 35.

What is the largest number?
Stem Leaf

3 5 7 7 9

4 2 8

5 1 7

3|5 means 35
U
N
D
E
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—1–3 1, 3

4Example 8a–c This stem-and-leaf plot shows the ages of

people in a group.

a Write out the ages as a list.

b How many ages are shown?

c Answer true or false to each of the

following.

The youngest person is aged 10.i

Someone in the group is 17 years old.ii

Nobody listed is aged 20.iii

The oldest person is aged 4.iv

Stem Leaf

0 8 9

1 0 1 3 5 7 8

2 1 4

1|5 means 15 years old

F
L
U
E
N
C
Y

5, 6–7(½)4, 5, 6(½) 4, 5, 6–7(½)

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



436 Chapter 8 Statistics and probability

8E

5Example 8d,e For each of the stem-and-leaf plots below, state the range and the median.

Stem Leaf

0 9

1 3 5 6 7 7 8 9

2 0 1 9

1|8 means 18

a
Stem Leaf

1 1 4 8

2 1 2 4 4 6 8

3 0 3 4 7 9

4 2

3|7 means 37

b

Stem Leaf

3 1 1 2 3 4 4 8 8 9

4 0 1 1 2 3 5 7 8

5 0 0 0

4|2 means 42

c

6Example 9 Represent each of the following sets of data as a stem-and-leaf plot.

11, 12, 13, 14, 14, 15, 17, 20, 24, 28, 29, 31, 32, 33, 35a

20, 22, 39, 45, 47, 49, 49, 51, 52, 52, 53, 55, 56, 58, 58b

21, 35, 24, 31, 16, 28, 48, 18, 49, 41, 50, 33, 29, 16, 32c

32, 27, 38, 60, 29, 78, 87, 60, 37, 81, 38, 11, 73, 12, 14d

7 Represent each of the following datasets as a stem-and-leaf plot. (Remember: 101 is represented

as 10|1.)

80, 84, 85, 86, 90, 96, 101, 104, 105, 110, 113, 114, 114, 115, 119a

120, 81, 106, 115, 96, 98, 94, 115, 113, 86, 102, 117, 108, 91, 95b

192, 174, 155, 196, 185, 178, 162, 157, 173, 181, 158, 193, 167, 192, 184, 187, 193, 165,

199, 184

c

401, 420, 406, 415, 416, 406, 412, 402, 409, 418, 404, 405, 391, 411, 413, 413, 408, 395,

396, 417

d

F
L
U
E
N
C
Y
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8E

8 This back-to-back stem-and-leaf plot shows the ages

of all the people in two shops. The youngest person in

shop 1 is 15 (not 51).

For each statement below, state whether it is true in

shop 1 only (1), shop 2 only (2), both shops (B) or

neither shop (N).

Shop 1 Stem Shop 2

5 1 6 7

7 7 5 3 2 4 5

3 1

2 4 5

2|4 means 24 years oldThis shop has a 31-year-old person in it.a

This shop has six people in it.b

This shop has a 42-year-old person in it.c

This shop has a 25-year-old person in it.d

This shop has two people with the same age.e

This shop has a 52-year-old person in it.f

This shop has a 24-year-old person in it.g

This shop’s oldest customer is an outlier.h

This shop’s youngest customer is an outlier.i

9 A company recorded the duration (in seconds) that visitors spent

on its website’s home page.

a How many visitors spent less than 20 seconds on the home

page?

b How many visitors spent more than half a minute?

c How many visitors spent between 10 and 30 seconds?

d What is the outlier for this stem-and-leaf plot?

e The company wishes to summarise its results with a single

number. ‘Visitors spend approximately ____ on our home

page.’ What number could it use?

Stem Leaf

0 2 4 6 8 9

1 0 0 1 2 8

2 2 7 9

3

4

5 8

2|7 means 27 seconds

P
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10–128, 9 9, 10
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8E

10 Two radio stations poll their audience to determine their ages.

a Find the age difference

between the oldest

and youngest listener

polled for:

i station 1

ii station 2

Station 1 Stem Station 2

0 1 2 3 3 4 5 6 8 9

8 7 2 0 0 1 2 4 5 8 8

9 7 5 4 3 3 3 1 1 2

7 6 5 5 4 4 1 4 8

9 3 2 0 5

3|1 means 31 years old

b One of the radio stations plays contemporary music that is designed to appeal to teenagers

and the other plays classical music and broadcasts the news. Which radio station is most

likely to be the one that plays classical music and news?

c Advertisers wish to know the age of the stations’ audiences so that they can target their

advertisements more effectively (e.g. to 38 to 58 year olds). Give a 20-year age range for the

audience majority who listen to:

station 1i station 2ii

11 A group of boys and girls have their heights

recorded in a back-to-back stem-and-leaf

plot, shown here.

a State the range of heights for:

boysi girlsii

b Which gender has a bigger range?

c State the median height for:

boysi girlsii

d Which gender has the larger median height?

e Which year level do you think these boys

and girls are in? Justify your answer.

f Describe how you might expect this back-to-back

stem-and-leaf plot to change if it recorded the heights

of male and female Year 12 students.

Girls Stem Boys

10

11

6 3 1 12

8 4 3 2 13 8

7 6 5 4 0 14 3 4 7 9

6 4 1 15 0 1 2 4 6 8

2 0 16 2 3 6 8

3 17

14|7 means 147 cm
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8E

12 A teacher has compiled her students’ recent test scores out of

50 as a stem-and-leaf plot. However, some values are missing,

as represented by the letters a, b, c and d.

a How many students took the test?

b How many students passed the test (i.e. achieved a mark of

25 or higher)?

c State the possible values for each of the missing digits

a to d.

Stem Leaf

1 5

2 4 5 a 6 7 9

3 b 0 1 5

4 2 8 c

5 d

3|1 means 31

P
R
O
B
L
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13 a Explain why it is important that leaves are aligned vertically. (Hint: Consider how the overall

appearance could be helpful with a large dataset.)

b Why might it be important that data values are sorted in stem-and-leaf plots?

14 A stem-and-leaf plot is

constructed showing the ages

of all the people who attended

a local farmer’s market at

a certain time of the day.

However, the plot’s leaves

cannot be read.

Stem Leaf

1 ?

2 ?

3 ? ? ? ? ? ? ? ? ? ?

4 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

5 ? ? ?

a For each of the following, either determine the exact answer or give a range of values the

answer could take.

How many people were at the market?i

How many people aged in their 30s were at the market?ii

How old is the youngest person?iii

What is the age difference between the youngest and oldest person?iv

How many people aged 40 or over were at the market?v

How many people aged 35 or over were at the market?vi

R
E
A
S
O
N
IN
G

13, 1413 13, 14
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8E

b Classify each of the following as true or false.

The majority of people at the market were aged in their 30s or 40s.i

There were $ve teenagers present.ii

Exactly two people were aged 29 years or under.iii

Two people in their 40s must have had the same age.iv

Two people in their 30s must have had the same age.v

Two people in their 20s could have had the same age.vi

c Explain why it is possible to determine how many people were aged 40 or over, but not the

number of people who are aged 40 or under.

d It is discovered that the person under 20 years of age is an outlier for this market. What does

that tell you about how old the next oldest person is?

R
E
A
S
O
N
IN
G

Negative stem-and-leaf plots

15 Negative numbers can also be displayed in stem-and-leaf plots. This

stem-and-leaf plot gives the average winter temperatures in 15 different

cities.

a What are the minimum and maximum temperatures listed?

b Find how many cities had average temperatures:

between -10°C and 10°Ci

between -25°C and 5°Cii

below 5°Ciii

c Why is there a 0 row and a -0 row, even though 0 and -0 are the

same number?

Stem Leaf

-2 9 4 4

-1 7 5 3 2

-0 8 5

0 3 4 6

1 5 8

2 3

-1|5 means -15°C

d What is the average (or mean) of all the listed temperatures in the 15 cities? Give your

answer correct to 1 decimal place.

e What is the median of all the listed temperatures? Compare this to the mean found in part d.
E
N
R
IC
H
M
E
N
T

15— —
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8F Pie charts and divided bar graphs EXTENDING

A pie chart (also called a sector graph) consists of a circle divided into different sectors or ‘slices of pie’,

where the size of each sector indicates the proportion occupied by any given category. A divided bar graph

is a rectangle divided into different rectangles or ‘bars’, where the size of each rectangle indicates the

proportion of each category.

If a student is asked to describe how much time they spend each evening doing different activities, they

could present their results as either type of graph:

internet

sport
homework

TV

sport

0% 20% 40% 60% 80% 100%

sport TV

TV

homework

homework

internet

internet

From both graphs, it is easy to see that most of the student’s time is spent playing sport and the least amount

of time is spent using the internet.

Let’s start: Student hobbies

Rania, Kristina and Ralph are asked to record how they spend their time after school. They draw the

following graphs.

Rania Kristina Ralph

TV

internet

homework

TV
sport

internet

homework

sport

homework

• Based on these graphs alone, describe each student in a few sentences.

• Justify your descriptions based on the graphs.
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Key
ideas

To calculate the size of each section of the graph, divide the value in a given category by the sum

of all category values. This gives the category’s proportion or fraction.

To draw a pie chart (also called a sector graph), multiply each category’s proportion or fraction

by 360° and draw a sector of that size.

To draw a divided bar graph, multiply each category’s proportion or fraction by the total width

of the rectangle and draw a rectangle of that size.

Example 10 Drawing a pie chart and a divided bar graph

On a particular Saturday, Sanjay measures the number of hours he spends on different activities.

Television Internet Sport Homework

1 hour 2 hours 4 hours 3 hours

Represent the table as:

a pie charta a divided bar graphb

SOLUTION EXPLANATION

a

sport

TV

homework internet

The total amount of time is 1 + 2 + 4 + 3 =

10 hours. Then we can calculate the

proportions and sector sizes:

Category Proportion Sector size (°)

Television
1

10

1

10
× 360 = 36

Internet
2

10
=

1

5

1

5
× 360 = 72

Sport
4

10
=

2

5

2

5
× 360 = 144

Homework
3

10

3

10
× 360 = 108

b SportTV HomeworkInternet

0.70.6 0.8 0.9 1.00.50.40.30.20.10.0

Using the same proportions calculated above,

make sure that each rectangle takes up the

correct amount of space. For example, if

the total width is 15 cm, then sport occupies

2

5
× 15 = 6 cm.
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Exercise 8F

1 Jasna graphs a pie chart of how she spends her leisure time.

a What does Jasna spend the most time doing?

b What does Jasna spend the least time doing?

c Does she spend more or less than half of her time playing

sport?
sport

internet

homework

TV

2 Thirty students are surveyed to $nd out their favourite sport and their results are graphed below.

rugby (12) soccer (6)
basket-

ball (4)
AFL (8)

What is the most popular sport for this group of students?a

What is the least popular sport for this group of students?b

What fraction of the students has chosen soccer as their favourite sport?c

What fraction of the students has chosen either rugby or AFL?d

U
N
D
E
R
S
TA
N
D
IN
G

—1, 2 2

3Example 10a A group of passengers arriving at an airport is surveyed to establish which countries they have

come from. The results are presented below.

Country China United Kingdom USA France

No. of passengers 6 5 7 2

a What is the total number of passengers who participated in the survey?

b What proportion of the passengers surveyed

have come from the following countries?

Express your answer as a fraction.

Chinai United Kingdomii

USAiii Franceiv

c On a pie chart, determine the angle size of

the sector representing:

Chinai United Kingdomii

USAiii Franceiv

d Draw a pie chart showing the information

calculated in part c.

F
L
U
E
N
C
Y

3–53, 4 3–5
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8F

4Example 10b A group of students in Years 7 and 8 is polled on their

favourite colour, and the results are shown at right.

a Draw a pie chart to represent the Year 7 colour

preferences.

b Draw a different pie chart to represent the Year 8

colour preferences.

c Describe two differences between the charts.

d Construct a divided bar graph that shows the

popularity of each colour across the total number of

Years 7 and 8 students combined.

Colour Year 7 votes Year 8 votes

Red 20 10

Green 10 4

Yellow 5 12

Blue 10 6

Pink 15 8

5 Consider the following results of a study on supermarket shopping habits.

Items Food Drinks Household items Other

Proportion of money spent 50% 25% 20% 5%

a Represent this information in a divided bar graph.

b Graph this information as a sector graph.

F
L
U
E
N
C
Y

6 A group of Year 7 students was polled on their favourite foods, and the results are shown in this

pie chart.

a If 40 students participated in the survey, $nd how many of

them chose:

chocolatei

chipsii

fruitiii

piesiv

b Health experts are worried about what these results mean.

They would like fruit to appear more prominently in the

pie graph, and to not have the chocolate sector next to the

chips. Redraw the pie chart so this is the case.

chocolate

chips

pies

fruit

c Another 20 students were surveyed. Ten of these

students chose chocolate and the other 10 chose chips.

Their results are to be included in the pie graph. Of the

four sectors in the graph, state which sector will:

increase in sizei

decrease in sizeii

stay the same sizeiii

P
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8F

7 Yakob has asked his friends what is their favourite school subject, and he has created the

following divided bar graph from the information.

MathsEnglish HistoryScience

8 cm 10 cm5 cm4 cm0 cm

a If Yakob surveyed 30 friends, state how many of them like:

i Maths best ii History best iii either English or Science best

b Redraw these results as a pie chart.

8 Friends Krishna and Nikolas have each graphed their leisure habits, as shown below.

Which of the two friends spends more of their time playing sport?a

Which of the two friends does more intellectual activities in their leisure time?b

Krishna has only 2 hours of leisure time each day because he spends the rest of his time doing

homework. Nikolas has 8 hours of leisure time each day. How does this affect your answers

to parts a and b above?

sport

internet

Krishna’s leisure time

TV reading

board

games

Nikolas’ leisure time

sport

piano practice

c
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8F

9 In two surveys, people were asked what is their favourite pet animal.

Survey 1 Survey 2

cat

bird

dog
cat

bird

dog

a If 16 people participated in survey 1, how

many chose dog?

b If 30 people participated in survey 2, how

many chose bird?

c Jason claims that 20 people participated in

survey 1. Explain clearly why this cannot

be true.

d Jaimee claims that 40 people participated

in survey 2. Explain clearly why this

cannot be true.

e In actual fact, the same number of people participated for each survey. Given that fewer than

100 people participated, how many participants were there? Give all the possible answers.

R
E
A
S
O
N
IN
G

99a–c 9a–d

Rearranging graphs

10 Consider the divided bar graph shown below.

A B C D

a Show how this graph will look if the segments are placed in the order C, D, A, B (from left

to right).

b In how many different ways could this divided bar graph be drawn (counting ABCD and

CDAB as two different ways)?

c If this bar graph is redrawn as a pie chart, how many ways could the segments be arranged?

Try to list them systematically. Do not consider two pie charts to be different if one is just a

rotation of another.

E
N
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T
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Progress quiz

18A Classify the following variables as categorical, discrete numerical or continuous numerical.

eye coloura animal weight (kg)b

number of siblingsc time to run 100 metres (sec)d

28B For each of the following sets of data, calculate the:

rangei meanii medianiii modeiv

5, 12, 3, 8, 2, 9, 3a 15, 24, 22, 28, 16, 15b

38C This dot plot represents the number of children in each family

of some Year 7 students.

a What is the most common family size in this class?

(family size means the number of children)

b How many families are shown by this graph, assuming

there are no siblings within the class?

c What is the range of family sizes?

d What is the median family size?

e Identify the outlier.

1 2 3

Family size

4 5

Number of children in this family

6 7 8

48D The temperature outside a classroom was recorded four times during one school day.

The following results were obtained.

Time 9 am 11 am 1 pm 3 pm

Temperature 15°C 20°C 28°C 25°C

Draw a line graph showing this information.a

Use your graph to estimate the temperature at noon.b

58D This travel graph shows the distance travelled by a cyclist over 5

hours.

a How far did the cyclist travel in total?

b How far had the cyclist travelled after 3 hours?

c What is happening in the fourth hour?

d In the $fth hour, how far did the cyclist travel?

e During what hour was the cyclist travelling the fastest?

10

15

5

1 2 3 4 5

20

Time (hours)

D
is

ta
n
c
e
 (
k
m
)

0
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68E This stem-and-leaf table shows the noon temperatures (in °C) of different towns around

Australia on one particular day.

Stem Leaf

1 4 7 8

2 0 2 4 5 7 8 8 9

3 0 3 7

2|7 means 27°C

How many towns have their temperatures listed in this stem-and-leaf table?a

What is the maximum and minimum noon temperature recorded?b

What is the range of temperatures recorded?c

What is the median temperature recorded?d

78E Represent this set of data as a stem-and-leaf plot: 10, 21, 16, 18, 7, 19, 18, 9, 20, 12

88F

Ext

Some Year 7 students were asked how they travelled to school. The results are shown in

this table.

Public transport Bicycle Car

14 2 4

Represent the data as a pie chart.a

Represent the data as a divided bar graph of total length 15 cm.b
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8G Describing chance CONSOLIDATING

Often, there are times when you may wish to

describe how likely it is that an event will occur.

For example, you may want to know how likely

it is that it will rain tomorrow, or how likely your

sporting team will win this year’s premiership,

or how likely it is that you will win a lottery.

Probability is the study of chance.

The probability of winning first prize in a lottery is very,

very low.

Let’s start: Likely or unlikely?

Try to rank these events from least likely

to most likely. Compare your answers

with other students in the class and

discuss any differences.

• It will rain tomorrow.

• Australia will win the soccer

World Cup.

• Tails landing uppermost when a

20-cent coin is tossed.

• The Sun will rise tomorrow.

• The king of spades is at the top of a

shufOed deck of 52 playing cards.

• A diamond card is at the bottom of a shufOed deck of 52 playing cards.

Key
ideas

When using the English language to describe chance, there are a number of phrases that can be

used.

certain

more likely

even chance

impossible

100%

50%

0%

less likelyunlikely

likely

If two events have the same chance of occurring, then you say that it is equally likely they will

occur.
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Example 11 Describing chance

Classify each of the following statements as either true or false.

a It is likely that children will go to school next year.

b It is an even chance for a fair coin to display tails.

c Rolling a 3 on a 6-sided die and getting heads on a coin are equally likely.

d It is certain that two randomly chosen odd numbers will add to an even number.

SOLUTION EXPLANATION

a true Although there is perhaps a small chance that

the laws might change, it is (very) likely that

children will go to school next year.

b true There is a 50-50, or an even chance, of a

fair coin displaying tails. It will happen, on

average, half of the time.

c false These events are not equally likely. It is more

likely to Oip heads on a coin than to roll a 3 on

a 6-sided die.

d true No matter what odd numbers are chosen, they

will always add to an even number.

Exercise 8G

1 Match each of the events a to d with a description of how likely they are to occur (A to D).

A tossed coin landing heads up.a unlikelyA

Selecting an ace $rst try from a fair deck

of 52 playing cards.

b likelyB

Obtaining a number other than 6 if a fair

6-sided die is rolled.

c impossibleC

Obtaining a number greater than 8 if a fair

6-sided die is rolled.

d even chanceD

2 Fill in the blanks, using the appropriate terminology.

a If an event is guaranteed to occur, we say it is __________.

b An event that is equally likely to occur or not occur has an ________ ____________.

c A rare event is considered __________.

d An event that will never occur is called __________.
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8G

3Example 11 Consider a fair 6-sided die with the numbers 1 to 6 on it. Answer true or false to each of the

following.

a Rolling a 3 is unlikely.

b Rolling a 5 is likely.

c Rolling a 4 and rolling a 5 are equally likely events.

d Rolling an even number is likely.

e There is an even chance of rolling an odd number.

f There is an even chance of rolling a multiple of 3.

4 Match up each of the events a to d with an equally likely

event A to D.

a Rolling a 2 on a 6-sided die

b Selecting a heart card from a fair deck of 52 playing cards

c Flipping a coin and tails landing face up

d Rolling a 1 or a 5 on a 6-sided die

A Selecting a black card from a fair deck of 52 playing cards

B Rolling a number bigger than 4 on a 6-sided die

C Selecting a diamond card from a fair deck of 52 playing cards

D Rolling a 6 on a 6-sided die

5 Consider the spinner shown, which is spun and could land with the

arrow pointing to any of the three colours. (If it lands on a boundary, it

is re-spun until it lands on a colour.)
blue

red

green
a State whether each of the following is true or false.

There is an even chance that the spinner will point to green.i

It is likely that the spinner will point to red.ii

It is certain that the spinner will point to purple.iii

It is equally likely that the spinner will point to red or blue.iv

Green is twice as likely to occur as blue.v

b Use the spinner to give an example of:

an impossible eventi

a likely eventii

a certain eventiii

two events that are equally likelyiv
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8G

6 Three spinners are shown below. Match each spinner with the description.

bluered

green

red

blue

green red

red blue

spinner 1 spinner 2 spinner 3

a Has an even chance of red, but blue is unlikely.

b Blue and green are equally likely, but red is unlikely.

c Has an even chance of blue, and green is impossible.

7 Draw spinners to match each of the following descriptions, using blue, red and green

as the possible colours.

a Blue is likely, red is unlikely and green is impossible.

b Red is certain.

c Blue has an even chance, red and green are equally likely.

d Blue, red and green are all equally likely.

e Blue is twice as likely as red, but red and green are equally likely.

f Red and green are equally likely and blue is impossible.

g Blue, red and green are all unlikely, but no two colours are equally likely.

h Blue is three times as likely as green, but red is impossible.

8 For each of the following spinners, give a description of the chances involved so that

someone could determine which spinner is being described. Use the colour names and the

language of chance (i.e. ‘likely’, ‘impossible’ etc.) in your descriptions.

green

red

blue

a

green red

red green

b

green
red

blue

c

blue

d

red

red

green

blue

blue

blue

e

bluered

f
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8G

9 A coin consists of two sides that are equally likely to occur when tossed. It is matched up with a

spinner that has exactly the same chances, as shown below.

blueredheads

Tossing the coin with heads landing uppermost is equally likely to spinning red on the spinner.

Tossing the coin with tails landing uppermost is equally likely to spinning blue on the spinner.

Hence, we say that the coin and the spinner are equivalent.

a Draw a spinner that is equivalent to a fair 6-sided die. (Hint: The spinner should have six

sections of different colours.)

b How can you tell from the spinner you drew that it is equivalent to a fair die?

c A die is ‘weighted’ so that there is an even chance of rolling a 6, but rolling the numbers 1 to

5 are still equally likely. Draw a spinner that is equivalent to such a die.

d How could you make a die equivalent to the spinner shown in the diagram?

1

2

34

6

e Describe a spinner that is equivalent to selecting a card from a fair deck of 52 playing cards.
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8G Spinner proportions

10 The language of chance is a bit vague. For example, for each of the following spinners it is

‘unlikely’ that you will spin red, but in each case the chance of spinning red is different.

red

blue

green

red

blue
green

red

blue

spinner 1 spinner 2 spinner 3

Rather than describing this in words we could give the fraction (or decimal or percentage) of the

spinner occupied by a colour.

a For each of the spinners above, give the fraction of the spinner occupiedby red.

b What fraction of the spinner would be red if it had an even chance?

c Draw spinners for which the red portion occupies:

100% of the spinneri 0% of the spinnerii

d For the sentences below, $ll in the gaps with appropriate fraction or percentage values.

An event has an even chance of occurring if that portion of the spinner occupies

_________ of the total area.

i

An event that is impossible occupies _________ of the total area.ii

An event is unlikely to occur if it occupies more than _________ but less than _________

of the total area.

iii

An event is likely if it occupies more than _________ of the total area.iv

e How can the fractions help determine if two events are equally likely?

f Explain why all the fractions occupied by a colour must be between 0 and 1.

The game of ‘Twister’ uses a spinner (being held

by the girl at the back) to determine the positions

to be attempted.
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8H Theoretical probability

The probability of an event occurring is a number between 0 and 1 inclusive. This number states precisely

how likely it is for an event to occur. It is often written as a fraction and can indicate how frequently the

event would occur over a large number of trials. For example, if you toss a fair coin many times, you

would expect heads to come up half the time, so the probability is
1

2
. If you roll a fair 6-sided die

many times, you should roll a 4 about one-sixth of the time, so the probability is
1

6
.

To be more precise, we should list the possible outcomes of rolling the die: 1, 2, 3, 4, 5, 6. Doing this

shows us that there is a 1 out of 6 chance that you will roll a 4 and there is a 0 out of 6 (= 0) chance of

rolling a 9.

Let’s start: Spinner probabilities

Consider the three spinners shown below.

bluered

green

red

blue

green red

red blue

• What is the probability of spinning blue for each of these spinners?

• What is the probability of spinning red for each of these spinners?

• Try to design a spinner for which the probability of spinning green is
4

7
and the probability of

spinning blue is 0.

Key
ideas

An random experiment is a chance activity which produces varying results.

A trial is a single component of an experiment such as tossing a coin, rolling a die or spinning a

spinner.

An outcome is a possible result of the experiment, like rolling a 5 or a coin showing tails.

An event is either a single outcome (e.g. rolling a 3) or a collection of outcomes (e.g. rolling

a 3, 4 or 5).

The probability of an event is a number between 0 and 1 inclusive, to represent the chance of the

event occurring. The probability of an event occurring, if all the outcomes are equally likely, is:

number of outcomes where the event occurs

total number of outcomes
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Key
ideas

Probability is often written as a fraction, but it can be written as a decimal or as a percentage.

The sample space is the set of all possible outcomes of an experiment.

We write Pr(green) to mean ‘the probability that a spinner shows green’.

1
2

even 

chance
certain

more likely

impossible

10probability:

word

description:

Example 12 Calculating probabilities

A fair 6-sided die is rolled.

a List the sample space.

b Find the probability of rolling a 3, giving your answer as a fraction.

c Find the probability of rolling an even number, giving your answer as a decimal.

d Find the probability of rolling a number less than 3, giving your answer as a percentage.

SOLUTION EXPLANATION

a sample space = {1, 2, 3, 4, 5, 6} For the sample space, we list all the possible outcomes.

Technically, the sample space is {roll a 1, roll a 2,

roll a 3, roll a 4, roll a 5, roll a 6}, but we do not usually

include the additional words.

b Pr(3) =
1

6
The event can occur in one way (rolling a 3) out of six

possible outcomes.

c Pr(even) =
1

2
= 0.5 The event can occur in three ways (i.e. 2, 4 or 6). So the

probability is
3

6
=
1

2
. As a decimal this is 0.5.

d Pr(less than 3) =
1

3
= 33.3% The event can occur in two ways (1 or 2). So the

probability is
2

6
=
1

3
. As a percentage this is 33.3%,

rounded to 1 decimal place.
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Exercise 8H

1 Match up each experiment a to d with the list of possible outcomes A to D.

tossing a coina 1, 2, 3, 4, 5, 6A

rolling a dieb red, white, blueB

selecting a suit from a fair deck of

52 playing cards

c heads, tailsC

choosing a colour on the French Oagd hearts, diamonds, clubs, spadesD

The French flag is divided into three sections of different colours and

equal size.

2 Complete the following sentences.

The _________ _________ is the set of possible outcomes.a

An impossible event has a probability of _________.b

If an event has a probability of 1, then it is _________.c

The higher its probability, the _________ likely the event will occur.d

An event with a probability of
1

2
has an of occurring.e

3Example 12a Consider a fair 6-sided die.

List the sample space.a

List the odd numbers on the die.b

State the probability of throwing an even number.c
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8H

4Example 12b–d Consider the spinner shown.

a How many outcomes are there? List them.

b Find Pr(red); i.e. $nd the probability of the spinner

pointing to red.

c Find Pr(red or green).

d Find Pr(not red).

e Find Pr(yellow).

green

red

blue

5 A spinner with the numbers 1 to 7 is spun. The numbers are

evenly spaced.

a List the sample space.

b Find Pr(6).

c Find Pr(8).

d Find Pr(2 or 4).

e Find Pr(even).

f Find Pr(odd).

g Give an example of an event having the probability of 1.

1

2
3

4

5
6

7

6 The letters in the word MATHS are written on 5 cards and then one is drawn from a hat.

List the sample space.a

Find Pr(T), giving your answer as a decimal.b

Find Pr(consonant is chosen), giving your answer as a decimal.c

Find the probability that the letter drawn is also in the word TAME, giving your answer as a

percentage.

d

7 The letters in the word PROBABILITY are written on 11 cards and then one is drawn from a hat.

Find Pr(P).a

Find Pr(P or L).b

Find Pr(letter chosen is in the word BIT).c

Find Pr(not a B).d

Find Pr(a vowel is chosen).e

Give an example of an event with the probability of
3

11
.f
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8H

8 A bag of marbles contains 3 red marbles, 2 green marbles and 5 blue marbles. They are all equal

in size and weight. A marble is chosen at random.

What is the probability that a red marble is chosen? (Hint: It is not
1

3
because the colours are

not all equally likely.) Give your answer as a percentage.

a

What is the probability that a blue marble is chosen? Give your answer as a percentage.b

What is the probability that a green marble is not chosen? Give your answer as a percentage.c

9 Consider the spinner opposite, numbered 2 to 9.

a List the sample space.

b Find the probability that a prime number will be spun,

giving your answer as a decimal. (Remember that 2 is a

prime number.)

c Giving your answers as decimals, state the probability

of getting a prime number if each number in the spinner

opposite is:

increased by 1i increased by 2ii

doublediii

(Hint: It will help if you draw the new spinner.)

d Design a new spinner for which the Pr(prime) = 1.

2

3

4

56

7

8

9

10 A bag contains various coloured marbles – some are red, some are blue, some are yellow and

some are green. You are told that Pr(red) =
1

2
, Pr(blue) =

1

4
and Pr(yellow) =

1

6
. You are not told

the probability of selecting a green marble.

a If there are 24 marbles:

Find how many there are of each colour.i

What is the probability of getting a green marble?ii

b If there are 36 marbles:

Find how many there are of each colour.i

What is the probability of getting a green marble?ii

c What is the minimum number of marbles in the bag?

d Does the probability of getting a green marble depend on the actual number of marbles

in the bag? Justify your answer.
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8H

11 a State the values of the pronumerals in the following table.

Event Pr(event occurs) Pr(event does not occur) Sum of two numbers

Rolling a die, get a 3
1

6

5

6
a

Tossing a coin, get H
1

2
b c

Rolling a die, get 2 or 5 d
2

3
e

Selecting a letter from

‘HEART’, getting a vowel
f g h

b If the probability of selecting a vowel in a particular word is
3

13
, what is the probability of

selecting a consonant?

c If the probability of spinning blue with a particular spinner is
4

7
, what is the probability of

spinning a colour other than blue?

12 A box contains different coloured counters, with Pr(purple) = 10%, Pr(yellow) =
2

3
and

Pr(orange) =
1

7
.

a Is it possible to obtain a colour other than purple, yellow or orange? If so, state the

probability.

b What is the minimum number of counters in the box?

c If the box cannot $t more than 1000 counters, what is the maximum number of counters in

the box?
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Designing spinners

13 a For each of the following, design a spinner using only red, green and blue sectors to obtain

the desired probabilities. If it cannot be done, then explain why.

Pr(red) =
1

2
, Pr(green) =

1

4
, Pr(blue) =

1

4
i

Pr(red) =
1

2
, Pr(green) =

1

2
, Pr(blue) =

1

2
ii

Pr(red) =
1

4
, Pr(green) =

1

4
, Pr(blue) =

1

4
iii

Pr(red) = 0.1, Pr(green) = 0.6, Pr(blue) = 0.3iv

b If Pr(red) = x and Pr(green) = y, write a formula using x and y to determine what Pr(blue)

must equal.
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8I Experimental probability EXTENDING

Although the probability of an event tells us how often

an event should happen in theory, we will rarely $nd

this being exactly right in practice. For instance, if

you toss a coin 100 times, it might come up heads 53

times out of 100, which is not exactly
1

2
of the times

you tossed it. Sometimes we will not be able to $nd the

exact probability of an event, but we can carry out an

experiment to estimate it.

Let’s start: Tossing coins

For this experiment, each class member needs a fair coin

that they can toss.

• Each student should toss the coin 20 times and count

how many times heads occurs.

• Tally the total number of heads obtained by the

class.

• How close is this total number to the number you

would expect that is based on the probability of
1

2
?

Discuss what this means.

Tossing a coin 100 times does not mean

it will come up heads 50 times.

Key
ideas

The experimental probability of an event occurring based on a particular experiment is

de$ned as:

number of times the event occurs

total number of trials in the experiment

The expected number of occurrences = probability × number of trials.

If the number of trials is large, then the experimental probability is likely to be close to the actual

probability of an event.
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Example 13 Working with experimental probability

When playing with a spinner with the numbers 1 to 4 on it, the following numbers come up:

1, 4, 1, 3, 3, 1, 4, 3, 2, 3.

a What is the experimental probability of getting a 3?

b What is the experimental probability of getting an even number?

c Based on this experiment, how many times would you expect to get a 3 if you spin 1000 times?

SOLUTION EXPLANATION

a
2

5
or 0.4 or 40%

number of 3s

number of trials
=
4

10
=
2

5

b
3

10

number of times with even result

number of trials
=
3

10

c 400 times probability × number trials =
2

5
× 1000 = 400

Exercise 8I

1Example 13a,b A 6-sided die is rolled 10 times and the following numbers come up: 2, 4, 6, 4, 5, 1, 6, 4, 4, 3.

What is the experimental probability of getting a 3?a

What is the experimental probability of getting a 4?b

What is the experimental probability of getting an odd number?c

2 When a coin is tossed 100 times, the results are 53 heads and 47 tails.

What is the experimental probability of getting a head?a

What is the experimental probability of getting a tail?b

What is the theoretical probability of getting a tail if the coin is fair?c
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3 A survey is conducted on people’s television

viewing habits.

Number of hours per week 0 5 10 20 30+

Number of people 20 10 15 5 0

How many people participated in

the survey?

a

What is the probability that a randomly selected participant watches less than 5 hours of

television?

b

What is the probability that a randomly selected participant watches 20–30 hours of

television?

c

What is the probability that a randomly selected participant watches between 5 and 20 hours

of television?

d

Based on this survey, the experimental probability of watching 30+ hours of television is 0.

Does this mean that watching 30+ hours is impossible?

e
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8I

4Example 13c A fair coin is tossed.

a How many times would you expect it to show tails in 1000 trials?

b How many times would you expect it to show heads in 3500 trials?

c Initially, you toss the coin 10 times to $nd the probability of the coin showing tails.

Explain how you could get an experimental probability of 0.7.i

If you toss the coin 100 times, are you more or less likely to get an experimental

probability close to 0.5?

ii

5 A fair 6-sided die is rolled.

How many times would you expect to get a 3 in 600 trials?a

How many times would you expect to get an even number in 600 trials?b

If you roll the die 600 times, is it possible that you will get an even number 400 times?c

Are you more likely to obtain an experimental probability of 100% from two throws or to

obtain an experimental probability of 100% from 10 throws?

d

6 Each time a basketball player takes a free throw there is a 4 in 6 chance that the shot will go in.

This can be simulated by rolling a 6-sided die and using numbers 1 to 4 to represent ‘shot goes

in’ and numbers 5 and 6 to represent ‘shot misses’.

Use a 6-sided die over 10 trials to $nd the experimental probability that the shot goes in.a

Use a 6-sided die over 50 trials to $nd the experimental probability that the shot goes in.b

Working with a group, use a 6-sided die over 100 trials to $nd the experimental probability

that the shot goes in.

c

Use a 6-sided die over just one trial to $nd the experimental probability that the shot goes in.

(Your answer should be either 0 or 1.)

d

Which of the answers to parts a to d above is closest to the theoretical probability of 66.67%?

Justify your answer.

e

7 The colour of the cars in a school car park is recorded.

Colour Red Black White Blue Purple Green

Number of cars 21 24 25 20 3 7

Based on this sample:

a What is the probability that a randomly chosen car is white?

b What is the probability that a randomly chosen car is purple?

c What is the probability that a randomly chosen car is green or black?

d How many purple cars would you expect to see in a shopping centre car park with 2000 cars?
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8I

8 The number of children in some

families is recorded in the table shown.

Number of children 0 1 2 3 4

Number of families 5 20 32 10 3

How many families have no children?a

How many families have an even number of children?b

How many families participated in the survey?c

Based on this experiment, what is the probability that a randomly selected family has 1 or 2

children?

d

Based on this experiment, what is the probability that a randomly selected family has an even

number of children?

e

What is the total number of children considered in this survey?f

F
L
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9 A handful of 10 marbles of different colours

is placed into a bag. A marble is selected

at random, its colour recorded and then

returned to the bag. The results are:

Red marble Green marble Blue marble

chosen chosen chosen

21 32 47

a Based on this experiment, how many marbles of each colour do you think there are? Justify

your answer in a sentence.

b For each of the following, state whether or not they are possible outcomes for the 10 marbles.

3 red, 3 green, 4 bluei 2 red, 4 green, 4 blueii

1 red, 3 green, 6 blueiii 2 red, 3 green, 4 blue, 1 purpleiv

2 red, 0 green, 8 bluev

10 Match each of the experiment results a to d with the most

likely spinner that was used (A to D).

Red Green Blue

a 18 52 30

b 27 23 0

c 20 23 27

d 47 0 53

blue

red

A

greenred

blue

B

red

green

blue

C

green
red

red green

D
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8I

11 Assume that any baby has a 50% chance of being a boy or a girl, and use a coin to simulate a

family with four children. Toss the coin four times, using heads to represent boys and tails to

represent girls. Count the number of girls in the family. Repeat this experiment 20 times and

present your results in a table like the one below.

Number of girls 0 1 2 3 4 Total

Number of families 20

Based on your simulation, what is the experimental probability that a family will have just

one girl?

a

Based on your simulation, what is the experimental probability that a family will have four

girls?

b

Explain why you might need to use simulations and experimental probabilities to $nd the

answer to parts a and b above.

c

If you had repeated the experiment only 5 times instead of 20 times, how might the accuracy

of your probabilities be affected?

d

If you had repeated the experiment 500 times instead of 20 times, how might the accuracy of

your probabilities be affected?

e

12 Classify the following statements as true or false. Justify each answer in a sentence.

If the probability of an event is
1

2
, then it must have an experimental probability of

1

2
.a

If the experimental probability of an event is
1

2
, then its theoretical probability must be

1

2
.b

If the experimental probability of an event is 0, then the theoretical probability is 0.c

If the probability of an event is 0, then the experimental probability is also 0.d

If the experimental probability is 1, then the theoretical probability is 1.e

If the probability of an event is 1, then the experimental probability is 1.f

R
E
A
S
O
N
IN
G

11, 1211 11

Improving estimates

13 A spinner is spun 500 times. The table

opposite shows the tally for every

100 trials.

a Give the best possible estimate for

Pr(red), Pr(green) and Pr(blue) based

on these trials.

b If your estimate is based on just one

set of trials, which one would cause

you to have the most inaccurate

results?

Red Green Blue

First set of 100 trials 22 41 37

Second set of 100 trials 21 41 38

Third set of 100 trials 27 39 34

Fourth set of 100 trials 25 46 29

Fifth set of 100 trials 30 44 26

c Design a spinner that could give results similar to those in the table. Assume you can use up

to 10 sectors of equal size.

d Design a spinner that could give results similar to those in the table if you are allowed to use

sectors of different sizes.

E
N
R
IC
H
M
E
N
T
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466 Chapter 8 Statistics and probability

Investigation

Monopoly risk

In the game of Monopoly, two 6-sided dice are rolled to work out how far a player should go

forward. For this investigation, you will need two 6-sided dice or a random number simulator that

simulates numbers between 1 and 6.

a Roll the two dice and note what they add up to. Repeat this 100 times and complete this table.

Dice sum 2 3 4 5 6 7 8 9 10 11 12 Total

Tally 100

b Represent the results in a column graph. Describe the shape of the graph. Do you notice any

patterns?

c Use the results of your experiment to give the experimental probability of two dice adding to:

3i 6ii 8iii 12iv 15v

d What is the most likely sum for the dice to add to, based on your experiment? Is this the mean,

median or mode that you are describing?

e If the average Monopoly game involves 180 rolls, $nd the expected number of times, based on

your experiment, that the dice will add to:

3i 6ii 8iii 12iv 15v

f Why do you think that certain sums happen more often than others? Explain why this might

happen by comparing the number of times the dice add to 2 and the number of times they

add to 8.

g What is the mean dice sum of the 100 trials you conducted above?

To conduct many experiments, a spreadsheet can be used. For example, the spreadsheet below

can be used to simulate rolling three 6-sided dice. Drag down the cells from the second row to

row 1000 to run the experiment 1000 times.

h Investigate what the most likely dice

sums are when you roll more than two

dice. You should use a spreadsheet like

the one above to $nd the most likely

values. (Note: Instead of using the

MODE function to help you, you can

also use the AVERAGE function.)
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Problems and challenges

Up for a challenge? If you

get stuck on a question,

check out the 'Working

with unfamiliar problems'

poster at the end of the

book to help you.

1 Six numbers are listed in ascending order and some are removed. The mean and median are both 6,

the mode is 2 and the range is 10. Fill in the missing numbers.

?, ?, 5, ?, ?, ?

2 A survey is conducted at a school and the results are presented as a pie chart. Find the minimum

number of people who participated in the survey if the smallest sector has an angle of:

90°a 36°b 92°c 35°d

3 In a class of 20 students, a poll was taken of the

number of cars owned by each family. The median

number of cars owned is 1.5 and the mean number

is 1.4 cars. Complete the table of the results,

shown opposite.

Number of cars 0 1 2 3

Number of students 4

4 Each of the 8 letters of a word is written on a separate card. Given the following probabilities, what

is the word?

Pr(letter P) = Pr(letter R) = 12.5%, Pr(letter B)=
1

4
, Pr(vowel) = 0.375

5 Frank the $sherman enjoys beach $shing on Fraser Island,

Qld. One year he kept a count of the $sh types that he caught

and displayed these numbers as a pie chart in his $sh shop.

Calculate the answers to these questions, showing all steps.

a What angle did Frank use to represent his whiting catch?

b Find the difference between the smallest and largest angles

in this pie chart.

golden

trevally, 3
whiting,

 50

dart, 160

flathead, 12

tailor, 75

c What is the probability of Frank catching a tailor?

d Find the probability that Frank does not catch a golden trevally.

e What is the probability of Frank catching a Oathead or golden trevally?

6 A circular spinner is made using the colours red, green, purple and yellow in four sectors with two

sectors being equal in size. The spinner is spun 120 times and the results obtained are shown in the

table below.

Sector colour Red Green Purple Yellow

Frequency 40 32 19 29

Design a spinner that is likely to give these results, labelling the sector colours and angles. Explain

the mathematical reason for your answer and show relevant calculations.
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468 Chapter 8 Statistics and probability

Column graphs

Height chart title

axis labels

Child

H
ei

g
h
t 

(c
m

)

angle = 360° × proportion

proportion =
number

total

Pie charts (Ext)

squashbasketball hockeytennis

0.70.6 0.8 0.9 1.00.50.40.30.20.10.0

width of bar = proportion × total width

Divided bar graphs (Ext)

1, 2, 2, 3, 4, 4, 4, 5, 5, 6, 7, 8, 8, 9, 10

  range = 10 − 1

     =   9

Summarising data numerically

mode = 4

(most common value)

median = 5

(middle value)

mean =
sum of values

number of values

78

15
= = 5.2

Experiment/trial: e.g. roll a fair die 
Sample space: {1, 2, 3, 4, 5, 6}

Pr(roll a 5) =

Pr(roll odd number) =

Outcome: possible result 
of an experiment 
Event: either a single 
outcome or a collection 
of outcomes

=

1
6

3
6

1
2

Experimental probability (Ext)

Use an experiment or survey

or simulation to estimate

probability.

e.g. Spinner lands on blue 47

       times out of 120

Experimental probability = 47
120

Line graphs

Time is often displayed on the

horizontal axis.

1
2

even chance

more likely
certain

likelyunlikely

impossible

10

Probability: how likely an event is

Sample space: e.g. 

{red, green, blue}

Pr(spin red) =

Pr(don’t spin blue) =

1
3

2
3

green

red

blue

Pr(event) × number of trials

e.g. Flip coin 100 times,
       expected number of heads

× 100 = 50

× 36 = 6

e.g. Roll die 36 times,
       expected number of 5s

1
2

1
6

Expected number is

=

=

Graphical representations

Data types
•  Numerical

    e.g. number of people (discrete), height of trees (continuous)

•  Categorical

    e.g. colours, gender

Data collection

• Primary source (firsthand) or secondary source (collected by someone else

• Census (whole population) or sample (selection)

Dot plots

Stem Leaf

2 3 6 7

⇒ 23, 26, 27

Stem-and-leaf plots

Statistics and

probability
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Multiple-choice questions

18C In the column graph shown, the highest income is earned by:

MichaelA AliceB DanC LauraD VictoriaE

Annual income

0

M
ic

ha
el

Lau
ra

A
lic

e

Name

D
an

10

30

40

20

50

60

70

80

90

C
ha

rle
s

V
ic

to
ria

In
c
o
m
e
 (

  
  
$
1
0
0
0
)

×

Questions 2 and 3 relate to the following information.

The results of a survey are shown below.

Instrument learned piano violin drums guitar

Number of students 10 2 5 3

28F

Ext

If the results above are presented as a pie chart, then the angle occupied by the drums sector is:

360°A 180°B 120°C 90°D 45°E

38I

Ext

Based on the survey, the experimental probability that a randomly selected person learns the guitar

is:
1

4
A

1

2
B 3C

3

5
D

3

20
E

48A Which one of the following variables is continuous numerical?

A the gender of newborn babies

B the number of babies born in a given

years

C the number of hairs on a baby’s head

D the weight (in kg) of newborn babies

E the length (in letters) of a baby’s $rst

name

C
ha
pt
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470 Chapter 8 Statistics and probability

Questions 5 and 6 relate to the following information.

In a class of 20 students, the number of days each student was absent over a 10-week period

is recorded.

1, 0, 1, 2, 2, 3, 2, 4, 3, 0, 1, 1, 2, 3, 3, 3, 2, 2, 2, 2

58B The mode is:

0A 1B 2C 3D 4E

68B The mean number of days a student was absent is:

1A 2B 1.95C 3D 39E

78B The range of the numbers 1, 5, 3, 9, 12, 41, 12 is:

40A 41B 12C 3D 1E

88H Which of the following events has the same probability as rolling an odd number on a fair

6-sided die?

A rolling a number greater than 4 on a fair 6-sided die

B choosing a vowel from the word CAT

C tossing a fair coin and getting heads

D choosing the letter T from the word TOE

E spinning an odd number on a spinner numbered 1 to 7

98H Each letter of the word APPLE is written separately on $ve cards. One card is then chosen at

random. Pr(letter P) is:

0A 0.2B 0.4C 0.5D 1E

108I

Ext

A fair 6-sided die is rolled 600 times. The expected number of times that the number rolled is

either a 1 or a 2 is:

100A 200B 300C 400D 600E

Short-answer questions

18C Draw a column graph to represent the following people’s ages.

Name Sven Dane Kelly Hugo Frankie

Age (years) 20 12 15 22 25

28C A Year 7 group was asked how many hours of

television they watch in a week. The results are

given in the table.

a How many students participated in the survey?

b What is the total number of hours of television

watched?

TV Watched (hours) No. of students

8 5

9 8

10 14

11 8

12 5

c Find the mean number of hours of television watched.

d Show this information in a column graph.

C
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Essential Mathematics for the Victorian Curriculum Year 7 Statistics and Probability 471

38D The number of students in the library is recorded hourly, as

displayed in the graph.

a How many students entered the library when it $rst

opened?

b How many students were in the library at 8 hours

after opening?

c If the library opens at 9:00 am, at what time are there the

most number of students in the library?

d How many students were in the library at 4:00 pm?

0
0 1 2 3 4 5 6 7 8

Time (hours)

N
u
m

b
er

 o
f 

st
u
d
en

ts

2

4

6

8

10

12

14

48F

Ext

120 people were asked to nominate their favourite

take-away food from the list: chicken, pizza, hamburgers,

Chinese. The results are given in the table.

a If you want to show the data in a pie chart, state the angle needed

to represent Chinese food.

b What percentage of people prefer hamburgers?

c Represent the results in a pie chart.

Food Frequency

Chicken 15

Pizza 40

Hamburgers 30

Chinese 35

58B Consider the data 1, 4, 2, 7, 3, 2, 9, 12. State the:

rangea meanb medianc moded

68B Consider the data 0, 4, 2, 9, 3, 7, 3, 12. State the:

rangea meanb medianc moded

78G For each of the following descriptions, choose the probability from the set 0,
1

8
,
3

4
, 1,
19

20
that

matches best.

certaina highly unlikelyb highly likelyc

likelyd impossiblee

C
ha
pt
er
re
vi
ew

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



472 Chapter 8 Statistics and probability

88H List the sample space for each of the following

experiments.

a A fair 6-sided die is rolled.

b A fair coin is tossed.

c A letter is chosen from the word DESIGN.

d Spinning the spinner shown opposite.

blue

yellow

green

98H Vin spins a spinner with nine equal sectors, which are numbered 1 to 9.

a How many outcomes are there?

b Find the probability of spinning:

an odd numberi a multiple of 3ii

a number greater than 10iii a prime number less than 6iv

a factor of 8v a factor of 100vi

108H One card is chosen at random

from a standard deck of

52 playing cards. Find the

probability of drawing:

a a red king

b a king or queen

c a jack of diamonds

d a picture card (i.e. king,

queen or jack)

118I

Ext

A coin is tossed 100 times, resulting in 42 heads and 58 tails.

a What is the experimental probability of getting heads? Give your answer as a

percentage.

b What is the actual probability of getting heads if the coin is fair? Give your answer as a

percentage.

128H Consider the spinner shown.

a State the probability that the spinner lands in the

green section.

b State the probability that the spinner lands in the

blue section.

c Tanya spins the spinner 100 times. What is the

expected number of times it would land in the red

section?

d She spins the spinner 500 times. What is the

expected number of times it would land in the green

section?

blue

green

red
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Extended-response questions

1 The number of rainy days experienced throughout a year in a certain town is displayed below.

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

No. of rainy days 10 11 3 7 2 0 1 5 6 9 7 5

a Show this information in a column graph.

b For how many days of the year did it rain in this town?

c What is the probability that it will rain in any day during winter (i.e. during June, July and

August)?

d What type of variable (e.g. continuous numerical) is the number of rainy days?

e What type of variable is the month?

2 At a school camp, a survey was conducted to establish each student’s favourite dessert.

Ice-cream Yoghurt Danish pastry Jelly Pudding Cheesecake

10 5 2 7 4 12

a How many students participated in the survey?

b What is the most popular dessert selected?

c What is the probability that a randomly selected student chooses jelly as their favourite dessert?

d For each of the following methods listed below, state whether it would be a reasonable way of

presenting the survey’s results.

column graphi line graphii

pie chartiii divided bar graphiv

e If the campers attend a school with 800 students, how many students from the entire school would

you expect to choose pudding as their preferred dessert?
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Chapter

M E A S U R E M E N T  A N D  G E O M E T R Y

Shape

Draw different views of prisms and solids 

formed from combinations of prisms 

(VCMMG260)

Location and transformation

Describe translations, reflections in an axis, 

and rotations of multiples of 90° on the 

Cartesian plane using coordinates. Identify 

line and rotational symmetries (VCMMG261)

Victorian curriculum

Geometric reasoning

Demonstrate that the angle sum of a triangle 

is 180° and use this to �nd the angle sum of 

a quadrilateral (VCMMG263)

Classify triangles according to their 

side and angle properties and describe 

quadrilaterals (VCMMG262)

 9A Polygons

 9B Triangles

 9C Constructing triangles (Extending)

 9D Triangle angle sum

 9E Quadrilaterals

 9F Quadrilateral angle sum

What you will learn

 9G Symmetry

 9H Reflection and rotation

9I  Translation

9J  Drawing solids

9K  Nets and the Platonic solids 

(Extending)

9
Polygons, 
solids and 
transformations
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• Chapter pre-test

• Video demonstrations of 

all worked examples

• Interactive widgets

• Interactive walkthroughs

• Downloadable HOTsheets

• Access to all HOTmaths 

Australian Curriculum 

courses

• Access to the HOTmaths 

games library

Online 
resources

Artists and architects have used the principles 

of transformation geometry for centuries. 

Examples range from a tessellated pavement 

to the floor plan of a set of apartments, where 

each apartment’s layout is a copy of the one 

above it.

A transformation is a change made 

to a geometric shape. After an isometric 

transformation, all sides of the shape still 

have the same length relative to each other, 

and all angles have the same size. However, 

the shape is in a new position. In this chapter, 

we will investigate three types of isometric 

transformation: translation (sliding), rotation 

(turning or spinning) and reflection (flipping).

A tessellation is a pattern that is formed 

by transformations of one or more shapes, in 

order to cover a flat surface without any gaps 

or overlaps. Tessellations are often made 

with regular polygons with interior angles that 

divide evenly into a revolution. If the angles of 

a single polygon do not divide into 360°, then 

more than one shape must be used in the 

tessellation.

More complicated tessellations can 

be made by adapting one polygon; for 

example, by moving a piece from one side 

to the opposite side. These designs were 

made famous by the graphic artist M.C. 

Escher (1898–1972), who was fascinated 

by tessellations and whose work can be 

found in art galleries, on mugs and pencil 

cases, and even on the walls of  

buildings.

Transformations in design
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476 Chapter 9 Polygons, solids and transformations

9A Polygons

Polygons are closed plane shapes with straight

sides. Each side is a segment and joins with

two other sides at points called vertices.

The number of sides, angles and vertices

are the same for each type of polygon, and

this number determines the name of the

polygon. The word polygon comes from the

Greek words poly meaning ‘many’ and gonia

meaning ‘angle’.

Let’s start: How hard is it to draw an

octagon?

Try to draw an 8-sided shape with no inside

angle that is bigger than 180°. This may not

be as easy as you think! Remember that you

must link the last drawn segment to the point

at which you started.

?

This is not a good example!

This tower has a base that is shaped like a hexagon,

or 6-sided polygon.

Key
ideas

Polygons are closed plane 'gures with straight sides. A side is also

called an edge.

A vertex is the point at which two sides of a shape meet.

(Vertices is the plural form of vertex.)

convex vertex

side

Convex polygons have all vertices pointing outward and all interior (inside)

angles smaller than 180°.

Non-convex (or concave) polygons have at least one vertex pointing inward

and at least one interior angle bigger than 180°.

non-

convex
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Key
ideas

Polygons are classi'ed by the number of sides

they have.

Regular polygons have sides of equal length and

angles of equal size.

• In a diagram, sides of equal length are shown

using markings (or dashes).

regular

pentagon
irregular

pentagon

Number of sides Type

3 Triangle or trigon

4 Quadrilateral or tetragon

5 Pentagon

6 Hexagon

7 Heptagon or septagon

8 Octagon

9 Nonagon

10 Decagon

11 Undecagon

12 Dodecagon

Polygons are usually named with capital

letters for each vertex and in succession,

clockwise or anticlockwise.
A

D

B

quadrilateral ABCD
C

A diagonal is a segment that joins two vertices, dividing

a shape into two parts. diagonals

Example 1 Classifying polygons

a State the type of this shape and whether it is convex or non-convex.

b Is the shape regular or irregular?

SOLUTION EXPLANATION

a convex pentagon The shape has 5 sides and all the vertices are

pointing outward.

b irregular The sides are not of equal length and the

angles are not equal.
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478 Chapter 9 Polygons, solids and transformations

Exercise 9A

1 Consider these three polygons.

i ii iii

a The three shapes are an example of what type of polygon?

b Which shape(s) are convex and why?

c Which shape(s) are non-convex and why?

d Complete the sentence. The third shape is called a .

2 Draw an example of each of these shapes.

convex hexagona non-convex pentagonb convex nonagonc

U
N
D
E
R
S
TA

N
D
IN
G

—1, 2 2

3 How many sides do each of these shapes have?

pentagona triangleb decagonc heptagond

undecagone quadrilateralf nonagong hexagonh

octagoni dodecagonj

4 aExample 1 Which of the given shapes are convex?

b State the type of polygon by considering its number of sides.

i ii iii

iv v vi

5 State the type of polygon and name it, using the vertex labels; e.g. triangle ABC.

A

B

C

D

a E

A

C

B

D

b

D

E

F

G
H

I

Jc

F
L
U
E
N
C
Y

3(½), 4, 5, 6(½)3–5 3(½), 4, 5, 6(½)
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9A

6 Which of the following are not polygons?

circlea squareb rectanglec ovald

cylindere cubef lineg segmenth

F
L
U
E
N
C
Y

7 A diagonal between two vertices divides a polygon into two parts.

a What is the maximum (i.e. largest) number of diagonals that can

be drawn for the following shapes if the diagonals are not allowed

to cross?

convex pentagoni convex decagonii

b What is the maximum number of diagonals that can be drawn for the following shapes

if the diagonals are allowed to cross?

convex pentagoni convex decagonii

8 Draw line segments to show how you would divide the given shapes into the shapes listed below.

two triangles

a

one rectangle and
two triangles

b

three triangles

c

four triangles and
one square

d

two quadrilaterals

e

one pentagon

and one heptagon

f

P
R
O
B
L
E
M
-S
O
LV
IN
G

7, 87 7, 8

9 State whether each of the following statements is

true or false.

a A regular polygon will have equal interior

(i.e. inside) angles.

b The size of the angles inside a pentagon are

the same as the angles inside a decagon.

c An irregular polygon must always be

non-convex.

d Convex polygons are not always regular.

R
E
A
S
O
N
IN
G

10–129 9, 10
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480 Chapter 9 Polygons, solids and transformations

9A

10 a For each of these pentagons, draw the 've diagonals that join the vertices.

i ii

b What types of polygons have at least one diagonal outside the shape. Why?

11 An equi-angular shape has all of its interior angles of equal size. Are all equiangular shapes

regular polygons? Draw some examples to investigate.

12 An equilateral shape has all of its sides equal. Are all equilateral shapes regular polygons?

R
E
A
S
O
N
IN
G

Rules for diagonals

13 a Copy the table below into your workbook and complete it.

Number of sides 3 4 5 6 7

Number of diagonals (not allowed to cross) 0 1

Number of diagonals (allowed to cross) 0 2

b If a polygon has n sides, 'nd a rule for:

the number of diagonals (not allowed to cross)i

the number of diagonals (allowed to cross)ii

E
N
R
IC
H
M
E
N
T
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9B Triangles

The word ‘triangle’ (literally meaning ‘three angles’)

describes a shape with three sides. The triangle is an

important building block in mathematical geometry.

Similarly, it is important in the practical world of building

and construction owing to the rigidity of its shape.

Let’s start: Stable shapes

Consider these constructions, which are made from straight

pieces of steel and bolts.

Interlocking triangles give this bridge’s frame

strength and stability.Assume that the bolts are not tightened and that there

is some looseness at the points where they are joined.

• Which shape(s) do you think could lose their

shape if a vertex is pushed?

• Which shape(s) will not lose their shape

when pushed? Why?

• For the construction(s) that might lose their

shape, what could be done to make them rigid?

Key
ideas

Triangles can be named using the vertex labels.

triangle ABC or DABC

A

B

C

Triangles are classi'ed by their side lengths.

3 different sides

3 different angles

scalene

2 equal sides

2 equal angles

isosceles

3 equal sides

3 equal angles (60°)

equilateral

60°

60° 60°

Triangles are also classi'ed by the size of their interior angles.

acute

all acute angles 

right

one right angle

obtuse

one obtuse angle

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



482 Chapter 9 Polygons, solids and transformations

Key
ideas

The parts of an isosceles triangle are named as shown opposite.

The base angles are equal and two sides (called the legs) are of

equal length. The two sides of equal length are opposite the equal

angles.

apex

legsbase
angles

base

Sides of equal length are indicated by matching markings.

Example 2 Classifying triangles

Classify these triangles by:

a b

i their side lengths (i.e. scalene, isosceles or equilateral)

ii their angles (i.e. acute, right or obtuse)

SOLUTION EXPLANATION

a isosceles Has 2 sides of equal length.i

acute All angles are acute.ii

b scalene Has 3 different side lengths.i

obtuse Has 1 obtuse angle.ii

Example 3 Drawing triangles

Draw a triangle ABC with AB = 5 cm, ÒABC = 30° and ÒBAC = 45°.

SOLUTION EXPLANATION

A B
5 cm

30°

First, measure and draw segment AB.

Then use a protractor to form the angle 30° at

point B.

C

A B
5 cm

30°45°

Then use a protractor to form the angle 45° at

point A.

Mark point C and join with A and B.
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Exercise 9B

1 Draw an example of each of the triangles given below. Refer back to the Key ideas in this

section to check that the features of each triangle are correct.

scalenea isoscelesb equilateralc

acuted righte obtusef

2 Answer these questions, using the point labels A, B and C for the given

isosceles triangle.

a Which point is the apex?

b Which segment is the base?

c Which two segments are of equal length?

d Which two angles are the base angles?

A

C B

U
N
D
E
R
S
TA

N
D
IN
G

—1, 2 2

3Example 2 Classify each of these triangles according to their side lengths (i.e. scalene, isosceles or

equilateral).

a b c

4 Classify each of these triangles according to their angles (i.e. acute, right or obtuse).

a b c

5Example 3 Use a protractor and ruler to draw the following triangles.

a triangle ABC with AB = 5 cm, ÒABC = 40° and ÒBAC = 30°

b triangle DEF with DE = 6 cm, ÒDEF = 50° and ÒEDF = 25°

c triangle ABC with AB = 5 cm, ÒABC = 35° and BC = 4 cm

F
L
U
E
N
C
Y

3–53–5 3–5

6 Is it possible to draw any of the following? If yes, give an example.

a an acute triangle that is also scalene

b a right triangle that is also isosceles

c an equilateral triangle that is also obtuse

d a scalene triangle that is also right angled P
R
O
B
L
E
M
-S
O
LV
IN
G

7, 86, 7 6, 7
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9B

7 What is the smallest number of identical equilateral triangles needed to form each of these

shapes?

a a diamond

b an equilateral triangle made up of more than one other equilateral

triangle

c a hexagon

d 6-pointed star (shown opposite) (Note: Overlapping is not allowed.)

8 Draw an example of a triangle that 'ts the triangle type in both the row and column. Are there

any cells in the table for which it is impossible to draw a triangle?

Triangles Scalene Isosceles Equilateral

Acute

Right

Obtuse

P
R
O
B
L
E
M
-S
O
LV
IN
G

9 a Is it possible to divide every triangle into two right triangles using one line segment? Explore

with diagrams.

b Which type of triangle can always be divided into two identical right triangles?

10 Try drawing a triangle with side lengths 4 cm, 5 cm and 10 cm. Explain why this is impossible.

11 a Is the side opposite the largest angle in a triangle always the longest?

b Can you draw a triangle with two obtuse angles? Explain why or why not.

R
E
A
S
O
N
IN
G

10, 119 9, 10

Unique triangles

12 Investigate whether it is possible to draw more than one triangle with the following information.

If not, then the single triangle you have drawn is unique. Note that two triangles are considered

to be the same if one can be re@ected, translated and or rotated onto the other:

a ÒABC = 20°, ÒBCA = 50°, ÒBAC = 110°

b AB = 5 cm, AC = 4 cm, ÒBAC = 70°

c AB = 6 cm, ÒBAC = 70°

d AB = 5 cm, BC = 4 cm, ÒBAC = 50°

E
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9C Constructing triangles EXTENDING

Triangles can be constructed with a high degree

of accuracy using a ruler and a pair of compasses.

Alternatively, computer geometry can be a useful tool

for assisting in the construction process, as well as for

exploring general properties of shapes.

Let’s start: I am not unique

Use a protractor and ruler to draw a triangle ABC with

the properties:

AB = 6 cm, ÒBAC = 20° and BC = 5 cm

• Compare your triangle with those drawn by other

students.

• Is your triangle the same shape? If not, can you explain why?

• How many triangles are possible?

Geometry software allows you to draw and

manipulate triangles and other shapes.

Key
ideas

Arcs drawn using a pair of compasses can help to construct triangles accurately.

Computer geometry or a pair of compasses can be used to accurately construct:

right triangles isosceles triangles equilateral triangles

The following information is suf'cient to construct a single unique

triangle.

• 3 sides (SSS)

3 cm

6 cm

5 cm

• 2 sides and the angle between them (SAS). The angle is also

known as the included angle.

2 cm
4 cm100°

• 2 angles and 1 side (AAS) (in any order)

3 cm

25°

60°

• a right angle, hypotenuse length and another side length (RHS)

(The hypotenuse is the longest side of a right angled triangle

and is opposite the right angle)
3 m

10 m
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486 Chapter 9 Polygons, solids and transformations

Example 4 Constructing a triangle

Construct a triangle with side lengths 6 cm, 4 cm and 5 cm.

SOLUTION EXPLANATION

6 cm
Use a ruler to draw a segment 6 cm in length.

6 cm

5 cm
4 cm

Construct two arcs with radius 4 cm and 5 cm,

using each end of the segment as the centres.

5 cm 4 cm

6 cm

Mark the intersection point of the arcs and

draw the two remaining segments.

Example 5 Deciding if triangles are unique

Is there enough information given to accurately construct a unique triangle? If yes, write SSS, SAS,

AAS or RHS, whichever one suits best.

a triangle ABC with AB = 5 cm, AC = 6 cm and ÒBAC = 60°

b

70°

10 m

SOLUTION EXPLANATION

a yes; SAS 2 sides and the angle

between them are given.

60°

5 cm

6 cm

B

A C

b no Not enough information is

provided to suit SSS, SAS,

AAS or RHS. More than one

triangle can be drawn with the

information.

70°

10 m
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Exercise 9C

1Example 4 Use a protractor, pair of compasses and a ruler to construct these triangles.

a 3 sides: 3 cm, 5 cm and 6 cm (SSS)

Step 1. Draw a segment, AB, 6 cm long.

Step 2. Draw 2 arcs: one centred at A with radius

3 cm and the other centred at B with radius 5 cm.

Step 3. Mark the point C and join to points A and B.

6 cm

3 cm 5 cm

C

A B

b 2 sides: 5 cm and 4 cm; and the angle between them,

40° (SAS)

Step 1. Draw a segment 5 cm long.

Step 2. Use a protractor to draw the angle 40° at A and

then draw the ray AC.

Step 3. Measure the segment AC at 4 cm and mark

point C.

Step 4. Join point C with point B.

A
B

C

40°

5 cm

4 cm

c 2 angles: 35° and 70°; and a side of length 5 cm between the

angles. (This is an example of AAS.)

Step 1. Draw the segment AB 5 cm long.

Step 2. Use a protractor to draw the angles – one at each end.

Step 3. Mark point C and join it with points A and B.
5 cm

C

A
35° 70°

B

d A right angle, with hypotenuse of length 5 cm and one other side

of length 4 cm (RHS)

Step 1. Draw a segment, AB, 4 cm in length.

Step 2. Measure a 90° angle at A and then draw the ray AC.

Step 3. Construct the arc centred at B, using a radius of 5 cm.

Step 4. Mark the point C and join with points A and B.

5 cm

4 cm
A B

C

U
N
D
E
R
S
TA

N
D
IN
G

—1 1

2Example 5 Is there enough information given to accurately construct a unique triangle? If yes, write SSS,

SAS, AAS or RHS, whichever one suits best. You may wish to draw a diagram to help display

the information.

a Triangle ABC with AB = 4 cm, AC = 2 cm and BC = 3 cm

b Triangle ABC with AB = 10 m and AC = 5 cm

c Triangle ABC with AB = 4 km, ÒBAC = 30° and AC = 5 km

d Triangle DEF with ÒDEF = 30° and DE = 9 cm

e Triangle DEF with ÒDEF = 90° and DF = 3 m and DE = 2 m

f TriangleMNO with ÒMNO = 47°, ÒNOM = 70° and NO = 7.2 m

F
L
U
E
N
C
Y

2, 4, 52, 3 2–4
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9C

3 Construct an isosceles triangle by following these steps.

a Draw a base segment of about 4 cm in length.

b Use a pair of compasses to construct two arcs of equal radius. (Try about

5 cm but there is no need to be exact.)

c Join the intersection point of the arcs (apex) with each end of the base.

d Measure the length of the legs to check they are equal.

e Measure the two base angles to check they are equal.

apex

base

4 Construct an equilateral triangle by following these steps.

a Draw a segment of about 4 cm in length.

b Use a pair of compasses to construct two arcs of equal radius.

Important: Ensure the arc radius is exactly the same as the length of the

segment in part a.

c Join the intersection point of the arcs with the segment at both ends.

d Measure the length of the three sides to check they are equal.

e Measure the three angles to check they are all equal and 60°.

5 Construct a right triangle by following these steps.

a Draw a segment, AB, of about 4 cm in length.

b Extend the segment AB to form the ray AD. Make

AD about 2 cm in length.

c Construct a circle with centre A and radius AD.

Also mark point E.

d Draw two arcs with centres at D and E, as shown

in the diagram. Any radius will do as long as they

are equal for both arcs.

e Mark point C and join with A and B.

C

AD E B

F
L
U
E
N
C
Y

6 Without using a protractor, accurately construct these triangles. Rulers can be used to set the

pair of compasses.

a triangle ABC with AB = 5.5 cm, BC = 4.5 cm and AC = 3.5 cm

b an isosceles triangle with base length 4 cm and legs 5 cm

c an equilateral triangle with side length 3.5 cm

d a right triangle with one side 4 cm and hypotenuse 5 cm

P
R
O
B
L
E
M
-S
O
LV
IN
G

6, 76 6, 7
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9C

7 Use dynamic geometry to construct these triangles. No measurement is allowed and each

triangle does not have to be of a speci'c size.

equilateral trianglea

isosceles triangleb

right trianglec P
R
O
B
L
E
M
-S
O
LV
IN
G

8 Explain why the following information is not suf'cient to draw a single unique triangle. Show

that it is not suf'cient by drawing at least two different triangles that 't the criteria.

3 anglesa 2 sidesb

9 a Follow these steps to construct this special triangle that has

two sides, 5 cm and 4 cm, and one angle of 40° that is not

between them.

Draw AB 5 cm in length.i

Draw ÒBAE = 40°.ii

Draw an arc centred at B with radius 4 cm.iii

b How many triangles could be formed with the given

information? Explain why.

c Can you explain why this situation might be called the

‘ambiguous case’?

40°
A B

5 cm

?

E

R
E
A
S
O
N
IN
G

8, 98 8

Gothic arches

10 a The Gothic, or equilateral arch, is based on the equilateral triangle. Try

to construct one, using this diagram to help.

b The trefoil uses the midpoints of the sides of an equilateral triangle. Try to construct one,

using this diagram to help.

E
N
R
IC
H
M
E
N
T
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9D Triangle angle sum

The three interior angles of a triangle have a very

important property. No matter the shape of the

triangle, the three angles always add to the same

total.

Let’s start: A visual perspective on the

angle sum

Use a ruler to draw any triangle. Cut out the

triangle and tear off the three corners. Then place

the three corners together.

c°

a°

b° c°a°
b°

The different triangles formed by the bridge’s cables

all have the same angle sum.

What do you notice and what does this tell you about the three angles in the triangle? Compare your

results with those of others. Does this work for other triangles?

Key
ideas

The angle sum of the interior angles of a triangle is 180°.

c°

b°

a°

a + b + c = 180

If one side of a triangle is extended, an exterior angle

is formed. In the diagram shown opposite, ÒDBC is the

exterior angle. The angle ÒDBC is supplementary to ÒABC

(i.e. adds to 180°).

D

B a°

(180 − a)°

A

C

Example 6 Finding an angle in a triangle

Find the value of a in these triangles.

a°

95°

60°
a

a°

70°

b
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SOLUTION EXPLANATION

a a + 60 + 95 = 180

a + 155 = 180

a = 25

The sum of angles in a triangle is 180.

Add the two known angles.

Find the difference between 180 and 155.

b a + 70 + 70 = 180

a + 140 = 180

a = 40

The two angles opposite the sides of equal length

(i.e. the base angles) in an isosceles triangle are

equal in size.

Add the two equal angles.

Find the difference between 140 and 180.

Example 7 Finding an exterior angle

Find the size of the exterior angle (x°) in this diagram.

62°

a° x°

SOLUTION EXPLANATION

a + 90 + 62 = 180

a + 152 = 180

a = 28

The angle sum for a triangle is 180°.

Add the two known angles.

a is the difference between 180 and 152.

x + 28 = 180

x = 152

Angles of size x° and a° are supplementary

(i.e. they add to 180°).

x is the difference between 180 and 28.

Exercise 9D

1 a Use a protractor to measure the three angles in this

triangle.

b Add your three angles. What do you notice?

U
N
D
E
R
S
TA

N
D
IN
G

—1–4 4
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9D

2 For the triangle opposite, give reasons why:

a a must equal 20

b b must equal 60
160°

100°

a°

b°

3 What is the size of each angle in an equilateral triangle?

4 For the isosceles triangle opposite, give a reason why:

a = 70a b = 40b

70°

b°

a°

U
N
D
E
R
S
TA

N
D
IN
G

5Example 6a Find the value of a in each of these triangles.

40° 80°

a°

a

20°

130°
a°

b

35°

a°
c

25°

a°

d

120°

35°

a°

e 15°

a°

20°

f

6Example 6b Find the value of a in each of these isosceles triangles.

65°

a°

a
80°

a°

b

110°

a°

c

30°

a°

d

70°

a°

e

74°

a°

f

F
L
U
E
N
C
Y

5–7(½)5–7(½) 5–7(½)
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9D

7Example 7 The triangles below have exterior angles. Find the value of x. For parts b to f,

you will need to 'rst calculate the value of a.

150°
x°

a

60°

80°

x°

a°

b

150°

x°

a°

c

100°

40°

x°
a°

d

70°

60°

a°

x°

e

82°

60° a°
x°

f

F
L
U
E
N
C
Y

8 Find the value of a, in each of these triangles.

110°

a°

a

a°

b

100°

35°

a°

c

42°

a°

d

40°

56°

a°

e

(2a)°

a°

f

P
R
O
B
L
E
M
-S
O
LV
IN
G

8–9(½), 108(½) 8–9(½)
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9D

9 Each of these diagrams has parallel lines. Find the value of a.

80°
40°

a°

a

50°

70°

a°

b

35°

a°

c

35°

a°

d

20°
15°

a°

e

30°

100°

a°

f

10 A plane @ies horizontally 200 m above the ground. It

detects two beacons on the ground. Some angles are

known, and these are shown in the diagram. Find the angle

marked a° between the line of sight to the two beacons.
120°

140°

beacons

200 ma°

P
R
O
B
L
E
M
-S
O
LV
IN
G
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9D

11 a Find the sum 75° + 80°.

b Find the value of a in the diagram opposite.

c What do you notice about the answers to parts a and b?

d Do you think this would be true for other triangles with

different angles? Explore.

75°

80°
a°

12 This diagram includes two parallel lines.

a The angles marked a° are always equal. From the list

(corresponding, alternate, cointerior, vertically opposite),

give a reason why.

b Give a reason why the angles marked b° are always equal.

c At the top of the diagram, angles a°, b° and c° lie on a straight

line. What does this tell you about the three angles a°, b° and

c° in the triangle?

a°

a° b°

c°
b°

R
E
A
S
O
N
IN
G

11–1211 11

Proof

13 Complete these proofs. Give reasons for each step where

brackets are shown.

a The angle sum in a triangle is 180°.

b°

C

A B

D E

a°

c°

ÒDCA = a° (Alternate to ÒBAC and DE is parallel to AB.)

ÒECB = ( )

ÒDCA + ÒACB + ÒECB = ( )

Âa + b + c =

b The exterior angle outside a triangle is equal to the sum of the two interior opposite angles.

A C D

B

b°

a°
c°

E
N
R
IC
H
M
E
N
T
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9E Quadrilaterals

Quadrilaterals are polygons with four sides. There

are special types of quadrilaterals and these are

identi'ed by the number of equal side lengths and

the number of pairs of parallel lines.

Let’s start: Quadrilaterals that you know

You may already know the names and properties

of some of the special quadrilaterals. Which ones

do you think have:

• 2 pairs of parallel sides?

• All sides of equal length?

• 2 pairs of sides of equal length?

Streets in major cities often form quadrilaterals, and

many buildings on them have a similar shape.

Are there any types of quadrilaterals that you know which you have not yet listed?

Key
ideas

A convex quadrilateral has all four interior angles less than 180°.

All vertices point outward.

A non-convex quadrilateral has one interior angle greater than 180°.

Parallelograms are quadrilaterals with two pairs of parallel sides.

• parallelogram

° 2 pairs of parallel sides

° 2 pairs of sides of equal length

° opposite angles equal

a°

a°

b°

b°

• rectangle (a parallelogram with all angles 90°)

° 2 pairs of parallel sides

° 2 pairs of sides of equal length

° all angles 90°

• rhombus (or diamond) (a parallelogram with all sides equal)

° 2 pairs of parallel sides

° all sides of equal length

° opposite angles equal
a°

a°

b°

b°
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Key
ideas

• square (a rhombus with all angles 90°)

° 2 pairs of parallel sides

° all sides of equal length

° all angles 90°

Other special quadrilaterals include:

• trapezium

° 1 pair of parallel sides (sometimes we de'ne a trapezium

as a quadrilateral with at least 1 pair of parallel sides; this

would make all parallelograms also trapeziums)

• kite

° 2 pairs of sides of equal length

° 1 pair of opposite angles that are equal in size
a°

a°

Example 8 Classifying quadrilaterals

State the type of each quadrilateral given below.

a b

SOLUTION EXPLANATION

a non-convex quadrilateral One interior angle is greater than 180°.

b trapezium There is one pair of parallel sides.

Exercise 9E

1 Draw an example of each of the quadrilaterals listed. Mark any sides of equal length with single

or double dashes, mark parallel lines with single or double arrows and mark equal angles using

the letters a and b. (Refer back to the Key ideas in this section should you need help.)

squarea rectangleb rhombusc

parallelogramd trapeziume kitef

2 a Draw two examples of a non-convex quadrilateral.

b For each of your drawings, state how many interior angles are greater than 180°.

U
N
D
E
R
S
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G
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498 Chapter 9 Polygons, solids and transformations

9E

3Example 8 Classify each of these quadrilaterals as either convex or non-convex.

a b 175°c

4 State the type of special quadrilateral given below.

a b c

d e f

5 Name all the quadrilaterals that have:

a 2 different pairs of sides of equal length

b 2 different pairs of opposite angles that are equal in size

c 2 different pairs of parallel lines

d only 1 pair of parallel lines

e only 1 pair of opposite angles that are equal in size

6 Use your knowledge of the properties of quadrilaterals to 'nd the unknown angles and

lengths in each of these diagrams.

a°

b cm

10 cma 5 mb m

a°100°

b
a°

b°

130°

50°

c
F
L
U
E
N
C
Y

3–63–5 3–6

7 Consider this 4 × 4 grid. Using the dots as vertices, how many different shapes of each kind

could be drawn? (Do not count shapes that are of the same size.)

a square

b rectangle (that is not a square)

c rhombus (that is not a square)

d parallelogram (that is not a square, a rectangle or a rhombus)

P
R
O
B
L
E
M
-S
O
LV
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G

7, 87 7, 8
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9E

8 Using the given measurements, accurately draw this

equilateral triangle onto a piece of paper and cut it into

4 pieces, as shown. Can you form a square with the

four pieces?

3 cm

3 cm

6 cm

6 cm

6 cm

6 cm

6 cm

P
R
O
B
L
E
M
-S
O
LV
IN
G

9 The diagonals of a quadrilateral are segments that join opposite vertices.

a List the quadrilaterals that have diagonals of equal length.

b List the quadrilaterals that have diagonals intersecting at 90°.

10 a Are squares a type of rectangle or are rectangles a type of square? Give an explanation.

b Are rhombuses a type of parallelogram? Explain.

c Is it possible to draw a non-convex trapezium?

R
E
A
S
O
N
IN
G

9, 109 9

Construction challenge

11 Use a pair of compasses and a ruler to construct these 'gures. Use the diagrams as a guide, then

measure to check the properties of your construction.

a a rhombus with side length 5 cm

b a line parallel to segment AB and passing through point P

A B

P

A B

P

E
N
R
IC
H
M
E
N
T
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500 Chapter 9 Polygons, solids and transformations

9F Quadrilateral angle sum

Like a triangle, the interior angle sum of a quadrilateral is a 'xed number. This is true for both convex

and non-convex quadrilaterals.

Let’s start: What do a revolution and a quadrilateral have in common?

Use a ruler to draw any quadrilateral. Cut it

out and tear off the corners. Arrange them to

meet at a point.

• What does the arrangement tell you

about the angles inside a quadrilateral?

• Compare your results with those of

others in the class.

a°

b°

c°

d°

a°

d°

c°

b°

Key
ideas

The interior angle sum of a quadrilateral is 360°.

a°

b°
c°

d°

a + b + c + d = 360

Exterior angles are formed by extending one side.

a°
a + b = 180 b°

Example 9 Finding unknown angles in quadrilaterals

Find the value of a in each of these quadrilaterals.

80°

85°

a°

a

A 70°

120°

170°

B

C

a°

D

E

b
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SOLUTION EXPLANATION

a a + 85 + 90 + 80 = 360 The sum of the interior angles is 360°.

a + 255 = 360 Add the known angles to simplify.

a = 105 a is the difference between 360 and 255.

b Interior ÒABC = 180° - 120° = 60° ÒABC and ÒCBE are supplementary.

Interior ÒBCD = 360° - 170° = 190° Angles at a point sum to 360°.

a + 70 + 60 + 190 = 360 The sum of the interior angles is 360°.

a + 320 = 360 Simplify.

a = 40 a is the difference between 360 and 320.

Exercise 9F

1 a Draw any quadrilateral that is convex (i.e. all interior angles are less

than 180°), as shown opposite.

b Measure each interior angle and add them to 'nd the total sum. Check

that your answer is close to 360°.

2 a Draw any quadrilateral that is non-convex (i.e. one interior angle

is greater than 180°), as shown opposite.

b Measure each interior angle and them add to 'nd the total sum.

Check that your answer is close to 360°.

3 In the quadrilateral shown opposite, give a geometrical

reason why:

a must equal 110a

b must equal 90b

60°

70°100° a°

b°

U
N
D
E
R
S
TA

N
D
IN
G

—1–3 3

4Example 9 For each of these quadrilaterals, 'nd the value of a.

70°80°

80°

a°

a
45°

140°

85°

a°

b

80°

20°
30°

a°

c F
L
U
E
N
C
Y

4, 5(½), 64, 5 4–6

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



502 Chapter 9 Polygons, solids and transformations

9F

5Example 9 Find the values of a and b in each of the following diagrams.

120°

100° a°

b°

70°

a

a° b°

160°

260°
70°

b

b°

a°

55°

60°
30°

c

270°

150°

85°

a°

b°
d

a°

b°

40°

15°

95°

e

a°
b°

25°

150°

f

6 Give the values of a (and b) in these special quadrilaterals.

a°

a

a°

b°
130°

50°

b

a°
131°

c

F
L
U
E
N
C
Y

7 For each of these diagrams, 'nd the value of a. You may need to 'nd some other angles 'rst.

a°
85°

105°
a a°

25°

155°20°

b

a°

a°

100°
75°

c

8 The diagrams below include parallel lines. Find the value of a.

a°

120°

a

a°

115°

b

a°

72°
c

9 These diagrams include both triangles and quadrilaterals. Find the value of a.

a°

30°

70°

a

70°

20°

a°b

a°

c

P
R
O
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IN
G
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9F

10 For the quadrilaterals below, state whether each is possible or impossible. Make drawings to

explore.

a all interior angles less than 100°

b all interior angles less than 90°

c more than one interior re@ex angle

d more than one interior obtuse angle

e more than three interior acute angles

11 Given is a quadrilateral divided into two triangles. Complete the proof to show that the sum of

angles in a quadrilateral is 360°.

a + b + f = (sum of angles in a triangle)

c + d + e = ( )

Total sum = a + b + f + c + d + e

= +

=

a°

b° c°

d°

e°f °

R
E
A
S
O
N
IN
G

10, 1110 10

Geometry with algebra

12 Find the value of x for each of these quadrilaterals.

100°

(5x )°

80°

75°

a

(2x )°

x°

b

(2x )°
(4x )°

(3x )°

x°

c

(5x )° 120° 20°

40°

d

(2x)°

x°
x°

e

(2x)°

50°

70°

f

E
N
R
IC
H
M
E
N
T
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504 Chapter 9 Polygons, solids and transformations

Progress quiz

19A Name the type of shape stating whether it is concave or convex, regular or irregular.

a b c d

29B Classify this triangle by:

a its side length

b its angles

39C

Ext

Construct an equilateral triangle with sides each 6 cm.

49D What is the angle sum of any triangle?

59D Find the value of x in each triangle below.

x°

55° 55°

a
x°

48° 62°

b

69D Find the size of x in each of these triangles.

x°

a

117°x°

57°

b

79E State the special type of quadrilateral given in each diagram below.

a b

×

×

c d
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89F Find the value of each pronumeral below.

88°

70°

100°

x°

a
105°

85° 85°

x°b

95°

100°

75° x°

c

99D/F The diagrams below include parallel lines. Find the value of a.

a°

85°
a

65°

67°

a°

b

58°

a°

c

109F Use your combined knowledge of triangles,

quadrilaterals, polygons and parallel lines to 'nd:

the value of aa

the value of bb

the value of cc

the value of dd

c° b°

d°

a°

48°

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



506 Chapter 9 Polygons, solids and transformations

9G Symmetry

You see many symmetrical geometrical shapes

in nature. The star'sh and sun@ower are two

examples. Shapes such as these may have two

types of symmetry: line and rotational.

Let’s start: Working with symmetry

On a piece of paper draw a square (with side

lengths of about 10 cm) and a rectangle (with

length of about 15 cm and width of about

10 cm), then cut them out.

Starfish and sunflowers are both symmetrical, but in

different ways.• How many ways can you fold each shape

in half so that the two halves match

exactly? The number of creases formed

will be the number of lines of symmetry.

• Now locate the centre of each shape and

place a sharp pencil on this point. Rotate

the shape 360°. How many times does the

shape make an exact copy of itself in its

original position? This number describes

the rotational symmetry.

Key
ideas

An axis or line of symmetry divides a shape into two equal parts. It acts as a mirror

line, with each half of the shape being a re@ection of the other.

• The order of line symmetry is the number of axes of symmetry.

The order of rotation is the number of times a shape makes an exact copy of

itself (in its original position) after rotating 360°.

• We say that there is no rotational symmetry if the order of rotational

symmetry is equal to 1.

1

2

3
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Example 10 Finding the symmetry of shapes

Give the order of line symmetry and of rotational symmetry for each of these shapes.

rectanglea regular pentagonb

SOLUTION EXPLANATION

a line symmetry:

order 2

rotational symmetry:

order 2

b line symmetry:

order 5

rotational symmetry:

order 5

Exercise 9G

1 How many ways could you fold each of these shapes in half so that the two halves match

exactly? (To help you solve this problem, try cutting out the shapes and folding them.)

squarea rectangleb equilateral trianglec

isosceles triangled rhombuse parallelogramf

2 For the shapes listed in Question 1, imagine rotating them 360° about their

centre. How many times do you make an exact copy of the shape in its original

position?

1

2

U
N
D
E
R
S
TA
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9G

3Example 10 Give the order of line symmetry and of rotational symmetry for each shape.

a b c

d e f

4 Name a type of triangle that has the following properties.

a order of line symmetry 3 and order of rotational symmetry 3

b order of line symmetry 1 and no rotational symmetry

c no line or rotational symmetry

5 List the special quadrilaterals that have these properties.

a line symmetry of order:

1i 2ii 3iii 4iv

b rotational symmetry of order:

1i 2ii 3iii 4iv

6 State the order of line symmetry and rotational symmetry for each of the following.

a b

F
L
U
E
N
C
Y

3(½), 4–83–7 3–8
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9G

c d

7 Of the capital letters of the alphabet shown here, state which have:

a 1 line of symmetry

b 2 lines of symmetry

c rotational symmetry of order 2

A B C D E F G H I J K L M
N O P Q R S T U V W X Y Z

8 Complete the other half of these shapes for the given axis of symmetry.

a b c

F
L
U
E
N
C
Y

9 Draw the following shapes, if possible.

a a quadrilateral with no lines of symmetry

b a hexagon with one line of symmetry

c a shape with line symmetry of order 7 and rotational symmetry of order 7

d a diagram with no line of symmetry but rotational symmetry of order 3

e a diagram with line of symmetry of order 1 and no rotational symmetry

10 These diagrams are made up of more than one shape. State the order of line and of

rotational symmetry.

a b c

P
R
O
B
L
E
M
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O
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G

9, 109 9, 10
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510 Chapter 9 Polygons, solids and transformations

9G

11 Many people think a rectangle has four lines of symmetry, including

the diagonals.

a Complete the other half of this diagram to show that this is not

true.

b Using the same method as that used in part a, show that the

diagonals of a parallelogram are not lines of symmetry.
lin

e of sy
mmetry

12 A trapezium has one pair of parallel lines.

a State whether trapeziums always have:

line symmetryi rotational symmetryii

b What type of trapezium will have one line of symmetry?

R
E
A
S
O
N
IN
G

11, 1211 11

Symmetry in 3 dimensions

13 Some solid objects also have symmetry. Rather than line

symmetry, they have plane symmetry. This cube shows one

plane of symmetry, but there are more that could be drawn.

State the number of planes of symmetry for each of these solids.

cubea rectangular prismb right square pyramidc

right triangular prismd cylindere spheref

E
N
R
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H
M
E
N
T

13— —
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9H ReBection and rotation

Re@ection and rotation are two types of transformations that involve a change in position of the points

on an object. If a shape is re@ected in a mirror line or rotated about a point, the size of the shape is

unchanged. Hence, the transformations re@ection and rotation are said to be isometric.

Let’s start: Draw the image

Here is a shape on a grid.

• Draw the image (result) after re@ecting the shape in the mirror

line A.

• Draw the image (result) after re@ecting the shape in the mirror

line B.

• Draw the image after rotating the shape about point O by 180°.

• Draw the image after rotating the shape about point O by 90°

clockwise.

• Draw the image after rotating the shape about point O by 90°

anticlockwise.

O

mirror

line A

mirror

line B

Discuss what method you used to draw each image and the relationship between the position of the

shape and its image after each transformation.

Key
ideas

Re$ection and rotation are isometric transformations that give an

image of an object or shape without changing its shape and size.

The image of point A is denoted AÌ.

A re@ection involves a mirror line, as shown in the diagram

opposite.

mirror
line

image

A B

F
E

D C

B′ A′

F′
E′

C′ D′
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512 Chapter 9 Polygons, solids and transformations

Key
ideas

A rotation involves a centre point of rotation (C) and an angle of

rotation, as shown.

• A pair of compasses can be used to draw each circle, to help 'nd

the position of image points.

rotation 90° clockwise

about C

image

90°

B′

A′

A

B
DC

D′

Example 11 Drawing reBections

Draw the re@ected image of this shape and give the

coordinates of AÌ, BÌ, CÌ and DÌ. The y-axis is the

mirror line.

2

3

1

mirror line

(y-axis)

−2

−3

−1
−2−3 −1−4

−4

2 31 4
O

D

C
B

A

4

y

x

SOLUTION EXPLANATION

2

3

1

mirror line

(y-axis)

−2

−3

−1
−2−3 −1−4

−4

2 31 4
image

O
D

C

D ′

C ′
B

A
B ′

A′

4

y

x

AÌ = (1, -1),BÌ = (1, -2), CÌ = (3, -3),DÌ = (3, -1)

Re@ect each vertex A, B, C and D about the

mirror line. The line segment from each point

to its image should be at 90° to the mirror line.
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Example 12 Drawing rotations

Draw the image of this shape and give the coordinates of

AÌ, BÌ and DÌ after carrying out the following rotations.

a 90° anticlockwise about C

b 180° about C
2

3

1

−2

−3

−1
−2−3 −1

−4

2 31

D

C BA

4

y

x

SOLUTION EXPLANATION

a

2

3

1

−2

−3

−1
−2−3 −1

−4

2 31

D

C BA
A′

B′

D′

4

y

x

AÌ = (0, 1),BÌ = (0, 2),DÌ = (-2, 1)

Rotate each point on a circular arc around

point C by 90° anticlockwise.

b

2

3

1

−2

−3

−1
−2−3 −1

−4

2 31

D

C BAA′B′

D ′

4

y

x

AÌ = (-1, 0), BÌ = (-2, 0), DÌ = (-1, -2)

Rotate each point on a circular arc around

point C by 180° in either direction.
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514 Chapter 9 Polygons, solids and transformations

Exercise 9H

1 Use the grid to re@ect each shape in the given mirror line.

a b c

d e f

2 Give the coordinates of the image point AÌ after the point A(2, 0) is

rotated about point C(0, 0) by the following angles.

180° clockwisea 180° anticlockwiseb

90° clockwisec 90° anticlockwised
1

−1
−1

AC

1

y

x

2

2

−2

−2

3 a Is the size and shape of an object changed after a re@ection?

b Is the size and shape of an object changed after a rotation?

U
N
D
E
R
S
TA

N
D
IN
G

—1–3 3

4Example 11 Draw the image of this shape and give the coordinates of AÌ, BÌ, CÌ and DÌ. Note that the y-axis

is the mirror line for parts a to c, whereas the x-axis is the mirror line for parts d to f.

2

3

1

mirror line

−2

−3

−1
−2−3 −1−4

−4

21 4O

D

C

B

A

4

y

x
3

a

2

3

1

mirror line
−2

−3

−1
−2−3 −1−4

−4

2 31 4O

D

C

B

A
4

y

x

b

F
L
U
E
N
C
Y

4–5(½), 6, 74(½), 5, 6 4–5(½), 6, 7
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9H

2

3

1

mirror line

−2

−3

−1
−2−3 −1−4

−4

2 31 4O

D

CB

A

4

y

x

c

2

3

1

mirror line
−2

−3

−1
−2−3 −1−4

−4

2 31 4O

C

DA

B
4

y

x

d

2

3

1

mirror line

−2

−3

−1
−2−3 −1−4

−4

2 31 4
O

C

DA

B

4

y

x

e

2

3

1

−2

−3

−1
−2−3 −1−4

−4

2 31 4O

D

C

BA
4

y

x

mirror line

f

5 Give the new coordinates of the image point AÌ after point

A has been rotated around point C(0, 0) by:

a 180° clockwise

b 90° clockwise

c 90° anticlockwise

d 270° clockwise

e 360° anticlockwise

f 180° anticlockwise

2

3

1

−2

−3

−1
−2−3 −1−4

−4

2 31 4

C

A
4

y

x

6Example 12 Draw the image of this shape and give the coordinates of

AÌ, BÌ and DÌ after the following rotations.

a 90° anticlockwise about C

b 180° about C

c 90° clockwise about C

2

3

1

−2

−3

−1
−2−3 −1−4

−4

2 31 4

B

D A C

4

y

x

F
L
U
E
N
C
Y
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9H

7 Draw the image of this shape and give the coordinates of AÌ, BÌ

and DÌ after the following rotations.

a 90° anticlockwise about C

b 180° about C

c 90° clockwise about C

2

3

1

−2

−3

−1
−2−3 −1

−4

2 31

B

D
A

C

4

x

y

F
L
U
E
N
C
Y

8 The mirror lines on these grids are at a 45° angle. Draw the re@ected image.

a b c

d e f

9 On the Cartesian plane, the point A(-2, 5) is re@ected in the x-axis and this image point is then

re@ected in the y-axis. What are the coordinates of the 'nal image?

10 A point, B(2, 3), is rotated about the point C(1, 1). State the

coordinates of the image point BÌ for the following rotations.

a 180°

b 90° clockwise

c 90° anticlockwise

2

3

1

−2

−3

−1
−2−3 −1 2 31O

B

y

x

C

P
R
O
B
L
E
M
-S
O
LV
IN
G

8, 10, 118, 9 8–10
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9H

11 For each shape given by how many degrees has it been rotated and in what direction?

C

a

C

b

C

c
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12 a By repeatedly re@ecting a shape over a

moving mirror line, patterns can be formed.

This triangle for example is re@ected 4 times

by placing the mirror line vertically and on the

right side each time. Create a pattern using

these starting shapes by repeatedly placing the

vertical mirror line on the right side.

i ii Create your own using

re@ection

iii

b By repeatedly rotating a shape about a point, patterns can be formed.

This diagram shows a semicircle rotated by 90° three times about

the given point. Create a pattern using three 90° rotations about the

given point.

i ii

Create your own using rotationiii

c See if you can combine re@ections and rotations to create more complex patterns.

13 Write the missing number in these sentences.

a Rotating a point 90° clockwise is the same as rotating a point anticlockwise.

b Rotating a point 38° anticlockwise is the same as rotating a point clockwise.

c A point is rotated 370° clockwise. This is the same as rotating the point clockwise.

14 A point S has coordinates (-2, 5).

a Find the coordinates of the image point SÌ after a rotation 180° about C(0, 0).

b Find the coordinates of the image point SÌ after a re@ection in the x-axis followed by a

re@ection in the y-axis.

c What do you notice about the image points in parts a and b?

d Test your observation on the point T(-4, -1) by repeating parts a and b.
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9H Dynamic geometry exploration

15 Explore re@ecting shapes dynamically, using computer geometry.

a On a grid, create any shape using the polygon tool.

b Construct a mirror line.

c Use the re@ection tool to create the re@ected image about your mirror line.

d Drag the vertices of your original shape and observe the changes in the image. Also try

dragging the mirror line.

16 Explore rotating shapes dynamically, using computer geometry.

a On a grid, create any shape using the polygon tool.

b Construct a centre of rotation point and a rotating angle (or number). In Cabri, use the

Numerical Edit tool to create a dynamic number.

c Use the rotation tool to create the rotated image that has your nominated centre of rotation

and angle. You will need to click on the shape, the centre of rotation and your angle.

d Drag the vertices of your original shape and observe the changes in the image. Also try

changing the angle of rotation.
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9I Translation

Translation is another isometric transformation because the size

and shape of the image is unchanged. Translation involves a shift

in an object left, right, up or down. The orientation of a shape is

also unchanged.

In a dragster race along 300 m of straight track, the main body of

the car is translated down the track in a single direction.

Let’s start: Describing a translation

Consider this shape ABCD and its image AÌBÌCÌDÌ.

• Use the words left, right, up or down to describe how the shape ABCD, shown

opposite, could be translated (shifted) to its image.

• Can you think of a second combination of translations that give the same

image?

• How would you describe the reverse translation?

CD

BA

C ′D′

B′A′

Key
ideas

Translation is an isometric transformation involving a shift left, right, up or down.

Describing a translation involves saying how many units a shape is shifted left, right, up or down.

Example 13 Translating shapes

Draw the image of the triangle ABC after a translation 2 units to the right and

3 units down.

CB

A

SOLUTION EXPLANATION

C

B

A

C ′B ′

A ′

Shift every vertex 2 units to the right and 3 units

down. Then join the vertices to form the image.
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Example 14 Describing translations

A point B(5, -2) is translated to BÌ(-1, 2). Describe the translation.

SOLUTION EXPLANATION

Translation is 6 units left and 4 units up.

2

3

1

−3

−1
−2 −1 2 3 4 51O

y

x

B

B ′

−2

Exercise 9I

1 Point A has coordinates (3, 2). Write the coordinates of the image

point AÌ when point A is translated in each of the following ways.

a 1 unit right

b 2 units left

c 3 units up

d 1 unit down

e 1 unit left and 2 units up

f 3 units left and 1 unit down

g 2 units right and 1 unit down

h 0 units left and 2 units down

2

3

1

2 31 4 5O

A

4

5

y

x

2 A point is translated to its image. Write the missing word (i.e. left, right, up or down) for

each sentence.

a (1, 1) is translated to the point (1, 3).

b (5, 4) is translated to the point (1, 4).

c (7, 2) is translated to the point (7, 0).

d (3, 0) is translated to the point (3, 1).

e (5, 1) is translated to the point (4, 1).

f (2, 3) is translated to the point (1, 3).

g (0, 2) is translated to the point (5, 2).

h (7, 6) is translated to the point (11, 6).
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—1, 2(½), 3 3
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9I

3 The point (7, 4) is translated to the point (0, 1).

a How far left has the point been translated?

b How far down has the point been translated?

c If the point (0, 1) is translated to (7, 4):

How far right has the point been translated?i

How far up has the point been translated?ii

U
N
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4Example 13 Draw the image of these shapes after each translation.

3 units left and 1 unit upa 1 unit right and 2 units upb

3 units right and 2 units downc 4 units left and 2 units downd

5 Point A has coordinates (-2, 3). Write the coordinates

of the image point AÌ when point A is translated in each

of the following ways.

3 units righta

2 units leftb

2 units downc

5 units downd

2 units upe

10 units rightf

3 units right and 1 unit upg

4 units right and 2 units downh

5 units right and 6 units downi

1 unit left and 2 units downj

3 units left and 1 unit upk

2 units left and 5 units downl

2

3

1

−2

−3

−1
−2−3 −1−4−5

−4

−5

2 31 4 5O

4
A

5

y

x

F
L
U
E
N
C
Y

5–6(½)4, 5–6(½) 4, 5–6(½)

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



522 Chapter 9 Polygons, solids and transformations

9I

6Example 14 Describe the translation when each point is translated to its image. Give your answer similar

to these examples: ‘4 units right’ or ‘2 units left and 3 units up’.

A(1, 3) is translated to AÌ(1, 6).a B(4, 7) is translated to BÌ(4, 0).b

C(-1, 3) is translated to CÌ(-1, -1).c D(-2, 8) is translated to DÌ(-2, 10).d

E(4, 3) is translated to EÌ(-1, 3).e F(2, -4) is translated to FÌ(4, -4).f

G(0, 0) is translated to GÌ(-1, 4).g H(-1, -1) is translated to HÌ(2, 5).h

I(-3, 8) is translated to IÌ(0, 4).i J(2, -5) is translated to JÌ(-1, 6).j

K(-10, 2) is translated to KÌ(2, -1).k L(6, 10) is translated to LÌ(-4, -3).l

F
L
U
E
N
C
Y

7 A point, A, is translated to its image, AÌ. Describe the translation that takes AÌ to A (i.e. the

reverse translation).

A(2, 3) and AÌ(4, 1)a B(0, 4) and BÌ(4, 0)b

C(0, -3) and CÌ(-1, 2)c D(4, 6) and DÌ(-2, 8)d

8 If only horizontal or vertical translations of distance 1 are allowed, how many different paths are

there from points A to B on each grid below? No point can be visited more than once.

A

Ba

A

Bb

9 Starting at (0, 0) on the Cartesian plane, how many different points can you move to if a

maximum of 3 units in total can be translated in any of the four directions of left, right, up or

down? Do not count the point (0, 0).
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8, 97 7, 8

10 A shape is translated to its image. Explain why the shape’s size and orientation is unchanged.

11 A combination of translations can be replaced with one single translation. For example, if (1, 1)

is translated 3 units right and 2 units down, followed by a translation of 6 units left and 5 units

up, then the 'nal image point (-2, 4) could be obtained with the single translation 3 units left and

3 units up.

Describe the single translation that replaces these combinations of translations.

a (1, 1) is translated 2 units left and 1 unit up, followed by a translation of 5 units right and

2 units down.

b (6, -2) is translated 3 units right and 3 units up, followed by a translation of 2 units left and

1 unit down.

c (-1, 4) is translated 4 units right and 6 units down, followed by a translation of 6 units left and

2 units up.

d (-3, 4) is translated 4 units left and 4 units down, followed by a translation of 10 units right

and 11 units up.
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9ICombined transformations

12 Write the coordinates of the image point after each sequence of transformations. For each part,

apply the next transformation to the image of the previous transformation.

a (2, 3)

• re@ection in the x-axis

• re@ection in the y-axis

• translation 2 units left and 2 units up

b (-1, 6)

• translation 5 units right and 3 units down

• re@ection in the y-axis

• re@ection in the x-axis

c (-4, 2)

• rotation 180° about (0, 0)

• re@ection in the y-axis

• translation 3 units left and 4 units up

d (-3, -7)

• rotation 90° clockwise about (0, 0)

• re@ection in the x-axis

• translation 6 units left and 2 units down

e (-4, 8)

• rotation 90° anticlockwise about (0, 0)

• translation 4 units right and 6 units up

• re@ection in the x and the y axes

Construction material connected to a modern crane undergo a combination of

transformations.
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524 Chapter 9 Polygons, solids and transformations

9J Drawing solids

Three-dimensional solids can be

represented as a drawing on a

two-dimensional surface (e.g. paper

or computer screen), provided some

basic rules are followed.

Let’s start: Can you draw a cube?

Try to draw a cube. Here are two bad

examples.

Architects create 3D models of building plans by hand or with

computer software.

• What is wrong with these drawings?

• What basic rules do you need to follow when drawing a cube?

Key
ideas

Draw cubes and rectangular prisms by keeping:

• parallel edges pointing in the same direction

• parallel edges the same length.

Draw pyramids by joining the apex with the vertices on the base.

triangular pyramid (tetrahedron) square pyramid

triangular base

apex
apex

square base

Draw cylinders and cones by starting with an oval shape.

cylinder cone
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Key
ideas

Square and isometric dot paper can help to accurately draw solids. Drawings made on

isometric dot paper clearly show the cubes that make up the solid.

square dot paper isometric dot paper

Example 15 Drawing solids

Draw these solids.

a A cone on plain paper

b This solid on isometric dot paper

SOLUTION EXPLANATION

a Draw an oval shape for the base and the apex

point. Dot any line or curve which may be

invisible on the solid.

Join the apex to the sides of the base.

b Rotate the solid slightly and draw each cube

starting at the front and working back.

Exercise 9J

1 Copy these diagrams and add lines to complete the solid. Use dashed line for invisible edges.

cubea cylinderb square pyramidc

2 Cubes are stacked to form these solids. How many cubes are there in each solid?

a b c
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9J

3Example 15a On plain paper draw an example of these common solids.

cubea tetrahedronb cylinderc

coned square based pyramide rectangular prismf

4 Copy these solids onto square dot paper.

a b

5Example 15b Make a copy of the solids in Question 2 on isometric dot paper.

6 Draw these solids onto isometric dot paper.

a b

7 Here is a cylinder with its top view (circle) and side view (rectangle):

side

top

top

side

Draw the shapes which are the top view and side view of these solids.

cubea square prismb conec

square pyramidd octahedrone spheref
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9J

square pyramid

on cube

g hemisphere

(

1

2
sphere

)

on square prism

h cone on

hemisphere

i

F
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8 Here is the top (plan or bird’s eye) view of a stack of 5 cubes. How many

different stacks of 5 cubes could this represent?

9 Here is the top (plan) view of a stack of 7 cubes. How many different

stacks of 7 cubes could this represent?

10 Draw these solids, making sure that:

each vertex can be seen clearlyi

dashed lines are used for invisible edges.ii

tetrahedron

(solid with 4 faces)

a octahedron

(solid with 8 faces)

b pentagonal pyramid

(pyramid with pentagonal

base)

c
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9, 108 8, 9

11 Andrea draws two solids as shown. Aiden says that they are drawings of exactly the same solid.

Is Aiden correct? Give reasons.

and

12 Match the solids a, b, c and d with an identical solid chosen from A, B, C and D.

a b c d

A B C D
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9J 3 viewpoints

13 This diagram shows the front and left sides of a solid.

frontleft

a Draw the front, left and top views of these solids.

i ii

b Draw a solid that has these views.

fronti left top

frontii left top
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9K Nets and the Platonic solids EXTENDING

The ancient Greek philosophers studied the properties of polyhedra

and how these could be used to explain the natural world. Plato

(427–347 BCE) reasoned that the building blocks of all three-

dimensional objects were regular polyhedra which have faces that

are identical in size and shape. There are 5 regular polyhedra, called

the Platonic solids after Plato, which were thought to represent 're,

earth, air, water and the universe or cosmos.

Let’s start: Net of a cube

Here is one Platonic solid, the regular hexahedron or cube, and

its net.

Plato was one of the greatest early

philosophers and mathematicians.

If the faces of the solid are unfolded to form a net, you can clearly see the 6 faces.

Can you draw a different net of a cube? How do you know it will fold to form a cube? Compare this

with other nets in your class.

Key
ideas

A net of a solid is an unfolded two-dimensional representation of all the faces. Here are two

examples.

square pyramid cylinder
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530 Chapter 9 Polygons, solids and transformations

Key
ideas

A polyhedron (plural: polyhedra) is a solid with @at faces.

• They can be named by their number of faces, e.g. tetrahedron (4 faces), hexahedron (6 faces).

The 5 Platonic solids are regular polyhedra each with identical regular faces and the same

number of faces meeting at each vertex.

• regular tetrahedron (4 triangular faces)

• regular hexahedron or cube (6 square faces)

• regular octahedron (8 triangular faces)

• regular dodecahedron (12 pentagonal faces)

• regular icosahedron (20 triangular faces)
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Example 16 Drawing nets

Draw a net for these solids.

rectangular prisma regular tetrahedronb

SOLUTION EXPLANATION

a This is one possible net for the rectangular

prism, but others are possible.

b Each triangle is equilateral.

Each outer triangle folds up to meet centrally

above the centre triangle.

Exercise 9K

1 Complete these sentences.

a A regular polygon will have length sides.

b All the faces on regular polyhedra are polygons.

c The solids is the name given to the 5 regular polyhedra.

2 Which of the following nets would not fold up to form a cube?

A B C
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9K

3 Name the type of shapes that form the faces of these Platonic solids.

tetrahedrona hexahedronb octahedronc

dodecahedrond icosahedrone

4 Name the solids that have the following nets.

a b c

U
N
D
E
R
S
TA

N
D
IN
G

5Example 16 Draw one possible net for these solids.

a b c

d e f

6 Which Platonic solid(s) 't these descriptions? There may be more than one.

a Its faces are equilateral triangles.

b It has 20 faces.

c It has 6 vertices.

d It is a pyramid.

e It has 12 edges.

f It has edges which meet at right angles (not necessarily all edges).
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9K

7 Here are nets for the 5 Platonic solids. Name the Platonic solid that matches each one.

a b

c d

e

8 How many faces meet at each vertex for these Platonic solids?

tetrahedrona hexahedronb octahedronc

dodecahdrond icosahedrone

F
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9 Try drawing a net for a cone. Check by drawing a net and cutting it out to see if it works.

Here are two cones to try.

a b

10 How many different nets are there for these solids? Do not count rotations or re@ections of the

same net.

regular tetrahedrona cubeb
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9K

11 Imagine gluing two tetrahedrons together by joining two faces as shown,

to form a new solid.

a How many faces are there on this new solid?

b Are all the faces identical?

c Why do you think this new solid is not a Platonic solid.

Hint: Look at the number of faces meeting at each vertex.
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Number of cubes

12 Consider a number of 1 cm cubes stacked together

to form a larger cube. This one, for example,

contains 3 × 3 × 3 = 27 cubes.

a For the solid shown:

how many 1 cm cubes are completely inside the solid with no faces

on the outside?

i

how many 1 cm cubes have at least one face on the outside?ii

b Complete this table.

n (side length) 1 2 3 4 5

n
3 (number of 1 cm cubes) 1 8

Number of inside cubes 0

Number of outside cubes 1

c For a cube stack of side length n cm, n Å 2 'nd the rule for:

the number of cubes in totali

the number of inside cubesii

the number of outside cubesiii
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Investigation

Exploring triangles with dynamic geometry

Scalene

a Use the triangle tool to construct a triangle of any size.

b Measure the three interior angles.

c Use the dynamic geometry ‘Calculate’ tool to add up the three interior angles. What do you notice?

d Drag one of the triangle vertices. Does the angle sum change?

Equilateral

a Construct a segment, AB, of any length.

b Construct two circles with centres at A and B, both with exactly the same radius. For the 'rst circle,

click at A for the centre and then at B for the radius. For the second circle, do the reverse.

c Place a point where the circles meet and label this C. Then join point C with points A and B.

d Measure the three interior angles. What do you notice?

e Drag the point A or B. What do you notice?

Isosceles

a Construct a segment, AB.

b Use the perpendicular bisector tool to construct the perpendicular bisector of segment AB.

c Place a new point, C, anywhere on the perpendicular line.

d Join point C with points A and B.

e Measure ÒCAB and ÒCBA. What do you notice?

f Drag point A, B or C. What do you notice?
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Problems and challenges
Up for a challenge? If you

get stuck on a question,

check out the 'Working

with unfamiliar problems'

poster at the end of the

book to help you.

1 Use six matches to draw four equilateral triangles.

2 How many equilateral triangles of any size are in this diagram?

3 A regular octahedron has its corners cut off. How many

edges are there in the new shape?

4 A polygon’s vertices are joined by diagonals. Without counting

the sides, how many diagonals can be drawn in each of these polygons?

a decagon (10 sides)

b 50-gon

5 This solid is made from stacking 1 cm cubes. How many cubes

are used?

6 How many pairs of parallel lines are there in any cube?
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Triangles

QuadrilateralsTransformations

Polygons

regular convex

octogon

irregular

non-convex pentagon

Solids

cylinder net

Angle sum

110°

30°

a°

a = 40

a + 30 + 110 = 180

          a + 140 = 180

Symmetry

regular

pentagon

5 lines of symmetry

rotational symmetry

of order 5

Special quadrilaterals

• parallelogram

 − rectangle

 − rhombus 

 − square

• trapezium

• kite

Platonic solids (Ext)

Regular polyhedron

• tretrahedron (4)

• hexahedron  (6) 

• octahedron   (8)

• dodecahedron (12)

• icosahedron (20)

Constructing

triangles (Ext)

• SSS

• SAS

• AAS

• RHS

Angle sum

a + 20 + 40 + 30 = 360

a + 90 = 360

a = 270

b + 270 = 360

b = 90  

30°

40°

20°

a°b°

Rotation

2

3

90°

clockwise

rotation

180°

rotation

triangle

1

−2

−3

−1−2−3 −1 2 31O

y

x

Reflectio

2

3
A (−2, 3)

mirror

line

(y-axis)

A′ (2, 3)

1

−2

−3

−1−2−3 −1 2 31O

y

x

CD

BA

C ′D ′

B ′A′

Translation

2 units right and

3 units down

Type

scalene isosceles equilateral

acute right obtuse

60°

70°

a°

Polygons and

transformations
70°

a°

Exterior angle

= 70a         

b + 140 = 180

            

 c + 40 = 180

            c = 140

b°

c°

b = 40
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538 Chapter 9 Polygons, solids and transformations

Multiple-choice questions

19A A non-convex polygon has:

A all interior angles of 90°

B six sides

C all interior angles less than 180°

D all interior angles greater than 180°

E at least one interior angle greater than 180°

29B The three types of triangles all classi'ed by their interior angles are:

A acute, isosceles and scalene

B acute, right and obtuse

C scalene, isosceles and equilateral

D right, obtuse and scalene

E acute, equilateral and right

39C Which of the following is not suf'cient to construct a single triangle?

A
Ext

three sides (SSS)

B two sides and the angle between them (SAS)

C three angles (AAA)

D two angles and one side (AAS)

E a right angle, hypotenuse and one other side (RHS)

49D The angle sum of a triangle is always:

120°A 360°B 270°C 180°D 90°E

59D For the triangle shown opposite, the exterior angle theorem for

a triangle says:

y = x + zA z = x - yB z = x + yC

x = z + yD z = y - xE

x°

z°

y°

69E The quadrilateral that has 2 pairs of sides of equal length and 1 pair of angles of equal size is

called a:

kiteA trapeziumB rhombusC triangleD squareE

79F Three angles inside a quadrilateral add to 275°. The fourth angle is:

750°A 95°B 285°C 125°D 85°E

89G A rhombus has line symmetry of order:

0A 1B 2C 3D 4E

99H The point T(-3, 4) is re@ected in the x-axis; hence, the image point T Ì has coordinates:

(3, 4)A (-3, 4)B (0, 4)C (3, -4)D (-3, -4)E

109I The translation that takes A(2, -3) to AÌ(-1, 1) could be described as:

3 units leftA 4 units upB

3 units left and 4 units upC 1 unit right and 2 units downD

1 unit left and 2 units downE

C
ha
pt
er

re
vi
ew
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Short-answer questions

19A How many sides do these polygons have?

pentagona heptagonb undecagonc

29A A diagonal inside a polygon joins two vertices. Find how many diagonals can be

drawn inside a quadrilateral if the shape is:

convexa non-convexb

39B Use a protractor and ruler to draw these triangles.

a triangle ABC with AB = 4 cm, ÒCAB = 25° and ÒABC = 45°

b triangle ABC with AB = 5 cm, ÒBAC = 50° and AC = 5 cm

49C Use a protractor, pair of compasses and a ruler to construct these triangles.

a
Ext

triangle ABC with AB = 5 cm, BC = 6 cm and AC = 3 cm

b triangle ABC with AB = 6 cm, ÒBAC = 35° and AC = 5 cm

59C Is there suf'cient information to construct a triangle in each of following cases? If yes, write SSS,

SAS, AAS or RHS.

a
Ext

triangle ABC with ÒABC = 20°, ÒBAC = 40° and AB = 6 cm

b triangle DEF with DE = 9 cm and ÒDEF = 72°

c triangle STU with ÒSTU = 90°, SU = 10 cm and ST = 6 cm

69D Find the value of a in each of these shapes.

80°

70°
a°

a 42°

a°

b
65°

a°

c

a°

d

20°

a°

e

40°

a°

f

110°

a°

g

25°75°

a°

h

15°

a°

i

79E Name each of these quadrilaterals.

a b c

C
ha
pt
er

re
vi
ew
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540 Chapter 9 Polygons, solids and transformations

89F Find the value of a, marked in these quadrilaterals.

110°

a°
70°

a

50°

40°
15°

a°

b

20°

60°

20°

a°

c

125°

a°

d
100°

a°

e
125°

a°

f

99G Name the order of line and rotational symmetry for each of these diagrams.

a b c

109H Write the coordinates of AÌ, BÌ and CÌ when this shape is

re@ected in the following mirror lines.

the y-axisa the x-axisb

2

3

1

A

B

C

−2

−3

−1
−2−3 −1−4

−4

2 31 4O

4

y

x

119H Points A(0, 4), B(2, 0) and D(3, 3) are shown here. Write

down the coordinates of the image points AÌ, BÌ and DÌ

after each of the following rotations.

a 180° about C(0, 0)

b 90° clockwise about C(0, 0)

c 90° anticlockwise about C(0, 0)

2

3

1

A

B

D

−2

−3

−1
−2−3 −1−4

−4

2 31 4

4

y

x
C

C
ha
pt
er

re
vi
ew
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129I Write the coordinates of the vertices AÌ, BÌ and CÌ

after each of these translations.

a 4 units right and 2 units up

b 1 unit left and 4 units up

139J Draw a side view, top view and net for each of these solids.

a b

2

3

1

A B

C −1
−2−3 −1−4

−4

2 31 4O

4

y

x

−2

−3

Extended-response questions

1 Two cables support a vertical tower, as shown in the

diagram opposite, and the angle marked a° is the angle

between the two cables.

a Find ÒBDC.

b Find ÒADC.

c Find the value of a.

d If ÒDAB is changed to 30° and ÒDBC is changed to

65°, will the value of a stay the same? If not, what will

be the new value of a?

60°25°

A

a°

B C

D

2 Shown is a drawing of a simple house on a Cartesian plane.

Draw the image of the house after these transformations.

a translation 5 units left and 4 units down

b re(ection in the x-axis

c rotation 90° anticlockwise about C(0, 0)
2

3

1

−2

−3

−1
−2−3 −1−4

−4

2 31 4
O

4

y

x

C
ha
pt
er
re
vi
ew
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Linear and non-linear relationships

Solve simple linear equations (VCMNA256) 

Victorian curriculum

 10A Introduction to equations

 10B  Solving equations by inspection 

(Consolidating)

 10C Equivalent equations

 10D Solving equations algebraically

What you will learn

 10E Equations with fractions (Extending)

 10F Equations with brackets (Extending)

 10G Formulas

 10H Applications

10 Equations
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• Video demonstrations of 

all worked examples

• Interactive widgets

• Interactive walkthroughs

• Downloadable HOTsheets

• Access to all HOTmaths 

Australian Curriculum 

courses

• Access to the HOTmaths 

games library

Online 
resources

Australian fish farms are scientifically 

managed under strict environmental 

guidelines. Formulas calculate the amount 

and type of fish food required at various 

ages. A growth rate formula shows how 

the mass and length of each fish species 

increases with time. Equations help people 

to calculate the best time to catch adult 

fish for the maximum overall weight of 

harvest. 

Over 40% of seafood eaten by Australians 

is produced by farming instead of catching 

wild species. For example, in South Australia, 

Southern Bluefin Tuna is farmed in large, 

�oating cages kept 40 km out to sea. The 

tuna are fed daily and scuba divers clean and 

repair nets. About 15,000 tonnes of tuna is 

produced per year. 

Victoria has many seafood farms including 

several salmon and trout farms. Millions of 

eggs are hatched and the baby fish, called 

fingerlings, grow to adults in cool, clean 

streams. These farms supply fresh fish to 

shops, markets and restaurants around 

Australia.  Also millions of fingerlings, such 

as Murray cod, perch and trout are released 

into Victorian rivers, farm dams, lakes and 

reservoirs for recreational fishing.  

The thousands of seafood farms around 

the world provide a sustainable alternative 

to ocean fishing where wild populations 

can die out from overfishing.

Fish farming and equations
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544 Chapter 10 Equations

10A Introduction to equations

An equation is a mathematical statement

stating that two expressions have the same

value. It consists of two expressions that

are separated by an equals sign (=).

Sample equations include:

3 + 3 = 6

30 = 2 × 15

100 - 30 = 60 + 10

which are all true equations.

An equation does not have to be true.

For instance, 2 + 2 = 17 and 5 = 3 - 1 and

10 + 15 = 12 + 3 are all false equations.

This equation was proposed by the famous scientist Albert

Einstein (1879–1955). It explains the special theory of relativity.

If an equation contains pronumerals, one cannot generally tell whether the equation is true or false until

values are substituted for the pronumerals. For example, 5 + x = 7 could be true (if x is 2) or it could be

false (if x is 15).

Let’s start: Equations – true or false?

Rearrange the following )ve symbols to make as many different equations as possible.

5, 2, 3, +, =

• Which of them are true? Which are false?

• Is it always possible to rearrange a set of numbers and operations to make true equations?

Key
ideas

An expression is a collection of pronumerals, numbers and operators without an equals sign

(e.g. 2x + 3).

An equation is a mathematical statement stating that two things are equal, (e.g. 2x + 3 = 4y - 2).

Equations have a left-hand side (LHS), a right-hand side (RHS) and an equals sign in between.

2x + 3

LHS

= 4y − 2

RHS

Equations are mathematical statements that can be true (e.g. 2 + 3 = 5) or false (e.g. 5 + 7 = 21).

If a pronumeral is included in an equation, you need to know the value to substitute before

deciding whether the equation is true. For example, 3x = 12 would be true if 4 is substituted for x,

but it would be false if 10 is substituted.
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Example 1 Identifying equations

Which of the following are equations?

3 + 5 = 8a 7 + 7 = 18b 2 + 12c 4 = 12 - xd 3 + ue

SOLUTION EXPLANATION

a 3 + 5 = 8 is an equation. There are two expressions (i.e. 3 + 5 and 8) separated by

an equals sign.

b 7 + 7 = 18 is an equation. There are two expressions separated by an equals sign.

Although this equation is false, it is still an equation.

c 2 + 12 is not an equation. This is just a single expression. There is no equals sign.

d 4 = 12 - x is an equation. There are two expressions separated by an equals sign.

e 3 + u is not an equation. There is no equals sign, so this is not an equation.

Example 2 Classifying equations

For each of the following equations, state whether it is true or false.

7 + 5 = 12a 5 + 3 = 2 × 4b

12 × (2 - 1) = 14 + 5c 3 + 9x = 60 + 6, if x = 7d

10 + b = 3b + 1, if b = 4e 3 + 2x = 21 - y, if x = 5 and y = 8f

SOLUTION EXPLANATION

a true The left-hand side (LHS) and right-hand side (RHS) are

both equal to 12, so the equation is true.

b true LHS = 5 + 3 = 8 and RHS = 2 × 4 = 8, so both sides

are equal.

c false LHS = 12 and RHS = 19, so the equation is false.

d true If x is 7, then:

LHS = 3 + 9 × 7 = 66, RHS = 60 + 6 = 66

e false If b is 4, then:

LHS = 10 + 4 = 14, RHS = 3(4) + 1 = 13

f true If x = 5 and y = 8, then:

LHS = 3 + 2(5) = 13, RHS = 21 - 8 = 13
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546 Chapter 10 Equations

Example 3 Writing equations from a description

Write equations for each of the following scenarios.

a The sum of x and 5 is 22.

b The number of cards in a deck is x. In 7 decks there are 91 cards.

c Priya’s age is currently j. In 5 years’ time her age will equal 17.

d Corey earns $w per year. He spends
1

12
on sport and

2

13
on food. The total amount Corey spends on

sport and food is $15 000.

SOLUTION EXPLANATION

a x + 5 = 22 The sum of x and 5 is written x + 5.

b 7x = 91 7x means 7 × x and this number must equal the 91 cards.

c j + 5 = 17 In 5 years’ time Priya’s age will be 5 more than her

current age, so j + 5 must be 17.

d
1

12
× w +

2

13
× w = 15000

1

12
of Corey’s wage is

1

12
× w and

2

13
of his wage is

2

13
× w.

Exercise 10A

1Example 1 Classify each of the following as an equation (E) or not an equation (N).

7 + x = 9a 2 + 2b 2 × 5 = tc

10 = 5 + xd 2 = 2e 7 × uf

10 ÷ 4 = 3pg 3 = e + 2h x + 5i

2Example 2a–c Classify each of these equations as true or false:

2 + 3 = 5a 3 + 2 = 6b 5 - 1 = 6c

3Example 2d If x = 2, is 10 + x = 12 true or false?

4Example 2e Consider the equation 4 + 3x = 2x + 9.

a If x = 5, state the value of the left-hand side (LHS).

b If x = 5, state the value of the right-hand side (RHS).

c Is the equation 4 + 3x = 2x + 9 true or false when x = 5?

U
N
D
E
R
S
TA
N
D
IN
G

—1–4 3, 4
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10A

5 For each of the following equations, state whether it is true or false.

10 × 2 = 20a 12 × 11 = 144b 3 × 2 = 5 + 1c

100 - 90 = 2 × 5d 30 × 2 = 32e 12 - 4 = 4f

2(3 - 1) = 4g 5 - (2 + 1) = 7 - 4h 3 = 3i

2 = 17 - 14 - 1j 10 + 2 = 12 - 4k 1 × 2 × 3 = 1 + 2 + 3l

2 × 3 × 4 = 2 + 3 + 4m 100 - 5 × 5 = 20 × 5n 3 - 1 = 2 + 5 - 5o

6 If x = 3, state whether each of these equations is true or false.

5 + x = 7a x + 1 = 4b 13 - x = 10 + xc 6 = 2xd

7 If b = 4, state whether each of the following equations is true or false.

5b + 2 = 22a 10 × (b - 3) = b + b + 2b

12 - 3b = 5 - bc b × (b + 1) = 20d

8Example 2f If a = 10 and b = 7, state whether each of these equations is true or false.

a + b = 17a a × b = 3b a × (a - b) = 30c

b × b = 59 - ad 3a = 5b - 5e b × (a - b) = 20f

21 - a = bg 10 - a = 7 - bh 1 + a - b = 2b - ai

9Example 3a Write equations for each of the following.

The sum of 3 and x is equal to 10.a When k is multiplied by 5, the result is 1005.b

The sum of a and b is 22.c When d is doubled, the result is 78.d

The product of 8 and x is 56.e When p is tripled, the result is 21.f

One-quarter of t is 12.g

The sum of q and p is equal to the product of q and p.h

F
L
U
E
N
C
Y

5–9(½)5(½), 6, 7, 9(½) 5(½), 6, 7, 8–9(½)

10Example 3b–d Write true equations for each of these problems. You

do not need to solve them.

a Chairs cost $c at a store. The cost of 6 chairs is

$546.

b Patrick works for x hours each day. In a 5-day

working week, he works 37
1

2
hours in total.

c Pens cost $a each and pencils cost $b. Twelve

pens and three pencils cost $28 in total.

d Amy is f years old. In 10 years’ time her age will

be 27.

e Andrew’s age is j and Hailey’s age is m. In 10

years’ time their combined age will be 80.

P
R
O
B
L
E
M
-S
O
LV
IN
G

10, 12, 1310, 11 10, 12
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548 Chapter 10 Equations

10A

11 Find a value of m that would make this equation true: 10 = m + 7.

12 Find two possible values of k that would make this equation true: k × (8 - k) = 12.

13 If the equation x + y = 6 is true, and x and y are both whole numbers between 1 and 5, what values

could they have? P
R
O
B
L
E
M
-S
O
LV
IN
G

14 Equations involving pronumerals can be split into three groups:

A: Always true, no matter what values are substituted.

N: Never true, no matter what values are substituted.

S: Sometimes true but sometimes false, depending on the values substituted.

Categorise each of these equations as either A, N or S.

x + 5 = 11a 12 - x = xb a = ac 5 + b = b + 5d

a = a + 7e 5 + b = b - 5f 0 × b = 0g a × a = 100h

2x + x = 3xi 2x + x = 4xj 2x + x = 3x + 1k a × a + 100 = 0l

R
E
A
S
O
N
IN
G

1414(½) 14(½)

Equation permutations

15 For each of the following, rearrange the symbols to make a true equation.

6, 2, 3, ×, =a 1, 4, 5, -, =b

2, 2, 7, 10, -, ÷ , =c 2, 4, 5, 10, -, ÷ , =d

16 a How many different equations can be produced using the symbols 2, 3, 5, +, =?

b How many of these equations are true?

c Is it possible to change just one of the numbers above and still produce true equations by

rearranging the symbols?

d Is it possible to change just the operation above (i.e. +) and still produce true equations?

Many mathematical equations need to be solved to build

and launch space stations into orbit.

E
N
R
IC
H
M
E
N
T

15, 16— —
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10B Solving equations by inspection CONSOLIDATING

Solving an equation is the process of )nding the values that pronumerals must take in order to make the

equation true. Pronumerals are also called ‘unknowns’ when solving equations. For simple equations, it is

possible to )nd a solution by trying a few values for the pronumeral until the equation is true. This method

does not guarantee that we have found all the solutions (if there is more than one) and it will not help if

there are no solutions, but it can be a useful and quick method for simple equations.

Let’s start: Finding the missing value

• Find the missing values to make the following

equations true.

10 × - 17 = 13

27 = 15 + 3 ×

2 × + 4 = 17

• Can you always )nd a value to put in the place of in

any equation?

Key
ideas

Solving an equation means )nding the values of any pronumerals that make the equation true.

These values are called solutions to the equation.

An unknown in an equation is a pronumeral whose value needs to be found in order to make the

equation true.

One method of solving equations is by inspection (also called trial and error), which involves

inspecting (or trying) different values and seeing which ones make the equation true.

Example 4 Finding the missing number

For each of these equations, )nd the value of the missing number that would make it true.

× 7 = 35a 20 - = 14b

SOLUTION EXPLANATION

a 5 5 × 7 = 35 is a true equation.

b 6 20 - 6 = 14 is a true equation.
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550 Chapter 10 Equations

Example 5 Solving equations by inspection

Solve each of the following equations by inspection.

c + 12 = 30a 5b = 20b 2x + 13 = 21c

SOLUTION EXPLANATION

a c + 12 = 30

c = 18

The unknown variable here is c.

18 + 12 = 30 is a true equation.

b 5b = 20

b = 4

The unknown variable here is b.

Recall that 5b means 5 × b, so if b = 4,

5b = 5 × 4 = 20.

c 2x + 13 = 21

x = 4

The unknown variable here is x.

Trying a few values:

x = 10 makes LHS = 20 + 13 = 33, which is

too large.

x = 3 makes LHS = 6 + 13 = 19, which is too

small.

x = 4 makes LHS = 21.

Exercise 10B

1 If the missing number is 5, classify each of the following equations as true or false.

+ 3 = 8a 10 × + 2 = 46b

10 - = 5c 12 = 6 + × 2d

2 For the equation + 7 = 13:

a Find the value of the LHS (left-hand side) if = 5.

b Find the value of the LHS if = 10.

c Find the value of the LHS if = 6.

d What value of would make the LHS equal to 13?

3Example 4 Find the value of the missing numbers.

4 + = 7a 2 × = 12b 13 = + 3c 10 = 6 +d

42 = × 7e 100 - = 30f × 4 = 80g + 12 = 31h

4 State the unknown pronumeral in each of the following equations. Note that you do not need to

)nd its value.

4 + x = 12a 50 - c = 3b

4b + 2 = 35c 5 - 10d = 2d

U
N
D
E
R
S
TA
N
D
IN
G

—1–4 3
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10B

5Example 5a, b Solve the following equations by inspection.

8 × y = 64a 6 ÷ l = 3b l × 3 = 18c

4 - d = 2d l + 2 = 14e a - 2 = 4f

s + 7 = 19g x÷ 8 = 1h 12 = e + 4i

r÷ 10 = 1j 13 = 5 + sk 0 = 3 - zl

6Example 5c Solve the following equations by inspection.

2p - 1 = 5a 3p + 2 = 14b 4q - 4 = 8c

4v + 4 = 24d 2b - 1 = 1e 5u + 1 = 21f

5g + 5 = 20g 4(e - 2) = 4h 45 = 5(d + 5)i

3d - 5 = 13j 8 = 3m - 4k 8 = 3o - 1l

7 Solve the following equations by inspection. (All solutions are whole numbers between

1 and 10.)

4 × (x + 1) - 5 = 11a 7 + x = 2 × xb (3x + 1) ÷ 2 = 8c

10 - x = x + 2d 2 × (x + 3) + 4 = 12e 15 - 2x = xf

F
L
U
E
N
C
Y

5–7(½)5–6(½) 5–6(½), 7

8 Find the value of the number in each of these examples.

a A number is doubled and the result is 22.

b 3 less than a number is 9.

c Half of a number is 8.

d 7 more than a number is 40.

e A number is divided by 10, giving a result of 3.

f 10 is divided by a number, giving a result of 5.

9 Justine is paid $10 an hour for x hours. During a particular week, she earns $180.

a Write an equation involving x to describe this situation.

b Solve the equation by inspection to )nd the value of x.

10 Karim’s weight is w kg and his brother is twice as heavy, weighing 70 kg.

a Write an equation involving w to describe this situation.

b Solve the equation by inspection to )nd the value of w.

11 Taylah buys x kg of apples at $4.50 per kg. She spends

a total of $13.50.

a Write an equation involving x to describe this

situation.

b Solve the equation by inspection to )nd x.
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10–128, 9 8–10
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10B

12 Yanni’s current age is y years. In 12 years’ time he will be three times as old.

Write an equation involving y to describe this situation.a

Solve the equation by inspection to )nd y.b

P
R
O
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13 a Solve the equation x + (x + 1) = 19 by inspection.

b The expression x + (x + 1) can be simpli)ed to 2x + 1. Use this observation to solve

x + (x + 1) = 181 by inspection.

14 There are three consecutive whole numbers that add to 45.

a Solve the equation x + (x + 1) + (x + 2) = 45 by inspection to )nd the three numbers.

b An equation of the form x + (x + 1) + (x + 2) = ? has a whole number solution only if the

right-hand side is a multiple of 3. Explain why this is the case. (Hint: Simplify the LHS.)

R
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13, 1413 13

Multiple pronumerals

15 When multiple pronumerals are involved, inspection can still be used to )nd a solution. For each

of the following equations )nd, by inspection, one pair of values for x and y that make them true.

x + y = 8a x - y = 2b 3 = 2x + yc

x × y = 6d 12 = 2 + x + ye x + y = x × yf
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10C Equivalent equations

Sometimes, two equations essentially express the same thing. For example, the equations x + 5 = 14,

x + 6 = 15 and x + 7 = 16 are all made true by the same value of x. Each time, we have added one to both

sides of the equation.

We can pretend that true equations are about different objects that have the same weight. For instance,

to say that 3 + 5 = 8 means that a 3 kg block added to a 5 kg block weighs the same as an 8 kg block.

double

both sides

subtract 3 from

both sides

add 1 to

both sides

x + 6 = 15

2x + 10 = 28

x + 2 = 11

initial equation

x + 5 = 14

14

14

14 14

11

x

1

1

1

1

1

x

1

1

1

1

1

x

1

1

1

1

1

1

1

x

1

1

x

1

1

1

1

1

A true equation stays true if we ‘do the same thing to both sides’, such as adding a number or multiplying

by a number. The exception to this rule is that multiplying both sides of any equation by zero will

always make the equation true, and dividing both sides of any equation by zero is not permitted because

nothing can be divided by zero. If we do the same thing to both sides we will have an equivalent

equation.
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554 Chapter 10 Equations

Let’s start: Equations as scales

The scales in the diagram show 2 + 3x = 8.

• What would the scales look like if two ‘1 kg’ blocks were

removed from both sides?

• What would the scales look like if the two ‘1 kg’ blocks

were removed just from the left-hand side? (Try to show

whether they would be level.)

• Use scales to illustrate why 4x + 3 = 4 and 4x = 1 are

equivalent equations.

1

1

1

1

1

1

1

1

1

1

x

x

x

Key
ideas

Two equations are equivalent if you can get from one to the other by repeatedly:

• adding the same number to both sides

• subtracting the same number from both sides

• multiplying both sides by the same number (other than zero)

• dividing both sides by the same number (other than zero)

• swapping the left-hand side with the right-hand side of the equation

Example 6 Applying an operation

For each equation, )nd the result of applying the given operation to both sides and then simplify.

2 + x = 5 [+ 4]a 7x = 10 [× 2]b

30 = 20b [ ÷ 10]c 7q - 4 = 10 [+ 4]d

SOLUTION EXPLANATION

a 2 + x = 5

2 + x + 4 = 5 + 4

x + 6 = 9 Simplify the expressions on each side.

The equation is written out, and 4 is added to

both sides.

b 7x = 10

7x × 2 = 10 × 2

14x = 20 Simplify the expressions on each side.

The equation is written out, and both sides are

multiplied by 2.

c 30 = 20b

30

10
=
20b

10

3 = 2b Simplify the expressions on each side.

The equation is written out, and both sides are

divided by 10.
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d 7q - 4 = 10

7q - 4 + 4 = 10 + 4

7q = 14 Simplify the expressions on each side.

The equation is written out, and 4 is added to

both sides.

Example 7 Showing that equations are equivalent

Show that these pairs of equations are equivalent by stating the operation used.

a 2x + 10 = 15 and 2x = 5

b 5 = 7 - x and 10 = 2(7 - x)

c 10(b + 3) = 20 and b + 3 = 2

SOLUTION EXPLANATION

a Both sides have had 10 subtracted.

2x + 10 = 15

2x = 5

− 10 − 10

 

2x + 10 - 10 simpli)es to 2x, so we get the

second equation by subtracting 10.

b Both sides have been multiplied by 2.

5 = 7 − x

10 = 2(7 − x)

× 2 × 2

2(7 - x) represents the RHS; i.e. 7 - x, being

multiplied by 2.

c Both sides have been divided by 10.

10(b + 3) = 20

b + 3 = 2

÷ 10 ÷ 10

Remember 10(b + 3) means 10 × (b + 3).

If we have 10(b + 3), we get b + 3 when

dividing by 10.

Exercise 10C

1Example 6a Write an equation that results from adding 10 to both sides of each of these equations.

10d + 5 = 20a 7e = 31b 2a = 12c x = 12d

2 Match up each of these equations (a to e) with its equivalent equation (i.e. A to E), where 3

has been added to both sides.

10 + x = 14a 12x + 3 = 123A

x + 1 = 13b x + 13 = 11x + 3B

12 = x + 5c 13 + x = 17C

x + 10 = 11xd x + 4 = 16D

12x = 120e 15 = x + 8E
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10C

3Example 6b–d For each equation, show the result of applying the listed operations to both sides.

5 + x = 10 [+1]a 3x = 7 [× 2]b 12 = 8q [ ÷ 4]c

9 + a = 13 [-3]d 7 + b = 10 [+5]e 5 = 3b + 7 [-5]f

2 = 5 + a [+2]g 12x - 3 = 3 [+5]h 7p - 2 = 10 [+2]i

4Example 7 Show that these pairs of equations are equivalent by stating the operation used.

4x + 2 = 10 and 4x = 8a 7 + 3b = 12 and 9 + 3b = 14b

20a = 10 and 2a = 1c 4 = 12 - x and 8 = 2(12 - x)d

18 = 3x and 6 = xe 12 + x = 3 and 15 + x = 6f

4(10 + b) = 80 and 10 + b = 20g 12x = 5 and 12x + 4 = 9h

5 For each of the following equations, )nd the equivalent equation that is the result of adding 4

to both sides and then multiplying both sides by 3.

x = 5a 2 = a + 1b d - 4 = 2c

7 + a = 8d 3y - 2 = 7e 2x = 6f

F
L
U
E
N
C
Y

3–5(½)3–4(½) 3–4(½), 5

6 Match up each of these equations (a to e) with its equivalent equation (i.e. A to E), stating

the operation used.

m + 10 = 12a 7 - m = 6A

3 - m = 2b 5m = 18B

12m = 30c 6m = 10C

5m + 2 = 20d 6m = 15D

3m = 5e m + 12 = 14E

7 For each of the following pairs of equations, show they are equivalent by listing the two steps

required to transform the )rst equation to the second.

x = 5 and 3x + 2 = 17a m = 2 and 10m - 3 = 17b

5(2 + x) = 15 and x = 1c 10 = 3x + 10 and 0 = xd

8 For each of the following equations, write an equivalent equation that you can get in one

operation. Your equation should be simpler (i.e. smaller) than the original.

2q + 7 = 9a 10x + 3 = 10b 2(3 + x) = 40c x÷ 12 = 5d
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10C

9 Sometimes two equations that look quite different can be equivalent.

a Show that 3x + 2 = 14 and 10x + 1 = 41 are equivalent by copying and completing the

following.

3x = 12

÷ 3 ÷ 3

___ = ___

× 10 × 10

___ = ___

+ 1 + 1

10x + 1 = 41

3x + 2 = 14

− 2 − 2

b Show that 5x - 3 = 32 and x + 2 = 9 are equivalent. (Hint: Try to go via the equation x = 7.)

c Show that (x÷ 2) + 4 = 9 and (x + 8) ÷ 2 = 9 are equivalent.

10 As stated in the rules for equivalence listed in the Key ideas, multiplying both sides by zero is

not permitted.

a Write the result of multiplying both sides of the following equations by zero.

3 + x = 5i 2 + 2 = 4ii 2 + 2 = 5iii

b Explain in a sentence why multiplying by zero does not give a useful equivalent equation.

11 Substituting pronumerals can be thought of as )nding equivalent equations. Show how you can

start with the equation x = 3 and )nd an equivalent equation with:

7x + 2 on the LHSa 8 + 2x on the LHSb

R
E
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9–119 9, 10

Equivalence relations

12 Classify each of the following statements as true or false, justifying your answer.

a Every equation is equivalent to itself.

b If equation 1 and equation 2 are equivalent, then equation 2 and equation 1 are equivalent.

c If equation 1 and equation 2 are equivalent, and equation 2 and equation 3 are equivalent, then

equation 1 and equation 3 are equivalent.

d If equation 1 and equation 2 are not equivalent, and equation 2 and equation 3 are not equivalent,

then equation 1 is not equivalent to equation 3.
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10D Solving equations algebraically

A soccer player preparing for a game will put on shin pads,

then socks and, )nally, soccer boots. When the game is

over, these items are removed in reverse order: )rst the

boots, then the socks and, )nally, the shin pads. Nobody

takes their socks off before their shoes. A similar reversal

of procedures occurs with equivalent equations.

Here are three equivalent equations.

x = 3

2x = 6

2x + 4 = 10

× 2

+ 4

× 2

+ 4

We can undo the operations around x by doing the opposite

operation in the reverse order.

2x + 4 = 10

2x = 6

x = 3

− 4

÷ 2 ÷ 2

− 4 The order in which things are done matters in

both sports and maths.

Because these equations are equivalent, this means that the solution to 2x + 4 = 10 is x = 3. An

advantage with this method is that solving equations by inspection can be very dif)cult if the solution is

not just a small whole number.

Let’s start: Attempting solutions

Georgia, Kartik and Lucas try to solve the equation 4x + 8 = 40. They present their attempted solutions

below.

Georgia Kartik Lucas

4x + 8 = 40

x + 8 = 10

x = 2

÷ 4

− 8

÷ 4

− 8

4x + 8 = 40

4x = 48

x = 12

− 8

÷ 4

+ 8

÷ 4

4x + 8 = 40

4x = 32

x = 8

− 8

÷ 4

− 8

÷ 4

• Which of the students has the correct solution to the equation? Justify your answer by substituting each

student’s )nal answer.

• For each of the two students with the incorrect answer, explain the mistake they have made in their

attempt to have equivalent equations.

• What operations would you do to both sides if the original equation was 7x - 10 = 11?
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Key
ideas

To solve an equation, )nd a simpler equation that is equivalent. Repeat this until the solution is

found.

A simpler equation can be found by applying the opposite operations in reverse order.

e.g. for 5x + 2 = 17, we have:

x   5x   5x + 2
× 5 + 2

So we solve the equation by ‘undoing’ them in reverse order.

5x + 2   5x   x

− 2 ÷ 5

This gives the solution:

5x + 2 = 17

5x = 15

x = 3

− 2

÷ 5 ÷ 5

− 2

A solution can be checked by substituting the value to see if the equation is true.

e.g. LHS = 5(3) + 2 = 17 and RHS = 17.

Example 8 Solving one-step equations

Solve each of the following equations algebraically.

5x = 30a 17 = y - 21b 10 =
q

3
c

SOLUTION EXPLANATION

a 5x = 30

x = 6

÷ 5 ÷ 5

So the solution is x = 6.

The opposite of × 5 is ÷ 5.

By dividing both sides by 5, we get an

equivalent equation. Recall that 5x÷ 5

simpli)es to x.

b 17 = y − 21

38 = y

+ 21 + 21

So the solution is y = 38. Write the pronumeral on the LHS.

The opposite of -21 is + 21.

c
10 = 

q

3

30 = q

× 3 × 3

So the solution is q = 30. Write the pronumeral on the LHS.

Multiplying both sides by 3 gives an

equivalent equation that is simpler. Note that

q

3
× 3 = q.
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Example 9 Solving two-step equations

Solve each of the following equations algebraically and check the solution.

7 + 4a = 23a
d

3
- 2 = 4b 12 = 2(e + 1)c

SOLUTION EXPLANATION

a 7 + 4a = 23

4a = 16

a = 4

− 7

÷ 4

− 7

÷ 4

Check:

LHS = 7 + 4a RHS = 23�

= 7 + 4 × 4

= 7 + 16

= 23

At each step, try to make the equation simpler

by applying an operation to both sides.

Choose the opposite operations based on

7 + 4a:

a   4a   7 + 4a

× 4 + 7

Opposite operations: -7, then ÷ 4.

Check that our equation is true by substituting

a = 4 back into the LHS and RHS. Both sides

are equal, so a = 4 is a solution.

b
d

3
 − 2 = 4

d

3
 = 6

d = 18

+ 2

× 3

+ 2

× 3

At each step, try to make the equation simpler

by applying an operation to both sides.

The opposite of -2 is +2 and the opposite of

÷ 3 is ×3.

Check:

LHS =
d

3
- 2 RHS = 4 �

=
18

3
- 2

= 6 - 2

= 4

Check that our equation is true by substituting

d = 18 back into the LHS and RHS. Both sides

are equal, so d = 18 is a solution.

c 12 = 2(e + 1)

6 = e + 1

5 = e

÷ 2

− 1

÷ 2

− 1

So the solution is e = 5. Write the solution on the LHS.

Check: Check that our equation is true by

substituting e = 5 back into the equation.LHS = 12 RHS = 2(e + 1)

= 2(5 + 1)

= 2 × 6

= 12�

At each step, try to make the equation simpler

by applying an operation to both sides.

The opposite of ×2 is ÷ 2 and the opposite of

+1 is -1.
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Exercise 10D

1 State whether each of the following equations is true or false.

x + 4 = 7, if x = 3a b - 2 = 7, if b = 5b

7(d - 6) = d, if d = 7c g + 5 = 3g, if g = 2d

f × 4 = 20, if f = 3e

2 Consider the equation 7x = 42.

a Copy and complete the diagram opposite.

b What is the solution to the equation 7x = 42?

7x = 42

x = __

÷ 7 ÷ 7

3 The equations g = 2 and 12(g + 3) = 60 are equivalent. What is the solution to the equation

12(g + 3) = 60?

4 Copy and complete the following, showing which operation was used. Remember that the same

operation must be used for both sides.

5 + a = 30

a = 25

? ?

a 10b = 72

b = 7.2

? ?

b

12 = 
c

4

48 = c

? ?

c 8 = c − 12

20 = c

? ?

d

U
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—1–4 2, 4

5Example 8 Solve the following equations algebraically.

6m = 54a g - 9 = 2b s × 9 = 81c i - 9 = 1d

7 + t = 9e 8 + q = 11f 4y = 48g 7 + s = 19h

24 = j × 6i 12 = l + 8j 1 = v÷ 2k 19 = 7 + yl

k÷ 5 = 1m 2 = y - 7n 8z = 56o 13 = 3 + tp

b × 10 = 120q p - 2 = 9r 5 + a = 13s n - 2 = 1t

6 Copy and complete the following to solve the given equations algebraically.

7a + 3 = 38

7a = 35

__ = __

?

?

?

?

a 4b − 10 = 14

__ = __

__ = __

+ 10

?

+ 10

?

b

2(q + 6) = 20

q + 6 = __

__ = __

÷ 2

?

÷ 2

?

c
5 = 

x

10
 + 3

__ = 
x

10

__ = __

− 3

?

− 3

?

d

F
L
U
E
N
C
Y

6–10(½)5(½), 6, 7, 8(½) 5(½), 6, 7, 8(½), 9, 10
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10D

7 For each of these equations, state the )rst operation you would apply to both sides to solve it.

2x + 3 = 9a 4x - 7 = 33b

5(a + 3) = 50c 22 = 2(b - 17)d

8Example 9 For each of the following equations:

i Solve the equation algebraically, showing your steps.

ii Check your solution by substituting the value into the LHS and RHS.

6f - 2 = 64a
k

4
+ 9 = 10b

5x - 4 = 41c 3(a - 8) = 3d

5k - 9 = 31e
a

3
+ 6 = 8f

2n - 8 = 14g
n

4
+ 6 = 8h

1 = 2g - 7i 30 = 3q - 3j

3z - 4 = 26k 17 = 9 + 8pl

10d + 7 = 47m 38 = 6t - 10n

9u + 2 = 47o 7 = 10c - 3p

10 + 8q = 98q 80 = 4(y + 8)r

4(q + 8) = 40s 7 + 6u = 67t

9 Solve the following equations, giving your solution as fractions.

4x + 5 = 8a 3 + 5k = 27b

22 = (3w + 7) × 2c 10 = 3 × (2 + x)d

3 = (8x + 1) ÷ 2e 3(x + 2) = 7f

10 Solve the following equations algebraically. (Note: The solutions for these equations are

negative numbers.)

4r + 30 = 2a 2x + 12 = 6b

10 +
t

2
= 2c

y

4
+ 10 = 4d

-3x = 15e 4 = 2k + 22f

2x = -12g 5x + 20 = 0h

0 = 2x + 3i

F
L
U
E
N
C
Y
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10D

11 For each of the following, write an equation and solve it algebraically.

a The sum of x and 5 is 12.

b The product of 2 and y is 10.

c When b is doubled and then 6 is added, the result is 44.

d 7 is subtracted from k. This result is tripled, giving 18.

e 3 is added to one-quarter of b, giving a result of 6.

f 10 is subtracted from half of k, giving a result of 1.

12 Danny gets paid $12 per hour, plus a bonus

of $50 for each week. In one week he earned

$410.

a Write an equation to describe this, using n

for the number of hours worked.

b Solve the equation algebraically and state

the number of hours worked.

13 Jenny buys 12 pencils and 5 pens for the

new school year. The pencils cost $1.00

each.

a If pens cost $x each, write an

expression for the total cost.

b The total cost was $14.50. Write an

equation to describe this.

c Solve the equation algebraically, to

)nd the total cost of each pen.

d Check your solution by substituting

your value of x into 12 + 5x.
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13–1511, 12 12–14
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10D

14 Write equations and solve them algebraically to )nd the unknown value in each of the

following diagrams.

w

3 area = 15

a

x

4

area = 12

b

10

x perimeter = 28

c

w perimeter= 28

d

15 Solve the following equations algebraically.

7(3 + 5x) - 21 = 210a (100x + 13) ÷ 3 = 271b 3(12 + 2x) - 4 = 62c

P
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16 Write )ve different equations that give a solution of x = 2.

17 a Show that 2x + 5 = 13 and 5x = 20 are equivalent by )lling in the

missing steps.

b Show that 10 + 2x = 20 and 2(x - 3) = 4 are equivalent.

c If two equations have the same solution, does this guarantee they

are equivalent? Justify your answer.

d If two equations have different solutions, does this guarantee they

are not equivalent? Justify your answer.

2x + 5 = 13

__ = __

x = 4

5x = 20

− 5

?

?

− 5

?

?

18 Nicola has attempted to solve four equations. Describe the mistake she has made in each case.

4x + 2 = 36

x + 2 = 9

x = 7

÷ 4

− 2

÷ 4

− 2

a 3x + 10 = 43

3x = 33

x = 30

− 10

− 3

− 10

− 3

b

2a + 5 = 11

2a = 16

a = 8

− 5

÷ 2

− 5

÷ 2

c 7 + 12a = 43

7 + a = 31

a = 24

− 12

− 7

− 12

− 7

d
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17, 18(½)16 16, 17
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10DPronumerals on both sides

19 If an equation has a pronumeral on both sides, you can subtract it from one side and then use

the same method as before. For example:

5x + 4 = 3x + 10

2x + 4 = 10

2x = 6

x = 3

− 3x

− 4

÷ 2

− 3x

− 4

÷ 2

Solve the following equations using this method.

5x + 2 = 3x + 10a 8x - 1 = 4x + 3b

5 + 12l = 20 + 7lc 2 + 5t = 4t + 3d

12s + 4 = 9 + 11se 9b - 10 = 8b + 9f

5j + 4 = 10 + 2jg 3 + 5d = 6 + 2dh

Just like dance steps, a strict order must be followed when solving

equations algebraically.

E
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566 Chapter 10 Equations

10E Equations with fractions EXTENDING

Solving equations that involve fractions is straightforward once we recall that, in algebra,
a

b
means a÷ b.

This means that if we have a fraction with b on the denominator, we can multiply both sides by b to get

a simpler, equivalent equation.

Let’s start: Fractional differences

Consider these three equations.

2x + 3

5
= 7a

2x

5
+ 3 = 7b 2

(

x

5

)

+ 3 = 7c

• Solve each of them (by inspection or algebraically).

• Compare your solutions with those of your classmates.

• Why do two of the equations have the same solution?

Key
ideas

Recall that
a

b
means a÷ b.

To solve an equation that has a fraction on one side, multiply both sides by the denominator.

x

5
 = 4

x = 20

× 5 × 5

If neither side of an equation is a fraction, do not multiply by the denominator.

x

3
 + 5 = 8

. . .

× 3 × 3 Do not do this

x

3
 + 5 = 8

x

3
 = 3

x = 9

− 5

× 3

− 5

× 3  Do this

The expressions
x

3
+ 2 and

x + 2

3
are different, as demonstrated in these Low charts.

vsx    
x

3
    

x

3
 + 2

÷ 3 + 2
x    x + 2    

x + 2

3

+ 2 ÷ 3

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 567

Example 10 Solving equations with fractions

Solve each of the following equations.

a

7
= 3a

5y

3
= 10b

3x

4
+ 7 = 13c

2x - 3

5
= 3d

SOLUTION EXPLANATION

a
a

7
 = 3

a = 21

× 7 × 7

Multiplying both sides by 7 removes the

denominator of 7.

b
5

3

y
 = 10

5y = 30

y = 6

× 3

÷ 5

× 3

÷ 5

Multiplying both sides by 3 removes the

denominator of 3.

The equation 5y = 30 can be solved normally.

c
3

4

x

 + 7 = 13

3

4

x

 = 6

3x = 24

x = 8

− 7

× 4

÷ 3

− 7

× 4

÷ 3

First, we subtract 7 because we do not have a

fraction by itself on the LHS.

Once there is a fraction by itself, multiply by

its denominator (in this case, 4) and solve the

equation 3x = 24 as you would normally.

d
2 3

5

x −
 = 3

2x − 3 = 15

2x = 18

x = 9

× 5

+ 3

÷ 2

× 5

+ 3

÷ 2

First, multiply both sides by 5 to remove the

denominator.

Then solve the equation 2x - 3 = 15 as you

would normally.
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568 Chapter 10 Equations

Exercise 10E

1 Classify each of the following as true or false.

a

5
means a÷ 5.a

q

12
means 12 ÷ q.b

4 + a

3
means (4 + a) ÷ 3.c

4 + a

3
means 4 + (a÷ 3).d

12 + 3q

4
means (12 + 3q) ÷ 4.e 2 +

x

5
means (2 + x) ÷ 5.f

2 a If x = 10, )nd the value of
x + 4

2
.

b If x = 10, )nd the value of
x

2
+ 4.

c State whether the following is true or false:
x + 4

2
and

x

2
+ 4 are equivalent expressions.

3Example 10a Fill in the missing steps to solve each of these equations.

b

4
 = 11

b = __

× 4 × 4

a
d

5
 = 3

__ = __
× 5× 5

b

h

4
 = 7

__ = __

? ?

c
p

13
 = 2

__ = __

? ?

d

4 For each of the following equations (a to d), choose the appropriate )rst step (i.e. A to D)

needed to solve it.
x

3
= 10a Multiply both sides by 2.A

x

3
+ 2 = 5b Multiply both sides by 3.B

x - 3

2
= 1c Subtract 2 from both sides.C

x

2
- 3 = 5d Add 3 to both sides.D

U
N
D
E
R
S
TA
N
D
IN
G

—1–4 4

5Example 10b Solve the following equations algebraically.

m

6
= 2a

c

9
= 2b

s

8
= 2c

r

5
= 2d

3u

5
= 12e

2y

9
= 4f

5x

2
= 10g

3a

8
= 6h

4h

5
= 8i

3j

5
= 9j

5v

9
= 5k

3q

4
= 6l

F
L
U
E
N
C
Y

5–7(½)5–6(½) 5–7(½)
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10E

6Example 10c, d Solve the following equations algebraically. Check your solutions using substitution.

h + 15

12
= 2a

y + 5

11
= 1b

j + 8

11
= 1c

b - 2

2
= 1d

7u - 12

9
= 1e 14 +

4t

9
= 18f 1 =

w + 5

11
g 1 =

4r - 13

3
h

2q

9
+ 2 = 4i

s + 2

5
= 1j

3l

2
+ 9 = 21k 12 =

2z

7
+ 10l

1 =
v - 4

7
m

f - 2

7
= 1n 9 = 4 +

5x

2
o 3 =

7 + 4d

9
p

7n

5
+ 14 = 21q

7m + 7

4
= 21r 3 =

7p

4
- 11s

4a - 6

5
= 6t

7 Solve the following equations algebraically. (Note: The solutions to these equations are negative

numbers.)

y + 4

3
= 1a

a

10
+ 2 = 1b

2x

5
+ 10 = 6c

x

4
+ 12 = 0d

0 = 12 +
2u

5
e

3y

5
+ 8 = 2f 1 =

-2u - 3

5
g -2 =

4d

5
+ 2h

F
L
U
E
N
C
Y

8 In each of the following cases, write an equation and solve it to )nd the number.

A number, t, is halved and the result is 9.a

One-third of q is 14.b

A number, r, is doubled and then divided by 5. The result is 6.c

4 is subtracted from q and this is halved, giving a result of 3.d

3 is added to x and the result is divided by 4, giving a result of 2.e

A number, y, is divided by 4 and then 3 is added, giving a result of 5.f

9 A group of )ve people go out for dinner and then split the bill evenly. They each pay $31.50.

If b represents the total cost of the bill, in dollars, write an equation to describe this situation.a

Solve this equation algebraically.b

What is the total cost of the bill?c

10 Lee and Theo hired a tennis court for a cost of $x, which they split

evenly. Out of his own pocket, Lee also bought some tennis

balls for $5.

a Write an expression for the total amount of money that Lee paid.

b Given that Lee paid $11 in total, write an equation and solve it to

)nd the total cost of hiring the court.

c State how much money Theo paid for his share of hiring the

tennis court.

P
R
O
B
L
E
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O
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G
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570 Chapter 10 Equations

10E

11 a Explain, in one sentence, the difference between
2x + 3

5
and

2x

5
+ 3.

b What is the )rst operation you would apply to both sides to solve
2x + 3

5
= 7?

c What is the )rst operation you would apply to both sides to solve
2x

5
+ 3 = 7?

d Are there any values of x for which
2x + 3

5
and

2x

5
+ 3 are equal to each other?

12 Sometimes an equation’s solution will be a fraction. For example, 2x = 1 has the solution x =
1

2
.

Give another equation that has x =
1

2
as its solution.a

Find an equation that has the solution x =
5

7
.b

Could an equation have the solution x = -
1

2
? Justify your answer.c

13 Dividing by 2 and multiplying by
1

2
have the same effect.

For example, 6 ÷ 2 = 3 and 6 ×
1

2
= 3.

a Show how each of these equations can be solved algebraically.

x

2
= 5i

1

2
× x = 5ii

b Solve the two equations
x + 4

3
= 10 and

1

3
(x + 4) = 10 algebraically, showing the steps you

would use at each stage clearly.

c How does rewriting divisions as multiplications change the )rst step when solving equations?

R
E
A
S
O
N
IN
G

11–1311 11, 12

Fractional answers

14 Solve each of the following equations, giving your answers as a fraction.

2x + 5

4
= 3a

3x - 4

6
=
3

4
b

(

7 + 2x

4

)

× 3 = 10c
1

2
=
3x - 1

5
d

E
N
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H
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N
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Progress quiz

110A Classify each of the following as an equation (E) or not an equation (N).

4 + w = 9a x + 12b 3 + 10 = 17c 20 + 6d

210A If x = 4, state whether each of these equations is true (T) or false (F).

3x - 4 = 8a 5x + 6 = 25b 9 - x = x + 1c 2x = 5x - 8d

310A Write an equation for each of the following. (You do not need to solve the equations you write.)

a The sum of 5 and m is equal to 12.

b When d is doubled, the result is 24.

c The product of 9 and x is 72.

d Canaries cost $c each and budgies cost $b each.

Three canaries and four budgies cost $190.

410B Solve the following equations by inspection.

a - 5 = 4a 36 = x × 9b m÷ 5 = 6c 3a + 1 = 7d

510C For each equation, )nd the result of applying the given operation to both sides. You do not

need to solve the equation.

4x = 7 (multiply by 5)a 2a + 5 = 21 (subtract 5)b

610C State the operation applied to get from the )rst to the second equation in each of the following.

4x − 8 = 12

  4x = 20
? ?

a 18 = 6x

3 = x
? ?

b 3a = 5

6a = 10
? ?

c

710D Solve each of the following equations algebraically.

a + 7 = 19a w - 4 = 27b k÷ 9 = 7c 5m = 40d

810D Solve each of the following equations algebraically and check your solution.

12x = 132a 8 + 3a = 29b 42 = 8m - 6c 100 = 5(y + 12)d

910E

Ext

Solve the following equations algebraically.

c

4
= 6a

3a

4
= 6b

h + 16

4
= 7c 15 =

2m

5
- 7d

1010E

Ext

Write an equation for each of these situations and solve it to )nd the number.

A number, m, is divided by 2 and then 5 is added, giving a result of 11.a

7 is added to x and the result is halved, giving a result of 9.b
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572 Chapter 10 Equations

10F Equations with brackets EXTENDING

Recall from Chapter 5 that expressions with brackets can be expanded

using the picture shown to the right about rectangles’ areas.

So 3(x + 5) is equivalent to 3x + 15.

When solving 3(x + 5) = 21, we could )rst divide both sides by 3

or we could )rst expand the brackets, giving 3x + 15 = 21, and then

subtract 15. For some equations, the brackets must be expanded )rst.

3 × x = 3x

x 5

x + 5

3 3 × 5 = 15

Let’s start: Removing brackets

Draw two rectangles, with areas 4(x + 3) and 5(x + 2).a

Use these to show that 4(x + 3) + 5(x + 2) is equivalent to 9x + 22.b

Can you solve the equation 4(x + 3) + 5(x + 2) = 130?c

Key
ideas

To expand brackets, use the distributive law, which states that:

a(b + c) = ab + ac e.g. 3(x + 4) = 3x + 12

a(b − c) = ab − ac e.g. 4(b - 2) = 4b - 8

Like terms are terms that contain exactly the same pronumerals and can be collected to simplify

expressions. For example, 3x + 4 + 2x can be simpli)ed to 5x + 4.

Equations involving brackets can be solved by )rst expanding brackets and collecting like terms.

Example 11 Expanding brackets

Expand each of the following.

4(x + 3)a 6(q - 4)b 5(3a + 4)c

SOLUTION EXPLANATION

a 4(x + 3) = 4x + 12 Using the distributive law:

4(x + 3) = 4x + 12

b 6(q - 4) = 6q - 24 Using the distributive law:

6(q − 4) = 6q − 24

c 5(3a + 4) = 15a + 20 Using the distributive law:

5(3a + 4) = 5 × 3a + 20
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Example 12 Simplifying expressions with like terms

Simplify each of these expressions.

2x + 5 + xa 3a + 8a + 2 - 2a + 5b

SOLUTION EXPLANATION

a 2x + 5 + x = 3x + 5 Like terms are 2x and x.

These are combined to give 3x.

b 3a + 8a + 2 - 2a + 5 = 9a + 7 Like terms are combined:

3a + 8a - 2a = 9a and 2 + 5 = 7

Example 13 Solving equations by expanding brackets

Solve each of these equations by expanding brackets )rst.

3(x + 2) = 18a 7 = 7(4q - 3)b 3(b + 5) + 4b = 29c

SOLUTION EXPLANATION

a

3(x + 2) = 18

3x + 6 = 18

3x = 12

x = 4

− 6

÷ 3

− 6

÷ 3

Use the distributive law to expand the brackets.

Solve the equation by performing the same

operations to both sides.

b

7 = 28q − 21

28 = 28q

1 = q

+ 21

÷ 28

+ 21

÷ 28

So q = 1 is the solution.

7 = 7(4q − 3)

Use the distributive law to expand brackets.

Solve the equation by performing the same

operations to both sides.

c 3(b + 5) + 4b = 29

3b + 15 + 4b = 29

7b + 15 = 29

7b = 14

b = 2

− 15

÷ 7

− 15

÷ 7

Use the distributive law to expand brackets.

Collect like terms to simplify the expression.

Solve the equation by performing the same

operations to both sides.
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574 Chapter 10 Equations

Exercise 10F

1 Which of the following is the correct expansion of 5(x + 2)?

5 × x + 2A 5x + 2B 5x + 10C 10xD

2 Fill in the missing numbers.

3(x + 2) = 3x +a 4(3a + 1) = 12a +b

2(b + 1) = b + 2c 6(2c + 3) = c + 18d

3 Answer true or false to each of the following.

4x + 3x can be simpli)ed to 7x.a 2a + 4b can be simpli)ed to 6ab.b

6p - 4p can be simpli)ed to 2p.c 7a + 3 + 2a can be simpli)ed to 9a + 3.d

2b + 3 can be simpli)ed to 5b.e 20x - 12x + 3y can be simpli)ed to 32x + 3y.f

U
N
D
E
R
S
TA
N
D
IN
G

—1–3 2, 3

4Example 11 Expand each of the following.

2(x + 1)a 5(2b + 3)b 2(3a - 4)c 5(7a + 1)d

4(3x + 4)e 3(8 - 3y)f 12(4a + 3)g 2(u - 4)h

5Example 12 Simplify these expressions by collecting like terms.

3a + a + 2a 5 + 2x + xb 2b - 4 + bc 5a + 12 - 2ad

5x + 3 + xe 3k + 6 - 2kf 7 + 2b - 1g 6k - k + 1h

6Example 13a Solve the following equations by expanding the brackets )rst. Check your solutions by

substituting them in.

2(10 + s) = 32a 2(5 + l) = 12b 3(p - 7) = 6c 8(y + 9) = 72d

8(4 + q) = 40e 7(p + 7) = 133f 8(m + 7) = 96g 22 = 2(b + 5)h

25 = 5(2 + p)i 63 = 7(p + 2)j 9(y - 6) = 27k 2(r + 8) = 32l

7Example 13b Solve these equations by expanding the brackets )rst.

6(3 + 2d) = 54a 8(7x - 7) = 56b 3(2x - 4) = 18c 27 = 3(3 + 6e)d

44 = 4(3a + 8)e 30 = 6(5r - 10)f 10 = 5(9u - 7)g 3(2q - 9) = 39h

8Example 13c Solve the following equations by )rst expanding the brackets. You will need to simplify the

expanded expressions by collecting like terms.

5(4s + 4) + 4s = 44a 5i + 5(2 + 2i) = 25b 3(4c - 5) + c = 50c

3(4 + 3v) - 4v = 52d 5(4k + 2) + k = 31e 4q + 6(4q - 4) = 60f

40 = 4y + 6(2y - 4)g 44 = 4f + 4(2f + 2)h 40 = 5t + 6(4t - 3)i

9 Solve the following equations algebraically. (Note: The answers to these equations are

negative numbers.)

3(u + 7) = 6a 2(k + 3) = 0b 6(p - 2) = -18c

16 = 8(q + 4)d 5(2u + 3) = 5e 3 = 2(x + 4) + 1f

4(p - 3) + p = -32g 3(r + 4) + 2r + 40 = 2h 2(5 + x) - 3x = 15i

F
L
U
E
N
C
Y

4–9(½)4–8(½) 4–9(½)
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10F

10 For each of the following problems:

Write an equation.i

Solve your equation by )rst expanding any brackets.ii

a 5 is added to x and then this is doubled, giving a result of 14.

b 3 is subtracted from q and the result is tripled, giving a )nal result of 30.

c A number, x, is doubled and then 3 is added. This number is doubled again to get a result

of 46.

d 4 is added to y and this is doubled. Then the original number, y, is subtracted, giving a result

of 17.

P
R
O
B
L
E
M
-S
O
LV
IN
G

1010 10

11 For each of the following equations, explain why there are no solutions by )rst simplifying

the LHS.

2(x + 5) - 2x = 7a 3(2x + 1) + 6(2 - x) = 4b

4(2x + 1) - 10x + 2(x + 1) = 12c

12 Consider the equation 2(3x + 4) - 6x + 1 = 9.

Show that this equation is true if x = 0.a

Show that this equation is true if x = 3.b

Explain why this equation is always true.c

Give an example of another equation involving brackets that is always true, where one side

contains a variable but the other side is just a number.

d

13 For equations like 4(3x + 2) = 44, you have been expanding the brackets )rst. Since

4(3x + 2) = 44 is the same as 4 × (3x + 2) = 44, you can just start by dividing both sides by 4.

Without expanding brackets, solve the equations in Question 6 by dividing )rst.

R
E
A
S
O
N
IN
G

12, 13(½)11 11, 12

Expanding multiple brackets

14 Solve each of the following equations by expanding all sets of brackets.

6(2j - 4) + 4(4j - 3) = 20a 3(4a + 5) + 5(1 + 3a) = 47b

2(5a + 3) + 3(2a + 3) = 63c 222 = 3(4a - 3) + 5(3a + 3)d

77 = 2(3c - 5) + 3(4c + 5)e 240 = 4(3d + 3) + 6(3d - 2)f

2(x + 3) + 4(x + 5) = 32g 4(x + 5) + 4(x - 5) = 24h

2(3x + 4) + 5(6x + 7) + 8(9x + 10) = 123i

E
N
R
IC
H
M
E
N
T
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576 Chapter 10 Equations

10G Formulas

Often, two or more pronumerals (or variables) represent related quantities. For example, the speed (s) at

which a car travels and the time (t) it takes to arrive at its destination are related variable quantities.

A formula is an equation that contains two or more pronumerals and shows how they are related.

Let’s start: Fahrenheit and Celsius

In Australia, we measure temperature in degrees Celsius, whereas in the USA it is

measured in degrees Fahrenheit. A formula to convert between them is F =
9C

5
+ 32.

• At what temperature in degrees Fahrenheit does water freeze?

• At what temperature in degrees Fahrenheit does water boil?

• What temperature is 100° Fahrenheit in Celsius? Do you know what is signi)cant

about this temperature?

Key
ideas

The subject of an equation is a pronumeral that occurs by itself on the left-hand side. For

example, T is the subject of T = 4x + 1.

A formula or rule is an equation that contains two or more pronumerals (or variables), one of

which is the subject of the equation.

To use a formula, )rst substitute all the known values into the equation and then solve it to )nd

the )nal value.

Example 14 Applying a formula

Consider the rule k = 3b + 2. Find the value of:

k if b = 5a k if b = 10b b if k = 23c

SOLUTION EXPLANATION

a k = 3 × 5 + 2

= 17

Substitute b = 5 into the equation.

b k = 3 × 10 + 2

= 32

Substitute b = 10 into the equation.

c 23 = 3b + 2

21 = 3b

7 = b

− 2

÷ 3

− 2

÷ 3

Therefore, b = 7.

Substitute k = 23 into the equation. Now solve

the equation to )nd the value of b.

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



Essential Mathematics for the Victorian Curriculum Year 7 Number and Algebra 577

Example 15 Applying a formula involving three pronumerals

Consider the rule Q = w(4 + t). Find the value of:

Q if w = 10 and t = 3a t if Q = 42 and w = 6b

SOLUTION EXPLANATION

a Q = 10(4 + 3)

= 10 × 7

= 70

Substitute w = 10 and t = 3 to evaluate.

b 42 = 6(4 + t)

42 = 24 + 6t

18 = 6t

3 = t

− 24

÷ 6

− 24

÷ 6

Therefore t = 3.

Substitute Q = 42 and w = 6.

Expand the brackets and then solve the

equation.

Exercise 10G

1 State whether each of the following equations is a rule (R) or not a rule (N).

2x + 5 = 10a y = 3x + 5b F = mac

5 - q = 3d w = 12 - ve P = I + k - 3f

2 Substitute:

x = 3 into the expression 5xa x = 7 into the expression 4(x + 2)b

y = 3 into the expression 20 - 4yc y = 10 into the expression
y + 4

7
d

U
N
D
E
R
S
TA
N
D
IN
G

—1, 2 2

3Example 14 Consider the rule h = 2m + 1. Find:

h if m = 3a

h if m = 4b

m if h = 17. Set up an equation and solve it algebraically.c

Find m if h = 21. Set up an equation and solve it algebraically.d

4 Consider the formula y = 5 + 3x. Find:

y if x = 6a x if y = 17b x if y = 26c

F
L
U
E
N
C
Y

3, 5, 63–5 3–6
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578 Chapter 10 Equations

10G

5Example 15 Consider the rule A = q + t. Find:

A if q = 3 and t = 4a q if A = 5 and t = 1b t if A = 3 and q = 3c

6 Consider the formula G = 7x + 2y. Find:

G if x = 3 and y = 3a x if y = 2 and G = 11b y if G = 31 and x = 3c

F
L
U
E
N
C
Y

7 The formula for the area of a rectangle is A = w × h, where w is the rectangle’s width and h is

the rectangle’s height.

A h

w

a Set up and solve an equation to )nd the width of a rectangle with A = 20 and h = 4.

b A rectangle is drawn for which A = 25 and w = 5.

Set up and solve an equation to )nd h.i What type of rectangle is this?ii

8 The perimeter for a rectangle is given by P = 2(w + h). Find the:

perimeter when w = 3 and h = 5a value of h when P = 10 and w = 2b

area of a rectangle if its perimeter is 20 and width is 4c

9 To convert between temperatures in Celsius and Fahrenheit the rule is F =
9C

5
+ 32.

Find F if C = 20.a Find the value of C if F = 50.b

Find the temperature in Celsius if it is 53.6° Fahrenheit.c

Marieko claims that the temperature in her city varies between 68° Fahrenheit and

95° Fahrenheit. What is the difference, in Celsius, between these two temperatures?

d
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8, 97 7, 8

10 Rearranging a formula involves )nding an equivalent equation that

has a different variable on one side by itself. For example, the formula

S = 6g + b can be rearranged to make g by itself: Now we have a

formula that can be used to )nd g once S and b are known.

a Rearrange S = 5d + 3b to make a rule where d is by itself.

b Rearrange the formula F =
9C

5
+ 32 to make C by itself.

c Rearrange the formula Q = 3(x + 12) + x to make x by itself.

(Hint: You will need to expand the brackets )rst.)

S = 6g + b

S − b = 6g

S b
g

−
=

6
 

− b

÷ 6

− b

÷ 6
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10G

11 A taxi company charges different amounts of money based on how far the taxi travels and how

long the passenger is in the car. Although the company has not revealed the formula it uses, some

sample costs are shown below.

Distance (D ) in km Time (t ) in minutes Cost (C ) in dollars

10 20 30

20 30 50

Show that the rule C = D + t is consistent with the values above.a

Show that the rule C = 3D is not consistent with the values above.b

Show that the rule C = 2D + 10 is consistent with the values above.c

Try to )nd at least two other formulas that the taxi company could be using, based on the values

shown.

d

R
E
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O
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G

AFL equations

12 In Australian Rules Football (AFL), the score, S, is given by S = 6g + b, where g is the number

of goals scored and b is the number of ‘behinds’ (i.e. near misses).

a Which team is winning if the Abbotsford Apes have scored 11 goals (g = 11) and 9 behinds

(b = 9), whereas the Brunswick Baboons have scored 12 goals and 2 behinds?

b The Camberwell Chimpanzees have scored 7 behinds and their current score is S = 55. Solve

an equation algebraically to )nd how many goals the team has scored.

c In some AFL competitions, a team can score a ‘supergoal’, which is worth 9 points. If q is

the number of supergoals that a team kicks, write a new formula for the team’s score.

d For some rare combinations of goals and behinds, the score equals the product of g and b.

For example, 4 goals and 8 behinds gives a score of 4 × 6 + 8 = 32, and 4 × 8 = 32. Find all

the other values of g and b that make the equation 6g + b = gb true.
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580 Chapter 10 Equations

10H Applications

Our methods for solving equations can be applied to many situations in which equations occur.

Let’s start: Stationery shopping

Sylvia bought 10 pencils and 2 erasers for $20.40. Edward

bought 5 pencils and 3 erasers for $12.60.

• Use the information above to work out how much Karl

will pay for 6 pencils and 5 erasers.

• Describe how you got your answer.

• Is there more than one possible solution?

Key
ideas

To solve a problem, follow these steps.

• De)ne pronumerals to stand for unknown numbers.

(e.g. let e = cost of an eraser in dollars.)

• Write an equation to describe the problem.

• Solve the equation algebraically if possible, or by inspection.

• Ensure you answer the original question, and include the correct units (e.g. dollars,

years, cm).

Example 16 Solving a problem using equations

The sum of Kate’s current age and her age next year is 19. How old is Kate?

SOLUTION EXPLANATION

Let k = Kate’s current age in years. De)ne a pronumeral to stand for the unknown

number.

k + (k + 1) = 19 Write an equation to describe the situation.

Note that k + 1 is Kate’s age next year.

2k + 1 = 19

2k = 18

k = 9

− 1

÷ 2

− 1

÷ 2

Simplify the LHS and then solve the equation

algebraically.

Kate is currently 9 years old. Answer the original question.
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Exercise 10H

1 For each of the following problems, choose the best pronumeral de)nition.

a Problem: Monique’s age next year is 12. How old is she now?

Let m = Monique’s current age.A

Let m = Monique.B

Let m = 12.C

Let m = Monique’s age next year.D

Let m = this year.E

b Problem: Callan has 15 boxes, which weigh a total of 300 kg. How much does each box

weigh?

Let w = 15.A

Let w = 300.B

Let w = the weight of one box.C

Let w = the number of boxes.D

Let w = the total weight.E

c Problem: Jared’s family has a farm with cows and sheep. The total number of animals is 200

and there are 71 cows. How many sheep are there?

Let x = the size of a sheep.A

Let x = the total number of animals.B

Let x = the number of sheep.C

Let x = the number of cows.D

Let x = Jared’s age.E

2 Solve the following equations algebraically.

5x = 30a 7a + 2 = 16b 2k - 3 = 15c

U
N
D
E
R
S
TA
N
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IN
G

—1, 2 1, 2

3Example 16 Launz buys a car and a trailer for a combined cost

of $40 000. The trailer costs $2000.

a De)ne a pronumeral for the car’s cost.

b Write an equation to describe the problem.

c Solve the equation algebraically.

d Hence, state the cost of the car.

4 Meghan buys 12 pens for a total cost of $15.60.

De)ne a pronumeral for the cost of one pen.a

Write an equation to describe the problem.b

Solve the equation algebraically.c

Hence, state the cost of one pen.d
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582 Chapter 10 Equations

10H

5 Jonas is paid $17 per hour and gets paid a bonus of $65 each week. One particular week he

earned $643.

De)ne a pronumeral for the number of hours Jonas worked.a

Write an equation to describe the problem.b

Solve the equation algebraically.c

How many hours did Jonas work in that week?d

6 This rectangular paddock has an area of 720 m2.

a Write an equation to describe the problem, using w for the

paddock’s width.

b Solve the equation algebraically.

c How wide is the paddock?

d What is the paddock’s perimeter?

24 m

w metres

F
L
U
E
N
C
Y

7 A number is doubled, then 3 is added and the result is doubled again. This gives a )nal result of

34. Set up and solve an equation to )nd the original number, showing all the steps clearly.

8 The perimeter of the shape shown is 30. Find the value of x.

2x

x

6

12

9 Alexa watches some television on Monday, then twice as many hours on Tuesday, then twice as

many hours again on Wednesday. If she watches a total of 10
1

2
hours from Monday to

Wednesday, how much television did Alexa watch on Monday?
P
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10H

10 Marcus and Sara’s combined age is 30. Given that Sara is 2 years older than Marcus, write an

equation and )nd Marcus’ age.

11 An isosceles triangle is shown below. Write an equation and solve it to )nd x°, the unknown

angle. (Remember: The sum of angles in a triangle is 180°.)

x°
x°

154°

12 Find the value of y in the triangle shown here, by )rst writing an equation.

y°

(2y)°

13 A rectangle has width w and height h. The perimeter and area of the rectangle are equal. Write

an equation and solve it by inspection to )nd some possible values for w and h. (Note: There are

many solutions to this equation. Try to )nd a few.)

14 Find the values of x and y in the rectangle shown.

2x + 3

3y 6

10

P
R
O
B
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15 If photocopying costs 35 cents a page and p is the number of pages photocopied, which of the

following equations have possible solutions? Justify your answers. (Note: Fraction answers are

not possible because you must still pay 35 cents even if you photocopy only part of a page.)

0.35p = 4.20a 0.35p = 2.90b 0.35p = 2.80c

16 Assume that an isosceles triangle is drawn so that each of its three angles is a whole number of

degrees. Prove that the angle a must be an even number of degrees.

a°

b°b°
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15, 1615 15
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584 Chapter 10 Equations

10H Strange triangles

17 Recall that the sum of angles in a triangle is 180°.

a David proposes the following triangle, which is not drawn to scale.

(x + 100)°

(x −70)° 30°

Find the value of x.i

Explain what makes this triangle impossible.ii

b Helena proposes the following triangle, which is also not drawn to scale.

(60−x)°

(70 + x)° 50°

Explain why the information in the diagram is not enough to )nd x.i

What are the possible values that x could take?ii

c Design a geometric puzzle, like the one in part a, for which there can be no solution.
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Investigation

Theme parks

There are thousands of theme parks all over the world which offer a

vast array of rides that are built to thrill. By sur)ng the internet, you

can discover the longest, tallest, fastest and scariest rides. Although

prices are kept competitive, theme parks need to make a pro)t so that

they can maintain safety standards and continue to build new and more

exciting rides.

Thrill World and Extreme Park are two theme parks. Both charge

different prices for entry and for each ride. Their prices are:

• Thrill World: $20 entry and $5 per ride

• Extreme Park: $60 entry and $3 per ride

a Copy and complete the table below for each theme park. The total

cost for the day includes the entry cost and cost of the rides.

Number of rides (n) 1 2 3 4 5 6 7 8 … 20 21 22 23 24 25

Thrill World total cost $T $25 …

Extreme Park total cost $E $63 …

b Write a formula for:

T, the total cost, in dollars, for n rides at Thrill Worldi

E, the total cost, in dollars, for n rides at Extreme Parkii

c For each of these thrill seekers, use an equation to calculate how many rides they went on.

Amanda, who spent $105 at Thrill Worldi George, who spent $117 at Extreme Parkii

d Refer to your completed table to determine the number of rides that will make the total cost for the

day the same at each theme park.

e A third theme park, Fun World, decides to charge no entry fee but to charge $10 per ride. Find the

minimum number of rides that you could go on at Fun World before it becomes cheaper at:

Thrill Worldi Extreme Parkii

f Fun World changes its pricing policy after it decides that it will be unable to compete by pricing its

rides so high, so it decides to charge an entry fee and then make all rides free.

Investigate how much Fun World should charge to attract customers while still making pro)ts that

are similar to those of Thrill World and Extreme Park. Provide some mathematical calculations to

support your conclusions.
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586 Chapter 10 Equations

Problems and challenges
Up for a challenge? If you

get stuck on a question,

check out the 'Working

with unfamiliar problems'

poster at the end of the

book to help you.

1 Find the unknown number in the following problems.

A number is added to half of itself and the result is 39.a

A number is doubled, then tripled, then quadrupled. The result is 696.b

One-quarter of a number is subtracted from 100 and the result is 8.c

Half of a number is added to 47, and the result is the same as the original number doubled.d

A number is increased by 4, the result is doubled and then 4 is added again to give an

answer of 84.

e

2 A triangle has sides 2x + 7, 3x + 4 and 4(x - 4) measured in cm. If the perimeter of the triangle is

220 cm, )nd the difference between the longest and shortest sides.

(3x + 4) cm

(2x + 7) cm

4(x − 4) cm

P = 220 cm

3 For this rectangle, )nd the values of x and y and determine the perimeter. The sides are

measured in cm.

2x + 13

27

2x − 5 y

4 A rectangular property has a perimeter of 378 m. It is divided up into )ve identical rectangular

house blocks as shown in this diagram. Determine the area of each house block.

5 Find the values of a, b and c, given the clues:

5(a + 2) + 3 = 38 and 2(b + 6) - 2 = 14 and 3a + 2b + c = 31
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6 Find the values of a and b for each of these geometric )gures.

(2b)°

(3a)°
(5a)°

b°

a

(7a + 4)°

(3(b + 2) − 1)°

32°

b

(3a)°
(2a)°

b° a°

(4a)°

c

3
5

(a + b))°(3(a − b))°

(2a)°

(3b)°

(

d

7 James’s nanna keeps goats and chickens in her backyard. She says to James, ‘There are 41 animals

in this yard’. James says to his nanna, ‘There are 134 animal legs in this yard’.

How many goats and how many chickens are in the paddock?

8 Five consecutive numbers have the middle number 3x - 1. If the sum of these )ve numbers is 670

)nd the value of x and list the )ve numbers.
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588 Chapter 10 Equations

Equations with fractions are solved
by multiplying by the denominator
when fraction is by itself.

Equivalent equations are 

obtained by performing

the same operation to

both sides

e.g.

+8+8

 To solve algebraically, use equivalent

equations and opposite operations.

Main expression         First step

3x + 5
12x

5x − 2

−5
÷12
+ 2
×4x

4

x
7

e.g.
= 4

x
7
= 2

2 +

x = 14
×7×7

−2−2

3x + 9
4

e.g.
= 6

×4×4

−9−9

÷3÷3

3x + 9 = 24

3x = 15

x  = 5  

+2

÷5

4(x + 2) = 4x + 8e.g.

Brackets should be expanded

and like items collected.

Use the distributive law to

expand.

12 + 3x = 5

20 + 3x = 13

x
4

e.g. = 7

x = 28
×4×4

          3x + 5 = 38

             3x = 33

              x = 11

−5−5

÷3÷3

e.g.

5x − 2 = 33

5x = 35

x = 7  

+2

÷5

e.g.

5(x + 3) + 2x = 29e.g.
5x + 15 + 2x = 29

7x + 15 = 29

7x  = 14

x  = 2  

−15−15

÷7÷7

Applications

1  Use a pronumeral for the unknown.

2  Write an equation.

3  Solve the equation.

4  Answer the original question.

e.g. John’s age in 3 years will be 15. How old is he now?

1       Let j = John’s current age in years

2       j + 3 = 15

3       j + 3 = 15

               j = 12

4      John is currently 12 years old.

−3−3

Finding pronumeral values

to make equation true

e.g. 15 + x = 20

 solution: x  = 5          

Solving an equation

Formulas

Solving equations

Equations with fractions (Ext) Equations with brackets (Ext)

Equivalent equations

Formulas or rules are types of
equations.
e.g.   F = ma, A = l × w,

         P = 4x

Equations
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Multiple-choice questions

110A If x = 3, which one of the following equations is true?

4x = 21A 2x + 4 = 12B 9 - x = 6C

2 = x + 1D x - 3 = 4E

210A When 11 is added to the product of 3 and x, the result is 53. This can be written as:

3x + 11 = 53A 3(x + 11) = 53B
x

3
+ 11 = 53C

x + 11

3
= 53D 3x - 11 = 53E

310B Which of the following values of x make the equation 2(x + 4) = 3x true?

2A 4B 6C

8D 10E

410C The equivalent equation that results from subtracting 3 from both sides of 12x - 3 = 27 is:

12x = 24A 12x - 6 = 24B 12x - 6 = 30C

9x - 3 = 24D 12x = 30E

510D To solve 3a + 5 = 17, the *rst step to apply to both sides is to:

add 5A divide by 3B subtract 17C

divide by 5D subtract 5E

610D The solution to 2t - 4 = 6 is:

t = 1A t = 3B t = 5C

t = 7D t = 9E

710E The solution of
2x

7
= 10 is:

Ext x = 35A x = 70B x = 20C

x = 30D x = 5E

810E The solution to the equation 10 =
3p + 5

2
is:

Ext p = 5A p = 20B p = 15C

p = 7D p = 1E

910F The solution of 3(u + 1) = 15 is:

Ext
u = 5A u = 4B u = 11C

u = 6D u = 3E

1010G A formula relating A, p and t is A = 3p - t. If A = 24 and t = 6, then p equals:

18A 4B 30C

2D 10E

C
ha
pt
er
re
vi
ew

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



590 Chapter 10 Equations

Short-answer questions

110A Classify each of the following equations as true or false.

4 + 2 = 10 - 2a 2(3 + 5) = 4(1 + 3)b 5w + 1 = 11, if w = 2c

2x + 5 = 12, if x = 4d y = 3y - 2, if y = 1e 4 = z + 2, if z = 3f

210A Write an equation for each of the following situations. You do not need to solve the equations.

The sum of 2 and u is 22.a The product of k and 5 is 41.b

When z is tripled the result is 36.c The sum of a and b is 15.d

310B Solve the following equations by inspection.

x + 1 = 4a x + 8 = 14b 9 + y = 10c

y - 7 = 2d 5a = 10e
a

5
= 2f

410C For each equation, )nd the result of applying the given operation to both sides and then

simplify.

2x + 5 = 13 [- 5]a 7a + 4 = 32 [- 4]b

12 = 3r - 3 [+ 3]c 15 = 8p - 1 [+ 1]d

510D Solve each of the following equations algebraically.

5x = 15a r + 25 = 70b 12p + 17 = 125c 12 = 4b - 12d

5 = 2x - 13e 13 = 2r + 5f 10 = 4q + 2g 8u + 2 = 66h

610E Solve the following equations algebraically.

Ext
3u

4
= 6a

8p

3
= 8b 3 =

2x + 1

3
c

5y

2
+ 10 = 30d 4 =

2y + 20

7
e

4x

3
+ 4 = 24f

710F Expand the brackets in each of the following expressions.

Ext
2(3 + 2p)a 4(3x + 12)b 7(a + 5)c 9(2x + 1)d

810F Solve each of these equations by expanding the brackets )rst.

Ext
2(x - 3) = 10a 27 = 3(x + 1)b 48 = 8(x - 1)c

60 = 3y + 2(y + 5)d 7(2z + 1) + 3 = 80e 2(5 + 3q) + 4q = 40f

910F Consider the equation 4(x + 3) + 7x - 9 = 10.

Ext
Is x = 2 a solution?a

Show that the solution to this equation is not a whole number.b

1010F a Does 3(2x + 2) - 6x + 4 = 15 have a solution? Justify your answer.

b
Ext

State whether the following are solutions to 5(x + 3) - 3(x + 2) = 2x + 9.

x = 2i x = 3ii
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1110G The formula for the area of a trapezium is A =
1

2
h(a + b), where h is the height of the

trapezium, and a and b represent the parallel sides.

Set up and solve an equation to �nd the area of a trapezium with height 20 cm and parallel

sides of 15 cm and 30 cm.

a

Find the height of a trapezium whose area is 55 cm2 and has parallel sides 6 cm and 5 cm,

respectively.

b

1210G Consider the rule F = 3a + 2b. Find:

F if a = 10 and b = 3a b if F = 27 and a = 5b a if F = 25 and b = 8c

1310H For each of the following problems, write an equation and solve it to �nd the unknown value.

A number is added to three times itself and the result is 20. What is the number?a

The product of 5 and a number is 30. What is the number?b

Juanita’s mother is twice as old as Juanita. The sum of their ages is 60. How old is Juanita?c

A rectangle has a width of 21 cm and a perimeter of 54 cm. What is its length?d

1410H Find the value of y for each of these �gures.

(y + 3)°
(y + 2)°

(2y)°y°

a

(2y)°

(2y + 10)°

(4y + 20)°

b

Extended-response questions

1 Udhav’s mobile phone plan charges

a 15-cents connection fee and then

2 cents per second for every call.

a How much does a 30-second call

cost?

b Write a rule for the total cost, C, in

cents, for a call that lasts t seconds.

c Use your rule to �nd the cost of

call that lasts 80 seconds.

d If a call cost 39 cents, how long did

it last? Solve an equation to �nd t.

e If a call cost $1.77, how long did it last?

f On a particular day, Udhav makes two calls - the second one lasting twice as long as the �rst,

with a total cost of $3.30. What was the total amount of time he spent on the phone?

2 Gemma is paid $x per hour from Monday to Friday, but earns an extra $2 per hour during weekends.

During a particular week, she worked 30 hours during the week and then 10 hours on the weekend.

If x = 12, calculate the total wages Gemma was paid that week.a

Explain why her weekly wage is given by the ruleW = 30x + 10(x + 2).b

Use the rule to �nd Gemma’s weekly wage if x = 16.c

If Gemma earns $620 in one week, �nd the value of x.d

If Gemma earns $860 in one week, how much did she earn from Monday to Friday?e
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Using units of measurement

Establish the formulas for areas of rectangles, 

triangles and parallelograms and use these in 

problem solving (VCMMG258)

Calculate volumes of rectangular prisms 

(VCMMG259)

Victorian curriculum

Shape

Draw different views of prisms and solids 

formed from combinations of prisms 

(VCMMG260)

 11A Measurement systems (Extending)
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lengths (Consolidating)
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 11D Areas and rectangles
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 11J  Mass and temperature 
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The metric system of measurement has not 

always been in use. In fact it is only since 

1970 that the metric system became the sole 

system of legal measurement in Australia. In 

1972 the metric system was introduced to 

the primary school curriculum and in 1973 it 

became part of secondary schooling. Before 

this time the Imperial units of measurement 

were used, i.e. inches, feet, yards, perches 

and acres. 

In 1987, real estate went over to the 

metric system. Gone was the ¼ acre 

block and land size was now quoted in 

square meters or hectares (=10 000 m2). 

The ¼ acre block is the same area as 

0.1011714105 ha or 1011.7 m2 (correct to 

one decimal place). The conversion factor 

to change acres (ac) to square meters 

is multiplying by 4046.85642; not an 

easy conversion without a calculator or 

spreadsheet!

In the 1950s and 1960s people 

dreamed of owning a ¼ acre block and the 

average block size was 32–36 perches 

(a perch is the equivalent to 25.2928526 

square metres). In the 1980s the average 

block of land in Australia was around 

650 m2; now it’s between 200–350 m2. 

The dream of owning land in Australia is 

shrinking.

The ¼ acre block
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594 Chapter 11 Measurement

11A Measurement systems EXTENDING

From about 3000 BCE a unit of measure called the cubit was used in ancient Egypt to measure lengths.

It is known that the cubit, which is the length of an arm from the elbow to the end of the middle �nger,

was used to measure the depth of the Nile River in #ood. Other unit measures based on the human body

were also used. Some include the digit (width of a �nger), palm (width of four �ngers) and span (distance

from the tip of the thumb to the tip of the little �nger in an outstretched hand).

R
o
y
al C

u
b
its

1
1/3

1/2
1/2

1/4
1

1

Egyptians used their arms and hands to measure different units.

Because each individual’s arm length and �nger width is different, there was a need to develop a standard

unit of length. The Egyptians de�ned a standard royal cubit (about 524 mm), and this was represented

as a stone rod. From this cubit the following divisions were made: 28 digits in a cubit, 4 digits in a palm

and 14 digits in a span.

Many of these units of measurement were adapted and developed by the Babylonians, Greeks, Romans,

English and French over many centuries. The English imperial system, which was adapted from

the Roman and Greek systems, is commonly used in the United Kingdom and the United States today,

and was used in Australia until the 1970s. Many people today still prefer to describe lengths and

other measures using Imperial units, such as the inch and mile.

The metric system was developed in France in the 1790s and is the

universally accepted system today. The word metric comes from the Greek

word metron, meaning ‘measure’. It is a decimal system where length

measures are based on the unit called the metre. The de�nition of the metre

has changed over time. Originally it was proposed to be the length of a

pendulum that beats at a rate of one per second. It was later de�ned as

1/10 000 000 of the distance from the North Pole to the equator on a line on

the Earth’s surface passing through Paris. In 1960, a metre became

1 650 763.73 wave lengths of the spectrum of the krypton-86 atom in a

vacuum. In 1983, the metre was de�ned as the distance that light travels in

1/299 792 458 seconds inside a vacuum.
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Let’s start: Egyptian trader

Imagine you are in ancient Egypt and you are trading goods at a market. You use the Egyptian units:

digit (width of a �nger), palm (width of four �ngers) and span (distance from the top of the thumb to the tip

of the little �nger in an outstretched hand).

• Use a ruler to �nd the metric equivalent of your digit, palm and span.

• You purchase a wad of papyrus paper that is 1 digit thick. Which students in the class would get the least

paper if they used their own �nger width?

• You purchase a bowl of grain 1 span deep. Which student in the class gets the most grain?

• You purchase 5 cubits of cloth. Which student gets the most cloth?

Key
ideas

Ancient measurement systems that developed from about 3000

BCE include the Egyptian, Babylonian, Greek and Roman

systems. The metric system is the commonly used system

today in many countries, including Australia.

Roman system

• 1 foot = 12 inches = 16 digits = 4 palms

• 1 cubit = 6 palms

• 1 pace (double step) = 5 feet

• 1 mile = 1000 paces

Imperial system

• 1 foot = 12 inches (1 inch is about 2.5 cm)

• 1 yard = 3 feet (1 yard is about 91.5 cm)

• 1 rod = 16.5 feet

• 1 chain = 22 yards

• 1 furlong = 40 rods

• 1 mile = 8 furlongs = 1760 yards (1 mile is about 1.6 km)

Metric system

• 1 centimetre (cm) = 10 millimetres (mm)

• 1 metre (m) = 100 centimetres (cm)

• 1 kilometre (km) = 1000 metres (m)

Example 1 Using measurement systems

a How many feet are there in 1 mile, using the Roman measuring system?

b How many inches are there in 3 yards, using the imperial system?

SOLUTION EXPLANATION

a 1 mile = 1000 paces

= 5000 feet

There are 1000 paces in a Roman mile and

5 feet in a pace.

b 3 yards = 9 feet

= 108 inches

There are 3 feet in an imperial yard and

12 inches in a foot.
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596 Chapter 11 Measurement

Example 2 Choosing metric lengths

Which metric unit would be the most appropriate for measuring these lengths?

width of a large rooma thickness of glass in a windowb

SOLUTION EXPLANATION

a metres (m) Using mm or cm would give a very large

number, and using km would give a number

that is very small.

b millimetres (mm) The thickness of glass is likely to be around

5 mm.

Exercise 11A

1 Complete these number sentences.

a Roman system

1 = 12 inches = 16 = palmsi

1 = 1000 pacesii

b imperial system

1 foot = 12i 3 = 1 yardii

= 1760 yardsiii

c metric system

1 m = cmi 1 cm = mmii

km = 1000 miii

2 List the units of length (e.g. cubit), from smallest to largest, commonly used in the Roman

system.

3 List the units of length (e.g. inch), from smallest to largest, commonly used in the imperial

system.

4 List the units of length (e.g. centimetre), from smallest to largest, commonly used in the

metric system.

U
N
D
E
R
S
TA
N
D
IN
G

—1–4 1

5Example 1 Use the Roman system to state how many:

feet are in 1 pacea feet are in 1 mileb palms are in 1 footc

palms are in 1 paced digits are in 1 foote digits are in 1 pacef

F
L
U
E
N
C
Y

5–9(½)5–8 5–9
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11A

6 Use the imperial system to state how many:

inches are in 1 foota feet are in 1 yardb inches are in 1 yardc

yards are in 1 miled yards are in 1 chaine rods are in 1 furlongf

7 Use the metric system to state how many:

millimetres are in 1 centimetrea centimetres are in 1 metreb

metres are in 1 kilometrec millimetres are in 1 metred

centimetres are in 1 kilometree millimetres are in 1 kilometref

8Example 2 Which metric unit would be the most appropriate for measuring the following?

the distance between two townsa width of a small drill bitb

height of a #ag polec length of a garden hosed

width of a small deske distance across a cityf

A drill bit

9 Choose which metric unit would be the most suitable for measuring the real-life length

indicated in each of these photos.

a b

c d

F
L
U
E
N
C
Y
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598 Chapter 11 Measurement

11A

e f

F
L
U
E
N
C
Y

10 A Roman offers you either 12 palms or 1 pace of cloth. Which option gives you the most cloth?

11 The Roman army marches 5 Roman miles to the next post. How many paces is the journey?

12 An English cricketer runs 1 chain for each run made. How many yards will he run if he makes

20 runs?

13 Here is the length of 1 mm and 1 cm. Use these diagrams as a guide to

estimate the length of these lines.

a

b

c

d

e

1 mm 1 cm

14 Estimate the length of each line or curve, in centimetres.

a b

c

P
R
O
B
L
E
M
-S
O
LV
IN
G

12–1410, 11 11–13
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11A

15 Complete these tables.

metric

mm cm m km

mm 1
1

10

cm 10 1

m 1000 1

km 1

a imperial

Inch Feet Yard Mile

Inch 1
1

36

Feet 12 1

Yard 1

Mile 1760 1

b

Roman

Digit Palm Feet Pace Mile

Digit 1
1

16

Palm 4 1

Feet 1

Pace 1

Mile 1

c

16 Why would it be more dif�cult to include the imperial units of chains and rods in the table

in Question 15b?

17 Generally speaking, why is the metric system easier to use than either the imperial

or Roman systems?

R
E
A
S
O
N
IN
G

16, 1715 15, 16

Walking paces

18 The Roman pace involves 2 steps, and 1000 of these paces make up a Roman mile. These

units would have been used to estimate distances for the Roman armies that spread throughout

much of the world during that time.

a Estimate how many paces (i.e. double steps) you would take in 1 kilometre (1000).

b Calculate how many paces you would take to cover 1 kilometre.

c If each pace takes 1 second, �nd how long it would take to walk from Sydney to Melbourne

(about 900 km) non-stop. Convert your answer to number of hours.

E
N
R
IC
H
M
E
N
T

18— —
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600 Chapter 11 Measurement

11B Using and converting metric lengths CONSOLIDATING

To avoid the use of very large and very small

numbers, an appropriate unit is often chosen

to measure a length or distance. It may also

be necessary to convert units of length. For

example, 150 pieces of timber, each measured in

centimetres, may need to be communicated as a

total length using metres. Another example might

be that 5 millimetres is to be cut from a length of

timber 1.4 metres long because it is too wide to �t

a door opening that is 139.5 centimetres wide.

A carpenter may need to measure lengths of wood in

metres, centimetres and millimetres.

Let’s start: How good is your estimate?

In less than 3 seconds, guess the length of your desk, in centimetres.

• Now use a ruler to �nd the actual length in centimetres.

• Convert your answer to millimetres and metres.

• If you lined up all the class desks end to end, how many desks would be needed to reach 1 kilometre?

Explain how you got your answer.

Key
ideas

Themetre (m) is the basic metric unit of length.

• 1 km = 1000 m

• 1 m = 100 cm

• 1 cm = 10 mm

× 1000

÷ 1000

km m

× 100

÷ 100

cm

× 10

÷ 10

mm

Conversion

• When converting to a smaller unit, multiply by a power of 10 (i.e. 10, 100, 1000).

A smaller unit means you need more of them, so it makes sense that you multiply.

• When converting to a larger unit, divide by a power of 10 (i.e. 10, 100, 1000).

A larger unit means you need less of them, so it makes sense that you divide.

When reading scales, be sure about what units are showing

on the scale. This scale shows 36 mm.

mm

cm

1 2 3 4
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Example 3 Converting metric units of length

Convert to the units given in brackets.

3 m (cm)a 25 600 cm (km)b

SOLUTION EXPLANATION

a 3 m = 3 × 100 cm

= 300 cm

1 m = 100 cm

Multiply since you are converting to a smaller

unit.

b 25 600 cm = 25 600 ÷ 100 000

= 0.256 km

There are 100 cm in 1 m and 1000 m in 1 km

and 100 × 1000 = 100 000.

Example 4 Reading length scales

Read the scales on these rulers to measure the marked length.

1 cm0 cm 2 cm 3 cm

a

5 m4 m 6 m 7 m

b

SOLUTION EXPLANATION

a 25 mm 2.5 cm is also accurate.

b 70 cm Each division is
1

10
of a metre, which is 10 cm.

Exercise 11B

1 Write down the missing number or word in these sentences.

a When converting from metres to centimetres, you multiply by .

b When converting from metres to kilometres, you divide by .

c When converting from centimetres to metres, you by 100.

d When converting from kilometres to metres, you by 1000.

e When converting to a smaller unit, you .

f When converting to a larger unit, you .

2 Calculate each of the following.

100 × 10a 10 × 100b 100 × 1000c 10 × 100 × 1000d

3 a When multiplying by a power of 10, in which direction does the decimal point move – left

or right?

b When dividing by a power of 10, in which direction does the decimal point move – left

or right?

U
N
D
E
R
S
TA
N
D
IN
G

—1–3 3
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602 Chapter 11 Measurement

11B

4Example 3a Convert these measurements to the units shown in brackets.

5 cm (mm)a 2 m (cm)b 3.5 km (m)c 26.1 m (cm)d

40 mm (cm)e 500 cm (m)f 4200 m (km)g 472 mm (cm)h

6.84 m (cm)i 0.02 km (m)j 9261 mm (cm)k 4230 m (km)l

5 Add these lengths together and give the result in the units shown in brackets.

2 cm and 5 mm (cm)a 8 cm and 2 mm (mm)b 2 m and 50 cm (m)c

7 m and 30 cm (cm)d 6 km and 200 m (m)e 25 km and 732 m (km)f

6Example 3b Convert to the units shown in the brackets.

3 m (mm)a 6 km (cm)b 2.4 m (mm)c

0.04 km (cm)d 47 000 cm (km)e 913 000 mm (m)f

216 000 mm (km)g 0.5 mm (m)h

7Example 4 These rulers show centimetres with millimetre divisions. Read the scale to measure the

marked length.

10 2

a

1 2 3 4 50

b

1 20

c

1 2 30

d

1 2 3 40

e

1 2 3 4 50

f

1 2 30

g

1 2 3 40

h

8 Read the scale on these tape measures. Be careful with the units given!

m

1 2 30

a

11 12 13

km

b

9 Use subtraction to �nd the difference between the measurements, and give your answer with the

units shown in brackets.

9 km, 500 m (km)a 3.5 m, 40 cm (cm)b 0.2 m, 10 mm (cm)c

F
L
U
E
N
C
Y

5–7(½), 8, 94–7(½), 8 4–7(½), 8, 9
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11B

10 Arrange these measurements from smallest to largest.

38 cm, 540 mm, 0.5 ma 0.02 km, 25 m, 160 cm, 2100 mmb

0.003 km, 20 cm, 3.1 m, 142 mmc 0.001 km, 0.1 m, 1000 cm, 10 mmd

11 Joe widens a 1.2 m doorway by 50 mm. What is the new width of the doorway, in centimetres?

12 Three construction engineers individually have plans to build the world’s next tallest tower. The

Titan tower is to be 1.12 km tall, the Gigan tower is to be 109 500 cm tall and the Bigan tower is

to be 1210 m tall. Which tower will be the tallest?

13 Steel chain costs $8.20 per metre. How much does it cost to buy chain of the following lengths?

1 kma 80 cmb 50 mmc

14 A house is 25 metres from a cliff above the sea. The cliff is eroding at a rate of 40 mm per year.

How many years will pass before the house starts to fall into the sea?

15 Mount Everest is moving with the Indo-Australian plate at a rate of about 10 cm per year. How

many years will it take to move 5 km?

16 A ream of 500 sheets of paper is 4 cm thick. How thick is 1 sheet of paper, in millimetres?

17 A snail slithers 2 mm every 5 seconds. How long will it take to slither 1 m?

P
R
O
B
L
E
M
-S
O
LV
IN
G

15–1710–12 12–14

18 Copy this chart and �ll in the missing

information.

km

cm

mm

m

÷100

×10

19 Many tradespeople measure and communicate with millimetres, even for long measurements like

timber beams or pipes. Can you explain why this might be the case?

R
E
A
S
O
N
IN
G

18, 1918 18

Very small and large units

20 When 1 metre is divided into 1 million parts, each part is called amicrometre (lm). At the

other end of the spectrum, a light year is used to describe large distances in space.

a State how many micrometres there are in:

1 mi 1 cmii

1 mmiii 1 kmiv

b A virus is 0.000 312 mm wide. How many micrometres is this?

c Research the length called the light year. Explain what it is and give examples of distances

using light years, such as to the nearest star other than the Sun.

E
N
R
IC
H
M
E
N
T

20— —
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604 Chapter 11 Measurement

11C Perimeter CONSOLIDATING

The distance around the outside of a two-

dimensional shape is called the perimeter.

The word perimeter comes from the Greek

words peri, meaning ‘around’, and metron,

meaning ‘measure’. We associate perimeter

with the outside of all sorts of regions

and objects, like the length of fencing

surrounding a block of land or the length of

timber required to frame a picture.

This fence marks the perimeter (i.e. the distance around the

outside) of a paddock.

Let’s start: Is there enough information?

This diagram, which is not drawn to scale, includes only 90° angles and

only one side length is given. Discuss if there is enough information

given in the diagram to �nd the perimeter of the shape.

What additional information, if any, is required? 10 cm

Key
ideas

Perimeter, sometimes denoted as P, is the distance around the

outside of a two-dimensional shape.

Sides with the same markings are of equal length.

The unknown lengths of some sides can sometimes be

determined by considering the given lengths of other sides.

1.6 cm

2.8 cm

4.1 cm

P = 1.6 + 1.6 + 2.8 + 4.1

= 10.1 cm

Example 5 Finding the perimeter

Find the perimeter of each of these shapes.

3 cm

5 cm

a

5 m6 m

3 m

2 m

b
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SOLUTION EXPLANATION

a perimeter = 2 × 5 + 3

= 13 cm

There are two equal lengths of 5 cm and one

length of 3 cm.

b perimeter = 2 × 6 + 2 × 8

= 28 m

5 m

6 − 2 = 4 m

3 + 5 = 8m

6 m

3 m

2 m

Exercise 11C

1 These shapes are drawn on 1 cm grids. Give the perimeter of each.

a b

2 Use a ruler to measure the lengths of the sides of these shapes, and then �nd the perimeter.

a b

c d

U
N
D
E
R
S
TA
N
D
IN
G

—1, 2 2
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606 Chapter 11 Measurement

11C

3Example 5a Find the perimeter of these shapes. (Diagrams are not drawn to scale.)

7 cm

5 cm3 cm
a 8 m

10 m

8 m

6 m

5 m

b

5 km

10 km

c 1 m

0.2 m

d

10 cm

6 cm

e

2.5 cm

f

4Example 5b Find the perimeter of these shapes. All corner angles are 90°.

10 cm

5 cm

7 cm

4 cma

8 m

4 m

5 m

2 m
b

6 km

3 km

9 km

c

5 a A square has a side length of 2.1 cm. Find its perimeter.

b A rectangle has a length of 4.8 m and a width of 2.2 m. Find its perimeter.

c An equilateral triangle has all sides the same length. If each side is 15.5 mm, �nd its

perimeter.

F
L
U
E
N
C
Y

3(½), 4, 53, 4 3–5
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11C

6 A grazing paddock is to be fenced on all sides. It is rectangular in shape, with a length of

242 m and a width of 186 m. If fencing costs $25 per metre, �nd the cost of fencing required.

7 A grass tennis court is

lined with chalk. All the

measurements are shown in the

diagram and given in feet.

a Find the total number of feet

of chalk required to do all

the lines of the given tennis

court.

b There are 0.305 metres in 1

foot. Convert your answer to

part a to metres.

2
7
 fe

e
t

3
6
 fe

e
t

39 feet

21 feet

8 Only some side lengths are shown for these shapes. Find the perimeter.

15 mm

20 mma

10 cm

4 cm

18 cm

b

9 Find the perimeter of each of these shapes. Give your answers in centimetres.

168 mm

7.1 cm

a

0.38 m

271 mmb

430 m
m

1.04 m

c

10 A square paddock has 100 equally-spaced posts that are 4 metres apart, including one in each

corner. What is the perimeter of the paddock?

11 The perimeter of each shape is given. Find the missing length of each.

4 cm

P = 11 cm

2 cm

?

a

?

P = 20m

b

?

12 km

P = 38 km

c

12 A rectangle has a perimeter of 16 cm. Using only whole numbers for the length and width, how

many different rectangles can be drawn? Do not count rotations of the same rectangle as different.

P
R
O
B
L
E
M
-S
O
LV
IN
G

10–126, 7 7–9
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11C

13 Write an algebraic rule (e.g. P = 2a + b) to describe the perimeter of each shape.

b

aa

a

b

b

a

c

a

d

b

a
e

a

c

bf

14 Write an algebraic rule for the perimeter of each given shape.

c b

aa

a c

bb

15 a A square has perimeter P. Write an expression for its side length.

b A rectangle has perimeter P and width a. Write an expression for its length.

R
E
A
S
O
N
IN
G

14, 1513 13, 14

Picture frames

16 The amount of timber used to frame a picture depends

on the outside lengths of the overall frame. These are

then cut at 45° to make the frame.

a A square painting of side length 30 cm is to be

framed with timber of width 5 cm. Find the total

length of timber required for the job.

b A rectangular photo with dimensions

50 cm by 30 cm is framed with timber of

width 7 cm. Find the total length of timber

required to complete the job.

30 cm

5 cm
30 cm

c Kimberley uses 2 m of timber of width 5 cm to complete a square picture frame. What is the

side length of the picture?

d A square piece of embroidery has side length a cm and is framed by timber of width 4 cm.

Write an expression for the total length of timber used in cm.
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11D Areas and rectangles

Area is measured in square units. It is often

referred to as the amount of space contained

inside a #at (i.e. plane) shape; however, curved

three-dimensional (3D) solids also have surface

areas.

The amount of paint needed to paint a house and

the amount of chemical needed to spray a paddock

are examples of when area would be considered.

The greater the area of the paddock, the more chemicals

the plane needs to carry.

Let’s start: The 12 cm2 rectangle

A rectangle has an area of 12 square centimetres (12 cm2).

• Draw examples of rectangles that have this area, showing the length and width measurements.

• How many different rectangles with whole number dimensions are possible?

• Howmany different rectangles are possible if there is no restriction on the type of numbers allowed to be

used for length and width?

Key
ideas

The metric units of area include:

• 1 square millimetre (1 mm2) 1 mm

1 mm

• 1 square centimetre (1 cm2)

1 cm2 = 100 mm2 1 cm

1 cm

• 1 square metre (1 m2)

1 m2 = 10 000 cm2 1 m

1 m

(Not drawn to scale.)

• 1 square kilometre (1 km2)

1 km2 = 1 000 000 m2
1 km

1 km

(Not drawn to scale.)

• 1 hectare (1 ha)

1 ha = 10 000 m2 100 m

100 m

(Not drawn to scale.)
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610 Chapter 11 Measurement

Key
ideas

The area of a rectangle is given by the number of

rows multiplied by the number of columns. Written

as a formula, this looks like: A = l × w. This also

works for numbers that are not whole.

w

l

A = l × w

The area of a square is given by: A = l × l = l2

lA = l 2

Example 6 Counting areas

Count the number of squares to �nd the area of the shape drawn on

this centimetre grid.

SOLUTION EXPLANATION

6 cm2 There are 5 full squares

and half of 2 squares in

the triangle, giving 1

more.

1
of 2 = 1

2

Example 7 Areas of rectangles and squares

Find the area of this rectangle and square.

4 mm

10 mm

a

2.5 cm

b
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SOLUTION EXPLANATION

a Area = l × w

= 10 × 4

= 40 mm2

The area of a rectangle is the product of the

length and width.

b Area = l2

= 2.52

= 6.25 cm2

The width is the same as the length, so

A = l × l = l2.

(2.5)2 = 2.5 × 2.5

Exercise 11D

1 For this rectangle drawn on a 1 cm grid, �nd each of the

following.

a the number of single 1 cm squares

b the length and the width

c length × width

2 For this square drawn on a centimetre grid, �nd the following.

a the number of single 1 cm squares

b the length and the width

c length × width

3 Count the number of squares to �nd the area of these shapes.

a b c

4 Which unit of area (mm2, cm2, m2, ha or km2) would you choose to measure these areas? Note

that 1 km2 is much larger than 1 ha.

area of an A4 piece of papera area of a wall of a houseb

area of a small farmc area of a large desertd

area of a large football ovale area of a nail headf
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612 Chapter 11 Measurement

11D

5Example 6 Count the number of squares to �nd the area of these shapes on centimetre grids.

a b

c d

e f

6Example 7 Find the area of these rectangles and squares. Diagrams are not drawn to scale.

10 cm

20 cm

a

11 mm

2 mm

b
2 cm

3.5 cm

c

F
L
U
E
N
C
Y

5, 6(½), 7, 8, 115, 6(½), 7–9 5, 6(½), 7, 8, 10
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11D

5 m

d

1.2 mm

e

2.5 mm

f

0.8 m

1.7 m

g

0.9 cm

h

17.6 km

10.2 km

i

7 Find the side length of a square with each of these areas. Use trial and error if you are unsure.

4 cm2a 25 m2b 144 km2c

8 There are 10 000 m2 in one hectare (ha). Convert these measurements to hectares.

20 000 m2a 100 000 m2b 5000 m2c

9 A rectangular soccer �eld is to be laid with new grass. The �eld is

100 m long and 50 m wide. Find the area of grass to be laid.

10 Glass is to be cut for a square window of side length 50 cm. Find the area of glass required for

the window.

11 Two hundred square tiles, each measuring 10 cm by 10 cm, are used to tile an open #oor area.

Find the area of #ooring that is tiled.
F
L
U
E
N
C
Y

12 a A square has a perimeter of 20 cm. Find its area.

b A square has an area of 9 cm2. Find its perimeter.

c A square’s area and perimeter are the same number. How many units is the side length?

13 The carpet chosen for a room costs $70 per square metre. The room is rectangular and is

6 m long by 5 m wide. What is the cost of carpeting the room?

14 Troy wishes to paint a garden wall that is 11 m long and 3 m high. Two coats of paint are needed.

The paint suitable to do the job can be purchased only in whole numbers of litres and covers an

area of 15 m2 per litre. How many litres of paint will Troy need to purchase?

15 A rectangular area of land measures 200 m by 400 m. Find its area in hectares.
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11D

16 a Find the missing length for each of these rectangles.

5 cm

?

A = 50 cm2

i
2.5 mm

?

A = 22.5 mm2

ii

b Explain the method that you used for �nding the missing lengths of the rectangles above.

17 Explain why the area shaded here is exactly 2 cm2.
1 cm

4 cm

18 A square has perimeter P cm.

a If P = 44 cm, �nd the area of the square.

b If P is unknown, write an expression for the area of the square, using P.

P = 44 cm

19 A square has all its side lengths doubled. How does this change the area? Investigate and justify

your answer.

R
E
A
S
O
N
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G

17–1916 16, 17

Area conversions

20 a Use this diagram or similar to help answer the following.

How many mm2 in 1 cm2?i

How many cm2 in 1 m2?ii

How many m2 in 1 km2?iii

10 mm

10 mm

A = 1 cm2

b Complete the diagram below.

×______

÷______

km2 m2

×_____

÷_____

cm2

×_____

÷_____

mm2

c Convert these units to the units shown in brackets.

2 cm2 (mm2)i

10 m2 (cm2)ii

3.5 km2 (m2)iii

300 mm2 (cm2)iv

21 600 cm2 (m2)v

4 200 000 m2 (km2)vi

0.005 m2 (mm2)vii

1 km2 (ha)viii

40 000 000 cm2 (ha)ix

Working with different units of area is

important in the division of land.
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11E Area of a triangle

In terms of area, a triangle can be considered to be half a rectangle, which is

why the formula for the area of a triangle looks very much like the formula

for the area of a rectangle but with the added factor of
1

2
. One of the sides

of a triangle is called the base (b), and the height (h) is the distance between

the base and the opposite vertex. This is illustrated using a line that is

perpendicular (i.e. at 90°) to the base.

height

base

Any shape with all straight sides (i.e. polygons) can be divided up

into a combination of rectangles (or squares) and triangles. This can

help to �nd areas of such shapes.

Let’s start: Half a rectangle

Look at these triangles. For each one, discuss why the area could be

considered as half a rectangle. Give reasons for each case.
Any area of floor with straight sides

can be filled with rectangular and

triangular tiles.

1 2 3

Key
ideas

One side of a triangle is called the base, b.

The perpendicular distance from the base to the opposite vertex is called the height, h. In the

third illustration below, the base needs to be extended to help show the height.

h

b

h

b

h

b

The area of a triangle is given by the formula:

A =
1

2
bh =

1

2
× base × height

Note that
1

2
bh is equivalent to

bh

2
.
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616 Chapter 11 Measurement

Example 8 Finding areas of triangles

Find the area of each given triangle.

10 cm

9 cm

a

9 m

6 m

b

SOLUTION EXPLANATION

a area =
1

2
bh

=
1

2
× 10 × 9

= 45 cm2

Use the formula and substitute the values for

base length and height.

b area =
1

2
bh

=
1

2
× 6 × 9

= 27 cm2

The length measure of 9 m is marked at 90°

to the side marked 6 m. So 6 m is the length of

the base and 9 m is the perpendicular height.

Exercise 11E

1 For each of these triangles, what length would be used as the base?

8 cm

20 cm

a

2.1 m

7 mb

3 m

2 mc

6.3 cm

5 cm

d
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11E

2 For each of these triangles, what length would be used as the height?

6 m

11 ma

15 mm

11 mm

b

1.9 m4.1 m

c

3.2 mm

4.7 mm

d

3 Find the value of A in A =
1

2
bh if:

b = 5 and h = 4a b = 7 and h = 16b b = 2.5 and h = 10c

U
N
D
E
R
S
TA
N
D
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G

4Example 8 Find the area of each triangle given.

4 m

8 m

a

5 cm

12 cmb

16 m

20 m

c

2.4 m

1 m

d

3 mm

2 mm

e

7 km

7 kmf

1.3 cm

2 cm

g
4 m 

10 m 
h

5 m

1.7 mi

F
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N
C
Y

4–5(½), 74(½), 5, 6 4(½), 5, 6
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11E

5 Find the area of these triangles, which have been drawn on 1 cm grids. Give your answer in cm2.

a b

c d

6 A rectangular block of land measuring 40 m long by 24 m wide is cut in half along a diagonal.

Find the area of each triangular block of land.

7 A square pyramid has a base length of 120 m

and a triangular face of height 80 m. Find the

area of one triangular face of the pyramid.
80 m

120 m

F
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11E

8 Each face of a 4-sided die is triangular, with a base of 2 cm and a height of 1.7 cm. Find the total

area of all 4 faces of the die.

9 A farmer uses fencing to divide a triangular piece of land

into two smaller triangles, as shown. What is the difference

in the two areas?

18 m 26 m

40 m

10 A yacht must have two of its sails replaced as they have been damaged by a recent storm. One

sail has a base length of 2.5 m and a height of 8 m and the bigger sail has a base length of

4 m and a height of 16 m. If the cost of sail material is $150 per square metre, �nd the total cost

to replace the yacht’s damaged sails.

11 a The area of a triangle is 10 cm2 and its base length is 4 cm. Find its height.

b The area of a triangle is 44 mm2 and its height is 20 mm. Find its base length.

P
R
O
B
L
E
M
-S
O
LV
IN
G

9–118, 9 9, 10

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



620 Chapter 11 Measurement

11E

12 The midpoint, M, of the base of a triangle joins the opposite vertex. Is

the triangle area split in half exactly? Give reasons for your answer.

M

h

13 If the vertex C for this triangle moves parallel to the base AB,

will the area of the triangle change? Justify your answer.

A

C

B

14 The area of a triangle can be found using the formula A =
1

2
bh. Write down the formula to �nd

the base, b, if you are given the area, A, and height, h.

R
E
A
S
O
N
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G

13, 1412 12, 13

Estimating areas with curves

15 This diagram shows a shaded region that is
1

2
of 3 cm2 = 1.5 cm2.

Using triangles like the one shown here, and by counting whole squares also, estimate the

areas of these shapes below.

a b

c d
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11F Area of a parallelogram

Recall that a parallelogram is a quadrilateral with two pairs of

parallel sides. Opposite sides are of the same length and opposite

angles are equal.

Like a triangle, the area of a parallelogram is found by using

the length of one side (called the base) and the height (which is

perpendicular to the base.)

b°

b°

a°

a°

Lets start: Developing the rule

Start this activity by drawing a large parallelogram on a loose piece of paper. Ensure the opposite sides

are parallel and then use scissors to cut it out. Label one side as the base and label the height, as shown in

the diagram.

• Cut along the dotted line.

• Now shift the triangle to the other end of the

parallelogram to make a rectangle.

• Now explain how to �nd the area of a parallelogram.

height

base

Key
ideas

The area of a parallelogram is given by:

A = bh

where b is the base (one of the sides) and h is the height (perpendicular to the base).

h

b

h

b

Example 9 Finding the area of a parallelogram

Find the area of these parallelograms.

12 m

5 m

a

2 cm

3 cmb
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622 Chapter 11 Measurement

SOLUTION EXPLANATION

a A = bh

= 12 × 5

= 60 m2

Choose the given side as the base (12 m) and note

the perpendicular height is 5 m.

b A = bh

= 2 × 3

= 6 cm2

Use the given side as the base (2 cm), noting that

the height is 3 cm.

Exercise 11F

1 Copy and complete the following, using the given values of b and h.

b = 5, h = 7

A = bh

= ×

= 35

a b = 20, h = 3

A =

= 20 ×

=

b b = 8, h = 2.5

A =

= 8 ×

=

c

2 For each of these parallelograms, state the side length of the base and the height that might be

used to �nd the area.

6 cm

2 cm

a

10 m
4 m

b

7 m

5 m

c

5.8 cm

6.1 cm

d

2 cm

1.5 cm

5 cm
e 1.3 m

0.9 m

1.8 m

f
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11F

3Example 9 Find the area of these parallelograms.

10 m

4 m

a

7 m

4 m

b

12 km

3 km

c

7 m

2.5 m

d

3 cm

2.1 cm

e

15 m

2 mf

1.8 cm

1 cm

2.1 cm

g

2 cm

3 cm

7 cm
h

11 mm

20 mm
16 mm

i

4 These parallelograms are on 1 cm grids (not to scale). Find their area.

a b

c d

5 The #oor of an of�ce space is in the shape of a parallelogram. The longest sides are 9 m

and the distance between them is 6 m. Find the area of the of�ce #oor.

F
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3–4(½), 53(½), 4 3(½), 4, 5
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11F

6 Find the height of a parallelogram when its:

a area = 10 m2 and base = 5 m

b area = 28 cm2 and base = 4 cm

c area = 2.5 mm2 and base = 5 mm

7 Find the base of a parallelogram when its:

a area = 40 cm2 and height = 4 cm

b area = 150 m2 and height = 30 m

c area = 2.4 km2 and height = 1.2 km

8 A large wall in the shape of a parallelogram is to be painted with a special red paint, which

costs $20 per litre. Each litre of paint covers 5 m2. The wall has a base length of 30 m and a

height of 10 m. Find the cost of painting the wall.

9 A proposed rectangular #ag for a new country is yellow

with a red stripe in the shape of a parallelogram, as shown.

a Find the area of the red stripe.

b Find the yellow area.

30 cm 70 cm

60 cm

P
R
O
B
L
E
M
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O
LV
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G

7–96, 7 7, 8

10 Explain why this parallelogram’s area will be less than the given rectangle’s area.

10 cm

5 cm

10 cm

5 cm

11 A parallelogram includes a green triangular area, as shown.

What fraction of the total area is the green area? Give reasons for

your answer.

12 The area of a parallelogram can be thought of as twice the area of a

triangle. Use this idea to complete this proof of the rule for the area

of a parallelogram.

Area = twice triangle area

= 2 ×

=

b

h
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11FGlass façade

13 The Puerta de Europa (Gate of Europe) towers are twin of�ce buildings in Madrid, Spain. They

look like normal rectangular glass-covered skyscrapers but they lean towards each other at an

angle of 15° to the vertical. Two sides are parallelograms and two sides are rectangles. Each

tower has a vertical height of 120 m, a slant height of 130 m and a square base of side 50 m.

All four sides are covered with glass. If the glass costs $180 per square metre, �nd the cost of

covering one of the towers with glass. (Assume the glass covers the entire surface, ignoring the

beams.)

120 m

50 m
50 m

130 m
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11G Area of composite shapes EXTENDING

The areas of more complicated shapes can be

found by dividing them up into more simple

shapes, such as the rectangle and triangle. We can

see this in an aerial view of any Australian city.

Such a view will show that many city streets are

not parallel or at right angles to each other. As a

result this causes city blocks to form interesting

shapes, many of which are composite shapes

made up of rectangles and triangles.

Let’s start: Dividing land to @nd its area Streets, parks and buildings form complex shapes

that can be made up of triangles and rectangles.

Working out the area of this piece of land could be

done by dividing it into three rectangles, as shown.

• Can you work out the area using this method?

• What is another way of dividing the land to �nd its area? Can you

use triangles?

• What is the easiest method to �nd the area? Is there a way that uses

subtraction instead of addition?

20 m

30 m

20 m

10 m

30 m

Key
ideas

Composite shapes are made up of more than one simple shape.

The area of composite shapes can be found by adding or subtracting the areas of simple shapes.

A square plus a triangle A rectangle subtract a triangle

Example 10 Finding the area of composite shapes

Find the area of each of these composite shapes.

9 m

12 m

5 m

a

6 cm

4 cm

b
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SOLUTION EXPLANATION

a A = l × w +
1

2
bh

= 9 × 5 +
1

2
× 3 × 5

= 45 + 7.5

= 52.5 m2

Divide the shape into a rectangle and triangle and

�nd the missing lengths.

9 m

9 m 3 m

5 m 5 m

b A = l2 -
1

2
bh

= 62 -
1

2
× 6 × 4

= 36 - 12

= 24 cm2

Subtract the triangle (
1

2
× 6 × 4) at the top of the

shape from the larger square (6 × 6).

6 cm

6 cm

6 cm

4 cm

Exercise 11G

1 Copy these diagrams and draw a dotted line where you might divide these shapes into two

more simple shapes.

a b c

2 To �nd the area of each of the following shapes, decide if the easiest method would involve

the addition of two shapes or the subtraction of one shape from another.

a b c

U
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11G

3 Copy and complete the solutions for the areas of these shapes.

1 cm

1 cm

2 cm

3 cm

a

4 m

4 m

13 m

5 mb

A = l2 +

= 12 + 3 ×

= +

= cm2

A = lw -

= × 8 -
1

2
× ×

= -

= m2

U
N
D
E
R
S
TA
N
D
IN
G

4Example 10 Find the area of these composite shapes by adding together the area of simpler shapes.

4 m

6 m

3 m

a

10 mm

10 mm

40 mm

b

3 m

8 m

2 mc

3 m

5 m

9 m

d

9 cm

21 cm

17 cm

e
6 km

10 km

3 km

f

5Example 10 Use subtraction to �nd the area of these composite shapes.

6 m

7 m

2 m

3 ma

10 cm

3 cm

3 cm

b

F
L
U
E
N
C
Y

4–5(½)4, 5 4, 5(½)
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2 m

5 m

6 m

c

9 m

9 m

8 m

4 m

d

20 cm

14 cm

e
1 m

4 m

2.5 m

f

F
L
U
E
N
C
Y

6 Find the areas of these composite shapes.

4 cm

8 cm

5 cm

a

2 m

b

20 cm

4 cm
15 cm

c

7 By �nding the missing lengths �rst, calculate the area of these composite shapes.

12 cm

a

4 m

3.5 m

2 m

b

2 m

5 m

c

1 cm

2 cm

3.5 cm

6 cm

d

P
R
O
B
L
E
M
-S
O
LV
IN
G

7–96, 7 7, 8
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11G

8 A wall has three square holes cut into it to allow

for windows, as shown. Find the remaining area

of the wall.

1.2 m

2.4 m

6 m

9 A factory #oor, with dimensions shown opposite, is to be covered with

linoleum. Including underlay and installation, the linoleum will cost $25 per

square metre. The budget for the job is $3000. Is there enough money in the

budget to cover the cost?

10 m

12 m

5 m

4 m

P
R
O
B
L
E
M
-S
O
LV
IN
G

10 Explain why using subtraction is sometimes quicker than using addition to

�nd the area of a composite shape. Refer to the diagram as an example.

11 The 4-sided shape called the trapezium has one pair of

parallel sides.

a For the trapezium shown opposite, is it possible to �nd

the base length of each triangle on the sides? Justify your

answer.

6 m

10 m

5 m

b Can you come up with a method for �nding the area of this trapezium using the rectangle and

triangles shown in the diagram? Use diagrams to explain your method.

R
E
A
S
O
N
IN
G

10, 1110 10

Adding to in@nity

12 The square given opposite, which has an area of 1 unit, is divided to

show the areas of
1

2
,
1

4
,
1

8
,…

a Similar to the one shown opposite, draw your own square,

showing as many fractions as you can. Try to follow the spiral

pattern shown. Note: The bigger the square you start with, the

more squares you will be able to show.

1

2

1

4

1

8
1

16

1

32

1

1b i Write the next 10 numbers in this number pattern.

1

2
,
1

4
,
1

8
,…

ii Will the pattern ever stop?

c What is the total area of the starting square?

d What do your answers to parts b ii and c tell you about the answer to the sum below?

1

2
+
1

4
+
1

8
+
1

16
+…(continues forever)

E
N
R
IC
H
M
E
N
T

12— —
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Progress quiz

111A

Ext

Which metric unit would be most

appropriate for measuring the lengths of:

the height of the classroom?a

the width of your thumbb

the distance from Sydney to Canberra?c

211B Convert to the units given in brackets.

4 m (cm)a 2 m (mm)b 3.5 cm (mm)c

3 km (m)d 1.45 km (m)e 23 000 m (km)f

311C Find the perimeter of each of these shapes.

5 cm

5 cm

46 mm

a

1.2 m

4 m

b 70 cm

25 cm
32 cm

52 cm

c

411D Find the area of this rectangle and square.

45 cm

2 m

a

7 cm

b

511E Find the area of each given triangle.

4 m

5 m
3 m

a

9 m

7 m

b

4
.4

 m
c

5 mm

8 mm

d
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611F Find the area of these parallelograms.

5 cm

11 cm

a 9 m

8.1 m

b

1
6
 m

m

12 mm

20 mm

c

711G

Ext

Find the area of these composite shapes.

15 m 12 m

13 m
5 m

a 1 m

1 m

5 m

5 m

b

40 m

41 m

9 m

c

811C/D The perimeter of a square made of thin wire is 60 cm. Find:

a the area of this square

b the area of a rectangle made with this wire, if its length is twice its width

c the number of smaller squares that can be made from this wire if each square has

an area of 4 square centimetres
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11H Volume of rectangular prisms

The amount of space inside a three-dimensional

(3D) object is called volume. Volume is measured

in cubic units such as the cubic centimetre, which is

1 cm long, 1 cm wide and 1 cm high.

Just like the topics of length and area, different units

can be selected, depending on the size of the volume

being measured. For example, the volume of water

in the sea could be measured in cubic kilometres

and the volume of concrete poured from a cement

mixing truck could be measured in cubic metres.

The Pacific Ocean contains hundreds of thousands of

cubic kilometres of water.

Let’s start: Volume

We all know that there are 100 cm in 1 m, but do you know howmany cubic centimetres are in 1 cubic metre?

• Try to visualise 1 cubic metre – 1 metre long, 1 metre wide and 1 metre

high. Guess how many cubic centimetres would �t into this space.

• Describe a method for working out the exact answer. Explain how your

method works.

Key
ideas

Volume is measured in cubic units.

The common metric units for volume include:

• cubic millimetres (mm3)

1 mm

1 mm
1 mm

(Not drawn to scale.)

• cubic centimetres (cm3)
1 cm

1 cm
1 cm
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Key
ideas

• cubic metres (m3)

(Not drawn to scale.)

1 m

1 m

1 m

• cubic kilometres (km3)

(Not drawn to scale.)

1 km

1 km

1 km

The volume of a rectangular prism is given by the formula:

V = length × width × height

= lwh

• A rectangular prism is also called a cuboid. l

h

w
V = lwh

The volume of a cube is given by:

V = l × l × l

= l3

l
l

l
V = l 3

Example 11 Finding the volume of a cuboid

Find the volume of this rectangular prism.

8 cm
3 cm

4 cm

SOLUTION EXPLANATION

V = lwh

= 8 × 3 × 4

= 96 cm3

Use the formula for the volume of a

rectangular prism, then substitute the three

lengths into the formula.
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Exercise 11H

1 For each of these solids, count the number of cubic units to �nd its volume.

a b

c d

e f

2 Copy and complete the working shown for each of these solids.

4 cm
2 cm

3 cm
a

1 m
3 m

6 m

b

2 km

2 km

2 km

c

V = lwh

= 4 × ×

= cm3

V = lwh

= 1 × ×

=

V = lwh

= 2 × ×

= km3

U
N
D
E
R
S
TA
N
D
IN
G

—1, 2 2
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11H

3Example 11 Find the volume of these rectangular prisms.

7 m
4 m

3 m
a

5 cm
2 cm

1 cmb

7 cm

7 cm

2 cm

c

3 cm

d

10 km

e

1.4 mm

f

10 m

1 mg

5 km

1.5 kmh

4 A fruit box is 40 cm long, 30 cm wide and 20 cm high. Find its volume.

5 A shipping container is 3 m wide, 4 m high and 8 m long. Find its volume.

6 A short rectangular ruler is 150 mm long, 40 mm wide and 2 mm thick. Find its volume.

7 There is enough ice on Earth to �ll a cube of side length 300 km. Find the approximate volume

of ice on Earth.
F
L
U
E
N
C
Y

3(½), 5, 73–6 3(½), 4, 5, 7
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11H

8 These solids are made up of more than one rectangular prism. Use addition or subtraction to �nd

the volume of the composite solid.

4 cm
3 cm

2 cm

2 cm

5 cm

a

10 m

3 m

4 mb

8 cm

9 cm

2 cm

4 cm

c

9 A box measuring 30 cm long, 20 cm high and 30 cm wide is packed with matchboxes, each

measuring 5 cm long, 2 cm high and 3 cm wide. How many matchboxes will �t in the box?

10 The outside dimensions of a closed wooden box are 20 cm by 20 cm by 20 cm. If the box is

made from wood that is 2 cm thick, �nd the volume of air inside the box.

11 a The area of one face of a cube is 25 cm2. Find the cube’s volume.

b The perimeter of one face of a cube is 36 m. Find the cube’s volume.

P
R
O
B
L
E
M
-S
O
LV
IN
G

9–118, 9 9, 10

12 We can �nd the area of this shaded triangle by thinking of it as half a

rectangle. Use the same idea to �nd the volume of each of these solids.

a b c

R
E
A
S
O
N
IN
G

12, 1312 12
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11H

13 a Find the height of these rectangular prisms with the given volumes. Use trial and error

if you prefer.

4 m

V = 16 m3

2 m

?
i

3 cm

V = 45 cm3

?

ii

2 cm
4 cm

V = 56 cm3

?

iii

V = 54 m3

2 m
9 m

iv

b Can you explain a method that always works for �nding the height of a rectangular prism?

c Use V, l and w to write a rule for h.

R
E
A
S
O
N
IN
G

Cubic conversions

14 a The diagram shows a 1 cm3 block that is divided into cubic

millimetres.

How many mm3 are there along one edge of the cube?i

How many mm3 are there in one layer of the cube?

(Hint: How many cubes sit on the base?)

ii

How many layers of mm3 are there in the cube?iii

Use your answers from parts i to iii above to now calculate how

many mm3 there are in 1 cm3.

iv

1 cm

1 cm

1 cm

b Use a similar method to calculate the number of:

cm3 in 1 m3i

m3 in 1 km3ii

c Complete the diagram shown.

____

÷ ____

km3 m3

____

÷ ____

cm3

____

÷ ____

mm3

× × ×

E
N
R
IC
H
M
E
N
T

14— —
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11I Capacity CONSOLIDATING

Capacity relates to the volume of #uid or

gas that a container can hold. For example,

the capacity of a water tank may be 5000

litres, or a farmer’s water allocation might be

300 megalitres (meaning 300 million litres).

The basic unit is the litre, which contains

1000 cm3 of space. Other common metric

units for capacity include the millilitre,

kilolitre and megalitre. There is a clear

link between capacity and volume, as they

both relate to the space occupied by a

three-dimensional object. Irrigation channels carry megalitres of water to farms.

Let’s start: Water containers

Will, Tony and Ethan each bring a container to collect some water from a fountain.

• Will says his container holds 2 litres.

• Tony says his container holds 2000 cm3.

• Ethan says his container holds 2000 millilitres.

Who can collect the most water? Give reasons for your answer.

Key
ideas

Capacity is the volume of #uid or gas that an object can hold.

Common metric units include:

• 1 litre (L) = 1000 millilitres (mL)

• 1 kilolitre (kL) = 1000 litres (L)

• 1 megalitre (ML) = 1000 kilolitres (kL)

× 1000

÷ 1000

ML kL

×1000

÷ 1000

L

×1000

÷ 1000

mL

Relating volume and capacity

• 1 cm3 = 1 mL

• 1 m3 = 1000 L = 1 kL

1 L

M
I
L
K

(1000 mL)

1000 cm3

M
I
L
K
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Example 12 Converting units for capacity

Convert to the units shown in brackets.

500 mL (L)a 3 ML (L)b

SOLUTION EXPLANATION

a 500 mL = 500 ÷ 1000

= 0.5 L

When converting to a larger unit, divide.

There are 1000 mL in 1 L.

b 3 ML = 3 × 1000 kL

= 3 × 1000 × 1000 L

= 3 000 000 L

There are 1000 kL in 1 ML and 1000 L in

1 kL. So 1 ML is 1 million litres.

Example 13 Converting cm3 to litres

Find the capacity of this container, in litres.

20 cm

10 cm

SOLUTION EXPLANATION

V = 20 × 10 × 10

= 2000 cm3

= 2000 mL

= 2000 ÷ 1000 L

= 2 L

V = lwh

1 cm3 = 1 mL

There are 1000 mL in 1 litre.

Exercise 11I

1 Complete these sentences.

a 1 mL contains the volume of cm3.

b 1 L contains mL.

c 1 L contains cm3.

d 1 kL contains L.

e 1 ML contains kL.

U
N
D
E
R
S
TA
N
D
IN
G

—1–3 3
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11I

2 Circle or write down which volumes are the same.

a 1 L, 10 kL, 1000 mL, 1 m3, 1000 cm3

b 1 m3, 100 L, 1000 L, 1000 ML, 1 kL

3 From options A to F, choose the capacity that best matches the given container.

teaspoona 18 LA

cupb 250 mLB

bottlec 10 kLC

kitchen sinkd 20 mLD

water tanke 45 MLE

water in a lakef 0.8 LF

U
N
D
E
R
S
TA
N
D
IN
G

4Example 12 Convert to the units shown in brackets.

2 L (mL)a 0.1 L (mL)b 6 ML (kL)c 24 kL (L)d

2000 L (kL)e 3500 mL (L)f 70 000 mL (L)g 2500 kL (ML)h

0.257 L (mL)i 9320 mL (L)j 3.847 ML (kL)k 47 000 L (kL)l

0.5 kL (L)m 91 000 kL (ML)n 0.42 L (mL)o 170 L (kL)p

5 Read these scales to determine the amount of water in each of the containers.

mL

10

20

5

15

25
a

m3

2

4

1

3

b

mL

500

1 L

250

750

c

6 A cup of 200 mL of water is added to a jug already containing 1 L of water. Find the total

volume in:

mLa Lb

7Example 12 Convert to the units shown in brackets.

6 ML (L)a 320 000 L (ML)b

0.004 kL (mL)c 992 700 mL (kL)d

8 A farmer purchases 3.3 ML of water for her apple

orchard. How many litres is this?

F
L
U
E
N
C
Y

4(½), 6, 7(½), 9(½)4(½), 5–7, 9(½) 4(½), 5, 7, 8, 9(½)
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11I

9Example 13 Find the capacity of each of these containers, in litres.

10 cm

10 cm

15 cm

a

5 cm

8 cm
12 cm

b

9 cm

3 cm

6 cm

c

13 cm
32 cm

21 cm

d

50 cm

10 cm

e

32 cm

f

F
L
U
E
N
C
Y

10 A swimming pool in the shape of a rectangular prism has length 50 m, width 25 m and depth

2 m. Find the swimming pool’s:

volume, in m3a capacity, in Lb

11 A dripping tap leaks about 10 mL

every minute.

a If there are 50 drips per minute,

�nd the volume of one drip.

b Find the approximate volume of

water, in litres, that has leaked

from a tap after the following

time periods.

100 minutesi

1 hourii

1 dayiii

1 yeariv

12 A dose of 12 mL of medicine is to be taken twice each day from a 0.36 L bottle. How many

days will it take to �nish the medicine?

P
R
O
B
L
E
M
-S
O
LV
IN
G

12–1410, 11 11, 12
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11I

13 A gas bottle contains 50 L of liquid gas. If the liquid gas is used at a rate of 20 mL per minute,

how many hours will the gas bottle last?

14 A city’s dams have 2 million megalitres of water and the average daily consumption of

the city’s people is 400 L per day per person. If the city’s population is 5 million people,

how long will the dam supply last without further water catchment?

P
R
O
B
L
E
M
-S
O
LV
IN
G

15 If x is any number, then x litres is the same as 1000 × x = 1000x millilitres because there are

1000 mL in 1 L. Write expressions for x L in the following units.

cm3a m3b kLc MLd

16 a A rectangular prism has length l cm, width w cm and height h cm. Write an expression for the

capacity of the container measured in:

cm3i mLii Liii kLiv

b A rectangular prism has length l m, width w m and height h m. Write an expression for the

capacity of the container measured in:

m3i Lii kLiii MLiv

R
E
A
S
O
N
IN
G

15, 1615 15

Added depth

17 A container is 10 cm long, 5 cm wide and 8 cm high.

a Find the depth of water when the following amounts of water are

poured in. (Remember: 1 mL = 1 cm3.)

400 mLi 200 mLii 160 mLiii

10 cm
5 cm

8 cm

b After adding 200 mL, a further 30 mL is added. What is the increase in depth?

c A 1-litre container of milk has a base area of 8 cm by 7 cm.

After 250 mL of milk is poured out, what is the depth of the milk

remaining in the container? Give your answer to the nearest mm.

E
N
R
IC
H
M
E
N
T

17— —
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11J Mass and temperature CONSOLIDATING

The scales for both mass and temperature are based on

the properties of water. In France in 1795, the gram

was de�ned as being the weight of 1 cm3 of water at

0°C. Later it was rede�ned to be the weight at 4°C, as

this is considered to be the temperature at which water

is the most dense. So, 1 litre of water is very close to

1 kilogram, which is the basic unit for mass. Other

units for mass include the tonne, gram and milligram.

A small car has a mass of about 1 tonne and a 20-cent

coin has a mass of about 11 grams. A small car has a mass of about 1 tonne.

Temperature tells us how hot or cold something is. Anders Celsius (1701–1744), a Swedish scientist, worked

to de�ne a scale for temperature. After his death, temperature was of�cially de�ned by:

• 0°C (0 degrees Celsius) – the freezing point of water.

• 100°C (100 degrees Celsius) – the boiling point of water (at one standard degree of pressure).

This is still the common understanding of degrees Celsius. As mentioned in Chapter 10, Fahrenheit is

another scale used for temperature. This is investigated further in the Enrichment questions.

Let’s start: Choose a unit of mass

Choosing objects for given masses

Name �ve objects of which their mass would

commonly be measured in:

• tonnes

• kilograms

• grams

• milligrams.

Choosing places for given temperatures

Is it possible for the temperature to drop below 0°C?

How is this measured and can you give examples of

places or situations where this might be the case?

Ice melts at 0°C.
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Key
ideas

The basic unit for mass is the kilogram (kg). 1 litre of water has a mass that is very close to

1 kilogram.

Metric units for mass include:

• 1 gram (g) = 1000 milligrams (mg)

• 1 kilogram (kg) = 1000 grams (g)

• 1 tonne (t) = 1000 kilograms (kg)

×1000

÷1000

t kg

×1000

÷1000

g

×1000

÷1000

mg

The common unit for temperature is degrees Celsius (°C).

• 0°C is the freezing point of water.

• 100°C is the boiling point of water.

Example 14 Converting units of mass

Convert to the units shown in brackets.

2.47 kg (g)a 170 000 kg (t)b

SOLUTION EXPLANATION

a 2.47 kg = 2.47 × 1000 g

= 2470 g

1 kg = 1000 g

Multiply because you are changing to a

smaller unit.

a 170 000 kg = 170 000 ÷ 1000 t

= 170 t

1 t = 1000 kg

Divide because you are changing to a larger

unit.

Exercise 11J

1 Circle or write down the pair of equal mass measurements.

1 kg, 100 g, 1000 g, 10 ta 1000 mg, 10 kg, 1 g, 1000 tb

2 From options A to F, choose the mass that best matches the given object.

human haira 300 gA

10-cent coinb 40 kgB

bottlec 100 mgC

large bookd 1.5 kgD

large bag of sande 13 tE

truckf 5 gF

U
N
D
E
R
S
TA
N
D
IN
G

—1–3 3
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11J

3 From options A to D, choose the temperature that best matches the description.

temperature of coffeea 15°CA

temperature of tap waterb 50°CB

temperature of ovenc -20°CC

temperature in Antarcticad 250°CD

U
N
D
E
R
S
TA
N
D
IN
G

4Example 14 Convert to the units shown in brackets.

2 t (kg)a 70 kg (g)b 2.4 g (mg)c 2300 mg (g)d

4620 mg (g)e 21 600 kg (t)f 0.47 t (kg)g 312 g (kg)h

27 mg (g)i
3

4
t(kg)j

1

8
kg(g)k 10.5 g (kg)l

210 000 kg (t)m 0.47 t (kg)n 592 000 mg (g)o 0.08 kg (g)p

5 Read these mass scales.

1234567

kg

a

2
6

101416 2
0g

b

120

t

40

80

c

6 Read these temperature scales.

5

10

15

°Ca

34

36

38

40

°Cb

10

15

20

°Cc

°C
3000

25050

200100

150

d 1 2

°C

e

°C

9
1
8

27
36
45

f

F
L
U
E
N
C
Y

4(½), 5, 6(½), 8, 10, 114(½), 5–9 4(½), 5, 6(½), 7, 9, 10
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7 A small truck delivers 0.06 t of stone for a garden. Write the mass of stones using these units.

kga gb mgc

8 A box contains 20 blocks of cheese, each weighing 150 g. What is the approximate mass of the

box in the following units?

ga kgb

9 The temperature of water in a cup is initially

95°C. After half an hour the temperature is 62°C.

What is the drop in temperature?

10 An oven is initially at a room temperature of

25°C. The oven dial is turned to 172°C. What is

the expected increase in temperature?

11 Add all the mass measurements and give the

result in kg.

a 3 kg, 4000 g, 0.001 t

b 2.7 kg, 430 g, 930 000 mg, 0.0041 t

F
L
U
E
N
C
Y

12 Arrange these mass measurements from smallest to largest.

a 2.5 kg, 370 g, 0.1 t, 400 mg

b 0.000 32 t, 0.41 kg, 710 g, 290 000 mg

13 The highest and lowest temperatures recorded over a 7-day period are as follows.

Day 1 2 3 4 5 6 7

Lowest temperature (°C) 8 6 10 9 7 8 10

Highest temperature (°C) 24 27 31 32 21 19 29

a Which day had the largest temperature range?

b What is the largest temperature drop from the highest temperature on one day to the lowest

temperature on the next day?

c What would have been the �nal temperature on Day 7 if the temperature increased from

the minimum by 16°C?

14 A 10 kg bag of #our is used at a rate of 200 g per day. How many days will the bag of #our last?

15 A boat has a weight limit of 3.5 t carrying capacity. Loaded onto the boat are 1500 tins of coffee

at 500 g each, 36 bags of grain at 20 kg each, 190 boxes of tobacco at 5.5 kg each and 15 people,

averaging 80 kg each. Is the load too much for the weight limit of the boat?

P
R
O
B
L
E
M
-S
O
LV
IN
G

14–1612, 13 13, 14
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11J

16 A truck tare mass (i.e. mass

with no load) is 13.2 t. The

truck’s gross mass is 58.5 t.

This is the total maximum

mass allowed, including the

load.

a What is the maximum

load the truck can carry?

b The truck is loaded with

120 timber beams at

400 kg each. Will it

exceed its gross weight

limit?

P
R
O
B
L
E
M
-S
O
LV
IN
G

17 Water weighs 1 kg per litre. What is the mass of these volumes of water?

1 mLa 1 kLb 1 MLc

18 The containers shown below are �lled with water. Calculate the mass of water in each

container, in kg.

20 cm

40 cm

15 cm
a

1 m

b

15 m2 m

12 m

c

19 The kelvin (K) is a temperature unit used by many

scientists, where 273K is approximately 0°C. (The

kelvin used to be called the ‘degree kelvin’ or °K.) An

increase in 1 K is the same as an increase in 1°C.

a Write the following temperatures in °C.

283 Ki 300 Kii 1000 Kiii

b Write the following temperatures in kelvins.

0°Ci 40°Cii -273°Ciii
Liquid nitrogen freezes at –210°C and

boils at –196°C.

R
E
A
S
O
N
IN
G

18, 1917 17, 18
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11JFahrenheit

20 Daniel Fahrenheit (1686–1736) proposed the Fahrenheit temperature scale in 1724. It was

commonly used in Australia up until the mid-twentieth century, and is still used today in the

United States.

32°F is the freezing point of water.

212°F is the boiling point of water.

a What is the difference between the temperature, in Fahrenheit, for the boiling point of water

and the freezing point of water?

b 1°F is what fraction of 1°C?

c 1°C is what fraction of 1°F?

d To convert from °F to °C, we use the formula C = (F - 32) ×
5

9
. Convert these Fahrenheit

temperatures to °C.

32°Fi 68°Fii 140°Fiii 221°Fiv

e Find the rule to convert from °C to °F. Test your rule to see if it works and write it down.

E
N
R
IC
H
M
E
N
T

20— —
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Investigation

Opal mining

Greg, Sally and Alston apply for a

mining licence to look for opals at

Coober Pedy in South Australia. They

are required to choose an area and

mark it out with special orange tape so

that others will know which areas are

already taken. Their length of tape is

200 m.

Square mining areas

They �rst decide to mark out an area as a square.

a Make a drawing of their square area.

b Calculate the side length and area and show this on your diagram. Also show any working.

Rectangular mining areas

They then change the mining area and experiment with different side lengths.

a Show three possible lengths and areas for rectangular mining sites.

b Complete a table similar to the one below. Fill in the missing numbers for the side lengths given,

then add your own rectangle measurements from part a above.

Length Width Perimeter Area

10 200

20 200

35 200

200

200

200

c Are there any rectangles that give a larger area than the square mining area from above?
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Circular mining areas

They now decide to try to arrange the tape to form a circle. For this section you will need the rule

to calculate the distance around a circle (circumference). The circumference C is given by

C = 2 × p × r where r is the length of the radius and p ¥ 3.14.

r
C

a Calculate the radius of the circle correct to one decimal place. Use a trial and error (guess and

check) technique and remember that the circumference will be 200. Explain and show your method

using a table of values.

b Calculate the area of the circular mining area correct to the nearest square metre. Use the

special rule for the area of a circle A which is given by A = p × r2.

The largest area

Compare the areas marked out with the 200 m tape by Greg, Sally and Alston. Comment on any

differences. Which shape gives the largest area for the given perimeter? Would your answer be the

same if any shape were allowed to be used? Explain.
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Problems and challenges
Up for a challenge? If you

get stuck on a question,

check out the 'Working

with unfamiliar problems'

poster at the end of the

book to help you.

1 Without measuring, state which line looks longer: A or B? Then measure to check your answer.

A

OR

B

2 You have two sticks of length 3 m and 5 m, both with no scales. How might you mark a length

of 1 m?

3 Count squares to estimate the area of these circles if each grid square is 1 cm across.

a b

A house roof has 500 m2 of area. If there is

1 mm of rainfall, how much water, in litres,

can be collected from the roof?

4

5 Work out the volume of this rectangular prism with the given face areas.

6 m2
8 m2

12 m2

6 Find the area of the shaded region.

7 A cube of side length 20 cm contains 5 L of water.

a What is the depth of water in the cube?

b What is the increase in depth if 1.5 L is added to the

cube of water?

7 cm

3 cm

8 These two rectangles overlap, as shown. Find the total

area of the shaded region.

8 cm

5 cm

4 cm

6 cm

3 cm

2 cm
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Measurement

 

Roman (Ext)

Length

Area

Volume

16 digits = 12 inches = 1 foot

5 feet = 1 pace

1000 paces = 1 mile

Imperial (Ext)

   12 inches = 1 foot

      3 feet = 1 yard

1760 yards = 1 mile

Metric

 10 mm = 1 cm

100 cm = 1 m

1000 m = 1 km

Perimeter

Capacity

   1 L = 1000 mL

 1 kL = 1000 L

1 ML = 1000 kL

and    1 mL = 1 cm3

          1 m3 = 1000 L

 
Rectangular prism

Metric

mm3

cm3

m3

km3

V = lwh

   = 5 × 4 × 2 = 40 cm3

Temperature

°C (Celsius)

P = 2 × 2.1 + 1.5 + 3

   = 8.7 cm

2.1 cm

1.5 cm
3 cm

Mass

  1 g = 1000 mg

1 kg = 1000 g

  1 t  = 1000 kg

5 cm
4 cm

2 cm

 

Composite shapes (Ext)

A = l × w +    bh

   = 18 × 10 +     × 10 × 9

   = 225 m2

8 m
19 m

18 m
10 m

 
Triangle

3 m

2 m

Rectangle

A = lw

   = 4 × 2

   = 8 cm2 

4 cm

2 cm

1
2

1
2

A =    bh

   =    × 3 × 2

   = 3 m2

1
2
1
2

 
Parallelogram

2 cm

5 cm

A = 6h

   = 5 × 2

   = 10 cm2

Square

9 m

Metric
mm2

cm2

m2

ha

km2

1 ha = 10 000 m2

A = l 2

   = 92

   = 81 m2
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Multiple-choice questions

111A Which of the following are imperial units?

Ext
cmA paceB digitC yardD litreE

211B Shonali buys 300 cm of wire that costs $2 per metre. How much does she pay for the wire?

$150A $600B $1.50C $3D $6E

311C The triangle given has a perimeter of 20 cm. What is the missing base

length?

6 cmA 8 cmB 4 cmC

16 cmD 12 cmE

?

8 cm

411D The area of a rectangle with length 2 m and width 5 m is:

10 m2A 5 m2B 5 mC 5 m3D 10 mE

511E A triangle has base length 3.2 cm and height 4 cm. What is its area?

25.6 cm2A 12.8 cmB 12.8 cm2C 6 cmD 6.4 cm2E

611G The total area of this composite shape is:

Ext 56 km2A 45.5 km2B 35 km2C

10.5 km2D 24.5 km2E

3 km

7 km

5 km

711H A cube has a side length of 3 cm. Its volume is:

27 cm3A 9 cm2B 3 cmC 9 cm3D 36 cm3E

811I 2000 cm3 is the same as:

2 m3A 2 LB 2 kLC 2 mLD 2 tE

911J 9 tonnes of iron ore is being loaded onto a ship at a rate of 20 kg per

second. How many minutes will it take to load all of the 9 tonnes

of ore?

0.75 minA 45 minB 7.3 minC

450 minD 7.5 minE

1011F The base length of a parallelogram is 10 cm and its area is 30 cm2. The parallelogram’s

height is:

10 cmA 3 cmB 30 cmC 3 cm2D 10 m2E

C
ha
pt
er
re
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ew
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Short-answer questions

111A a

Ext

Using the Roman system, state how many:

digits in 1 footi paces in 1 mileii

b Using the imperial system, state how many:

feet in 1 yardi inches in 1 footii

c Using the metric system, state how many:

millimetres in 1 cmi centimetres in 1 kmii

211B Convert to the units shown in brackets.

5 cm (mm)a 200 cm (m)b 3.7 km (m)c 421 000 cm (km)d

7.1 kg (g)e 24 900 mg (g)f 28 490 kg (t)g 0.009 t (g)h

4000 mL (L)i 29 903 L (kL)j 0.4 ML (kL)k 0.001 kL (mL)l

1 day (min)m 3600 s (min)n 84 h (days)o 2.5 h (s)p

311B Read these scales.

cm
1 2 3

a

cm 1 2 3

b

1

2
3

kg

4

5

c

L

4

8

10

2

6

d

411C Find the perimeter of these shapes.

4 m

a

3.2 cm

7.1 cm

b

9 m

5 mc

7 km

9 km

4 km

8 km

d

0.4 mm

e

6 m

f

C
ha
pt
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511D/E/F Find the area of each of the following shapes.

4.9 cm

a 2 km

7 km

b

15 m

9 m

c 6 cm

4 cm

d

8 m

3.5 m

e

1 cm

1 cm

1 cm

3 cm

f

7 m

2 m

g

1.5 km

0.6 km

h

611G Find the area of these composite shapes.

Ext

4 m

7 m

4 m

a
Ext

2 mm

5 mm

b

Ext

22 cm

15 cm

9 cm

9 cm

c
Ext

4 m

2 m

6 m

12 m

d

711H Find the volume contained in each of these solids.

1 cm cubes

a

1 cm

2.5 cm

3 cm

b

4 mm

c

C
ha
pt
er
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811I A rectangular �sh tank is of length 60 cm, width 40 cm and height 30 cm. Give the tank’s capacity in:

cm3a mLb Lc

911J Arrange these measurements from smallest to largest.

a 3 t, 4700 kg, 290 000 g, 45 mg

b 50 000 mL, 1 ML, 51 L, 0.5 kL

Extended-response questions

1 A truck carries a large rectangular container of dimensions 6 m long, 3 m wide and 2 m high. The

truck weighs 15.4 tonnes without its load.

a Find the area of the base of the container in:

m2i cm2ii

b Find the volume of the container in m3.

c How many litres of water could the truck hold in the container?

d Since 1 L of water weighs 1 kg, give the weight of the truck if the container was �lled with water.

Give your answer in tonnes.

e The truck completes three journeys, which take, on average, 1 hour, 17 minutes and

38 seconds per trip. What is the total time for the three journeys?

2Ext Lachlan builds a race track around the

outside of his family house block. The block

combines rectangular and triangular area, as

shown in the diagram.

a How far is one complete circuit of the

track?

18 m

36.3 m

10 m

15 m house

b Lachlan can jog 10 laps at about 33 seconds each. What is the total time, in minutes and seconds,

that it takes him to complete the 10 laps?

c What is the total area of the block?

d The house occupies 100 m2 and the rest of the block is to have

instant turf, costing $12 per square metre. What will be the cost

for the instant turf?

e The house sits on a concrete slab that is 50 cm deep. What is the

volume of concrete, in m3?

C
ha
pt
er
re
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ew
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Semester review 2
Negative numbers
Multiple-choice questions

1 Which of the following statements is incorrect?

-2 > -4A 0 < 5B 0 < -10C -9 < -8D -5 < 3E

2 12 + (-9) - (-3) is the same as:

12 + 9 + 3A 12 - 9 + 3B 12 - 9 - 3C 12 - 12D 12E

3
Ext

If a = -3, the value of -2a2 is:

36A -36B 18C -18D 12E

4 The coordinates of the point that is 3 units below (3, 1) is:

(0, 1)A (0, -2)B (0, -1)C (3, 4)D (3, -2)E

5
Ext

12 × (-4 + (-8) ÷ 2) equals:

-96A 72B -72C 60D 96E

Short-answer questions

1 For each of the following, insert =, > or < .

-3 3a -10 ÷ 2 5b -20 × (-1)
- 40

- 2
c

2 Calculate:

-5 + (-8)a 12 - 96b -12 - 96c

-4 - 8 - 9d -12 + 96e -7 - (-7)f

3
Ext

Find:

-6 × 4a -9 × 8 × (-1)b (-12)2c

- 9 × (-7)

3
d -150 ÷ (-2 - 3)e -10 + 7 × (-3)f

4
Ext

State whether the answer to each of the following is positive or negative.

-3 × (-3) × (-3)a -109 × 142 × (-83)b -2 × (-1 - (-3))c

5
Ext

Copy and complete.

+ 9 = -6a × (-3) = -6 × (-4)b 16 × = -64c

6
Ext

If a = 6 and b = -4, .nd the value of:

-a + ba a - bb 2(b - a)c

-ab2d a2 + b2e 24 ÷ (ab)f
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Extended-response question

1 Refer to the given Cartesian plane when answering these questions.

a Name any point that lies in the .rst

quadrant.

b Name any point(s) with a y value of zero.

Where does each point lie?

c Which point has coordinates (-1, -2)?

d Find the distance between points:

A and Bi D and Eii

e What shape is formed by joining the points

IDAG?

f What is the area of IDAG?

2

3

1

−2

−3

−1
−2−3 −1 2 31

H

G

F
E

A

D
CI

B

4 5
O

y

x

g ABXD are the vertices of a square. What are the coordinates of X?

h Decode: (2, 2), (2, -3), (0, 2), (-1, 2), (2, 2), (2, -3)

Statistics and probability
Multiple-choice questions

The following information is relevant for Questions 1 and 2.

A survey asked 60 participants their favourite colour. The results are shown below.

Blue Pink Green Purple Black

12 20 6 12 10

1
Ext

If a divided bar graph 10 cm long is constructed to display the data, the length required for

purple would be:

12 cmA 2 cmB 1 cmC 5 cmD 3 cmE

2
Ext

If the results are shown as a sector graph, the size of the smallest sector would be:

36°A 6°B 10°C 60°D 30°E

3 For the set of numbers 1, 5, 2, 10, 1, 6, the difference between the mode and median is:

5.5A 2.5B 3.5C 3.2D 2E

4 For the set of numbers 3, 2, 1, 5, 7, 3, 1, 3, the mean is:

3A 5B 6C 22.375D 3.125E

5 Which of the following sets of numbers has a mode of 3 and a mean of 2?

1, 1, 2, 2, 3A 2, 2, 2, 4, 5B 1, 2, 3, 4, 5C

1, 3, 3, 3, 0D 1, 2, 3, 3, 3E
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Short-answer questions

1 For the set of numbers 1, 2, 5, 5, 8, 9, 10, 5, 3, 8:

a List them in ascending order.

b How many numbers are in the set?

c Calculate the:

meani modeii medianiii rangeiv

d If each number in the set is doubled, what is the new mean?

2 A spinner is designed with different numbers in each sector. From the spinners A to D

shown below:

2

34

5
1

A

2

13

1

B

2

3

1

C

2

1

34

5

6

2 1
D

a Which spinner has the lowest probability of landing on the number 1 in a single spin?

b Which spinner has a 50% probability of landing on the number 1 in a single spin?

c List the spinners in order, from the most likely to land on the number 1 to the least likely.

3 One card is randomly selected from a standard deck of 52 playing cards. Find the

probability that the selected card is:

reda blackb a heartc

an aced a kinge a red 7f

4 This stem-and-leaf plot shows the ages of a group of people in a room.

a How many people are in the room?

b What are the ages of the youngest and oldest people?

c For the data presented in this plot, .nd the:

rangei medianii modeiii

Stem Leaf

0 3 5

1 1 7 9

2 0 2 2 3

3 6 9

4 3 7
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5 A set of six scores is given as 17, 24, 19, 36, 22 and .

a Find the value of if the mean of the scores is 23.

b Find the value of if the median of the scores is 22.

c If the value of is 14, and the score of 17 is removed from the set, calculate the new

mean and median of the group.

Extended-response question

1 A pack of playing cards includes 13 cards for each suit: hearts, diamonds, clubs, and

spades. Each suit has an ace, king, queen, jack, 2, 3, 4, 5, 6, 7, 8, 9, and 10. An ace is

considered to have a higher value thane other cards. One card is drawn at random for the

pack.

Find the following probabilities.

Pr(heart)a

Pr(club)b

Pr(diamond or spade)c

Pr(ace of hearts)d

Pr(number less than 4)e

Pr(king)f

Pr(ace or heart)g

Pr(queen or club)h

Polygons and transformations
Multiple-choice questions

1 Which of the following names correctly describes a 6-sided polygon?

decagonA quadrilateralB pentagonC nonagonD hexagonE

2 A quadrilateral with 4 equal sides is best described as a:

rectangleA rhombusB trapeziumC kiteD planeE

3 How many axes of symmetry are in an equilateral triangle?

0A 1B 2C 3D 4E

4 Which of the following statements is true?

All rectangles are squares.A

A regular triangle is called an isosceles triangle.B

A square is a rhombus with all angles equal.C

A trapezium is also a rectangle.D

An isosceles triangle has three equal angles.E

5 The order of rotation of a parallelogram is:

2A 4B 3C 0D 1E
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Short-answer questions

1 Name each of the following shapes.

a b c

d e f

2 Find the value of a

a°
40°

a

a°

50°

85°

b a°

80°

20°

c

3 For each of the following, .nd the value of each pronumeral.

a°

a

a°65°

b
a°

65°80°

100°

c

a°b°

110°

70°

d

a°

55°

60°

e

a°

c°

d ° b°

30°

48°

f

4 State the coordinates of the vertices of the

image triangle (AÌ,BÌ and CÌ) if triangle ABC is

transformed in the following ways.

a re>ected in the x-axis

b re>ected in the y-axis

c rotated about O(0, 0) by 90° clockwise

d rotated about O(0, 0) by 90° anticlockwise

e rotated about O(0, 0) by 180°

f translated 4 units to the left and 1 unit up

g translated 3 units to the left and 2 units down

2

3

1

−2

−3

−1
−2−3 −1 2 31

A C

B

4
O

y

x
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Extended-response question

1 a Draw any triangle in your workbook and extend each side, as shown opposite.

b Measure the angles a, b and c. What should they add to?

c Find the values of x, y and z (i.e. the exterior angles of the triangle).

d What is the total of angles x + y + z?

e Repeat for any quadrilateral, as shown opposite. What is the value of w + x + y + z?

a°

z°

x°

y°

c°

b°
a° x°

w°

z°

c°
d°

b°

Equations
Multiple-choice questions

1 The solution to the equation x - 3 = 7 is:

4A 10B 9C 11D 3E

2
Ext

The solution to the equation 2(x + 3) = 12 is:

4.5A 2B 7C 6D 3E

3 m = 4 is a solution to:

3m + 12 = 0A
m

4
= 16B 10 - 2m = 2C

m + 4 = 0D 3m - 6 = 2E

4 The solution to 2p - 3 = 7 is:

p = 4A p = 5B p = 2C p = 10D p = 3E

5 Ying thinks of a number. If he adds 4 to his number and then multiplies the sum by 5, the

result is 35. What equation represents this information?

y + 9 = 35A 5y - 4 = 35B 5y + 4 = 35C

5(y + 4) = 35D y + 20 = 35E

Short-answer questions

1 Solve:

x + 9 = 12a
x

9
= 12b x - 9 = 12c 9x = 12d
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2 Solve:

3x + 3 = 9 Exta
x

2
+ 6 = 12 Extb 3(m - 1) = 18c

3 If y = mx + b, .nd:

y when m = 3, x = 4 and b = 8a b when y = 20, m = 4 and x = 4b

m when y = 36, x = 3 and b = 12c

4 If P = S - C, .nd:

P when S = 190 and C = 87a S when P = 47.9 and C = 13.1b

C when P = 384 and S = 709c

5 Use your knowledge of geometry and shapes to .nd the value of x in each of the following.

(x + 2) cm

P = 28 cm

a

17 cm

(2x + 5) cmb

2x° 36°

c

6 The perimeter of this triangle is 85 cm. Write an equation and

then solve it to .nd the value of x. 2x cm

25 cm

Extended-response question

1 The cost of hiring a hall for an event is $200 plus $40 per hour.

a What is the cost of hiring the hall for 3 hours?

b What is the cost of hiring the hall for 5 hours?

c What is the cost of hiring the hall for n hours?

d If the cost of hiring the hall totals $460, for how many hours was it hired?

Measurement
Multiple-choice questions

1 17 mm is the same as:

0.17 mA 0.17 cmB 0.017 mC 170 cmD 1.7 mE

2 0.006 L is the same as:

6 mLA 36 mLB 10 mLC 60 mLD 600 mLE

3 Which of the following shapes has the largest perimeter?

A B C

D E
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4 The perimeters of the two shapes shown here are equal. The area of the square is:

30 m2A 7.5 m2B 56.25 m2C

120 m2D 60 m2E

13 m
5 m

12 m

5 Which of the following shapes holds exactly 1 litre?

20 cm

5 cm

10 cm

A

2 cm

5 cm

20 cm

B

10 cm

10 cm

5 cm

C

10 cm

20 cm

10 cm

D

20 cm

2 cm

10 cm

E

Short-answer questions

1 Complete these conversions.

5 m = cma 6 km = mb

1800 mm = mc 1.7 cm = md

180 cm = me 5
1

2
L = mLf

2 Find the perimeter of each of the following.

68 cm

a
1.3 m

4.2 m

b

75 cm

1.5 m

c

55 cm

d 60 cm
40 cm

1.2 m

e 7 m

12 m

20 m

f
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3 Find the area of each of the following.

1.3 m

a

3 m

8 mb

15 m

8 m

c

Ext
4.5 m

7 m

12 m

d

12 m

12 m

7 m

e
7 m

10 m

1
2
 m

8 m

f

4 Calculate the volume of these solids.

9 cm

9 cm

9 cm

a

5 m
8 m

3 m
b

6 m

8 m

6 m

4 m

4 m

c

5 Convert:

5 L = mLa 7 cm3 = mLb
1

4
L = mLc

3 kL = Ld 8 m3 = kLe 25 000 mL = Lf

6 Find the capacity of a .sh tank in litres if it is a rectangular prism 50 cm long, 40 cm wide

and 30 cm high.

7 A collection of objects have the following individual masses: 220 kg, 0.05 t and 67000 g.

What is their total combined mass in kg?
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8 A Factory Freezer is installed in a warehouse and is at an initial temperature of 28°C. After

it is switch on the temperature drops by 31°C. What is the new temperature?

Extended-response question

1 Robert has been given 36m of fencing with which to build the largest rectangular enclosure

that he can, using whole number side lengths.

a Draw three possible enclosures and calculate the area of each one.

b What are the dimensions of the rectangle that gives the largest possible area?

c If Robert chooses the dimensions in part b and puts a post on each corner, and then

posts every metre along the boundary, how many posts will he need?

d If it takes 15 minutes to dig each hole for each post, howmany hours will Robert spend

digging?
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Chapter

N U M B E R  A N D  A L G E B R A

Patterns and algebra

Design and implement mathematical 

algorithms using a simple general purpose 

programming language (VCMNA254)

Victorian curriculum

Activity 1: Algorithms for working with data

 1.1 Finding an average

1.2  Generating data: simulation using  

a spreadsheet

Activity 2: Adding consecutive numbers

What you will learn

Activity 3: Turtle graphics

 3.1 Basic shapes

 3.2 Patterns

12
Algorithmic 
thinking
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Most modern passenger aircraft are fitted 

with autopilot systems that allow the aircraft 

to �y safely without direct input from the 

pilot. Such systems rely on computer 

algorithms that have been designed to accept 

a range of inputs and deliver outputs resulting 

in actions that steer the aircraft safely.

Inputs for such algorithms might include 

the air speed, direction or tilt angle. The 

outputs might relate to engine thrust, �ap 

angle or rudder direction. While looking at the 

wing on a passenger aircraft during �ight you 

may have noticed the constant movement 

of a relatively small �ap called an aileron. 

Under the control of an autopilot algorithm, 

this �ap will continuously make changes to 

its angle, which adjusts the tilt of the aircraft. 

A constant feed of information into the 

algorithm will allow the program to update 

the output and change the aileron’s angle 

accordingly.

Autopilot systems have become a reliable 

and essential tool for the aeronautical industry. 

This would not have been possible without 

efficient algorithms designed using mathematics 

and computer code.

Autopilot algorithms
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670 Chapter 12 Algorithmic thinking

Introduction

An algorithm is a procedure involving a number of steps that eventually leads to the solution of a problem.

There should be clearly defined inputs and outputs.

Here are some examples that we have explored in earlier chapters.

• The addition algorithm for whole numbers: This algorithm has two or more inputs; for example, the

inputs 319 and 854 would give the output 1173. The steps include adding the digits in each place, and

checking whether carrying is required. This algorithm is shown in Section 1D.

• The divisibility algorithm for determining if a number is divisible by 5: The input is a single number,

such as 45 or 371, and the output is ‘yes’ or ‘no’. This algorithm is shown in Section 3C.

• The averaging algorithm: The input for this algorithm is a list of numbers, such as 5, 2, 8. The

algorithm adds the numbers (5 + 2 + 8 = 15) and divides by the number of terms in the input list (in this

case, 3) to give an output (15 ÷ 3 = 5). This algorithm is shown in Section 8B.

Activity 1: Algorithms for working with data
Statistics and Probability

1.1 Finding an average

Let us look again at the algorithm for finding the average (or mean) of a set of numbers. The algorithm

could be described as follows.

Step 1. Add all the numbers in the list.

Step 2. Count how many numbers are in the list.

Step 3. Divide the sum (from step 1) by the count (from step 2). This is the average.

a Using the numbers 10, 1, 4 as the input list, calculate the results of steps 1, 2 and 3 of the averaging

algorithm.

b A spreadsheet can be used to implement this algorithm. Open a new spreadsheet and enter the

following. Check that the values in cells B2, C2 and D2 match the values you found in a.

c Change the values in column A until the average is 9. Write down the values you chose and explain

why their average must be 9.

d One advantage of using a spreadsheet is that it is easy to work with a longer list of values. Enter two

more values into column A so that there are now five values. You will need to change the formula for

step 1 will now need to =SUM(A2:A16) and the formula for step 2 to =COUNT(A2:A6). Step 3 does

not change. Check that your spreadsheet is giving the correct answer by calculating the average by

hand.
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e Try to solve each of the following puzzles using your spreadsheet.

i The values are 1, 2, ?, 4, 5 and the average is 4. Find the missing number.

ii The values are 1, 10, 100, 1000, ? and the average is 500. Find the missing number.

iii The values are all whole numbers but the average is 3.2. Find possible values that make this happen.

iv The average of five consecutive numbers is 100. What are the numbers?

1.2 Generating data: simulation using a spreadsheet

A spreadsheet can be used to generate data that simulates an experiment, such as rolling a fair die five

times to see how many times the number 1 is rolled.

a Make a new spreadsheet with the following formulas. (If your spreadsheet does not have the function

RANDBETWEEN, use =RANDINT(1,6) or =RAND(1,6) instead.)

Hint: Once you have entered the formula into A2, you can use Fill Down to copy it as many times as

you wish.

b To make your spreadsheet ‘roll’ the dice another five times, choose Calculate Now from the Format

menu or an equivalent function in different spreadsheets. Alternatively, if you just change the value in

any cell, all other values will recalculate.

c Count how many times the number 1 is rolled. You can easily do this by looking at the numbers but it

will be more useful to have the spreadsheet count for us. Enter the formula =COUNTIF(A2:A6,1) in

B1 and check that the answer is correct.

d Now extend your spreadsheet to include 100 dice rolls. Estimate how many times the number 1 would

be rolled and compare it to the actual result, remembering to change the formula to

=COUNTIF(A2:A101, 1).

e Enter another formula so that your spreadsheet also calculates the average of all the dice rolls.

i Explain why the average changes every time you recalculate.

ii Assuming a die is completely fair, what do you think the average number of 1s in 100 rolls would

be? Explain your answer with reference to the simulation results.
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672 Chapter 12 Algorithmic thinking

Activity 2 – Adding consecutive numbers
Number and Algebra

One task that an algorithm can perform is adding the consecutive whole numbers 1, 2 and 3. Although it

might seem unnecessary to use an algorithm for such a simple task, we can easily change the algorithm to

add much longer sequences. The algorithm is written below in pseudocode . This is not an actual

programming language, but uses some of the same concepts.

Line Command Explanation

1 total » 0 total is the sum of the numbers so far.

2 current » 0 current is the number we are up to as we loop.

3 loop: Performs lines 4-6 forever (until you hit break).

4 current » current + 1 Adds 1 to the current number.

5 total » total + current Increases the total by the current number.

6 if current = 3: break If we reach the number 3, we leave this loop.

7 display total At the end we need to display the total.

A computer can run this program line by line. The execution is shown below and takes 13 steps.

Line Command Result

1 total » 0 total is set to 0.

2 current » 0 current is set to 0.

3 loop: Get ready to repeat lines 4 to 6.

4 current » current + 1 current is now 1 (because 0 + 1 = 1).

5 total » total + current total is now 1 (because 0 + 1 = 1).

6 if current = 3: break No effect, because current is not 3.

4 current » current + 1 current is now 2 (because 1 + 1 = 2).

5 total » total + current total is now 3 (because 1 + 2 = 3).

6 if current = 3: break No effect, because current is not 3.

4 current » current + 1 current is now 3 (because 2 + 1 = 3).

5 total » total + current total is now 6 (because 3 + 3 = 6).

6 if current = 3: break Exit the loop, because current is 3.

7 display total Displays the value of total, which is 6.

a By changing a single line, the program above will add the consecutive numbers from 1 to 5.

i To describe this change, give the line number and write the exact

command you think should go there.

ii Create a table like the at the right to show the execution of this

program. At first, the results will be the same as those in the table

above, but this loop will exit at a different line.

Line Result

1 total is 0

2 current is 0

3 Begin loop

4 current is 1

5 total is 1

6 No action

4 current is 2

5 total is 3

6 No action

… …
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b i When adding the numbers from 1 to 3, the total execution was 13 steps. How many steps does it

take to add the numbers from 1 to 5?

ii Estimate how many steps it would take to add all the whole numbers from 1 to 100.

iii Describe how the program could be changed to add the whole numbers from 1 to 100.

c Adding all the numbers from 1 to 100 is tedious to do by hand. You can perform this algorithm in any

programming language, or in a spreadsheet. If you know how to use a programming language then try

to complete this part in a programming language, but otherwise you can use the spreadsheet below.

i To set up the spreadsheet, just fill in the top three rows as shown. Then drag down row 3 to repeat

the formulas until the value of the Current cell is 100.

ii What is the sum of all whole numbers from 1 to 100?

iii The year 2016 was special because it is the sum of consecutive numbers starting at 1. How many

consecutive numbers were added to get 2016?

d
Ext

Instead of adding consecutive numbers, we could write an algorithm to add numbers in a different

sequence, such as 2, 4, 6, 8, 10.

i Using pseudocode, write an algorithm that uses a loop to add the numbers 2, 4, 6, 8 and 10.

ii Describe how to change your algorithm to add all the even numbers from 2 to 1000.

iii Find the sum of all the even numbers up to and including 1000.

iv A famous problem involves placing one grain of rice on the first square of a chessboard, two on the

second square, four on the third square and so on. Given that a chessboard has 64 squares, how

many grains of rice would there be in total? Write an algorithm that will display the answer to this

problem. Note that you might need a variable to keep track of which square you are up to.
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674 Chapter 12 Algorithmic thinking

Activity 3 – Turtle graphics
Measurement and Geometry

‘Turtle graphics’ refers to a style of computer graphics created by using the Logo programming language.

It involves describing the path of a turtle that can draw as it moves along. The turtle faces a given direction

direction (initially upwards) and at each step, it walks forward (or backward) a given distance, or turns by a

given angle. Logo programs include simple instructions such as the following examples.

• FW x: Move the turtle forward x ‘steps’.

• RT x: Turn the turtle right x degrees (clockwise).

• LT x: Turn the turtle left x degrees (anticlockwise).

• REP n […]: Repeat the instructions in the brackets n times.

3.1 Basic Shapes

a Using a protractor and a ruler, draw an equilateral triangle by following the turtle graphics commands

below. (The steps are in centimetres and you should start in the centre of the page, facing the top.)

FW 5, RT 120, FW 5, RT 120, FW 5, RT 120

The shape could also be formed using the loop REP 3 [FW 5, RT 120].

b Explain why you need to turn 120° rather than 60°, even though this is an equilateral triangle.

c i Use your protractor and ruler to show the result of REP 3 [FW 5, LT 120].

ii How is this shape different from the one in a? How is it similar?

d Write a set of commands that could be used to draw a square. Try to use the REP instruction.

e A regular hexagon has six sides of the same length with internal angles of 120°.

120° 120°

120°

120°120°

120°

i Jack predicts that the following program will draw a regular hexagon. Is he correct? Describe what

happens when you follow the steps.

REP 6 [FW 5, RT 120]

ii To draw a regular hexagon, what is the correct angle that the turtle needs to turn each time?

f Sarah wants the turtle to turn right each time. Rewrite the following program so that it draws the same

shape but without using LT.

FW 10, LT 90, FW 10, LT 300, FW 5
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3.2 Patterns

The following turtle graphics commands are useful for drawing patterns. They allow you to move the turtle

without drawing a line.

• PU: Lift the pen up off the page

• PD: Put the pen back down onto the page

a A simple dashed line can be created by picking up the pen after drawing a section and then putting it

down again. For instance, the following commands create a dashed line:

FW 2, PU, FW 1, PD, FW 2, PU, FW 1, PD

Write a simple program that makes a dashed line with 10 sections that are 2 cm long, with a 1 cm gap

in between.

b Another pattern can be formed with parallel lines.

i Draw the result of the following commands using a protractor and ruler.

FW 10, PU, RT 180, FW 10, LT 90, FW 5, LT 90, PD, FW 10

ii Design a program that draws 10 parallel lines. Hint: Use the REP command.

c You can draw a 5 cm wide square using REP 4 [FW 5, RT 90]. To draw a second square joined

to the first, you could move the pen to the next starting point with the commands: PU, REP 3 [FW

5, RT 90], PD.

i The turtle is not facing upwards after these commands. Write a command that would turn it to face

upwards again.

ii Write a program that draws 5 squares in a row.

d A similar technique can be used to draw regular hexagons in a row. After one hexagon has been drawn

using REP 6 [FW 5, RT 60], the turtle is moved (with the pen up) from location A to location B,

and turned to face upwards again, using the commands PU, REP 4 [FW 5, RT 60], REP 2

[RT 60], PD

A B

i Follow the commands to check. Why is the command REP 2 [RT 60] used?

ii How could this be simplified to a single command not involving repetition?

iii Write a program that draws five hexagons in a row to form the pattern below.
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676 Chapter 12 Algorithmic thinking

e A honeycomb pattern of hexagons can continue indefinitely in each direction. The bottom two rows of

a honeycomb pattern are shown below. Design a program that draws these two rows. Hint: Draw the

bottom row first. With the pen up, move to the start of the top row.

f
Ext

Design a program that can draw many rows of the honeycomb pattern. It should allow you to draw

more rows by simply changing a few numbers (for instance, the number of repeats).
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square 497, 525

square number 135

square root 135

SSS 485
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substitute 267, 388, 544, 576
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term 140, 146, 262, 267,
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Answers

Working with unfamiliar problems: Part 1

1 14, 27

2 123456787654321

3 625

4 60

5 431 × 52

6 $490

7 16

8 150°

9 270

10 discuss: e.g. count how many times ‘the’ appears on one

page and multiply by the number of written pages in the

book.

11 varies: e.g. 7.5 km for an average step of 75 cm

12 a 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 × 9 = 100

b many solutions e.g. 123 - 45 - 67 + 89 = 100

13 2.5 cm, 75 cm (answers vary if thickness of glass

considered)

14 $110, $130, $170

15 7 trips

16 2
2

3
days

Working with unfamiliar problems: Part 2

1 17, 26, 35, 44, 53, 62, 71, 80

2 60°, 155°

3 12, 18, 20, 24, 30, 36 and 40

4 12 arrangements possible, 8 open box nets

5 25

6 231

7 2520

8 15

9

10 1100 (a square of 9 coins is approximately 80 cm2);

approximately $220

11 41°

12 7

13 7200°

14 99

15 e

16 204

Chapter 1

Exercise 1A

1 a Babylonian b Roman c Egyptian

2 a Ii Èii iii iv

b i ii iii

c Ii Vii Xiii Liv Cv

3 5 − 1 = 4

4 a i ii iii iv

b i ii iii

iv

c i II ii IX iii XXIV

iv CLVI

5 a i 33 ii 111 iii 213

iv 241

b i 12 ii 24 iii 71

iv 205

c i 4 ii 8 iii 16

iv 40

6 XXXVIa b c DCLXXVIIId

7 (21)

8 CLXXXVIII (188)

9

(64)

679

7
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10 Romana Babylonianb Romanc

11 IVa IXb XIVc XIXd

XXIXe XLIf XLIXg LXXXIXh

XCIXi CDXLIXj CMXXIIk MMMCDIl

12 A separate picture is to be used for each 1, 10, 100 etc. The

number 999 uses 27 pictures.

13 a i ii iii  ....

iv v

vi ....

b third position = 60 × 60 = 3600

c 216 000

14 Answers may vary.

Exercise 1B

1 hundredsa thousandsb tensc onesd

2 263a 7421b 36 015c 100 001d

3 Ba Eb Dc Ad

Ce Ff Gg

4 7a 70b 70c 700d

700e 7000f 700g 70 000h

5 20a 2000b 200c 200 000d

6 truea falseb truec trued

falsee truef falseg trueh

7 1 × 10 + 7 × 1a 2 × 100 + 8 × 10 + 1 × 1b

9 × 100 + 3 × 10 + 5 × 1c 2 × 10d

4 × 1000 + 4 × 100 + 9 × 10 + 1 × 1e

2 × 1000 + 3 × 1f 1 × 10 000 + 1 × 1g

5 × 10 000 + 5 × 1000 + 5 × 100 + 5 × 10 + 5 × 1h

8 347a 9416b 7020c

600 003d 4 030 700e 90 003 020f

9 44, 45, 54, 55a

29, 92, 279, 729, 927b

4, 23, 136, 951c

345, 354, 435, 453, 534, 543d

12 345, 31 254, 34 512, 54 321e

1001, 1010, 1100, 10 001, 10 100f

10 6a 6b 24c

11 27

12 a × 10 + b × 1a

a × 1000 + b × 100 + c × 10 + d × 1b

a × 100 000 + a × 1c

13 Position gives the place value and only one digit is needed for

each place. There is also a digit for zero.

14 a You do not need to write the zeros.

b i 41 × 102 ii 37 × 104 iii 2177 × 104

c i 38 100 ii 7 204 000 iii 1 028 000 000

d i 1 × 106 ii 1 × 109 iii 1 × 1012

iv 1 × 10100 v 1 × 10googol

Exercise 1C

1 a add, plus, sum

b minus, take away, difference

2 10a 69b

12c 20d

3 a i 8 ii 27 iii 132

b i 6 ii 16 iii 8

4 truea trueb truec

falsed truee falsef

5 18a 19b 32c

140d 21e 9f

6 64a 97b 579c

748d 948e 5597f

378 683g 591 579h 201 011i

7 11a 36b 112c

4d 3111e 10 001f

8 24a 75b 95c

133d 167e 297f

9 24a 26b 108c

222d 317e 5017f

10 51a 128b 244c

119d 242e 502f

11 12a 27b 107c

133d 14e 90f

1019g 0h 3i

12 38 hours

13 107 runs

14 32 cows

15 29 marbles

16 107 cards

17 a i 1

6 5

2 4 3

ii 5

2 4

3 6 1

b i 6

9

1

4 8 3 5

7

2

ii 9

1

6

7 3 5 8

4

2
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18 Because 3 + 9 is more than 10, so you have to carry.a

Because 8 - 6 is easy, but 1 - 6 means you have to carry.b

19 c - b = aa b - a = cb

20 four ways (totals are 9, 10, 11 and 12)a

Answers may vary.b

21 6 1 8

7 5 3

2 9 4

a

10 15 8

9 11 13

14 7 12

b

15 20 13

14 16 18

19 12 17

c

1 15 14 4

12 6 7 9

8 10 11 5

13 3 2 16

d

22 29 and 58

1D

Exercise 1D

1 17a 101b 144c 110d

1005e 143f 201g 1105h

2 8a 27b 67c 84d

15e 92f 29g 979h

3 8a 1b 1c 6d

2e 1f 8g 3h

4 87a 99b 41c 86d

226e 745f 1923g 5080h

5 161a 225b 2229c 1975d

6 77a 192b 418c 4208d

1223e 1982f

7 31a 20b 19c 58d

36e 112f 79g 72h

8 16a 47b 485c 166d

9 1854 sheep

10 576 kilometres

11 1821 studentsa 79 studentsb

12
3 8

+ 5 3

9 1

a
1 1 4

+ 7 7

1 9 1

b
6 7

+ 8 4 7

9 1 4

c

13
6 2

- 2 8

3 4

a
2 6 5

- 1 8 4

8 1

b
3 0 9 2

- 9 2 7

2 1 6 5

c

14 a i 29 ii 37

b yes

c no

d The balance of -19 + 20 is +1, so add 1 to 36.

15 Answers may vary.a

Different combinations in the middle column can be used

to create the sum.

b

16 62 67 60

61 63 65

66 59 64

a

101 115 114 104

112 106 107 109

108 110 111 105

113 103 102 116

b

17 452 and 526

18 Answers will vary

Exercise 1E

1 20, 24, 28a 44, 55, 66b 68, 85, 102c

2 truea trueb

falsec trued

truee truef

falseg trueh

falsei

3 3a 0b

5c 2d

4 56a 54b

48c 121d

72e 35f

108g 39h

5 57a 174b

112c 266d

105e 124f

252g 159h

6 96a 54b

96c 72d

7 66a 129b

432c 165d

258e 2849f

2630g 31 581h

8 235a 4173b

3825c 29 190d

9 $264

10 1680 metres

11 116 cards

12 no
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13 3 9

× 7

2 7 3

a 2 5

× 5

12 5

b

7 9

× 3

2 3 7

c 1 3 2

× 8

10 5 6

d

2 7

× 7

1 8 9

e
3 9

× 9

3 5 1

f

2 3 2

× 5

1 1 6 0

g
3 1 4

× 7

2 1 9 8

h

14 12 ways

15 3 × 21a 9 × 52b

7 × 32c 5 × 97d

a × 38e a × 203f

16 three ways: (0, 1), (1, 5), (2, 9). You cannot carry a number to

the hundreds column.

17 Answers may vary; e.g.
2 1 7

× 7

1 5 1 9

a

Answers may vary; e.g.
2 9 5

× 3

8 8 5

b

18 6, 22

Exercise 1F

1 2a 0b 0c 4d

2 100a 10b 10 000c

3 incorrect, 104a

incorrect, 546b

correctc

incorrect, 2448d

4 400a 290b 1830c 4600d

50 000e 63 000f 14 410g 29 100 000h

5 340a 1440b 6440c 22 500d

41 400e 460 000f 63 400g 9 387 000h

6 407a 1368b 1890c 9416d

18 216e 40 768f 18 620g 33 858h

7 209a 546b 555c 2178d

8 $2176

9 $6020

10 86 400 seconds

11
2 3

× 1 7

1 6 1

2 3 0

3 9 1

a
1 4 3

× 1 3

4 2 9

1 4 3 0

1 8 5 9

b

4 9

× 3 7

3 4 3

1 4 7 0

1 8 1 3

c
1 2 6

× 2 1

1 2 6

2 5 2 0

2 6 4 6

d

12 60 480 degrees

13 One number is a 1.

14 39 984a 927 908b 4 752 188c 146 420 482d

15 1600a 780b 810c 1000d

16 84 000a 3185b

17 123, 117

Progress quiz

1 a CXXXIVb

2 5 × 10 000 + 8 × 100 + 6 × 10 + 2 × 1

3 375a 64b 57c 71d

4 62a 78b

5 28a 72b 108c 45d

6 84a 195b

7 252a 948b 15 022c

8 3800a 1680b 102 600c

9 312a 5072b

10 1973 studentsa 77 studentsb

Exercise 1G

1 2a 3b 7c 12d

2 1a 2b 2c 5d

3 1a 1b 5c 5d

4 4a 3b 6c 5d

7e 9f 8g 11h

5 21a 19b 19c 41d

29e 21f 302g 98h

6 22a 31b 17c 7d

7 26a 1094b 0c 0d

8 23 rem. 2a 13 rem. 1b 69 rem. 1c

41 rem. 1d 543 rem. 1e 20 333 rem. 2f

818 rem. 3g 10 001 rem. 0h

9 131 rem. 2a 241 rem. 4b 390 rem. 5c

11 542 rem. 1d

10 13 packs
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11 124 packs

12 $243a $27b

13 67 posts

14 15 taxis

15 19 trips; any remainder needs 1 more trip

16 2 9 12

36 6 1

3 4 18

17 1, 12a 13, 7b 4, 5c

18 $68

19 aa 0b 1c

20 8 or 23

21 a = b or a = -b

22 33 rem. 8a 54 rem. 8b 31 rem. 1c

108 rem. 1d 91 rem. 16e 123 rem. 26f

23 3 rem. 269a 11 rem. 5b 18 rem. 625c

24 1 6 20 56

40 28 2 3

14 5 24 4

12 8 7 10

25 37a 43b 75c 91d

143e 92f

1H

Exercise 1H

1 upa downb upc upd

downe downf

2 largera smallerb smallerc largerd

3 60a 30b 120c 190d

200e 900f 100g 600h

2000i

4 20a 30b 100c 900d

6000e 90 000f 10 000g 10h

5 130a 80b 150c 940d

100e 1000f 1100g 2600h

1000i

6 120a 160b 100c 12d

40e 2000f 4000g 100h

7 1200a 6300b 20 000c 8 000 000d

5e 16f 10g 25h

8 Answers may vary.

9 ¥ 2100 scoops

10 ¥ 1200 sheep

11 ¥ 8 people

12 200a 100 000b 800c 3 000 000d

13 a i larger ii larger

b i larger ii larger

c i smaller ii smaller

d i larger ii larger

14 a i 9 ii 152 iii 10

iv 448

b One number is rounded up and the other is rounded down.

c i 3 ii 3 iii 1 iv 2

d If the numerator is decreased, then the approximation will

be smaller. If the denominator is increased then the ap-

proximation will also be smaller. If the opposite occurs the

approximation will be larger.

Exercise 1I

1 additiona divisionb

multiplicationc multiplicationd

divisione additionf

divisiong multiplicationh

divisioni subtractionj

multiplicationk divisionl

2 truea falseb falsec trued

3 23a 21b 0c 18d

32e 2f 22g 22h

38i 153j 28k 200l

4 10a 3b 2c 22d

2e 9f 18g 3h

10i 121j 20k 1l

5 48a 18b 13c 28d

22e

6 27a 10b 8c 77d

30e 21f 192g

7 75 books

8 45 TV sets

9 (4 + 2) × 3 = 18a 9 ÷ (12 – 9) = 3b

2 × (3 + 4) – 5 = 9c (3 + 2) × (7 – 3) = 20d

(10 – 7) ÷ (21 – 18) = 1e

(4 + 10) ÷ (21 ÷ 3) = 2f

[20 – (31 – 19)] × 2 = 16g

50 ÷ (2 × 5) – 4 = 1h

(25 – 19) × (3 + 7) ÷ 12 + 1 = 6i

10 Frst prize $38, second prize $8

11 noa yesb noc yesd

yese nof nog yesh

yesi

12 noa yesb noc yesd

13 ba 0b a + 1c bd

14 Multiply by 2 and add 1.a

Multiply by 3 and subtract 3, or subtract 1 and then

multiply by 3.

b

Multiply by itself and add 1.c

Problems and challenges

1 The two people pay $24 each, which is $48 in total. Of that

$48 the waiter has $3, leaving a balance of $45 for the bill.
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2 2 9 4

3

816

7 5

3 5

4 One way is (2 + 7) × 11 + 4 - 3

5 22 L/daya 7900 L/yearb

6 21, 495

Multiple-choice questions

B1 C2 E3 A4 B5

A6 D7 C8 B9 A10

Short-answer questions

1 a i ii iii

b i ii  .... iii

c i XIV ii XL iii CXLVI

2 50a 5000b 50 000c

3 459a 363b 95c 217d

4 128a 2324b 191c 295d

5 95a 132b 220c 41d

33e 24f 29 000g 10 800h

14 678i

6 1413a 351b 46 rem 5c 7540 rem 2d

7
2 2 3

+7 3 8

9 6 1

a
7 2 9

- 4 7 3

2 5 6

b

5 3

× 2 7

3 7 1

1 0 6 0

1 4 3 1

c

5

1 8 3
)

9
4
1 1 5

d

8 70a 3300b 1000c

9 800a 400b 5000c 10d

10 24a 4b 14c 20d

0e 13f

Extended-response questions

1 646 loadsa 9044 kilometresb

$36 430c $295d

2 3034 sweetsa 249b

liquorice sticks, 6c yes (124)d

Chapter 2

Exercise 2A

1 •pa N
A

b

A

B C

c T

S

d

e

B

C

A

f

2 all in a straight linea

all meet at the same pointb

3 raya lineb segmentc

4 linea planeb planec pointd

linee planef lineg pointh

5 point Ta line CDb angle BACc

planed ray PQe segment STf

6 ÒBOCa ÒBACb ÒBEAc ÒAOCd

7 segments AB, BC, AC, BD, CD; angles ABD, CBD,

CDB, BCD

a

segmentsPQ,PR,QR,RS,QS; anglesPQS,RQS,QRS,

RSQ

b

8 C, B and Da A, C and Db

9 noa yesb

10 8a 14b

11 10

12 Missing numbers are 0, 1, 3, 6, 10, 15.a

For 5 points, add 4 to the previous total; for 6 points, add

5 to the previous total, and so on.

b

13 All segments should intersect at the same point; i.e. are

concurrent.

14 yesa nob

15 number of segments =
n

2
(n - 1)

Exercise 2B

1 Answers may vary.

2 2a 3b 4c

3 50°a 145°b 90°c

250°d

4 acute, 40°a acute, 55°b

right, 90°c obtuse, 125°d

obtuse, 165°e straight, 180°f

reIex, 230°g reIex, 270°h

reIex, 325°i
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iv 40° v 35°

b ÒAOF (155°)

6

40°

a

75°

b

90°

c

135°

d

175°e 205°f

260°g 270°h

295°i 352°j

7 29°a 55°b 35°c 130°d

8 Yes, the two smaller angles make up the larger angle.

9 180°a 360°b 90°c 270°d

30°e 120°f 330°g 6°h

54°i 63°j 255°k 129°l

10 180°a 90°b 120°c 30°d

11 a i 70° ii 70° iii 90°

iv 90° v 80° vi 80°

b no

c Subtract 360° until you have a number that is less than

180°, then change the sign if it is negative.

12 Use the revolution to get 360°- 60°= 300°.

13 115°a 127.5°b 85°c 77.5°d

122°e 176.5°f

2C

Exercise 2C

1 angles should add to 90° c complementarya,b

2 angles should add to 180°a,b

supplementaryc

3 angles should add to 360°a,b

vertically opposite anglesc

4 ÒBOCa ÒAOD and ÒBOCb

ÒCODc

5 60a 15b 135c 70d

40e 115f 37g 240h

130i

6 Na Nb Sc Nd

Ce Cf Cg Sh

7 EF⊥GHa ST⊥UVb WY⊥XYc

8 30a 75b 60c 135d

45e 130f

9 No, should add to 90°.a Yes, they add to 180°.b

Yes, they add to 360°.c Yes, they are equal.d

No, they should be equal.e No, should add to 360°.f

10 30a 60b 60c 45d

180e 36f

11 24°

12 a + b = 90a a + b + c = 180b

a + b = 270c

13 Only one angle – the others are either supplementary or

vertically opposite.

14 360°a 72b 108c

Regular shape a b

Triangle 120 60

Square 90 90

Pentagon 72 108

Hexagon 60 120

Heptagon (360 ÷ 7) (900 ÷ 7)

Octagon 45 135

d

Progress quiz

1 Ga

angle EGF or FGH or EGK or KGH and other namesb

angle EGF or KGH and other namesc

AD, IJ and EHd

angle ABF or angle KBD measures 125°e

2 x = 28 (angles in a right angle add to 90)a

x = 75 (angles on a straight line add to 180)b

x = 64 (vertically opposite)c

x = 23 (angles in a straight line add to 180)d

x = 43 (angles in a right angle add to 90)e

x = 60 (revolution)f

x = 150 (revolution)g

x = 65 (vertically opposite)h

x = 270 (revolution)i

x = 50 (revolution)j

x = 115 (angles in a straight line add to 180)k

x = 34 (vertically opposite)l

3 Vertically opposite angles are equal.a

34°b

180°c

Exercise 2D

1 4a nob

2 2a yesb

3 equala supplementaryb

equalc equald

4 ÒDEHa ÒBEFb ÒDEBc ÒCBGd
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5 ÒFEGa ÒDEBb ÒGEBc ÒABCd

6 ÒCFGa ÒBCFb

7 130, correspondinga 70, correspondingb

110, alternatec 120, alternated

130, vertically oppositee 67, vertically oppositef

65, cointeriorg 118, cointeriorh

100, correspondingi 117, vertically oppositej

116, cointeriork 116, alternatel

8 a = 70, b = 70, c = 110a

a = 120, b = 120, c = 60b

a = 98, b = 82, c = 82, d = 82c

a = 90, b = 90, c = 90d

a = 95, b = 85, c = 95e

a = 61, b = 119f

9 No, corresponding angles should be equal.a

Yes, alternate angles are equal.b

Yes, cointerior angles are supplementary.c

Yes, corresponding angles are equal.d

No, alternate angles should be equal.e

No, cointerior angles should be supplementary.f

10 35a 41b 110c 30d

60e 141f

11 65a 100b 62c 67d

42e 57f 100g 130h

59i

12 12 anglesa two anglesb

13 120

14 a i The angle marked a° is alternate to the 20° angle.

ii The angle marked b° is alternate to the 45° angle.

b i a = 25, b = 50 ii a = 35, b = 41

iii a = 35, b = 25

15 a = 120, b = 120a 60b

opposite angles are equalc

16 Both angles do not add to 180°.a

The cointerior angles do not add to 180°.b

Alternate angles are not equal.c

17 a i ÒBDE, alternate ii ÒBED, alternate

b add to 180°

c Three inside angles of a triangle add to 180°, which is

always true.

18 Each triangle adds to 180°, so the total is 360°.

Exercise 2E

1 a = 65, b = 115a a = 106, b = 106b

a = 55, b = 55c

2 ÒBED, a = 30a ÒEBD, a = 70b

ÒADC or ÒABD, a = 50c

3 60a 120b 115c 123d

50e 80f 60g 65h

45i 60j 55k 335l

4 130°a 120°b 55°c 75°d

90°e 75°f

5 50a 150b 60c

6 1a 2b 2c

7 30a 60b 40c 30d

120e 10f

8 60a 45b 12c

9 110a 250b 40c 110d

40e 300f

Exercise 2F

1 a–e

A
minor arc

BO

2 Your two circles should just touch.

3 ÒBAC and ÒABC should be equal.

4 ÒAEC should be 90°.

5 ÒBAD should be 60°.

6 ÒAOE and ÒBOE should be equal.

7 Construct the two circles so that they have the

same radius.

a

Use two circles of the same size. Point E should be the

midpoint of AB.

b

8 Construct a 60° angle (see Question 4) and then bisect this

angle by constructing the angle bisector to form two 30°

angles (see Question 5).

a

Construct an angle bisector of one of the 30°angles from

part a.

b

9 First, construct a 90° angle by constructing a

perpendicular line and then construct the angle bisector

of the 90° angle.

a

Construct the angle bisector of one of the 45° angles from

part a

b

10 No, the circles must overlap.

11 Yes, follow the procedure as in Question 6.a

Yes, construct as for an acute or obtuse angle and draw

the angle bisector on the reverse side of the vertex.

b

12

A
C B

a

A

B

b
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A B

c

Exercise 2G

1–9 Answers may vary and can be checked by testing the prop-

erties of the constructions.

Problems and challenges

1 77.5°

2 720°

3

4 60°

5 6

Multiple-choice questions

C1 B2 D3 C4 D5

E6 C7 A8 E9 B10

Short-answer questions

1 segment CDa ÒAOBb point Pc

planed ray ACe line STf

2 acute, 35°a obtuse, 115°b reIex, 305°c

3 180°a 90°b 90°c 150°d

4 20a 230b 35c 41d

15°e 38f 60g 120h

30i

5 a° and b°a a° and d°b

a° and c°c b° and c°d

c° and d° or b° and d°e

6 Yes, corresponding angles are equal.a

No, alternate angles should be equal.b

No, cointerior angles should be supplementary.c

7 100a 95b 51c 30d

130e 78f

8 145°a 140°b 100°c

9 The angle should be divided in half.a

The angle should be 90°.b

Extended-response questions

1 a i 32° ii 32° iii 148°

iv 58°

b i corresponding ii cointerior

iii supplementary

c i 21° ii 159° iii 69°

2 a 12 pieces

b 30

c i 15 ii 22.5 iii 20

iv 24

2G

Chapter 3

Exercise 3A

1 Ma Nb Fc Nd

Fe Ff Mg Fh

Ni Mj Nk Fl

2 Fa Nb Mc Nd

Ne Nf Ng Mh

Fi Mj Fk Nl

3 1, 2, 5, 10a

1, 2, 3, 4, 6, 8, 12, 24b

1, 17c

1, 2, 3, 4, 6, 9, 12, 18, 36d

1, 2, 3, 4, 5, 6, 10, 12, 15, 20, 30, 60e

1, 2, 3, 6, 7, 14, 21, 42f

1, 2, 4, 5, 8, 10, 16, 20, 40, 80g

1, 2, 3, 4, 6, 12h

1, 2, 4, 7, 14, 28i

4 5, 10, 15, 20, 25, 30a

8, 16, 24, 32, 40, 48b

12, 24, 36, 48, 60, 72c

7, 14, 21, 28, 35, 42d

20, 40, 60, 80, 100, 120e

75, 150, 225, 300, 375, 450f

15, 30, 45, 60, 75, 90g

100, 200, 300, 400, 500, 600h

37, 74, 111, 148, 185, 222i

5 3, 18a 5b 1, 4, 6, 9, 12, 24c

3, 4, 5, 8, 12, 15, 24, 40, 120d

6 22a 162b 21c 117d

7 24a 1b 1, 4, 9, 16, 25c

8 12 × 16a 21 × 15b

12 × 15c 11 × 11d

12 × 28 or 24 × 14 or 21 × 16e

19 × 26 or 38 × 13f

9 20 mina 5 lapsb 4 lapsc
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10 25a 0b 23c

2, 7, 12, 17, 37, 47, 62, 87, 137, 287d

2e

11 falsea trueb falsec falsed

truee

12 840a 2520b

13 1, 2, 4, 5, 10, 20, 25, 50, 100a

1, 2, 4, 5, 10, 20, 25, 50, 100b

14 Answers may vary, but they should be multiples of 9.

15 The larger number gives the reply. Any number is a multiple

of its factors. So the answer is ‘yes’.

16 Check the output each time.

Exercise 3B

1 1, 2, 4a 4b

2 Factors of 18 are 1, 2, 3, 6, 9 and 18.

Factors of 30 are 1, 2, 3, 5, 6, 10, 15 and 30.

Therefore, the HCF of 18 and 30 is 6.

3 24, 48a 24b

4 Multiples of 9 are 9, 18, 27, 36, 45, 54, 63, 72, 81 and 90.

Multiples of 15 are 15, 30, 45, 60, 75, 90, 105 and 120.

Therefore, the LCM of 9 and 15 is 45.

5 1a 1b 2c 3d

4e 15f 50g 24h

40i 25j 21k 14l

6 10a 3b 1c 1d

8e 12f

7 36a 21b 60c 110d

12e 10f 36g 18h

60i 48j 132k 105l

8 30a 84b 12c 45d

40e 36f

9 HCF = 5, LCM = 60a HCF = 12, LCM = 24b

HCF = 7, LCM = 42c HCF = 9, LCM = 135d

10 312

11 9

12 LCM = 780, HCF = 130

13 12 mina

Andrew 9 laps, Bryan 12 laps, Chris 6 lapsb

3 times (including the Fnish)c

14 8, 16a 24, 32b

15 1 and 20; 2 and 20; 4 and 20; 5 and 20; 10 and 20; 4 and 5;

4 and 10.

16 no

17 2520a

2520b

Identical answers; 2520 is already divisible by 10, so

adding 10 to list does not alter LCM.

c

27 720 (23 × 5 × 7 × 9 × 11)d

Exercise 3C

1 not evena

digits do not sum to a multiple of 3b

26 is not divisible by 4c

last digit is not 0 or 5d

not divisible by 3 (sum of digits is not divisible by 3)e

125 is not divisible by 8 and it is not evenf

sum of digits is not divisible by 9g

last digit is not 0h

2 2a 2b 0c 0d

3 3, 6 and 9

4 2, 5 and 10

5 a i yes ii no iii yes

iv yes v no vi yes

vii no viii yes ix no

x yes xi no xii yes

xiii yes xiv no xv no

xvi yes xvii no xviii no

6

a 10, 15, 20, 25, 30

b 12, 15, 18, 21, 24

c 10, 12, 14, 16, 18

d 12, 18, 24, 30, 36

e 16, 24, 32, 40, 48

f 18, 27, 36, 45, 54

g 10, 20, 30, 40, 50

h 12, 16, 20, 24, 28







































































(other answers possible)

7 Number Divisible Divisible Divisible Divisible Divisible Divisible Divisible Divisible

by 2 by 3 by 4 by 5 by 6 by 8 by 9 by 10

243 567         

28 080         

189 000         

1 308 150         

1 062 347         
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8 noa $14.25b

9 2, 4, 8, 11, 22, 44

10 200

11 15

12 980

13 966

14 yesa

Multiples of 3; adding a multiple of 3 does not change the

result of the divisibility test for 3.

b

18c

15 0, 4, 8a 2, 6b

16 36

17 11a 9b 7c 5d 3e

18 a 11, 22, 33, 44, 55, 66, 77, 88, 99

b 0

c 110, 121, 132, 143, 154, ...

d equals the centre digit or 11 plus the centre digit

e difference is 0 or 11

f Sum the odd- and even-placed digits. If the difference

between these two sums is 0 or is divisible by 11, then the

number is divisible by 11.

g i yes ii yes iii no

iv yes v yes vi yes

3D

Exercise 3D

1 no

2 yes

3 2, 3, 5, 7, 11, 13, 17, 19, 23, 29

4 4, 6, 8, 9, 10, 12, 14, 15, 16, 18

5 101

6 201 is divisibly by 3

7 Ca Pb Cc Pd

Ce Cf Pg Ph

Ci Cj Ck Pl

Pm Pn Co Pp

8 2, 3, 7a 3, 13b 2, 3, 5c 5d

2, 7e 2, 3f

9 32, 33, 34, 35, 36, 38, 39, 40, 42, 44, 45, 46, 48, 49a

51, 52, 54, 55, 56, 57, 58, 60, 62, 63, 64, 65, 66, 68, 69b

81, 82, 84, 85, 86, 87, 88, 90, 91, 92, 93, 94, 95, 96,

98, 99

c

10 5, 11a 7, 13b 11, 13c 11, 17d

5, 73e 7, 19f

11 14

12 5 and 7, 11 and 13, 17 and 19, as well as other pairs

13 17 and 71, as well as other pairs

14 (5, 7, 11), as well as other groups

15 32 = 29 + 3, 34 = 29 + 5, 36 = 29 + 7, 38 = 31 + 7,

40 = 37 + 3, 42 = 31 + 11, 44 = 41 + 3, 46 = 41 + 5,

48 = 41 + 7

16 2 + 3 = 5 and 2 + 5 = 7. All primes other than 2 are

odd and two odds sum to give an even number that is not a

prime. So any pair that sums to a prime must contain an even

prime, which is 2.

17 Check your spreadsheet using smaller primes.

Exercise 3E

1 E

2 D

3 Base Index Basic
Value number number numeral

23 2 3 8

52 5 2 25

104 10 4 10000

27 2 7 128

112 1 12 1

121 12 1 12

05 0 5 0

4 33a 25b 154c 104d

62e 203f 16g 43h

1002i

5 32 × 52a 22 × 73b 92 × 122c

53 × 82d 33 × 63e 74 × 132f

43 × 71 × 131g 93 × 102h 23 × 32 × 52i

6 26 × 35 × 54

7 2 × 2 × 2 × 2a

17 × 17b

9 × 9 × 9c

3 × 3 × 3 × 3 × 3 × 3 × 3d

14 × 14 × 14 × 14e

8 × 8 × 8 × 8 × 8 × 8 × 8 × 8f

10 × 10 × 10 × 10 × 10g

54 × 54 × 54h

8 3 × 3 × 3 × 3 × 3 × 2 × 2 × 2a

4 × 4 × 4 × 3 × 3 × 3 × 3b

7 × 7 × 5 × 5 × 5c

4 × 4 × 4 × 4 × 4 × 4 × 9 × 9 × 9d

5 × 7 × 7 × 7 × 7e

2 × 2 × 3 × 3 × 3 × 4f

11 × 11 × 11 × 11 × 11 × 9 × 9g

20 × 20 × 20 × 30 × 30h

9 32a 64b 1000c 72d

10000e 1000f 64g 121h

10 25a 1b 10c 64d

128e 8f 22g 900h

8i

11 4a 2b 3c 6d

3e 2f 2g 4h

12 <a >b =c <d

>e >f <g <h

13 125
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14 126a 55 minb 244, 140, 625c

75 mind Approx. 75 000 000 000 000 000e

15 +a ×b -c ÷d

×e -f

16 x y

17 a = 2, b = 4

18 a 1, 2, 6, 24, 120, 720

b i 24 × 32 × 5 × 7 ii 27 × 32 × 5 × 7

iii 27 × 34 × 5 × 7 iv 28 × 34 × 52 × 7

c 0

d 0

e It is the index number on the base 5.

i 1 ii 1 iii 3 iv 6

f e.g. 23! × 4!

Exercise 3F

1 composite: 15, 8, 9, 27, 4, 12; prime: 13, 7, 5, 23, 11, 2

2 5, 4a 6, 2b 10, 2, 5c

3 3, 3, 2, 5a 2, 2, 2, 7b 5, 11, 2, 2c

4 23 × 32a 34 × 52b 22 × 3 × 72c

22 × 32 × 112d

5 23 × 32a 23 × 3b 2 × 19c 22 × 11d

22 × 31e 24 × 5f 25 × 3g 24h

3 × 52i 3 × 37j 26k 23 × 7l

6 23 × 3 × 52a 25 × 52b 23 × 54c

25 × 3 × 52d 26 × 56e 23 × 32 × 54f

22 × 5 × 41g

2 × 3 × 5 × 23h

7 Da Ab Cc Bd

8 2310

9 144 = 24 × 32, 96 = 25 × 3a

HCF = 24 × 3 = 48b

10 25 200 = 24 × 32 × 52× 7, 77 000 = 23 × 53× 7 × 11a

HCF = 23 × 52× 7 = 1400b

11 24

4 6

2 32 2

24

2 12

2 6

2 3

24

2 12

3 4

2 2

24

3 8

4 2

2 2

12 424 cannot have a factor of 5.i

8 is not a prime number.ii

Â424 = 23 × 53 424

4 106

2 532 2

iii

13 a i 5 × 10 ¢ 60 ii 6 is not a prime number.

iii A 2 has been left off.

b 60 = 22 × 3 × 5

14 72

2 36

2 18

2 9

3 3

72

2 36

2 18

3 6

2 3

72

2 36

3 12

2 6

2 3

72

2 36

3 12

3 4

2 2

72

2 36

4 9

3 32 2

72

2 36

6 6

2 32 3

72

3 24

3 8

4 2

2 2

72

3 24

6 4

2 22 3

72

3 24

2 12

6 2

2 3

72

3 24

2 12

4 3

2 2
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72

4 18

9 2

3 3

2 2

72

4 18

6 3

2 3

2 2

72

6 12

6 2

2 3

2 3

72

6 12

4 3

2 2

2 3

72

8 9

3 3

2 2

4 2

15 2 × 3 × 5 × 7 = 210 2 × 3 × 7 × 11 = 462

2 × 3 × 5 × 11 = 330 2 × 3 × 7 × 13 = 546

2 × 3 × 5 × 13 = 390 2 × 3 × 7 × 17 = 714

2 × 3 × 5 × 17 = 510 2 × 3 × 7 × 19 = 798

2 × 3 × 5 × 19 = 570 2 × 3 × 7 × 23 = 966

2 × 3 × 5 × 23 = 690 2 × 5 × 7 × 11 = 770

2 × 3 × 5 × 29 = 870 2 × 5 × 7 × 13 = 910

2 × 3 × 5 × 31 = 930 2 × 3 × 11 × 13 = 858

16, 17 Answers may vary

Progress quiz

1 16: 1, 2, 4, 8, 16a

70: 1, 2, 5, 7, 10, 14, 35, 70b

2 7, 14, 21, 28a 20, 40, 60, 80b

3 5a 18b

4 24a 45b

5 no, last 2 digits not÷ 4a

yes, sum of 21÷ 3b

yes, sum of 24÷ 3, and even÷ 2c

yes, sum of 27÷ 9d

6 2, 3, 4, 5, 6, 10, 12, 20, 24, 30, 40, 60, 120

7 C: large number of factorsa

N: only one factorb

P: only two factors, 1 and itselfc

Nd

8 5, 7a

2, 3b

9 54a

32 × 75b

10 3 × 3 × 3 × 3 = 81a

1 × 1 × 1 × 1 × 3 × 3 = 9b

5 × 10 × 10 × 10 × 10 = 50 000c

4 × 4 = 16d

9 × 9 - 3 × 3 × 3 × 2 = 81 - 54

= 27

e

11 24 = 2 × 2 × 2 × 3

= 23 × 3

a

180 = 22 × 32 × 5b

3G

Exercise 3G

1 36 cm2, a square number

2 12 = 1, 22 = 4, 32 = 9, 42 = 16, 52 = 25, 62 = 36, 72 = 49,

82 = 64, 92 = 81, 102 = 100, 112 = 121, 122 = 144,

132 = 169, 142 = 196, 152 = 225

3 A square is not possible.a

Draw a 4 by 4 square.b

4 36a 25b 121c 100d

49e 144f

5 5a 4b 10c 7 cmd

6 64a 49b 1c 144d

9e 225f 25g 0h

121i 10 000j 289k 1089l

7 5a 3b 1c 11d

0e 9f 7g 4h

2i 12j 20k 13l

8 50a 80b 90c 27d

9 30a 64b 65c 36d

4e 0f 81g 4h

13i

10 64, 81, 100

11 121, 144, 169, 196

12 4 and 81a 36 and 121; other answers possibleb

13 1, 9 and 49

14 144a 144b a = 3, b = 4c

Answers may vary; e.g. 42 × 52 and 202d

15 32+ 42 = 9 + 16 = 25a 102b

152c 502d

16 121 and 12 321a 1 234 321b

1 234 321c

17 no, 92 = 81

18 falsea falseb truec

trued true (if a Å 0)e falsef

falseg falseh

Exercise 3H

1 8, 11, 14, 17, 20a 32, 31, 30, 29, 28b

52, 48, 44, 40, 36c 123, 130, 137, 144, 151d

2 3, 6, 12, 24, 48a 5, 20, 80, 320, 1280b

240, 120, 60, 30, 15c 625, 125, 25, 5, 1d
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3 ratio of 3a difference subtracting 2b

difference adding 11c neitherd

ratio of
1

2
e neitherf

neitherg difference subtracting 3h

4 23, 28, 33a 44, 54, 64b

14, 11, 8c 114, 116, 118d

27, 18, 9e 5, 4, 3f

505, 606, 707g 51, 45, 39h

5 32, 64, 128a 80, 160, 320b

12, 6, 3c 45, 15, 5d

176, 352, 704e

70 000, 700 000, 7 000 000f

16, 8, 4g 76, 38, 19h

6 50, 32, 26a 25, 45, 55b

32, 64, 256c 9, 15, 21d

55, 44, 33e 333, 111f

70, 98, 154g 126, 378, 3402h

7 17, 23, 30a 16, 22, 29b

36, 49, 64c 17, 12, 6d

17, 19, 23e 47, 95, 191f

5, 7, 6g 32, 40, 38h

8 49, 64, 81; square numbersa

21, 34, 55; Fibonacci numbersb

216, 343, 512; cubes (i.e. powers of 3)c

19, 23, 29; primesd

16, 18, 20; composite numberse

161, 171, 181; palindromesf

9 115, 121, 128a 24, 48, 16b

42, 41, 123c 9, 6, 13d

10 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 (total = 55)

11 39a 57b

110c 192d

12 1, 0, 0, 1, 2

13 difference is 0, ratio is 1, Jemima

14 55a 100b 2485c 258d

15 3a 10b 45c 276d

n× (n - 1) ÷ 2e

16 135a 624b 945c

3I

Exercise 3I

1 a

b

c

d

e

2

3

and

a

and

b

and

c

and

d
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3I

4 a i

ii 4, 7, 10, 13, 16

iii 4 sticks are required to start, then 3 are added

b i

ii 3, 5, 7, 9, 11

iii 3 sticks are required at the start, then 2 are added

c i

ii 6, 11, 16, 21, 26

iii 6 sticks are required to start, then 5 are added

d i

ii 7, 12, 17, 22, 27

iii 7 sticks are required to start, then 5 are added

e i

ii 6, 11, 16, 21, 26

iii 6 sticks are required to start, then 5 are added

f i

ii 4, 7, 10, 13, 16

iii 4 sticks are required to start, then 3 are added

5 a

No. of crosses 1 2 3 4 5

No. of sticks required 4 8 12 16 20

b

Number of sticks = 4 × number of crossesc

80 sticksd

6 a

No. of fence sections 1 2 3 4 5

No. of planks required 4 7 10 13 16

b

Number of planks = 3 × number of fence sections + 1c

61 planksd

7 No. of tables 1 2 3 4 5

No. of students 5 8 11 14 17

a

Number of students = 3 × number of tables + 2b

23 studentsc

21 tablesd

8 Spa length 1 2 3 4 5 6

No. of tiles 8 10 12 14 16 18

a

Number of tiles = 2 × spa length + 6b

36 tilesc

12 unitsd

9 A

10 A

11 Answers may vary.

a

b

c

d

e
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f

12 5a 41b 4g + 1c 16d

13 m + na

number of pieces for each new panelb

c

14 No. of straight cuts 1 2 3 4 5 6 7

No. of sections created 2 4 7 11 16 22 29

a

56b

211c

Exercise 3J

1 truea falseb truec trued

2 C

3 B

4 Aa Db Bc Cd

5 input 4 5 6 7 10

output 7 8 9 10 13

a

input 5 1 3 21 0

output 10 2 6 42 0

b

input 11 18 9 44 100

output 3 10 1 36 92

c

input 5 15 55 0 100

output 1 3 11 0 20

d

6 input 1 2 3 4 5

output 7 17 27 37 47

a

input 6 8 10 12 14

output 7 8 9 10 11

b

input 5 12 2 9 0

output 16 37 7 28 1

c

input 3 10 11 7 50

output 2 16 18 10 96

d

7 output = input + 1a output = 4 × inputb

output = input + 11c output = input ÷ 6d

8 output = 3 × input

9 output = input - 9

10 input 3 6 8 12 2

output 7 34 62 142 2

a

input 6 12 1 3 8

output 5 3 25 9 4

b

input 5 12 2 9 0

output 30 156 6 90 0

c

input 3 10 11 7 50

output 15 190 231 91 4950

d

11 input c d 2p b2 www

output c + 6 d + 6 2p + 6 b2+ 6 www + 6

a

input t k p2 2f ab

output 3t – 2 3k – 2 3p2 – 2 6f – 2 3ab – 2

b

12 input b d e g2 mn x c 0 1

output bc cd ec g2c cmn xc c2 0 c

ouput = c × input

13 output = 2 × input + 1; output = 3 × input – 2a

inFniteb

14 a i output = 2 × input – 3

ii output = 4 × input + 1

iii output = 5 × input – 1

iv output = input ÷ 6 + 2

v output = 10 × input + 3

vi output = 4 × input – 4

3K

Exercise 3K

1

2

3

1

2 31 4 5 6O

4

5

6

y

x

2

2

3

1

2 31 4O

4

y

x
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3 C

4 C

5 x-axisa y-axisb

originc Frstd

y-coordinatee x, y, x, yf

3K

6

2

3

1

2 31 4 5

4

5

y

x

E
G

B
H

D A

C

F

7 A(1, 4), B(2, 1), C(5, 3), D(2, 6), E(4, 0), F(6, 5), G(0, 3),

H(4, 4)

a

M(1, 2), N(3, 2), P(5, 1), Q(2, 5), R(2, 0), S(6, 6), T(0, 6),

U(5, 4)

b

8 input (x ) output (y )

0 2

1 3

2 4

3 5

a

2

3

1

2 31 4 5O

4

5

y

Input

x

O
u
tp
u
t

b

9 input (x ) output (y )

1 0

2 1

3 2

4 3

a

2

3

1

2 31 4 5O

4

5

y

Input

x

O
u
tp
u
t

b

10 input (x ) output (y )

0 0

1 2

2 4

3 6

a

2

3

1

2 31 4 5O

4

5

6

y

Input

x

O
u
tp
u
t

b

11

2

3

1

2 31 4 5O

4

5

y

x

12

2

3

1

2 31 4 5 6 7 8
O

4

5

6

7

8

y

x

13

2

3

1

2 31 4 5 6 7 8 9 10
O

4

5

6

7

8

9

10

y

x

a

(4, 0), (4, 3), (6, 3), (6, 0), but answers may vary.b

Answers may vary.c

Answers may vary.d

14 B(1, 4), C(4, 4), D(4, 1)a

2

3

1

2 31 4
O

4

y

x

b
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15 HELPa

(4, 4), (5, 1), (3, 1), (3, 4), (5, 1), (5, 4)b

KEY UNDER POT PLANTc

21510032513451001154004451255143d

16 D(4, 5)a D(4, 1)b D(0, 0)c D(1, 5)d

17 output = input + 2a

output = input × 3b

output = input ÷ 2c

18 (3, 6) or any with x = 3a

any point on a vertical line with x = 3b

(3, 5)c

19 M(3, 2)a

(1, 2)b

Find the average of the x values, then the average of the y

values.

c

(4, 2)d

(2.5, 3.5)e

(-0.5, -0.5)f

(5, 3)g

Problems and challenges

1 101

2 28 (1, 2, 4, 7, 14)a

1, 2, 4, 8, 16, 31, 62, 124, 248b

3 18 tulips per buncha

7 red, 6 pink and 8 yellow bunchesb

4 14 + 18 = 32

5 52 = 42 + 9, 62 = 52 + 11

6 Answers may vary. Check that the answer is the whole

number that you are looking for.

7 602

8 1, 5, 7, 11, 13, 17, 19, 23, 25, 29, 31, 35

Multiple-choice questions

B1 E2 C3 E4 B5

B6 D7 A8 C9 E10

B11 D12

Short-answer questions

1 1, 2, 3, 4 , 5, 6 , 8 , 10 , 12 , 15 , 20 , 24 ,

30 , 40 , 60 , 120

a

For example, 1200, 1440, 1800b

2 8, 16, 24, 32, 40, 48, 56, 64, 72, 80, 88, 96 7 , 14, 21 ,

28, 35 , 42, 49 , 56, 63 , 70, 77 , 84

a

7, 13b

3 a i 5 ii 2 iii 24

b i 65 ii 18 iii 88

4 composite 21, 30, 16; prime 11, 7, 3, 2a

only one, 13b

5 2, 5, 7, 11a 30, 42, 70b

6 68a 54 × 25b

7 25a 23 × 52b 32 × 52c

8 10a 3b 4c

9 16a 7b 397c 131d

10 noa yesb noc

11 Divisible Divisible Divisible Divisible

Number by 2 by 3 by 4 by 5

84 539 424     

Divisible Divisible Divisible Divisible

Number by 6 by 8 by 9 by 10

84 539 424     

Explanation:

84 539 424 is an even number, therefore is divisible by 2.

84 539 424 has a digit sum of 39, therefore is divisible

by 3, but not by 9.

84 539 424 is divisible by 2 and 3, therefore is

divisible by 6.

The last two digits are 24, which is divisible by 4.

The last three digits are 424, which is divisible by 8.

The last digit is a 4, therefore not divisible by 5 or 10.

a

many possible answersb

Any six-digit number ending in 0 with sum of digits = 243.c

12 5a 50b 13c 18d

14e 20f

13 36, 39, 42a 43, 35, 27b 112, 70, 28c

14 280, 560, 1120a 900, 300, 100b 100, 2500, 6250c

15 168, 51, 336, 46, 672, 41a

212, 307, 421, 554, 706, 877b

16 a

No. of rhombuses 1 2 3 4 5

No. of sticks required 4 7 10 13 16

b

Four sticks are required to start the pattern, and an

additional three sticks are required to make each next term

in the pattern.

c

17 5a 32b 3g + 2c

21 windowsd

18 input 3 5 7 12 20

output 8 10 12 17 25

a

input 4 2 9 12 0

output 15 11 25 31 7

b
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19 output = input + 9a

output = 12 × input + 8b

output = 2 × input + 1c

output = 10 - inputd

20 A(1, 3), B(3, 4), D(2, 1)a

C(4, 2)b

E(5, 0)c

21 36, 49, 64; square the counting numbersa

125, 216, 343; cube of the counting numbersb

(4, 6), (5, 7), (6, 8); each y value is 2 more than the x valuec

31, 31, 30; days of the month in a leap yeard √
5,
√
6,
√
7; square root of the counting numberse

7, 64, 8; two sequences: 1, 2, 3, 4, … and 1, 2, 4,

8, 16, …

f

Extended-response questions

1 area = 33 × 53 cm2, perimeter = 2 × 33 + 2 × 53 cma

area = 163 or 46 or 212, perimeter = 162 or 44 or 28b

a4 × c2c

162 or 44 or 28d

3xe

2 a i 1 ii 2

b

c Rows 1 2 3 4 5 6

Desks per row 4 4 4 4 4 4

Total no. of desks 4 8 12 16 20 24

Total no. of rhombuses 0 3 6 9 12 15

d Number of rhombuses = 3 × (number of rows - 1)

= 3(n - 1)

e Rows 1 2 3 4 5 6 7 8

Desks per row 5 5 5 5 5 5 5 5

Total desks 5 10 15 20 25 30 35 40

Rhombuses 0 4 8 12 16 20 24 28

Rows 1 2 3 4 5 6 7 8

Desks per row 6 6 6 6 6 6 6 6

Total desks 6 12 18 24 30 36 42 48

Rhombuses 0 5 10 15 20 25 30 35

Rows 1 2 3 4 5 6 7 8

Desks per row 7 7 7 7 7 7 7 7

Total desks 7 14 21 28 35 42 49 56

Rhombuses 0 6 12 18 24 30 36 42

Rows 1 2 3 4 5 6 7 8

Desks per row 8 8 8 8 8 8 8 8

Total desks 8 16 24 32 40 48 56 64

Rhombuses 0 7 14 21 28 35 42 49

f No. of rhombuses = (no. of desks - 1) × (no. of rows - 1)

= (d - 1)(n - 1)

g 10 201 desks

4A

Chapter 4

Exercise 4A

1 9a 7b

2 proper: b, e, f, g

improper: a, c, h, i, k, l

whole numbers: d, j, k

3 4A a 1b 4c i 1ii
1

4
iii

8B a 7b 8c i 7ii
7

8
iii

3C a 2b 3c i 2ii
2

3
iii

12D a 5b 12c i 5ii
5

12
iii

4 d, g, j, l, m

5
0 11

7

2

7

3

7

4

7

5

7

6

7

a

0 211

3

2

3

4

3

5

3

b

0 11

6

2

6

3

6

4

6

5

6

c

0 11

4

2

4

3

4

5

4

6

4

7

4

2 9

4

10

4

11

4

3

d

0 11

5

2

5

3

5

4

5

6

5

7

5

8

5

9

5

11

5

12

5

2

e

0 11

4

2

4

3

4

5

4

6

4

7

4

2 9

4

10

4

11

4

3

f

6 Answers may vary.

a
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b

c

7
7

5
,
8

5
,
9

5
a

9

8
,
10

8
,
11

8
b

5

3
,
6

3
,
7

3
c

7

7
,
6

7
,
5

7
d

5

2
,
3

2
,
1

2
e

23

4
,
28

4
,
33

4
f

8 ⃝ = 1
1

2
,
3

2
; = 3

1

2
,
7

2
;△ = 5,

10

2
a

⃝ =
1

5
; =

4

5
;△ = 2

1

5
,
11

5
b

△ =
3

7
; = 1

4

7
,
11

7
;⃝ = 2

2

7
,
16

7
c

= 3
1

3
,
10

3
;△ = 3

2

3
,
11

3
;⃝ = 4

2

3
,
14

3
d

9 division

10
6

11
a

4

8
=
1

2
b

7

12
c

5

6
d

3

12
=
1

4
e

5

9
f

11
12

43
a

13

15
b

11

12
c

1

12
d

2

11
e

144

475
f

7

20
g

1

4
h

3

7
i

12 Proper fraction: When you have part of a whole, and

therefore you have a numerator that is smaller than the

denominator. Improper fraction: It is called improper because

it is impossible to break a whole into parts and end up

with more than a whole. An improper fraction is when the

numerator is greater than the denominator.

13 C

14 a i
1

5
ii 50 mL

b i 40 mL ii
4

25

c i 32 mL ii
16

125

d i 90 mL ii
9

25

e i 122 mL ii
61

125
f Approximately, yes they will.

Exercise 4B

1
3

6
,
2

4
,
11

22
,
5

10

2
4

10
,
16

40
,
2

5
,
80

200

3 2, 12, 10, 20, 300a 1, 3, 24, 20, 40b

4
1

5
a

1

6
b

2

3
c

3

4
d

5 10, 10, 10, 1a 2, 2, 2, 2b

4, 4, 4, 7c 3, 3, 3, 3, 5d

6 Answers may vary.

2

4
,
3

6
,
4

8
,
10

20
a

2

8
,
3

12
,
4

16
,
10

40
b

4

10
,
6

15
,
8

20
,
10

25
c

6

10
,
12

20
,
24

40
,
48

80
d

4

18
,
6

27
,
8

36
,
20

90
e

6

14
,
9

21
,
12

28
,
30

70
f

10

24
,
50

120
,
500

1200
,
5000

12000
g

6

22
,
9

33
,
12

44
,
30

110
h

7 9a 50b 33c 56d

8e 2f 12g 39h

35i 200j 105k 2l

8 ¢a =b ¢c ¢d

=e =f =g =h

=i

9
3

4
a

2

3
b

1

3
c

4

11
d

2

5
e

1

11
f

1

7
g

1

3
h

7

9
i

3

8
j

5

6
k

5

1
= 5l

10
7

14
=
1

2
a

12

16
=
3

4
b

4

42
=

2

21
c

7

63
=
1

9
d
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11
2

9

12 35a 45b 30c 24d

13 Justin 4, Joanna 3, Jack 5

14 75a
1

3
b 150c

15 Answers may vary;
6

10
16 Answers may vary.

     

         

a

12 quavers (eighth notes) to a barb

 

   

 

c

Note British name / American name

Breave / Double whole note

Semibreve / Whole note

Minim /Half note

Crotechet / Quarter note

Quaver / Eighth note

For notes of this length and shorter, the note has

the same number of �ags (or hooks) as the rest has

branches.

Semiquaver / Sixteenth note

Or

Restd

Each dot increases the length of the note by another 50%.

e.g. . =
3

4
note (value = 3 beats)

= half note + 50%

= half note + quarter note

e

4C

Exercise 4C

1 2 and 3a 11 and 12b 36 and 37c

2 24a 360b 60c 24d

3 a

b

c

d

4 8a 12b 28c 44d

17e 7f 10g 24h

5 A 7
1

2
, B 10

1

2
a

C 1
2

3
, D 2

1

3
, E 4

2

3
b

F 23
1

5
, G 24

2

5
, H 25

4

5
, I 26

1

5
c

6
11

5
a

8

5
b

10

3
c

17

3
d

29

7
e

24

7
f

5

2
g

13

2
h

14

3
i

34

3
j

42

5
k

103

10
l

55

9
m

25

9
n

42

8
o

21

8
p

23

12
q

38

11
r

53

12
s

115

12
t

115

20
u

803

100
v

643

10
w

104

5
x

7 1
2

5
a 1

1

3
b 1

2

3
c 1

3

4
d

3
2

3
e 4

1

5
f 2

2

7
g 2

1

2
h

1
5

7
i 3

1

6
j 6

2

3
k 10

1

4
l

4
3

8
m 5

1

5
n 6

6

7
o 13

2

3
p

3
1

12
q 7

4

11
r 9

3

10
s 11

1

7
t

2
31

100
u 33

3

10
v 12

3

11
w 12

5

12
x

8 2
1

2
a 2

4

5
b 1

1

3
c 1

1

3
d

1
1

8
e 3

1

3
f 2

2

3
g 2

2

5
h

9

0 1 2

2

3 4

2

3

5

3
3
1

3

a

0 1 2 3 4

3

4

12

4
3
1

2
2
1

4

b

0 1 2 3 4

4

5

19

5

10

5

14

5
3
1

5

c

10 2
1

3
, 3

2

3
, 4a

1
4

7
, 2

1

7
, 3, 3

4

7
, 3

6

7
b

2
2

5
, 4

1

5
, 4

4

5
, 6, 7

1

5
c
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11 15a 1
7

8
b 9c 1

1

8
d

12 11a 9b 4x - 1c

3y - 1d mne

13 a i 1
2

3
, 2

1

3
, 3

1

2
ii 1

5

6

b i 2
3

4
, 3

2

4
, 4

2

3
ii 1

11

12

c i 3
4

5
, 4

3

5
, 5

3

4
ii 1

19

20

d 1
29

30

e A mixed number with a whole number part equal to 1.

Denominator equal to product of two largest numbers,

numerator is one less than denominator.

Exercise 4D

1
5

7
a

7

3
b

9

11
c

8

5
d

2 10a 21b 20c 30d

6e 10f 12g 24h

30i 12j 24k 30l

3 15a 20b 21c 10d

24e 60f 12g 12h

4 6a 8b 4c 6d

15e 15f

5 >a >b =c <d

<e >f <g =h

>i >j <k =l

>m >n <o >p

6
3

5
, 1

2

5
,
8

5
a

2

9
,
1

3
,
5

9
b

2

5
,
3

4
,
4

5
c

3

5
,
2

3
,
5

6
d

2
1

4
,
5

2
,
11

4
, 3

1

3
e

5

3
,
7

4
,
11

6
,
15

8
f

11

5
,
9

4
, 2

1

2
, 2

3

5
, 2

7

10
g 4

1

6
, 4

10

27
, 4

4

9
, 4

2

3
,
15

3
h

7
1

2
,
1

3
,
1

4
,
1

5
a

3

5
,
3

6
,
3

7
,
3

8
b

7

2
,
7

5
,
7

7
,
7

8
c

1

10
,
1

15
,
1

50
,
1

100
d

10
2

3
, 8

3

5
, 7

1

11
, 5

4

9
e 2

1

3
, 2

1

5
, 2

1

6
, 2

1

9
f

8
1

4
,
1

8
,
1

11
9 Andrea, Rob, Dean, David

10
5

9
,
6

9
a

11

4
,
14

4
b

5

6
,
3

6
c

10

14
,
11

14
d

11 Answers may vary.

13

20
a

1

3
b

5

21
c

3

4
d

2
1

4
e 8

29

40
f

12 7, 8a 16b

13 Thomasa
1

10
th of a donutb

14 a i
1

4
ii

3

8
iii

1

2
iv

1

3

Exercise 4E

1 denominatora

denominator, numeratorsb

denominators, lowest common denominatorc

check, simpliFedd

2 5a 5b 4, 3, 7c 8, 15, 23, 3d

3 15a 20b 6c 6d

8e 10f 77g 9h

24i 18j 30k 48l

4  a  b  c  d

 e  f  g  h

 i  j  k  l

5
5

8
a

5

7
b

4

5
c

9

11
d

7

8
e

7

12
f

7

15
g

5

9
h

1
2

7
i 1

3

10
j 1

4

5
k 1

4

19
l

6
3

4
a

14

15
b

2

3
c

7

12
d

13

20
e

19

20
f

13

21
g

23

40
h

1
13

30
i 1

9

28
j 1

13

33
k 1

5

12
l

7 3
4

5
a 7

3

7
b 12

3

4
c 5

5

9
d

10
1

3
e 21

1

6
f 19

3

11
g 12

2

5
h

8 4
5

12
a 7

7

30
b 12

1

6
c 13

9

28
d

15
1

10
e 19

1

9
f 25

21

44
g 15

5

24
h

9
14

15
a

1

15
b

10 8
3

20
km

11
3

4
a 400b

1

4
, 250 piecesc

12
47

60
a

13

60
b 39c

13 5, 2a 2, 4, 8b 5, 1c

5, 1, 15; other answers possible.d

14 Jim

(

36

60

)

, Vesna

(

37

60

)

, Juliet

(

38

60

)

, Mikhail

(

39

60

)
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15 maximum:
6

1
+
5

2
+
4

3
= 9

5

6

minimum:
1

4
+
2

5
+
3

6
= 1

3

20

a

maximum:
8

1
+
7

2
+
6

3
+
5

4
= 14

3

4

minimum:
1

5
+
2

6
+
3

7
+
4

8
= 1

97

210

b

Maximum: Largest numbers as numerators, smallest

numbers as denominators; combine largest numerator

available with smallest denominator available to produce

the fractions.

Minimum: Smallest numbers as numerators, largest

numbers as denominators; combine smallest numerator

available with smallest denominator available to produce

the fractions.

c

4F

Exercise 4F

1 denominatora multiplyb

simplifyc multiplyd

2 12a 10b 15c 18d

24e 60f 56g 63h

3 1a 3b 4, 3, 1c 12, 10, 2d

4  a  b  c  d

 e  f  g  h

 i  j  k  l

5
2

7
a

3

11
b

7

18
c

1

3
d

0e
4

9
f

3

19
g

8

23
h

31

100
i

12

25
j

16

25
k

2

5
l

6
5

12
a

1

10
b

1

10
c

9

28
d

1

6
e

23

36
f

13

33
g

2

15
h

1

8
i

3

20
j

1

36
k

1

9
l

7 1
3

5
a 8

3

7
b 1

1

7
c 3

2

9
d

2
5

12
e 3

5

28
f 4

7

18
g 7

1

20
h

8 2
2

3
a 4

3

5
b 4

2

3
c 4

8

9
d

4
2

3
e

37

45
f 9

37

44
g 2

29

60
h

9
11

20
L

10
3

5

11
1

6

12 $7
3

4
, $7.75

13 ice-cream
3

4
, chocolate

3

4
, sponge

7

8
a

ice-cream
1

4
, chocolate

1

4
, sponge

1

8
b

2
3

8
c

5

8
d

14 3, 4a 3, 1b 1, 2c 4, 3d

15
1

4
a 4 yearsb 10 yearsc

16 a i
8

15
: ‘Converting to an improper fraction’ is quick and

efFcient for this question.

ii 3
36

55
: ‘Borrowing a whole number’ keeps the numbers

smaller and easier to deal with for this question.

Exercise 4G

1 0, 1a 1b

whole number, proper fractionc

2 You get a smaller answer because you are multiplying by a

number that is less than 1.

3 a

b

1

12
c

4 a

b

c

d
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e

f

5 D

6
3

20
a

2

21
b

10

21
c

8

45
d

2

5
e

1

7
f

1

4
g

5

11
h

5

22
i

1

3
j

6

11
k

4

11
l

6

35
m

3

10
n

2

7
o

1

6
p

7 6a 9b 16c 15d

12e 4f 80g 33h

8 5
5

6
a 1

31

35
b 3

3

10
c 4

7

8
d

5
1

3
e 7f 6g 3

1

3
h

9 3
11

15
a 1

25

63
b 7

4

5
c 24d

10 3
1

5
a

3

16
b 4c 33d

2

7
e 3

3

8
f

4

15
g 6h

11
3

5
a 48 boys, 72 girlsb

12 11
2

3
L

13 7 cups of self-raising �our, 3 cups of cream

14 7 games

15 ×
7

12
a ×

7

12
b ×

1

12
c  d

 e ×
1

12
f

16 D; e.g.
2

7
×

3

5
=

6

35
. The two numerators will always

multiply to give a smaller number than the two larger

denominators. Hence, the product of two proper fractions will

always be a proper fraction.

17 Answers may vary.

2

5
×

3

2
a

5

4
×

3

5
b

3

7
×

2

6
c

18
2

7
,
3

8
a

Exercise 4H

1 A

2
5

11
×

5

3
a

1

3
×

5

1
b

7

10
×

5

12
c

8

3
×

1

3
d

3
5

2
÷

4

3
,
5

2
×

3

4
a 24÷

16

5
,
24

1
×

5

16
b

47

11
÷

21

4
,
47

11
×

4

21
c

8

3
÷

80

7
,
8

3
×

7

80
d

4 lessa moreb morec mored

lesse lessf

5
7

5
a

5

3
b

9

2
c

8

1
d

3

7
e

5

23
f

6

11
g

3

26
h

1

12
i

1

101
j 9k 1l

6
3

8
a

5

33
b

2

5
c

5

7
d

3

4
e 1

1

3
f 1

3

5
g

3

14
h

7 20a 21b 100c 120d

30e 40f 4g 6
2

3
h

8
5

7
a

4

5
b

11

14
c

3

4
d

1
11

16
e 1

3

11
f 3

1

3
g

3

4
h

9
3

40
a 30b 1

13

35
c

1

3
d

28e
4

15
f 6

4

7
g 2

1

10
h

10
3

4

11 10

12
9

10
m

13 8

14 22 km

15
1

2
of 8 and

1

2
÷

1

8
= 4, 12÷ 4 and 12 ×

1

4
= 3,

10 ×
1

2
and 10 ÷ 2 = 5, 3 ÷

1

2
and 3 × 2 = 6

16
9

20
a

45

64
b

5

16
c

1

5
d

17 240 kma 160 kmb

18 Answers may vary.
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Progress quiz

1 a square with 4 equal parts, 3 of which are shaded;

many other possible answers

a

4b

3c

−2 −1 0 1 2 3

d

proper fractione

2 1
2

3
or

5

3
or 1

4

6
or

10

6

3
2

5
=

4

10
,
6

15
,
20

50
,
10

25
,
8

20
…; many other possible answers

4
2

5
a

1

2
b

7

3
= 2

1

3
c 3d

5
8

5

6 3
1

4

7 >a =b =c <d

8
4

9
,
1

2
,
2

3
,
9

4

9
6

7
a

7

10
b 1

3

20
c 5

1

4
d

10
1

12
a

7

12
b 2

3

10
c

11 $336a
14

33
b

3

5
c

3

4
d

12
5

4
a

1

6
b

2

5
c 12d

13
7

32
a 10

2

3
b 1

2

7
c

4I

Exercise 4I

1 70, 70a 48, 48b 60, 60c

20, 20d 40, 40e 63, 63f

2
1

4
= 25%,

2

4
= 50%,

3

4
= 75%,

4

4
= 100%a

1

5
= 20%,

2

5
= 40%,

3

5
= 60%,

4

5
= 80%,

5

5
= 100%

b

1

3
= 33

1

3
%,

2

3
= 66

2

3
%,

3

3
= 100%c

3 86%a 20%b

4
11

100
a

71

100
b

43

100
c

49

100
d

1

4
e

3

10
f

3

20
g

22

25
h

5 1
1

5
a 1

4

5
b 2

37

100
c 4

1

100
d

1
3

4
e 1

1

10
f 3

4

25
g 8

2

5
h

6 8%a 15%b 97%c 50%d

35%e 32%f 86%g 90%h

112%i 135%j 400%k 160%l

7 12
1

2
%a 33

1

3
%b 26

2

3
%c 83

1

3
%d

115%e 420%f 290%g 32
1

2
%h

8
3

4
a 75%b

1

4
c 25%d

9 12
1

2
%

10 70%

11 70%, 80%

12
18

25
a 72%b

13
55

1000
=

11

200

14
25

1000
=

1

40
a

825

1000
=
33

40
b

125

1000
=
1

8
c

1

3
d

Exercise 4J

1 10a 100b 2c 1d

5e 4f

2 iia iib ic id

3 70a 36b 10c 27d

10e 7f 150g 200h

4i 48j 44k 190l

22m 84n 36o 63p

4 96a 600b 66c 100d

15e 72f 73g 600h

5 10% of $200 = $20

20% of $120 = $24

10% of $80 = $8

50% of $60 = $30

20% of $200 = $40

5% of $500 = $25

30% of $310 = $93

10% of $160 = $16

1% of $6000 = $60

50% of $88 = $44

6 $42a 24 mmb 9 kgc

90 tonnesd 8 mine 400 cmf

1.5 gg 3 hectaresh 144 secondsi

7 35

8 no (red $45, striped $44)

9 240
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10 12

11 120a 420b 660c

12 $80/weeka $2080b $4160c

13 computer games 30 min, drums 24 min, outside 48 min,

reading 12 min

a

5% time remainingb

yes, with 1 min to sparec

14 80 min

15 20a 90b 20c 64d

16 they are the same

17 37
1

2
%

18 $140a $1.50b

19 a 1200i 24%, 22%, 20%, 18%, 16%ii

2%iii

b 30%i

week 1: 30%, 2400 pieces; week 2: 25%,

2000 pieces; week 3: 20%, 1600 pieces; week 4: 15%,

1200 pieces; week 5: 10%, 800 pieces

ii

Week Cumulative % Pieces completed

Week 1 30% 2400

Week 2 55% 4400

Week 3 75% 6000

Week 4 90% 7200

Week 5 100% 8000

iii

Exercise 4K

1 4a 4b
1

2
c 50%d

1

2
e 50%f

2 10a
1

5
b

4

5
c 20%d

80%e

3
3

10
, 30%a

3

5
, 60%b

1

5
, 20%c

3

4
, 75%d

1

20
, 5%e

1

2
, 50%f

1

4
, 25%g

3

20
, 15%h

4
3

5
, 60%a

1

2
, 50%b

1

4
, 25%c

2

5
, 40%d

3

4
, 75%e

4

5
, 80%f

5
1

10
a 10%b

6
1

5
a 20%b

4

5
c 80%d

7
3

4
a 75%b

1

4
c 25%d

8 1500 m2a

b i
1

20
, 5% ii

3

5
, 60% iii

1

8
, 12.5%

c
29

40
d 27.5%

9 95%

10 80%

11
1

25
, 4%a

2

5
, 40%b

1

20
, 5%c

1

100
, 1%d

1

50
, 2%e

1

40
, 2.5%f

12
1

5
a 40%b

13 Ross 75%, Maleisha 72%

14 hatch 15%, 4WD 16%; hence, 4WD has larger price reduction.

15 yellow 20%, blue 19%; hence, blue has least percentage of

sugar.

16 a i
b

a + b
ii

a

a + b

b i
100b

a + b
ii

100a

a + b

17
a

a + b
a

100b

a + b
b

18 3a
1

30
b

1

6
c

17

30
d

20%e 96.67%f

Exercise 4L

1 D

2 A

3 5a 1b 1c 4d

4 Yesa Nob Noc Yesd

5 60a 300b 3600c 86 400d

6 1 : 3a 1 : 2b 1 : 9c 1 : 3d

3 : 1e 4 : 1f 10 : 1g 5 : 1h

2 : 5i 2 : 3j 4 : 5k 5 : 7l

9 : 7m 12 : 5n 11 : 7o 5 : 4p

7 4 : 24, replace with 4 : 16 or 6 : 24a

10 : 600, replace with 10 : 60 or 100 : 600b

8 : 24, replace with 8 : 12 or 16 : 24c

15 : 20, replace with 15 : 25 or 12 : 20d

8 12 km/ha 4 claps/secondb $7/kgc

7 m/sd 3 goals/gamee

2 km/min or 120 km/hf

9 $24a 72 songsb 20 wavesc

28 pairs of shoesd

10 5 kg of Iour for $8.50a

5 kg of potatoes for $5.50b

500 g of ham for $9.50c

20 L of cooking oil for $120d

11 10 kg for $38.00 ($3.80/kg), 2kg for $7.90 ($3.95/kg), 5 kg

for $19.95 ($3.99/kg), 500 g for $2.09 ($4.18/kg)
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12 22.5 kga 2.5 kgb

13 12 mL yellow, 20 mL reda

30 mL yellow, 50 mL redb

12 mL yellow, 20 mL redc

7.5 mL yellow, 12.5 mL redd

14 3 : 5a 51.2 minutesb 145 600 wordsc

15 Rates are: $1.25/L, $1.20/L, $2.67/L, $3.33/L. Therefore, the

best buy would be $1.50 for 1.25 L.

16 a i $4 ii $1 iii $0.30

iv $7.20

b Possible answers include: cans may have higher

production, packaging and transport costs; customers

may be prepared to pay more for the convenience of

smaller containers.

17 10xa 60xb 0.5x or
1

2
x or

x

2
,

15x

c

1.1x, 66xd

18 S.F.M. Devine, 313.33 runs per 100 ballsa

8 playersb

5.95 runs per over, 91.67 runs per 100 ballsc

S.J. Coyte, 3 runs per overd

17.14 balls per wickete

S.J. Coytef

CH4
P&C

Problems and challenges

1 22.5

2 Answers will vary, but a possible answer is:

6, 7, 8, 9a

4, 5, 6, 7, 8b

2, 3, 4, 6, 7, 8c

1, 2, 3, 4, 5, 6, 9d

3
2
5

A =
9
10

4
5

B =
11
10

C =
7
10

D =
3
10

E =
3
5

1
2

1

4
1

6
+
1

5
×
1

3
a

1

3
÷

1

4
-
1

6
b

1

6
+
1

4
-
1

5
c

5 Because the 2nal 20% reduction is off the original

$50 plus also off the $10 increase, the 20% reduction

will be $12 overall.

6 $260

Multiple-choice questions

B1 C2 A3 C4 D5

B6 D7 D8 A9 C10

Short-answer questions

1
1

14
,
1

10
,
1

8
,
1

6
,
1

5
,
1

4
,
1

3
,
1

2

2
3

5
=

6

10
=

9

15
=
12

20
=
15

25
etc

Multiplying by the same number in the numerator and

denominator is equivalent to multiplying by 1, and so does

not change the value of the fraction.

3
3

5
a

2

7
b

5

7
c

4 1
1

2
a 1

3

4
b 1

2

3
c 3

1

2
d

5
2

7
<

4

7
a

3

8
>

1

8
b

1
2

3
> 1

3

5
c 3

1

9
<

29

9
d

6
5

7
a

5

8
b

7 10a 21b 24c

8 10a 21b 24c

9 2
1

5
,
9

5
, 1

3

5
a

9

4
,
11

6
,
14

8
,
5

3
b

5
2

3
, 5

7

18
, 5

1

3
,
47

9
, 5

1

9
c

10
1

2
a

5

6
b 1

5

24
c 5

23

30
d

1

2
e 2

1

2
f 1

9

40
g 6

5

36
h

12
3

5
i

11 7a 80b 12c 5d

1

6
e 7

1

2
f

12
4

3
a

12

7
b

4

11
c

3

16
d

13
1

5
a 20b 4c

1

5
d

14

Percentage form Fraction

36%
9
25

220% 2
1
5

5%
5

100

140% 1
2
5

44%
11
25

18%
9
50

15 iia ib

16
3

5
, 60%a

1

5
, 20%b
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1

16
, 6.25%c

3

10
, 30%d

17 3 : 1a 16 : 3b 23 : 5c

18 A

Extended-response questions

1 7
5

8
a 5

11

24
b 10

17

80
c 6

2

21
d

2 129
9

25

3 $176a $24b

4 $550a 264 Lb $99c $200d

5 12
1

2
%a $208b

6 55
2

3
%

Chapter 5

Exercise 5A

1 4x, 3y, 24z, 7a 7b

4c zd

2 Fa Ab Dc

Bd Ce Ef

3 a i 2 ii 17

b i 3 ii 15

c i 3 ii 21

d i 4 ii 2

e i 2 ii 1

f i 4 ii 12

4 x + 1a 5 + kb 2uc 4yd

p

2
e

q

3
f r - 12g 9nh

10 - ti
y

8
j

5 2(x + 5)a 3a + 4b 8k - 3c 8(k - 3)d

6(x + y)e
7x

2
f

p

2
+ 2g 12 - xyh

6 The product of 7 and x.a

The sum of a and b.b

The sum of x and 4 is doubled.c

a is tripled and subtracted from 5.d

7 70a 10nb

8 8xa x + 3b 8(x + 3)c

9 1000xa 100xb 100 000xc

10
$A

4
a

$A

n
b

$A - 20

n
c

11 ‘One-quarter of the sum of a and b.’ Other answers possible.

12 truea trueb falsec trued

falsee

13 falsea falseb truec trued

14 c÷ 2, c - 4, c + 1, 2c, 3c, 3c + 5, 4c - 2, c × c

15 ‘The sum of twice the value of x is taken from 3’ becomes

3 - 2x. Other answers possible.

Exercise 5B

1 14a 1b 10c 8d

2 13

3 15

4 3

5 17a 20b 72c 12d

6 8a 10b 9c 14d

12e 3f 19g 9h

7i 20j 3k 1l

47m 20n 35o 86p

8q 6r

7 8a 4b 5c 9d

4e 45f 5g 24h

50i 8j 5k 20l

8 27a 22b 41c 8d

10e 70f

9

n 1 2 3 4 5 6

n + 4 5 6 7 8 9 10

a

x 1 2 3 4 5 6

12 – x 11 10 9 8 7 6

b

b 1 2 3 4 5 6

2(b – 1) 0 2 4 6 8 10

c

q 1 2 3 4 5 6

10q – q 9 18 27 36 45 54

d

10 75a 45b 54c 11d

12e 5f 33g 19h

11 5

12 x is between 4 and 33 inclusive.

13

x 5 9 12 1 6 7

x + 6 11 15 18 7 12 13

4x 20 36 48 4 24 28

14 1 and 24, 2 and 12, 3 and 8, 4 and 6a

InFnitely many answers; e.g. x =
1

5
, y = 120.b

15 Because 5 × (a + a) is 5 × 2 × a, which is 10a.

Every multiple of 10 ends with 0.
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16

x 5 10 7 9 5 8

y 3 4 2 5 2 0

x + y 8 14 9 14 7 8

x – y 2 6 5 4 3 8

xy 15 40 14 45 10 0

a

2 and 2, 3 and 1
1

2
, 6 and 1

1

5
; other answers possible.b

5C

Exercise 5C

1

x = 0 x = 1 x = 2 x = 3

2x + 2 2 4 6 8

(x + 1) × 2 2 4 6 8

a

equivalentb

2

x = 0 x = 1 x = 2 x = 3

5x + 3 3 8 13 18

6x + 3 3 9 15 21

a

nob

3

6x + 5 4x + 5 + 2x

x = 1 11 11

x = 2 17 17

x = 3 23 23

x = 4 29 29

They are equivalent because they are always equal.

4 2x + 4 and x + 4 + xa 5a and 4a + ab

2k + 2 and 2(k + 1)c b + b and 4b - 2bd

5 Ca Ab Ec Fd

Be Df

6 2x + 2 + 2x, 2(2x + 1); other answers possible.

7 2(w + l); other answers possible.

8 9a + 4b; other answers possible (must have 2 terms).

9 6

10 If x = 8, all four expressions have different values.

11 x × y and y × xb

a × (b + c) and a × b + a × cc

a - (b + c) and a - b - cd

a - (b - c) and a - b + ce

a÷ b÷ c and a÷ (b × c)f

12

4 × (a + 2) 8 + 4a

x = 1 12 12

x = 2 16 16

x = 3 20 20

x = 4 24 24

a

5(2 + a)b

24 + 6ac

13 2a + a + 5b, 3a + 12b - 7b; others answers possible.

14 Yes; for any value of x expressions A and B are equal, and

expression B and C are equal, so expressions A and C are

equal.

a

No; e.g. if expression A is 7x, expression B is 3x and

expression C is 5x + 2x.

b

Exercise 5D

1 x and ya a, b and cb

kc p and qd

2 likea like termsb termsc

15a; others answers possible.d

equivalente 5x + 4; others answers possible.f

3 Na Lb Lc Nd

Ne Lf Ng Lh

Li Lj Lk Nl

4 2aa 5xb 7bc 8dd

12ue 12abf 11abg xyh

5 3a + 5ba 7a + 9bb x + 6yc

7a + 2d 7 + 7be 6k - 2f

5f + 12g 4a + 6b - 4h 6x + 4yi

8a + 4b + 3j 7h + 4k 14x + 30yl

2x + 9y + 10m 8a + 13n 12bo

9ab + 4p 6xy + 5xq 7cd - 3d + 2cr

9uv + 7vs 11pq + 2p - qt 6ab + 36u

6 27na 31nb 58nc

7 3a + 4a 19b

8 4xa 7xb 11xc 3xd

9 12xya 6ab + 5b 10abc

6xy + 3d 5xy + 14e 10cdef

6xy + 6x + 4g

9ab + 9h 7xy - 2yi

10

3x + 2x 5x

x = 1 5 5

x = 2 10 10

x = 3 15 15

a

For example, if x = 5 and y = 10, then 3x + 2y = 35 but

5xy = 250.

b
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11

5x + 4 – 2x 3x + 4

x = 1 7 7

x = 2 10 10

x = 3 13 13

a

For example, if x = 10, 5x + 4- 2x = 34 but

7x + 4 = 74.

b

For example, if x = 1, 5x + 4 – 2x = 7 but

7x – 4 = 3.

c

12 2a + a + 3b, b + 3a + 2b; others answers possible.a

12b

Progress quiz

1 4a 7a, 4b, c, 9b

4c 9d

2 m × p or mpa a + kb

t + 8c w - 4d

3
m

2
+ 7a

m + 7

2
b

a + k

3
c

a +
k

3
d 3(d - 12)e 3d - 12f

4 19a 3b 9c

5 24a 11b 5c

22d 3e

6 3a + 4 and 4 + 3a

7 La Nb Nc Ld

8 8a + 5b + 5a 7cd + 3c + 8d + 4b

9 8x + 8y, 8(x + y) (other variations possible)

Exercise 5E

1 both are 21a both are 35b

both are 56c yesd

2 truea trueb falsec trued

falsee falsef

3
2

3
a

2

3
b

2

3
c

4 Ca Eb Bc Ad

De

5 2xa 5pb 8abc 6ad

28fe 10abf 16xyg 10bh

28xzi

6 36aa 63db 8ec 15ad

12abe 63egf 8abcg 28adfh

12abci 8abcj 60defgk 24abcdl

w2m a2n 3d 2o 2k2p

7p2q 3q2r 12x2s 15z2t

36r2u

7
x

5
a

z

2
b

a

12
c

b

5
d

2

x
e

5

d
f

x

y
g

a

b
h

4x + 1

5
i

2x + y

5
j

2 + x

1 + y
k

x - 5

3 + b
l

8
2

5
a

5

9
b

9a

4
c

2b

5
d

x

2
e

3x

4
f

2

3
g

3

4
h

2ai 3j 2yk
3

y
l

9 3ka 6xb 12xyc

10 4x ga nx gb 2nx gc

11 $20a
$C

5
b

12 3aa 7cb 7bc 12yd

10xe

13 6pa

3 × 2p also simpliFes to 6p, so they are equivalent.b

14

6

2aa

12ab

12a

3a
simpliFes to 4. It has four times the area.c

Area is multiplied by 9.d

15 3 × a × a × b × ba

7x 2y 3b

1200a 3b 2c 2c

24a 3b 2c 2d

Exercise 5F

1 3a + 6a

x + y + x + y = 2x + 2yb

p + 1 + p + 1 + p + 1 + p + 1 = 4p + 4c

4a + 2b + 4a + 2b + 4a + 2b = 12a + 6bd

2 4xa 12b 4x + 12c

3 60, 3, 63a

30, 4, 210, 28, 238b

20, 1, 100, 5, 95c
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4

4(x + 3) 4x + 12

x = 1 16 16

x = 2 20 20

x = 3 24 24

x = 4 28 28

a

equivalent expressionsb

5 12(x + 4) and 12x + 48a

8(z + 9) and 8z + 72b

(3 + a)(3 + b) and 9 + 3a + 3b + abc

6 6y + 48a 7l + 28b

8s + 56c 8 + 4ad

7x + 35e 18 + 3af

81 - 9xg 5j - 20h

8y - 64i 8e - 56j

6e - 18k 80 - 10yl

7 60g - 70a 15e + 40b

35w + 50c 10u + 25d

56x - 14e 27v - 12f

7q - 49g 20c - 4vh

4u + 12i 48l + 48j

5k - 50k 9o + 63l

8 6it - 6iva 2dv + 2dmb

10cw - 5ctc 6es + 6epd

dx + 9dse 10ax + 15avf

5jr + 35jpg in + 4iwh

8ds - 24dti 2fu + fvj

14kv + 35kyk 4em + 40eyl

9 5(x + 3) = 5x + 15a 2(b + 6) = 2b + 12b

3(z - 4) = 3z - 12c 7(10 - y) = 70 - 7yd

10 b + g + 1a

2(b + g + 1) = 2b + 2g + 2b

11 3(4x + 8y) and 2(6x + 12y); others answers possible.

12 2l + 2w

13 3x

5x 155

14 2

6

a

3a3

b ab 2b

15 4 ways, including 1(10x + 20y)a

inFnitely many waysb

16 Rosemary likes Maths and Rosemary likes English.a

Priscilla eats fruit and Priscilla eats vegetables.b

Bailey likes the opera and Lucia likes the opera.c

Frank plays video games and Igor plays video games.d

Pyodir likes fruit and Pyodir likes vegetables and Astrid

likes fruit and Astrid likes vegetables.

e

5G

Exercise 5G

1 35a 20b

2 24 cma 40 cmb

3 3xa 36b

4 2n

5 10xa 15xb kxc

6 180 kma 30 kmb 70nc

7 $200a $680b 50 + 80xc

8 Ba Ab Dc

Ed Ce

9

Hours 1 2 3 4 5

Total cost ($) 150 250 350 450 550

a

100t + 50b

$3050c

10 $25a $(10x + 5)b $75c

11 90 centsa $6.30b 0.3 + 0.6tc

12 33a

g = 8, b = 5b

g = 3 and b = 2, g = 1 and b = 14, g = 0 and b = 20c

13 $(5b + 2c + 6d)a $(5b + 4c + 3d)b

$8c

14 cna 3cnb 6cnc

15 10 + 30xa

2 h 20 minb

Because you don’t pay the booking fee twice.c

$32d

It will get closer to $30.e

16 $(0.2 + 0.6t)a $(0.8 + 0.4t)b

Emma’sc 3 mind

Answers will vary.e

Problems and challenges

1 25

2 P = 10ma P = 20(x + 3)b P = 5(w + y)c

3 Largest 18x + 70, smallest 12x + 44,

difference 6x + 26 = 86 cm

4 15a + 10, 5(3a + 2)

5 a = 4, b = 12, c = 16, d = 8, e = 36a

a = 6, b = 3, c = 5, d = 10, e = 15b

6 5050

7 Because 2(x + 3) - 12 - x + 2 simpliFes to x.
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Multiple-choice questions

B1 A2 C3 D4 D5

C6 A7 E8 A9 A10

Short-answer questions

1 5a, 3b, 7c, 12a 12b

2 u + 7a 3kb 7 +
r

2
c

h - 10d xye 12 - xf

3 15a 24b 2c 32d

4 15a 8b 4c 27d

5 16a 200b 5c 20d

6 Ea Nb Ec Nd

7 La Nb Lc Ld

Ne Lf Ng Lh

8 7x + 3a 11pb

7a + 14b + 4c 3m + 17 mn + 2nd

1 + 7c + 4h - 3oe 4u + 3v + 2uvf

9 12aba 6xyzb 36fghc 64klmd

10
3

2
a

3

5
b

a

3
c

4x

3z
d

11 3x + 6a 4p - 12b 14a + 21c 24k + 36ld

12 2(6b + 9c), 6(2b + 3c); other answers possible

13 9t

14 g + b

15 3x

Extended-response questions

1 a i $24.50 ii $45.50 iii $213.50

b 3.5 + 2.1d

c $87.50

d If d = 40, 2.1 + 3.5d = 142.10, not 87.50.

e 6 + 1.2d

2 26a $78b

4x + 2y + 10c 12x + 6y + 30d

x(x + 5) + 3y; other answers possible.e

Chapter 6

Exercise 6A

1
2

10
a

3

100
b

7

1000
c

2 5a 6b 7c 37d

3
6

10
a

6

100
b

6

1000
c

6

10
d

6e
6

100
f

6

100
g

6

1000
h

4 falsea falseb truec falsed

truee truef falseg trueh

truei truej truek falsel

5 0.3a 0.8b 0.15c 0.23d

0.9e 0.02f 0.121g 0.074h

6 6.4a 5.7b 212.3c 1.16d

14.83e 7.51f 5.07g 18.612h

7 7.6a 12.9b 33.04c

26.15d 8.42e 99.012f

8 0.1a 0.03b 0.02c 0.5d

0.001e 0.01f 0.15g 0.11h

9 3.05, 3.25, 3.52, 3.55a 3.06, 3.6, 30.3, 30.6b

1.718, 1.871, 11.87, 17.81c

22.69, 22.96, 26.92, 29.26, 29.62d

10 Waugh, Border, Gilchrist, Taylor, Hughesa

Frstb

11 day 6a day 4b days 2, 5 and 6c

12 c.c, c.a, b.c, b.a, a.c, a.ba

c.bc, c.ab, b.ca, b.bb, a.ca, a.bc, a.aa, ba.ca, ab.abb

13 0.aa 0.0ab 0.aac a.a0ad

14 a i 0.1, 1.0 (2 ways)

ii 0.12, 0.21, 1.02, 1.20, 2.01, 2.10, 10.2, 12.0, 20.1,

21.0 (10 ways)

iii 0.123, 0.132, 0.213, 0.231, 0.312, 0.321, 1.023,

1.032, 1.203, 1.230, 1.302, 1.320, 2.013, 2.031,

2.103, 2.130, 2.301, 2.310, 3.012, 3.021, 3.102,

3.120, 3.201, 3.210, 10.23, 10.32, 12.03, 12.30,

13.02, 13.20, 20.13, 20.31, 21.03, 21.30, 23.01,

23.10, 30.12, 30.21, 31.02, 31.20, 32.01, 32.10,

102.3, 103.2, 120.3, 123.0, 130.2, 132.0, 201.3,

203.1, 210.3, 213.0, 230.1, 231.0, 301.2, 302.1,

310.2, 312.0, 320.1, 321.0 (60 ways)

b 408 ways

Exercise 6B

1 5.8a 2b 80c 6.78d

2 5a 9b 1c 4d

0e 9f 6g 5h

3 a i 1 ii 7 iii 4 iv 8

b i 25.8 ii 25.82 iii 25.817 iv 26

4 14.8a 7.4b 15.6c 0.9d

6.9e 9.9f 55.6g 8.0h

5 3.78a 11.86b 5.92c 0.93d

123.46e 300.05f 3.13g 9.85h

56.29i 7.12j 29.99k 0.90l

6 15.9a 7.89b 236c 1d

231.9e 9.4f 9.40g 34.713h

7 24.0a 14.90b 7c 30.000d

8 28a 9b 12c 124d

22e 118f 3g 11h

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



711

A
ns

w
er

s

9 $13a $31b $7c $1567d

$120e $10f $1g $36h

10 $51a $44b very accuratec

11 0 sa 0.4 sb 0.34 sc 52.825 sd

12 2.25, 3 decimal places

13 Samara: Round to 2 decimal places = 0.45, then round this

to 1 decimal = 0.5. Cassandra: Rounding to 1 decimal place,

critical digit is the second 4, which is less than 5, therefore

rounded to 1 decimal place = 0.4.

Samara has a Iaw of rounding an already rounded number.

Cassandra is correct.

14 Depends on your calculator.

15 Depends on your software package.

Exercise 6C

1 C

2 B

3 27.97a 25.94b 247.4c 58.31d

4 16.06a 21.33b 343.75c 37.567d

21.592e 340.0606f

5 12.1a 114.13b 6.33c 70.79d

6 12.3a 131.4b 22.23c 13.457d

43.27e 4947.341f

7 7, 8a 6, 5, 1, 4b 0, 1, 0, 2c 7, 5, 1, 6, 1d

8 186.19

9 $54.30

10 49.11 mm

11

+ 0.01 0.05 0.38 1.42

0.3 0.31 0.35 0.68 1.72

0.75 0.76 0.80 1.13 2.17

1.20 1.21 1.25 1.58 2.62

1.61 1.62 1.66 1.99 3.03

12 $2036.10

13 8.038a 0.182b 2.438c 1.308d

14 Answers will vary; e.g. 3.57 + 4.15 + 3.44a

Answers may vary; e.g. 1.35 + 2.87 + 6.94 = 11.16b

15 Always end up with $10.89 unless the starting value has the

same Frst digit, in which case we end up with zero. The 8

forms as it comes from adding two 9s. This produces a 1

to be carried over, which results in the answer being a $10

answer, rather than a $9 answer.

6C

Exercise 6D

1 00a 000b 00c 00000d

2 000a 00b 0c 00000d

3 a right 2 placesi left 1 placeii

right 6 placesiii no changeiv

left 3 placesv right 3 placesvi

right 1 placevii left 7 placesviii

b right 1 place

4 48.7a 352.83b 4222.7c 1430.4d

5699.23e 125.963f 12 700g 154 230h

3400i 2132j 86 710 000k 516 000l

5 4.27a 35.31b 2.4422c 56.893d

12.135 18e 9.326 11f 0.029g 0.001 362h

0.000 54i 0.367j 0.000 002k 0.010 000 4l

6 2291.3a 31.67b 0.49c 0.222d

63 489 000e 0.001 003 2f

7 15 600a 43 000b 225.1c 0.016d

213 400e 21.34f 0.007g 9 900 000h

0.0034i

8 158.4a 3.36b 85.4c 7054d

71.06e 7.5f 2.037g 21.7h

9 $137

10 1 200 000 mLa

12 000b

11 3000 cents, $30

12 $21 400

13 225 kg

14 Answers may vary.

number Answer operations

12.357 1235.7 × 1000, ÷ 10

34.004 5 0.034 004 5 ÷ 100, ÷ 10

0.003 601 360.1 × 100, × 1000

bac.dfg ba.cdfg ÷ 100, × 10

d.swkk dswkk × 100 000, ÷ 10

fwy f.wy ÷ 1000, × 10

15 ÷ 1 000 000

16 a 5 × 1013i 4.2 × 107ii 1.23 × 1016iii

b 2 × 1019i 1.08 × 1021ii

c, d Answers will vary

e 3.5 × 10-11

f 1 × 10-6i 9 × 10-10ii 7.653 × 10-12iii

Exercise 6E

1 1a 2b 3c 3d 5e

2f 4g 3h 9i

2 19.2a 1.92b 0.192c

3 It helps you check the position of the decimal point in the

answer.

Starting Possible two-step
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4 The decimal point is the actual ‘dot’; decimal places

are the numbers after the decimal point.

a

1 decimal point, 4 decimal placesb

5 in the question; decimal places

6 20.84a 26.6b 183.44c 100.8d

218.46e 15.516f 23.12g 12.42h

5.44i 311.112j 0.000 966k 1.321 31l

7 100.8a 483b 25 400c 9800d

14 400e 364 550f 0.68g 371h

90.12i

8 $31.50, $32a $22.65, $23b

$74.80, $75c $17.40, $17d

$145.20, $145e $37 440, $37 440f

$88.92, $89g $4.41, $4h

$18.0625, $18i

9 29.47 m

10 3.56 kg

11 165.85 km

12 67.2 ma $198.24b

13 $1531.25

14 738.4 kma yesb

1.57 L left in the tankc

15 Answers may vary; 0.25, 0.26

16 Answers may vary; 0.0043
17 38.76a 73.6b 0.75c 42, 0.42d

Exercise 6F

1 B

2 directly above the decimal point in the dividend

3 60a 60b 60c 60d

e An identical change has occurred in both the dividend and

the divisor.

4 32.456, 3a 12 043.2, 12b

34.5, 1c 1 234 120, 4d

5 4.2a 6.1b 21.34c 0.7055d

1.571e 0.308f 3.526g 124.3h

0.0024i 117.105j 0.6834k 0.002 562 5l

6 30.7a 77.5b 26.8c 8.5d

44.4e 645.3f 0.08g 0.050 425h

980i 800.6j 0.79k 2 161 000l

7 Answers may vary

8 1.1807a 8.267b 0.012 374 8c

0.004 23d 0.096 487e 0.000 782 5f

9 11.83 kga $30.46b 304.33c

239.17 gd 965.05 Le $581.72f

10 20.84a 93.36b 10.93c

18.49d 67.875e 158.35f

11 8, 9a 9b 1, 5, 5c 7, 7, 0d

12 $1.59/L

13 238 frames

14 26.67, 26 can be Flled

15 $66.35a $21.90b

16 apples $3.25/kg; bananas $3.10/kg; hence, bananas are

better value.

17 24.5 m/sa 88.2 km/hb yesc

18 24.53a 19.7b 2453c

1.97d 2.453e 197f

19 0.5a 0.3b 0.01c 1.1d 4.8e

Answers may varyf

Progress quiz

1 6 hundredthsa 6 unitsb

2 0.9a 0.019b 3.25c

3 0.043, 0.34, 0.43, 3.4, 4.3

4 16.88a 2.350b 0.7c

5 5.4a 17.031b 3.52c 5.78d

6 3450a 0.653 45b

7 90 000a 119b 1.912c 136 800d

14.1e 0.013f 193.2g 0.221h

9000i 2.52j

8 8.011a 197.44b

9 $10.15a $3.99 per kgb 25 kgc

Exercise 6G

1 5a 100b 75, 7c 5, 4d

2 2a 15, 20b 10, 4c 16d

3 falsea trueb truec falsed

truee truef

4
1

2
a 6

2

5
b 10

3

20
c 18

3

25
d

3
1

4
e

1

20
f 9

3

40
g 5

24

125
h

5 0.7a 0.9b 0.31c 0.79d

1.21e 3.29f 0.123g 0.03h

6
8

10
= 0.8a

5

10
= 0.5b

35

100
= 0.35c

46

100
= 0.46d 5

95

100
= 5.95e 3

25

100
= 3.25f

25

10
= 2.5g

375

1000
= 0.375h

7 0.5a 0.5b 0.75c 0.4d

0.
.

3e 0.375f 0.41
.

6g 0.428571h

8 0, 0.5, 1a

0, 0.
.

3, 0.
.

6, 0.
.

9 (0.9999999... = 1)b

0, 0.25, 0.5, 0.75, 1c

0, 0.2, 0.4, 0.6, 0.8, 1.0d

9
1

4
, 0.4,

1

2
,
5

8
, 0.75, 0.99a

1

9
, 0.13,

3

7
, 0.58,

4

5
, 0.84b
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10 Tan:
11

37
= 0.297; Lillian:

6

21
= 0.285714;

hence, Tan is the better chess player.

a

two or moreb

11 0.11 mm,
11

100
mm

12 a 0.5, 0.3, 0.25, 0.2, 0.1
.

6 , 0.142857, 0.125, 0.
.

1 , 0.1

b, c Answers may vary

13
1

10
,
1

5
,
1

4
,
2

5
,
1

2
,
3

5
,
3

4
,
4

5
,
9

10

14 Answers may vary; 2
4

9
, 2
45

100
, 2
3

7

15 2,
4

7
, = 0.571428, repeating pattern

16 Answers may vary

6H

Exercise 6H

1 95%a 60%b 75%c 26%d

C2 B3 A4

5 50a 50%b

c 5i 100ii 20iii 1iv

d 50%i 50%ii 50%iii 50%iv

6 100, ÷, 100, .a 35, 100, 35, 0b

out of, 126, 100, 26c

7 0.32a 0.27b 0.68c 0.54d

0.06e 0.09f 1g 0.01h

2.18i 1.42j 0.75k 1.99l

8 0.225a 0.175b 0.3333c 0.0825d

1.1235e 1.888f 1.50g 5.20h

0.0079i 0.000 25j 0.0104k 0.0095l

9 80%a 30%b 45%c 71%d

41.6%e 37.5%f 250%g 231.4%h

2.5%i 0.14%j 1270%k 100.4%l

10 86%, 0.78, 75%, 0.6, 22%, 0.125, 2%, 0.5%a

50, 7.2, 2.45, 1.8, 124%, 55%, 1.99%, 0.02%b

11 35%

12 25%a 78%b

13 24 gigalitres

14 ab.cd%a aac%b abdc%c

d.d%d cdb.a%e cc.cddd%f

15 0.0aba b.cdb 0.acc

0.00dad ab.bbe 0.dddf

16 noa

Answers may vary. Examples include: percentage score

on a Maths test, percentage of damaged fruit in a crate,

percentage of spectators wearing a hat, percentage of the

day spent sleeping.

b

Answers may vary. Examples include: percentage pro.t,

percentage increase in prices, percentage increase in the

price of a house, percentage score on a Maths test with a

bonus question.

c

17 F ÷ A × 100a

F: points scored for the team; A: points scored against

the team

b

100%c

158 pointsd

yes; Hawthorn 90.60%, Port Adelaide 91.32%e

18 Answers may vary

Problems and challenges

1 2a 100Ab 0.2c

479

330
or
1437

990
d

2 × $1 coins, 3 × 50-cent pieces and 3 × 20-cent piecese

2 Height of rungs: 0.18 m, 0.36 m, 0.54 m, 0.72 m, 0.9 m,

1.08 m, 1.26 m, 1.44 m, 1.62 m, 1.8 m

3 A = 1, B = 7, C = 8a

A = 7, B = 5, C = 1, D = 9b

A = 4, B = 2c

A = 3, B = 7d

4 a i 1.96 ii 2.25 iii 2.1025

b i 1.41 ii 1.414

Multiple-choice questions

D1 B2 C3 E4 A5

D6 D7 B8 A9 C10

Short-answer questions

1 0.44, 0.4, 0.04a 2.16, 2.026, 2.016b

0.98, 0.932, 0.895c

2 8.1a 0.81b 8.01c 0.801d

3 3 hundredths =
3

100
a 3 thousandths =

3

1000
b

3 ones = 3c

4 falsea falseb truec

trued falsee truef

5 45.270, 45.271, 45.272, 45.273, 45.274, 45.265, 45.266,

45.267, 45.268, 45.269

6 423.5a 15.89b 7.3c 70.000d

2.8e 0.67f 0.455g

h 0.012 345 679 012 345 679 012 345 679 012 345

679 012 345 68

7 9.53a 4.137b 43.35c

240.49857d 83.497e 205.22f

8 truea falseb falsec falsed

truee

9 5a 5b 4c 2d

10 137a 790b 22.51c 0.096 208d

696.956e 360.5f 563 489.3g

11 19.2a 63.99b 19.32c 0.95d

1.52e 6f 16g 3h

3.1
.

0
.

9i
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12

Decimal Fraction Percentage

0.45
45
100

=
9
20

45%

0.7
70
100

=
7
10

70%

0.32
32
100

=
8
25

32%

0.06
6

100
=

3
50

6%

0.79
79
100

79%

1.05
105
100

=
21
20

105%

0.35
35
100

=
7
20

35%

0.65
60
100

=
13
20

65%

0.125
125
1000

=
1
8

12.5%

Extended-response questions

1 Jessica $12.57; Jaczinda $13.31; hence, Jaczinda earns

higher pay rate by 74 cents per hour.

a

$37.47, $37.45 to the nearest 5 centsb

$40.56c

$48.34d

2 $30.40a $18 240.30b

3 32 minutes and 43 seconds, on average

Semester review 1

Whole numbers
Multiple-choice questions

E1 B2 D3 C4 A5

Short-answer questions

1 a LXXIVb c

2 67 849a 700 850b

3 99 323a 6867b 441c

196 000d 1644e 764
3

4
f

4 falsea trueb truec

5 36

6 30a 56b 48c 160d

16e 42f

7 falsea trueb falsec trued

truee truef

8 18 × (7 + 3)

9 9 times

10 3 859 640a 3 860 000b 4 000 000c

Extended-response questions

1 28a $700b $1000c 12 hd

Geometry

Multiple-choice questions

A1 B2 B3 B4 D5

Short-answer questions

1 AC || FD or EB || DCa

BF and BDb

CD, ED, BD at D or any three of AC, BD, BE or

BF at B

c

A and Bd

Ee

2 30°a 80°b 150°c

3 25°

4 78°

5 a = 140a a = 50b a =140c a = 65d

a = 62e a = 56f

6 a = 100, b = 80, c = 100, d = 80, e = 100,

f = 80, g = 100

7 Because the cointerior angles add to more than 180°.

8 Check with your teacher.

Extended-response questions

1 a x = 56i y = 95ii z = 29iii

b x + y + z = 180

Number properties and patterns

Multiple-choice questions

C1 A2 B3 E4 D5

Short-answer questions

1 1, 3, 5, 15a

1, 2, 3, 5, 6, 10, 15, 30b

1, 2, 4, 5, 10, 20, 25, 50, 100c

2 3, 6, 9, 12, 15a 7, 14, 21, 28, 35b

11, 22, 33, 44, 55c

3 2, 3 and 6

4 4

5 121a 144b 25c

6 120

7 false
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8 1a 1b 1c

9 61a 17b

10
input 4 5 6 9 11 100

output 19 23 27 39 47 403

11 A (1, 0), B (4, 1), C (3, 2), D (1, 3), E (3, 4)

Extended-response questions

1a

b 18 c 9th d $61

Fractions

Multiple-choice questions

B1 C2 E3 D4 A5

Short-answer questions

1
3

10
,
1

3
,
2

5
,
1

2

2
17

3

3
11

12
a 2

2

3
b 6

1

4
c

1

5
d

4e
1

2
f

4
3

20
5 $120

6 $60

7 truea trueb truec falsed

8 67%

Extended-response questions

1 6a
8

9
b 9c

second dose on Sunday weekd

Algebra

Multiple-choice questions

B1 A2 C3 E4 D5

Short-answer questions

1 4a yesb 9c 7d

2 x + 3a 12ab 2x + 3yc

w

6
d y - 2xe

3 100ma 24xb 1 000 000pc

y

24
d

4 13a 11b 39c 6d

6e 24f

5 36

6 10aa 4xb 12ac

md 6 + 5ae 4x + 2yf

7 2x + 14a 3(x + 4) = 3x + 12b

8 6bca 5bb pc

9 2a + 6a 12a - 12bb 24m + 32c

10 12xy

Extended-response questions

1 $12a i $(3x + 6)ii $(3x + 2y)iii

$(50 - 3x - 2y)b

Decimals

Multiple-choice questions

E1 C2 D3 A4 B5

Short-answer questions

1 0.2a 0.13b 1.7c

2 6 unitsa
4

1000
b 136.1c

3 18a 18.4b 18.40c

4 4.07a 269.33b 19.01c

0.24d 0.09e 60f

5 0.833a 3b 36c

6 4.5387a 0.045 387b 1.23c

7 36 490a 0.018b 3886c

8
4

5
a 1.1b

2

3
c

9 truea falseb falsec

trued falsee truef

Extended-response questions

1 $64.08a $64.10b $64.35c 25cd

It becomes $63.90 rather than $63.80.e

7A

Chapter 7

Exercise 7A

1 -2, 2a 0, 2b -7, -5c -5, -3, 0d

2 -2a -6b 3c 7d

15e -21f -132g 1071h

3 greatera lessb greaterc lessd

4
0 1 2−2 −1

a

−8 −7 −6−10 −9
b
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5 -2, -1, 0, 1, 2, 3, 4a

-2, -1, 0, 1b -4, -3, -2, -1, 0c

-9, -8, -7, -6, -5, -4d

6 <a >b >c <d

>e <f <g >h

<i >j <k >l

7 4°Ca -1°Cb -7°Cc -25°Cd

8 -1
1

2
a -

2

3
b -4

3

5
c

-9
1

4
d -11

1

4
e -19

4

7
f

9 -10, -6, -3, -1, 0, 2, 4a

-304, -142, -2, 0, 1, 71, 126b

10 0, -1, -2a -2, 0, 2b

-5, -10, -15c -44, -46, -48d

-79, -75, -71e -101, -201, -301f

11 $5a -$10b

12 -50 ma -212.5 mb 0 mc

13 2a 4b 4c 7d

3e 3f 6g 44h

14 -2a 1b -1c

-7d -51e 357f

Exercise 7B

1 righta rightb leftc leftd

2 Da Ab Bc Cd

3 1a 3b 2c 1d

-1e -3f -2g -2h

-4i -8j -1k 2l

2m -9n 6o -31p

4 -2a -1b -8c -19d

-4e -10f -15g -7h

-41i -12j -22k -47l

-300m -100n -93o -634p

5 5a 9b 5c 2d

5e 7f 3g 10h

5i 16j -4k -5l

-6m -13n -30o -113p

6 5a -9b 1c -13d

1e -22f -32g -4h

7 $145a $55b $5250c

8 3°Ca -3°Cb -46°Cc

9 69°C

10 59 ma 56 mb

11 Answers may vary.

12 positivea i positiveii negativeiii zeroiv

nob i yesii

13 Other combinations may be possible.

-, +a +, -, -,b +, +, -, +c

-, +, +, +, -d +, +, -e -, +, -, -f

Exercise 7C

1 6, -3b -3, 1c -11, -7d 3, 5e

6, -2f -3, 7g -11, -7h

2 4a subtractingb -5c

subtractingd 2e addingf

3 falsea trueb truec falsed

falsee truef falseg falseh

4 1a 5b 6c 2d

-3e -5f -2g -4h

-3i -22j -35k -80l

-10m -29n -50o -112p

5 5a 11b 50c 90d

-4e -3f -5g -34h

2i 1j 0k 8l

28m 34n -12o -76p

6 -3a -10b -4c 4d

-1e 4f -1g -5h

-4i 4j 2k -24l

-6m -5n 2o 4p

7 0a -5b 8c 12d

-9e 5f -6g -91h

-15i 6j 17k 11l

8 -143 m

9 -$35 000

10 -$30

11 $8000a i -$6000ii

$2000b

12
-2 0 5

8 1 -6

-3 2 4

a
-13 -11 -6

-3 -10 -17

-14 -9 -7

b

13 3 + 4a -2 + (-9)b 5 - (-2)c

1 - (-2)d a + (-b)e a - (-b)f

14 4a -1b -3c

15 a i no ii yes

b i yes ii no

c Yes, if b < a then subtracting b takes the result to a number

bigger than zero.

16
3

2
a

11

3
b -2c -4d

16

3
e

23

2
f -

1

2
g -

1

14
h

3

2
i

15

2
j

37

6
k

32

35
l

-
11

6
m -

27

20
n

67

14
o -

53

30
p
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Exercise 7D

1

× -2 -1 0 1 2

-2 4 2 0 -2 -4

-1 2 1 0 -1 -2

0 0 0 0 0 0

1 -2 -1 0 1 2

2 -4 -2 0 2 4

a

× -4 -2 0 2 4

-4 16 8 0 -8 -16

-2 8 4 0 -4 -8

0 0 0 0 0 0

2 -8 -4 0 4 8

4 -16 -8 0 8 16

b

2 2a -3b -4c -4d

3 positivea positiveb negativec

positived positivee negativef

4 -15a -10b -6c -54d

32e 28f 144g -99h

-39i -84j 38k -108l

66m -45n 63o 72p

5 -2a -12b -2c -4d

3e 1f -5g -19h

-7i -12j -68k 8l

12m 13n -13o 13p

6 24a 15b -4c 5d

1e -10f 72g 18h

1i -1j -69k -3l

7 -7a 4b -4c 8d

27e -140f 2g -3h

-3i -1j -2k 40l

8 -3a -3b 8c 31d

3e 5f -30g -100h

9 4a 1b 81c 100d

36e 64f 9g 2.25h

10 (1, 6), (2, 3), (-1, -6), (-2, -3)a

(1, 16), (2, 8), (4, 4), (-1, -16), (-2, -8), (-4, -4)b

(-1, 5), (-5, 1)c

(-1, 24), (-24, 1), (-2, 12), (-12, 2), (-3, 8), (-8, 3),

(-4, 6), (-6, 4)

d

11 × , ÷a ÷, ×b × , ×c ÷, ×d

12 (4,-2), (-4, 2)a (33,-3), (-33, 3)b

13 a i -8 ii 64 iii -27

iv 81

b parts ii and iv, even number of negative factors

c parts i and iii, odd number of negative factors

14 -aba -abb abc

15 -
1

4
a -

1

2
b -

3

7
c 1d

-1e -
5

4
f

1

2
g 6h

-1i 1j -1k 1l

Progress quiz

1
−2 −1 0 1 2 3

2 -2 < 1a -9 > -12b 4 > -5c

3 -6, -4, 0, 7, 8

4 2a -9b -8c -26d

5 5a -15b -3c 20d

6 5a 12b

7 -12a 60b -7c 4d

8 40a -30b 16c -2d

9 25a -8b 12c -315d

10 Debt of $70 or -$70

7D

Exercise 7E

1 divisiona multiplicationb multiplicationc

divisiond additione subtractionf

multiplicationg multiplicationh multiplicationi

2 truea falseb truec

falsed falsee truef

3 -7a 7b 19c 9d

16e 14f 6g -32h

-5i -4j -18k -4l

-10m 4n 0o

4 -10a -2b -6c 1d

2e 9f 1g 4h

-14i -20j 2k -5l

8m -6n -12o

5 $528

6 -$50

7 (-2 + 3) × 8 = 8a

-10÷ (4 + 1) = -2b

(-1 + 7) × 2 - 15 = -3c

(-5 - 1)÷ (-6) = 1d

(3 - 8)÷ 5 + 1 = 0e

50 × (7 - 8) × (-1) = 50f

-2 × (3 - (-7)) - 1 = -21g

(-3 + 9)÷ (-7 + 5) = -3h

(32 - (-8))÷ (-3 + 7) = 10i

8 three answers (-10, -21, -31)

9 noa nob yesc

yesd noe yesf

10 truea trueb truec

trued falsee falsef

11 a i negative ii negative iii negative

iv positive v negative vi negative
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b If there is an even number of negative factors the result will

be positive, if odd then negative

12 4a 4b -4c -32d

-32e 32f 2g -2h

-1i

13 Kevin should have typed (-3)4 to raise -3 to the power of 4.

-34 is -1 × 34.

Exercise 7F

C1 B2 no, 203

4 17a 23b -8c 8d

6e 11f -7g 6h

3i -9j -9k 6l

5 -8a -2b 2c -13d

-25e 17f 36g 18h

6 38a 5b 4c -13d

-4e -16f

7 10a -1b -24c -6d

8 6 m2a 16 m2b

9 a 32 metres per second

b 14 metres per second

c 2 metres per second

10 a i 16 ii -2

b A negative width is not possible.

11 Answer may vary.

12 Answers may vary.

13 a - a = 0 and -b + b = 0a

a

a
= 1b

a - a = 0c

ab

b
cancels to simply give a.d

14 a i 5°C ii -15°C iii -25°C

b F =
9C

5
+ 32

Exercise 7G

1 Da Bb Ac Cd

Ee Hf Fg Gh

2 9a 18b 15c 6d

10e 2f 1g

3 A(2, 1),B(3, -2),C(-1, -4),D(-2, 2),E(4, 3),F(2, -3),

G(-3, -1),H(-4, 4)

4 a, b

2

3

1

−2

−3

−1
−2−3 −1−4

−4

2 31 4
O

4

y

x

5 a A(3, 0),B(0, -2),C(-1, 0),D(0, 4),E(0, 2),F(1, 0),

G(0, -4),H(-3, 0)

6 a

2

3

1

−2

−3

−1
−2−3 −1−4

−4

2 31 4
O

4

y

x

b They lie in a straight line.

7 a

2

3

1

−2

−3

−1
−2−3 −1−4

−4

−5

−6

−7

2 31 4
O

4

5

y

x

b They lie in a straight line.

8 trianglea rectangleb trapeziumc kited

9 4 square unitsa 6 square unitsb

4 square unitsc 15 square unitsd

10 28 km

11 y = 2

12 y = 3

13 Ba Cb B, A, Cc

14 a i 1 and 4 ii 4 iii 3 and 4 iv 3

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



719

A
ns

w
er

s

b y

x

2

3

1

−2

−3

−1
−2−3 −1−4

−4

2 31 4
O

4

15 a y = {-7,-5,-3,-1, 1, 3, 5}

b, c

2

3

1

−2

−3

−1
−2−3 −1−4

−4

−5

−6

−7

2 31 4
O

4

5

y

x

d They are in a straight line.

Problems and challenges

1 -81, 243, -729a 4, -2, 1b

-10, -15, -21c -8, -13, -21d

2 0a -153b

101c

3 -3 × (4 + (-2)) = -6 or -3 × 4÷ (-2) = -6a

-2 × 5 × (-1) + 11 = 21 or

- 2 × 5÷ (-1) + 11 = 21

b

1 × 30÷ (-6) - (-2) = -3c

4 11 and -3a 21 and -10b

5 9 pairs

6 a = 1, b = -1, c = 2, d = -3, e = 5

7 -
1

25

8 p + t > q + ta t - p < t - qb pt < qtc

9 all numbers less than 1 except 0

Multiple-choice questions

C1 E2 B3 D4 C5

A6 E7 C8 B9 C10

Short-answer questions

1 <a <b >c <d

2 -5a -2b -15c 1d

-2e -5f 12g -18h

-6i 5j -11k 5l

3 -1a -9b -1c 2d

-21e -2f -87g 30h

4 -10a -21b 30c -5d

-3e 4f 1g -8h

5 -2a -50b -36c -1d

6 -37a 8b -3c 1d

56e 80f

7 10a -41b -22c -11d

8 A(3, 0),B(2, 3),C(-1, 2),D(-4, -2),E(0, -3),F(4, -4)

Extended-response questions

1 16°Ca -31°Cb 8°Cc 19°Cd 27°Ce

2 rocket

8A

Chapter 8

Exercise 8A

1 iiia ivb ic

vd vie iif

2 categoricala numericalb numericalc

categoricald numericale numericalf

3 Answers will vary.

4 a discrete numerical

b continuous numerical

c continuous numerical

d categorical

e categorical

f categorical

g discrete numerical

h discrete numerical

i continuous numerical

j continuous numerical

k continuous numerical

l discrete numerical

m continuous numerical

n discrete numerical

o categorical

p discrete numerical

q discrete numerical

r categorical

5 a observation

b sample of days using observation or secondary source

records within each day

c census of the class
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d sample

e sample

f sample using secondary source data

g census (this question appears on the population census)

h census of the class

i sample

j results from the population census

k observation

l observation

m sample

n sample

6 a secondary – a market research company

b secondary – department of education data

c primary data collection via a sample

d secondary source using results from the census

e secondary source using NAPLAN results or similar

7 a Proximity to the Indian Ocean makes Frst hand collection

of the data difFcult.

b Too many people to ask and a sensitive topic means that

using the census results as your source would be better.

c Extremely large population makes primary data difFcult

to collect.

d Sensitive topic might make student less keen to give

honest and reliable answers.

e Cultural issues and the different cultural groups that exist

in the community makes collection difFcult.

8 The data is often collected by a market research company.

It is not always possible to know how the data is collected,

the areas it is collected from and whether there was a bias

introduced in the surveys.

9 a Population is the entire group of people but a sample is a

selection from within it.

b If the population is small enough (e.g. a class) or there is

enough time/money to survey the entire population

(e.g. national census).

c When it is too expensive or difFcult to survey the whole

population, e.g. television viewing habits of all of NSW.

10 a The answers stand for different categories and are not

treated as numbers. They could have been A–E rather than

1–5.

b i 1 = strongly disagree, 2 = somewhat disagree,

3 = somewhat agree, 4 = strongly agree.

ii 1 = poor, 2 = satisfactory, 3 = strong, 4 = excellent.

iii 1 = never, 2 = rarely, 3 = sometimes, 4 = usually,

5 = always.

iv 1 = strongly disagree, 2 = disagree, 3 = neutral,

4 = agree, 5 = strongly agree.

11 a Excludes people who have only mobile numbers or who

are out when phone is rung; could bias towards people

who have more free time.

b Excludes people who do not respond to these types of

mail outs; bias towards people who have more free time.

c Excludes working parents; bias towards shift workers or

unemployed.

d Excludes anyone who does not read this magazine; bias

towards girls.

e Excludes people who do not use Facebook; bias towards

younger people or people with access to technology.

12 a For example, number of babies at a local playground.

Other answers possible.

b Count a sample, e.g. just one Ioor of one car park.

13 It gives ownership and establishes trust where there may not

have been any. It also ensures a deeper understanding of the

process and need for honesty in the collection and use of any

data.

14 a Too expensive and difFcult to measure television viewing

in millions of households.

b Not enough people – results can be misleading.

c Programs targeted at youth are more likely to be watched

by the students.

d Research required.

15 a Too expensive and people might refuse to respond if it

came too often.

b English as a second language can impact the collection

of data (simple, unambiguous English is required). Some

people from particular cultures may not be keen to share

information about themselves.

c Some people cannot access digital technologies and they

would be excluded from the results.

d Larger populations and a greater proportion of people in

poverty can make census data harder to obtain.

16 Different people are chosen in the samples. Larger, randomly

selected samples give more accurate guides.

17 a i and

ii Answers will vary.

iii Random processes give different results.

b i Different vowels have different frequencies of

occurring.

ii If a high frequency word has an unusual range

of vowels, e.g. a web page about Mississippi.

Exercise 8B

1 1, 2, 3, 5, 10a 10b

1c 9d

2 9a 12b 9c 7d

3 30a 6b 7c 7d

4 a 6i 3ii 2iii 1iv

b 11i 7ii 8iii 2iv

c 18i 12ii 11iii 11iv

d 17i 26ii 25iii 25iv
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e 32i 16ii 15iii 10iv

f 40i 34ii 30iii 55iv

g 102i 71ii 83iii 84iv

h 91i 41ii 31iii 18iv

5 16.6a 17.5b 12c

6 Brenta Brentb Alic Brentd

7 43.5

8 2a 4b 12c

25d 2.1e 4f

9 12a 2b 0 savesc

10 a {9, 11}; other solutions possible.

b {8, 10, 13}; other solutions possible.

c {0, 100}; other solutions possible.

d {0, 5, 5, 7, 8, 8.1, 8.9}; other solutions possible.

11 a 3 values; e.g. {5, 5, 8}

b yes, e.g. {0, 0, 5, 5, 5, 7, 20}

12 the mean distance (the median is basically unaffected)

13 a mean: 7, median: 7.5, mode: 10, range: 12

b i increases by 5 ii increases by 5

iii increases by 5 iv no effect

c i doubles ii doubles iii doubles

iv doubles

d Yes; e.g. if the set were duplicated: 1, 1, 3, 3, 5, 5, 10, 10,

10, 10, 13, 13.

14 7 and 13a 9, 10, 11b

They must be 8, 10 and 12.c

15 Numbers are: x, x + 1, x + 2;

mean =
(3x + 3)

3
= x + 1 = median

16 range = 6, mean = 7.18a range = 4, mean = 7.21b

17 50.5

18 a i 4, 4, 4; other solutions possible.

ii 1, 4, 3, 9, 1; other solutions possible.

iii 2, 3, 8, 10, 10; other solutions possible.

iv 1, 2, 3, 4, 4, 16; other solutions possible.

b It is possible. (Hint: Divide every number by the current

range.)

8C

Exercise 8C

1 truea falseb truec trued falsee

2 5a 3b sportc 20d

3 2a 7b redc 27d

N
u
m

b
er

 o
f 

st
u
d
en

ts

Colour

Favourite colour in 7B

p
in
k

b
lu
e

y
el
lo
w

g
re
en re
d

e

4 8a 24b 8c 7d 2e

5 120 cma 20 cmb 60 cmc

11 years oldd

6 a

0
8 9 10

Age (years)

11 12

20

60

H
ei

g
h
t 
(c
m
)

80

160

40

100

120

140

Mitchell’s height

b

0
8 9 10

Age (years)

Fatu’s height

11 12

20

60

H
ei

g
h
t 
(c
m
)

80

160

40

100

120

140

7 a
1990 1995 2000 2005 2010 2015

Using public transport 30 25 40 50 60 55

Driving a car 60 65 50 40 20 20

Walking or cycling 10 20 15 15 25 60

b 2005 and 2010

c 2010 and 2015

d Environmental concerns; others answers possible.

e Public transport usage is increasing; other answers

possible.
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8

0
2000

boys

2001 2002

Year

2003 2004 2005

10

30

N
u
m

b
er

 o
f 

b
ir

th
s

40

20

50

60

girls

a

2000b 2004c 2002d boyse

9 It has increased steadily.a approx. $38 000b

approx. $110 000–$130 000c

10 a It is unequal.

b The axes have no labels and the graph does not have a title.

c

0

5

Subject

Favourite subjects

N
u
m

b
er

 o
f 

vo
te

s

15

10

20

25

30

35

A
rt

M
at
hs

En
gl
is
h

H
is
to
ry

Sc
ie
nc
e

d four times as popular

e one and a half times as popular

f Music

11 7a 7b 3M: 8, 3S: 4c

3Md 3M because best student got 10.e

12 1500a 104 000b increasedc

approx. 590 000 passengersd

13 Helps to compare different categories quickly by comparing

heights.

14 240

Exercise 8D

1 3 kga 4 kgb 5 kgc 4.5 kgd

2

Ja
n

0

5

10

Fe
b
M
ar

Month

W
ei

g
h
t 
(k
g
)

Dog’s weight
over time

A
pr
M
ay

3 45 cma 110 cmb 8 yearsc

15 cmd 140 cme

4 a 23°C

b 2:00 pm

c 12:00 am

d i 10°C ii 18°C iii 24°C

iv 24.5°C

5 a

4

6

8

10

2

Ja
n

Feb M
ar

A
pr

M
ay

Ju
n

Ju
l

A
ug

Sep O
ct

N
ov

D
ec

0

Month

W
ei

g
h
t 

(k
g

) 

b Weight increases from January until July, then goes

down suddenly.

c July

6 200 kma 80 kmb At restc

In the Frst hourd 40 kme

7 2 hoursa 5 kmb Ffth hourc

8 a July

b Year starts July and ends October.

c 20 megalitres because the level stayed the same

d Southern Hemisphere because winter occurs in middle

of year.

9 a at 7:00 am and 8:00 pm

b at 8:00 am and 11:00 pm

c i around 7:00 am (heater goes on)

ii around 8:00 am (turns heater off)

iii around 8:00 pm (heater put back on)

iv around 11:00 pm (heater turned off)

d Answers will vary.

10 a

120

180

60

1 2 3 4 5O

240

300

Time (hours)

D
is

ta
n
c
e
 (
k
m
)

b

12

18

6

1 2 3 4 5O

24

30

Time (hours)

D
is

ta
n
c
e
 (
k
m
)
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11 a City is in Southern Hemisphere because hot in January–

December.

b City is quite close to equator because winter temperatures

reasonably high.

c

10

15

5

A
ugJu

l
Se
p
O
ct
N
ov
D
ec Ja
n
Fe
b
M
ar
A
pr
M
ay
Ju
n

0

20

25

30

35

40

Month

Temperature in a year

A
ve

ra
g
e 

te
m

p
er

a
tu

re
 (
°C
)

d Maximum occurs in the middle.

e It depends on what Month 1 means. If it means January,

then this is the Northern Hemisphere. If it means June,

then this is the Southern Hemisphere.

8E

Exercise 8E

1 5a 2b

2 39a 27b 134c

3 57

4 a 8, 9, 10, 11, 13, 15, 17, 18, 21, 24

b 10

c i false ii true iii true

iv false

5 range = 20, median =17a range = 31, median = 26b

range = 19, median = 40.5c

6 a Stem Leaf

1 1 2 3 4 4 5 7

2 0 4 8 9

3 1 2 3 5

2|8 means 28

b Stem Leaf

2 0 2

3 9

4 5 7 9 9

5 1 2 2 3 5 6 8 8

4|7 means 47

c Stem Leaf

1 6 6 8

2 1 4 8 9

3 1 2 3 5

4 1 8 9

5 0

3|5 means 35

d Stem Leaf

1 1 2 4

2 7 9

3 2 7 8 8

4

5

6 0 0

7 3 8

8 1 7

6|0 means 60

7 a Stem Leaf

8 0 4 5 6

9 0 6

10 1 4 5

11 0 3 4 4 5 9

10|4 means 104

b Stem Leaf

8 1 6

9 1 4 5 6 8

10 2 6 8

11 3 5 5 7

12 0

11|5 means 115

c Stem Leaf

15 5 7 8

16 2 5 7

17 3 4 8

18 1 4 4 5 7

19 2 2 3 3 6 9

16||2 means 162

d Stem Leaf

39 1 5 6

40 1 2 4 5 6 6 8 9

41 1 2 3 3 5 6 7 8

42 0

41|3 means 413

8 2a Bb 1c Bd 1e

Nf 2g 1h Ni

9 10a 1b 8c

58d 10 secondse

10 a i 49 years ii 36 years

b radio station 1

c i 33 to 53 years ii 12 to 32 years

11 a i 30 ii 52

b girls

c i 151.5 cm ii 144.5 cm

d boys

e perhaps Year 6 or 7

f Both would have a smaller range and a higher median.

12 15a 13b

a is 5 or 6, b is 0, c is 8 or 9, d is 0.c
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13 a Easier to compare sizes of different stems visually.

b Helps in noticing trends and calculating the median.

14 a i 30 ii 10

iii between 10 and 19 years old

iv between 31 and 49 years v 18

vi between 18 and 28

b i true ii false iii true

iv true v false vi false

c Cannot determine how many people are exactly aged

40 years.

d close to 30 years

15 a minimum: -29°C, maximum: 23°C

b i 5 ii 10 iii 11

c Because -05 and 05 are different numbers

d -5.2°C

e -8°C; it is 2.8°C higher than the mean.

Exercise 8F

1 playing sporta watching televisionb

morec

2 rugbya basketballb
1

5
c

2

3
d

3 a 20

b i
3

10
ii

1

4
iii

7

20
iv

1

10

c i 108° ii 90° iii 126°

iv 36°

d France

China

USA

United

Kingdom

4 a pink

blue

yellow
green

red

b
pink

blue

yellow

green

red

c Higher proportion of Year 7s like red; higher proportion of

Year 8s likes yellow.

d

red green yellow blue pink
5 a

food drinks household items other

b

food

drinks

household

items

other

6 a i 20 ii 10 iii 6 iv 4

b

chips

pies

fruit

chocolate

c i chips ii fruits and pies

iii chocolate

7 a i 9 ii 6 iii 15

History

Maths

Science

English

8 Krishnaa Nikolasb

It means Nikolas also spends more time playing sport.c

9 6a 10b

Bird was chosen by
1

8
, which would be 2.5 people.c

Each portion is
1

3
, but

1

3
of 40 is not a whole number.d

24, 48, 72 or 96 people participated in survey.e

10

A BC D

a

24b 6c
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Progress quiz

1 categoricala continuous numericalb

discrete numericalc continuous numericald

2 a 10i 6ii 5iii 3iv

b 13i 20ii 19iii 15iv

3 2 childrena 17 childrenb 7c

3 childrend 8 childrene

4 a

9 am

0

5

10

15

20

25

30
Outside temperature

11 am

Time

T
e
m

p
e
ra

tu
re

 (
°
C

)

1 pm 3 pm

b around 24°C

5 20 kma 10 kmb at restc

10 kmd 5th houre

6 a 14 towns

b maximum 37°C, minimum 14°C

c 23°C

d 26°C

7
Stem Leaf 1|6 means 16

0 7 9

1 0 2 6 8 8 9

2 0 1
8 a

Public

transport

Car

Cycle

b Methods of transport

Public transport Cycle Car

8G

Exercise 8G

1 Da Ab Bc Cd

2 certaina even chanceb

unlikelyc impossibled

3 truea falseb truec falsed

truee falsef

4 Da Cb Ac Bd

5 a i true ii false iii false

iv true v true

b i spinner landing on yellow (other answers possible)

ii spinner not landing on red

iii spinner landing on green, blue or red

iv spinner landing on blue or on red

6 spinner 3a spinner 2b spinner 1c

7 Answers will vary.

8 a Blue, red and green equally likely.

b Red and green both have an even chance.

c Green and blue equally likely, red and blue are not equally

likely.

d Blue is certain.

e Blue, red and green all possible, but no two colours are

equally likely.

f Red and blue both have an even chance.

9 a

1

2

5

4

3

6

b All sectors have the same size; i.e. 60°.

c

1

2

5

4
3

6

d by replacing the 5 with a 6 (so that there are two faces

with 6).

e with 52 equal segments

10 a spinner 1:
1

4
, spinner 2:

1

3
, spinner 3:

1

9

b
1

2
c i

red
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ii

blue

green

Other answers possible

d i 50% ii 0% iii 0%, 50%

iv 50%

e If the two fractions are equal, the two events are

equally likely.

f The proportion of the spinner’s area cannot exceed 100%

(or 1) and must be greater than or equal to 0%.

Exercise 8H

1 Ca Ab Dc Bd

2 sample spacea 0b certainc

mored even chancee

3 {1, 2, 3, 4, 5, 6}a {1, 3, 5}b
1

2
c

4 3: red, green, bluea

1

3
b

2

3
c

2

3
d 0e

5 {1, 2, 3, 4, 5, 6, 7}a

1

7
b 0c

2

7
d

3

7
e

4

7
f

Number chosen is less than 10; other solutions possible.g

6 {M, A, T, H, S}a 0.2b 0.8c

60%d

7
1

11
a

2

11
b

5

11
c

9

11
d

4

11
e

Choosing a letter in the word ROPE; other solutionsf

possible.

8 30%a 50%b 80%c

9 a {2, 3, 4, 5, 6, 7, 8, 9}

b 0.5

c i 0.375 ii 0.375 iii 0

d Possible spinner:

2

5

31

10 a i 12 red, 6 blue, 4 yellow, 2 green

ii
1

12

b i 18 red, 9 blue, 6 yellow, 3 green

ii
1

12

c 12

d No, because it is always 1 -
1

2
-
1

4
-
1

6
.

11 a = 1, b =
1

2
, c = 1, d =

1

3
, e = 1, f =

2

5
,

g =
3

5
, h = 1

a

10

13
b

3

7
c

12 yes,
19

210
a 210b 840c

13 a i

red

bluegreen

ii Cannot be done because adds to more than 1.

iii Cannot be done because adds to less than 1.

iv

blue

red

green 

b 1 - x - y. Also x, y and 1 - x - y must all be between 0

and 1.

Exercise 8I

1
1

10
a

2

5
b

3

10
c

2
53

100
a

47

100
b

1

2
c

3 50a
2

5
b

1

10
c

1

2
d

No, just that nobody did it within the group surveyed.e

4 a 500

b 1750

c i 7 tails ii more

5 100a 300b

yes (but this is very unlikely)c

from 2 rollsd

6 Answers will vary.

7
1

4
a

3

100
b

31

100
c 60d

8 5a 40b 70c

26

35
d

4

7
e 126f
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9 a 2 red, 3 green and 5 blue

b i yes ii yes iii yes

iv yes v no

10 Ca Db Bc Ad

11 a Answers will vary.

b Answers will vary.

c No technique for �nding theoretical probability has been

taught yet.

d less accurate

e more accurate

12 a False; there is no guarantee it will occur exactly half of the

time.

b False; e.g. in two rolls, a die might land 3 one time. The

theoretical probability is not
1

2
, though.

c False; perhaps the event did not happen yet but it could.

d True; if it is theoretically impossible it cannot happen in an

experiment.

e False; experiment might have been lucky.

f True; if it is certain, then it must happen in an experiment.

13 a red: 25%, green: 42.2%, blue: 32.8%

b Fifth set is furthest from the �nal estimate.

c have 4 green sectors, 3 blue and 3 red sectors

d red: 90°, green: 150°, blue: 120°

CH8

P&C

Problems and challenges

1 2, 2, 5, 7, 8, 12

2 4a 10b 90c 72d

3
No. of cars 0 1 2 3

No. of students 4 6 8 2

4 PROBABLE (or PEBBLIER)

5 a 60°

b 192 - 3.6 = 188.4°

c
1

4
or 25%

d
99

100
or 99%

e
1

20
or 5%

6 A spinner with these sector angles has actual

probabilities close to the experimental probabilities.

Sector colour Red Green Purple Yellow

Sector angle 120° 90° 60° 90°

Actual probability
40

120

30

120

20

120

30

120

Experimental 40

120

30

120

19

120

19

120
probability

red

120°

90°

green

60°
purple

yellow

90°

Multiple-choice questions

B1 D2 E3 D4 C5

C6 A7 C8 C9 B10

Short-answer questions

1

0
Sven Dane Kelly

Name

Hugo Frankie

5

15

A
g
e
 (
y
ea
rs
)

20

10

25

30

2 40a 400b 10 hoursc

0
8 9 10

TV watched (hours)

11 12

3

9

N
o
. 
o
f 

st
u
d
en

ts

12

6

15

18d

3 4 studentsa 2 studentsb

1:00 pmc 6 studentsd

4 105°a 25%b

pizza

chicken

hamburgers

Chinese

c

5 11a 5b 3.5c 2d

6 12a 5b 3.5c 3d

7 1a
1

8
b

19

20
c

3

4
d

0e
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8 {1, 2, 3, 4, 5, 6}a {heads, tails}b

{D, E, S, I, G, N}c {blue, yellow, green}d

9 a 9

b i
5

9
ii

1

3
iii 0 iv

1

3

v
4

9
vi

4

9

10
1

26
a

2

13
b

1

52
c

3

13
d

11 42%a 50%b

12
1

2
a

1

4
b 25c 250d

Extended-response questions

1

0

2

6

8

4

10

12

Ja
n
Fe
b
M
ar
A
pr

Month

M
ay Ju

n
Ju
l
A
ug Se

p
O
ct
N
ov
D
ec

N
o
. 
o
f 

ra
in

y 
d
a
ys

a

66b
6

92
=

3

46
c

discrete numericald categoricale

2 a 40

b cheesecake

c
7

40

d i yes ii no iii yes

iv yes

e 80

Chapter 9

Exercise 9A

1 a pentagon

b i and iii; all interior angles are less than 180°

c ii; there is one interior angle greater than 180°

d regular pentagon

2 a b

c

3 5a 3b 10c 7d

11e 4f 9g 6h

8i 12j

4 a i, iv and vi

b i quadrilateral ii pentagon iii hexagon

iv octagon v octagon vi triangle

5 a quadrilateral ABCD

b pentagon ABCDE

c heptagon DEFGHIJ

6 circle, oval, cylinder, cube, line, line segment

7 a i 2 ii 7

b i 5 ii 35

8 Answers may vary. Some possibilities are given.

a b

c d

e f

9 truea falseb falsec trued

10 a i ii

b Non-convex, as at least one diagonal will cross over space

outside the shape.

11 No, a rectangle is equiangular.

12 No.

13 a
No. of sides 3 4 5 6 7

No. of diagonals
0 1 2 3 4

(not allowed to cross)

No. of diagonals
0 2 5 9 14

(allowed to cross)

b i n - 3 ii
n

2
(n - 3)
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9B

Exercise 9B

1 a b

c d

e f

2 Aa BCb AC and ABc

ÒACB and ÒABCd

3 equilaterala isoscelesb scalenec

4 righta obtuseb acutec

5 Check measurements with a ruler and protractor.

6 a yes

b yes

c no

d yes

7 2a 4b 6c 12d

9 yesa isoscelesb

10 The two shorter sides together must be longer than the longest

side.

11 yesa No, the three sides will not join.b

12 a not unique, as triangles can be the same shape but

different size

b unique, as only one triangle is possible

c not unique, asAC could be of any length

d not unique, as two triangles are possible

A B

C

5 cm

4 cm

4 cm

50°

C

Exercise 9C

1 Check your answers by measuring required lengths and

angles.

2 yes (SSS)a nob yes (SAS)c

nod yes (RHS)e yes (AAS)f

3 Check by doing parts d and e.

4 Check by doing parts d and e.

5 Check that ÒCAB = 90°.

6 a Start with one side and the intersection of two arcs to give

the other two lengths.

b Start with the base and use two arcs of equal radius.

c Start with the base and use two arcs with the same radius

as the base.

d Start with the 4 cm segment, construct a right angle (see

Q5), then the hypotenuse.

8 Triangles Scalene Isosceles Equilateral

Acute

Right

Obtuse
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7 a Start with the base and use two arcs with the same radius

as the base.

b Start with the base, add a perpendicular bisector and place

the apex on this line.

c Start with the base, add a perpendicular line for one side,

then add the hypotenuse.

8 a Triangles with the same angles could be of different size.

b The angle between the two sides could vary.

9 b 2 triangles; there are two points on the ray AE that could

be used to create the third side.

c The information does not give a unique triangle.

10 a Check that the dashed lines form an equilateral triangle.

b Use the diagram to assist.

Exercise 9D

1 b The three angles should add to 180°.

2 a The 160° angle and a are on a straight line, which should

add to 180°.

b a + b + 100 = 180; so if a = 20, b must be 60.

3 60°

4 a The two base angles in an isosceles triangle are equal.

b The sum must be 180° (i.e. 70° + 70° + 40° = 180°).

5 60a 30b 55c

65d 25e 145f

6 65a 20b 35c

75d 55e 32f

7 30a 140b 60c

60d 10e 142f

8 40a 120b 45c

132d 16e 30f

9 60a 60b 55c

55d 145e 50f

10 20°

11 155°a 155b

They are the same.c

yes, always trued

12 a alternate angles in parallel lines

b alternate angles in parallel lines

c They must add to 180°.

13 a ÒDCA = a (Alternate to ÒBAC

and DE is parallel to AB.)

ÒECB = b (Alternate to ÒABC and DE

is parallel to AB.)

ÒDCA +ÒACB +ÒECB = 180° (Angles on a line add to

180°.)

Âa + b + c = 180

b a + b + c = 180 (Angles in a triangle sum to 180°.)

a + b = 180 - c (1)

Also ÒACB + ÒBCD = 180° (Angles in a straight line

sum to 180°.)

c + ÒBCD = 180°

ÒBCD = (180 - c)° (2)

From (1) and (2) we have ÒBAC = a° + b°.

Exercise 9E

1
a° a°

a° a°

a
a° a°

a° a°

b

b° a°

a° b°

c
b° a°

a° b°

d

e

a°

a°
f

2 a

1b

3 convexa non-convexb non-convexc

4 squarea trapeziumb kitec

rhombusd rectanglee parallelogramf

5 a rectangles, kite, parallelogram

b rhombus, parallelogram

c square, rectangle, rhombus, parallelogram

d trapezium

e kite

6 a a = 90, b = 10

b a = 100, b = 5

c a = 50, b = 130

7 5a 4b 1c 10d

8 Forming a square is possible.

9 a square, rectangle

b square, rhombus, kite

10 a A square is a type of rectangle because a rectangle can be

constrained to form a square.

b Yes, a parallelogram can be constrained to be a rhombus.

c no

11 a Use given diagram and check that all sides are the same

length.

b Use given diagram and check that the distance between

the lines are always equal.
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Exercise 9F

1 Answer may vary, but the sum of angles should be very close

to 360°.

2 Answer may vary, but the sum of angles should be very close

to 360°.

3 a a + 70 = 180, so a = 110.

b b + 110 + 100 + 60 = 360, so b = 90.

4 130a 90b 230c

5 a = 80, b = 90a a = 20, b = 10b

a = 120, b = 155c a = 90, b = 35d

a = 265, b = 40e a = 270, b = 35f

6 a = 90a a = 50, b = 130b

a = 131c

7 100a 70b 77.5c

8 60a 115b 108c

9 130a 110b 150c

10 possiblea impossibleb

impossiblec possibled

impossiblee

11 a + b + f = 180 (sum of angles in a triangle)

c + d + e = 180 (sum of angles in a triangle)

Total sum = a + b + f + c + d + e

= 180 + 180

= 360

12 21a 60b 36c

24d 22.5e 60f 9F
Progress quiz

1 a concave irregular pentagon

b convex regular hexagon

c convex irregular rectangle

d non-convex irregular decagon

2 a isosceles triangle

b right-angled triangle

3

6 cm

6 cm6 cm

4 180°

5 70a 70b

6 60a 60b

7 squarea trapeziumb

rhombusc parallelogramd

8 102a 85b 90c

9 85a 48b 122c

10 60a 48b 132c 192d

9F

Exercise 9G

1 4 waysa 2 waysb 3 waysc

1 wayd 2 wayse 0 waysf

2 4a 2b 3c

1d 2e 2f

3 4 and 4a 2 and 2b 2 and 2c

1 and 1d 1 and 1e 0 and 2f

4 equilaterala isoscelesb scalenec

5 a i kite ii rectangle, rhombus

iii none iv square

b i trapezium, kite

ii rectangle, rhombus, parallelogram

iii none iv square

6 a line and rotational symmetry of order 5

b line and rotational symmetry of order 1

c line and rotational symmetry of order 1

d line and rotational symmetry of order 4

7 a A, B, C, D, E, K, M, T, U, V, W, Y

b H, I, O, X

c H, I, N, O, S, X, Z

8 a b c

9 a b

c d

e

10 4 and 4a 1 and 1b 1 and 1c

11 a b

12 a i no ii no

b isosceles trapezium

13 9a 3b 4c

1d inFnitee inFnitef
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Exercise 9H

1 a b

c d

e f

2 (-2, 0)a (-2, 0)b (0, -2)c (0, 2)d

3 noa nob

4 a AÌ(1, 1), BÌ(1, 4), CÌ(2, 2), DÌ(3, 1)

b AÌ(-3, 4), BÌ(-3, 1), CÌ(-2, 1), DÌ(-1, 2)

c AÌ(-1, -2), BÌ(-2, -4), CÌ(-4, -4), DÌ(-4, -3)

d AÌ(2, -1), BÌ(2, -4), CÌ(4, -2), DÌ(4, -1)

e AÌ(-3, 2), BÌ(-3, 3), CÌ(-1, 4), DÌ(-1, 1)

f AÌ(-3, -4), BÌ(-1, -4), CÌ(-1, -1), DÌ(-2, -3)

5 (-3, -3)a (3, -3)b (-3, 3)c

(-3, 3)d (3, 3)e (-3, -3)f

6 a AÌ(0, -1), BÌ(2, 0), DÌ(0, -3)

b AÌ(1, 0), BÌ(0, 2), DÌ(3, 0)

c AÌ(0, 1), BÌ(-2, 0), DÌ(0, 3)

7 a AÌ(-1, 0), BÌ(-3, 0), DÌ(-1, 2)

b AÌ(0, -1), BÌ(0, -3), DÌ(-2, -1)

c AÌ(1, 0), BÌ(3, 0), DÌ(1, -2)

8 a b

c d

e f

9 (2, -5)

10 (0, -1)a (3, 0)b (-1, 2)c

11 180° anticlockwisea

90° anticlockwiseb

90° clockwisec

12 a i

ii

Answers will vary.iii

b i

ii

Answers will vary.iii

Answers will vary.c

13 270°a 322°b 10°c

14 (2, -5)a (2, -5)b

the same pointc (4, 1) for bothd

15 Check with your teacher.

16 Check with your teacher.

Exercise 9I

1 (4, 2)a (1, 2)b (3, 5)c (3, 1)d

(2, 4)e (0, 1)f (5, 1)g (3, 0)h

2 upa leftb downc upd

lefte leftf rightg righth

3 a 7 units

b 3 units

c 7 unitsi 3 unitsii

Essential Mathematics for the 

Victorian Curriculum Year 7

    ISBN 978-1-316-62351-0                © Greenwood et al. 2016 

                                                          Photocopying is restricted under law and this material must not be transferred to another party.

Cambridge University Press



733

A
ns
w
er
s

4 a b

c d

5 (1, 3)a (-4, 3)b (-2, 1)c (-2, -2)d

(-2, 5)e (8, 3)f (1, 4)g (2, 1)h

(3, -3)i (-3, 1)j (-5, 4)k (-4, -2)l

6 3 units upa 7 units downb

4 units downc 2 units upd

5 units lefte 2 units rightf

1 unit left and 4 units upg

3 units right and 6 units uph

3 units right and 4 units downi

3 units left and 11 units upj

12 units right and 3 units downk

10 units left and 13 units downl

7 a 2 units left and 2 units up

b 4 units left and 4 units up

c 1 unit right and 5 units down

d 6 units right and 2 units down

8 4a 12b

9 24 points

10 It is neither rotated nor enlarged.

11 3 right and 1 downa 1 right and 2 upb

2 left and 4 downc 6 right and 7 upd

12 (-4, -1)a (-4, -3)b (-7, 2)c

(-13, -5)d (4, -2)e

9J

Exercise 9J

1 a b

c

2 2a 4b 6c

3 a b

c d

e f

4 See given diagrams.

5 See given diagrams in Question 2.

6 a b

7 a

,

 (two squares)

b

,

(square and rectangle with the same

top side length)

c

,

 (circle, isosceles triangle)

d

,

(square, isosceles triangle)

e

,

(square, diamond)

f

,

 (2 circles)

g

,

 (square, triangle on square)

h

,

(circle in square, semicircle on rectangle)

i

,

 (circle, triangle on semicircle)

8 6

9 20
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10

(4-sided pyramid)

a

(8-sided double pyramid)

b

 (pyramid with 5-sided base)

c

11 Yes, one can be rotated to match the other.

12 Ca Ab Bc Dd

13 a front left topi

front left topii

b i ii

Exercise 9K

1 equala regularb platonicc

2 A and C

3 equilateral trianglea squareb

equilateral trianglec regular pentagond

equilateral trianglee

4 cubea cylinderb

triangular pyramidc

5 Answers may vary.

a b

c d

e f

6 a tetrahedron, octahedron, icosahedron

b icosahedron

c octahedron

d tetrahedron

e hexahedron, octahedron

f hexahedron, octahedron

7 octahedrona hexahedronb

dodecahedronc icosahedrond

tetrahedrone

8 3a 3b 4c

3d 5e

9 a b

10 2a 11b

11 6a Yesb

There is not the same number of faces meeting atc

each vertex.

12 a i 1 ii 26

b
n (side length) 1 2 3 4 5

n3 (number of
1 8 27 64 125

1 cm cubes)

Number of inside cubes 0 0 1 8 27

Number of outside cubes 1 8 26 56 98

c i n3 ii (n - 2)3 iii n3 - (n - 2)3

Problems and challenges

1 tetrahedron

2 27

3 36
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4 35a 1175b

5 161

6 18

Multiple-choice questions

E1 B2 C3 D4 C5

A6 E7 C8 E9 C10

Short-answer questions

1 5a 7b 11c

2 2a 1b

3 Check lengths and angles with a ruler and pair of compasses.

4 Check lengths and angles with a ruler and pair of compasses.

5 yes, AASa nob yes, RHSc

6 30a 48b 50c

60d 80e 130f

40g 80h 105i

7 trapeziuma rhombusb kitec

8 90a 255b 100c

125d 100e 55f

9 2, 2a 1, 1b 0, 2c

10 a AÌ(-1, -2), BÌ(-3, -3), CÌ(-3, -1)

b AÌ(1, 2), BÌ(3, 3), CÌ(3, 1)

11 a AÌ(0, -4), BÌ(-2, 0), DÌ(-3, -3)

b AÌ(4, 0), BÌ(0, -2), DÌ(3, -3)

c AÌ(-4, 0), BÌ(0, 2), DÌ(-3, 3)

12 a AÌ(1, -1), BÌ(4, -1), CÌ(3, 1)

b AÌ(-4, 1), BÌ(-1, 1), CÌ(-2, 3)

13 a

b

Extended-response questions

1 30°a 65°b 35c

It stays the same.d

2

2

3

1

−2

−3

−1
−2−3 −1−4

−4

2 31 4
O

4

y

x

c

b a

10A

Chapter 10

Exercise 10A

1 Ea Nb Ec Ed Ee

Nf Eg Eh Ni

2 truea falseb falsec

3 true

4 19a 19b truec

5 truea falseb truec trued

falsee falsef trueg falseh

truei truej falsek truel

falsem falsen trueo

6 falsea trueb falsec trued

7 truea trueb falsec trued

8 truea falseb truec trued

truee falsef falseg trueh

truei

9 3 + x = 10a 5k = 1005b a + b = 22c

2d = 78d 8x = 56e 3p = 21f

t

4
= 12g q + p = q × ph

10 6c = 546a 5x = 37.5b 12a + 3b = 28c

f + 10 = 27d j + 10 + m + 10 = 80e

11 m = 3

12 k = 2, k = 6

13 x = 1 and y = 5, x = 2 and y = 4, x = 3 and

y = 3, x = 4 and y = 2, x = 5 and y = 1

14 Sa Sb Ac Ad

Ne Nf Ag Sh

Ai Sj Nk Nl

15 6 = 2 × 3; other solutions possible.a

5 - 4 = 1; other solutions possible.b

10÷ 2 = 7 - 2; other solutions possible.c

4 - 2 = 10÷ 5; other solutions possible.d

16 12a

4b
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Yes; if 5 is changed to 1, then 1 + 2 = 3 is a

true equation.

c

Yes; if + is changed to -, then 5 - 3 = 2 is a

true equation.

d

Exercise 10B

1 truea falseb truec falsed

2 12a 17b 13c 6d

3 3a 6b 10c 4d

6e 70f 20g 19h

4 xa cb bc dd

5 y = 8a l = 2b l = 6c d = 2d

l = 12e a = 6f s = 12g x = 8h

e = 8i r = 10j s = 8k z = 3l

6 p = 3a p = 4b q = 3c v = 5d

b = 1e u = 4f g = 3g e = 3h

d = 4i d = 6j m = 4k o = 3l

7 x = 3a x = 7b x = 5c

x = 4d x = 1e x = 5f

8 11a 12b 16c

33d 30e 2f

9 10x = 180a x = 18b

10 2w = 70a w = 35b

11 4.5x = 13.5a x = 3b

12 y + 12 = 3ya y = 6b

13 x = 9a 2x + 1 = 181 so x = 90b

14 x = 14, so 14, 15 and 16 are the numbers.a

LHS is 3x + 3 or 3(x + 1), which will always be a multiple

of 3.

b

15 x = 2 and y = 6; other solutions possible.a

x = 12 and y = 10; other solutions possible.b

x = 1 and y = 1; other solutions possible.c

x = 12 and y = 0.5; other solutions possible.d

x = 10 and y = 0; other solutions possible.e

x = 2 and y = 2; other solutions possible.f

Exercise 10C

1 10d + 15 = 30a 7e + 10 = 41b

2a + 10 = 22c x + 10 = 22d

2 Ca Db Ec Bd Ae

3 6 + x = 11a 6x = 14b 3 = 2qc

6 + a = 10d 12 + b = 15e 0 = 3b + 2f

4 = 7 + ag 12x + 2 = 8h 7p = 12i

4 subtracting 2a adding 2b dividing by 10c

multiplying by 2d dividing by 3e adding 3f

dividing by 4g adding 4h

5 3(x + 4) = 27a 18 = 3(a + 5)b

3d = 18c 3(11 + a) = 36d

3(3y + 2) = 33e 3(2x + 4) = 30f

6 E (+2)a A (+4)b D (÷2)c B (-2)d

C (×2)e

7 ×3 then +2a ×10 then -3b ÷5 then -2c

-10 then÷3d

8 2q = 2a 10x = 7b

3 + x = 20c x = 60d

9 3x + 2 = 14

3x = 12

x = 4

10x = 40

10x + 1 = 41

− 2 − 2

÷ 3 ÷ 3

+ 1 + 1

× 10 × 10

a 5x − 3 = 32

5x = 35

x = 7

x + 2 = 9

+ 3 + 3

÷ 5 ÷ 5

+ 2 + 2

b

x ÷ 2) + 4 = 9

x ÷ 2 = 5

x = 10

x + 8 = 18

− 4 − 4

× 2 × 2

÷ 2 ÷ 2

+8 + 8

(x + 8) ÷ 2 = 9

(c

10 a i 0 = 0 ii 0 = 0 iii 0 = 0

b Regardless of original equation, will always result

in 0 = 0.

11 x = 3

7x = 21

+ 2 + 2

× 7 × 7

7x + 2 = 23

a x = 3

2x = 6

+ 8 + 8

× 2 × 2

8 + 2x = 14

b

12 a True; you can +3 to both sides and then -3 to get the

original equation again.

b True; simply perform the opposite operations in the

reverse order, so +4 becomes -4.

c True; use the operations that take equation 1 to equation 2

and then the operations that take equation 2 to equation 3.

d false; e.g. equation 1: x = 4, equation 2: x = 5,

equation 3: 2x = 8.

Exercise 10D

1 truea falseb truec

falsed falsee

2 6a x = 6b

3 g = 2

4 -5a ÷10b ×4c +12d

5 m = 9a g = 11b s = 9c i = 10d

t = 2e q = 3f y = 12g s = 12h

j = 4i l = 4j v = 2k y = 12l

k = 5m y = 9n z = 7o t = 10p

b = 12q p = 11r a = 8s n = 3t
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6 7a + 3 = 38

7a = 35

a = 5

− 3 − 3

÷ 7 ÷ 7

a 4b − 10 = 14

4b = 24

b = 6

+ 10 + 10

÷ 4 ÷ 4

b

2(q + 6) = 20

q + 6 = 10

q = 4

÷ 2 ÷ 2

− 6 − 6

c
5 = 

10

x

x

x

 + 3

2 = 
10

20 = 

− 3 − 3

× 10 × 10

d

7 subtract 3a add 7b divide by 5c divide by 2d

8 f = 11a k = 4b x = 9c a = 9d

k = 8e a = 6f n = 11g n = 8h

g = 4i q = 11j z = 10k p = 1l

d = 4m t = 8n u = 5o c = 1p

q = 11q y = 12r q = 2s u = 10t

9 x =
3

4
a k =

24

5
b w =

4

3
c

x =
4

3
d x =

5

8
e x =

1

3
f

10 r = -7a x = -3b t = -16c y = -24d

x = -5e k = -9f x = -6g x = -4h

x = -
3

2
i

11 x + 5 = 12→ x = 7a 2y = 10→ y = 5b

2b + 6 = 44→ b = 19c 3(k - 7) = 18→ k = 13d

b

4
+ 3 = 6→ b = 12e

k

2
- 10 = 1→ k = 22f

12 12n + 50 = 410a n = 30 hb

13 12 + 5xa 12 + 5x = 14.5b

x = 0.5, so pens cost 50 cents.c

14 3w = 15→ w = 5a 4x = 12→ x = 3b

2(10 + x) = 28→ x = 4c

4w = 28→ w = 7d

15 x = 6a x = 8b x = 5c

16 Examples include: x + 1 = 3, 7x = 14, 21 - x = 19,

4

x
= x,

x

2
= 1.

17 2x + 5 = 13

2x = 8

x = 4

5x = 20

− 5 −5

÷ 2 ÷ 2

× 5 × 5

 a  10 + 2x = 20

2x = 10

x = 5

x − 3 = 2

−10−10

÷ 2  ÷2

× 2 × 2

− 3  −3

2(x − 3) = 4

b

yesc yesd

18 First step, 4x+ 2 is not completely divided by 4.a

Second step, LHS divided by 3, RHS has 3 subtracted.b

First step, RHS has 5 added not subtracted.c

First step, LHS has 11a subtracted, not 12.d

19 x = 4a x = 1b l = 3c t = 1d

s = 5e b = 19f j = 2g d = 1h

10E

Exercise 10E

1 truea falseb truec

falsed truee falsef

2 7a 9b falsec

3 b = 44a d = 15b h = 28c p = 26d

4 Ba Cb Ac Dd

5 m = 12a c = 18b s = 16c r = 10d

u = 20e y = 18f x = 4g a = 16h

h = 10i j = 15j v = 9k q = 8l

6 h = 9a y = 6b j = 3c b = 4d

u = 3e t = 9f w = 6g r = 4h

q = 9i s = 3j l = 8k z = 7l

v = 11m f = 9n x = 2o d = 5p

n = 5q m = 11r p = 8s a = 9t

7 y = -1a a = -10b x = -10c x = -48d

u = -30e y = -10f u = -4g d = -5h

8
t

2
= 9→ t = 18a

q

3
= 14→ q = 42b

2r

5
= 6→ r = 15c

q - 4

2
= 3→ q = 10d

x + 3

4
= 2→ x = 5e

y

4
+ 3 = 5→ y = 8f

9
b

5
= 31.50a b = 157.5b $157.50c

10
x

2
+ 5a

x

2
+ 5 = 11→ x = $12b

$6c

11 The different order in which 3 is added and the result is

multiplied by 5.

a

multiply by 5b

subtract 3c

No, the difference between them is always 2.4 for any

value of x.

d

12 4x = 2 (other solutions possible)a

7x = 5b

yes, e.g. 2x + 1 = 0c

13 a i multiply by 2 ii divide by
1

2

b x = 26 for both of them.

c Makes the Frst step a division (by a fraction) rather than

multiplication.

14 x =
7

2
a x =

17

6
b x =

19

6
c x =

7

6
d
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Progress quiz

1 Ea Nb Ec Nd

2 Ta Fb Tc Fd

3 5 + m = 12a 2d = 24b

9x = 72c 3c + 4b = 190d

4 a = 9a x = 4b m = 30c a = 2d

5 20x = 35a 2a = 16b

6 + 8a ÷ 6b × 2c

7 a = 12a w = 31b k = 63c m = 8d

8 x = 11a a = 7b m = 6c y = 8d

9 c = 24a a = 8b h = 12c m = 55d

10
m

2
+ 5 = 11;m = 12a

7 + x

2
= 9; x = 11b

Exercise 10F

1 C

2 6a 4b 2c 12d

3 truea falseb truec

trued falsee falsef

4 2x + 2a 10b + 15b 6a - 8c 35a + 5d

12x + 16e 24 - 9yf 48a + 36g 2u - 8h

5 4a + 2a 5 + 3xb 3b - 4c 3a + 12d

6x + 3e k + 6f 2b + 6g 5k + 1h

6 s = 6a l = 1b p = 9c y = 0d

q = 1e p = 12f m = 5g b = 6h

p = 3i p = 7j y = 9k r = 8l

7 d = 3a x = 2b x = 5c e = 1d

a = 1e r = 3f u = 1g q = 11h

8 s = 1a i = 1b c = 5c v = 8d

k = 1e q = 3f y = 4g f = 3h

t = 2i

9 u = -5a k = -3b p = -1c q = -2d

u = -1e x = -3f p = -4g r = -10h

x = -5i

10 a i 2(5 + x) = 14 ii x = 2

b i 3(q - 3) = 30 ii q = 13

c i 2(2x + 3) = 46 ii x = 10

d i 2(y + 4) - y = 17 ii y = 9

11 LHS simpliFes to 10, but 10 = 7 is never true.a

LHS simpliFes to 15, not 4.b

LHS simpliFes to 6, not 12.c

12 LHS = 9, RHS = 9, therefore true.a

LHS = 9, RHS = 9, therefore true.b

LHS simpliFes to 9.c

For example 2(x + 5) - 3 - 2x = 7. Others possible.d

13 s = 6a l = 1b p = 9c y = 0d

q = 1e p = 12f m = 5g b = 6h

p = 3i p = 7j y = 9k r = 8l

14 j = 2a a = 1b a = 3c a = 8d

c = 4e d = 8f x = 1g x = 3h

x = 0i

Exercise 10G

1 Na Rb Rc

Nd Re Rf

2 15a 36b 8c 2d

3 h = 7a h = 9b m = 8c m = 10d

4 y = 23a x = 4b x = 7c

5 A = 7a q = 4b t = 0c

6 G = 27a x = 1b y = 5c

7 a 20 = w × 4→ w = 5

b i 25 = 5h→ h = 5 ii square

8 P = 16a h = 3b 24 units squaredc

9 F = 68a C = 10b 12°Cc 15°Cd

10 d =
S - 3b

5
a C =

5(F - 32)

9
b

x =
Q - 36

4
c

11 Check by substituting values back into equation.a

If D = 20, C should equal 60 not 50, as in row 2.b

Check by substituting values back into equation.c

For example, C = 2t - 10,C =
Dt

20
+ 20; other

solutions possible.

d

12 Abbotsford Apesa

8 goalsb

S = 9q+ 6g + bc

0 goals and 0 behinds, 2 goals and 12 behinds, 3 goals

and 9 behinds, 7 goals and 7 behinds.

d

Exercise 10H

1 Aa Cb Cc

2 x = 6a a = 2b k = 9c

3 Let c = car’s costa c + 2000 = 40 000b

c = 38 000c $38 000d

4 Let p = cost of one pena 12p = 15.6b

p = 1.3c $1.30d

5 Let h = number of hours workeda

17h + 65 = 643b

h = 34c

34 hoursd

6 24w = 720a w = 30b 30 mc

108 md

7 2(2x + 3) = 34→ x = 7

8 x = 4

9 1.5 h

10 14 years old
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11 2x + 154 = 180→ x = 13

12 3y = 90→ y = 30

13 Examples include: h = 3, w = 6 or h = 12, w = 2.4;

other solutions possible.

14 x = 3.5, y = 2

15 possible ( p = 12)a

Not possible because solution is not a whole number.b

possible ( p = 8)c

16 a + 2b = 180, so a = 180 - 2b = 2(90 - b) is always even.

17 a i x = 60

ii One angle is -10°, which is impossible.

b i 60 - x + 70 + x + 50 is always 180, regardless

of the value of x.

ii any value less than 60 and greater than -70.

c Answers will vary.

Problems and challenges

1 26a 29b 368c 31
1

3
d

36e

2 27 cm

3 x = 7, y = 9,P = 72 cm

4 1458 m2

5 a = 5, b = 2, c = 12

6 a = 22.5, b = 37.5a a = 10, b = 23b

a = 36, b = 108c a = 60, b = 40d

7 26 sheep, 15 ducks

8 x = 45; 132, 133, 134, 135, 136

Multiple-choice questions

C1 A2 D3 B4 E5

C6 A7 A8 B9 E10

Short-answer questions

1 falsea trueb truec

falsed truee falsef

2 2 + u = 22a 5k = 41b

3z = 36c a + b = 15d

3 x = 3a x = 6b y = 1c y = 9d

a = 2e a = 10f

4 2x = 8a 7a = 28b 15 = 3rc 16 = 8pd

5 x = 3a r = 45b p = 9c b = 6d

x = 9e r = 4f q = 2g u = 8h

6 u = 8a p = 3b x = 4c y = 8d

y = 4e x = 15f

7 6 + 4pa 12x + 48b 7a + 35c 18x + 9d

8 x = 8a x = 8b x = 7c y = 10d

z = 5e q = 3f

9 noa Solution is x =
7

11
, which is not whole.b

10 a No; LHS simpliFes to 10.

b i Is a solution. ii Is a solution.

11 A = 450 cm2a h = 10 cmb

12 36a 6b 3c

13 5a 6b 20c 6 cmd

14 y = 35a y = 30b

Extended-response questions

1 75 centsa C = 15 + 2tb $1.75c

12 secondsd 81 secondse

2.5 min in total (50 seconds for the Frst call, then

100 seconds)

f

2 $500a

30 hours at $x/hour, and 10 hours at $(x+ 2)/hour.b

$660c

x = 15d

x = 21, so Gemma earned $630 from Monday to Friday.e

11A

Chapter 11

Exercise 11A

1 a i 1 foot = 12 inches = 16 digits = 4 palms

ii 1 mile = 1000 paces

b i 1 foot = 12 inches ii 3 feet = 1 yard

iii 1 mile = 1760 yards

c i 1 m = 100 cm ii 1 cm = 10 mm

iii 1 km = 1000 m

2 digit, inch, palm, foot, cubit, pace, mile

3 inch, foot, yard, rod, chain, furlong, mile

4 millimetre, centimetre, metre, kilometre

5 5a 5000b 4c

20d 16e 80f

6 12a 3b 36c

1760d 22e 40f

7 10a 100b 1000c

1000d 100 000e 1 000 000f

8 kilometresa millimetresb metresc

metresd centimetrese kilometresf

9 metresa millimetresb kilometresc

kilometresd metrese centimetresf

10 1 pace

11 5000

12 440

13 2 mma 5 mmb 2 cmc

5 cmd 8 cme

14 6 cma 5 cmb 25 cmc
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15
mm cm m km

mm 1
1
10

1
1000

1
1000 000

cm 10 1
1

100
1

100 000

m 1000 100 1
1

1000

km 1 000 000 100 000 1000 1

a

Inch Feet Yard Mile

Inch 1
1
12

1
36

1
63 360

Feet 12 1
1
3

1
5280

Yard 36 3 1
1

1760

Mile 63 360 5280 1760 1

b

Digit Palm Feet Pace Mile

Digit 1
1
4

1
16

1
80

1
80 000

Palm 4 1
1
4

1
20

1
20 000

Feet 16 4 1
1
5

1
5000

Pace 80 20 5 1
1

1000

Mile 80 000 20 000 5000 1000 1

c

16 4 rods = 1 chain, but conversion to other units is less simple.

17 All conversions involve a power of 10.

18 Answers may vary.

Exercise 11B

1 100a 1000b dividec

multiplyd multiplye dividef

2 1000a 1000b 100 000c 1 000 000d

3 righta leftb

4 50 mma 200 cmb 3500 mc 2610 cmd

4 cme 5 mf 4.2 kmg 47.2 cmh

684 cmi 20 mj 926.1 cmk 4.23 kml

5 2.5 cma 82 mmb 2.5 mc

730 cmd 6200 me 25.732 kmf

6 3000 mma 600 000 cmb 2400 mmc

4000 cmd 0.47 kme 913 mf

0.216 kmg 0.0005 mh

7 2 cma 5 cmb 1.5 cmc 3.2 cmd

3 cme 3 cmf 1.2 cmg 2.8 cmh

8 2.7 ma 0.4 kmb

9 8.5 kma 310 cmb 19 cmc

10 38 cm, 0.5 m, 540 mma

160 cm, 2100 mm, 0.02 km, 25 mb

142 mm, 20 cm, 0.003 km, 3.1 mc

10 mm, 0.1 m, 0.001 km, 1000 cmd

11 125 cm

12 Bigan tower

13 $8200a $6.56b 41cc

14 625 years

15 50 000 years

16 0.08 mm

17 2500 s

18

×1000000

×100000

×1000

÷1000000

÷100000

÷1000

km

m

cm

mm

×1000÷1000

÷100

÷10

×100

×10

19 So that only one unit is used, and mm deliver a high degree

of accuracy.

20 a i 1 million ii 10 000 iii 1000

iv 1 billion (1 000 000 000)

b 0.312 lm

c The distance you travel in 1 year at the speed of light

Exercise 11C

1 10 cma 12 cmb

2 6 cma 12 cmb 5.2 cmc 6.4 cmd

3 15 cma 37 mb 30 kmc

2.4 md 26 cme 10 cmf

4 42 cma 34 mb 36 kmc

5 8.4 cma 14 mb 46.5 mmc

6 $21 400

7 516 fta 157.38 mb

8 70 mma 72 cmb

9 40.7 cma 130.2 cmb 294 cmc

10 400 m

11 5 cma 5 mb 7 kmc

12 4, including a square

13 P = a + 2ba P = 4ab P = 2a + 2bc

P = 4ad P = 2a + 2be P = 2a + b + cf

14 P = 2a + 2b + 2c or 2(a + b + c)a

P = 2a + 2b + 2c or 2(a + b + c)b

15
P

4
a

(P - 2a)

2
b

16 160 cma 216 cmb 40 cmc

4a + 32 or 4(a + 8)d

Exercise 11D

1 8a 4 cm and 2 cmb 8 cm2c

2 9a 3 cm and 3 cmb 9 cm2c

3 5 square unitsa 8 square unitsb

96 square unitsc

4 cm2a m2b hac

km2d hae mm2f
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5 6 cm2a 3 cm2b 2 cm2c

5 cm2d 4.5 cm2e 9 cm2f

6 200 cm2a 22 mm2b 7 cm2c

25 m2d 1.44 mm2e 6.25 mm2f

1.36 m2g 0.81 cm2h 179.52 km2i

7 2 cma 5 mb 12 kmc

8 2 haa 10 hab 0.5 hac

9 5000 m2

10 2500 cm2

11 20 000 cm2

12 25 cm2a 12 cmb 4 unitsc

13 $2100

14 5 L

15 8 ha

16 a i 10 cm ii 9 mm

b Divide the area by the given length.

17 half of a rectangle with area 4 cm2

18 121 cm2a

(

P

4

)2

b

19 Area is quadrupled (×4).

20 a i 100 ii 10 000 iii 1 000 000

b ×1000000

÷1000000

km
2

m
2

cm
2

mm
2

×10000

÷10000

×100

÷100

c i 200 mm2 ii 100 000 cm2

iii 3 500 000 m2 iv 3 cm2

v 2.16 m2 vi 4.2 km2 vii 5000 mm2

viii 100 ha ix 0.4 ha

Exercise 11E

1 20 cma 7 mb 2 mc 6.3 cmd

2 6 ma 11 mmb 1.9 mc 3.2 mmd

3 10a 56b 12.5c

4 16 m2a 30 cm2b 160 m2c 1.2 m2d

3 mm2e 24.5 km2f 1.3 cm2g 20 m2h

4.25 m2i

5 2 cm2a 6 cm2b 3 cm2c 3 cm2d

6 480 m2

7 4800 m2

8 6.8 cm2

9 160 m2

10 $6300

11 5 cma 4.4 mmb

12 Yes, the base and height for each triangle are equal.

13 No, the base and height are always the same.

14 b =
2A

h

15 7 cm2a 8 cm2b 11 cm2c 11 cm2d

11E

Exercise 11F

1 A = bh

= 5 × 7

= 35

a

A = bh

= 20 × 3

= 60

b

A = bh

= 8 × 2.5

= 20

c

2 b = 6 cm, h = 2 cma

b = 10 m, h = 4 mb

b = 5 m, h = 7 mc

b = 5.8 cm, h = 6.1 cmd

b = 5 cm, h = 1.5 cme

b = 1.8 m, h = 0.9 mf

3 40 m2a 28 m2b 36 km2c 17.5 m2d

6.3 cm2e 30 m2f 1.8 cm2g 14 cm2h

176 mm2i

4 6 cm2a 4 cm2b 15 cm2c 8 cm2d

5 54 m2

6 2 ma 7 cmb 0.5 mmc

7 10 cma 5 mb 2 kmc

8 $1200

9 1800 cm2a 4200 cm2b

10 Because height must be less than 5 cm.

11 half; area(parallelogram) = bh and area(triangle) =
1
2
bh

12 area = twice triangle area

= 2 ×
1

2
bh

= bh

13 $4 500 000

Exercise 11G

1 a b c

2 additiona subtractionb subtractionc

3 A = l2 + lw

= 12 + 3 × 1

= 1 + 3

= 4 cm2

a A = lw -
1

2
bh

= 13 × 8 -
1

2
× 5 × 4

= 104 - 10

= 94 m2

b

4 33 m2a 600 mm2b 25 m2c

21 m2d 171 cm2e 45 km2f

5 39 m2a 95.5 cm2b 26 m2c

78.5 m2d 260 cm2e 4 m2f
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6 62 cm2a 16 m2b 252 cm2c

7 80 cm2a 7 m2b 14.5 m2c 11.75 cm2d

8 10.08 m2

9 Yes, with $100 to spare.

10 Subtraction may involve only two simple shapes.

11 a No; bases could vary depending on the position of the top

side.

b Yes, 40 m2; take out the rectangle and join the triangles to

give a base of 10 - 6 = 4.

12 a See given diagram in textbook.

b i
1

16
,
1

32
,
1

64
,
1

128
,
1

256
,
1

512
,

1

1024
,

1

2048
,

1

4096
,

1

8192
ii no

c 1 square unit

d Total must equal 1.

Progress quiz

1 metresa millimetresb kilometresc

2 400 cma 2000 mmb 35 mmc

3000 md 1450 me 23 kmf

3 14.6 cma 10.4 mb 354 cmc

4 0.9 m2a 49 cm2b

5 6 m2a 31.5 m2b 9.68 m2c 20 mm2d

6 55 cm2a 72.9 m2b 192 mm2c

7 105 m2a 24.5 m2b 1820 m2c

8 225 cm2a 200 cm2b 7c

Exercise 11H

1 6a 24b 24c

144d 56e 13f

2 V = lwh

= 4 × 2 × 3

= 24 cm3

a V = lwh

= 1 × 3 × 6

= 18 m3

b V = l 3

= 2 × 2 × 2

= 8 km3

c

3 84 m3a 10 cm3b 98 cm3c 27 cm3d

1000 km3e 2.744 mm3f 100 m3g 11.25 km3h

4 24 000 cm3

5 96 m3

6 12 000 mm3

7 27 000 000 km3

8 28 cm3a 252 m3b 104 cm3c

9 600

10 4096 cm3

11 125 cm3a 729 m3b

12 6 cubic unitsa 4 cubic unitsb 14 cubic unitsc

13 a i 2 m ii 5 cm iii 7 cm

iv 3 m

b Use: Volume÷ area of base

c h = V÷ (l × w)

14 a i 10 ii 100 iii 10

iv 1000

b i 1 000 000 ii 1 000 000 000

c ×1000000000

÷1000000000

km
3

m
3

cm
3

mm
3

×1000000

÷1000000

×1000

÷1000

Exercise 11I

1 1a 1000b 1000c

1000d 1000e

2 1 L, 1000 mL, 1000 cm3a 1 m3, 1000 L, 1 kLb

3 Da Bb Fc

Ad Ce Ef

4 2000 mLa 100 mLb 6000 kLc 24 000 Ld

2 kLe 3.5 Lf 70 Lg 2.5 MLh

257 mLi 9.32 Lj 3847 kLk 47 kLl

500 Lm 91 MLn 420 mLo 0.17 kLp

5 12 mLa 2.5 m3b 875 mLc

6 1200 mLa 1.2 Lb

7 6 000 000 La 0.32 MLb

4000 mLc 0.9927 kLd

8 3 300 000 L

9 1.5 La 0.48 Lb 0.162 Lc

8.736 Ld 25 Le 32.768 Lf

10 2500 m3a 2 500 000 Lb

11 a 0.2 mL

b i 1 L ii 0.6 L iii 14.4 L

iv 5256 L

12 15 days

13 41 h 40 min

14 1000 days

15 1000x cm3a 0.001x m3b

0.001x kLc 0.000 001x MLd

16 a i lwh ii lwh iii
lwh

1000

iv
lwh

1000 000

b i lwh m3 ii 1000 lwh L iii lwh kL

iv
lwh

1000
ML

17 a i 8 cm ii 4 cm iii 3.2 cm

b 0.6 cm

c 13.4 cm

Exercise 11J

1 1 kg, 1000 ga 1000 mg, 1 gb

2 Ca Fb Ac

Dd Be Ef
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3 Ba Ab Dc Cd

4 2000 kga 70 000 gb 2400 mgc 2.3 gd

4.620 ge 21.6 tf 470 kgg 0.312 kgh

0.027 gi 750 kgj 125 gk 0.0105 kgl

210 tm 470 kgn 592 go 80 gp

5 4 kga 12 gb 65 tc

6 12°Ca 37°Cb 17°Cc

225°Cd 1.7°Ce 31.5°Cf

7 60 kga 60 000 gb 60 000 000 mgc

8 3000 ga 3 kgb

9 33°C

10 147°C

11 8 kga 8.16 kgb

12 400 mg, 370 g, 2.5 kg, 0.1 ta

290 000 mg, 0.000 32 t, 0.41 kg, 710 gb

13 4th daya 25°Cb 26°Cc

14 50 days

15 yes, by 215 kg

16 45.3 ta yes, by 2.7 tb

17 1 ga 1 tb 1000 tc

18 12 kga 1000 kgb 360 000 kgc

19 a i 10°C ii 27°C iii 727°C

b i 273 K ii 313 K iii 0 K

20 180°Fa
5

9
b

9

5
c

0°Cd i 20°Cii 60°Ciii 105°Civ

F =
9C

5
+ 32e

Problems and challenges

1 Both line segments are the same length.

2 Mark a length of 5 m, then use the 3 m stick to reduce this to

2 m. Place the 3 m stick on the 2 m length to show a

remainder of 1 m.

3 3 cm2a 20 cm2b

4 500 L

5 24 m3

6 10.5 cm2

7 12.5 cma 3.75 cmb

8 48 cm2

Multiple-choice questions

D1 E2 C3 A4 E5

B6 A7 B8 E9 B10

Short-answer questions

1 a i 16 ii 1000

b i 3 ii 12

c i 10 ii 100 000

2 50 mma 2 mb 3700 mc 4.21 kmd

7100 ge 24.9 gf 28.49 tg 9000 gh

4 Li 29.903 kLj 400 kLk 1000 mLl

1440 minm 60 minn 3.5 dayso 9000 sp

3 2.5 cma 2.3 cmb 4.25 kgc 5 Ld

4 16 ma 20.6 cmb 23 mc 34 kmd

3.2 mme 24 mf

5 24.01 cm2a 14 km2b 67.5 m2c 12 cm2d

14 m2e 5 cm2f 14 m2g 0.9 km2h

6 22 m2a 21 mm2b 291 cm2c 52 m2d

7 18 cm3a 7.5 cm3b 64 mm3c

8 72 000 cm3a 72 000 mLb 72 Lc

9 45 mg, 290 000 g, 3 t, 4700 kga

50 000 mL, 51 L, 0.5 kL, 1 MLb

Extended-response questions

1 18 m2a i 180 000 cm2ii

36 m3b 36 000 Lc

51.4 td 3 h 52 min 54 se

2 97.3 ma 5 min 30 sb

270 m2c $2040d

50 m3e

SR2

Semester review 2

Multiple-choice questions

Negative numbers

C1 B2 D3 E4 A5

Short-answer questions

1 <a <b =c

2 -13a -84b -108c -21d

84e 0f

3 -24a 72b 144c 21d

30e -31f

4 negativea positiveb negativec

5 -15a -8b -4c

6 -10a 10b -20c -96d

52e -1f

Extended-response questions

1 Da A, B, O and G; all lie on the x-axis.b

Fc 2 unitsd i 5 unitsii

trapeziume 8 square unitsf

X(4, 2)g DECIDEh

Statistics and probability

Multiple-choice questions

B1 A2 B3 E4 D5
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Short-answer questions

1 1, 2, 3, 5, 5, 5, 8, 8, 9, 10a 10b

5.6c i 5ii 5iii 9iv

11.2d

2 Aa Bb B, C, D, Ac

3
1

2
a

1

2
b

1

4
c

1

13
d

1

13
e

1

26
f

4 13a 3, 47b 44c i 22ii 22iii

5 20a 22b

mean is 23, median is 22c

Extended-response questions

1
1

4
a

1

4
b

1

2
c

1

52
d

2

13
e

1

13
f

4

13
g

4

13
h

Polygons and transformations

E1 B2 D3 C4 A5

Short-answer questions

1 pentagona octagonb

isosceles right trianglec rhombusd

trapeziume kitef

2 130a 45b 80c

3 a = 60a

a = 65b

a = 115c

a = 90, b = 90d

a = 65e

a = 132, b = 48, c = 48, d = 102f

4 AÌ(2, 0),BÌ(2, -3),CÌ(4, 0)a

AÌ(-2, 0),BÌ(-2, 3),CÌ(-4, 0)b

AÌ(0, -2),BÌ(3, -2),CÌ(0, -4)c

AÌ(0, 2),BÌ(-3, 2),CÌ(0, 4)d

AÌ(-2, 0),BÌ(-2, -3),CÌ(-4, 0)e

AÌ(-2, 1),BÌ(-2, 4),CÌ(0, 1)f

AÌ(-1, -2),BÌ(-1, 1),CÌ(1, -2)g

Extended-response questions

1 Answers will vary.a

a + b + c = 180b

Answers will vary.c

x + y + z = 360d

360e

Equations

Multiple-choice questions

B1 E2 C3 B4 D5

Short-answer questions

1 x = 3a x = 108b x = 21c x =
4

3
d

2 x = 2a x = 12b m = 7c

3 y = 20a b = 4b m = 8c

4 P = 103a S = 61b C = 325c

5 x = 5a x = 6b x = 18c

6 4x + 25 = 85; x = 15

Extended-response questions

1 $320a $400b

$(200 + 40n)c 6
1

2
hd

Measurement

Multiple-choice questions

C1 A2 E3 C4 A5

Short-answer questions

1 500a 6000b 1.8c 0.017d

1.8e 5500f

2 272 cma 11 mb 3mc

220 cmd 3.4 me 92 mf

3 1.69 m2a 24 m2b 60 m2c

75 m2d 114 m2e 171 m2f

4 729 cm3a 120 m3b 160 m3c

5 5000a 7b 250c

3000d 8e 25f

6 60 L

7 337 kg

8 -3° C

Extended-response questions

1 a Many answers possible; e.g. 8 m × 10 m, 4 m × 14 m,

15 m × 3 m

b 9 m by 9 m (area = 81 m2)

c 36 posts

d 9h
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