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Introduction

The second edition of Essential Mathematics CORE for the Australian Curriculum has been significantly revised and updated to suit

the teaching and learning of Version 9.0 of the Australian Curriculum. Many of the established features of the series have been

retained, but there have been some substantial revisions, improvements and new elements introduced for this edition across the

print, digital and teacher resources.

New content and some restructuring

New content has been added at all year levels. In Year 7, there is new content on ratios and proportions, volume of triangular

prisms, nets of solids and measurement relating to circles. All geometry topics are now contained in a single chapter (Chapter 7). In

Year 8, there is new content on order of operations, 3D-coordinates, operations with negative fractions, areas of sectors and

composite shapes, Pythagoras’ theorem, inequalities, similar figures, two-step experiments and tree diagrams. For Year 9, there is

new content on errors in measurement, inequalities, factorisation, sampling and proportion, quadratics expressions and parabolas.

In Year 10, there is new content on composite solids, errors in measurement, networks and logarithmic scales.

Version 9.0 places increased emphasis on investigations and modelling, and this is covered with revised Modelling activities at

the end of chapters and downloadable Investigations. There are also many new elaborations covering First Nations Peoples’
perspectives on mathematics, ranging across all six content strands of the curriculum. These are covered in a suite of specialised

investigations provided in the Online Teaching Suite.

Other new features

• Technology and computational thinking activities have been added to the end of every chapter to address the curriculum’s

increased focus on the use of technology and the understanding and application of algorithms.

• Targeted skillsheets – downloadable and printable – have been written for every lesson in the series, with the intention of

providing additional practice for students who need support at the basic skills covered in the lesson, with questions linked to

worked examples in the book.

• Editable PowerPoint lesson summaries are also provided for each lesson in the series, with the intention of saving the time

of teachers who were previously creating these themselves.

Diagnostic assessment tool

Also new for this edition is a flexible, comprehensive diagnostic assessment tool, available through the Online Teaching Suite. This

tool, featuring around 10, 000 new questions, allows teachers to set diagnostic tests that are closely aligned with the textbook

content, view student performance and growth via a range of reports, set follow-up work with a view to helping students

improve, and export data as needed.

x
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Guide to the working programs

Essential Mathematics CORE for the Australian Curriculum 9.0 contains working programs that are subtly embedded in the

exercises. The suggested working programs provide two pathways through the book to allow differentiation for Building and

Progressing students.

Each exercise is structured in subsections that match the Australian Curriculum 9.0 proficiency strands (with Problem-solving

and Reasoning combined into one section to reduce exercise length), as well as ‘Gold star’ ( ). The questions* suggested for each

pathway are listed in two columns at the top of each subsection.

• The left column (lightest shade) shows the questions in the Building working program.

• The right column (darkest shade) shows the questions in the Progressing working program.

Gradients within exercises and proficiency strands

The working programs make use of two

gradients that have been carefully integrated

into the exercises. A gradient runs through

the overall structure of each exercise – where

there’s an increasing level of sophistication

required as a student progresses through

the proficiency strands and then on to the

‘Gold Star’ question(s) – but also within each

proficiency strand; the first few questions

in Fluency are easier than the last few, for

example, and the first few Problem-solving and

reasoning questions are easier than the last few.

— 12

Fluency 4–5(½), 6, 8 4–7(½), 8

Problem-solving and reasoning 9, 10 9(½), 10, 11

Understanding 1–3 3

Building Progressing

The right mix of questions

Questions in the working programs have been selected to give the most appropriate mix of types of questions for each learning

pathway. Students going through the Building pathway are given extra practice at the Understanding and basic Fluency questions

and only the easiest Problem-solving and reasoning questions. The Progressing pathway, while not challenging, spends a little less

time on basic Understanding questions and a little more on Fluency and Problem-solving and reasoning questions. The Progressing

pathway also includes the ‘Gold star’ question(s).

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 best for them. If required, the Warm-up quiz at the start of each chapter can be

used as a diagnostic tool. The following are recommended guidelines:

• A student who gets 40% or lower should heavily revise core concepts before doing the Building questions, and may require

further assistance.

• A student who gets between 40% and 75% should do the Building questions.

• A student who gets 75% and higher should do the Progressing questions.

For schools that have classes grouped according to ability, teachers may wish to set either the Building or Progressing pathways as

the default pathway for an 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.

∗ 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

• – : complete none of the questions in this section.•

xi
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Guide to this resource

PRINT TEXTBOOK FEATURES

1
NEW New lessons: authoritative coverage of new topics in the Australian Curriculum 9.0 in the form of new, road-tested

lessons throughout each book.

2 Australian Curriculum 9.0: content strands, sub-strands and content descriptions are listed at the beginning of the chapter

(see the teaching program for more detailed curriculum documents)

3 In this chapter: an overview of the chapter contents

4
NEW Quick reference: Multiplication, prime number, fraction wall and divisibility rules tables at the back of the book

5 Chapter introduction: sets context for students about how the topic connects with the real world and the history of

mathematics

6 Warm-up quiz: a quiz for students on the prior knowledge and essential skills required before beginning each chapter

7 Sections labelled to aid planning: All non-core sections are labelled as ‘Consolidating’ (indicating a revision section) or

with a gold star (indicating a topic that could be considered challenging) to help teachers decide on the most suitable way of

approaching the course for their class or for individual students.

8 Learning intentions: sets out what a student will be expected to learn in the lesson

9 Lesson starter: an activity, which can often be done in groups, to start the lesson

10 Key ideas: summarises the knowledge and skills for the section

11 Worked examples: solutions and explanations of each line of working, along with a description that clearly describes the

mathematics covered by the example. Worked examples are placed within the exercise so they can be referenced quickly,

with each example followed by the questions that directly relate to it.

12 Now you try: try-it-yourself questions provided after every worked example in exactly the same style as the worked example

to give students immediate practice

xii
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Guide to this resource xiii

13 Working programs: differentiated question sets for two ability levels in exercises

14 Puzzles and games: in each chapter provide problem-solving practice in the context of puzzles and games connected with

the topic

15 Gentle start to exercises: the exercise begins at Understanding then Fluency with the first question always linked to the

first worked example in the lesson

20

13

16 Chapter checklist: a checklist of the learning intentions for the chapter, with example questions

17 Chapter reviews: with short-answer, multiple-choice and extended-response questions; questions that are ‘Gold Star’

are clearly signposted

19 16
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xiv Guide to this resource

18 Maths@Work: a set of extended questions across two pages that give practice at applying the mathematics of the chapter

to real-life contexts

19
NEW Technology and computational thinking: activity in each chapter addresses the curriculum’s increased focus on the

use of different forms of technology, and the understanding and implementation of algorithms

20 Modelling activities: an activity in each chapter gives students the opportunity to learn and apply the mathematical modelling

process to solve realistic problems

INTERACTIVE TEXTBOOK FEATURES

21
NEW Targeted Skillsheets, one for each lesson, focus on a small set of related Fluency–style skills for students who need

extra support, with questions linked to worked examples

22 Workspaces: almost every textbook question – including

all working-out – can be completed inside the Interactive

Textbook by using either a stylus, a keyboard and symbol

palette, or uploading an image of the work

23 Self-assessment: students can then self-assess their own

work and send alerts to the teacher. See the Introduction

on page x for more information

24 Interactive question tabs can be clicked on so that only

questions included in that working program are shown

on the screen

2423
22

25 HOTmaths resources: a huge catered library of widgets,

HOTsheets and walkthroughs seamlessly blended with the

digital textbook

26 Desmos graphing calculator, scientific calculator and

geometry tool are always available to open within every

lesson

27 Scorcher: the popular competitive game

28 Worked example videos: every worked example is

linked to a high-quality video demonstration, supporting

both in-class learning and the flipped classroom

26
2925

29 A revised set of differentiated auto-marked
practice quizzes per lesson with saved scores

30 Auto-marked maths literacy activities test students

on their ability to understand and use the key

mathematical language used in the chapter
29

31 Auto-marked prior knowledge pre-test (the ‘Warm-up quiz’ of the print book) for testing the knowledge that students

will need before starting the chapter

32 Auto-marked progress quizzes and chapter review questions in the chapter reviews can be completed online
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Guide to this resource

DOWNLOADABLE PDF TEXTBOOK

33 In addition to the Interactive Textbook, a PDF version of the textbook has been retained for times when users cannot go

online. PDF search and commenting tools are enabled.

ONLINE TEACHING SUITE

34
NEW Diagnostic Assessment Tool included
with the Online Teaching Suite allows for flexible

diagnostic testing, reporting and recommendations

for follow-up work to assist you to help your

students to improve

35
NEW PowerPoint lesson summaries contain the

main elements of each lesson in a form that can be

annotated and projected in front of class

36 Learning Management System with class

and student analytics, including reports and

communication tools

37 Teacher view of students’ work and
self-assessment allows the teacher to see their

class’s workout, how students in the class assessed

their own work, and any ’red flags’ that the class

has submitted to the teacher

34

38 Powerful test generator with a huge bank of
levelled questions as well as ready-made tests

39 Revamped task manager allows teachers to
incorporate many of the activities and tools listed

above into teacher-controlled learning pathways

that can be built for individual students, groups of

students and whole classes

40 Worksheets, Skill and drill, maths literacy
worksheets, and two differentiated chapter
tests in every chapter, provided in editable Word

documents

41 More printable resources: all Pre-tests and Progress
quizzes and Applications and problem-solving tasks

are provided in printable worksheet versions

34
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1
Reviewing
number

Essential mathematics: why number skills are important

Number skills are fundamental in many aspects of daily life and various professions. Understanding
how to work with integers, decimals, fractions, ratios, and rates can make everyday tasks easier
and open opportunities in numerous fields.

Retail workers use numerical skills for various tasks including:

• Cash handling, where they are responsible for calculating totals, making change, and tracking
sales.

• Pricing and discounts, when they might apply discounts and adjust prices.

• Financial reporting, where they may be summarising daily transactions and reconciling cash
registers.

Gamers use numerical skills throughout their gameplay:

• In-game economies require currency conversions and budgeting.

• Strategic planning involves calculating damage outputs and optimising time management.

• Maths puzzles and pattern recognition often appear in games.

Bakers rely on precise ratios for consistent results:

• The 1 : 2 : 3 ratio for pie crusts (one part water, two parts fat, three parts flour) ensures the right
texture.

• A 1 : 1 ratio of flour to fat is crucial for shortbread’s crumbly consistency.
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In this chapter

1A Adding and subtracting integers
(Consolidating)

1B Multiplying and dividing integers
(Consolidating)

1C Rounding decimals and significant
figures

1D Rational and irrational numbers
(Consolidating)

1E Adding and subtracting fractions
(Consolidating)

1F Multiplying and dividing fractions
(Consolidating)

1G Ratios (Consolidating)

1H Rates and best buys

Australian Curriculum 9.0

NUMBER

Recognise that the real number system
includes the rational numbers and the
irrational numbers, and solve problems
involving real numbers using digital tools
(AC9M9N01)

ALGEBRA

Use mathematical modelling to solve
applied problems involving change
including financial contexts; formulate
problems, choosing to use either linear or
quadratic functions; interpret solutions in
terms of the situation; evaluate the model
and report methods and findings
(AC9M9A05)

MEASUREMENT

Use mathematical modelling to solve
practical problems involving direct
proportion, rates, ratio and scale, including
financial contexts; formulate the problems
and interpret solutions in terms of the
situation; evaluate the model and report
methods and findings (AC9M9M05)

© ACARA

Online resources

A host of additional online resources are
included as part of your Interactive
Textbook, including HOTmaths content,
video demonstrations of all worked
examples, auto-marked quizzes and much
more.
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4 Chapter 1 Reviewing number

1 Arrange the following mathematical terms under four headings: ‘Addition’, ‘Subtraction’,

‘Multiplication’ and ‘Division’.

Suma Totalb Less thanc Lots ofd

Producte Intof Take awayg Differenceh

Addi Timesj Minusk More thanl

Quotientm

2 Without using a calculator, find an answer to each of the following.

16 less 12a 24 more than 8b

the difference between 12 and 8c increase 45 by 7d

the total of 40, 34 and 0e 9 into 45f

the quotient of 63 and 7g 480 shared between 12h

3 Evaluate the following.

9 + 47a 135 − 35b 19 − 19c 56 + 89 − 12d

9 × 7e 320 ÷ 4f 17 × 60g 200 − 47 − 100h

4 Use a number line to find:

−5 − 7a 12 − 15b −6 + 9c −12 + 12d

16 − 17e −4 + 3f −7 + 4 + 3g −4 − 4 − 4h

5 Copy and complete each of the following statements.

5 + 5 + 5 = × 5a −6 − 6 − 6 = × (−6)b

9 − (+10) = 9 10c 12 − (−2) = 12 2d

6 The population of Australia in 2050 is projected to be 26 073 258. Round this number to the nearest:

tena hundredb thousandc milliond

7 Write down the place value of the 5 in each of the following numbers.

1256a 345b 5049c 0.56d 0.15e 9.005f

8 Arrange the numbers in each of the following sets in descending order (largest to smallest).

2.645, 2.654, 2.465 and 2.564a 0.456, 0.564, 0.0456 and 0.654b

9 Evaluate each of the following.

4.26 + 3.73a 3.12 + 6.99b 10.89 − 3.78c

10 Evaluate:

7 × 0.2a 0.3 × 0.2b 2.3 × 1.6c

4.2 × 3.9d 14.8 ÷ 4e 12.6 ÷ 0.07f

11 Evaluate each of the following.

0.345 × 100a 3.74 × 100 000b 37.54 ÷ 1000c 3.7754 ÷ 100 000d

12 Complete these equivalent fractions.

1

2
=
12

a 3

4
=
16

b 5

6
=
25

c
9
=
2

18
d

13 Find the lowest common denominator for these pairs of fractions.
1

3
and 1

5
a 1

6
and 1

4
b 1

5
and 1

10
c

14 Find:

3

7
+
2

7
a 2 −

3

4
b 4 ÷

1

2
c 3

4
×
1

2
d
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1A Adding and subtracting integers 5

1A 1A Adding and subtracting integers CONSOLIDATING

Learning intentions

• To be able to use a number line for addition and subtraction of integers

• To review the rules for adding and subtracting negative numbers

• To be able to add and subtract a negative integer

Key vocabulary: integer, positive, negative

Integers are the set of positive and negative whole numbers, as well as the number zero.
Being able to work with whole numbers is very important, since whole numbers are used every day for

counting, ordering, calculating, measuring and computing.

Landscapers use whole

numbers every day to

measure garden areas to

determine the amount of

materials needed.

Lesson starter: Naming groups

Here are some groups of numbers. In groups of two or three, use the correct mathematical terms to describe

each group. (Suggestions include: ‘multiples of’, ‘factors of’, ‘integers’, ‘squares’ and ‘cubes’.)

• 2, 4, 6, 8,…

• 1, 4, 9, 16,…

• 1, 3, 5, 7, 9,…

• 1, 2, 3, 4, 5, 6,…

• −1,−2,−3,−4,−5,…

• 1, 8, 27, 64,…

• 1, 2, 3, 4, 6 and 12

Key ideas

Integers are the positive and negative whole numbers, including zero:

…,−3,−2,−1, 0, 1, 2, 3,…

To add a negative number, you subtract its opposite: a + (−b) = a − b

e.g. 5 + (−7) = 5 − 7

−6 + (−2) = −6 − 2

To subtract a negative number, you add its opposite: a − (−b) = a + b

e.g. 5 − (−7) = 5 + 7

−6 − (−2) = −6 + 2

Adding or subtracting zero leaves a number unchanged.

a + 0 = a e.g. 5 + 0 = 5

a − 0 = a e.g. 5 − 0 = 5
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6 Chapter 1 Reviewing number

Exercise 1A

Understanding 1–3 3

1 Match each of the following sentences to the correct setting out on the right.

The sum of 5 and 7a 5 + (−7)i

The total of negative 5 and 7b 5 − (−7)ii

The difference between negative 5 and 7c 5 + 7iii

The sum of 5 and negative 7d 7 − (−5)iv

The difference between 5 and negative 7e −5 + 7v

2 Match each question on the left to an expression or answer on the right.

Hint for Q2: Recall:

a + (−b) = a − b

and

a − (−b) = a + b

10 + (−7)a −10 − 7i

−10 − (−7)b −10 + 7ii

10 − (−7)c 0iii

−10 + (−7)d 10 − 7iv

−10 + 10e 10 + 7v

3 True or false?

18 + 0 = 18a

6 − (−4) = 6 + 4b

4 − (−2) = 4 − 2c

Fluency 4–8(½) 5–8(½)

Example 1 Using a number line for addition and subtraction of integers

Use a number line to find:

−10 + 8a −3 − 5b

Solution Explanation

a

20−2−4−6−8−10

−10 + 8 = −2

Draw a number line showing −10 on it.

Start at −10 and count up (for addition)

eight places to finish at −2.

b

20 1−2−3 −1−4−5−6−7−8−9

−3 − 5 = −8

Draw a number line showing −3 on it.

Count down (for subtraction) five places

to −8.

Now you try

Use a number line to find:

−7 + 4a −6 − 4b
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1A Adding and subtracting integers 7

4 Use the number line below to help you find the answers to the following.

20 1 3 4 5 6 7 8−2−3 −1−4−5−6−7−8

Hint for Q4: Move right for

addition and left for subtraction.

−6 + 4a −6 + 8b 0 − 3c

−1 + 5d 6 − 10e −2 − 3f

−1 − 1g −3 + 3h −3 − 3i

5 Use a number line to evaluate the following.

9 − 6a 9 − 7b 9 − 8c

9 − 9d 9 − 10e −9 − 0f

−9 + 8g −9 − 8h −6 − 4i

−3 + 12j −8 + 6k −1 + 12l

−12 + 5m −10 − 8n 18 − 19o

6 Find:

Hint for Q6: Work from left

to right.

4 + 8 − 7a 5 + 6 + 9b −19 − 1c

−9 + 8 + 1d −12 − 3 + 8e 8 + 3 − 5f

−12 − 12g 15 + 5 − 15h −6 − 5 − 4i

Example 2 Adding a negative integer

Find 17 + (−12).

Solution Explanation

17 + (−12) = 17 − 12

= 5

Adding a negative is the same as subtraction:

17 + (−12) = 17 − 12

Now you try

Find 12 + (−8).

7 Find:

Hint for Q7:

9 + (−5) = 9 − 5

−9 + (−23) = −9 − 23

9 + (−5)a 12 + (−16)b 3 + (−7)c

15 + (−24)d −9 + (−23)e −13 + (−25)f

−100 + (−89)g 56 + (−80)h −9 + (−9)i

18 + (−18)j −245 + (−560)k 98 + (−155)l

−89 + (−78)m 145 + (−3)n −567 + (−237)o

Example 3 Subtracting a negative integer

Find −13 − (−9).

Solution Explanation

−13 − (−9) = −13 + 9

= −4

Subtracting a negative is the same as addition:

−13 − (−9) = −13 + 9

Now you try

Find −18 − (−10).
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8 Chapter 1 Reviewing number

8 Find:

Hint for Q8: −5 − (−9) = −5 + 9

−8 − (−6)a −5 − (−9)b 7 − (−6)c

2 − (−7)d 12 − (−12)e −34 − (−34)f

−35 − (−7)g −90 − (−9)h 90 − (−90)i

−68 − (−70)j −90 − (−87)k 234 − (−6)l

670 − (−85)m −6 − (−100)n −230 − (−240)o

Problem-solving and reasoning 9, 10 9–10(½), 11, 12

9 Simplify each of these using the previous rules.

−9 − 9 − 9a −23 − (−8) + 12b

50 − 46 − (−6)c 24 − (−8) + (−6)d

−20 − (−5) − (−15)e −18 − (−6) + (−12)f

−90 − (−89) − 90g 125 − 35 − (−35)

Hint for Q9: Work from left

to right.
h

10 Copy and complete each of the following statements.

Hint for Q10: Try using a

number line.

+ 6 = 8a −6 + = 5b

12 − = 15c −9 + = −10d

13 − = 20e 10 − = −1f

11 What must be added to each of the following to obtain a final result of zero?

8a −7 + 3b −8 − 5c

−124d 19e 0f

12 − 8 + 18g −98h 12 − (−14)i

12 The temperature on a mountain top reaches a maximum of −2°C during the day. By night it has dropped

10°C. What is the night-time temperature?

Magic squares with negatives — 13

13 In a magic square, each row, column and diagonal add to the same number.

a Copy and complete this magic

square.
Hint for Q13: What does the

diagonal add up to?

−8 

−2 −6

4

Arrange these 9 integers into a 3 by

3 magic square.

−13,−10,−7,−4,−1, 2, 5, 8 and 11

b Complete this 4 by 4 magic square.

5

0 10

4 2 8

6

−1

7 −4

c

1A
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1B Multiplying and dividing integers 9

1B 1B Multiplying and dividing integers CONSOLIDATING

Learning intentions

• To know the rules for multiplying and dividing integers with the same or different signs

• To be able to multiply and divide with negative integers

• To be able to �nd the square and cube of negative integers

• To be able to apply order of operations to problems involving negative integers

Key vocabulary: integer, square, cube

Multiplication is a way of writing repeated addition. It is possible to develop rules for multiplying and dividing

with negative integers.

Lesson starter: Repeated addition

1 Write each of the following as a multiplication before finding the answer.

4 + 4 + 4a

(−4) + (−4) + (−4)b

5 + 5 + 5 + 5c

(−5) + (−5) + (−5) + (−5)d

(−7) + (−7) + (−7) + (−7) + (−7)e

(−8) + (−8)f

2 Use your results from above to answer these divisions.

12 ÷ 4a −12 ÷ (−4)b

−12 ÷ 3c −20 ÷ 4d

−20 ÷ (−5)e 20 ÷ 5f

−35 ÷ (−7)g −35 ÷ 5h

−16 ÷ (−8)i

3 What can you conclude about dividing a negative number by:

a positive number?a

a negative number?b

Key ideas

When multiplying or dividing two numbers with the same sign, the answer is a positive number.

+ × + = + + ÷ + = +

− × − = + − ÷ − = +

e.g. −5 × (−4) = 20 and −18 ÷ (−6) = 3

When multiplying or dividing two numbers with different signs, the answer is a negative number.

+ × − = − + ÷ − = −

− × + = − − ÷ + = −

e.g. −5 × 4 = −20 and 18 ÷ (−6) = −3

The square of a number is the number multiplied by itself, e.g. 52 = 5 × 5. The cube of a number

is a3 = a × a × a, e.g. 73 is 7 × 7 × 7.

To square a negative number, use brackets.

For example, (−7)2 = −7 × (−7) = 49

Note that −72 = −49
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10 Chapter 1 Reviewing number

For cube numbers −23 = (−2)3 = −8 since −2 × (−2) × (−2) = −8

Order of operations

• Deal with brackets first

• Do multiplication and division next, working from left to right

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

Exercise 1B

Understanding 1–3 3

1 Complete the following statements.

a A negative number multiplied by a negative number equals a number.

b A negative number multiplied by a positive number equals a number.

c A negative number divided by a negative number equals a number.

d A positive number divided by a negative number equals a number.

e A negative number divided by a positive number equals a number.

2 Without actually finding the answer to any of these questions, decide whether

the answer to each would be a positive or a negative number.

2 × (−8)a 78 × (−1)b

56 ÷ (−2)c −90 ÷ (−10)d

8 × 12e −18 × (−9)f

3 Answer true (T) or false (F) to the following.
Hint for Q3: (−3)2 = −3 × (−3),

whilein −32 square 3 first.(−3)2 = 9a −32 = 9b −23 = (−2)3c

Fluency 4–7(½) 4–7(½)

Example 4 Multiplying with negatives

Find the value of:

−6 × (−7)a 8 × (−12)b

Solution Explanation

a −6 × (−7) = 42 The product of two negative numbers gives a positive answer.

− × − = +

b 8 × (−12) = −96 The product of a positive number and a negative number results in

a negative answer.

+ × − = −

Now you try

Find the value of:

−8 × (−4)a −5 × 7b

1B
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1B Multiplying and dividing integers 11

4 Find these products. Some may need to be done with a calculator.

Hint for Q4: + × + = +
− × − = +

+ × − = −

− × + = −

−8 × 6a −10 × 2b −9 × 8c

−9 × (−8)d −15 × (−3)e 45 × (−2)f

100 × (−6)g −9 × (−9)h −12 × 12i

−13 × 11j 11 × (−13)k 34 × (−1)l

−24 × (−3)m −18 × (−5)n 36 × (−3)o

Example 5 Finding squares and cubes of negative numbers

Find the value of:

(−5)2a (−6)3b

Solution Explanation

a (−5)2 = 25 (−5)2 is the same as −5 × (−5)

The product of two negative numbers gives a positive answer.

− × − = +

b (−6)3 = −216 (−6)3 = −6 × (−6) × (−6)

Multiply the first two numbers together: −6 × (−6) = 36

Now: 36 × (−6) = −216

Now you try

Find the value of:

(−8)2a (−3)3b

5 Find the answers to each of the following. Use a calculator to check

your answers.

Hint for Q5:

(−6)2 = −6 × (−6)

(−2)3 = −2 × (−2) × (−2)

(−6)2a (−8)2b (−12)2c

(−3)2d (−10)2e (−13)2f

(−2)3g (−1)3h (−4)3i

Example 6 Dividing with a negative number

Find the value of:

−24 ÷ 8a −45 ÷ (−3)b

Solution Explanation

a −24 ÷ 8 = −3 The division of two numbers with different signs gives a

negative answer.

− ÷ + = −

b −45 ÷ (−3) = 15 The division of two numbers with the same sign gives a

positive answer.

− ÷ − = +

Now you try

Find the value of:

−30 ÷ 6a −28 ÷ (−7)b
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12 Chapter 1 Reviewing number

6 Perform the following divisions. Use a calculator if necessary.

Hint for Q6: + ÷ + = +
− ÷ − = +

+ ÷ − = −

− ÷ + = −

18 ÷ (−2)a −36 ÷ (−6)b −100 ÷ (−10)c

−50 ÷ 5d −6 ÷ (−2)e −10 ÷ (−2)f

−50 ÷ (−25)g 16 ÷ (−16)h 24 ÷ (−3)i

−100 ÷ (−4)j 312 ÷ (−3)k −45 ÷ (−9)l

185 ÷ (−5)m −428 ÷ 2n −156 ÷ (−12)o

Example 7 Applying the order of operations

Find the value of 9 × (−8) + (5 − 12).

Solution Explanation

9 × (−8) + (5 − 12) Work out the value of the brackets first: (5 − 12) = (−7)

= 9 × (−8) + (−7) Multiplication is next: 9 × (−8) = −72

= −72 + (−7) The addition of a negative is the same as subtraction:

−72 + (−7) = −72 − 7

= −79

Now you try

Find the value of 8 ÷ (−2) × (−8 + 5).

7 Follow the order of operations and evaluate:

Hint for Q7: The order of

operations:

• brackets first, following the

order of operations within

them

• then × and ÷, working from

left to right

• then + and −, working from

left to right.

(7 − 3) × 4a (4 + 9) × (−2)b

(6 − 2) × (−3)c −6 + 4 × (−2)d

10 ÷ (−2) × 4e (−5 − 2) × 4f

6 × (−3) × 4g −21 ÷ 7 + (−5)h

−45 − 9 × 5i (4 − 6) × (7 − 12)j

(15 − 9) × (3 − 7)k 9 + 9 × (−3)l

−(3 − 12)m 10 − 9 × 4n

Problem-solving and reasoning 8, 9 10–12

8 Copy and complete:

−5 × = −35a ÷ (−4) = 8b −10 × = 200c

17 × = −68d 34 ÷ = −34e −6 × = −36f

÷ 9 × (−3) = 3g 15 ÷ ÷ 3 = −1h −15 × = 225i

9 The sum of two numbers is −3 and their product is −10. What are the

two numbers?
Hint for Q9: If the product is

negative, what do we know

about the 2 numbers?

1B
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1B Multiplying and dividing integers 13

10 Give the value of two different numbers that when squared each produce an answer of:

144a

64b

10 000c

11 Explain why −5 × 4 ÷ (−3) produces a positive answer.

12 Decide whether each of the following would produce a positive or a negative answer.

−6 × (−4) × 5a −12 ÷ 4 × 9 ÷ (−3)b

−8 ÷ (−2) × 5 × (6 − 9)c (−3)4d

(−1)201e −(−5)3f

Substitutions involving negatives — 13

13 Evaluate these expressions by substituting a = −2, b = 6 and c = −3.

Check that you can get the same answer with a calculator.

a2 − ba a − b2b

2c + ac b2 − c2d

a3 + c2e 3b + acf

c − 2abg abc − (ac)2h
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14 Chapter 1 Reviewing number

1C 1C Rounding decimals and significant figures
Learning intentions

• To know how to round a number to a required number of decimal places

• To understand what is meant by signi�cant �gures

• To be able to round a number to a required number of signi�cant �gures

Key vocabulary: decimal places, critical digit, signi�cant �gure

Numbers with and without decimal places can

be rounded. The time for a 100 m sprint race,

for example, might be 9.94 seconds, correct to

two decimal places.
Another way of rounding numbers is to use

significant figures. The number of cubic metres

of gravel required for a road, for example,

might be calculated as 3485 but is rounded

to 3500. This number is written using two

significant figures.

To ensure sufficient gravel for road construction, 3485 cubic

metres is rounded up to 3500 cubic metres.

Lesson starter: In the middle

For each number given on the left, decide which of the two numbers on the right it is closest to.

84a 80 or 90

856b 800 or 900

856c 850 or 860

0.599d 0.5 or 0.6

1.2099e 1.2 or 1.3

1.2099f 1.20 or 1.21

89 543g 89 000 or 90 000

0.035h 0.03 or 0.04

Key ideas

To round a number to a required number of decimal places (number of digits after the

decimal point):

• Locate the digit in the required decimal place.

• Round down (leave as is) if the next digit (critical digit) is 4 or less.

• Round up (increase by 1) if the next digit is 5 or more.

5 digits

Round down

Critical digit

5 digits

Round up

3 42 5 6 7 8 910

For example:

• To two decimal places, 1.543 rounds to 1.54 and 32.9283 rounds to 32.93.

• To one decimal place, 0.248 rounds to 0.2 and 0.253 rounds to 0.3.
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1C Rounding decimals and significant figures 15

To round a number to a required number of significant figures:
• Locate the first non-zero digit counting from left to right.

• From this first significant digit, count out the number of digits, including zeros.

• Stop at the required number of digits and round this last digit.

• Replace any non-significant digits to the left of a decimal point with a zero.

For example, these numbers are all rounded to 3 significant figures:

2.5391 ¥ 2.54 0.002713 ¥ 0.00271 568 810 ¥ 569 000

Exercise 1C

Understanding 1–4 4

1 How many decimal places do each of these numbers have?

1.467a 146.1b 0.08c 47 900d

2 How many significant figures do each of these numbers have?

Hint for Q2: Count the digits starting

from the first non-zero digit.

These are the significant ones.

0.46a 21.46b 0.08c 4906d

3 In the following, the critical digit is circled. Use this to state

if you round the previous digit down (leave as is) or up.

2.75 4 37a 0.87 7 2b 21.5 5 4c

4 Choose the correct answer if the first given number is rounded to three significant figures.

32 124 is rounded to 321, 3210 or 32 100a

431.92 is rounded to 431, 432 or 430b

5.8871 is rounded to 5.887, 5.88 or 5.89c

0.44322 is rounded to 0.44, 0.443 or 0.44302d

0.0019671 is rounded to 0.002, 0.00197 or 0.00196e

Fluency 5–6(½), 7, 8 5-6(½), 7, 8, 9(½)

Example 8 Rounding to a number of decimal places

Round each of these to two decimal places.

256.1793a 0.04459b 4.8972c

Solution Explanation

a 256.1793 ¥ 256.18 256.1793

The number after the second decimal place is 9, so round up

(increase the 7 by 1).

b 0.04459 ¥ 0.04 0.04459

The number after the second decimal place is 4, so round down.

Continued on next page
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16 Chapter 1 Reviewing number

c 4.8972 ¥ 4.90 4.8972

The number after the second decimal place is 7, so round up 89 rounds

to 90

Now you try

Round each of these to two decimal places.

107.3874a 0.0321b 2.7956c

5 Round each of the following numbers to two decimal places.

Hint for Q5: The critical digit will

be the third decimal place.

17.962a 11.082b

72.986c 47.859d

63.925e 23.807f

804.5272g 500.5749h

821.2749i 5810.2539j

1004.9981k 2649.9974l

Example 9 Rounding to a number of significant figures

Round each of these numbers to two significant figures.

2567a 23 067.453b 0.04059c

Solution Explanation

a 2567 ¥ 2600 2567

signi�cant digits

The next digit is 6, so round up.

Replace last 2 digits with zeros to maintain place value.

b 23 067.453 ¥ 23 000

signi�cant digits

23067.453

The next digit is 0, so round down.

Replace the remaining digits, in front of the decimal point, with

zeros.

c 0.04059 ¥ 0.041 Locate the first non-zero digit and count two digits:

signi�cant digits

0.0 4059 

The next digit is 5, so round up.

No extra zeros are needed, as they are after the decimal point.

Now you try

Round each of these numbers to two significant figures.

3472a 1792.41b 0.00226c

1C
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1C Rounding decimals and significant figures 17

6 Round each of these numbers to two significant figures.

Hint for Q6: Start at the first

non-zero digit on the left.

2436a 35 057.4b 0.06049c

34.024d 107 892e 0.00245f

2.0745g 0.7070h 4706i

59 134j 0.4567k 1.0631l

7 Copy and complete this table.

Rounded to Rounded to

Number two decimal places two significant figures

a 1.4638

b 0.0936

c 23.7124

d 0.00783

e 100.465

8 Round these numbers to the nearest whole number.

6.814a 73.148b 129.94c 36 200.49d

9 Round these numbers to one significant figure.

Hint for Q9: 48.06 = 50

to one significant figure.

4730 = 5000 to

one significant figure.

0.638 = 0.6 to

one significant figure.

32 000a 194.2b 0.0492c

0.0006413d 4793e 890f

0.89g 0.000304h 0.95i

Problem-solving and reasoning 10–12 11–14

Example 10 Estimating using significant figures

Estimate the answer to 27 + 1329.5 × 0.0064 by rounding each number in the problem to one

significant figure. Use your calculator to check how reasonable your answer is.

Solution Explanation

27 + 1329.5 × 0.0064

¥ 30 + 1000 × 0.006

= 30 + 6

= 36

Round each number to one significant figure

and evaluate.

Recall multiplication occurs before addition.

The estimated answer is reasonable. By calculator (to 1 d.p.):

27 + 1329.5 × 0.0064 = 35.5

Now you try

Estimate the answer to 32 − 117 ÷ 5.2 by rounding each number in the problem to one significant

figure. Use your calculator to check how reasonable your answer is.

10 Estimate the answers to the following by rounding each number in the problem to one significant figure.

Check how reasonable your answer is with a calculator.

567 + 3126a 795 − 35.6b 97.8 × 42.2c

965.98 + 5321 − 2763.2d 4.23 − 1.92 × 1.827e 17.43 − 2.047 × 8.165f

0.0704 + 0.0482g 0.023 × 0.98h 0.38 ÷ 1.9i
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18 Chapter 1 Reviewing number

11 An electronic timer records the time for a running relay between two teams, A and B. Team A’s time is

54.283 seconds and team B’s time is 53.791 seconds. Find the difference in the times for teams A and

B if the times were written down using:

one decimal placea four significant figuresb

two significant figuresc one significant figured

12 One tonne (1000 kg) of soil is to be equally divided between 7 garden beds. How much soil does each

garden bed get? Write your answer in tonnes rounded to the nearest kilogram.

13 A scientific experiment uses very small amounts of magnesium (0.0025 g) and potassium (0.0062 g).

Why does it make sense to use two significant figures instead of two decimal places when recording

numbers in a situation like this?

14 Should 2.14999 be rounded down or up if it is to be rounded to one decimal place? Give reasons.

nth decimal place and p — 15, 16

15 2

11
can be written as 0.18181818 correct to eight decimal places.

a Using the decimal pattern described, find the digit in the:

20th decimal placei 45th decimal placeii 1000th decimal placeiii

b Express 1
7

as a decimal correct to 13 decimal places.

c Using the decimal pattern from part b find the digit in the:

20th decimal placei 45th decimal placeii 1000th decimal placeiii

16 p is a decimal that is non-terminating and has no pattern. p = 3.141592653…

How many decimal places can you remember?a

Quiz yourself and your classmates.b

Use the internet to find p correct to 100 decimal places.c

1C
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1D Rational and irrational numbers 19

1D 1D Rational and irrational numbers CONSOLIDATING

Learning intentions

• To know the difference between rational and irrational numbers

• To be able to convert between fractions and decimals

• To know the notation for recurring decimals

• To be able to compare fractions using a common denominator

Key vocabulary: real numbers, rational numbers, irrational numbers, numerator, denominator, proper fraction, improper

fraction, mixed number, highest common factor, recurring decimal, equivalent fractions

Rational numbers are any numbers that can be written as a fraction in the form a
b
, where a and b are integers

and b ¢ 0. Pythagoras and his followers discovered around 500 BCE that not all numbers are rational. Pi (p)

and
√
2 are examples of these numbers. When written as decimals, they do not terminate or repeat. We

call them irrational numbers.
This is

√
2 to 100 decimal places:

1.  4142135623730950488016887

2420969807856967187537694

8073176679737990732478462

1070388503875343276415727

Lesson starter: The real number system

Copy the diagram on the right and insert these words

correctly: rational, irrational, real, integers, counting.
e ____________ numbers

a ___________

numbers

b ________ numbers

0.6 c ________

−7 0

−9

−17

d ________

numbers

1

�

0.3

8

2 3

√2

√3

3
√9

π

1
4

−

3
5

Key ideas

The real numbers (any positive or negative number or zero) can be classified as rational or

irrational numbers.

Terminating decimals
(e.g. 8, 1.2, –6.123)

Recurring decimals
(e.g. 0.5, –1.4, 2.345)

Real numbers

Infinite non-recurring decimals

–

(e.g.    = 3.14159..., = 1.618033...,

2 = 1.414 213...)

Irrational numbers 
(e.g. 2, pi ( ), phi ( ) the golden ratio)

Rational numbers (fractions)
48

6

1

3
,

7

1
, )(e.g. π ϕ

ϕπ
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20 Chapter 1 Reviewing number

An infinite decimal is one where the decimal places continue forever.

Equivalent fractions have the same value. For example: 2
3
=
6

9

Fractions can be simplified by dividing the numerator and denominator by

their highest common factor (HCF).

If a
b

is a proper fraction, then a < b. For example: 2
7

If a
b

is an improper fraction, then a ≥ b. For example: 10
3

A mixed number is written as a whole number plus a proper fraction. For example: 2 3
5

As a mixed number 11
3

is 3 2
3

and as an improper fraction 4 1
5

is 21
5

Fractions can be compared using a common denominator. This should be the lowest common

multiple of both denominators.

A dot or bar is used to show a pattern in a recurring decimal number.

For example: 1
6
= 0.16666... = 0.16̇ or 3

11
= 0.272727... = 0.27

Exercise 1D

Understanding 1–3 1

1 Answer the following as true or false.

Hint for Q1: An irrational

number as a decimal is

never-ending and has no

pattern.

√
3 is an irrational number.a √
4 is an irrational number.b

0.3̇ is a rational number.c
4

5
is a rational number.d

2 State whether each of the following is a proper fraction, improper fraction or

mixed number.
2

3
a

4
1

7
b

11

6
c

1

5
d

3 Write each of these in the form a
b
.

Hint for Q3: 0.1 = 1
10

0.7a 0.3b

0.23c 0.09d

1D
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1D Rational and irrational numbers 21

Fluency 4, 5, 6–9(½) 4, 5, 6–9(½)

Example 11 Identifying rational numbers

Choose the rational numbers in the following list.
√
9,
√
2, 0.6, p ,−3

4

Solution Explanation

√
9, 0.6 and −3

4
are rational numbers.

√
9 = 3 =

3

1
Â rational (a fraction)

0.6 =
6

10
Â rational

−
3

4
is also rational.

p and
√
2 are infinite non-recurring decimals.

Now you try

Choose the rational numbers in the following list.

2p , 5
8

, 0.32,
√
3,−

√
25

4 Which of the following are rational numbers?

Hint for Q4: Rational numbers

can be written as a fraction.

0.1a 20%b 6
1

4
c

2

5
d 2

3
e 0.001f

√
64g

√
7h 42i

pj 0.2̇k
√
11l

Example 12 Converting between mixed numbers and improper fractions

Express

11

4
as a mixed numbera 2

3

5
as an improper fractionb

Solution Explanation

a 11

4
= 2
3

4
4 divides into 11, 2 whole times. 2 × 4 = 8,

leaving a remainder of 3.

b 2
3

5
=
13

5
To obtain the numerator 2 × 5 + 3 = 13.

Now you try

Express

17

5
as a mixed numbera 2

1

4
as an improper fractionb
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22 Chapter 1 Reviewing number

5 Complete the following conversions.

a Express each of the following improper fractions as mixed numbers.
12

5
i 17

6
ii 23

4
iii 9

8
iv

b Express each of the following mixed numbers as improper fractions.

3
1

5
i 6

2

7
ii 4

4

5
iii 10

3

8
iv

Example 13 Writing fractions as decimals

Write 4 3
8

as a decimal.

Solution Explanation

8

0. 3 7 5

)3.306040

4
3

8
= 4.375

Find a decimal for 3
8

by dividing 8 into 3 using

the short division algorithm.

Now you try

Write 2 5
16

as a decimal.

6 Write these fractions as decimals.
Hint for Q6: Use

short division.
11
4

means 11 ÷ 4

11

4
a 7

20
b 3

2

5
c 15

8
d

2
5

8
e 3

4

5
f 37

16
g 7

28
h

Example 14 Writing recurring decimals from fractions

Write 5
13

as a recurring decimal.

Solution Explanation

13

0. 3 8 4 6 1 5 3

)5.501106080207050

5

13
= 0.384615

Divide 13 into 5 and continue until the pattern repeats.

Add a bar over the repeating pattern.

Writing 0.3̇84615̇ is an alternative.

Now you try

Write 5
12

as a recurring decimal.

7 Write these fractions as recurring decimals.

Hint for Q7: Check using your

calculator.

3

11
a 7

9
b 9

7
c 7

12
d

10

9
e 3

5

6
f 7

4

15
g 29

11
h

1D
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1D Rational and irrational numbers 23

Example 15 Writing decimals as fractions

Write these decimals as fractions.

0.24a 2.385b

Solution Explanation

a 0.24 =
24

100

=
6

25

Write as a fraction using the smallest place value

(hundredths) and then simplify by dividing by

the HCF of 4.

b 2.385 =
2385

1000

=
477

200

= 2
77

200

OR 2
385

1000

= 2
77

200

The smallest place value is thousandths.

Simplify to an improper fraction or a mixed

number, using the HCF of 5.

Now you try

Write these decimals as fractions.

0.45a 3.225b

8 Write these decimals as fractions.

Hint for Q8: Divide by 100 when

there are two decimal places.

0.35a 0.06b 3.7c

0.56d 1.07e 0.075f

3.32g 7.375h 2.005i

10.044j 6.45k 2.101l

Example 16 Comparing fractions

Decide which is the larger fraction of the following.
7

12
or 8
15

Solution Explanation

LCM of 12 and 15 is 60.

7

12
=
35

60
and 8

15
=
32

60

Â
7

12
>
8

15

Find the lowest common multiple of the two

denominators (lowest common denominator).

Write each fraction as an equivalent fraction using the

common denominator. Then compare numerators

(i.e. 35 > 32) to determine the larger fraction.

Now you try

Decide which is the larger fraction of the following.
4

9
or 5
12

9 Decide which is the larger fraction in the following pairs.

Hint for Q9: First

write both fractions

using a common

denominator.

3

4
, 5
6

a 13

20
, 3
5

b 7

10
, 8
15

c 5

12
, 7
18

d

7

16
, 5
12

e 26

35
, 11
14

f 7

12
, 19
30

g 7

18
, 11
27

h
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24 Chapter 1 Reviewing number

Problem-solving and reasoning 10–12 11, 13, 14

10 Express the following quantities as simplified fractions.

$45 out of $100a 12 kg out of 80 kgb

64 baskets out of 90 shots in basketballc 115 mL out of 375 mLd

11 These sets of fractions form a pattern. Find the next two fractions in the pattern.

1

3
, 5
6

, 4
3

, ,a 6

5
, 14
15

, 2
3

, ,b 2

3
, 3
4

, 5
6

, ,c 1

2
, 4
7

, 9
14

, ,d

12 The ‘Weather forecast’ website says there is a 0.45 chance that it

will rain tomorrow. The ‘Climate control’ website says that the

chance of rain is 14
30

. Which website gives the least chance that it

will rain?

Hint for Q12: Express both

values as decimals or as

fractions with a common

denominator

13 A jug has 400 mL of 1
2

strength orange juice. The following amounts of full strength juice are added

to the mix. Find a fraction to describe the strength of the orange drink after the full strength juice

is added.

100 mLa 50 mLb 120 mLc 375 mLd

14 If x is an integer, determine the values that x can take in the following.

Hint for Q14: You may have

more than one answer.

The fraction x
3

is a number between (and not including) 10 and 11.a

The fraction x
7

is a number between (and not including) 5 and 8.b

The fraction 34
x

is a number between 6 and 10.c

Converting recurring decimals to fractions — 15

15 Here are two examples of how to convert recurring decimals to fractions.

0.6̇ = 0.6666…

Let x = 0.6666… (1)

10x = 6.6666… (2)

(2) − (1) 9x = 6

x = 6
9
=
2

3

Â 0.6̇ =
2

3

1.27 = 1.272727…

Let x = 1.272727… (1)

100x = 127.2727… (2)

(2) − (1) 99x = 126

x = 126
99

Â 1.27 =
126

99
= 1
27

99
= 1

3

11

Convert these recurring decimals to fractions using the above method.

0.8̇a 1.2̇b 0.81c 3.43d

1D
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1E Adding and subtracting fractions 25

1E 1E Adding and subtracting fractions CONSOLIDATING

Learning intentions

• To understand that common denominators are needed to add or subtract fractions

• To be able to �nd the lowest common denominator to add or subtract fractions

• To be able to add and subtract mixed numbers

Key vocabulary: equivalent fractions, numerator, denominator, lowest common denominator

As you will remember, fractions represent parts of a whole.

Fractions, like other numbers, can be added and subtracted.

To add or subtract fractions they need to be the same type; that is, they both need to be eighths,

quarters, thirds or tenths etc. They need to have a common denominator.

Lesson starter: Shade the fraction

Shade the fraction suggested by each of these additions and subtractions.

1

4
+
1

4
=a

1

4
+
1

2
=b

3

4
−
1

2
=c

5

8
+
1

4
=d

1

2
+
1

3
=e

1

3
−
1

4
=f

Key ideas

Equivalent fractions are created by multiplying or dividing both the numerator and the denominator

by the same factor.

For example:

× 3

3
4

=
9
12

× 3

÷ 5

10
15

=
2
3

÷ 5

To add or subtract fractions, the denominators need to be the same.

• If the denominators are the same, add/subtract the numerators, keeping the

denominator unchanged.

For example: 3
5
+
1

5
=
4

5

• If the denominators are different, find the lowest common denominator (LCD) using

equivalent fractions. Then add/subtract the numerators, remembering to simplify your answer

where possible.

For example: 1
2
+
2

3
=
3

6
+
4

6

=
7

6

= 1
1

6

The LCD of halves and thirds is sixths.
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26 Chapter 1 Reviewing number

Exercise 1E

Understanding 1–4 4

1 Copy and complete these equivalent fractions.

Hint for Q1: What you do to the

numerator must also be done to the

denominator, and vice versa.

3

4
=
16

a 3

5
=
10

b 5

6
=
18

c

3

7
=
21

d 4

5
=
12

e 5

7
=
25

f

2 True or false?

7

9
+
1

9
=
8

9
a 6

9
−
1

3
=
5

6
b

3 Copy and complete.
3

10
+
2

5

=
3

10
+
10

=
10

a 1

2
−
3

8

=
8
−
3

8

=
8

b 1
1

2
+
1

4

=1
2
+
1

4

=1

c

4 What is the LCD needed if these fractions are to be added or subtracted?

Hint for Q4: The LCD is the

lowest common multiple of

both denominators.

1

2
, 1
3

a 3

7
, 5
9

b 3

10
, 8
15

c

1

2
, 3
8

d 9

11
, 4
33

e 5

12
, 7
30

f
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1E Adding and subtracting fractions 27

Fluency 5–7(½) 5–7(½)

Example 17 Adding and subtracting with same denominators

Find:
5

11
+
8

11
a 1

3

8
−
5

8
b

Solution Explanation

a 5

11
+
8

11
=
13

11

= 1
2

11

Denominators are the same (elevenths).

Keep the denominator and add the numerators.

Write as a mixed number.

b 1
3

8
−
5

8
=
11

8
−
5

8

=
6

8

=
3

4

Write 1 3
8

as an improper fraction.

Denominators are the same (eighths). Subtract the

numerators.

Simplify the answer by dividing by the HCF (2).

Now you try

Find:
3

7
+
5

7
a 1

1

5
−
4

5
b

5 Find:

Hint for Q5: Writing

mixed numbers as

improper fractions

may help.

2

5
+
1

5
a 3

8
+
2

8
b 9

10
−
2

10
c 2

7
+
2

7
d

13

17
−
8

17
e 3

5
−
2

5
f 11

6
−
1

6
g 13

8
−
3

8
h

4

5
+
3

5
i 1

1

5
+
3

5
j 2

2

3
−
1

3
k 1

1

8
−
5

8
l

1
1

10
−
7

10
m 3

1

4
+ 1
1

4
n 2

3

10
−
9

10
o 3

7

8
+ 2
5

8
p

Example 18 Adding with different denominators

Evaluate 1
2
+
3

5
.

Solution Explanation

1

2
+
3

5

=
5

10
+
6

10

=
11

10
or 1 1

10

The lowest common multiple of the denominators of

2 and 5 is 10. Rewrite as equivalent fractions using a

denominator of 10: 1 × 5
2 × 5

=
5

10
and 3 × 2

5 × 2
=
6

10
.

Add the numerators.

Now you try

Evaluate 4
7
+
1

3
.
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28 Chapter 1 Reviewing number

6 Evaluate the following.

Hint for Q6: First

express each fraction

using the LCD.

1

2
+
1

8
a 1

2
−
1

6
b 3

10
+
1

5
c 4

3
−
5

6
d

3

2
−
3

5
e 1

3
+
1

4
f 3

5
+
1

10
g 3

4
−
3

5
h

5

6
−
3

8
i 2

3
+
1

2
j 5

3
−
2

7
k 3

8
+
1

3
l

2

9
+
1

12
m 9

21
+
1

7
n 27

50
−
7

20
o 11

30
−
7

45
p

Example 19 Adding and subtracting mixed numbers

Evaluate:

1
2

3
+ 4
5

6
a 3

2

5
− 2
3

4
b

Solution Explanation

a 1
2

3
+ 4
5

6
=
5

3
+
29

6
Change each mixed number to an improper

fraction.

=
10

6
+
29

6

=
39

6

=
13

2
or 6 1

2

Remember that the lowest common

denominator of 3 and 6 is 6. Change 5
3

to

an equivalent fraction with denominator 6 then

add the numerators and simplify.

b 3
2

5
− 2
3

4
=
17

5
−
11

4

=
68

20
−
55

20

=
13

20

Convert to improper fractions and then

express as equivalent fractions with the same

denominator.

Subtract the numerators.

Now you try

Evaluate:

2
3

4
+ 1
5

8
a 4

1

3
− 3
4

5
b

7 Evaluate the following.

Hint for Q7: First

rewrite using

improper fractions.

1
1

3
+ 2
1

2
a 1

1

3
−
3

4
b 5

1

2
− 2

7

10
c 2

1

3
+
1

4
d

4
1

2
+ 2
1

4
e 6

1

3
− 2
1

2
f 1

3

8
− 1
1

4
g 2

3

4
− 1
1

3
h

4
1

10
− 2
2

5
i 1

7

12
−
2

3
j 3

1

5
+ 1
1

2
k 2

5

6
− 1
1

4
l

1E
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1E Adding and subtracting fractions 29

Problem-solving and reasoning 8–10 9–12

8 To remove impurities a mining company filters 3 1
2

tonnes of raw material. If 2 5
8

tonnes are removed,

what quantity of material remains?

Hint for Q8: Decide

which mathematical

operation is involved

first.

9 When a certain raw material is processed it produces 3 1
7

tonnes of mineral and 2 3
8

tonnes of waste.

How many tonnes of raw material were processed?

10 The ingredients in a punch recipe were: 2 1
4

L

of apple juice, 1 1
2

L of guava juice and 1 1
5

L of

lemonade.

a How much punch is produced?

b If a cup holds 150 mL, how many cups can

this punch serve?

11 Clarissa owns 3
10

of a company, Sally owns another 1
4

of the company and Keith owns 2
5

of it. The bank

owns the rest. How much of the company does the bank own?

12 Here is an example involving the subtraction of fractions where improper fractions are not used.

2
1

2
− 1
1

3
= 2
3

6
− 1
2

6

= 1
1

6

Try this technique on the following problem and explain the difficulty that you find.

2
1

3
− 1
1

2

Which fractions do you choose? — 13

13 The six fractions listed below are each used exactly once in part a.
1

8
, 5
12

, 1
2

, 2
3

, 3
4

, 5
6

a Arrange the six fractions correctly so that each equation produces the required answer. Use each

fraction only once.

+ =
7

8
i − =

1

4
ii − =

1

3
iii

b Which of the fractions, when added, produce an answer of 2?
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30 Chapter 1 Reviewing number

11A Find the value of:

−15 + 7a −10 − 4b 18 − (−7)c

12 + (−4)d −8 + 5 − (−7)e −9 − (−6)f

21B Find the value of:

−7 × (−6)a 12 × (−5)b −56 ÷ 7c

−48 ÷ (−6)d (−4)3e (−9)2f

31B Apply the order of operations to find the value of:

3 × (4 − 9) + 6a 7 − 3 × (−4)b (6 − 10) ÷ (−2) − 9c

41C a Round each of the following to two decimal places.

24.187i −6.143988ii 7.595699iii
b Round each of the following to two significant figures.

3.268i 237ii 7932.8iii 0.0078812iv

51C Estimate the following using one significant figure rounding of each number. Check how

reasonable your answer is with a calculator.

242 − 121a 93.4 − 9.7 × 0.0234b

61D Write these fractions as decimals, parts c and d are recurring decimals.

5

8
a 3

8

25
b 7

12
c 2

7

11
d

71D Write these decimals as simplified fractions.

0.8a 0.36b 0.004c 4.205d

81D Arrange these fractions in ascending (smallest to largest) order.

11

24
, 3
8

, 5
12

91E Evaluate the following.

3

8
+
2

8
a 2

3
−
4

7
b 2

3

10
+ 1
1

4
c 4

1

5
− 2
3

4
d

101E A cake recipe requires 3
4

cup of sugar, 2 1
3

cups of flour and 1
2

cup of cocoa. How many cups

of ingredients are needed in total?

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



1F Multiplying and dividing fractions 31

1F 1F Multiplying and dividing fractions CONSOLIDATING

Learning intentions

• To review how to multiply fractions

• To know to cancel any common factors between numerators and denominators before multiplying

• To know that ‘of’ means multiply

• To be able to �nd the reciprocal of a fraction

• To know how to divide by a fraction by multiplying by its reciprocal

• To know to convert mixed numbers to improper fractions before multiplying or dividing

Key vocabulary: numerator, denominator, highest common factor, reciprocal, proper fraction, improper fraction,

mixed number

A series of steps can be followed to make multiplying and dividing fractions easier. This includes cancelling,

which reduces the size of the numbers inside the fractions.

Lesson starter: How much is
left?

How much is left for Kimberly to eat if:

• Tom eats half the tart

• then Sarah eats half of what’s left

• then Zara eats a third of the remaining

section?

To determine Kimberley’s

share of the tart, each

step involves multiplying

the remaining portion by

a fraction.

Key ideas

To multiply fractions (proper or improper),

multiply the numerators together and

multiply the denominators together.

Cancel any common factors in the

numerator with any common factors in the

denominator before multiplying.
1
 5

4 8
×

1 2

3  15
=
1

4
×
1

3

=
1

12

In general:

a

b
× c

d
= a × c
b × d

For example:
2

5
×
3

7
=
2 × 3

5 × 7

=
6

35

•

Of means multiply.

For example:
1

3
of 24 = 1

3
× 24

To divide a number by a fraction, multiply

by its reciprocal.

• In general:
a
b
÷

c
d
=

a
b
×

d
c
=

a × d
b × c

For example:
2

3
÷
5

6
=
2

3
×
6

5

=
2

1 3
×  6

2

5

=
4

5

To find the reciprocal of a fraction, you

simply invert it (that is, flip the proper

or improper fraction upside down).

• The reciprocal of 2 is 1
2

since 2 = 2
1
.

• The reciprocal of 3
4

is 4
3
.

• The reciprocal of 1 1
5 (or 6

5 ) is 56.
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32 Chapter 1 Reviewing number

Exercise 1F

Understanding 1–3 3

1 State if the following are true (T) or false (F).
2

5
×
1

3
=
2

15
a

1

6
of 30 = 6 × 30b

3

7
÷
2

5
=
3

7
×
5

2
c

2 Find:
1

2
of 24a 1

3
of 12b

3

4
of 16c 9

10
of 200d

3 Find the reciprocal of:
Hint for Q3: Whole numbers

can be written with a

denominator of 1. 6 = 6
1

3

4
a 1

7
b 6c 1

2

3
d

Fluency 4–7(½) 4–7(½)

Example 20 Multiplying with proper fractions

Evaluate the following.

2

3
×
5

7
a 4

5
×
25

32
b

Solution Explanation

a 2

3
×
5

7
=
10

21
No common factors therefore multiply the numerators together and

multiply the denominators together.
2

3
×
5

7
=
2 × 5

3 × 7

b  41

 51
×
  255

  328
=
1

1
×
5

8

=
5

8

Cancel the common factors between the numerators and the

denominators.

Multiply the numerators and then multiply the denominators.

1 × 5

1 × 8

Now you try

Evaluate the following.

3

7
×
4

5
a 3

8
×
20

27
b
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1F Multiplying and dividing fractions 33

4 Evaluate the following.

Hint for Q4: First

cancel any common

factors, if possible.

3

5
×
1

4
a 2

3
×
2

5
b 3

4
×
5

7
c 1

2
×
1

3
d

1

4
×
1

5
e 1

9
×
2

3
f 5

8
×
16

17
g 1

2
×
6

7
h

2

3
×
3

5
i 8

9
×
3

4
j 4

5
×
1

2
k 5

6
×
24

25
l

6

7
×
7

8
m 7

9
×
18

21
n 8

21
×
7

12
o 5

14
×
21

40
p

Example 21 Multiplying with mixed numbers

Evaluate 1 2
3
× 2

1

10
.

Solution Explanation

1
2

3
× 2

1

10
=

1
 5

1 3
×
  217

  102

=
7

2
or 3 1

2

Rewrite as improper fractions.

Cancel common factors between numerators

and denominators and then multiply numerators

and denominators.

Now you try

Evaluate 1 4
5
× 2
1

3
.

5 Evaluate:

1
1

2
×
1

3
a 1

2

3
×
3

4
b 2

1

3
×
9

10
c 1

1

2
× 1
1

3
d 2

1

3
× 1
4

5
e

3

4
× 1
1

7
f 2

1

2
× 2
1

2
g 4

1

2
×
8

9
h 1

3

4
× 1
2

3
i 3

3

4
×
8

5
j

Example 22 Dividing fractions

Evaluate the following.

4

15
÷
12

25
a 1

17

18
÷ 1

1

27
b

Solution Explanation

a 4

15
÷
12

25
=
1 4

3
  15
×  
 255

  123

=
5

9

To divide by 12
25

we multiply by its reciprocal 25
12

.

Cancel common factors between numerators and

denominators then multiply fractions.

b 1
17

18
÷ 1

1

27
=
35

18
÷
28

27

=
5  35

2
  18
×  
 273

  284

=
15

8
or 1 7

8

Rewrite mixed numbers as improper fractions.

Multiply by the reciprocal of the second fraction.

The reciprocal of 28
27

is 27
28

.
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34 Chapter 1 Reviewing number

Now you try

Evaluate the following.

5

12
÷
5

18
a 1

7

8
÷ 1

1

24
b

6 Evaluate the following (recall that the reciprocal of 8 is 1
8
).

Hint for Q6: Multiply by the

reciprocal of the second fraction.

4

7
÷
3

5
a 3

4
÷
2

3
b 5

8
÷
7

9
c

3

7
÷
4

9
d 3

4
÷
9

16
e 4

5
÷
8

15
f

8

9
÷
4

27
g 15

42
÷
20

49
h 15 ÷

5

6
i

6 ÷
2

3
j 4

5
÷ 8k 8

9
÷ 6l

7 Evaluate the following.

Hint for Q7: First change any

mixed numbers to improper

fractions.

14 ÷ 4
1

5
a 6 ÷ 1

1

2
b 1

1

3
÷ 8c

2
1

4
÷ 1
1

2
d 4

2

3
÷ 5
1

3
e 7

1

5
÷
4

15
f

Problem-solving and reasoning 8(½), 9, 10 8(½), 9, 11, 12

8 Find the following amounts.

Hint for Q8: ‘Of’ means

multiply and 20 as

a fraction is 20
1
.

1

2
of $20a 1

2
of $7b 1

3
of $18c

3

4
of $24d 4

5
of $8000e 9

10
of $1f

9 Evaluate these mixed-operation problems.
2

3
×
1

3
÷
7

9
a 4

5
×
3

5
÷
9

10
b 4

9
×
6

25
÷
1

150
c

10 In a 1 1
2

hour maths exam, 1
6

of that time is allocated as reading time. How long is the reading time?

11 A car’s fuel gauge shows that it has 1
4

of a tank of petrol remaining. The petrol tank holds 64 litres of

fuel when full. The car can travel 10 km on 1 litre. How many kilometres can you travel on the amount

of petrol that remains in the tank?

1F
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1F Multiplying and dividing fractions 35

12 Thomas, Ahn and Oscar agree to equally share the job of cleaning the house after a party. They estimate

the job will take 4 1
2

hours to complete. How many minutes of work should they each contribute?

Electronics and reciprocals — 13

13 Reciprocals are used in the study of electronics. On the calculator, the x−1 button can be used to find

the reciprocal of a number.

a Use this button to find reciprocals of the following numbers.

2i 5ii 6.2iii 1.5iv −1v

b If 1
6.4
+
1

7.2
= A, find the value of 1

A
(to two decimal places).

c If 1
50
+
1

50
= B, what is 1

B
?

d Investigate, using your calculator, the types of numbers for which the reciprocal is bigger than the

original number.

e What positive number is its own reciprocal?

f Are there any numbers that do not have a reciprocal?
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36 Chapter 1 Reviewing number

1G 1G Ratios CONSOLIDATING

Learning intentions

• To understand how ratios are used

• To know how to express a ratio in simplest form using whole numbers with no common factor

• To know that the unitary method involves �nding the value of one part

• To be able to use the unitary method to divide a quantity in a given ratio

Key vocabulary: ratio, unitary method, highest common factor

Fractions, ratios and rates are used to compare

quantities. A lawn mower, for example, might require
1

6
of a litre of oil to make a petrol mix of 2 parts oil to

25 parts petrol, which is an oil to petrol ratio of

2 to 25 or 2 : 25.

Lesson starter: The lottery win

$100 000 is to be divided up for three lucky people

into a ratio of 2 to 3 to 5 (2 : 3 : 5). Work out how the

money is to be divided.

• Clearly write down your method and answer. There

may be many different ways to solve this problem.

A 2 : 25 oil to petrol ratio means that a lawn mower

needs 2 parts oil to 25 parts petrol.

• Write down and discuss the methods suggested by other students in the class.

Key ideas

Ratios are used to compare quantities with the same units.

• The ratio of a to b is written a : b.

• Ratios in simplest form use whole numbers that have no common factor.

The unitary method involves finding the value of one part of a total.

• Once the value of one part is found, then the value of several parts can easily be determined.

Exercise 1G

Understanding 1–3 3

1 State if each of the following ratios is in simplest form (yes or no).

4 : 10a 3 : 7b 20 : 39c 48 : 64d

2 Draw up a table with the following headings.

Diagram Ratio of shaded parts to Ratio of shaded parts to

unshaded parts parts in the whole

Enter information about these diagrams to complete the table.

a b c
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1G Ratios 37

3 A pet shop has birds, fish and kittens. At the pet shop there were five times

as many birds as kittens and twice as many fish as birds. Write the ratio of:

Hint for Q3: Remember that,

with a ratio, the order matters.

birds to kittensa

birds to fishb

fish to birdsc

fish to kittensd

birds to the total number of pets at the pet shop.e

Fluency 4–8(½) 4–8(½)

Example 23 Simplifying ratios using HCFs

Simplify the ratio 38 : 24.

Solution Explanation

38 : 24 = 19 : 12 The HCF of 38 and 24 is 2 so divide both sides by 2.

Now you try

Simplify the ratio 45 : 27.

4 Simplify these ratios.

Hint for Q4: Divide by the HCF.

6 : 30a 8 : 20b 40 : 50c

2 : 20d 15 : 18e 9 : 27f

18 : 6g 24 : 36h 52 : 39i

144 : 36j 48 : 96k 30 : 10l

2000 : 5600m 3 : 6 : 12n 15 : 30 : 10o

Example 24 Simplifying ratios involving fractions and decimals

Simplify these ratios.

0.2 : 0.14a 2
1

2
: 1 1
3

b

Solution Explanation

a 0.2 : 0.14 = 20 : 14

= 10 : 7

Multiply by 100 to remove all the decimal places

and simplify.

b 2
1

2
: 1 1
3
=
5

2
: 4
3

=
15

6
: 8
6

= 15 : 8

Write as improper fractions using the same

denominator.

Multiply both sides by 6 to write as whole

numbers.

Now you try

Simplify these ratios.

0.5 : 0.32a 3
1

4
: 1 7
8

b
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38 Chapter 1 Reviewing number

5 Simplify these ratios.

0.1 : 0.2a 0.3 : 4.1b 0.5 : 3.2c

0.3 : 0.9d 0.7 : 3.5e 0.4 : 0.12f

8 : 0.2g 15 : 0.01h 1.6 : 0.56i

6 Simplify:

Hint for Q6: A simplified ratio

must include only whole

numbers (with no common

factors).

1

4
: 1
3

a 2

3
: 1
4

b 1
1

2
: 3 1
3

c

2
1

4
: 1 2
5

d 3

8
: 1 3
4

e 1
5

6
: 3 1
4

f

Example 25 Simplifying ratios involving units

Simplify the ratio of 560 metres to 2 kilometres.

Solution Explanation

560 m : 2 km Write using ratio notation.

= 560 m : 2000 m Convert the units so that both are the same:

= 560 : 2000 2 km = 2000 m

= 7 : 25 Cancel the units and divide both numbers by

their HCF. HCF of 560 and 2000 is 80

Now you try

Simplify the ratio of 35 cents to $2.

7 Write each of the following as a ratio in simplest form.

Hint for Q7: Convert to the same

units first.

80c : $8a 90c : $4.50b

80 cm : 1.2 mc 0.7 kg : 800 gd

2.5 kg : 400 ge 30 min : 2 hoursf

45 min : 3 hoursg 4 hours : 50 minh

40 cm : 2 m : 50 cmi 80 cm : 600 mm : 2 mj

2.5 hours : 1.5 daysk 0.09 km : 300 m : 1.2 kml

Example 26 Dividing into a given ratio

$300 is to be divided into the ratio 2 : 3.

Find the value of the larger portion using the unitary method.

Solution Explanation

Total number of parts is 2 + 3 = 5

5 parts = $300

Use the ratio 2 : 3 to get the total number of

parts.

1 part = 1
5

of $300

= $60

Calculate the value of each part. ($300 ÷ 5)

Larger portion = 3 × $60

= $180

Calculate the value of 3 parts.

Now you try

$600 is to be divided into the ratio 5 : 7.

Find the value of the larger portion using the unitary method.

1G
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1G Ratios 39

8 Use the unitary method to divide:

Hint for Q8: First find the value

of one part.

$500 in the ratio of 1 : 4a $36 in the ratio of 4 : 5b

88 kg in the ratio of 3 : 8c $96 in the ratio of 7 : 5d

$500 in the ratio of 2 : 3e 2000 g in the ratio of 3 : 5f

$100 in the ratio of 7 : 3g $600 in the ratio of 1 : 1h

$70 in the ratio of 2 : 7 : 1i 420 g in the ratio of 8 : 2j

Problem-solving and reasoning 9–11 10–13

9 420 g of flour is to be divided into a ratio of 7 : 3 for two different

recipes. Find the smaller amount.

10 Kirsty manages a restaurant. Each day she buys watermelons and

mangoes in the ratio of 3 : 2. How many watermelons did she buy

if, on one day, the total number of watermelons and mangoes

was 200?

11 If a prize of $6000 was divided among Georgia, Leanne and Maya

in the ratio of 5 : 2 : 3, how much did each girl get?

12 The dilution ratio for a particular chemical with water is 2 : 3 (chemical

to water). If you have 72 litres of chemical, how much water is needed

to dilute the chemical? Hint for Q12: If 72 litres is two

parts, what is one part?

13 Amy, Belinda, Candice and Diane invested money in the ratio of

2 : 3 : 1 : 4 in a publishing company. If the profit was shared according to their investment, and Amy’s

profit was $2400, find the profit each investor made.

Mixing drinks — 14

14 Four jugs of cordial have a cordial to water ratio as shown and

a given total volume.

Jug Cordial to water ratio Total volume

1 1 : 5 600 mL

2 2 : 7 900 mL

3 3 : 5 400 mL

4 2 : 9 330 mL

a How much cordial is in:

Jug 1?i Jug 2?ii

b How much water is in:

Jug 3?i Jug 4?ii

c If Jug 1 and 2 were mixed together to give 1500 mL of drink:

how much cordial is in the drink?i

find the ratio of cordial to water in the drink.ii

d Find the ratio of cordial to water if the following jugs

are mixed.

Jug 1 and 3i Jug 2 and 3ii

Jug 2 and 4iii Jug 3 and 4iv

e Which combination of two jugs gives the strongest cordial to water ratio?
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40 Chapter 1 Reviewing number

1H 1H Rates and best buys
Learning intentions

• To understand what a rate represents and how it is expressed in simplest form

• To know and be able to use the speed = distance ÷ time relationship to determine an unknown

• To be able to use rates to determine best buys

Key vocabulary: rate, best buys

It is often necessary to compare two quantities with different

units. When this occurs it is called a rate.
Rates are used to describe speed (m/s, km/h), pay, lap

times in formula one racing, and even the prices at the

supermarket. Using rates is important in our everyday lives.

Lesson starter: Fastest animals on
Earth

In pairs, arrange these animals from fastest to slowest. Then

see if you can write their speeds in metres per second (m/s). Speed is important in Formula One racing,

where lap speeds are measured in km/h. These

lap speeds can be over 250 km/h!

Zebra 64.37 km/h Ostrich 70 km/h Giraffe 52 km/h

African bush elephant 40.7 km/h Lion 80 km/h Cheetah 120 km/h

Dog 72.4 km/h Galapagos tortoise 0.32 km/h Kangaroo 70.01 km/h

Wildebeest 64.05 km/h Hyena 65 km/h Fox 32.03 km/h
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1H Rates and best buys 41

Key ideas

A rate compares related quantities with different units.

• The rate is usually written with one quantity compared to a single unit of the other quantity.

For example: 50 km per 1 hour or 50 km/h

Rates can be used to determine best buys when purchasing products.

Speed (s) = distance (d) ÷ time (t)

For example:

80 km in 2 hours = 40 km/h
d

s t

s = d
t
, d = s × t,

t = d
s

The ‘best buy’ is the best value for money. This is found by comparing the cost per unit value, e.g.

cost per kg.

Exercise 1H

Understanding 1–4 3, 4

1 Write the following as simple rates using the / symbol.

Hint for Q1: Compare to 1 hour

in part c.

Tom travelled 60 km in 1 houra

$84 in 1 hourb

600 km in 10 hoursc

2 Find the cost of 1 kg if:

2 kg costs $8a

5 kg costs $15b

4 kg costs $10c

3 Determine the speed of the following trips

Hint for Q3: Use units m/s

or km/h.

100 m in 10 secondsa

120 km in 2 hoursb

42 km in 3 hoursc

4 Which is better value for money (the best buy)?

4 kg of potatoes at $6A

10 kg of potatoes at $14B

Fluency 5–6(½), 7, 8–9(½) 5–6(½), 8–9(½)

Example 27 Simplifying rates

Write these rates in simplest form.
120 km every 3 hoursa 5000 revolutions in 2 1

2
minutesb

Solution Explanation

a 120 km per 3 hours = 120
3

km/h

= 40 km/h

Divide by 3 to write the rate compared to

1 hour.

Continued on next page
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42 Chapter 1 Reviewing number

b 5000 revolutions per 2 1
2

minutes

= 10 000 revolutions per 5 minutes

=
10 000

5
revs/min

= 2000 revs/min

First multiply by 2 to remove the fraction.

Then divide by 5 to write the rate using 1 minute.

Now you try

Write these rates in simplest form.

$150 in 5 hoursa 1800 revolutions in 1 1
2

minutesb

5 Write these as rates in their simplest form.

Hint for Q5:

Work out each per

one unit.

$84 in 3 hoursa $200 in 4 hoursb

12 kg every 2 minutesc $3.50 for 1
2

kgd

64 runs in 16 overse 623 points in 7 gamesf

76 cm in 4 yearsg 56 metres in 4 secondsh

207 heart beats in 2 1
4

minutesi 180 mL in 22.5 secondsj

Example 28 Determining distance, speed and time

A family took 3 hours to complete the 210 km from their home to their holiday house.

Find their average speed for the trip.a

If they increased their average speed to 90 km/h, how many hours and minutes would the trip

have taken?

b

Solution Explanation

a Average speed = distance ÷ time

= 210 km ÷ 3 hours

= 70 km/h

Use the dst triangle and cover

the s to provide the formula for

finding speed: s = d
t

or d ÷ t

Substitute in your values and

calculate the speed.

d

s t

Remember to put units in your answer.

b Time = distance ÷ speed

= 210 km ÷ 90 km/h

= 2
1

3
hours

= 2 hours 20 minutes

Use the dst triangle and cover

the t to find the formula for

time:

t = d
s

or d ÷ s

d

s t

Substitute in your values and find the time:

1

3
hour = 1

3
× 60 min = 20 minutes

1H
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1H Rates and best buys 43

Now you try

A rally driver took 5 hours to complete a 300 km course.

Find the average speed for the rally.a

If the average speed was increased to 72 km/h, how many hours and minutes would the course

have taken?

b

6 Find the average speed (km/h) of:

a car travelling 140 km in 2 hoursa

a bike travelling 60 km in 4 hoursb

a walker travelling 12 km in 3 hoursc

a horse galloping 2.7 km in 3 minutes

�

1

20
hour

�

d

a truck travelling 760 km in 9.5 hourse

7 Rick drives the 1040 km from Sydney to Melbourne to watch

the Sydney Swans play the Western Bulldogs in the AFL. He

averaged 80 km/h.

a How many hours did the trip take?

b How many hours and minutes would the trip take if the

average speed was reduced to 64 km/h?

Example 29 Finding best buys

Which is better value?

5 kg of potatoes for $3.80 or 3 kg for $2.20

Solution Explanation

Price per kg.

5 kg bag.

1 kg costs $3.80 ÷ 5 = $0.76

Divide each price by the number of kilograms to

find the price per kilogram.

3 kg bag.

1 kg costs $2.20 ÷ 3 = $0.73

Â the 3 kg bag is cheaper Then compare and choose the cheapest.

Now you try

Which is better value?

2 L of chocolate ice cream for $4.50 or 3 L of the same ice cream for $6.45.

8 Determine the best buy in each of the following.

a 2 kg of washing powder for $11.70 or 3 kg for $16.20

b 1.5 kg of red delicious apples for $4.80 or 2.2 kg of royal

gala apples for $7.92

c 2.4 litres of orange juice for $4.20 or 3 litres of orange

juice for $5.40

d 0.7 GB of internet usage for $14 or 1.5 GB for $30.90 with

different service providers
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44 Chapter 1 Reviewing number

9 Which is the best buy?

4 hours hire for $120A 5 hours hire for $160B 7 hours hire for $203C

Problem-solving and reasoning 10–12 11–13

10 Hamish rides his bike at an average speed of 22 km/h. How far does he ride in:

2
1

2
hours?a 3

4
hours?b 15 minutes?c

11 Find the cost of 100 g of each product below then decide which is the best buy.

300 g of coffee A at $10.80 or 220 g of coffee B at $8.58.a

600 g of pasta A for $7.50 or 250 g of pasta B for $2.35b

1.2 kg of cereal A for $4.44 or 825 g of cereal B for $3.30c

12 A shearer sheared 80 sheep in 2 hours.

Express this as a rate.a

If the shearer is able to continue at this rate for 5 1
2

hours, how many sheep can be sheared?b

How long would it take, at this rate, to shear all 1000 sheep on the property?c

13 Light travels at approximately 300 000 km/s.

Express this speed as km/h.a

How far does light travel in 2 minutes?b

How long does light from the Sun take to travel the 149 million kilometres to Earth?c

1H
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1H Rates and best buys 45

The cyclist — 14

14 A cyclist’s progress over a journey of 160 km is recorded. The ratio of time (in hours) to distance

(in kilometres) is 1 : 20.

a Copy and complete the table showing the progress of the

cyclist.

Time in hours 0 1 2 3 4 5 6 7 8

Distance in km 0 20

b What is the cyclist’s average speed?

c Draw a set of axes like the ones shown and record the

information from the table onto the axes.

d What conclusions can you make about the shape of the

graph? Why is this the case?

e If the cyclist doubles their speed, on the same set of axes

plot a graph that shows the journey for this new speed. O

20

40

60

80

100

120

140

160

180

200

1 2 3 4 5 6 7 8

Time (hours)

D
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e
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k
m

)
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46 Chapter 1 Reviewing number

Being a professional cook or chef is a physically

demanding job. Long hours in hot kitchens

and being on your feet all day are challenging.

Most chefs have a passion for food and

flavours and are seen as creative people who

create not just a meal but a masterpiece on a

plate.

Chefs need to have good communication skills,

a practical sense of measurement and excellent

number skills. Their job involves ordering stock,

understanding cooking temperatures and

adapting recipes using ratios and direct

proportion.

Cooks and chefs

1 A recipe for a classic Pavlova uses 6 egg whites and 270 grams (11
4

cups) of superfine sugar or

caster sugar and serves 8. (A Pavlova also contains cornflour and white vinegar.)

What is the simplified ratio of egg whites to servings?a

How many egg whites are needed for a Pavlova serving 12 people?b

How many whole egg whites are needed for a Pavlova serving 6 people?c

How many servings are in a Pavlova using 15 egg whites?d

How many grams of sugar are equivalent to 1 cup?e

How many grams of sugar are needed per egg white for this Pavlova recipe?f

2 A café style banana bread recipe indicates that it would make 3 large loaves. The recipe is as

follows:

9 cups of plain flour

4
1

2
cups sugar

3 teaspoons of bicarb of soda

1125 grams of melted butter

9 eggs

10 mashed bananas

If each loaf can be cut into 18 single slices,

how many loaves need to be baked per

day for 50 single slice serves at a café?

a

How many cartons of a dozen eggs are

needed for a week where the cook makes

this recipe 8 times?

b

If 1 egg weighs 75 grams, what is the

simplified ratio of eggs to butter in this

recipe?

c

If 1 cup of plain flour is equivalent to 150

grams of flour, how many grams of flour

is needed for this recipe?

d

What is the simplified ratio of flour to melted butter for this recipe?e

If only one loaf is to be made, write down the amounts of ingredients required.f
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Maths@Work: Cooks and chefs 47

3 Many chefs start their careers mastering the basics such as mayonnaise.

The recipe for 1 cup of classic mayonnaise is:

2 egg yolks

2 teaspoons of lemon juice

1 teaspoon of mustard
1

2
teaspoon of salt

pinch of pepper

250 mL of olive oil

a What is the simplified ratio of:

lemon juice to mustard?i

lemon juice to olive oil (1 teaspoon = 5 mL)?ii

mustard to salt?iii
b If a litre is the same as 4 cups, how many eggs

are needed for 1 L of mayonnaise?

c If one lemon yielded 25 mL of fresh juice, how many cups of mayonnaise can be made using all of

the juice in this one lemon?

4 Scaling a recipe means that the ingredient quantities are each multiplied by a conversion factor so that

the recipe makes more or fewer serves. If a cake recipe makes 12 cupcakes, what conversion factor is

required to scale up the recipe quantities to make 42 cupcakes?

Using technology

5 Set up an Excel spreadsheet as shown below for scaling cookie recipe

quantities. Enter formulas in the shaded cells.
Hint for Q5: Format

all formula cells to

‘number’/one decimal

place. Use $ signs to fix

(i.e. anchor) a cell

reference, e.g. $C$4.

a For a recipe to make 60 cookies, state the quantities of the following ingredients:

oili flourii chocolateiii
b Bella has a school tuckshop order for 32 bags with 3 cookies in each. State the quantities of the

following ingredients that Bella will need:

eggsi apple sauceii sugariii
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Painting makeover

Archer and Emily are mixing their own paint to form a special colour for their loungeroom and bedroom

makeover. They have tested the following ratios and feel that these two options, A and B, suit

their tastes.

White Yellow Red Blue

Colour Ratio A 18 2 1 3

Colour Ratio B 14 3 2 1

Archer and Emily want to know the amount and cost of paint required to cover the walls and ceiling

of the loungeroom and bedroom using either ratio A mix or ratio B mix.

The white paint costs $8 per litre and the colours all cost $24 per litre.

The paint covers 10m2 per litre.

The loungeroom is 6 m long, 5 m wide and 2.5 m high.

The bedroom is 5 m long, 4 m wide and 2.5 m high.

Present a report for the following tasks and ensure that you show clear mathematical workings,

explanations and diagrams where appropriate.

1 Preliminary task

a Using the table above, copy and complete the colour ratios for:

Colour Ratio A, W : Y : R : B = : : :i

Colour Ratio B, W : Y : R : B = : : :ii

b What fraction of:

white paint is in ratio A?i blue paint is in ratio A?ii

white paint is in ratio B?iii red paint is in ratio B?iv

c If 36 L of paint is required in total, find the volume of the following amounts giving each answer

as a mixed number.

white paint in ratio Ai blue paint in ratio Aii

white paint in ratio Biii red paint in ratio Biv

2 Modelling task
Formulate The problem is to compare the cost of painting the

loungeroom and bedroom using the colour mixes A and B.

a Write down all the relevant information that will help

solve this problem.

b For the loungeroom and bedroom

i Draw a labelled diagram of each rectangular

ceiling and each room’s 4 rectangular walls.

ii For each room, calculate the total area of the

walls and ceiling in m2.

iii If 2 coats of paint are applied, calculate the total area to be painted.

iv Determine the total volume of paint needed given that each litre covers 10m2.
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Modelling 49

Solve
c For Colour ratio A, determine:

i The fraction that is white paint and the fraction that is coloured paint.

ii The volume of white paint needed.

iii The cost of white paint at $8 per litre.

iv The volume of coloured paint needed.

v The cost of coloured paint at $24 per litre.

d For Colour ratio B, determine:

i The fraction that is white paint and the fraction that is coloured paint.

ii The volume of white paint needed.

iii The cost of white paint at $8 per litre.

iv The volume of coloured paint needed.

v The cost of coloured paint at $24 per litre.

Evaluate

and

verify

e Determine the total cost of the paint for colour ratio A and for colour ratio B.

f Which colour ratio will be the cheaper option and by how much?

g Compare the percentages of white and coloured paint in ratios A and B.

h Explain why one ratio produces a more expensive paint.

Communicatei Summarise your results and describe any key findings.

3 Extension questions

Emily paints the bedroom at the same time as Archer paints the loungeroom. Emily paints at a rate

of 13m2 per hour and Archer paints at a rate of 17m2 per hour.

a How long does it take for one coat of paint to be applied to each room?

b If there is a 3 hour gap between coats, find the total time needed for this painting makeover.
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50 Chapter 1 Reviewing number

Forming irrational numbers
Key technology: Spreadsheets
We know that an irrational number like pi or the square

root of 2 cannot be expressed as a fraction exactly and

when written as a decimal will show infinite non-recurring

decimal places.

One way to generate these types of numbers is to

use a sum or an infinite set of fractions called a series.

An example is the number pi (p) which is equal to

3.14159265359............ with an infinite non-recurring

pattern. Pi can be generated using this series with the first

6 terms showing then multiplying the result by 4..

1

1
−
1

3
+
1

5
−
1

7
+
1

11
−
1

13
+………

1 Getting started
a Do you notice any patterns in the series above? If so, describe them.

b Work out the value of the following, writing your answer as a decimal.
�

1

1
−
1

3

�

× 4i

�

1

1
−
1

3
+
1

5

�

× 4ii
�

1

1
−
1

3
+
1

5
−
1

7

�

× 4iii

�

1

1
−
1

3
+
1

5
−
1

7
+
1

9

�

× 4iv

c What do you notice about the answers to the above calculations? Which one is the best

approximation to pi?

2 Using technology
We will generate the answers to the questions in part 1b above using a spreadsheet.

a Fill in the details for row 1, 3 and 4 as shown, including the formula in cell D4.

b Enter the formulas in cells A5, B5, C5 and C6.

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



T
e
c
h
n
o
lo

g
y
 a

n
d
 c

o
m

p
u
ta

tio
n
a
l th

in
k
in

g
Technology and computational thinking 51

c Now fill down the following.

Column A using cell A5i

Column B using cell B5ii

Column C using cells C5 and C6. Highlight both then fill downiii

Column D using cell D4.iv

d Check that the numbers in column D match your answers from part 1b above.

3 Applying an algorithm

a Fill down your spreadsheet for a total of 20 terms. Remember to highlight two cells in column C

before filling down.

b How many terms are required for the first digit to be a 3 and then never change from that point

onwards?

c Repeatedly extend your spreadsheet and find how many terms are required for the next digit

of pi to settle on a number and never change from that point onwards. Complete this table to

summarise your results. The first one is done for you which is the answer to part b above.

Digit Number of terms required

1st (3) 7

2nd (1)

3rd (4)

4th (1)

d Is 10 000 terms enough to ensure that your approximation of pi is accurate for the first 5 digits and

never changes from that point onwards?
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52 Chapter 1 Reviewing number

1 Can you arrange the first nine counting numbers using signs (+, −, ×, ÷) and brackets to give an

answer of 100?

2 In how many ways can four girls and two boys be seated in a row if the two boys are to sit at the

ends?

3 Complete the number cross below.

1. 2. 3.

4. 5. 6.

7. 8. 9.

10.

Clues
Across Down

The sum of 100, 150 and 32. A palindromic number1.

The product of 5 and the first prime number

after 6

4. 5 × 10 − 5 × 52.

Reverse the digits of the product of 13

and 5

5. A multiple of 113.

One less than the square of 107. 639 written correct to two significant figures6.

Half of 6 times 89. The next even integer after 908.

2 to the power of 710. A multiple of 79.

4 a Perfect numbers are positive integers which are equal to the sum of all their factors, excluding

the number itself.

Show that 6 is a perfect number.i

There is one perfect number between 20 and 30. Find the number.ii

b Triangular numbers are the number of dots required to form triangles as shown in this table.

Complete this table.

Number of rows 1 2 3 4 5 6

Diagram

Number of dots (triangular number) 1 3

i

Find the 7th and 8th triangular numbers.ii
c Fibonacci numbers are a sequence of numbers where each number is the sum of the two

preceding numbers. The first two numbers in the sequence are 0 and 1.

Write down the first 10 Fibonacci numbers.i

If the Fibonacci numbers were to be extended in the negative direction, what would the first

four negative Fibonacci numbers be?

ii
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Chapter summary 53

Reviewing

number 

Ratios compare two or more

quantities with the same units in

5 cents to $1 = 5 : 100 = 1 : 20

You can simplify ratios by using

the HCF. 

24 : 36 = 2 : 3 (dividing both by 12)

Use whole numbers:

0.3 : 7 = 3 : 70

Integers are the set of

positive and negative whole

numbers including zero.

0, ±1, ±2, ±3, ±4, ...

Decimals are a way of writing

fractions with denominators

of 10, 100, 1000.

Decimals

= 0.1, 1
10

= 0.01, 1
100

= 0.0011
1000

If the critical digit (the next one

in the number) is 0, 1, 2, 3 or 4,

round down. If it is 5, 6, 7, 8

or 9, round up.

4.763 = 4.8 (1 d.p.)

= 4.76 (2 d.p.)

Working with negatives

• To add a negative number,

   you subtract.

a + (−b) = a − b

• To subtract a negative number,

   you add.

a − (−b) = a + b

× and ÷

• Two numbers of the same sign

   multiply or divide to give a

   positive answer.  −4 × (−5) = 20

−10 ÷ (−2) = 5

• Two numbers with different 

   signs multiply or divide to give a

   negative answer.  −4 × 5 = −20

                              10 ÷ (−2) = −5

Fractions and decimals

• Divide to express a fraction as

   a decimal.

• A dot on top of a number indicates

   for more than one digit

Fractions

• To add or subtract fractions,

   you need to use the lowest

   common denominator.

• To multiply fractions, multiply

the numerators and multiply the

denominators after cancelling

common factors.

• To divide by a fraction, multiply

   by the reciprocal.

• Convert mixed numbers to

   improper fractions to apply

   operations. 

× = =8
9

3 3
7

8
21

8 ×  1

93 × 7

÷ =3
2

4
5

×3
2

5
4

+ =3
4

1
6

+9
12

= 11
12

2
12

The reciprocal of a proper

or improper fraction is the

fraction turned upside

down (inverted).

The reciprocal of:

6 is 
1
6

is 1
2
3

1
2

is or 1
5
4

1
4

4
5

: = 3 : 8
8
5

3
5

Rates compare two

quantities with different 

units.

50 km in 2 hours = 25 km/h

Rates

Rational numbers can be

written as a fraction.

are all rationals.

is an example of an irrational

number. It cannot be written as

a fraction.

3, −4,    , 0.3,       2
3 4, 0.416

Rounding decimals

Rational numbers

Ratios

3 kg of carrots for $6.45

is $2.15/kg 

∴ 5 kg is best buy 

5 kg of carrots for $10.20

is $2.04/kg 

Best buys

Reciprocals

Integers

±

π

=11
4

3.75, =8
3

2.6

• Use a denominator of 10, 100 

   etc. to write a decimal as

   a fraction.

0.37 = 2.4 = 2  ,37
100

4
10

= 2  2
5

0.27 = 0.272727...
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54 Chapter 1 Reviewing number

Chapter checklist
A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook.

✔

1A 1 I can add and subtract integers.

e.g. Find

a −15 + 5 b −4 − 6

1A 2 I can add a negative integer.

e.g. Find 4 + (−9)

1A 3 I can subtract a negative integer.

e.g. Find 3 − (−7)

1B 4 I can multiply and divide with negatives.

e.g. Find the value of

a −7 × (−4) b 48 ÷ (−6)

1B 5 I can find squares and cubes of negative numbers.

e.g. Find the value of

a (−4)2 b (−5)3

1B 6 I can apply order of operations.

e.g. Find the value of 3 × (−4 + 2) − 5

1C 7 I can round to a required number of decimal places.

e.g. Round each of these to two decimal places:

a 32.2389 b 3.712 c 1.4954

1C 8 I can round to a number of significant figures.

e.g. Round each of these numbers to two significant figures:

a 7842 b 0.0375

1C 9 I can estimate using significant figures.

e.g. Estimate the answer to 1067 − 506 × 0.052 by rounding each number in the problem to one

significant figure. Use your calculator to check how reasonable your answer is.
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✔

1D 10 I can identify rational numbers.

e.g. Choose the rational numbers in the following list:√
10, p , 1.4,

√
36,−3

5

1D 11 I can convert between mixed numbers and improper fractions.

e.g. Express

a 18
5

as a mixed number b 2 3
7
as an improper fraction

1D 12 I can write fractions as decimals, including recurring decimals.

e.g. Write

a 2 7
8
as a decimal b 4

11
as a recurring decimal

1D 13 I can write decimals as fractions.

e.g. Write these decimals as fractions:

a 0.36 b 2.215

1D 14 I can compare fractions.

e.g. Decide which is the larger fraction of the following: 7
9
or 11
15

1E 15 I can add and subtract fractions with the same denominator.

e.g. Find

a 8
17
−
3
17

b 2 1
8
+
5
8

1E 16 I can add and subtract fractions with different denominators.

e.g. Evaluate 5
6
+
3
5

1E 17 I can add and subtract mixed numbers.

e.g. Evaluate:

a 2 3
4
+ 1
5
6

b 2 1
3
− 1
3
7

1F 18 I can multiply proper fractions.

e.g. Evaluate the following:

a 5
6
×
1
4

b 6
7
×
14
27

1F 19 I can divide proper fractions.

e.g. Evaluate 5
8
÷
15
28
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✔

1F 20 I can multiply and divide with mixed numbers.

e.g. Evaluate 4 4
7
÷ 2
2
3

1G 21 I can simplify ratios.

e.g. Simplify these ratios:

a 40 : 32 b 0.3 : 0.21 c 5
8

: 9
20

1G 22 I can simplify ratios by converting to common units.

e.g. Simplify the ratio of 80 cm to 5 metres

1G 23 I can divide into a given ratio using the unitary method.

e.g. $480 is to be divided into the ratio 3 : 5. Find the value of the smaller portion using the

unitary method.

1H 24 I can simplify a rate.

e.g. Write these rates in simplest form

a 120 L in 2 hours b 108 strokes in 1 1
2
minutes

1H 25 I can determine distance, speed and time.

e.g. A driver took 3 hours to complete a 180 km trip. What was their average speed and what was the

time taken, in hours and minutes, on the return trip if the average speed was 75 km/h?

1H 26 I can determine a best buy.

e.g. Which is better value? 4 L of paint for $84 or 7 L of the same paint for $126?
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Short-answer questions

11A/B Evaluate the following.

−4 − (−12)a 18 − 9 × 7b −90 × (−3)c

(−4)3d −15 ÷ 5 × (−2)e (10 − 12) × (7 − 11)f

21C Round these numbers to three significant figures.

21.483a 29 130b 0.15271c 0.002414d

31C Round to two decimal places:

14.97683a 0.7149871498…b 1.999c

41D Write these fractions as decimals.

2
1

8
a 5

6
b 13

7
c

51D Write these decimals as fractions.

0.75a 1.6b 2.55c

61F State the reciprocal of:

3

4
a 1

5
b 8c 1

2

7
d

71E/F Simplify the following.

5

6
−
1

3
a 1

1

2
+
2

3
b 13

8
−
4

3
c

3
1

2
×
4

7
d 5 ÷

4

3
e 3

3

4
÷ 1
2

5
f

81G Simplify these ratios.

30 : 12a 1.6 : 0.9b 7
1

2
: 1 2
5

c

91G Divide 80 into the given ratio.

5 : 3a 5 : 11b 1 : 2 : 5c

101H Dry dog food can be bought from store A for $18 for 8 kg or from store B for $14.19

for 5.5 kg.

Determine the cost per kilogram at each store and state which is the best buy.a

Determine to the nearest whole number how many grams of each brand you get per dollar.b

111G Share $660 in the ratio of 2 : 3 : 5.

121H Complete these rates.

$96 in 3 hours = $ /ha

14 g in 2 minutes = g/minb

32 m in 10 seconds = m/minc

$7.40 in 30 minutes = $ /hd

660 runs in 8 matches = runs/matche

131H Write the following speeds in km/h.

780 km in 5 hoursa 90 km in 2 1
2

hoursb

141G Tom and Claire share their lottery win in the ratio of 3 : 2. If Tom got $9000, how much

did Claire get?
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Multiple-choice questions

11D
2

7
written as a decimal is:

0.29A 0.286B 0.285̇C

0.285714D 0.285714̇E

21C 3.0456 written to three significant figures is:

3.04A 3.05B 3.045C

3.046D 3.45E

31D 2.25 written as a fraction in simplest form is:

2
1

2
A 5

4
B 9

4
C

9
1

4
D 225

100
E

41E 1
1

2
−
5

6
is equal to:

2

3
A 5

6
B −

1

2
C

2

6
D 1

2
E

51F
2

7
×
3

4
is equivalent to:

8

11
A 3

7
B 5

11
C

8

12
D 3

14
E

61F
3

4
÷
5

6
is equivalent to:

5

8
A 1B 21C

4

5
D 9

10
E

71G Simplifying the ratio 50 cm : 4 m gives:

50 : 4A 8 : 1B 25 : 2C

1 : 8D 5 : 40E

81D 0.28 as a fraction in its simplest form is:

0.28A 28

100
B 0.28

100
C

2.8

100
D 7

25
E
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91G $2.50 divided in the ratio of 4 : 1 is:

50 : 200A 50cB $2 : 50cC $200D $2E

101G A childcare centre requires the ratio of carers to children to be 1 : 5. How many carers are needed

for 30 children?

5A 6B 150C 30D 36E

111H Michael earns $460 in 25 hours. His hourly rate of pay is:

$11500/hA $0.05/hB $18.40/hC

$18.40/dayD $5/hE

121H 36 km in 40 minutes is the same as:

40 km/hA 36 km/hB 54 km/hC

90 km/hD 56 km/hE

Extended-response questions

1 In a cinema with 28 patrons, the ratio of adults to children is 3 : 4.

a How many adults are in the cinema?

b Two adults leave and two more children arrive. How many adults and children are now in the

cinema?

c What is the new ratio of adults to children in part b?

2 The Tomslin family plans to drive the 856 km from Perth to Monkey Mia in Western Australia.

a At what speed should they travel, on average, if they hope to only take 10 hours?

b The family left home at 6 a.m. and arrived at Monkey Mia at 8 p.m. How long did the trip take?

c Calculate their average speed in part b. Answer to one decimal place.

d How far could they have travelled at the speed in part c if they only drove for the original

10 hours as planned? Answer to the nearest km.
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2
Financial
mathematics

Essential mathematics: why skills in financial mathematics
are important

Understanding financial mathematics is crucial for managing personal finances and making
informed decisions in various aspects of life. Whether you are shopping, working, or planning for
the future, these skills are invaluable.

Taxpayers rely on financial numeracy for accurate tax returns. They calculate total income from
various sources, including wages, investments, and rental properties. Understanding deductions
and credits reduces taxable income and maximises refunds. A small business owner may also
manage tax payments throughout the year, estimating quarterly taxes to avoid penalties.

By understanding simple interest calculations, borrowers can determine the total cost of loans and
monthly repayments, helping them compare loan offers and choose the best option. This
knowledge aids in budgeting and avoiding overborrowing. Additionally, being financially literate
enables borrowers to recognize the impact of interest rates and loan terms on overall debt,
empowering them to manage repayments effectively and reduce long-term financial stress.
Ultimately, it promotes responsible borrowing and financial stability.
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In this chapter

2A Percentages (Consolidating)

2B Applying percentages
(Consolidating)

2C Percentage increase and
decrease (Consolidating)

2D Profits and discounts
(Consolidating)

2E Income

2F Taxation

2G Simple interest

2H Applications of simple interest

Australian Curriculum 9.0

NUMBER

Recognise that the real number system
includes the rational numbers and the
irrational numbers, and solve problems
involving real numbers using digital
tools (AC9M9N01)

ALGEBRA

Use mathematical modelling to solve
applied problems involving change
including financial contexts; formulate
problems, choosing to use either linear
or quadratic functions; interpret
solutions in terms of the situation;
evaluate the model and report methods
and findings (AC9M9A05)

MEASUREMENT

Use mathematical modelling to solve
practical problems involving direct
proportion, rates, ratio and scale,
including financial contexts; formulate
the problems and interpret solutions in
terms of the situation; evaluate the
model and report methods and findings
(AC9M9M05)

© ACARA

Online resources

A host of additional online resources
are included as part of your Interactive
Textbook, including HOTmaths content,
video demonstrations of all worked
examples, auto-marked quizzes and
much more.
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62 Chapter 2 Financial mathematics

1 Simplify:
12

100
a 20

100
b 35

100
c 75

100
d 60

100
e 50

100
f

2 Multiply these decimals by 100.

0.99a 0.58b 0.9c 1.22d 0.08e 1.5f

3 Which is larger in each of the following pairs?
1

2
or 55%a 3

4
or 70%b 0.89 or 98%c

4 Copy and complete.

61% =
100

a 9% =
100

b 37% =
100

c

121% =
100

d 1% =
100

e 75% =
100

=
3f

5 Copy and complete the following table.

Fraction Decimal Percentage

1
100

0.1

0.25

50%

3
4

6 Write down 10% of these amounts.

100 ga 70 kmb $450c $8000d $5e 90cf

7 Find:

25% of $400a 75% of 80 mb 50% of $3c

10% of $678d 1% of 600 dayse 1

2
% of 600 daysf

8 Complete the following.

1% of 60 = 60 divided bya 10% of 50 = 50 divided byb

5% of 100 = 100 divided byc 33
1

3
% of 963 = 963 divided byd

25% of 88 = 88 divided bye

9 Find 33 1
3
% of 6300 km.

10 Which is larger: 40% of 50 or 25% of 100?

11 Copy and complete:

1 week = daysa 1 year = daysb 1 year = weeksc 1 year = monthsd

12 How many hours are there from:

5 a.m. to 7 p.m.?a 9 a.m. to 3 p.m.?b 8:30 a.m. to 9 p.m.?c
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2A Percentages 63

2A 2A Percentages CONSOLIDATING

Learning intentions

• To understand what a percentage represents

• To review how to convert between percentages and fractions or decimals

• To know common fraction, decimal and percentage conversions

• To be able to express one quantity as a percentage of another

Key vocabulary: percentage, fraction, decimal

We use percentages for many different things in our daily lives. Some examples include home loans, credit

cards, sales and profits.

We know from our previous work on percentages that they represent a fraction with a denominator

of 100. ‘Per cent’ comes from the Latin word per centum, and means ‘out of 100’.

Lesson starter: Ordering with percentages

Ten different values are given below.

1

2
, 0.8, 0.05, 15%, 7

20
, 0.9, 9%, 3

5
, 1
3
, 0.3

In pairs, decide:

which of the numbers is the smallesta which of the numbers is the largestb

Write the 10 numbers in ascending order.

Key ideas

A percentage is the number of parts out of 100.

Converting percentages

• To change a decimal or a fraction into a percentage, multiply

by 100.

• For example: 1
2
× 100 = 50 so 1

2
= 50%

• To convert a percentage into a fraction, divide by 100, using fraction

notation. For example: 37% = 37
100

• To convert a percentage into a decimal, divide by 100.

For example: 8% = 8 ÷ 100

= 0.08

Decimal or
fraction

× 100

÷ 100

Percentage

Percentage composition

• To express one quantity as a percentage of another, write them as a fraction, making sure the

units are the same. Then convert this fraction to a percentage by multiplying by 100.

For example: 8 grams out of 32 grams = 8
32
× 100

= 25%

It is useful to memorise some common fraction/decimal/percentage conversions.

Fraction 1
1
2

1
3

1
4

1
5

1
10

1
20

1
50

1
100

Decimal 1 0.5 0.3̇ 0.25 0.2 0.1 0.05 0.02 0.01

Percentage 100% 50% 33
1
3
% 25% 20% 10% 5% 2% 1%
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64 Chapter 2 Financial mathematics

Exercise 2A

Understanding 1–4 1, 4

1 Complete the following using the words multiply or divide.

a To convert a decimal into a percentage by 100.

b To convert a percentage into a fraction by 100.

c To convert a fraction into a percentage by 100.

d To convert a percentage into a decimal by 100.

2 Copy and complete this table of common percentages.

% 10% 50%

Fraction 1
4

1
3

2
3

Decimal 0.2 0.75

3 What percentage of each of the following diagrams has been shaded?

Hint for Q3: Consider

common fractions

and percentages for

the shaded areas.

a

b

c

d

4 Scott scored 38 out of 50 on a maths quiz and Sarah scored 79% on the same test. Who scored the

higher mark?

Fluency 5–9(½) 5–9(½)

Example 1 Percentages and fractions

Write 12
25

as a percentage.a Write 7.5% as a fraction.b

Solution Explanation

a 12

25
=
12

25
× 100

= 48%

Multiply the fraction by 100.

12

25
× 100 =

12

  251
×
  1004

1
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2A Percentages 65

b 7.5% =
7.5

100

=
15

200

=
3

40

Write the percentage as a fraction, using a

denominator of 100, 7.5
100

.

Multiply this fraction by 2
2
so that we don’t have

a decimal in the fraction and it will be easier to

simplify. 7.5
100

×
2

2
=
15

200

Simplify: 15
200

=
3

40
by cancelling a common

factor of 5.

Now you try

Write 11
20

as a percentage.a Write 12.5% as a fraction.b

5 Express the following fractions as percentages.

Hint for Q5: Multiply by 100.

1

5
a 4

5
b 8

10
c 3

10
d

1

4
e 1

8
f 3

4
g 12

20
h

14

25
i 7

20
j 9

100
k 3

40
l

6 Express the following percentages as simplified fractions.

Hint for Q6: Divide by 100.

19%a 23%b 99%c 5%d

22%e 45%f 74%g 75%h

2.5%i 17.25%j 1%k 125%l

Example 2 Converting between percentages and decimals

Write 0.45 as a percentage.a Write 25% as a decimal.b

Solution Explanation

a 0.45 = 0.45 × 100 = 45% Multiply by 100. This moves the decimal point

two places to the right.

b 25% = 25 ÷ 100 = 0.25 Divide by 100. This moves the decimal point

two places to the left.

Now you try

Write 0.23 as a percentage.a Write 48% as a decimal.b

7 Express the following decimals as percentages.

Hint for Q7: Move the decimal

point two places to the right.

0.78a 0.95b 0.65c 0.48d

0.75e 1.42f 0.07g 0.3h

0.03i 1.04j 0.12k 0.1225l
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66 Chapter 2 Financial mathematics

8 Express the following percentages as decimals.

12%a 83%b 57%c 88%d

99%e 100%f 120%g 5%h

Example 3 Writing a quantity as a percentage

Write 50c out of $2.50 as a percentage.

Solution Explanation

50c out of $2.50 =
1  50
5  250

× 100

= 20%

Convert to the same units ($2.50 = 250c) and write as a

fraction. Multiply by 100, cancelling first.

Now you try

Write 90c out of $3.60 as a percentage.

9 In each of the following cases, express the first quantity as a percentage of the second.

Hint for Q9: Write as a fraction

and then multiply by 100.

5 g out of 200 ga 40c out of $4b

10 km out of 200 kmc 3 s out of 1 minuted

200 m out of 1 kme 100 mL out of 1
2
Lf

200c out of $1g 45 marks out of a possible 60 marksh

Problem-solving and reasoning 10–12 11–14

10 Copy and complete the table of the favourite summer sports of Year 9

students.

Number of students Fraction of Percentage

Sport who chose sport the total of the total

Swimming 44

Golf 12

Volleyball 58

Cricket 36

Total

11 Toni pays 31.5 cents in the dollar in tax. Express this as a percentage.

12 Bad weather stopped a cricket game for 35 minutes of a scheduled

3
1

2
hour match. What percentage of the scheduled time was lost?

13 Joe lost 4 kg and now weighs 60 kg. What percentage of his

original weight did he lose? Hint for Q13: What was Joe’s

original weight?

2A
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2A Percentages 67

14 A company claims that the apple pies it makes are 97% fat free. If the nutritional information on the

side of the pack states that total fat is 7 grams of the 250 gram pie, is the claim correct?

Today’s timeline — 15

15 Complete this table by filling in estimated times. In the first two columns, insert the times that you

did each activity. Use that information to help you fill in the other columns. Round percentages to one

decimal place.

a Time you went to bed

last night:

Time you woke up

this morning:

Hours and minutes

spent in bed:

Percentage of a day

spent in bed:

b Time you started

breakfast today:

Time you finished

breakfast today:

Minutes spent

eating breakfast:

Percentage of the day

you spent at breakfast:

c Time school started

today:

Time school is due

to finish today:

Hours and minutes

spent at school:

Percentage of the day

spent at school:

d Time this maths lesson

started:

Time this maths

lesson will finish:

Minutes spent in the

maths lesson:

Percentage of the day

spent in the maths

lesson:

e Time school will finish

today:

Time you will arrive

home:

Minutes spent

travelling home:

Percentage of the day

spent travelling home:

f Time you started your

homework yesterday:

Time you finished

your homework

yesterday:

Minutes spent on

homework:

Percentage of your day

spent on homework:

g Time you started

watching TV or playing

games yesterday:

Time you finished

watching TV or

playing games:

Minutes spent at

this activity:

Percentage of the day

spent at this activity:

h Time you woke up

today:

Time you will go to

bed tonight:

Hours and minutes

spent awake today:

Percentage of the day

spent awake:
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68 Chapter 2 Financial mathematics

2B 2B Applying percentages CONSOLIDATING

Learning intentions

• To know how to �nd a percentage of an amount using a fraction or decimal

• To be able to �nd the original amount from a given percentage

Key vocabulary: percentage, unitary method

The media often quotes percentages in news stories and

advertisements. For example:

• 90% of dentists prefer this toothbrush.

• A shirt is reduced by 45%.

• A swing of 5% towards the Liberals is expected in the next

election.

These examples involve finding a percentage of a quantity

or amount and this is an important part of the work we do

with percentages.
Percentages are used a lot in media and

advertising. Understanding how they work will

help you make decisions.

Lesson starter: Today’s news challenge

In pairs, go through today’s newspaper or online news site and find articles and advertisements that use

percentages. Choose two and explain to the class how percentages are used in the articles you choose.

Key ideas

To find a percentage of an amount, write the percentage as a fraction or a decimal, then multiply

by the amount.

For example: 3% of 200 = 3

100
× 200 or 0.03 × 200 = 6

To find the original amount when given a percentage, you can work backwards using the

unitary method (finding the value of 1 unit first).

For example: 3% of an amount is 9. What is the original amount?

Dividing both numbers by 3 gives 1% of the amount = 3

To find 100%, multiply 3 by 100 so 100% of the amount is 300.

Exercise 2B

Understanding 1–3 3

1 State if the following are true or false.

34% of 568 = 0.34 × 568a 6% of 81 = 0.6 × 81b

17% of 50 = 17
50
× 100c 12% of 75 = 3

25
× 75d

2 Find 1% of the amount if:

5% of the amount is 60a 7% of the amount is 63b 20% of the amount is 120c

3 a If 1% of an amount is $4, what is 100% of the amount?

b If 1% of an amount is $7.50, what is 100% of the amount?
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2B Applying percentages 69

Fluency 4–6(½) 4–7(½)

Example 4 Finding a percentage of a quantity

Find 15% of $35.

Solution Explanation

15% of $35 =
3  15
20  100

× $35

= $5.25

Write the percentage as a fraction out of 100

and multiply by $35.

Or write 0.15 × 35.

Note: ‘of’ means to ‘multiply’.

Now you try

Find 18% of $60.

4 Find the following amounts.

Hint for Q4:

10% of 20 = 10
100

× 20

10% of 20a 5% of 200b 20% of 40c

15% of 50d 8% of 720e 5% of 680f

15% of 8200g 70% of 60h 90% of 500i

75% of 44j 99% of 200k 3% of 50l

5 Find:

10% of $360a 50% of $420b 75% of 64 kgc

12.5% of 240 kmd 37.5% of 40 applese 87.5% of 400 mf

33
1

3
% of 750 peopleg 66

2

3
% of 300 carsh 8

3

4
% of $560i

Example 5 Finding the original amount given a percentage amount

Determine the original amount if 5% of the amount is $45.

Solution Explanation

5% of the amount = $45

1% of the amount = $9

100% of the amount = $900

So the original amount is $900

To use the unitary method, find the value of 1

part or 1% then multiply by 100 to find 100%.

Alternate method: 5% of A = $45

0.05 × A = $45

A = $45 ÷ 0.05

= $900

Write an equation using the pronumeral A to

represent the amount.

Solve for A by dividing both sides by 0.05.

Now you try

Determine the original amount if 8% of the amount is $40.
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70 Chapter 2 Financial mathematics

6 Determine the original amount if:

Hint for Q6: First find the value

of 1%.

10% of the amount is $12a 6% of the amount is $42b

3% of the amount is $9c 40% of the amount is $2.80d

90% of the amount is $0.18e 6% of the amount is $27f

12% of the amount is $96g 15% of the amount is $54h

7 Determine the value of x in the following if:

Hint for Q7: x is the original

amount.

10% of x is $54a 15% of x is $90b

25% of x is $127c 18% of x is $225d

105% of x is $126e 110% of x is $44f

Problem-solving and reasoning 8–11 8(½), 11–14

8 Without a calculator, evaluate the following.

Hint for Q8: 33 1
3
% =

1
3

10% of $58a 5% of $84b

1% of $46c 2
1

2
% of $20d

33
1

3
% of $132e 66

2

3
% of $60f

9 If 1
3
of 96 = 32, what is 66 2

3
% of 96?

10 If 10% of $800 is $80, explain how you can use this result to find:

1% of $800a 5% of $800b 2
1

2
% of $800c

11 About 80% of the mass of the human body is water. If Carla weighs 60 kg, how many kilograms of

water make up her body weight?

12 In a class of 25 students, 40% have been to England. How many students have not been to England?

13 Explain why 10% of 24 = 24% of 10.

14 10% of 1 day is the same as x hours and y minutes. What is the value of x and y?

More than 100% — 15

15 a Find 120% of 60.

b Determine the value of x if 165% of x = 1.5.

c Write 2.80 as a percentage.

d Write 325% as a fraction.

e $2000 in a bank account increases to $5000 over a period of time. By how much has the amount

increased as a percentage?

2B
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2C Percentage increase and decrease 71

2C 2C Percentage increase and
decrease CONSOLIDATING

Learning intentions

• To understand how to form the percentage amount for a percentage increase or decrease

• To be able to increase or decrease an amount by a given percentage

• To know that percentage change is the percentage of the original amount

• To be able to calculate the percentage change

Key vocabulary: percentage

Percentages are often used to describe by how much a quantity

has increased or decreased. The price of a car in the new year

might be increased by 5%. On a $70 000 car, this is a $3500

increase. The price of a shirt might be marked down by 30%.

If the shirt originally cost $60, this provides an $18 discount. It is

important to note that the increase or decrease is calculated on

the original amount.

Lesson starter: The quicker method

Two students, Nicky and Mila, consider the question: $250 is

increased by 15%. What is the final amount?

Nicky puts his solution on the board with two steps.

Step 1: 15% of $250 = 0.15 × $250

= $37.50

Step 2: Final amount = $250 + $37.50

= $287.50

Car sales often make use of percentages

during negotiations. Understanding them

will let you know if you’re getting a good

deal.

Mila says that the same problem can be solved with only one step using the number 1.15.

• Can you describe Mila’s method? Write it down.

• What if the question was altered so that $250 is decreased by 15%. Howwould Nicky’s andMila’s methods

work in this case?

• Which of the two methods do you prefer and why?

Key ideas

To increase an amount by a given percentage:

• add the percentage increase to 100%

• multiply the amount by this new percentage.

For example: to increase by 30%, multiply by

100% + 30% = 130% = 1.3

× 1.30

Original
Increased
amount

Increase
by 30%

100% 130%

To decrease an amount by a given percentage:

• subtract the percentage from 100%

• multiply the amount by this new percentage.

For example: to decrease by 25%, multiply by

100% − 25% = 75% = 0.75

× 0.75

Original
Decreased
amount

Decrease
by 25%

100% 75%

To find a percentage change, use:

Percentage change =
change

original amount
× 100%
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72 Chapter 2 Financial mathematics

Exercise 2C

Understanding 1–3 3

1 Write the missing number for these increases.

a To increase a number by 40%, multiply by .

b To increase a number by 26%, multiply by .

c To increase a number by , multiply by 1.6.

d To increase a number by , multiply by 1.21.

Hint for Q1: To increase by 40%,

need 140% of amount

2 Write the missing number for these decreases.

a To decrease a number by 20%, multiply by .

b To decrease a number by 73%, multiply by .

c To decrease a number by , multiply by 0.94.

d To decrease a number by , multiply by 0.31.

Hint for Q2: To decrease by 20%,

need 80% of amount

3 Find the percentage change if

a Original amount = $120, change = $30

b Original amount = $35, change = $70

Fluency 4–5(½), 6, 7 4–5(½), 6, 7(½), 8

Example 6 Increasing by a percentage

Increase $70 by 15%

Solution Explanation

100% + 15% = 115%

= 1.15

First add 15% to 100%

Note that 15% = 0.15 and 100% = 1

$70 × 1.15 = $80.50 Multiply by 1.15 to give $70 plus the increase in

one step.

Now you try

Increase $120 by 30%

4 Complete the following.

Increase 56 by 10%a Increase 980 by 20%b

Increase 100 by 12%c Increase 890 by 5%d

Increase 180 by 15%e Increase 450 by 20%f

Increase 8 by 50%g Increase 98 by 100%h
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2C Percentage increase and decrease 73

Example 7 Decreasing by a percentage

Decrease $5.20 by 40%

Solution Explanation

100% − 40% = 60%

= 0.6

$5.20 × 0.6 = $3.12

First subtract the 40% from 100% to find the

percentage remaining.

Multiply by 60% = 0.6 to get the result.

Now you try

Decrease $64 by 15%

5 Complete the following.

Decrease 80 by 5%a Decrease 600 by 10%b

Decrease 45 by 50%c Decrease 700 by 12%d

Decrease 8000 by 8%e Decrease 450 by 25%f

Decrease 68 by 75%g Decrease 9000 by 1%h

Decrease 7000 by 100%i Decrease 10 000 by 1.5%j

Example 8 Finding a percentage change

The price of a mobile phone increased from $250 to $280. Find the percentage increase.a

The population of a town decreases from 3220 to 2985. Find the percentage decrease and round

to one decimal place.

b

Solution Explanation

a Increase = $280 − $250

= $30

First find the actual increase.

Percentage increase = 30
250

×
100

1

= 12%

Divide the increase by the original amount and

multiply by 100.

b Decrease = 3220 − 2985

= 235

First find the actual decrease.

Percentage decrease = 235
3220

×
100

1

= 7.3% (to 1 d.p.)

Divide the decrease by the original population

and multiply by 100. Round as indicated.

Now you try

The height of a plant increased from 20 cm to 28 cm. Find the percentage increase.a

The price of a washing machine decreased from $649 to $545. Find the percentage decrease and

round to one decimal place.

b
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74 Chapter 2 Financial mathematics

6 The price of a flight increased from $125 to $150 overnight. Find the percentage increase.

7 Copy and complete the tables showing percentage change. Round to one decimal placewhere necessary.

Original New Percentage

amount amount Increase change

40 60

12 16

100 125

24 30

88 100

a Original New Percentage

amount amount Decrease change

90 81

100 78

20 15

24 18

150 50

b

Example 9 Finding the original amount from an increase or decrease

After rain, the volume of water in a tank increased by 24% to 2200 L. How much water was in the

tank before it rained? Round to the nearest litre.

Solution Explanation

100% + 24% = 124% Write the total percentage.

124% of original value = 2200 L

1% of original value = 17.74 L

100% of original value = 1774 L

The original volume is increased by 24% to

give 2200 litres

Divide by 124 to find 1%

Multiply by 100 to find the original amount.

Alternate method: 100% + 24% = 124%

124% of V = 2200 L

1.24 × V = 2200

V = 2200 ÷ 1.24

= 1774

Write the total percentage.

Write an equation using the pronumeral V

to represent the volume.

Divide both sides by 1.24 to solve for V .

Round to the nearest litre.

Now you try

At the start of a new year, daily public transport tickets increase by 4% to $9.20. What was the cost of

a daily ticket before the increase? Round to the nearest cent.

8 Find the original cost for each of the following if:

a an increase of 10% on the cost of a can of cola drink increased it

to $3.30

b an increase of 10% on the cost of a meal increased the cost to $88

c after an increase of 5%, the cost of a pair of running shoes came

to $210

d a decrease of 30% made the cost of car insurance $350

e a decrease of 60% brought the price of a used car down to $5000

2C
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2C Percentage increase and decrease 75

Problem-solving and reasoning 9–12 13–16

9 The price of a computer was decreased by 15% in a sale. What is the sale price, if the original price was

$2100?

10 Plumbers on a salary of $82 570 were given a 2 1
2
% pay increase. Find their new annual salary.

11 A car manufacturer intends to increase sales by 14.7% next year. If the company sold

21 390 new cars this year, how many does it expect to sell next year?

12 The length of a bike sprint race is increased from 800 m to

1200 m. Find the percentage increase.
Hint for Q12:

% increase = increase
original amount

× 100

13 The number of people on a bus decreased from 25 to 18 after

one stop. Find the percentage decrease in the number of people

on the bus.

14 After a price increase of 20%, the cost of entry to a museum rose to $25.80. Find the

original price.

15 The total price of an item including GST (at 10%) is $120.

How much GST is paid, to the nearest cent?

Hint for Q15: $120 represents

110% of the price before GST

is added.

16 An investor starts with $1000.

a After a bad day the initial investment is reduced by 10%. Find the balance at the end of the day.

b The next day is better and the balance is increased by 10%. Find the balance at the end of the

second day.

c The initial amount decreased by 10% on the first day and increased by 10% on the second day.

Explain why the balance on the second day didn’t return to $1000

Repeated increase and decrease — 17, 18

17 If the cost of a pair of shoes was increased twice, by 10% from an original price of $80 and then another

15% from this new price, the final price would be

$80 × 1.10 × 1.15 = $101.20

Use a similar technique to find the final price of these items. Round to the nearest cent.

a Skis starting at $450 and increasing by 20% and 10%

b A computer starting at $2750 and increasing by 6% and 11%

c A DVD player starting at $280 and decreasing by 10% and 25%

d A circular saw starting at $119 and decreasing by 18% and 37%

18 If an amount is increased by the same percentage each time, powers can be used.

For example, 50 kg increased by 12% three times would increase to

50 kg × 1.12 × 1.12 × 1.12

= 50 kg × (1.12)3

= 70.25 kg (to 2 d.p.)

Hint for Q18: You have a

power/index key on your

calculator.

Use a similar technique to find the final value in these situations. Round to two decimal places.

a The mass of a rat initially at 60 grams grows at a rate of 10% every month for 3 months.

b The cost of a new car initially at $80 000 increases by 5% every year for 4 years.

c The value of an apartment initially at $380 000 decreases by 4% per year for 3 years.

d The length of a pencil initially at 16 cm decreases through being sharpened by 15% every week for

5 weeks.
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76 Chapter 2 Financial mathematics

2D 2D Profits and discounts CONSOLIDATING

Learning intentions

• To know the terms associated with pro�ts and discounts

• To be able to �nd the selling price or original cost price from a mark-up or discount

• To be able to determine the pro�t or loss made on a sale

Key vocabulary: pro�t, selling price, cost price, loss, mark-up, percentage, discount

Percentages are widely used in the world of finance.

Profits, losses, commissions, discounts and taxation are

often expressed and calculated using percentages.

Lesson starter: The best discount

Two book shops are selling the same book at a

discounted price. The recommended retail price for the

book is the same for both shops. Each shop has a sign

near the book with the given details:

• Shop A. Discounted by 25%

• Shop B. Reduced by 20% then take a further 10%

off that.

Which shop offers the bigger discount?
Is the difference equal to 5% of the retail price?

Examples of percentages used in the media.

Key ideas

Profit is the amount of money made on a sale.

Profit = selling price− cost price

A loss is made when the selling price is less than the cost price.

Loss = cost price − selling price

Mark-up is the amount added to the cost price to produce the selling price.

Selling price = cost price +mark-up

The percentage profit or loss can be found by dividing the profit or loss by the cost price and

multiplying by 100.

% profit /loss =
profit or loss

cost price
× 100

Discount is the amount by which an item is marked down.

Discount = % discount × original price

New price = original price − discount amount

Exercise 2D

Understanding 1–4 1

1 Match the definition in the left column with the correct word in the right-hand column.

a The amount of money made on a sale A Loss

b The amount by which an item is marked down B Mark-up

c The result when the selling price is less than the cost price C Profit

d The amount added to the cost price D Discount
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2D Profits and discounts 77

2 Write the missing numbers in the table.

Hint for Q2: Profit/loss is the

difference between cost price and

selling price.

Cost price ($) 7 18 460.95 3250

Selling price ($) 10 15.50 395 4430

Profit/loss ($)

3 Copy and complete the table of mark-ups.

Hint for Q3: Mark-up increases

price.

Cost price ($) 30.95 99.95 18 000

Mark-up ($) 10 80 700

Selling price ($) 1499.95 26 995

4 Copy and complete the table of discounts.

Hint for Q4: Discount reduces

price.

Original price ($) 100 29.95 2215

New price ($) 72 22.70 176

Discount ($) 23 178

Fluency 5–8 5–8

Example 10 Calculating selling price from mark-up

An electrical store marks up all entertainment systems by 30%.

If the cost price of one entertainment system is $8000, what will be its selling price?

Solution Explanation

Mark-up = 30% of $8000

= 0.3 × 8000

= $2400

Change percentage to a decimal or fraction

and multiply by the cost price.

Selling price = $8000 + $2400

= $10 400

Selling price = cost price +mark-up

Alternatively, multiply cost price by

130% or 1.3.

130% is a 30% increase on the cost price

Now you try

A computer store marks up all notebook computers by 24%.

If the cost price of one notebook is $1200, what will be its selling price?

5 Copy and complete this table by calculating the selling price of each item.

Item Cost price % mark-up Selling price

Jeans $60 28%

Toaster $40 80%

Car $22 000 45%

Can of drink $1.20 140%

Loaf of bread $1.80 85%

Handbag $80 70%

Electronic tablet $320 35%
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78 Chapter 2 Financial mathematics

Example 11 Finding the discount amount

An electrical store advertises a 15% discount on all equipment as a holiday special. Find the sale price

on a projection system that has a marked price of $18 000.

Solution Explanation

Discount = 15% of $18 000

= 0.15 × 18 000

= $2700

Change the percentage to a decimal and

evaluate.

The new price = $18 000 − $2700

= $15 300

New price is original price minus discount.

Alternatively, multiply the original price by

85% or 0.85.

A 15% discount leaves 85%.

Now you try

A department store offers a post-Christmas discount of 35% on all decorations. Find the sale price on a

wreath that has a marked price of $80.

6 Copy and complete the table by writing in the missing values.

Item Cost price % discount Selling price

Camera $900 15%

Car $24 000 20%

Bike $600 25%

Shoes $195 30%

Blu-ray player $245 50%

Electric razor $129 20%

Lawn mower $880 5%

Example 12 Determining profit

A manufacturer produces an item for $400 and sells it for $540.

Determine the profit made.a

Express this profit as a percentage of the cost price.b

Solution Explanation

a Profit = $540 − $400

= $140

Profit = selling price − cost price

b % profit = 140
400

× 100

= 35%

% profit =
profit

cost price
× 100

Now you try

A jeweller produces a necklace for $36 and sells it for $49.50.

Determine the profit made.a

Express this profit as a percentage of the cost price.b

2D
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2D Profits and discounts 79

7 Find the missing values in these tables by finding the profit or loss and expressing this as a percentage

of the cost price. Round to two decimal places where necessary.

a Cost price ($) Selling price ($) Profit ($) Profit (%)

10 15

24 30

100 150

250 255

17.50 20

b Cost price ($) Selling price ($) Loss ($) Loss (%)

10 8

16 12

100 80

34 19

95 80.75

Example 13 Calculating the original price

A toy store discounts a toy by 10% in a sale. If the sale price was $10.80, what was the original price?

Solution Explanation

90% of the original = $10.80

1% of the original = 10.80 ÷ 90

1% of the original = 0.12

100% of the original = $12

The discount factor = 100% − 10% = 90%.

Thus, $10.80 is 90% of the original price.

Use the unitary method to find 1%.

Multiply by 100 to find the original amount.

The original price was $12. Write the answer in words.

Alternate method: 90% of P = $10.80

0.9 × P = $10.80

P = $10.80 ÷ 0.9

= $12

Write an equation using the pronumeral P to

represent the original price.

Solve the equation for P by dividing both sides

by 0.9

Now you try

An outdoor equipment store discounts a tent by 20% in a sale.

If the sale price was $176, what was the original price?

8 Answer the following questions relating to finding the

original price (cost price).

a Find the original price if a coffee mug was discounted by

20% and sold for $4.40.

b Find the cost price of a pair of shoes that sold for $250

after a mark-up of 25%.

c Find the cost price after a discount of 10% was given on

a surfboard that sold for $1350.

d Find the original price on a concert ticket for a major

recording artist if it was marked up by 100% and sold

for $250.
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80 Chapter 2 Financial mathematics

Problem-solving and reasoning 9–11 11–13

9 A manufacturer produces and sells items for the prices shown.

Determine the profit made.i

Express this profit as a percentage of the cost price.ii

Cost price $10, selling price $12a Cost price $20, selling price $25b

Cost price $120, selling price $136.80c Cost price $1400, selling price $3850d

10 Lenny marks up all computers in his store by 12.5%. If a computer cost him $890, what will

be the selling price of the computer?

11 A used-car dealer purchases a vehicle for $13 000 and sells it for

$18 500. Determine the percentage mark-up on the vehicle to

one decimal place.

Hint for Q11: What is the

increase as a percentage of

the original price?

12 A refrigerator is discounted by 25%. If Paula pays $460 for it, what

was the original price? Round to the nearest cent.

13 An electrical store buys a computer from the wholesaler for $500. The store marks up the computer

by 80%.

What is the amount of the mark-up in dollars?a

What is the retail price of the computer after the store’s mark-up?b

The store offers the computer on sale for a discount of 15%. What is the price now?c

If the 15% discount was calculated on the original $500 cost price, and then the computer was

marked up 80% after that, would it make a difference to the sale price?

d

House value — 14

14 The graph shows the changes in the value of a particular house in southern Sydney.

C
o
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$
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0
0

0
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0
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2
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12

a How much was the house worth in 2006?

b Find the percentage increase, to one decimal place, in the value of the house from 2006 to:

2010i 2012ii 2014iii

c In 2026 the owners hope to sell for 1.25 million dollars. What percentage increase is needed in the

two years from 2024 to 2026 so they could sell for that price?

2D
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2E Income 81

2E 2E Income
Learning intentions

• To understand the different ways that workers can be paid

• To know how wages, overtime, salaries and commission work

• To be able to use wages and salaries to calculate hourly and yearly incomes

• To be able to calculate overtime earnings

• To be able to calculate commission on sales amounts

Key vocabulary: wage, overtime, time and a half, double time, salary, commission, retainer

There are many different ways of earning a living. You can be self-employed or work for someone else. Your

income is usually related to the skills you have. It can be calculated and paid in different ways. You can earn,

for example, a salary, a wage, a commission or possibly a royalty.

Lesson starter: Types of income

As a class, write down one example of a job that earns each of the following types of income.

• Salary

• Wage (i.e. hourly rate of pay)

• Overtime

• Commission

In the newspaper classifieds or online, find a job advertisement for each of the income types above.

Key ideas

Workers who earn a wage (for example, a casual waiter) are paid a fixed rate per hour. Hours

outside the normal working hours (public holidays etc.) are paid at a higher rate called overtime.
This can occur in a couple of common ways:

• Time and a half: pay is 1.5 times the usual hourly rate
• Double time: pay is twice the usual hourly rate

Workers who earn a salary (for example, an engineer) are paid a fixed amount per year, say,

$125 000. This is often paid monthly or fortnightly.

• 12 months in a year and approximately 52 weeks in a year = 26 fortnights

Commission is a proportion of the overall sales amount. Salespeople may receive a commission

on their sales as well as a set weekly or monthly fee called a retainer.
• Commission = % commission × total sales

Exercise 2E

Understanding 1–4 1, 4

1 Match the pay description (a–d) with the income type (A–D).

a Sally earns $22.70 per hour working in a shop A Overtime

b Maths teacher Stephanie earns $72 000 per year B Commission

c Ross earns 5% of all sales he makes C Wage

d Matt earns time and a half pay on Saturdays D Salary
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82 Chapter 2 Financial mathematics

2 Tom earns $12.70 an hour. How much does he earn for:

2 hours of work?a 8 hours of work?b 38 hours of work?c

3 Sela’s hourly rate of pay is $24. Calculate her overtime rate at:

time and a halfa double timeb

4 William earns a salary of $136 875 each year.

Approximately how much is this:
Hint for Q4: To find approximate monthly

salary, divide annual salary by 12.

To find approximate weekly salary, divide

annual salary by 52.

To find approximate daily salary, divide

annual salary by 365.

a each month?

b each week (to the nearest cent)?

c each day?

Fluency 5–7, 8(½), 9 5, 6, 8(½), 9

Example 14 Comparing wages and salaries

Ken earns an annual salary of $90 000 and works a 38-hour week. His wife Brooke works part time in

retail and earns $61.80 per hour.

Calculate how much Ken earns per week.a

Determine who has the higher hourly rate of pay.b

If Brooke works on average 18 hours per week, what is her yearly income?c

Solution Explanation

a Weekly rate = $90 000 ÷ 52

= $1730.77

Â Ken earns $1730.77 per week

$90 000 pay in a year.

There are approximately 52 weeks in a year.

Divide by 52 to find the weekly wage.

b Brooke: $61.80/h

Ken: $1730.77 ÷ 38

= $45.55/h

Â Brooke is paid more per hour.

Ken works 38 hours in the week.

Hourly rate = weekly rate ÷ number

of hours. Round to the nearest cent.

Compare hourly rates.

c In one week: $61.80 × 18

= $1112.40

Weekly income = hourly rate × number of hours

Yearly income = $1112.40 × 52

= $57 844.80

Multiply by 52 weeks to get yearly income.

Now you try

Mali earns an annual salary of $77 200 and works a 38-hour week. Her partner Ben works part time as

a photographer and earns $75 per hour.

Calculate how much Mali earns per week.a

Determine who has the higher hourly rate of pay.b

If Ben works on average 15 hours per week, what is his yearly income from photography?c

2E
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2E Income 83

5 Talib earns $58 000 per year at a fast food restaurant. His sister works part time as a waitress and earns

$33.20 per hour.

a How much does Talib earn each week?

b Each week Talib works 38 hours. Calculate if his hourly rate of pay is higher than his sister’s.

c If his sister averages 10 hours of work per week, what is her yearly income?

6 Paul earns $790 each week. How much does he earn each:

year?a

month?b

hour, if he worked 40 hours each week?
Hint for Q5 to Q7: There are

12 months in a year and 52

weeks in a year approximately.

c

7 Copy and complete the table.

Employee Hourly rate Hours worked Income

Adam $20.40 8

Betty $15.50 8
1
2

Ceanna $19.70 15

David $24.30 38

Edward $57.85 42

Francis $30 27

George $35.20 7.25

Example 15 Calculating overtime

Georgio works some weekends and late nights, and earns overtime for that work. His hourly rate of

pay is $32 per hour.

Calculate Georgio’s time and a half rate of pay per hour.a

Calculate Georgio’s double time rate of pay per hour.b

Calculate Georgio’s weekly wage for a week where he works 18 hours at his normal rate, 2 hours

at time and a half, and 1 hour at double time.

c

Solution Explanation

a Time and a half = $32 × 1.5

= $48

Time and a half is 1.5 times the hourly rate.

b Double time = $32 × 2

= $64

Double time is 2 times the hourly rate.

c Wage = $32 × 18 + $48 × 2 + $64 × 1

= $736

Find the sum of:

• the normal hourly rate ($32) multiplied by

the number of hours worked at the normal

rate (18)

• the time and a half hourly rate ($48)

multiplied by the number of hours worked at

that rate (2)

• the double time hourly rate ($64) multiplied

by the number of hours worked at that

rate (1).
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84 Chapter 2 Financial mathematics

Now you try

Kane works some weekends and some public holidays and earns overtime for that work. His hourly

rate of pay is $24 per hour.

Calculate Kane’s time and a half rate of pay per hour.a

Calculate Kane’s double time rate of pay per hour.b

Calculate Kane’s weekly wage for a week where he works 15 hours at his normal rate, 6 hours at

time and a half and 3 hours at double time.

c

8 A job has a normal working hours pay rate of $29.20 per hour. Calculate

the pay, including overtime, from the following hours worked.

Hint for Q8:

For time and a half: × 1.5

For double time: × 2

a 3 hours at the normal rate and 4 hours at time and a half

b 4 hours at the normal rate and 6 hours at time and a half

c 14 hours at the normal rate and 3 hours at double time

d 20 hours at the normal rate and 5 hours at double time

e 10 hours at the normal rate and 8 hours at time and a half and 3 hours at double time

f 34 hours at the normal rate and 4 hours at time and a half and 2 hours at double time

Example 16 Calculating commission

A part-time saleswoman is paid a retainer of $1500 per month. She also receives a commission of

5% on the value of goods she sells. If she sells goods worth $5600 during the month, calculate her

earnings for that month.

Solution Explanation

Commission = 5% of $5600

= 0.05 × $5600

= $280

Calculate the commission on sales. Change the

percentage to a decimal and evaluate.

Earnings = $1500 + $280

= $1780

Earnings = retainer + commission

Now you try

A real estate agent is paid a retainer of $2200 per month. She also receives a commission of 0.4%

on the value of houses she sells. If she sells houses worth $1 575 000 during the month, calculate her

earnings for that month.

9 Copy and complete the table.

Person Weekly retainer Rate of commission Commission earned ($) Weekly wage ($)

Adina $0 12% on $7000

Byron $160 8% on $600

Cindy $300 5% on $680

Deanne $260 5% on $40 000

Elizabeth $500 8% on $5600

Faruq $900 2% on $110 000

Gary $1000 1.5% on $45 000

2E
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Problem-solving and reasoning 10–12 11, 13–15

10 Calculate how many hours at the standard hourly rate the following

working hours are the same as:

Hint for Q10: 2 hours at double

time is 4 hours at the standard

hourly rate.

a 3 hours and 2 hours at double time

b 6 hours and 8 hours at time and a half

c 15 hours and 12 hours at time and a half

11 Jim, a part-time gardener, earned $522 in a week. If he worked

12 hours during normal working hours and 4 hours overtime

at time and a half, what was his hourly rate of pay? Hint for Q11: Calculate the

number of hours at the

standard hourly rate.

12 Sally earned $658.80 in a week. She worked 10 hours during the

week, 6 hours on Saturday at time and a half and 4 hours on Sunday

at double time. What was her hourly rate of pay?

13 Amy works at Best Bookshop. During one week she sells books valued at $800. If she earns

$450 per week plus 5% commission, how much does she earn in this week?

14 Jason works for a campervan company. If he sells $84 000 worth of campervans in a month, and he

earns $1650 per month plus 4% commission on sales, how much does he earn that month?

15 Stephen earns an hourly rate of $34.60 for the first 38 hours, time and a half for the next 3 hours and

double time for each extra hour above that. Calculate his earnings if he works 44 hours in a week.

Pay Slips — 16

16 Workers at a fast food restaurant are paid $21.63 per hour for working Monday to Friday up until

7 p.m. and time and a half after 7 p.m. They earn time and a half on Saturdays and double time on

Sundays. They are given an unpaid 30 minute meal break for any shift over 5 hours.

Donna’s shifts for the week are given below.

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

–

–

4.30 p.m.–

7 p.m.

4.30 p.m.–

7.30 p.m.

5 p.m.–

10 p.m.

5 p.m.–

8 p.m.

10 a.m.–

6.30 p.m.

10 a.m.–

1.30 p.m.

How much can Donna expect to earn, to the nearest cent, if she works the hours she is

rostered for?

a

The restaurant decides on a new workplace deal, gets rid of all overtime and creates a flat hourly

rate of $24 per hour. How much worse off will Donna be for the week above?

b

How many extra hours a week does Donna need to work during the week to make up the extra

income? Answer in a whole number of hours.

c
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12A Express the following in the required form.

32% as a simplified fractiona 7% as a decimalb

0.23 as a percentagec 0.125 as a percentaged

7

20
as a percentagee 4.5% as a simplified fractionf

22A Express the following as percentages.

20c out of $2a 32 marks out of 40b

5 kg out of 40 kgc

32B Find the following amounts.

20% of 80 kma 35% of $120b

33
1

3
% of 180 gc 4.2% of $500d

42B Determine the original amount if:

25% of the amount is $100a 12% of the amount is $36b

8% of the amount is $60c

52C Complete the following.

Increase 82 by 10%a Increase 220 by 8%b

Decrease 110 by 15%c Decrease 250 by 6%d

62C a The number of students in a school increased from 450 to 540. Find the percentage

increase.

b The cost of petrol dropped from 121c per litre to 103c per litre overnight. Find the percentage

decrease correct to one decimal place.

72C After offering a special ticket deal for students, a concert’s ticket sales rose by 24% to 961

ticket sales. How many tickets had been sold before the ticket deal?

82D Find the selling price of the following items.

a A $1200 tablet computer marked up by 16%

b A pair of $126 sneakers discounted by 20%

92D Jane has a stall at the market selling bracelets that she makes. If each one costs $6.20 to

produce and she sells them for $10, find her percentage profit correct to one decimal place.

102D Find the original price if:

a a dress was discounted by 15% and sold for $187

b a computer game was marked up by 12% and sold for $72.80

112E Find the weekly earnings in the following work situations.

Seb earns an annual salary of $74 100. (Assume 52 weeks in the year.)a

Jodie works 22 hours in a week at $18.20 per hour.b

Ned works in a fast food restaurant and has a normal hourly rate of $15.10 per hour.

In a week he works 4 hours at the normal rate, 3 hours at time and a half and 2 hours at

double time.

c

Harper is paid a weekly retainer of $200 and she also earns a 5% commission on her sales.

In a particular week she makes $8400 worth of sales.

d
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2F Taxation 87

2F 2F Taxation
Learning intentions

• To know the difference between gross income and net income

• To understand how taxable income is determined

• To know what is meant by income tax

• To know how to calculate net income from gross income and deductions

• To be able to calculate tax as a percentage of the taxable income

• To be able to calculate income tax using the tax table from the Australian Taxation Of�ce

Key vocabulary: gross income, net income, taxable income, income tax, deductions

All wage and salary earners have some deductions taken out of

their pay. Deductions usually include income tax. Tax is paid to the

government. The government uses it to pay for community welfare,

education and a number of other services.

Lesson starter: Deductions from pay

What types of deductions can you and your class think of that might be

taken out of someone’s pay?

Discuss, as a class, what superannuation and the Medicare levy is,

and who pays it.

Calculating your own tax is an

important life skill.

Key ideas

Gross income = the total of all income

Net income = gross income minus deductions (expenses that reduce income)

Taxable income = gross income minus tax deductions

Income tax is paid to the government once a person’s taxable income passes a set amount
in the year.

Income tax is calculated by the current tax table available through the Australian Taxation

Office. The following rates apply as of 2024/2025.

Taxable income Tax on this income

$0 − $18 200 Nil

$18 201 − $45 000 16c for each $1 over $18 200

$45 001 − $135 000 $4288 plus 30c for each $1 over $45 000

$135 001 − $190 000 $31 288 plus 37c for each $1 over $135 000

$190 001+ $51 638 plus 45c for each $1 over $190 000

* Does not include the Medicare levy (2% of taxable income).

Exercise 2F

Understanding 1–4 4

1 Copy and complete the table by inserting the net income amounts.

Hint for Q1: Recall that net

income = gross income minus

deductions.

Gross income Deductions Net income

$5600 $450

$87 000 $28 000

$50 000 $6700
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88 Chapter 2 Financial mathematics

2 Find Hoang’s gross weekly income if he earns:

• $1200 a week as a teacher

• $60 an hour for tutoring, and he tutors for 3 hours a week

• $25 in interest on his bank account per week

3 John has a gross income of $45 000 and a net income of $20 000. How much did his deductions

come to?

4 Use the table in the Key ideas to interpret the tax paid on an income of

a $12 000 b $37 000 c $80 000

Fluency 5–6(½), 7, 8(½) 5–6(½), 8(½)

Example 17 Calculating tax to find net income

Liam starts a new job with an annual salary of $52 800. His payslip each month shows deductions for

taxation of $968.

a Calculate Liam’s net income each month.

b What percentage of Liam’s monthly pay is being paid to the government by his employer

for taxation?

c Liam’s salary is increased to $65 000 and the taxation rate for Liam’s salary changes to 24% with the

first $18 200 tax free. Calculate Liam’s net income for the year.

Solution Explanation

a Monthly pay = $52 800 ÷ 12

= $4400

Calculate gross income per month.

Â net monthly income = $4400 − $968

= $3432

Net income = gross income − taxation

b % tax = 968
4400

× 100

= 22%

Calculate what fraction $968 is of the monthly

income $4400. Multiply by 100 to convert to a

percentage.

c Salary for tax purposes = $65 000 − $18 200

= $46 800

First $18 200 is not taxed.

Tax amount = 24% of $46 800

= 0.24 × $46 800

= $11 232

Calculate tax amount on $46 800. Convert

percentage to a decimal and evaluate.

Â net income = $65 000 − $11 232

= $53 768

Net income = gross income − tax amount.

Now you try

Poppy has a job with an annual salary of $74 400. Her payslip each month shows deductions for

taxation of $1488.

a Calculate Poppy’s net income each month.

b What percentage of Poppy’s monthly pay is being paid to the government by her employer

for taxation?

c Poppy’s salary is increased to $82 800 and the taxation rate for Poppy’s salary changes to 28% with

the first $18 200 tax free. Calculate Poppy’s net income for the year.

2F
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2F Taxation 89

5 For each of the following find:

the annual net incomei

the percentage of gross income paid as tax. Round to one decimal place where necessary.ii

a Gross annual income = $48 241, tax withdrawn = $8206

b Gross annual income = $67 487, tax withdrawn = $13 581.20

c Gross monthly income = $4041, tax withdrawn = $606.15

d Gross monthly income = $3219, tax withdrawn = $714.62
Hint for Q5: Net income =

gross income − deductions

6 Calculate the amount of tax to be paid using the following annual salaries

and tax rates if the first $18 200 is tax free.

Hint for Q6: Remember to

subtract the $18 200 to find

the salary to calculate tax on.

salary = $30 400, tax rate = 15%a

salary = $56 500, tax rate = 21%b

salary = $69 700, tax rate = 24.5%c

salary = $96 400, tax rate = 30.4%d

7 Ed earns $1400 per week and pays 27% of his annual income in tax.

a Calculate the amount of income tax that Ed pays in one year.

b Find Ed’s annual net income.

Example 18 Using the tax table

Use the tax table below to find the income tax for an income of $84 000.

Taxable income Tax on this income

$0 − $18 200 Nil

$18 201 − $45 000 16c for each $1 over $18 200

$45 001 − $135 000 $4288 plus 30c for each $1 over $45 000

$135 001 − $190 000 $31 288 plus 37c for each $1 over $135 000

$190 001+ $51 638 plus 45c for each $1 over $190 000

* Does not include the Medicare levy (2% of taxable income).

Solution Explanation

Tax = $4288 + 0.3 × ($84 000 − $45 000)

= $4288 + $11 700

= $15 988

Find the tax bracket in which the amount

($84 000) lies ($45 001 − $135 000).

Write down the values in this bracket,

remembering that 30c in the dollar is 30%, or 0.3.

Subtract 45 000 from 84 000 to find the amount

of income that the 30% applies to.

Use your calculator to find the answer.

Now you try

Use the tax table above to find the income tax for an income of $75 000.

8 Use the tax table in Example 18 to find the income tax payable on each

of these incomes.

Hint for Q8: Find the right

category (tax bracket) first.

$10 000a $30 000b $80 000c

$156 000d $200 000e $1 000 000f
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Problem-solving and reasoning 9, 10 9–12

9 Mel has a net annual income of $53 246 after 21% of her income is

withdrawn for tax purposes. What was her gross income?

Hint for Q9: What% of gross

income does $53 246 represent?10 Fred earns $50 000 each year as a shop clerk and an extra

$1200 each year for doing gardening on some weekends.

a Calculate his annual gross salary.

b Use his gross salary to find his income tax, using the tax

table in Example 18.

c What is his annual net income, after tax?

d What is his approximate fortnightly net income, to the

nearest cent, after tax?

11 William earns $1600 a week. Using the tax table in

Example 18, how much tax is deducted from his pay

each week? Assume 52 weeks in a year.

12 John pays $5000 in tax a year.

a Using the tax table in Example 18, which tax bracket does John fall into?

b Work backwards from this amount to work out how much John earns per year. Answer to the

nearest dollar.

Other types of deductions and taxable income — 13–15

The lower a person’s income, the less tax they must pay. People therefore try to lower their taxable income

by claiming allowable tax deductions.
Work-related expenses such as uniforms, stationery and job-related travel expenses are all examples of

allowable tax deductions. The income tax is therefore calculated on what we call a person’s taxable income.

Taxable income = gross income − allowable tax deductions

Use the tax table from Example 18 to compare the following jobs.

13 An young accountant earns $3120 a fortnight, with no allowable tax deductions.

a What is the accountant’s taxable income?

b How much tax does the accountant owe in a year?

c What is the accountant’s annual net pay?

d What is the accountant’s fortnightly net pay?

14 A young lawyer earns $6520 a fortnight with allowable tax

deductions totalling $2560 a year.

a What is the lawyer’s taxable income?

b How much tax does the lawyer owe in a year?

c What is the lawyer’s annual net pay?

d What is the lawyer’s fortnightly net pay?

15 How much more money does the lawyer in question 14 have each week compared to the accountant

in question 13?

2F
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2G 2G Simple interest
Learning intentions

• To understand how simple interest is calculated

• To be able to calculate simple interest and the �nal amount

• To be able to calculate simple interest using different time periods

Key vocabulary: simple interest, principal, per annum

Interest is charged when a person or institution borrows money.

The interest is an extra amount that must be paid back, on top of the

borrowed amount.

Interest is also earned, when a person or institution invests money.

Simple or flat rate interest is usually charged or earned each year. It is

calculated on the full amount borrowed or invested at the beginning of

the loan.

You can calculate the interest

you would earn on savings or

pay on a loan.

Lesson starter: Developing the rule

$5000 is invested in a bank and 5% simple interest is paid to the investor every year. In the table below, the

amount of interest paid is shown for Year 1, and the amount of total interest is shown for Years 1 and 2.

• Complete the table.

• How much interest would the investor earn in 10 years?

Year Interest paid that year Total interest

0 $0 $0

1
5
100

× $5000 = $250 1 × $250 = $250

2 2 × $250 = $500

3

4

5

Key ideas

Simple interest is interest calculated each time period on the initial amount.

To compute simple interest, we apply the formula:

I = Prt
100

or I = P × r
100

× t

I is the amount of simple interest (in $)

P is the principal amount; the money borrowed or invested (in $)

r is the annual interest rate expressed as a percentage

t is the number of years

The total amount ($A) equals the principal plus interest

A = P + I

p.a. means ‘per annum’ or ‘per year’.
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92 Chapter 2 Financial mathematics

Exercise 2G

Understanding 1–3 1, 2

1 $12 000 is invested at 6% p.a. for 42 months.

What is the principal amount?a

What is the interest rate?b

What is the time period in years?c

2 Jann earns $560 p.a. in simple interest on an investment. How much would he earn on the

investment in:

2 years?a

5 years?b

10 years?c

3 Use the rule I = Prt
100

to find the simple interest (I) earned in these

financial situations.

a P = $10 000, r = 10, t = 3

Hint for Q3:

I = interest

P = principal

r = interest rate

t = time (years)
b P = $6000, r = 12, t = 5

c P = $5200, r = 4, t = 2

Fluency 4–6, 8 4, 6–8

Example 19 Using the simple interest formula

Calculate the simple interest earned if the principal is $1000, the rate is 5% p.a. and the time

is 3 years.

Solution Explanation

P = 1000, r = 5, t = 3 List the information given.

I = Prt
100

=
1000 × 5 × 3

100

= 150

Write the formula and substitute the given

values.

Cancel the zeros, leaving 10 × 5 × 3.

Interest = $150 Answer the question.

Now you try

Calculate the simple interest earned if the principal is $2000, the rate is 4% p.a and the time is 5 years.

4 Find the simple interest earned on:

$5000 at 6% p.a. for 1 yeara $5000 at 6% p.a. for 3 yearsb

$8000 at 4% p.a. for 5 yearsc $15 000 at 3% p.a. for 7 yearsd

$7250 at 5.5% p.a. for 3 yearse

5 Wally invests $15 000 at a rate of 6% p.a. for 3 years. Calculate the

simple interest and the amount available at the end of 3 years.

Hint for Q5:

Amount = principal + interest
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2G Simple interest 93

Example 20 Using other time periods

Calculate the simple interest on $7000 invested at 6 1
4
% p.a. for 18 months.

Solution Explanation

P = 7000, r = 6 1
4
= 6.25 List the information.

t = 18 months = 18
12

or 1.5 years Convert 18 months into years by dividing by 12.

I = Prt
100

I = 7000 × 6.25 × 1.5
100

= 656.25

Interest = $656.25

Write the formula.

Substitute in the values and evaluate.

Now you try

Calculate the simple interest on $4500 invested at 5 1
2
% for 30 months.

6 Calculate the simple interest earned on:

Hint for Q6: 365 days = 1 year

a $500 at 7% p.a. for 18 months

b $1000 at 5% p.a. for 24 months

c $2000 at 4% p.a. for 6 months

d $4700 at 4 1
2
% p.a. for 15 months (Round to the nearest cent.)

e $50 000 at 3.75% p.a. for 200 days (Round to the nearest cent.)

Example 21 Calculating the final balance

Allan and Rachel plan to invest some money for their child Kaylan. They invest $4000 for 30 months in

a bank that pays 4.5% p.a. Calculate the simple interest and the amount available at the end of the

30 months.

Solution Explanation

P = 4000, r = 4.5, t = 30
12
= 2.5 t is written in years since interest rate is per annum.

I = Prt
100

=
4000 × 4.5 × 2.5

100

= 450

Interest = $450

Write the formula, substitute and evaluate.

Total amount = $4000 + $450 = $4450 Total amount = principal + interest

Now you try

Joy wins some money which she decides to invest. She invests the $5000 for 36 months in a bank

account that pays 3.8% p.a. Calculate the simple interest and the amount available at the end of the

36 months.
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7 Annie invests $22 000 at a rate of 4% p.a. for 27 months. Calculate the simple interest and the amount

available at the end of 27 months.

8 Copy and complete the table.

Annual interest, Final balance,

Principal, P ($) rate, r Time period, t Interest, I A = P + l

a 7000 3% 4 years

b 1500 7% 8 years

c 40 000 2.5% 18 months

d 70 000 3
1
4
% 2 years

e 2000 4% 30 months

Problem-solving and reasoning 9, 10 10, 11

9 A finance company charges 14% p.a. simple interest. If Lyn borrows $2000 to be repaid over 2 years,

calculate her total repayment.

10 Markus borrows $20 000 to buy a car. He is charged simple interest at 18% p.a. for a period of 5 years.

a How much interest is Markus charged each year?

b Calculate the total interest Markus will pay on this loan.

c What is the total amount that Markus will have paid at the end of the loan period?

11 Wendy wins $5000 during a chess tournament. She wishes to invest her winnings, and has the two

choices given below. Which one gives her the greater total at the end of the time?

Choice 1: 8.5% p.a. simple interest for 4 years

Choice 2: 8% p.a. simple interest for 54 months

2G

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        Photocopying is restricted under law and this material must not be transferred to another party.

   Cambridge University Press 
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Simple interest tables and graphs — 12, 13

12 The table shows the amount of simple interest payable (in $, to the nearest $) on loans at a certain

interest rate.

Amount of

loan 1 year 2 years 3 years 5 years 10 years

50 6 13 19 32 65

100 13 26 39 65 129

500 65 129 194 323 645

1000 129 258 387 645 1290

5000 645 1290 1935 3225 6450

10 000 1290 2580 3870 6450 12 900

50 000 6450 12 900 19 350 32 250 64 500

100 000 12 900 25 800 38 700 64 500 129 000

Use the table to find the interest payable on the following loans.

$5000 for 1 yeara $500 for 3 yearsb $100 for 10 yearsc

$150 for 1 yeard $85 500 for 5 yearse $9550 for 10 yearsf

$5000 for 4 yearsg $50 000 for 9 yearsh $100 000 for 10 yearsi

13 The graph on the right shows the annual interest

earned on investments for interest rates of 4% p.a.

and 6% p.a. Use the graph to answer the following.

a Find the annual interest earned on an

investment of:

$300 at 4% p.a.i

$520 at 6% p.a.ii

$250 at 4% p.a.iii

b What investments would earn annual interest of

(to the nearest $5):

$20 at 6% p.a.?i

$20 at 4% p.a.?ii

$14 at 6% p.a.?iii
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4%

600O

Principal ($)
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96 Chapter 2 Financial mathematics

2H 2H Applications of simple interest
Learning intentions

• To be able to use the simple interest formula to calculate the investment period, interest rate or principal

• To be able to calculate repayment amounts given the terms of the deal

Key vocabulary: simple interest, principal, repayment

Financial calculations are a critical component of the thinking

behind the decisions people make as to where to borrow or

invest money.

Lesson starter: Where do I invest?

Bank A: $4000 at 5% p.a. for 8 years

Bank B: $5000 at 8% p.a. for 4 years

Bank C: $8000 at 4% p.a. for 5 years

Understanding how loans work is essential for

making smart financial decisions.

Calculate the simple interest earned on each investment option. What do you notice?
Which bank would you choose and why?

Key ideas

The simple interest formula, I = Prt
100

, can be used to calculate any of I , P, r or t depending on

what other information is given.

• To find an unknown, substitute the given information and solve for the unknown.

To repay a loan, you must repay the amount borrowed (the principal) and the interest.

Repayments are the amount of money, usually the same amount each time period, used to

repay a loan.

Exercise 2H

Understanding 1–4 4

1 If Phil earns $100 in simple interest in one year, how long would it take him to earn:

$200a $400b $5000c $250d

2 How many years does it take for $100 to earn $50 in interest if

the simple interest rate is 10% p.a.?
Hint for Q2: How much interest

is earned on $100 at 10% p.a.

for 1 year?

3 Jodie repays $200 a month for 12 months to pay back her loan and

interest. How much does she repay?

4 A loan of $4000 has interest of $500 added to it. Calculate the size of each of the 10 repayments needed

to repay the loan.
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2H Applications of simple interest 97

Fluency 5, 6, 8, 9 5, 7, 8, 9

Example 22 Determining the investment period

Remy invests $2500 at 8% p.a. simple interest, for a period of time, to produce $50 interest. For how

long did she invest the money?

Solution Explanation

I = 50,P = 2500, r = 8 List the information.

I = Prt
100

Write the formula.

50 =
25  00 × 8 × t

1  00

50 = 200t

Â t = 50
200

= 0.25

Substitute the known information and simplify.

Solve the remaining equation for t by dividing both sides

by 200.

Time = 0.25 years

= 0.25 × 12 months

= 3 months

Convert decimal time to months where appropriate.

Now you try

Jas invests $3000 at 6% p.a. simple interest, for a period of time, to produce $450 interest. For how

long did he invest the money?

5 Alvi invests $5000 at 8% p.a. simple interest and wants to earn $1200 in interest. For how many years

should Alvi invest his money?

6 Sam earns $288 interest on his $1600 investment. If the interest was calculated at 4% p.a., how many

years did Sam invest the money for?

7 $8000 earns $600 interest at 5% p.a. over how many months?

Example 23 Determining the interest rate

Bank East advertises $450 interest a year on an investment of $7500. Calculate the simple interest rate

for this investment.

Solution Explanation

I = 450,P = 7500, t = 1, r =? List the information.

I = Prt
100

Write the formula and substitute I = 450,

P = 7500 and t = 1.

450 =
75  00 × r × 1

1  00
Simplify and solve for r.

450 = 75 × r

r = 450 ÷ 75

r = 6

Interest rate is 6% p.a. Write r as a percentage.
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98 Chapter 2 Financial mathematics

Now you try

Oz Loans offers $610 interest a year on an investment of $12 200. Calculate the simple interest rate for

this investment.

8

Hint for Q8: Set up the formula

I = Prt
100

where r is the

unknown.

Find the annual simple interest rate needed for each of the following situations.

$4000 earns $500 in 2 yearsa

$500 earns $120 in 12 yearsb

$18 000 earns $3510 in 3 yearsc

$950 earns $470.25 in 9 yearsd

$3000 earns $945 in 18 monthse

$2500 earns $393.75 in 4.5 yearsf

Example 24 Calculating repayments

‘Deals 4 You’ offers a loan of $24 000 at 16% p.a. simple interest if the loan is repaid in equal monthly

instalments over 5 years.

How much interest is charged on the loan?a

What is the total amount of the loan and the interest?b

Calculate the size of each repayment.c

Solution Explanation

a I = Prt
100

P = 24 000, r = 16, t = 5

ÂI = 24 0 0 0 × 16 × 5
1 0 0

= $19 200

Write down the simple interest formula and list

the information.

Substitute in the values and evaluate.

b Total = $24 000 + $19 200

= $43 200

Total = principal + interest

c Repayments = 43 200
60

= 720

Repayments come to $720 a month.

Divide the total amount by the number of

months in 5 years (5 × 12 = 60).

Now you try

A loan of $35 000 is repaid in equal monthly instalments over 6 years at 8% p.a. simple interest.

How much interest is charged on the loan?a

What is the total amount of the loan and the interest?b

Calculate the size of each repayment.c

2H
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2H Applications of simple interest 99

9 Copy and complete this table and find the monthly repayment for each loan.

Amount Annual simple Number of Total amount Monthly

borrowed interest rate years Interest to be repaid repayment

$5000 21% 5

$14 000 15% 5

$10 000 6% 4

$55 000 8% 10

$250 000 7% 30

Problem-solving and reasoning 10, 11 10, 12, 13

10 Calculate the principal amount which earns $500 simple interest

over 3 years at a rate of 8% p.a. Round to the nearest cent.
Hint for Q10: Substitute into

I = Prt
100

and solve for P.

11 Charlotte borrows $9000 to buy a second-hand car. The loan

must be repaid over 5 years at 12% p.a. simple interest. Calculate:

a the total amount to be repaid

b the monthly repayment amount if the repayments are spread equally over the 5 years

12 If $5000 grows to $11 000 in 12 years, find the simple interest rate.

13 An investor invests $P and wants to double this amount of money.

a How much interest must be earned to

double this initial amount?

b What simple interest rate is required to

double the initial amount in 8 years?

c If the simple interest rate is 5% p.a.:

how many years will it take to double

the investment?

i

how many years will it take to triple

the investment amount?

ii

how do the investment periods in

parts i and ii compare?

iii
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100 Chapter 2 Financial mathematics

Compound interest — 14, 15

With simple interest, the principal and the interest earned each year remain the same for the period of

the investment.

However, with compound interest, each time the interest is calculated it is added to the principal to give

a new value. This means that the next time the interest is calculated, it is done so using a larger amount.
In the following questions you will be asked to do repeated applications of simple interest to find the

final compounded amount.

14 $500 is invested for 4 years at 10% p.a. interest compounded annually.

Complete the table to find the final value of the investment at the end of this time and the total.

Time (years) Amount (A) Interest (I) New amount (A + I)

1 500 500 × 0.1 = 50 500 + 50 = 550

2 550 550 × 0.1 =

3

4

a

How much interest did the investment earn over the 4 years?b

15 Complete the following table to find the final value of an investment of $4500 compounded at 5%

p.a. annually for 5 years.

Time (years) Amount (A) Interest (I) New amount (A + I)

1 4500 225 4725

2 4725

3

4

5

a

Type 4500 × 1.055 into your calculator. What do you notice about this answer?b

Can you explain how the answers to part a and part b relate?c

Use the formula r = 100I
Pt

to find out what simple interest rate would be needed to create the same

final amount over the 5 years. Answer correct to one decimal place.

d

2H
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Maths@Work: Facebook cake-decorating business 101

More and more individuals are setting up a

business using Facebook. For example, a

successful cake-decorating business can be run

from home while looking after the kids or

while working normal business hours at other

jobs.

As with any business, an understanding of

financial mathematics is important to the

success of the business. Skills such as

calculating costs and profits, percentages and

taxation are important for any manager.

Facebook cake-decorating
business

1 Calculate the total cost of buying each of the following cake tin sets:

Round set: 6, 8, 9 and 12 inches by 3 inches deep at $64.

Round set: 6, 8, 10 and 12 inches by 4 inches deep at $99.

Square set: 6, 8 and 10 inches by 3 inches deep at $45.

Square set: 6, 8, 10 and 12 inches by 4 inches deep at $86.

2 Convert the following measurements from inches (US standard) to whole number of centimetres by

using the following conversion rate: 1 inch = 2.54 cm.

3 inchesa

4 inchesb

9 inchesc

10 inchesd

3 Imagine that you spend 2 hours out of 9 1
2
work hours on the internet promoting your business. Write

this as a percentage, rounded to the nearest whole percentage.

4 Fondant icing comes in different colours and in different-sized tubes. Managing your budget means

looking for the best buy.

Which of the following represents the best buy for each colour of fondant listed below?

White fondant Red fondant Blue fondant

100 g at $3.25

500 g at $5.50

5 kg at $40

1 kg at $10.50

2.5 kg at $36.95

1 kg at $19.90

100 g at $3.25

500 g at $7.95

100 g at $2.95

500 g at $7.95

750 g at $11.95

1 kg at $19.90

a

What is the average cost per 100 grams for white fondant icing?b

Under what circumstances would someone buy a size that was not the best buy?c
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102 Chapter 2 Financial mathematics

5 A customer has the following quotes for a large 21st birthday cake from four different Facebook cake

suppliers: $195, $290, $225 and $215.

For each of the following, state answers to the nearest whole number.

What is the mean or average cost for this type of cake?a

What is the percentage change from the lowest quote to the highest quote?b

If it costs each supplier $50 in product to make the cake, calculate the percentage profit for each of

the four quotes given above.

c

If it takes each supplier on average 5 1
2
hours to make and decorate the cake, what is each person

charging per hour, excluding the $50 product costs?

d

Using technology

6 Imagine that you have started a Facebook cake-making

business. To analyse possible profits, set up an Excel spreadsheet

as shown below and enter formulas in the shaded cells.

Note that this is a simplified analysis and excludes power,

gas and equipment costs.

Hint for Q6: Format all $ cells as

‘currency’ with zero decimal places.

Format profit% cells as ‘percentage’

with zero decimal places.

How much profit would be made from selling 2 Valentines’ Day cakes and 3 choc Jaffa

birthday cakes?

a

List, in ascending order, the 3 cakes that bring the lowest percentage profit.b

List, in descending order, the 3 cakes that pay the highest hourly rates.c

Suggest a reason why the cakes in c cost the customer more in hourly rates.d
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Saving for a holiday

Sally is an accounts clerk earning a salary of $70 348. She plans to save 20% of her fortnightly after tax

take home pay, for any extra expenses and to put towards a holiday. In fact, Sally is trying to save for an

overseas holiday in 12 months and she estimates she will need $12 000 for her planned itinerary.

To reach her goal she decides to get a second job working at her local late night supermarket. They offer

her three 2 1
2
hour shifts a week paying $25 an hour. She plans to work here for a total of 20 weeks,

thinking that this will give her enough for her trip.

Present a report for the following tasks and ensure that you show clear mathematical workings and

explanations where appropriate. Give answers to the nearest cent.

1 Preliminary task

a At her job at the supermarket, how much does Sally earn per shift?

b How much would she earn per week at the supermarket?

c Over the 20 weeks, calculate Sally’s total gross income from the supermarket.

d As an accounts clerk, Sally earns a salary. What is the gross fortnightly income Sally earns from

this job?

e What is her total annual taxable income from both jobs, assuming she only works for the

20 weeks at the supermarket?

2 Modelling task

Formulatea The problem is to determine if Sally has saved enough to afford to go on her trip after tax.

Write down all relevant information that will help you solve this problem.

Solveb The firm that Sally works for as an accounts clerk take out income tax from her fortnightly pay on

her behalf, they do this by using her salary and finding the tax owed by using the current personal

income tax table found on the ATO website.

By using the personal income tax table below, calculate the annual tax that the firm deducts from

Sally’s pay.

Taxable income Tax on this income

$0 − $18 200 Nil

$18 201 − $45 000 16c for each $1 over $18 200

$45 001 − $135 000 $4288 plus 30c for each $1 over $45 000

$135 001 − $190 000 $31 288 plus 37c for each $1 over $135 000

$190 001+ $51 638 plus 45c for each $1 over $190 000

* Does not include the Medicare levy (2% of taxable income).

c Calculate the fortnightly net pay (take home pay) that Sally receives from her firm.

d Sally aims to save 20% of her take home pay from her firm each fortnight. How much will Sally

have saved at the end of 12 months?

e By considering her total taxable income from both jobs, calculate her total income tax liability for

the year.

f Hence, calculate Sally’s annual net income from her second job.

g Calculate her total tax liability, by including the Medicare levy of 2%.
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104 Chapter 2 Financial mathematics

Evaluate

and

verify

h When Sally takes in account all her finances and tax, will she have enough left from her savings

to take her proposed trip?

Communicate i Summarise your findings and make a recommendation about Sally’s savings and proposed trip

at the end of the year.

3 Extension questions

a What percentage pay rise is needed from her firm for Sally to no longer need her second job?

b Investigate what happens to Sally’s tax liability from her salary from her firm if she has allowable

tax deductions of:

$2000i $4000ii
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Technology and computational thinking 105

Coding tax
Key technology: Spreadsheets

People will often use an online tax calculator to get an idea of

how much income tax they will have to pay each year. Such

calculators will use an in-built algorithm to help determine the

tax rates depending on the given income. An added factor is the

Medicare levy which is added on to most tax liabilities.

We will use the following income tax rates for this investigation.

Taxable income Tax on this income

0 − $18 200 Nil

$18 201 − $45 000 16 cents for each $1 over $18 200

$45 001 − $135 000 $4288 plus 30 cents for each $1 over $45 000

$135 001 − $190 000 $31 288 plus 37 cents for each $1 over $135 000

$190 001 and over $51 638 plus 45 cents for each $1 over $190 000

The Medicare levy is 2% of taxable income.

1 Getting started

a Find the amount of tax paid, not including the Medicare levy, for the following taxable incomes.

$15 000i $32 000ii $95 000iii $150 000iv $225 000v

b Calculate the total tax payable on the following taxable incomes, including the Medicare levy,

which is 2% of your taxable income.

$60 000i $140 000ii

2 Applying an algorithm

Consider the flowchart on the following page which aims to calculate the amount of tax a person

should pay.

a Complete the flowchart by filling in the empty components.
b Explain what the formula T = T + 0.02I does in the flowchart.
c Test the algorithm in the flowchart on some of the taxable income amounts from part 1b above.

3 Using technology

The following spreadsheet is a tax calculator which applies the algorithm outlined in the flowchart using

nested IF statements.
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106 Chapter 2 Financial mathematics

a Try entering the formulas into a spreadsheet. Be careful to put all the brackets and commas in the

correct positions.
b Test your spreadsheet calculator by entering different taxable incomes studied earlier in this

investigation.
c Use your tax calculator to find the total tax payable for the following taxable incomes.

$67 000i $149 000ii $310 000iii

Start

Input I

Is I ⩽ 18200?

Is I ⩽ 45000?

Yes

Yes

Yes

Yes

No

No

No

No

T = 0

T = 0.16 × (I – 18200)

T = 4288 + 0.3 × (I – 45000)

T = T + 0.02 × I

Output T

End
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Puzzles and games 107

1 The answers to the clues are hidden in the wordfind. Can you find all 16 words?

S A G R O S S W H K L O M

A P E R C E N T A G E C O

L A R C O M M I S S I O N

A S E R V I N T E R E S T

R T Y H E T S L O S S T H

Y E F O R T N I G H T I L

W S M O T A X A T I O N Y

E I O L I D I D N P Y I E

K M N Q M O N T R N I S C

E P Y U E D I S C O U N T

M L R E P A Y M E N T A H

D E D U C T I O N S I X L

A fixed annual incomea A percentage of the value of goods sold,

which you earn as an income

b

Working longer than normal working

hours

c Money from your income given to the

government

d

Two weekse The total of all incomef

Money taken from total payg Yearlyh

12 times a yeari Flat-rate interestj

Meaning ‘out of 100’k Money given to repay a loanl

Money earned on an investmentm An item offered for a sale price has had this

happen

n

The original price of an itemo You incur this when you sell an item for less

than you paid for it

p

2 Find out the four classical elements of the world by answering the following simple interest

problems. Match the letter beside each question to its corresponding answer in each grid.

E = $600 at 6% p.a. for 1 year H = $796 at 5% p.a. for 4 months

R = $12 500 at 6 1
4
% p.a. for 2 years A = $7000 at 5% p.a. for 3 years

I = $1000 at 1% p.a. for 100 years F = $576.50 at 19% p.a. for 18 months

W = $36 000 at 2% p.a. for 5 years T = $550 at 10% p.a. for 6 months

$36 $1050 $1562.50 $27.50 $13.27 $1050 $1000 $1562.50

$164.30 $1000 $1562.50 $36 $3600 $1050 $27.50 $36 $1562.50
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108 Chapter 2 Financial mathematics

Financial

mathematics

Simple interest

= $400

Applications of percentages

=
cost price 

× 100

Mark-up and discount

Commission/tax

Percentage increase and decrease

Increase

20 by 6%

20 × 1.06 = 21.2

Decrease

20 by 5%

20 × 0.95 = 19

Percentage change =
original

change
× 100

× 100

100
1919% =

÷ 100

Percentage Fraction

Percentage

Means ‘out of 100’

7% = = 0.07
100
7

× 100 ÷ 100

49% = 0.49

Percentage

Decimal

Income and tax

Employees can be paid:

wage: hourly rate with

overtime at time and

a half = 1.5 × hourly rate

double time = 2 × hourly rate

salary: annual amount

commission: % of sales

net income =

gross income − deductions

tax: money taken from

pay and given to the

government

Percentages and decimals

Percentages and fractions

= 0.17 × 30

= 5.1

= × 30
100
17

Finding a percentage

17% of 30

100
PrtInterest I =

100

2000 × 5 × 4

100
Prt

I =

$2000 is invested in a simple

interest account for 4 years at

5% p.a.

=

3 g out of 50 g

= × 100
50
3

= 6%

Percentage composition
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Chapter checklist
A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook.

✔

2A 1 I can convert between percentages and fractions.

e.g. Write

a 7
40
as a percentage b 17.5% as a fraction

2A 2 I can convert between percentages and decimals.

e.g. Write

a 0.3 as a percentage b 72% as a decimal

2A 3 I can write a quantity as a percentage.

e.g. Write 27 cm out of 1.8 m as a percentage.

2B 4 I can find a percentage of a quantity.

e.g. Find 35% of $75

2B 5 I can find the original amount from a percentage.

e.g. Determine the original amount if 12% of the amount is $72

2C 6 I can increase and decrease by a percentage.

e.g. a Increase $80 by 12% b Decrease $40 by 8%

2C 7 I can find a percentage change.

e.g. The price of a gym membership increased from $320 to $370. Find the percentage increase correct

to one decimal place.

2C 8 I can find the original amount after an increase or decrease.

e.g. A decrease of 22% reduced the population of a town to 1014. What was the original population of

the town?

2D 9 I can calculate the selling price from a mark-up or discount.

e.g. A store marks up all white goods by 20%. If the cost price of a fridge is $1100, what will be its

selling price?

2D 10 I can determine percentage profit.

e.g. A stall holder makes candles for $8 and sells them for $13. Find the profit and express this profit as

a percentage of the cost price.

2D 11 I can calculate the original price before discount.

e.g. A department store discounts all Christmas trees by 15%. If the sale price of a tree was $106.25,

what was the original price?

2E 12 I can compare wages and salaries.

e.g. Tony has an annual salary of $88 000 and Jodie earns $72 per hour. Calculate

a Tony’s hourly rate of pay if he works a 38-hour week

b Jodie’s yearly income if she works on average 22 hours per week.
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✔

2E 13 I can calculate overtime.

e.g. Calculate Julian’s weekly wage for a week where he works 12 hours at his normal hourly rate

of $28, 4 hours at time and a half and 3 hours at double time.

2E 14 I can calculate commission.

e.g. A salesperson is paid a retainer of $2200 per month and receives an 8% commission on sales.

If one month he makes sales worth $10 400, calculate his earnings for that month.

2F 15 I can calculate net income.

e.g. Danielle has an annual salary of $64 800. She has monthly tax deductions on her payslip of

$1296. Calculate her net income each month.

2F 16 I can calculate net income using income tax rates.

e.g. Anna has an annual salary of $78 000 and a taxation rate of 26% with the first $18 200 tax

free. Calculate Anna’s net income for the year.

2F 17 I can use the tax table to calculate income tax.

e.g. Use the tax table from Example 18 to find the income tax for an income of $90 000.

2G 18 I can use the simple interest formula and find the final balance.

e.g. Calculate the simple interest earned if the principal is $4000, the rate is 3% p.a. and the time is

4 years. Hence, what is the amount at the end of the 4 years?

2G 19 I can work with simple interest using other time periods.

e.g. Calculate the simple interest on $6000 invested at 4 1
2
% p.a. for 42 months.

2H 20 I can determine the investment period or interest rate for simple interest.

e.g. Joshua invests $3500 at 6% p.a. simple interest, for a period of time, to produce $315 interest.

For how long did he invest the money?

2H 21 I can calculate repayments.

e.g. Syd takes out a loan to purchase a yacht. The loan is for $32 000 at 8% p.a. simple interest if

the loan is repaid in equal monthly instalments over 4 years.

Calculate the interest charged on the loan and hence the total amount owing and the size of the

required monthly repayments.
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Short-answer questions

12A Copy and complete the table shown.

Decimal Fraction Percentage

0.6

1
3

3
1
4
%

3
4

1.2

200%

22B Find:

25% of $310a

110% of 1.5b

32B Determine the original amount if:

20% of the amount is 30.a

72% of the amount is 18.b

42C Increase 45 by 60%.a

Decrease 1.8 by 35%.b

Find the percentage change if $150 is reduced by $30.c

52C The mass of a cat increased by 12% to 14 kg over a 12 month period. What was its previous mass?

62D Determine the discount given on a $15 000 car if it is discounted by 12%.

72D A couch at a cost price of $3500 is to be marked up by 25%.

Find the selling price.

82D The cost price of an article is $150. If it is sold for $175:

determine the profit madea

express the profit as a percentage of the cost price.b

92E Determine the hourly rate of pay for each of the following

cases:

a person with an annual salary of $76 076 working a

38-hour week

a

a person who earns $429 working 18 hours at the hourly

rate and 8 hours at time and a half.

b

102F Jo’s monthly income is $5270 however 20% of this is paid straight to the government in taxes.

What is Jo’s net yearly income?

112G Find the simple interest earned on $1500 at 7% p.a. for 5 years.

122H Bill invests $6000 at 4% simple interest, for a period of time, to produce $720. For how long did he

invest the money?
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132F Use the tax table below to find the income tax payable on an income of $140 000.

Taxable income Tax on this income

$0 − $18 200 Nil

$18 201 − $45 000 16c for each $1 over $18 200

$45 001 − $135 000 $4288 plus 30c for each $1 over $45 000

$135 001 − $190 000 $31 288 plus 37c for each $1 over $135 000

$190 001+ $51 638 plus 45c for each $1 over $190 000

* Does not include the Medicare levy (2% of taxable income).

Multiple-choice questions

12A 2.8% as a decimal is:

2.8A 0.28B 0.028C 0.0028D 280E

22A What percentage of $2 is 50 cents?

4%A 40%B 25%C 2
1

2
%D 400%E

32A 12
1

2
% as a simple fraction is:

12

100
A 1

8
B 3

25
C 0.125D 12.5E

42B 33
1

3
% of $660 is the same as:

$660 ÷ 2A $660 × 0.3B $660 × 0.03C $660 ÷ 3D $660 ÷
1

3
E

52B 15% of $1600 is equal to:

24A 150B $240C $24D 240E

62B If 110% of a number is 528, then the number is:

475.2A 52.8B 480C 580.8D 475E

72C 9670 increased by 12% becomes:

9682A 9658B 10830.4C 1160.4D 8509.6E

82E Jane is paid a wage of $27.80 per hour. She works 12 hours at this rate during a week,

plus 4 hours on a public holiday where she gets paid at time and half. Her earnings in the

week are:

$500.40A $444.80B $556C $667.20D $278E

92E Simon earns a weekly retainer of $370 and 12% commission of any sales he makes. If he

makes $2700 worth of sales in a particular week, he will earn:

$595A $652B $694C $738.40D $649.60E

102G/H $1200 is invested with a simple interest rate of 10% for two years. The total balance at the

end of the two years is:

$252A $1452B $1450C $240D $1440E
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Extended-response questions

1 Pauline buys a debutante dress at cost price from her

friend Tila. Pauline paid $420 for the dress, which is

normally marked up by 55%.

a How much did she save?

b What is the normal selling price of the dress?

c If Tila gets a commission of 15%:

how much commission did she get?i

how much commission did Tila lose by selling

the dress at cost price rather than the normal

selling price?

ii

2 Adam starts a new job and works a 38-hour week for a wage of $975.84.

Calculate his hourly rate of pay.a

If overtime is calculated at time and a half, what is Adam’s overtime rate?b

How much does Adam earn for 4 hours of overtime work?c

How many hours of overtime did Adam work in a week if his wage for that week was

$1226.22?

d

If Adam usually works the amount of overtime in part d in the 52 weeks of the year he works,

and he pays 27% of his pay in tax, what is his net annual income?

e

If Adam invests 10% of his net income in an account earning 8% p.a. simple interest for

18 months, how much extra income will he have earned?

f
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3
Expressions and
equations

Essential mathematics: why skills with algebraic,
expressions and formulas are important

Algebraic expressions and equations are powerful tools used in various fields to solve problems
and make predictions. Understanding how to manipulate and solve these expressions can help in
many real-life situations.

Computer programmers use algebra all the time when writing code. For example, sorting data
with methods like quicksort or mergesort relies on algebra to calculate how fast it works.
Programmers also use algebra to make sure searches are speedy and accurate. Knowing algebra
helps them write better and more efficient code.

Engineers use equations to design and analyse structures, making sure they can withstand
different forces. To check if materials can handle applied loads, they might use the stress formula,

s =
F
A
, where s represents stress, F is the load applied, and A is the cross-sectional area over

which the force is measured. By calculating stress, engineers can determine if the material will
deform or fail under specific loads, ensuring the safety and stability of their designs.
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In this chapter

3A Algebraic expressions
(Consolidating)

3B Adding and subtracting algebraic
expressions (Consolidating)

3C Multiplying and dividing
algebraic expressions
(Consolidating)

3D Expanding algebraic expressions

3E Solving linear equations
(Consolidating)

3F Solving linear equations
involving fractions

3G Solving equations with brackets

3H Solving equations with
pronumerals on both sides

3I Solving word problems

3J Solving linear inequalities

3K Using formulas

Australian Curriculum 9.0

NUMBER

Recognise that the real number system
includes the rational numbers and the
irrational numbers, and solve problems
involving real numbers using digital tools
(AC9M9N01)

ALGEBRA

Simplify algebraic expressions, expand
binomial products and factorise monic
quadratic expressions (AC9M9A02)

Use mathematical modelling to solve
applied problems involving change
including financial contexts; formulate
problems, choosing to use either linear or
quadratic functions; interpret solutions in
terms of the situation; evaluate the model
and report methods and findings
(AC9M9A05)

© ACARA

Online resources

A host of additional online resources are
included as part of your Interactive
Textbook, including HOTmaths content,
video demonstrations of all worked
examples, auto-marked quizzes and
much more.
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116 Chapter 3 Expressions and equations

1 Write in simplified form.

3 × xa 4 × a × bb

2 × 5 × xc 3 × b × 7d

2 If x = 3, find the value of:

x + 5a 10 − xb

4xc 18

x
d

2x + 3e 2(x + 4)f

3 Write algebraic expressions for:

3 more than xa

the product of a and bb

2 lots of y less 3c

the sum of x and 2, all divided by 3d

4 Calculate:

−6 × 3a −7 × 4b

−8 × (−5)c −1 × (−3)d

−2 + 5e −8 + 3f

7 − 11g −2 − 6h

5 Simplify by collecting like terms.

2x + 5x − 4xa 7y + 5 − yb

4x − (−4x)c 3x + 12y − 3x + 5yd

3a + 4a2 + 7a + 5a2e 3xy − 4y + 2yx − 3yf

6 Simplify the following.

3 × 2aa 7x × (−3y)b

8b
2

c 9mn
6n

d

7 Expand the following.

2(x + 3)a 3(a − 5)b 4(2x + 1)c

8 Evaluate the following if a = 3 and b = −2.

2a − 5a ab + 4b

9

a
− bc 2a(b + 1)d

9 To which of the following equations is x = 4 a solution?

2x + 3 = 9a x
2
+ 3 = 5b

2x + 1
3

= 3c 5 − 2x = −1d

10 Find the value of a that makes the following true.

a + 4 = 13a a − 3 = 7b

2a + 1 = 9c a − 1
4
= 5d
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3A Algebraic expressions 117

3A 3A Algebraic expressions CONSOLIDATING

Learning intentions

• To review the terms associated with algebraic expressions

• To be able to identify terms, coef�cients and constant terms in expressions

• To know the notation for multiplication and division involving pronumerals

• To be able to convert words and word problems into algebraic expressions

• To be able to substitute into expressions and evaluate

Key vocabulary: pronumeral, variable, expression, term, coef�cient, constant term, substitution, evaluate

Algebra is central to the study of mathematics and is commonly used to solve problems in many everyday

situations and in more complex problems. Algebra involves working with unknown values in maths.

Pronumerals (or variables) are used to represent these unknown values.

Lesson starter: What does the letter mean?

Consider the following situations and how they could be written as algebraic expressions.

1 Fidel has 7 marbles and Jack has an unknown number of marbles, which we will call m. They then each

get 4 more marbles.

a How many marbles does Fidel have now?

b What mathematical operation (+, −, ×, ÷) did you use to answer part a?

c Using the same operation, how could you describe how many marbles Jack has now?

2 Fidel can buy a chocolate bar for $2. Jack can buy a different chocolate bar but he will pay an unknown

amount for it. We’ll call the amount Jack pays p (dollars).

a If Fidel buys 3 chocolate bars, how much will he pay?

b If Fidel buys 10 chocolate bars, how much will he pay?

c What mathematical operation did you use to answer parts a and b?

d Using the same operation, how could you write how much Jack will pay for 5 chocolate bars?

Key ideas

In algebra, letters are used to represent numbers. These letters are called pronumerals
(sometimes written pro-numerals).

• Pronumerals can also be called variables if they can take a range of possible values.

In algebra, the multiplication and division signs are generally not shown.

For example: 3 × x is written as 3x and x ÷ 4 is written as x
4
.

An expression is a combination of numbers and pronumerals connected by the four operations

+, −, × and ÷. Brackets can also be used.

For example: 5x + 4y − 1 and 3(x + 2) −
y

5
.

A term is a combination of numbers and pronumerals connected with only multiplication and

division. Terms are separated with the operations + and −. For example: 5x + 7
y
is a two-term

expression with 5x and 7
y
as the two terms.
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118 Chapter 3 Expressions and equations

Coefficients are the numbers being multiplied by pronumerals.

3 x + 7y −2 xy + 5

3 is the coef�cient of x    

5 is a constant term

This expression has 4 terms

−2 is the coef�cient of xy  

Constant terms consist of a number only.

For example: −2 in x2 + 4x − 2 (The sign must be included.)

Substitution is the process of replacing a pronumeral with its numeric value.

Expressions can be evaluated by substituting a number for a pronumeral.

For example: if a = 2 then a + 6 = 2 + 6 = 8

Order of operations should be followed when evaluating expressions:

1 Brackets

2 Powers

3 Multiplication and division

4 Addition and subtraction

Exercise 3A

Understanding 1–4 4

1 Use the words from the list below to complete the following.

expression, coefficient, constant term, terms, pronumeral

a 3x − 2y + 7 is an example of an algebraic .

b In 2a + b − 3, −3 is the .

c In 4m + 3, m is called a .

d In 3 − 2y + 4z, 4 is the of z.

e In the expression 3s + 7t, 3s and 7t are the .

2 Express in simplified form without the × or ÷ symbols.

7 × ya −2 × xb

a × bc y ÷ 2d

x ÷ ye 2 ÷ af

3 Substitute x = 2 into the following and evaluate.

x + 3a 10 − xb 7xc 8

x
d Hint for Q3: Substitute means

to replace the pronumeral

with the given numeral.

4 State, yes or no, if 2 is the coefficient of x in the following.

2x + 7a

y − 2xb

3xy − 4y + 2xc

x
2
− 3d

3A
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3A Algebraic expressions 119

Fluency 5, 6, 7–8(½) 5, 6, 7–8(½)

Example 1 Identifying parts of algebraic expressions

Consider the expression 5a + 2ab + 7 − 4b.

a How many terms are in the expression?

b State the coefficient of:

ai bii

c What is the constant term?

Solution Explanation

a There are 4 terms. The terms in the expression are separated by + or −.

b 5 is the coefficient of a.i

−4 is the coefficient of b.ii

5a is 5 × a; 5 is the number being multiplied by a.

−4b is −4 × b; the negative sign is included.

c 7 is the constant term. 7 is the number with no pronumeral part.

Now you try

Consider the expression 3ab + 5 − 2a + 6b.

a How many terms are in the expression?

b State the coefficient of:

ai bii

c What is the constant term?

5 Complete each of the parts i–iii for the algebraic expressions below.

How many terms are in the expression?i

What is the coefficient of y?ii

What is the constant term?iii

5x + 2y + 3a 2x − 3yb

3xy + 7y − 4c 2x2 − 1 + 4x + y
2

d

Hint for Q5: Remember: the

coefficient of a pronumeral includes

the sign before it; in 3 − 2x, −2 is

the coefficient of x.

Example 2 Writing algebraic expressions for word problems

Write an algebraic expression for the following.

The number of tickets needed for 3 boys and r girlsa

The cost in dollars of P pies at $3 eachb

The amount for each person if a $300 prize is shared equally among m friendsc

Solution Explanation

a 3 + r 3 tickets plus the number of girls, r.

b $3P 2 pies would cost $3 × 2 = $6. The cost is 3 × the number of pies,

so P pies costs $3 × P = $3P

c $300

m
$300 shared between 3 people is $300 divided into 3 parts, so $300

divided into m parts is $300 ÷ m = $300
m

.
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120 Chapter 3 Expressions and equations

Now you try

Write an algebraic expression for the following.

The number of tickets required for 5 children and g adultsa

The cost of 4 tickets at $x eachb

The amount for each child if 600 mL of juice is shared equally among y childrenc

6 Write an algebraic expression for the following.

a The number of tickets required for:

4 boys and r girlsi

t boys and 2 girlsii

x boys, y girls and z adultsiii

b The cost in dollars of:

P pies at $6 each ii 10 pies at $n eachi

D drinks at $2 each iv P pies at $5 and D drinks at $2ii

c The number of grams of lollies for one child if 500 g of lollies is shared equally among C children.

Hint for Q6:

For part bi:

1 pie costs $6 × 1 = $6

2 pies cost $6 × 2 = $12

5 pies cost $6 × 5 = $30

P pies cost…

Example 3 Converting words to expressions

Write an algebraic expression for the following.

Five less than xa Three more than twice xb

The sum of a and b is divided by 4c The square of the sum of x and yd

Solution Explanation

a x − 5 5 below x is 5 subtracted from x.

b 2x + 3 Twice x is 2 × x, then add 3.

c a + b
4

The sum of a and b is done first (a + b) and the result divided by 4.

d (x + y)2 The sum of x and y is done first and then the result is squared

(recall that the square of a is a2 = a × a).

Now you try

Write an algebraic expression for the following.

Seven more than ya Six less than twice xb

The sum of m and n is divided by 3c The square root of the sum of a and bd

7 Write an algebraic expression for each of the following.

Hint for Q7: Sum is +

Product is ×

Twice is × 2

Square of x is x2

The sum of 2 and xa The sum of ab and yb

5 less than xc 7 subtracted from 2yd

The product of x and 3e Three times the value of pf

Four more than twice xg The sum of x and y is divided by 5h

10 less than the product of 4 and xi 3 lots of x subtracted from 1j

The sum of 3 and y is divided by 2k Half of 1 more than xl

The square of the sum of m and nm The sum of the squares of m and nn

3A
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3A Algebraic expressions 121

Example 4 Substituting values into expressions

Evaluate these expressions if a = 5, b = 6 and c = −3.

3a + ba 2a − (b + c)b a2 − bcc

Solution Explanation

a 3a + b = 3 × 5 + 6

= 15 + 6

= 21

Substitute the value 5 for a and the value 6 for b. Recall

3a = 3 × a.

b 2a − (b + c) = 2 × 5 − (6 + (−3))

= 10 − 3

= 7

Substitute the values for a, b and c. Then apply order of

operations, with brackets evaluated first, before moving

onto multiplication and division, then addition and

subtraction. 6 + (−3) = 6 − 3 = 3

c a2 − bc = (5)2 − 6 × (−3)

= 25 − (−18)

= 25 + 18

= 43

Evaluate powers before the other operations: 52 = 5 × 5.

A positive (6) times a negative (−3) gives a negative (−18).

Subtracting a negative means to add.

Now you try

Evaluate these expressions if a = 4, b = −2 and c = 5.

a + 4ca 2b − (a + c)b c2 − abc

8 Evaluate these expressions if a = 4, b = −3 and c = 8.

3a + ca ac − 7b 2c − (a + b)c

a2 − 2cd a + c
2

e b + 2(c − a)f

2c − abg abch b − c + a2i

Hint for Q8: When adding or

subtracting a negative number:

8 + (−3) = 8 − 3 = 5
8 − (−3) = 8 + 3 = 11

Problem-solving and reasoning 9–11 10–13

9 A rectangular garden bed is 12 m long and 5 m wide.

Hint for Q9: Draw a diagram to

help. Area of a rectangle = l × w

Find the area of the garden bed.a

The length is increased by x m and the width is decreased

by y m. Find the new length and width of the garden.

b

One length and one width of the rectangular garden will

be lined with paving. Write an expression for the total

distance around the garden that will be paved.

c

10 Jelena earns (10 + 8t) dollars for each shift that she works,

where t is the number of hours worked in the shift.

How much does Jelena earn if t = 2?a

How much does Jelena earn from a 5-hour shift?b

Will she earn $100 from a 10-hour shift?c

How many whole hours must she work to earn more

than $100?

d
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122 Chapter 3 Expressions and equations

11 The expression for the area of a trapezium is 1
2
(a + b)h, where a, b and h

represent the lengths shown.

a Find the area of the trapezium with a = 5, b = 7 and h = 3.

b A trapezium has h = 4 and area 12. If a and b are whole

numbers, what possible values can the pronumeral a have?

h

a

b

12 Christina earns $A from selling 20 glasses of lemonade.

Write an expression for:

a the cost of one glass of lemonade

b the cost of three glasses of lemonade

c the cost of n glasses of lemonade

13 For each of these shapes, write an expression for:

the perimeteri the areaii

Hint for Q13: Perimeter is the distance

around the outside of the shape. Area of

a rectangle is length × width. Area of a

triangle is 1
2
× base × height.

x

y

a

p

b

6

x y

c

Should there be brackets? — 14

14 Brackets are used to ensure that the mathematics inside the brackets occurs first.

a By substituting values for x, decide whether the following are the same.

2(x + 1) and 2x + 1i

3 +
x
2

and 3 + x
2

ii

b Write down two different possible expressions that could describe each of the following.

3 lots of x plus 1i

The sum of 5 and x divided by 3ii

Half of x plus yiii

c Write down a clear statement that describes the following expressions.

4(x + 2)i 3 +
x
2

ii 1

3
(m + n)iii

5x + 7iv x + y
2

v 1

2
a + bvi

3A
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3B Adding and subtracting algebraic expressions 123

3B 3B Adding and subtracting algebraic
expressions CONSOLIDATING

Learning intentions

• To understand that only like terms can be combined under addition or subtraction

• To be able to identify like terms

• To be able to collect like terms under addition or subtraction

Key vocabulary: like terms, pronumeral, coef�cient

Just as 2 + 2 + 2 + 2 = 4 × 2, so x + x + x + x = 4 × x or 4x. We say that

the expression x + x + x + x is simplified to 4x; i.e. 4 lots of x. Similarly,

3x + 2x = x + x + x + x + x = 5x and 4x − 3x = x + x + x + x − (x + x + x) = x.
All these expressions have like terms and can be simplified to an expression

with a smaller number of terms by adding or subtracting their coefficients.

x + x + x + x = 4x

Lesson starter: Two groups

Place the terms in the following four sets into groups of similar terms on either side of the dividing line.

The first set has been started for you.

Set 1

3x 7y 2x 8x

y 5x 2y

3x 2y

Set 2

4ab 2a 5ab

7a ab 6ab

Set 3

2 5y 7 1

3y 2y 8 25

Set 4

3ab 4a2b 2ab 10ab

5a2b 12ab 9a2b

• Describe how you classified each set into two groups.

• What do the terms in each group have in common?

• Simplify the sum of all the terms in each of the eight groups.

Key ideas

4x means 4 × x or x + x + x + x.

• x means 1 × x but we leave off the 1 and express it simply as x.

Like terms have the same pronumerals and powers.

For example: 5x and 7x are like terms

3ab and −8ab are like terms

• Since a × b = b × a then ab and ba are also like terms

The pronumeral part of a term is often written in alphabetical order; e.g. xy rather than yx.

Like terms can be collected to form a single term by adding or subtracting the coefficients.

For example: 4x + 7x = 11x

10ab − 2ab = 8ab

Unlike terms do not have the same pronumeral factors.

For example: 5x, x2, xy, 2xy2 and 3 are all unlike terms.
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124 Chapter 3 Expressions and equations

Exercise 3B

Understanding 1–3 3

1 Fill in the missing word or number.

a 4a and 7a are an example of terms.

b To add like terms, we add the .

c Like terms have the same and powers.

d The coefficient of y in 2x + y is .

2 Decide whether the following pairs of terms are like terms (Yes or No).

4ab and 3aba 2x and 7xyb 5 and 4mc

7yz and −yzd 2mn and 9nme 3x2y and 7xy2f
Hint for Q2: Like terms

must have exactly the same

pronumerals and powers.

3 Which of the following represent the same expression as w − x + y − z?

w − z + y − xa

w − y + x − zb

y + w − z − xc

−x + w − z + yd

y − w − x + ze

y − z − x + wf

Hint for Q3: Make sure the

correct pronumerals are being

added or subtracted.

Fluency 4, 5–6(½) 4–6(½)

Example 5 Identifying like terms

Choose the pair(s) of like terms from the following sets.

3x, 3, 4xy, 5x, ya 4b, 4bc, b, 2abc, −7bc, 2bc2b

Solution Explanation

a 3x and 5x are like terms.

The rest are not.

3x and 5x have the same pronumeral; i.e. x.

b 4b and b are like terms.

4bc and −7bc are like terms.

4b and b have the same pronumeral.

4bc and −7bc have the same pronumerals.

2bc2 does not, due to the power of 2.

All other terms do not have the same pronumerals and

powers.

Now you try

Choose the pair(s) of like terms from the following sets.

5m, 3mn, 7, n, 2ma 7y, 4xz, 5xy2,−2xyz, zx,−yb

4 Choose the pair(s) of like terms from the following sets.

4y, 5, 3xy, 2y, 7xya 3x, 3y, 3, xy, 7xb

7ab, 2a, −3ab, b2, 5ac 2a2, 4a, 3ab, a, −3a2d

2xy, 3x2y, −5x, 7yx2e 5ab2, 3ab, 2b2, 4ab2, 7baf
Hint for Q4: st and ts are like

terms since s × t = t × s.
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3B Adding and subtracting algebraic expressions 125

Example 6 Collecting like terms

Simplify the following by collecting like terms.

4a + 7aa 3x + 4 − 2xb

Solution Explanation

a 4a + 7a = 11a Since 4a and 7a are like terms they can be simplified to one

term by adding their coefficients: 4 + 7 = 11.

b 3x + 4 − 2x = 3x − 2x + 4

= x + 4

Collect like terms (3x and −2x). The sign belongs to the term

that follows. Combine their coefficients: 3 − 2 = 1. Recall that

1x is written as x.

Now you try

Simplify the following by collecting like terms.

5t + 3ta 9y + 3 − 5yb

5 Simplify the following by collecting like terms.

3a + 7aa 4n + 3nb 12y − 4yc

5x + 2x + 4xd 6ab − 2abe 7mn + 2mn −mnf

4y + 3y + 8g 7x + 5 − 4xh 5m + 2 −mi

5ab + 3a + 7abj 6xy + xy + 4yk 5bc − 4 − 2bcl Hint for Q5: In order to add

or subtract coefficients, the

terms must be like terms.

Example 7 Combining like terms

Simplify the following by collecting like terms.

3x + 2y + 4x + 7ya 3xy + 4x + xy − 6xb 8ab2 − 9ab − 5ab2 + 3bac

Solution Explanation

a 3x + 2y + 4x + 7y = 3x + 4x + 2y + 7y

= 7x + 9y

Collect like terms (3x and 4x and 2y and 7y)

and combine their coefficients: 3 + 4 = 7 and

2 + 7 = 9.

b 3xy + 4x + xy − 6x = 3xy + xy + 4x − 6x

= 4xy − 2x

Collect the like terms (3xy and xy and 4x

and −6x). Combine their coefficients (recall

xy = 1xy): 3 + 1 = 4 and 4 − 6 = −2

c 8ab2 − 9ab − 5ab2 + 3ba

= 8ab2 − 5ab2 − 9ab + 3ab

= 3ab2 − 6ab

Collect like terms in ab2 and ab. Remember that

ba = ab and the + or − sign belongs to the term

that follows; i.e. −5ab2.

Combine coefficients: 8 − 5 = 3 and −9 + 3 = −6.

Now you try

Simplify the following by collecting like terms.

4a + 3b + 2a + 10ba 5st + 3s − 2st + sb 2x2y − 5xy + 3x2y − yxc
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126 Chapter 3 Expressions and equations

6 Simplify the following by collecting like terms.

2a + 4b + 3a + 5ba 4x + 3y + 2x + 2yb xy + 8x + 4xy − 4xc

6t + 5 − 2t + 1d 5x + 1 + 6x + 3e 3mn + 4 + 4nm − 5f

4ab + 2a + ab − 3ag 3st − 8ts + 2st + 3tsh 8ac − 6c + 2ac − 3ci

5xy2 − 2xy2j 8m2n − 6nm2 +m2nk 2x2y − 4xy + 5yx2l

x2 − 7x + 3x2 + 4xm a2b − 4ab + 3a2b + ban 10pq2 − 2qp − 3pq2 − 6pqo

Problem-solving and reasoning 7, 8 8(½), 9, 10

7 A farmer has x pigs and y chickens.

a Write an expression for the total number of heads.

b Write an expression for the total number of legs.

8 Write simplified expressions for the perimeter of the following shapes.

2x

y

b

3s

a

12x

13x
5x

d

2x

x + 4

c

2x

4

x

f
2a

4a

b + 1e

Hint for Q8: Sides with matching

dash marks are equal in length.

5

5

9 A rectangular pool’s length is three times its width, x metres. Write an expression for its perimeter.

10 Fill in the missing term to make each of the following correct.

11t + 3 − = 7t + 3a + 3y − 2x = 7x + 3yb

3x + 4y − + 5y = x + 9yc 4a + 7b − − 2b = 5b − 3ad

3mn − + nm + 4n = 4mn − ne 2pq + 2p − − 5pq = 2p − 7pqf

3x2y − 11xy + 3yx2 − = 6x2y − 13xyg 4b2 − 3b + 2b2 + = 6b2h

Around the edge — 11

11 Consider the shape shown.

a If the unknown sides (?) have length 2b, what is the perimeter in

simplified form?

b If a = 3 and b = 2 and the perimeter is 23 units, what is the length of the

unknown sides?

c If the perimeter is (5a + 3b), what is the length of each unknown side?

d If the perimeter is (7a + b), what is the length of each unknown side?

a + b

?

3B
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3C Multiplying and dividing algebraic expressions 127

3C 3C Multiplying and dividing algebraic
expressions CONSOLIDATING

Learning intentions

• To understand that order does not matter when multiplying

• To be able to multiply algebraic terms by multiplying coef�cients and pronumerals

• To be able to divide algebraic terms by cancelling the highest common factor

Key vocabulary: pronumeral, coef�cient, factor, highest common factor

We have seen that 3x + 3x can be simplified to 6x and that 3x + 3x can also be written as 2 × 3x.

Thus, 2 × 3x = 6x. Also, 4 × 5a = 4 × 5 × a = 20a. Any two or more terms can be simplified using
multiplication; we do not need the terms to be like terms.

A single term such as 2 × 5 × x ÷ 10 can also be simplified using multiplication and division, so

2 × 5 × x ÷ 10 = 10x
10
= x, since 10

10
simplifies to 1 by cancelling the common factor.

Lesson starter: Are they equivalent?

These expressions can be separated into two groups. Group them so that the expressions in each group

are equivalent.

4x 2x − y 6x − x − x 10x − y − 8x
24x
6

y + 2x − y + 2x 2 × x − 1 × y −y + 2x

1

2
× 8x 2 × 2x 8x2

2x
−1 × y + 2x

2

x

Key ideas

The symbols for multiplication (×) and division (÷) are usually not shown in simplified

algebraic terms.

For example: 5 × a × b = 5ab and −7 × x ÷ y2 = −
7x

y2

Order does not matter in multiplication; i.e. 2 × 3 = 3 × 2, a × 2 × b = 2 × a × b.

Algebraic terms are multiplied by multiplying coefficients with the pronumeral parts.

For example: 4a × 3b = 4 × 3 × a × b = 12ab.

The factors of a number are the set of numbers that divide evenly into it. For example, the factors
of 6 are 1, 2, 3 and 6.

When dividing algebraic expressions, common factors can be cancelled. Cancel the highest

common factor of the numerals and then the pronumerals.

For example: 1 
7x

2  14
=

x
2
, 2 8x y1

3  12 y1
=
2x
3
,

a2b

a
=
1 a × a × b

1 a
= ab
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128 Chapter 3 Expressions and equations

Exercise 3C

Understanding 1, 2 2

1 Complete the simplified form of the following.

7 × x × y =a 3 × 2 × m = mb 4 × x × 5 =c a × a = ad

2 Answer true (T) or false (F) to the following statements.

2 × x × 3 = 2 × 3 × xa

7a × 3b = 7 × 3 × a × bb

4x × 5xy = 4 × 5 × x × yc

8x
16
= 2xd

5a2 ÷ (10a) = 10a

5a2
e

3xy2

y
= 3xyf

Hint for Q2: Simplify by cancelling the

highest common factor of the numerator

and denominator:

6
10
=  21 × 3

 21 × 5
=
3
5

Fluency 3–5(½) 3–5(½)

Example 8 Multiplying algebraic terms

Simplify the following.

3 × 2ba −2a × 3bb

Solution Explanation

a 3 × 2b = 3 × 2 × b

= 6b

Multiply the coefficients.

b −2a × 3b = −2 × 3 × a × b

= −6ab

Recall that multiplication can occur in any order;

i.e. 2 × 3 × 4 = 2 × 4 × 3 etc.

Multiply the coefficients and simplify.

Now you try

Simplify the following.

4 × 5xa −3m × 6pb

3 Simplify the following.

5 × 2ma 2 × 6bb

3 × 5pc 3x × 2d

3p × 6re 4m × 4nf

−2x × 7yg 5m × (−3n)h

−4c × 3di 2a × 3b × 5j

−4r × 3 × 2sk 5j × (−4) × 2kl
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3C Multiplying and dividing algebraic expressions 129

Example 9 Dividing algebraic terms

Simplify the following.

4x
8

a 10ab ÷ (15b)b

Solution Explanation

a 1 4x

2 8
=

x
2

Deal with numerals and pronumerals separately, cancelling

any common factors.

The highest common factor of 4 and 8 is 4.

b 10ab ÷ (15b) = 10ab
15b

=

2  10 × a ×   b1

3  15 ×   b1

=
2a
3

Write division as a fraction first. Write numerator and

denominator as a product and cancel the common factors

5 and b.

Now you try

Simplify the following.

9x
27

a 18pq ÷ (4p)b

4 Simplify the following by cancelling.
8b
2

a 2a
6

b 4ab
6

c 3mn
6n

d

5xy
20y

e 10st
6t

f 3xy
xy

g 27pq
6p

h

2x ÷ 4i 12ab ÷ (2a)j 7mn ÷ (3n)k 8y ÷ (20xy)

Hint for Q4: Make sure they

are in fraction form before

cancelling; e.g. 2x ÷ 4 = 2x
4
.l

Example 10 Multiplying and dividing with squared pronumerals

Simplify the following.

6x × 5xya 12a2b
3ab

b

Solution Explanation

a 6x × 5xy = 6 × 5 × x × x × y

= 30x2y

Multiply the coefficients and the pronumerals.

Recall that x × x is written as x2 (x squared).

b 12a2b
3ab

=

4  12 × 1 a × a ×   b1

1
 3 ×  a

1 ×   b1

= 4a

Write numerator and denominator as a product, with

a2 = a × a. Cancel common factor (3) for numerals, then cancel

common factors for pronumerals.

Now you try

Simplify the following.

7ab × 6aa 20xy2

4xy
b
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130 Chapter 3 Expressions and equations

5 Simplify the following.

Hint for Q5:

Deal with numerals and pronumerals

separately.

  243

 81
and ab2

ab
=  a1 × b ×  b1
 a
1 ×  b1

= b

4n × 6na −3q × qb 5s × 2sc

7a × 3abd 5mn × (−3n)e −3gh × (−6h)f

24ab2

8ab
g

25x2y

5xy
h 9m2n

18mn
i

2xy

8xy2
j 6a2b

10a
k

45p2q2

15pq
l

Problem-solving and reasoning 6(½), 7 6(½), 7–9

6 Simplify the following by first writing in fraction form.

4 × x ÷ ya 3 × m ÷ 9b

4 × a ÷ (2b)c 5x × 4 ÷ (2y)d

6 × 4mn ÷ (3m)e 8a × 5b ÷ (8a)f

10m × 4n ÷ (8mn)g 4x × 3xy ÷ (2x)h

3pq × p ÷ (6q)i 5ab2 × 4 ÷ (10b)

Hint for Q6: Apply one

operation at a time from

left to right in these; e.g.

4 × x ÷ y = 4x ÷ y

=
4x
y

j

7 Write a simplified expression for the area of the following shapes.

3a

4ba

2x

b

10x

2y

c

3x

4x

Hint for Q7: Area of a triangle =
1
2
× base × heightd

8 A bag of lollies contains x jelly beans. Jean buys 6 bags of lollies to share equally among her three

grandchildren. Write a simplified expression for how many jelly beans each grandchild receives.

9 Fill in the missing term to make each of the following correct.

3m × = 12mna 4x × = 28xyb −2xy × = −18xy2c

6a × = 30a2bd
7
= 2xe

15
=
3

2y
f

18ab
=
2

3b
g

4x
= 2xyh

2x
= 5xi

Rectangular paddocks — 10, 11

10 The length of a rectangular paddock is three times its width. Its width is

x metres. It is bordered on one side by a stream.

a Write a simplified expression for the:

area of the paddocki

length of fencing needed for the three sides of the paddockii

x mPaddock

Stream

b If x = 50, use your answers to part a to give the:

area of the paddocki length of fencing material required.ii

11 Another rectangular paddock has its area given by the expression 4ab2. Find the width of the paddock

if the length is:

aba 2bb 4abc

3C
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3D Expanding algebraic expressions 131

3D 3D Expanding algebraic expressions
Learning intentions

• To know how the distributive law is used to expand and remove brackets

• To be able to apply the distributive law to expand brackets

• To be able to simplify expressions involving brackets and like terms

Key vocabulary: distributive law, expand, like terms

We know from previous sections that, when brackets are used in expressions, we need to do themathematics

inside the brackets first.

For example, the expression 2(x + 3) means ‘first add three to x, and then double the result’.

If x = 10, we get 2 × (10 + 3) = 2 × 13 = 26.

Similarly, if we multiply each term inside the brackets separately by 2, the result is also 26:

(2 × 10) + (2 × 3) = 20 + 6 = 26.

We can apply this to algebraic expressions, so that 2(x + 3) can also be written as 2 × x + 2 × 3 = 2x + 6.

This uses the distributive law for addition.

Lesson starter: Rectangular distributions

This rectangle has the dimensions as shown. Given that the area of a rectangle is

length × width:

• describe two different ways to find the area of the rectangle

• fill in the boxes below to show the two methods used

( + ) = × + ×

This diagram also shows two joined rectangles with the given dimensions, with

one unknown, x.

• Use your methods from above to find two different ways to write expressions

for the combined area of the two rectangles.

• Complete the following: 4( ) = +

5

3

2

4

2x

Key ideas

The distributive law is used to expand and remove brackets.

• It states that adding numbers in brackets, then multiplying the total, gives the same answer as

multiplying each number in the brackets separately first, then adding the products.

To expand brackets:

• The term on the outside of the brackets is multiplied by each term inside the brackets.

a(b + c) = ab + ac  or  a(b − c) = ab − ac

For example:

2(x + 4) = 2 × x + 2 × 4 = 2x + 8

• If the number in front of the brackets is negative, the sign of each of the terms inside the

brackets will change when expanded.

For example: −2(x − 3) = −2x + 6 since −2 × x = −2x and −2 × (−3) = 6
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132 Chapter 3 Expressions and equations

Exercise 3D

Understanding 1–4 4

1 This diagram shows two joined rectangles with the given dimensions.

a Write an expression for the area of:

the larger rectangle (x by 5)i

the smaller rectangle (2 by 5)ii

b Use your answers from part a to find the combined area of both rectangles.

c Write an expression for the total side length of the side involving x.

d Use your answer from part c to find the combined area of both rectangles. You will

need brackets.

e Complete this statement: 5(x + 2) = +

5

2

x

2 Complete the following:

To expand brackets the on the outside of the brackets is by each term

the brackets.

3 Using the distributive law, x(y − z) is equivalent to

xy − zA xy + zB xy − xzC −xyzD

4 Fill in the boxes to complete the following.

3(x + 5) = × x + × 5

= 3x +

a −4(x + 2) = × x + × 2

= −

b

Fluency 5–7(½) 5–8(½)

Example 11 Expanding simple expressions with brackets

Expand the following.

3(x + 4)a 5(x − 11)b

Solution Explanation

a 3(x + 4) = 3x + 12 The 3 on the outside is multiplied by each term

inside the brackets; i.e.

3(x + 4) = 3 × x + 3 × 4

b 5(x − 11) = 5x − 55 5 × x = 5x and 5 × (−11) = −55

Now you try

Expand the following.

4(x + 2)a 6(x − 10)b

5 Expand the following.

Hint for Q5: Remember that the number

in front of the brackets is multiplied by

each term inside the brackets when

expanding: 2(x + 3) = ...

2(x + 3)a 5(x + 12)b 2(x + 7)c

7(x + 9)d 3(x − 7)e 6(x − 11)f

5(x − 9)g 10(x − 1)h 3(2 + x)i

7(3 + x)j 4(7 − x)k 5(8 − x)l
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3D Expanding algebraic expressions 133

Example 12 Expanding brackets with a negative number in front

Expand the following.

−2(x + 5)a −3(x − 4)b

Solution Explanation

a −2(x + 5) = −2x − 10 −2 is multiplied by each term inside the brackets.

−2 × x = −2x and −2 × 5 = −10

b −3(x − 4) = −3x + 12 Multiplying by a negative changes the sign of each term in the

brackets.

−3 × x = −3x and −3 × (−4) = +12

Now you try

Expand the following.

−3(x + 7)a −5(x − 9)b

6 Expand the following.

−3(x + 2)a −2(x + 11)b −5(x − 3)c −6(x − 6)d

−4(2 − x)e −13(3 + x)f −8(9 + x)g −300(1 − x)h

Example 13 Expanding brackets and simplifying

Expand the following.

4(x + 3y)a 2x(4x − 3)b

Solution Explanation

a 4(x + 3y) = 4 × x + 4 × 3y

= 4x + 12y

Multiply each term inside the brackets by 4.

4 × x = 4x and 4 × 3 × y = 12y.

b 2x(4x − 3) = 2x × 4x + 2x × (−3)

= 8x2 − 6x

Each term inside the brackets is multiplied by 2x.

2x × 4x = 2 × 4 × x × x = 8x2 and

2x × (−3) = 2 × (−3) × x = −6x.

Now you try

Expand the following.

5(a + 4b)a 3y(5y − 4)b

7 Expand the following.

2(a + b)a 5(a + 2b)b

3(2m + y)c 8(2x − 5)
Hint for Q7: x × x is written as

x2.

d

−3(4x + 5)e 4x(x − 2y)f

t(2t − 3)g a(3a + 4)h

d(2d − 5)i 2b(3b − 5)j

2x(4x + 1)k 5y(1 − 3y)l
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134 Chapter 3 Expressions and equations

Example 14 Simplifying by removing brackets

Expand the following and collect like terms.

4(x + 5) − 10a 2 − 3(x − 4)b

Solution Explanation

a 4(x + 5) − 10 = 4x + 20 − 10

= 4x + 10

Expand brackets first: 4(x + 5) = 4 × x + 4 × 5.

Then collect like terms and simplify.

b 2 − 3(x − 4) = 2 − (3x − 12)

= 2 − 3x + 12

= 14 − 3x

Expand brackets.

3(x − 4) = 3x − 12.

−(3x − 12) = −1(3x − 12), so multiplying by negative 1

changes the sign of each term inside the brackets;

i.e. −1 × 3x = −3x and −1 × (−12) = +12.

Now you try

Expand the following and collect like terms.

7(x + 3) − 15a 8 − 2(y − 5)b

8 Expand the following and collect like terms.

2(x + 4) + 3a 6(x + 3) + 4b 5(x + 2) − 4

Hint for Q8: Expand the brackets

first then collect like terms.

c

3(x + 4) − 2d 3 + 4(x − 2)e 7 + 2(x − 3)f

2 − 3(x − 2)g 1 − 5(x − 4)h 5 − 2(x + 3)i

12 − 3(x + 4)j 7 − (x + 4)k 4 − (3x − 2)l

Problem-solving and reasoning 9–11 10–13

9 The diagram shows the route taken by a salesperson who

travels from A to D via B and C.

Hint for Q9: Subtract the

distance from A to D and

back again from the total

distance.

If the salesperson then returns directly to A, write an

expression (in simplest form) for the total distance

travelled.

a

If y = x + 1, write an expression for the total distance

the salesperson travels in terms of x only. Simplify your

expression.

b

When y = x + 1, how much would the distance have

been reduced by (in terms of x) if the salesperson had

travelled directly from A to D and straight back to A?

c

B

x

x + y

3y

2x
D

C

A

10 Find the area of these basic shapes in expanded form.

All angles are 90°.

Hint for Q10: Remember

to include brackets when

multiplying length by width.

x + 1

2
a

2x − 3

4
b

3x + 1

2xc

x + 4

6
3

d

3D
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3D Expanding algebraic expressions 135

11 Murray has $60 in savings. One Saturday, he does some

odd jobs for a neighbour and earns $x, which he adds to

his savings. Murray’s parents think he’s doing a good job of

saving money, so they decide to double his savings. Write an

expanded expression for the amount of savings Murray has

now.

12 Identify the errors in these expressions then write out the

correct expansion.

2(x + 6) = 2x + 6a

x(x − 4) = 2x − 4xb

−3(x + 4) = −3x + 12c

−7(x − 7) = −7x − 49d

5(x + 2) + 4 = 5x + 6e

5 − 2(x − 7) = 5 − 2x − 14

= −9 − 2x

f

Hint for Q12: Watch out for the

negative numbers.

13 Jill pays tax at 20c in the dollar for every dollar earned over $10 000.

Jill earns $x and x > 10 000.

Write an expression for the amount that Jill pays tax on.a

Write an expression for the amount Jill pays in tax. Expand

your answer.

Hint for Q13: 20c in the dollar

is 0.2 of each dollar. In $10,

this is 0.2 × 10 = $2.
b

Pairs of brackets — 14, 15

14 Expand each pair of brackets first, then collect like terms.

2(x + 3) + 3(x + 2)a 2(x + 4) + 2(x − 1)b

3(2x + 4) + 5(x − 1)c 4(3x + 2) + 5(x − 3)d

−2(x + 2) + 3(x − 1)e 2(4x − 3) − 2(3x − 1)f

x(x + 2) + 2x(x + 4)g 3(x − 1) + x(x + 2)h

15 Find the area of these shapes in expanded form. All angles are 90°.

x + 3

2x

2

x

a x + 5

x − 2
x

3

b

x

2

10c

Hint for Q15: Split these

shapes into rectangles and

add or subtract areas.
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136 Chapter 3 Expressions and equations

3E 3E Solving linear equations CONSOLIDATING

Learning intentions

• To know what represents an equation

• To understand that equivalent equations can be created by applying the same operation to both sides of the equation

• To review the steps for solving simple linear equations involving backtracking

• To be able to solve simple linear equations

Key vocabulary: equation, equivalent equation, solution, substitution, solve

A mathematical statement containing an equals sign, a left-hand side and a right-hand side is called

an equation.

5 = 10 ÷ 2, 3x = 9, x2 + 1 = 10 and 1
x
= 4 are examples of equations. Linear equations can be written in

the form ax + b = c, where the power of x is 1.

4x − 1 = 6, 3 = 2(x + 1) and 5x = 2x + 1 are all linear equations.

Equations are solved by finding the value of the pronumeral that makes the equation true. This can be

done by inspection for very simple linear equations (for example, if 3x = 15 then x = 5, since 3 × 5 = 15).

More complex linear equations can be solved through a series of steps where each step produces an

equivalent equation.

Lesson starter: Is x = 4 a solution?

State which of the following equations has the solution x = 4.

5x = 20 2x − 1 = 5 10 − x = 14

x + 9 = 13 3x + 2 = 14 −4x = 16

• How did you find the equations for which x = 4 is a solution?

• The equations you have listed should be equivalent equations to x = 4. Starting from x = 4, describe

what you would do to produce each equivalent equation; for example, ‘add 1 to both sides’.

Key ideas

An equation is a mathematical statement containing an equals sign.

For example: 3x + 1 = 7.

The solution of an equation is the value of the pronumeral that makes the equation true.

Equivalent equations are created by:

• adding the same number to or subtracting the same number from both sides of the equation

• multiplying or dividing both sides of the equation by the same number (not including 0).

Linear equations can be solved by creating equivalent equations and using opposite

operations (backtracking).

The solution to an equation can be checked by substituting the solution into the original equation

and checking that both sides are equal.
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3E Solving linear equations 137

Exercise 3E

Understanding 1–4 3, 4

1 Use substitution to state which of these equations has a

solution of x = 3.

x + 5 = 9
Hint for Q1: If x = 3 is a solution,

the left hand side must equal the

value that is on the right hand

side of the = sign.

a

1 − x = −4b

3x − 2 = 7c

4 − 3x = −5d

2 State the value of x that makes these equations true.

x + 4 = 10a

x − 3 = 5
Hint for Q2: What value plus 4

equals 10?

b

5x = 20c

3 Obtain an equivalent equation by completing the step given

in brackets.

a 2x + 5 = 11 (subtract 5 from both sides)
Hint for Q3:

− 5 − 5
2x + 5 = 11

2x = ...b 3x − 4 = 17 (add 4 to both sides)

c 4x = 36 (divide both sides by 4)

4 State the single operation that has been performed to obtain

these pairs of equivalent equations; for example, ‘add 3 to both sides’.

x + 9 = 11

x = 2

a 2x − 1 = 5

2x = 6

b 3x = 27

x = 9

c

Fluency 5(½), 6 5–7(½)

Example 15 Solving simple linear equations

Solve each of the following equations.

2x + 5 = 9a 3x − 7 = 11b

Solution Explanation

a 2x + 5 = 9

2x = 4

x = 2

Check:

LHS = 2x + 5 RHS = 9

= 2 × (2) + 5

= 4 + 5

= 9

Subtract 5 from both sides to undo the +5.

Divide both sides by 2, since 2x = 2 × x and
1 2 × x

 21
= x.

Check the answer by substituting x = 2 into the original

equation to check that the LHS = RHS.

Continued on next page
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138 Chapter 3 Expressions and equations

b 3x − 7 = 11

3x = 18

x = 6

Check:

LHS = 3x − 7 RHS = 11

= 3 × (6) − 7

= 18 − 7

= 11

Add 7 to both sides to undo the −7, since −7 + 7 = 0.

3x = 3 × x, so divide both sides by 3.

Check your solution by substituting x = 6.

Now you try

Solve each of the following equations.

3x + 8 = 23a 4x − 2 = 10b

5 Solve each of the following equations. Check your answers using

substitution.

2x + 7 = 15a 5a + 6 = 11b 3m + 4 = 16

Hint for Q5: Think carefully

about each step to make sure

you do produce an equivalent

equation.

c

2x + 4 = 12d 2n + 13 = 17e 3x + 5 = −7f

5b − 3 = 12g 3y − 2 = 19h 7a − 8 = 20i

4b − 7 = 25j 2x − 4 = −6k 10y − 35 = −15l

Example 16 Solving equations with negative coefficients

Solve the following equations.

9 − 2x = 15a 7 − 4x = 10b

Solution Explanation

a 9 − 2x = 15

−2x = 6

x = −3

Check:

LHS = 9 − 2x RHS = 15

= 9 − 2 × (−3)

= 9 − (−6)

= 15

Subtract 9 from both sides, leaving −2x on the LHS.

Divide both sides by −2; recall that a positive number divided by

a negative number is negative.

Check your answer.

b 7 − 4x = 10

−4x = 3

x = −3
4

Check:

LHS = 7 − 4x RHS = 10

= 7 − 4 × ( − 34 )
= 7 − (−3)

= 10

Subtract 7 from both sides.

Divide both sides by −4. Leave your answer in fraction form; i.e.

3 ÷ (−4) = −3
4
.

3E
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3E Solving linear equations 139

Now you try

Solve the following equations.

10 − 3x = 16a 11 − 5x = 15b

6 Solve each of the following equations.

12 − 2x = 18a 2 − 7x = 9b

15 − 5x = 25c 3 − 2x = 19d

2 − 5x = −8e 24 − 7x = 10f

14 − 8x = −2g 3 − 4x = −21h

7 Solve these equations. Leave your answer in fraction form.

2x + 5 = 8a

5x − 1 = 2b

11x − 3 = 7
Hint for Q7: If 5x = 3, x = 3

5
(divide

both sides by 5). The answer can

be left as a fraction.

c

6 − 2x = 5d

4 − 3x = 5e

8 − 5x = 4f

Problem-solving and reasoning 8, 9 8(½), 9, 10

8 For each of the following, write an equation and solve it to find

the unknown value. Use x as the unknown value.

Hint for Q8: Form the algebraic

expression (e.g. x + 8) and set

it equal to the result to make

the equation.

a If 8 is added to a certain number, the result is 34.

b Seven less than a certain number is 21.

c I think of a number, double it and add 4. The result is 10.

d I think of a number, triple it and subtract 4. The result is 11.

e Four less than three times a number is 20.

f I start with the number 25 and subtract twice a certain number. The result is 7.

9 Describe the error made in each of these incorrect solutions.

3x + 2 = 8

3x = 10

x = 10
3

a 2x − 1 = 5

2x = 6

x = 12

b

5 − x = 12

x = 7

c 2x + 3 = 8

x + 3 = 4

x = 1

d

10 Solve these equations.

−3 + 4x = 17a −5 − 2x = 13b −10 − 3x = −4c

Is the car speeding? — 11

11 A car is travelling in zones where speed signs are in metres per

second (m/s).

When it first sets out, its speed (s m/s) is given by s = 2t, where t

is time in seconds. How long does it take for the car to reach a

speed of 20 m/s (this is 72 km/h)?

a

The car starts to accelerate again, and its speed is now given

by s = 16 + 1.5t. For how many seconds can it continue this

acceleration before it reaches 28 m/s (about 100 km/h)?

b
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140 Chapter 3 Expressions and equations

3F 3F Solving linear equations involving fractions
Learning intentions

• To know how to write pronumerals with fractional coef�cients in fraction form

• To know that multiplication and division are inverse operations

• To understand the order in which steps need to be applied to solve equations involving fractions

• To be able to solve linear equations involving fractions

Key vocabulary: coef�cient, equation, equivalent equation, inverse

We saw in the previous section that to solve an equation such as 2x = 8, we divide each side of the equation

by 2.

What happens if the equation involves a fraction? For the equation 1
2

x = 2, we could similarly divide both

sides by 1
2
to solve it. But we can also write the equation in a different way, to make it easier to solve.

A half of x is equivalent to dividing x by 2, so 1
2

x = 5 can be written as x
2
= 5.

To solve this new equation, we can multiply both sides by 2, since 2 × x
2
= x. This gives us x = 10.

From this process, we can see that we could solve this equation by either dividing both sides by 1
2

or multiplying both sides by 2.

For more complex equations we’ll also need to consider the order of operations.

Lesson starter: Fractions of x

Consider these problems involving fractions.

1 If half of x is 8, what is x?

2 If a third of x is 5, what is x?

3 If three-quarters of x is 30, what is x?

• Discuss the methods you used to find the value of x.

• Write an equation to represent each case.

• Discuss how your method for finding the answer relates to the fraction in the equation.

Key ideas

Pronumerals with a fraction coefficient can be expressed in fraction form; i.e. 1
3

x = x
3
and 3

5
x = 3x

5
.

Multiplication and division are inverse operations; i.e. 2 × 3 = 6 and 6
2
= 3.

Equations involving fractions are also solved by creating a series of simpler equivalent equations.

For example: 2x
3
= 8

2x = 24

x = 12
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3F Solving linear equations involving fractions 141

At some stage both sides of the equation can be multiplied by the number in the denominator of

the fraction. The order of when this happens is important.

For example: x − 1
2

= 4

x − 1 = 8

x = 9

is different from x
2
− 1 = 4

x
2
= 5

x = 10

Exercise 3F

Understanding 1–4 4

1 Fill in the boxes to produce an equivalent expression.

a 1

5
x = x

b 3x
4
= x

c −
2

3
x = −

3

2 Write down the value of x that is the solution to these equations. No written working is required.
x
2
= 10

Hint for Q2: In a, ask yourself

which number divided by 2

gives 10.

a

x
4
= 6b

x + 1
3
= 4c

x
5
− 2 = 1d

3 Which one of the following is an equivalent equation to x
4
+ 1 = 8?

x + 1 = 32A

x = 36B

x
4
= 7C

x + 1
4
= 2D

4 Match each equation in the first column with its equivalent equation in the second column and

state the single operation that generates the equivalent equation (for example, multiply both

sides by 5).
x
3
− 1 = 2a x + 2 = 3

Hint for Q4: Think about what

step you would apply first to

produce a simple equivalent

equation.

i

x
4
= 2b x − 1 = 6ii

x + 2
3
= 1c x = 8iii

x − 1
2

= 3d x
3
= 3iv
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142 Chapter 3 Expressions and equations

Fluency 5–6(½) 5–7(½)

Example 17 Solving linear equations with fractional coefficients

Solve each of the following equations.

2x
3
= 8a x

4
− 3 = 7b

Solution Explanation

a 2x
3
= 8

2x = 24

x = 12

Check:

LHS = 2x
3

RHS = 8

=
2 × (12)
3

=
24

3

= 8

Multiply both sides by 3 to remove the fraction on the left-hand

side. Then divide both sides by 2.

Check that x = 12 makes LHS = RHS.

b x
4
− 3 = 7

x
4
= 10

x = 40

Check:

LHS = x
4
− 3 RHS = 7

=
40

4
− 3

= 10 − 3

= 7 Since this equals 7, x = 40 is the solution.

Add 3 to both sides first to undo the −3.

Multiply both sides by 4.

Check the answer by substituting x = 40 into x
4
− 3.

Now you try

Solve each of the following equations.

3x
4
= 6a x

2
− 5 = 10b

5 Solve each of the following equations.

x
5
= 3a

y

2
= 7b

2y

5
= 4c

3x
2
= 6 Hint for Q5: In part e,

the first step is to

subtract 3 from

both sides.

d x
4
+ 3 = 5e x

2
+ 4 = 5f

b
3
+ 5 = 9g t

2
+ 5 = 2h a

3
+ 4 = 2i

y

5
− 4 = 2j x

3
− 7 = −2k s

2
− 3 = −1l

x
4
− 5 = −2m m

4
− 2 = −3n

y

5
+ 4 = −3o

3F
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3F Solving linear equations involving fractions 143

Example 18 Solving simple fractional equations

Solve the equation x + 4
6
= 2.

Solution Explanation

x + 4
6
= 2

x + 4 = 12

x = 8

Check:

LHS = x + 4
6

RHS = 2

=
(8) + 4
6

=
12

6

= 2

Multiply both sides by 6 first, since all of (x + 4) is divided by 6.

Subtract 4 from both sides and check the answer.

Now you try

Solve the equation x − 5
3

= 4.

6 Solve each of the following equations. Check your answers.

x + 1
3
= 4a x + 4

2
= 5b

y + 4

3
= 2c

b + 6
2
= 3 Hint for Q6: Think carefully about

the order of the steps here.

d
y − 2

3
= 6e t − 4

5
= 7f

k − 1
7

= 8g x − 7
9

= 7h x + 2
4
= −2i

b + 3
7
= −3j

y − 3

5
= −5k

y − 8

7
= −1l

7 Solve this mixed selection of equations.

2t + 1 = 7a m
4
− 2 = 8b 5 − 2y = 9c

x − 4
5

= 3d 3 +
y

6
= 2e 4t − 5 = −8f

Problem-solving and reasoning 8, 9 8(½), 9, 10, 11(½)

8 For each of the following, write an equation and solve it to find the

unknown value. Use x as the unknown value.

a If a certain number is divided by 3, the result is 12.

b A certain number is doubled, then divided by 5. The result is 4.

Hint for Q8: x halved

is x
2
. A third of x is x

3
.

c I think of a number, halve it and subtract 4. The result is 10.

d I think of a number, add 3 and divide this by 4. The result is 6.

e A number is multiplied by 7 and the product is divided by 3.

The final result is 8.

f 5 is added to a third of a certain number. The result is 16.
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144 Chapter 3 Expressions and equations

9 A bag of chocolate eggs containing x eggs is shared equally between India and her

two brothers. After India eats 2, she has 5 left. How many eggs

were in the bag?

Hint for Q9: Start with an

expression for the number of

eggs India first receives.

10 Describe the error made in each of these incorrect solutions. Then write out the correct solution.
x + 2
3
= 7

x
3
= 5

x = 15

a x
3
− 4 = 2

x − 4 = 6

x = 10

b

11 Solve these equations involving more than two steps.
2x
3
− 1 = 7a 3x

4
− 2 = 7b x

2
+ 3 = 1

Hint for Q11: Keep operating

on both sides of the equation

until you find the solution.

c

3b − 8
2

= 5d 2x + 2
3

= 4e 7m − 8
3

= 9f

5 − y

3
= 2g 4 − 2t

6
= 3h 1 −

4x
3
= 5i

Fractional coefficients — 12, 13

12 Solve these equations involving fractional coefficients.
2

3
x = 6a 5

6
x = 30b −

2

7
x = 2c

3

4
x − 1 = 5d 7

5
x − 3 = 4e 1 −

3

5
x = 7f

13 If 7
5

x = 14, does it matter whether you multiply by 5 first or divide by 7 first? Which method would be

best here?

3F
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Progress quiz 145

13A Consider the expression 4x − 5xy − 3y + 8.

How many terms are in the expression?a

What is the coefficient of y?b

What is the constant term?c

23A Write algebraic expressions for the following.

The cost of 3 drinks at $d eacha

$500 winnings shared equally between x peopleb

Four less than three lots of yc

The sum of m and n doubledd

33A Evaluate these expressions if x = 3, y = −4 and z = 7.

2y + za xy − yb y2 + x − zc

43B Simplify the following by collecting like terms.

5x + 7xa 8b − bb 12a + 5 − 3ac

6xy − 4x + 2xyd 4a + 7b − a + 3be 5mn + 2n +mn − 5nf

4xy2 − 5xy − 2xy2 + 3yxg 3a2b + 2ab2 − a2b + 5ab2h −m2n + 5mn2 −m2n − 7mn2i

53C Simplify the following.

6 × 4ba 3a × 8cb −5x × 4yc

7ab × 4bd 3x
12

e
6xy

8x
f

9x2y

6x
g 6x × 4y ÷ (3y)h 4ab × 5b ÷ (8b)i

63D Expand the following.

3(x + 5)a 4(y − 1)b −2(x + 5)c

−5(a − 2)d 6(2x − 5y)e 3m(4m + n)f

73D Expand the following and collect like terms.

3(2x − 5) + 7a 8 − 4(x + 3)b 1 − (2x − 1)c

83E Solve the following equations.

3x + 2 = 11a 5x − 3 = 17b

8 − 2x = 26c 12 − 5x = 15d

93F Solve the following equations involving fractions.

x
7
= 4a x

3
+ 6 = 22b

x − 7
2

= 10c x + 1
3
= −7d

103E/3F Write an equation to find the unknown number x in the following and solve it.

Five more than three times the number is 32.a

Three less than the number is divided by 4 to give 5.b
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146 Chapter 3 Expressions and equations

3G 3G Solving equations with brackets
Learning intentions

• To know that equations involving brackets can be solved by �rst expanding the brackets

• To understand that equations with a common factor can be simpli�ed by �rst dividing both sides by the factor

• To be able to solve equations involving brackets

Key vocabulary: expand, equation

Just as we have seen expressions involving brackets, linear equations may also involve brackets. Brackets

can be removed by expanding and then the remaining equation can be solved. Collection of like terms may

also be required.

Lesson starter: To expand or not to expand?

The steps to solve two problems involving brackets are listed here in the incorrect order.

3(x + 4) = 14

x = 2
3

3x + 12 = 14

3x = 2

1 3(x + 2) = 12

x = 2

x + 2 = 4

2

• Arrange the steps in the correct order, working from top to bottom.

• By considering all the steps in the correct order, explain what has happened in each step.

• Describe the two different approaches to solving the problems.

• Can you see why these methods have been used in each case?

• Apply method 1 to the second equation.

Key ideas

Equations with brackets can be solved by first expanding the brackets and then solving the

remaining equation.

For example: 3(x + 1) = 2 becomes 3x + 3 = 2.

An alternate method is to deal with the common factor first.

For example: 5(x − 1) = 15 becomes x − 1 = 3 by first dividing both sides by 5.

For equations like 2(x + 4) + 3x = 28 the brackets are always expanded first, then collect any like

terms on the LHS and continue to solve as usual.

Exercise 3G

Understanding 1–3 3

1 Complete the missing parts to produce an equation without brackets.

3( 7x  )   + = 25

= 253 ×  +  × 7 

= 253x + 

a
4(2x   )   − 1  = 15

= 15

− 4 = 15

 2x + 4 × ×

b

2 Give the equivalent equation that results from dividing both sides of the equation by the number in

front of the brackets.

3(x + 2) = 9a

4(x − 3) = 20b

−2(x + 6) = 8c
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3G Solving equations with brackets 147

3 Expand these expressions and simplify.

3(x − 4) + xa 5(x − 3) − 3xb 4(x + 2) − 6xc

Fluency 4–5(½) 4–6(½)

Example 19 Solving equations with brackets

Solve 2(3x − 4) = 11.

Solution Explanation

2(3x − 4) = 11

6x − 8 = 11

6x = 19

x = 19
6

or 3 1
6

Expand the brackets:

2(3x − 4) = 2 × 3x + 2 × (−4)

Solve the remaining equation by adding 8 to both sides,

then dividing both sides by 6.

Leave your answer in fraction form.

Now you try

Solve 3(2x − 5) = 7.

4 Solve each of the following equations by first expanding the brackets.

2(x + 3) = 11a 5(a + 3) = 18b

3(m + 4) = 31c 5(y − 7) = 12d

4(p − 5) = 15
Hint for Q4: Once you have

expanded the brackets, the

equation can be solved in the

usual way.

e 2(k − 5) = 9f

4(5 − b) = 21g 2(1 −m) = 13h

5(3 − x) = 19i 7(2a + 1) = 8j

4(3x − 2) = 30k 3(3n − 2) = 0l

5(3 − 2x) = 16m 6(1 − 2y) = 8n

Example 20 Solving equations with brackets and collecting like terms

Solve 6(x + 3) − 4x = 32.

Solution Explanation

6(x + 3) − 4x = 32

6x + 18 − 4x = 32

2x + 18 = 32

2x = 14

x = 7

Expand the brackets first, then collect any like terms:

6x − 4x = 2x. Solve the remaining equation by subtracting

18 from both sides, and then divide both sides by 2.

Now you try

Solve 5(x + 4) − 2x = 35.

5 Expand and simplify, then solve each of the following equations.

2(x + 4) + 2x = 12a 2(x − 3) + 3x = 4

Hint for Q5: Expand the

brackets and then combine

like terms before solving.

b

6(x + 3) − 2x = 26c 5(x + 2) − 2x = 46d

3(2x − 3) + x = 12e 4(3x + 1) − 3x = 19f

2(3x + 5) − 8x = 20g 4(1 − x) − x = 9h

6 Solve these equations.

4(x − 1) + x − 1 = 0a 3(x + 2) − 2 + 4x = 18b 3(2x + 3) − 1 − 4x = 10c

2(4x − 1) − 5x + 6 = 31d 2(4x + 2) − 10x − 6 = 6e 5(2x + 3) − 15x − 7 = 3f
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148 Chapter 3 Expressions and equations

Problem-solving and reasoning 7, 8 7(½), 9, 10

7 Using x for the unknown number, write down an equation then

solve it to find the number. The first one is done for you.

a Three times 1 more than a number is 4. (3(x + 1) = 4; x = 1
3
)

Hint for Q7: You will need to

use brackets when setting

up the expressions in these

equations.

b Twice 2 less than a number is 19.

c The product of 2 and 3 more than a number is 7.

d The product of 3 and 4 less than a number is 8.

e When 2 less than 3 lots of a number is doubled, the result is 5.

f When 5 more than 2 lots of a number is tripled, the result is 10.

8 Since Tara started her job, her original

hourly wage ($x) has been tripled, then

decreased by $6. Her pay is now to be

doubled so that she earns $18 an hour.

What was her original hourly wage?
Hint for Q8: Tripling

Tara’s pay of $x

is 3 × x = 3x.

9 Consider the equation 3(x − 2) = 9.

Solve the equation by first dividing both sides by 3.a

Solve the equation by first expanding the brackets.
Hint for Q9: You may recall

this idea from the ‘Lesson

starter’ activity at the

beginning of the section.

b

Which of the above two methods is preferable

and why?

c

10 Consider the equation 3(x − 2) = 7.

a Solve the equation by first dividing both sides by 3.

b Solve the equation by first expanding the brackets.

c Which of the above two methods is preferable and why?

Brackets or no brackets? — 11

11 Decide if brackets need to be inserted into the following equations to make x = 4 the solution.

If so, insert the brackets where required.

3x − 2 = 10a 6x − 12 = 12b 4x + 1 = 20c

2x − 4 + 3x + 1 = 13d 3x + 2 + 2x − 5 = 12e 2x − 3 − 3x − 1 = −4f

Using a calculator 3G: Solving equations

This activity can be found in the More Resources section of the Interactive Textbook in the form of a

printable PDF.

3G
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3H Solving equations with pronumerals on both sides 149

3H 3H Solving equations with pronumerals on
both sides

Learning intentions

• To be able to collect pronumerals on one side of the equation using addition or subtraction

• To be able to solve equations with pronumerals on both sides of the equation

Key vocabulary: pronumeral, expand, equation, coef�cient

More complex linear equations may have pronumerals on

both sides of the equation and/or brackets. Examples are

3x = 5x − 1 or 4(x + 2) = 5x.
We’ve seen that brackets can be removed by expanding.

Equations with pronumerals on both sides can be solved by

collecting like terms using addition and subtraction.

It’s important to keep track of your steps while

solving equations with pronumerals on both

sides.

Lesson starter: What is it worth?

Consider these two cases, where red buttons and blue buttons are shown on either side of a dividing line.

In each case, the buttons on either side of the line have an equivalent value.

1 2

• In each case, find how many red buttons one blue button is worth.

• Describe the steps that helped you arrive at your answer.

• Carry out similar steps in the following cases to find what x is worth if each side of the dividing line

is equivalent.

4x 2x

+10

1

5x x

+4 +12

2

• Use the same thought processes to write out the steps for solving:

4x = 2x + 10

5x + 4 = x + 12

Key ideas

If an equation has pronumerals on both sides, collect them on one side by adding or subtracting

one of the terms.

For example: 3x + 4 = 2x − 3 becomes x + 4 = −3 by subtracting 2x from both sides.

The resulting equation will be simplest if the pronumeral is collected on the side with the higher

coefficient. For example, in 5x + 2 = 4x + 7, collect the pronumeral on the left hand side, since 5 is

greater than 4.
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150 Chapter 3 Expressions and equations

Exercise 3H

Understanding 1–3 3

1 State which side (left or right) you would collect the x terms on

to keep the x coefficient positive.

5x = 2x + 3
Hint for Q1: The x coefficient is

the numeral multiplied by the x.

a 6x + 1 = 2x + 5b

3x − 5 = 7x + 3c 1 − 2x = 3x − 9d

2 State the step you would carry out to collect the x terms

on the left hand side; e.g. ‘subtract 2x from both sides’.

7x = 3x + 4
Hint for Q2: For 3 − x, adding x

makes 3.

a 9x + 2 = 5x + 10b

3x − 1 = 3 − xc 4x + 2 = 8 − 2xd

3 Show the next step only for the given equations

and instructions.

3x = x + 6a (subtract x from both sides)

4x − 3 = 2x + 1b (subtract 2x from both sides)

2x = 1 − 3xc (add 3x to both sides)

4 − x = 8 + 5xd (add x to both sides)

Fluency 4–6(½) 4–6(½)

Example 21 Solving equations with pronumerals on both sides

Solve these equations with pronumerals on each side.

4x = 2x + 10a 3x = 16 − 5xb

Solution Explanation

a 4x = 2x + 10

2x = 10

x = 5

Check:

LHS = 4x RHS = 2x + 10

= 4 × (5) = 2 × (5) + 10

= 20 = 20

Collect x terms on LHS (since the x coefficient is larger on

that side) by subtracting 2x from both sides: 4x − 2x = 2x.

Solve by dividing both sides by 2 and check that x = 5

gives the same value for 4x and 2x + 10.

b 3x = 16 − 5x

8x = 16

x = 2

Check:

LHS = 3x RHS = 16 − 5x

= 3 × (2) = 16 − 5 × (2)

= 6 = 16 − 10

= 6

Collect x terms by adding 5x to both sides (collect on LHS

since 3x coefficient is positive). Divide both sides by 8 and

check the solution.
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3H Solving equations with pronumerals on both sides 151

Now you try

Solve these equations with pronumerals on each side.

8x = 5x + 12a 2x = 18 − 4xb

4 Solve these equations by first collecting the pronumeral on one side.

7x = 5x + 8a 8x = 3x + 15b

9x = 5x + 12c 10x = 9x + 7

Hint for Q4: Remember: It is

easier to collect on the side

that will keep the x coefficient

positive.

d

4x = x − 9e 6x = 2x − 8f

3x = 10 − 2xg x = 12 − 2xh

x = 12 − xi 4x = 14 − 3xj

Example 22 Solving equations with pronumerals and numerals on both sides

Solve each of the following equations.

5x + 2 = 3x + 6a

3 − 2x = 5x − 4b

Solution Explanation

a 5x + 2 = 3x + 6

2x + 2 = 6

2x = 4

x = 2

Check:

LHS = 5 × (2) + 2 RHS = 3 × (2) + 6

= 12 = 12

Collect x terms on one side by subtracting 3x

from both sides: 5x − 3x = 2x. Collect on the

side with the larger x term to keep it positive.

Solve the remaining equation.

Check by substituting x = 2 into 5x + 2 and

3x + 6 to see that it gives the same result

for both.

b 3 − 2x = 5x − 4

3 = 7x − 4

7 = 7x

1 = x

Â x = 1

Check:

LHS = 3 − 2 × (1) RHS = 5 × (1) − 4

= 1 = 1

Add 2x to both sides to collect x terms on the

side with the positive x coefficient. Solve the

remaining equation by adding 4 to both sides

and dividing both sides by 7.

Rewrite with x on the left.

Now you try

Solve each of the following equations.

7x + 3 = 4x + 15a

8 − x = 4x − 2b

5 Solve each of the following equations.

5x − 3 = 4x + 5a 9a + 3 = 8a + 6b

3m − 8 = 2m

Hint for Q5: Collect the

pronumerals on one side first.

c 12x − 3 = 10x + 5d

8x + 4 = 12x − 16e 3x + 7 = 8x − 8f

2x + 6 = 9 − xg 3y + 6 = 14 − yh

5m − 18 = 15 − 6mi 4 − 7x = 2x − 23j

8 − 2b = 4b + 14k 3 − 4m = 3m + 24l
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152 Chapter 3 Expressions and equations

Example 23 Solving equations with brackets and pronumerals on both sides

Solve these equations involving brackets.

7(x + 2) = 3x + 2a

3(2x + 4) = 8(x + 1)b

Solution Explanation

a 7(x + 2) = 3x + 2

7x + 14 = 3x + 2

4x + 14 = 2

4x = −12

x = −3

Expand the brackets first, then subtract 3x from both sides to

collect x terms.

Subtract 14 from both sides (2 − 14 = −12) and divide by 4.

Recall that a negative number divided by a positive number is

negative (−12 ÷ 4 = −3).

b 3(2x + 4) = 8(x + 1)

6x + 12 = 8x + 8

12 = 2x + 8

4 = 2x

2 = x

Â x = 2

Expand the brackets on each side.

Subtract 6x from both sides. (Subtracting 6x keeps the

x-coefficient positive, as alternatively subtracting 8x would end

up with −2x + 12 = 8.)

Solve the equation and make x the subject.

Now you try

Solve these equations involving brackets.

5(x + 3) = 3x + 7a

4(2x − 1) = 6(x + 2)b

6 Solve each of the following equations.

5(x − 2) = 2x + 11a 3(a + 1) = a + 13

Hint for Q6: Expand the

brackets before collecting the

pronumerals on one side.

b

3(y + 4) = y + 16c 2(x + 5) = x − 4d

5b − 4 = 6(b + 2)e 2(4m − 5) = 4m + 2f

3(2a − 3) = 5(a + 2)g 4(x − 3) = 3(3x + 1)h

3(x − 2) = 5(x + 4)i 3(n − 2) = 4(n − 5)j

2(a + 5) = 2(2a + 3)k 4(x + 2) = 3(2x + 1)l

Problem-solving and reasoning 7, 8 7(½), 8, 9

7 Using x for the unknown number, write down an equation then solve it to find the number. The first

one has been done for you as an example.

Twice a number is equal to 4 less than 3 times a number. (2x = 3x − 4; x = 4)a

4 more than 2 lots of a number is equal to 5 times the number.b

10 more than 3 lots of a number is equivalent to 5 lots of the number.c

2 more than 3 times the number is equivalent to 6 less than 5 times the number.d

1 less than a doubled number is equivalent to 5 more than 3 lots of the number.e

4 more than 2 lots of a number is equivalent to the number subtracted from 13.f

3H
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3H Solving equations with pronumerals on both sides 153

8 Mardy is x years old. He correctly tells his mother that she

is 6 years older than 3 times his age. His mother replies that she

is also 10 years younger than 5 times his age. How old is Mardy?

Hint for Q8: Build the equation

step by step. You should get two

expressions for Mardy’s mother’s

age.

9 Consider the equation 3x + 1 = 5x − 7.

a Solve the equation by first subtracting 3x from both sides.

b Solve the equation by first subtracting 5x from both sides.

c Which method above do you prefer and why? Describe the differences.

Matching sides — 10

10 Use the properties of these basic shapes to find their perimeters.

2x + 4

3xa

y + 43y − 2

3x − 6

2xb

15 − m2m

6

Hint for Q10: Find the value of each

pronumeral first by setting up and

solving an equation, using the

equal side lengths.

c

3y − 5

30 − 2y

d
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154 Chapter 3 Expressions and equations

3I 3I Solving word problems
Learning intentions

• To be able to de�ne a variable to represent the unknown in a problem

• To be able to write an equation to represent a word problem

• To be able to use algebra to solve a word problem

Key vocabulary: pronumeral, variable, equation

Many types of problems can be solved by writing and solving linear equations. Often problems are expressed

only in words. Reading and understanding the problem, defining a pronumeral and writing an

equation become important steps in solving the problem.

Lesson starter: Too much television?

Three friends, Rick, Kate and Sue, compare how much television

they watch in a week at home. Kate watches 3 times the amount

of television that Rick watches. Sue watches 4 hours less television

than Kate. In total they watch 45 hours of television. How many

hours of television did Rick watch?

• Underline each piece of important information in the question.

• Circle the item in the question that you are being asked to find.

Let x hours be the number of hours of television watched by Rick.

• Write expressions for the number of hours of television watched by:

Katea Sueb

• Add up the number of hours watched by Rick, Kate and Sue using your expressions.

• Write an equation using all the information in the question.

• Solve the equation.

• Answer the question in the original problem.

Key ideas

To solve a word problem using algebra:

• Read the problem and find out what the question is asking for.

• Define a pronumeral and write a statement such as: ‘Let x be the number of…’

The pronumeral will often represent what you have been asked to find.

• Highlight the key pieces of information in the question.

• Write an equation that links the facts in the question using your defined pronumeral.

• Solve the equation using algebra.

• Answer the question in words.

Exercise 3I

Understanding 1–3 3

1 Match the written scenario with its possible equation.

7 is 3 more than a numbera 3x + 1 = 16i

2 less than a number is 10b a
2
= 3ii

16 is 1 more than 3 lots of a numberc n + 3 = 7iii

Half of a number is 3d y − 2 = 10iv
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3I Solving word problems 155

2 Arrange the following steps in order when solving a word problem using algebra.

Solve the equation.i

Read the problem.ii

Answer the question in words.iii

Set up an equation connecting the facts in the question using the defined variable.iv

Define a pronumeral to represent the unknown.v

3 The sum of the ages of Sam and his brother Bernard is 34. If Sam is 4 years older than Bernard,

fill in the following to find their ages.

Let x be the of Bernard.

Hint for Q3: Start by underlining

the key information.

The age of Sam is .

The sum of their ages is 34.

Â x + = 34

+ 4 = 34

2x =

x =

Â Bernard is years old and Sam is years old.

Fluency 4–8 5–9

Example 24 Turning a word problem into an equation

Five less than three times a certain number is 13. Write an equation and solve it to find the number.

Solution Explanation

Let x be the number.

3x − 5 = 13

3x = 18

x = 6

Define the unknown using a pronumeral. Interpret the wording

bit by bit to construct the equation.

3 times the number is 3x, 5 less than this is 3x − 5 and this

equals 13.

The number is 6.

Check: 3 × (6) − 5 = 13

Solve the equation by adding 5 to both sides, then dividing

both sides by 3.

Write the answer in words and check your solution.

Now you try

Four more than five times a certain number is 29. Write an equation and solve it to find the number.

4 Write an equation and solve it to find the unknown number in the following.

a 4 less than 2 times a number is 10.

b When a certain number is doubled, it results in a number that is 5 more than the original number.

c I think of a number, divide it by 3 and add 5. The result is 12.

d I think of a number, take away 2 and multiply the result by 4. This gives 24.

e 3 less than a certain number is 9 less than 4 times the number.
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156 Chapter 3 Expressions and equations

Example 25 Applying algebra to a word problem

A bicycle shop hires out bikes. It charges an initial fee of $10 for hiring a bike and then $8 per hour.

Leah returns her bike and is charged $42. For how many hours did she hire the bike?

Solution Explanation

Let h be the number of hours of hire.

10 + 8h = 42

8h = 32

h = 4

Define the unknown value using a pronumeral.

Write an equation from the information: the

cost is $10 plus $8 per hour (8 × h), which equals

$42.

Solve the equation for h.

Â Leah had the bike for 4 hours. Answer the question in words.

Now you try

A babysitter, Jess, charges an initial fee of $20 and then $15 per hour. If Jess earns $95, for how many

hours did she babysit?

5 Toby rented a car for a total cost of $290. The rental company charged $40 per day, plus a hiring fee

of $50.

a Define a pronumeral for the number of days Toby rented the car.

b Write an equation in terms of your pronumeral in part a to represent the problem.

c Solve the equation in part b to find the unknown value.

d For how many days did Toby rent the car?

6 A jeweller earns a weekly amount of $200 plus $10 per

item she sells. If in one week she earned $680, how many items

did she sell? Hint for Q6: What will you define

your pronumeral as?

Example 26 Solving word problems with more complex equations

David and Usman made 254 runs between them in a cricket match. If Usman made 68 more runs

than David, how many runs did each of them make?

Solution Explanation

Let the number of runs for David be r.

Number of runs Usman made is r + 68.

r + (r + 68) = 254

2r + 68 = 254

2r = 186

r = 93

Define the unknown value as a pronumeral.

Write all other unknown values in terms of r.

Usman made 68 more runs than David: r + 68.

Write an equation: number of runs for

David + number of runs for Usman = 254.

Collect like terms then solve the equation.

David made 93 runs and Usman made

93 + 68 = 161 runs.

Answer the question in words.

Now you try

Max and Tim kicked 11 goals between them in a football match. If Tim kicked 3 more goals than Max,

how many goals did each of them kick?

3I
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3I Solving word problems 157

7 Leonie and Emma scored 28 goals between them in a netball match. Leonie scored 8 more goals

than Emma.

a Define a pronumeral for the number of goals scored by Emma.

b Write the number of goals scored by Leonie in terms of the pronumeral in part a.

c Write an equation in terms of your pronumeral to represent the problem.

d Solve the equation in part c to find the unknown value.

e How many goals did each of them score?

8 A rectangle is four times as long as it is wide and its perimeter is 560 cm.

Hint for Q8: Draw and label a

rectangle to help.

Define a pronumeral for the unknown width.a

Write an expression for the length in terms of your

pronumeral in part a.

b

Write an equation involving your pronumeral and the

perimeter to represent the problem.

c

Solve the equation in part c.d

What is the length and width of the rectangle?e

9 A prize of $1000 is divided between Adele and Benita so that Adele receives $280 more than Benita.

How much did each person receive?

Problem-solving and reasoning 10–12 11–14

10 Andrew, Brenda and Cammi all work part-time at a supermarket. Cammi earns $20more than Andrew’s

wage. Brenda earns $30 less than twice Andrew’s wage. If their total combined wage is $400, find

how much each of these workers earns.

11 Ed walked a certain distance, and then ran twice as

far as he walked. He then caught a bus for the

last 2 km. If he travelled a total of 32 km, find

how far Ed walked and ran.

Hint for Q11: Remember to follow these

steps

1 Define a pronumeral for the unknown.

2 Set up an equation using the

information from the question.

3 Solve the equation.

4 Answer the question in words.
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158 Chapter 3 Expressions and equations

12 Kate is three times as old as her son. If Kate is 30 years older than her son, what are their ages?

13 Two paddocks in the shapes shown below are to be fenced with wire. If the same total amount of wire

is used for each paddock, what are the side lengths of each paddock, in metres?

w + 5

w
w + 20

Hint for Q13: Solve for w first.

14 Consecutive integers can be represented algebraically as x, x + 1, x + 2 etc.

a Find three consecutive numbers that add to 84.

b i Write three consecutive even numbers starting with x.

ii Find three consecutive even numbers that add to 18. Hint for Q14: Make sure that you

are still setting up an equation.

Profit and revenue — 15

15 Tedco produces a teddy bear which sells for $24. Each teddy

bear costs the company $8 to manufacture and there is an

initial start-up cost of $7200.

Write a rule for the total cost, $T , of producing

x teddy bears.
Hint for Q15: Revenue is the total

amount of money collected. Profit is

the amount left over from the revenue

after the costs have been taken out.

Profit = revenue − costs

a

If the cost of a particular production run was $9600,

how many teddy bears were manufactured in that run?

b

If x teddy bears are sold, write a rule for the revenue,

$R, received by the company.

c

How many teddy bears were sold if the revenue was $8400?d

If they want to make an annual profit of $54 000, how many teddy bears do they need to sell?e

3I
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3J Solving linear inequalities 159

3J 3J Solving linear inequalities
Learning intentions

• To be able to work with the symbols >, �, <, �

• To understand that an inequality represents an in�nite set of values

• To be able to illustrate an inequality on a number line using known conventions

• To understand when an inequality symbol needs to be reversed

• To be able to solve a linear inequality

Key vocabulary: inequality, solution set

An inequality (or inequation) is a mathematical statement which

uses a <,�, > or � symbol. Here are some examples of

inequalities:

2 < 6, 5 � −1, 3x + 1 � 7 and 2x + 1
3
>

x
4

Inequalities can represent an infinite set of numbers. For example,

the inequality 2x < 6 means that x < 3 and this is the infinite set of

all real numbers less than 3.

Lesson starter: Infinite solutions

Greg, Kevin and Greta think that they all have a correct solution to

this inequality:

4x − 1 � x + 6

Greg says x = 4 is a solution.

Kevin says x = 10 is a solution.

Greta says x = 100 is a solution.

The altitude, h, that passenger planes

can successfully and economically fly

at can be represented by an inequality:

0 < h � 40 000 feet or 0 < h � 12 km.

• Use substitution to show that they are all correct.

• Can you find the smallest whole number that is a solution to the inequality?

• Can you find the smallest number (including fractions) that satisfies the inequality? What method leads

you to your answer?

Key ideas

Inequalities can be illustrated using a number line because a line represents an infinite number

of points.

• Use an open circle when showing > (greater than) or < (less than).

For example: x > 1 x

0 1 2

x < 1 x

0 1 2
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160 Chapter 3 Expressions and equations

• Use a closed circle when showing � (greater than or equal to) or � (less than or equal to).

For example: x � 1 x

0 1 2

x � 1 x

0 1 2

A set of numbers may have both an upper and lower bound.

For example: −2 < x � 3

0 1 2 3
x

−2 −1

Linear inequalities can be solved in a similar way to linear equations.

• All the numbers that satisfy an inequality are called a solution set.
• If we multiply or divide both sides of an inequality by a negative number, the inequality symbol

is reversed.

For example: 5 < 8 but −5 > −8, so if −x > 1 then x < −1.

• If we swap the sides of an inequality, then the inequality symbol is reversed.

For example: 3 < 7 but 7 > 3 so if 2 > x then x < 2.

Exercise 3J

Understanding 1, 2 1, 2

1 State the missing symbol < or > to make each statement true.

3 2a −1 4b −7 − 3c 5 − 50d

2 Match the inequalities a, b and c with the number lines A, B and C.

x < 2a

0 1 2
x

−2 −1

A

x � −1b

−1 0 1
x

−4 −2−3

B

−3 � x < 0c

2 3
x

0 1

C

Fluency 3–7(½) 3–8(½)

Example 27 Representing inequalities on a number line

Show each of the following examples on a number line.

a x is less than 6, (x < 6).

b x is greater than or equal to 2, (x � 2).

c x is greater than −2 but less than or equal to 3, (−2 < x � 3).

Solution Explanation

a

x

2 3 4

x < 6

5 6 7

An open circle is used to indicate that 6 is not

included.

b
x

0 1 2

x ⩾ 2

3 4 5

A closed circle is used to indicate that 2 is

included.

3J
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3J Solving linear inequalities 161

c

0 1 2 3
x

−2 −1

−2 < x ⩽ 3 An open circle is used to indicate that −2 is not

included and a closed circle is used to indicate

that 3 is included.

Now you try

Show each of the following examples on a number line.

a x is less than 4, (x < 4).

b x is greater than or equal to −3, (x � −3).

c x is greater than −3 but less than or equal to 1, (−3 < x � 1).

3 Show each of the following inequalities on a number line.

x > 2a x � 4b x � −1c

−1 < x < 1d 0 � x � 3e −3 < x � 4f

Example 28 Solving linear inequalities

Find the solution set for each of the following inequalities.

x − 3 < 7a 5 − 2x > 3b

Solution Explanation

a x − 3 < 7

x < 10

Add 3 to both sides.

b 5 − 2x > 3

−2x > −2

x < 1

Subtract 5 from both sides.

Divide both sides by −2, and reverse the inequality symbol.

Now you try

Find the solution set for each of the following inequalities.

x − 2 < 9a 4 − 3x > 7b

4 Find the solution set for each of the following inequalities.

x + 5 < 8a b − 2 > 3b

y − 8 > −2c 5x � 15d

4t > −20e y + 10 � 0f

3m − 7 < 11g 4a + 6 � 12h

7x − 5 < 2i 3x − 1 < 0j

5 Find the solution set for each of the following inequalities.

Hint for Q5: Remember that

if you multiply or divide by a

negative number, you flip the

inequality symbol.

4 − 3x > −8a

2 − 4n � 6b

4 − 5x � 1c

7 − a � 3d

5 − x � 11e

7 − x � −3f

−2x − 3 > 9g

−4t + 2 � 10h

−6m − 14 < 15i
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162 Chapter 3 Expressions and equations

Example 29 Solving more complex linear inequalities

Find the solution set for each of the following inequalities.

d
4
− 3 � −11a 2a + 7 � 6a + 3b

Solution Explanation

a d
4
− 3 � −11

d
4
� −8

d � −32

Add 3 to both sides.

Multiply both sides by 4; the inequality symbol does not

change.

b 2a + 7 � 6a + 3

7 � 4a + 3

4 � 4a

1 � a

a � 1

Gather pronumerals on one side by subtracting 2a from

both sides.

Subtract 3 from both sides and then divide both sides by 4.

Place the variable a on the left and reverse the inequality

symbol.

Now you try

Find the solution set for each of the following inequalities.

a
3
+ 1 � −2a 3a − 1 � 5a + 6b

6 Find the solution set for each of the following inequalities.
x
2
− 5 � 3a 3 −

x
9
� 4b 2x

5
� 8c

2x + 6
7

< 4d 3x − 4
2

> −6e 1 − 7x
5

� 3f

7 Solve these inequalities involving brackets.

Hint for Q7: You may wish to

expand brackets first.

4(x + 2) < 12a −3(a + 5) > 9b

5(3 − x) � 25c 2(3 − x) > 1d

5(y + 2) < −6e −7(1 − x) < −11f

8 Find the solution set for each of the following inequalities.

Hint for Q8: Put all the

pronumerals on one side and

collect like terms.

2x + 9 � 6x − 1a 6t + 2 > t − 1b

7y + 4 � 7 − yc 3a − 2 < 4 − 2ad

1 − 3m � 7 − 4me 7 − 5b > −4 − 3bf

Problem-solving and reasoning 9–11 10–12

9 Wendy is x years old and Jay is 6 years younger. The sum of their ages is less than 30. Write an inequality

involving x and solve it. What can you say about Wendy’s age?

10 The perimeter of a particular rectangle needs to be less than 50 cm. If the

length of the rectangle is 12 cm and the width is w cm, write an inequality

involving w and solve it. What width does the rectangle need to be?

12 cm

w cmP < 50 cm

3J
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3J Solving linear inequalities 163

11 Two car rental companies have the following payment plans:

Carz: $90 per week and 15c per kilometre

Renta: $110 per week and 10c per kilometre

What is the maximum whole number of kilometres that can be travelled in one week with Carz if it is

to cost less than it would with Renta?

12 Consider the equation 9 − 2x > 3.

a Solve the equation by first adding 2x to both sides, then solve for x.

b Solve the equation by first subtracting 9 from both sides.

c What did you have to remember to do in part b to ensure that the answer is the same as in part a?

Many step inequalities — 13(½)

13 Combine all your knowledge from this chapter so far to solve these inequalities for x. For parts g–i

a, b and c are positive numbers.
2(x + 1)
3

> x + 5a 2x + 3 � x − 6
3

b 2 − 3x
2

< 2x − 1c

4(2x − 1)
3

� x + 3d 1 − x > 7(2 − 3x)
4

e 2(3 − 2x) � 4xf

ax − b > −cg bx
c
� ah a(x + b) < ci
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164 Chapter 3 Expressions and equations

3K 3K Using formulas
Learning intentions

• To know which variable is the subject of a formula

• To be able to work with a formula by substituting known values

• To be able to �nd the unknown value in a formula by solving an equation

• To be able to transpose a formula to make a different variable the subject

Key vocabulary: subject, formula, variable, substitute, transpose, equation

A formula (or rule) is an equation that

relates two or more variables. You can

find the value of one of the variables

if you are given the value of all other

unknowns. The following are some

examples of formulas.

• A = pr2 is the formula for finding

the area, A, of a circle given its

radius, r.

• V = lwh is the formula for finding

the volume of a rectangular prism

given its length, l, width, w, and

height, h.

• F = 9
5

C + 32 is the formula for

converting degrees Celsius, C, to

degrees Fahrenheit, F .

A,V and F are said to be the subjects

of the formulas given above.

Degrees Celsius and degrees Fahrenheit can be converted to one another

using the formula that relates them.

Lesson starter: Common formulas

As a class group, try to list at least 10 formulas that you know.

• Write down the formulas.

• Try to describe what each variable in your formulas represents.

• Which variable is the subject of each formula?

Key ideas

A formula is a rule for finding the value of one quantity given the value of the others.

The subject of a formula is a variable that usually sits on its own on the left side.

For example, the A in A = lw is the subject of the formula.

A variable in a formula can be evaluated by substituting numbers for all other variables.

If the unknown is not the subject, a simple equation will need solving.

Transposing is when a formula is rearranged to make another variable the subject. Steps are

similar to those applied when solving an equation.

A = lw can be transposed (i.e. rearranged) to give l = A
w
with l now the subject.
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3K Using formulas 165

Exercise 3K

Understanding 1–3 3

1 Write down 3 different formulas that you know for the area of shapes.

2 State the letter which is the subject of these formulas.

A = 1
2

bha D = b2 − 4ac

Hint for Q2: In V = lwh, V is

the subject.

b

M =
a + b
2

c A = pr2d

3 Complete the step given in brackets to transpose the

following formulas to make x the subject.

a ax = b (divide both sides by a)

Hint for Q3: Transpose means

to make a different variable

the subject.

b x
c
= d (multiply both sides by c)

c x − ab = d (add ab to both sides)

d
√

x = c (square both sides)

Fluency 4, 5, 6(½) 4–6(½)

Example 30 Substituting values into formulas

Substitute the given values into the formula to find the value of the subject.

A = 1
2
(a + b)h, when a = 3, b = 7 and h = 5a

E = 1
2

mv2 , when m = 4 and v = 5b

Solution Explanation

a A = 1
2
(a + b)h

A = 1
2
× (3 + 7) × 5

=
1

2
× 10 × 5

= 25

Substitute a = 3, b = 7 and h = 5. Work out the

sum in the brackets first, then multiply out to

find the value of A.

b E = 1
2

mv2

E = 1
2
× 4 × 5

2

=
1

2
× 4 × 25

= 50

Substitute m = 4 and v = 5.

52 = 5 × 5 = 25, then work out E by multiplying.

Now you try

Substitute the given values into the formula to find the value of the subject.

M =
a + b
2

, when a = 5 and b = 9a

F = mn

r2
, when m = 12, n = 6 and r = 3b
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166 Chapter 3 Expressions and equations

4 Substitute the given values into each of the following formulas to work out the subject. Round to two

decimal places where appropriate.

A = bh, when b = 3 and h = 7a F = ma, when m = 4 and a = 6b

m = a + b
4

, when a = 14 and b = −6c t = d
v
, when d = 18 and v = 3d

A = pr2, when r = 12e V =
4

3
pr3, when r = 2f

c =
√

a2 + b2, when a = 12 and b = 22g Q =
�

2gh, when g = 9.8 and h = 11.4h

I = MR2

2
, when M = 12.2 and R = 6.4i x = ut + 1

2
at2 when u = 0, t = 4 and a = 10j

Example 31 Finding the unknown value in a formula

Substitute the given values into each formula, then solve to find the unknown value. Round to one

decimal place in part b.

S = d
t
given S = 15 and d = 60a C = 2pr given C = 30b

Solution Explanation

a S = d
t

15 =
60

t

15t = 60

t = 4

Write the formula and substitute the given

values of S and d.

Solve for t by first multiplying both sides by t.

Divide both sides by 15.

b C = 2pr

30 = 2pr

30

2p
= r

r = 4.8 (to 1 d.p.)

Substitute C = 30. Solve for r by dividing both

sides by 2p in one step. 30
2p
= 4.77464…

Note: On a calculator you will need to insert

brackets, 30 ÷ (2p), or set up using the fraction

template, .

Now you try

Substitute the given values into each formula, then solve to find the unknown value. Round to one

decimal place in part b.

R =
pl

A
given R = 16, p = 6 and l = 8a S = 2prh given S = 100 and h = 5b

5 Substitute the given values into each of the following formulas. Solve the equations to find the unknown

value. Round to two decimal places where appropriate.

m = F
a
, when m = 12 and a = 3a

A = lw, when A = 30 and l = 6b

v = u + at, when v = 20, u = 5 and a = 2c

p = m
v
, when p = 2 and m = 50d

A = pr2, when A = 48 and (r > 0)e

A = 1
2
(a + b)h, when A = 64, b = 12 and h = 4f

r

A =   r2π

3K
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3K Using formulas 167

Example 32 Transposing formulas

Transpose each of the following to make the variable in red the subject.

ax + by = ca A = pr2 (r > 0)b

Solution Explanation

a ax + by = c

by = c − ax

y = c − ax
b

We need to obtain y on one side by itself.

Follow steps as if you are solving the equation

for y.

Subtract ax from both sides.

by is b × y. Just as for 2y you would divide both

sides by 2, divide both sides by b.

b A = pr2

A
p
= r2

r2 = A
p

Make r2 the subject.

r =

�

A
p

Take the square root of both sides, since√
r2 = r if r > 0.

Divide both sides by p .

Now you try

Transpose each of the following to make the variable in red the subject.

v = u + ata E = mv2

2
, v > 0b

6 Transpose each of the following formulas to make the pronumeral in red the subject.

C = pda a + bx = db

p = m(x + n)

Hint for Q6: Follow similar

steps as if you were solving to

find the letter in red, such as

d = …

c I = Prt
100

d

P = v2

R
(v > 0)e A = 2prhf

V = pr2h (r > 0)g
√

A + B = 4Ch

c2 = a2 + b2 (a > 0)i
√

b + c = aj

Problem-solving and reasoning 7, 8 8–10

7 The formula s = d
t
gives the speed s km/h of a car which

has travelled a distance of d km in t hours.

a Find the speed of a car which has travelled 400 km in

4.5 hours. Round to two decimal places.

b i Transpose the formula s = d
t
to make d the subject.

ii Find the distance covered if a car travels at 75 km/h

for 3.8 hours.

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        Photocopying is restricted under law and this material must not be transferred to another party.

   Cambridge University Press 



168 Chapter 3 Expressions and equations

8 The velocity, v m/s, of an object is described by the rule v = u + at,

where u is the initial velocity in m/s, a is the acceleration in m/s2 and

t is the time in seconds.

Hint for Q8: Write down the

value of the known variables

first; i.e. t = 3, u = 5 etc.

Find the velocity after 3 seconds if the initial velocity is

5 m/s and the acceleration is 10 m/s2.

a

Find the time taken for a body to reach a velocity of 20 m/s if

its acceleration is 4 m/s2 and its initial velocity is 12 m/s.

Hint for Q8: Velocity is another

word for speed.

b

9 The volume of water (V litres) in a tank is given by V = 4000 − 0.1t, where t is the time in seconds after

a tap is turned on.

Over time, does the water volume increase or decrease according to the formula?a

Find the volume after 2 minutes. (Note: t is in seconds.)b

Find the time it takes for the volume to reach 1500 litres. Round to the nearest minute.c

10 The formula F = 9
5

C + 32 converts degrees Celsius, C, to degrees Fahrenheit, F .

a Find what each of the following temperatures is in degrees Fahrenheit.

100°Ci 38°Cii

b Calculate what each of the following temperatures is in

degrees Celsius. Round to one decimal place where necessary.

14°Fi 98°Fii

Hint for Q10: 9
5

C can also

be written as 9C
5
.

Basketball formulas — 11

11 The formula T = 3x + 2y + f can be used to calculate the total number of points made in a basketball

game where:

x = number of three-point goals

y = number of two-point goals

f = number of free throws made

T = total number of points

a Find the total number of points for a game where 12 three-point goals, 15 two-point goals and

7 free throws were made.

b Find the number of three-point goals made if the total number of points was 36, with 5 two-point

goals made and 5 free throws made.

The formula V =
(p +

1.5r

2 + 2a +

1.5s

2 + 2b) − (1.5t + 2f +m − o)

g
can be used to calculate the

value, V , of a basketball player where:

p = points earned r = number of rebounds
a = number of assists s = number of steals
b = number of blocks t = number of turnovers
f = number of personal fouls m = number of missed shots
o = number of offensive rebounds g = number of games played

c Calculate the value of a player with 350 points earned, 2 rebounds, 14 assists, 25 steals, 32 blocks,

28 turnovers, 14 personal fouls, 24 missed shots, 32 offensive rebounds and 10 games.

3K
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Plumbers use many skills in their day-to-day

jobs. The training course is up to 5 years of

on-the-job experience via an apprenticeship

and TAFE courses.

Mathematics is an important skill for a

plumber. They measure, cut, bend and connect

pipes according to project specifications.

Equations and formulas play an important role

in the life of a plumber, especially if working

on big construction sites as calculations need

to be accurate for buildings to satisfy

Australian regulations.

Plumber

1 Water expands when heated. Plumbers need to allow for this additional volume when selecting the

most suitable water storage unit for a project. The volume E (litres) of water expansion is calculated

with this formula:

E = L × (T − t) × 0.000375 where

L = initial volume of water in litres

T = highest temperate in °C

t = lowest temperature in °C

0.000375 is the coefficient of expansion for water.

Calculate the volume of water expansion in litres (to 2 d.p.) that would occur when:

a 600 L of water is heated from 22° to 50°

b 500 L of water is heated from 18° to 60°

c 1000 L of water is heated from 20° to 70°

d 800 L of water increased in temperature by 50°

2 Plumbers need to calculate water pressure, P, measured in kPa (kilopascals) for any given height,

h (m), above an outlet. The following formula is used:

P = h × 9.81 where 9.81 is the gravitational pressure exerted by 1 m height of water.

a Calculate the water pressure for a pressure head of:

10 mi 20 mii 30 miii 40 miv
b Rewrite the above formula with h as the subject and calculate how many metres (to 2 d.p.) of

water are in a non-pressurised tank if the pressure gauge reads:

24.6 kPai 24.1 kPaii 13.5 kPaiii 27.9 kPaiv

3 A plumber needs to install the pipes that

connect a house to the underground mains

water supply and to the council sewage

disposal system. Water flows under pressure

up to the house and the sewerage pipe

is sloped downwards to allow waste to

flow away under the force of gravity. The

difference in level between each end of a

sloping pipe is called the fall measurement.

F
all

Fall (mm) =
pipe length in mm × x

100
, where the gradient x% = the fall in mm per 100 mm of pipe.
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170 Chapter 3 Expressions and equations

Calculate the total fall in mm required to install the following pipes. Round to the nearest mm.

a A water pipe is 6 m long and installed at a 2.5% gradient.

b A water pipe is 17 m long and installed at a 2.1% gradient.

c A sewerage pipe is 9 m in length installed at a 1.67% gradient.

d A sewerage pipe is 18 m in length installed at a 1.85% gradient.

Using technology

4 The number of downpipes required for a house depends on the roof area and the size of the

downpipes. Each size of downpipe can drain a maximum area of roof.

The number of downpipes needed can be estimated using the rain catchment area of a roof, which is

the equivalent flat area of the roof, not the actual sloping area.

x
W
id
th

Length

y

Number of downpipes = total roof catchment area
maximum area per downpipe

Hint for Q4: The whole number of

downpipes is manually determined

by rounding up the decimal number

of downpipes.

Set up an Excel spreadsheet as shown below. Use the given

roof dimensions applied to the roof plan above and determine

the number of downpipes required for each house.
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Theme Parks
Theme parks and amusement parks all over the world offer a vast array of exhilarating and thrilling rides,

such as Buzzsaw and The Giant Drop.

Hugo and Alice live near two theme parks called Extreme Thrill and Adventure World. They plan to run

tourist bus trips to the theme parks and want to advertise the best deal at each theme park depending

on the number of rides.

The theme parks charge different entry prices and cost for each ride.

Theme park Entry cost Fee per ride

Extreme Thrill $42 $3

Adventure World $30 $5

Present a report for the following tasks and ensure that you show clear mathematical workings,

explanations and diagrams where appropriate.

1 Preliminary task

Tickets are bought at the entry for a certain number of rides.

a Find the cost of a ticket at Extreme Thrill for

i 4 rides

ii 10 rides

b Find the cost of a ticket at Adventure World for

i 4 rides

ii 10 rides

2 Modelling task

FormulateThe problem is to determine the cheapest theme park depending on the number of rides taken.

a Write down all the relevant information that will help solve this problem.

b Let T = total ticket price and n = number of rides.

Construct a formula for the total ticket price T for n rides at

i Extreme Thrill

ii Adventure World

Solve

c Hugo spends $75 for a ticket into Extreme Thrill.

i Write the formula for the ticket price T , for n rides at Extreme Thrill.

ii Set up an equation by substituting T = 75

iii Solve this equation algebraically for n.

iv How many rides were included in Hugo’s $75 ticket?

d Alice spends $75 for a ticket into Adventure World.

i Write the formula for the ticket price T , for n rides at Adventure world.

ii Set up an equation by substituting T = 75

iii Solve this equation algebraically for n.

iv How many rides were included in Alice’s $75 ticket?

e Compare your answers to c and d above, and state which theme park offers the best deal for a

$75 ticket. Give a reason for your answer.

f Hugo and Alice buy 2 identical tickets for Extreme Thrill costing a total of $138.

i Write the formula for 2 Extreme Thrill tickets and form an equation by substituting

T = 138.

ii Solve this equation for n and state how many rides they each paid for.
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172 Chapter 3 Expressions and equations

g Hugo decides to calculate the number of rides that make the ticket prices equal at each

theme park.

i Set up the equation by equating the ticket price formulas.

i.e. Extreme Thrill ticket formula = Adventure World ticket formula

ii Solve this equation algebraically for n.

iii For how many rides does each theme park have the same ticket price?

iv Calculate this ticket price for each theme park.

Evaluate

and

verify

h For how many rides is Extreme Thrill the cheaper option? Justify your answer with a

mathematical calculation.

i For how many rides is Adventure world the cheaper option? Justify your answer with a

mathematical calculation.

Communicate j Summarise your results using a table like the one below and describe any key findings.

Ticket prices

Number of rides n

Extreme Thrill

Adventure world

3 Extension questions

A new theme park called Monster Rides charges $22 entry plus $7 per ride.

a Construct a formula for the total ticket price T for n rides at Monster Rides.

b Set up equations by equating ticket price formulas and then solve each equation to find the

number of rides n that make the Monster Rides ticket price equal to the:

Extreme Thrill ticket pricei

Adventure World ticket priceii

c If, on average, people buy tickets for 7 or more rides, which theme park out of the three,

would be expected to make the largest profit? Justify your answer with some mathematical

calculations.
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Protein balls
Key technology: Spreadsheets

Carrie runs a small business making and selling

protein balls, which are a combination of muesli

and chocolate. To make a batch of protein balls she

combines chocolate and muesli so that the total

weight of the batch is 10 kg. The cost of chocolate

is $6 per kilogram and the cost of muesli is $4 per

kilogram.

1 Getting started

When Carrie started her business, the total cost of chocolate and muesli for one batch was $48.

• Let x be the amount of chocolate purchased for one batch in kilograms.

• Let y be the amount of muesli purchased for one batch in kilograms.

a Given the total cost for one batch is $48 write down an equation including the variables x and y.

We will call this Equation 1.

b Use your equation to find the amount of muesli purchased if the following amounts of chocolate

are purchased.

2 kgi

3 kgii

5 kgiii

c Write down a second equation using the information given in the introduction regarding the total

weight. We will call this Equation 2.

d Solve your equations 1 and 2 simultaneously to find the values of x and y and hence the amounts

of chocolate and muesli purchased for each batch of protein balls.

2 Using technology

a Rearrange your Equation 1 and Equation 2 to make y the subject.

b We will now set up a spreadsheet to solve this pair of simultaneous equations numerically. Enter

the shown details into a spreadsheet.

c Fill down from cells A8, B7 and C7.

d In your spreadsheet, search for a value of x for which the y values are equal for both equations.

Describe what you have found.

e Change the total cost value in cell B3 to $50, then search for the solution to the simultaneous

equations to find the amount of chocolate and muesli for one batch.
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174 Chapter 3 Expressions and equations

3 Applying an algorithm

For selected values for the total cost in cell B3, you may have noticed that the values of x and y are

integers. This will not be the case for all chosen values.

a Change the total cost value in cell B3 to $51 then search for the value of x for which the y values

are the same. What do you notice? Between what two integer x values will the y values for both

equations be equal?

b Alter both the starting value of x and the increment in column A so that you can search for

solutions between integer x values. Suggestion: Change the starting number in A7 to 4 and the

formula in A8 to = A7 + 0.5. Fill down once again.

c Now alter the total cost in cell B3 to $47.60 and apply this algorithm to find the solution.

• Step 1: Alter the total cost in cell B3 as chosen.

• Step 2: Look for the value of x for which the y values are closest.

• Step 3: Adjust the starting value of x to be nearer to the solution.

• Step 4: Adjust the increment in column A so that smaller increases in the value of x can be

considered.

• Step 5: Repeat from Step 2 until the solution is found.

d Try the above algorithm for finding the solution for when the total cost is $51.50.
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Puzzles and games 175

1 In a magic square, all the rows, columns and main diagonals add to the same total. The total for

this magic square is 15. Find the value of x then complete the magic square.

2x − 2 3x x − 1

x

2 Simplify 2xy − 3x(y − 2x) − 8x2y ÷ (2y) + 2x × 6xy ÷ (4y).

3 Reveal the word below by solving each equation for x. The value of x gives the number of the

letter in the alphabet; e.g. x = 1 would be A, x = 2 would be B etc.

x − 3
4

= 5 6x = 4x + 30 2(x − 10) = 16 1 − 2x = −7

4 Twelve years ago Eric’s father was seven times as old as Eric was. If Eric’s father is now

54 years old, how old is Eric now?

5 In a yacht race the second leg was half the length of the first leg. The third leg was two-thirds

of the length of the second leg. The last leg was twice the length of the second leg. If the total

distance was 153 km, find the length of each leg.

6 A group of office workers had some prize money to distribute among themselves. When all but

one took $9 each, the last person only received $5. When they all took $8 each, there was

$12 left over. How much had they won?

7 Try finding a solution to these more complex linear equations by first finding a common

denominator.
x
3
+

x
2
= 2a x + 1

5
−

x − 1
7

= 1b
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Substitution
The process of replacing a

pronumeral with a given value;

x = 3, 2x + 4 = 2 × (3) + 4

= 6 + 4

= 10

x = 2, y = −4,

then xy = 2 × (−4) 

= −8 

Addition/subtraction

Only like terms can be combined

under addition or subtraction.

Like terms have the same 

pronumerals and powers; i.e. 4xy and

2xy. 

E.g.

E.g.

  5a + 2 + 3a

= 5a + 3a + 2

= 8a + 2

  3x + 2y − x + 4y 

= 3x − x + 2y + 4y

= 2x + 6y

Expanding brackets

E.g. 2(x + 3) = 2 × x + 2 × 3

= 2x + 6

−3(4 − 2x) = −3 × 4 + (−3) × (−2x)

= −12 + 6x

Solving linear equations

The solution of a linear equation is

the value that makes the equation

true.

E.g. 2x + 5 = 9

2x = 4 (subtract 5)

x = 2 (divide by 2)

E.g. 5(x − 1) = 2x + 7

5x − 5 = 2x + 7 (expand)

3x − 5 = 7 (subtract 2x )

3x = 12 (add 5)

x = 4 (divide by 3)

Multiplication/ Division

Equations involving fractions

E.g.

x = 12 (multiply by 3)

x = 6 (add 2)

x − 2 = 4 (multiply by 4)

E.g. + 1 = 5x
3

= 1x − 2
4

= 4 (subtract 1)x
3

sign (×) and division sign (÷) are not 

shown.

That is, 2 × x = 2x  and x ÷ 2 =    .x
2

Multiplying:

2a × 3b = 2 × 3 × a × b

= 6ab
Dividing:

4x ÷ 2 = 4x
2

= 2x

2ab
3

=

3 1

2

2

1
1

6ab2

9b
6 × a × b × b 

9 × b 
=

= 10

          5x = 20 (multiply both

        sides by 2)
x = 4 (divide both

      sides by 5)

E.g.

I

    unknown.

1

2 Set up an equation.

3 Solve the equation.

4 Check the answer and write

in words. 

IIIII

Formulas

where r > 0 

Some common formulas are

A = lw, C = 2   r

An unknown value can be found by

substituting values for the other variables.

A formula can be transposed to make a

different variable the subject.

E.g. make r  the subject in A = r 2

A = r 2

A = r 2

A = r

Ar =

Expressions and

equations

Expressions 

E.g. 2x − 3y + 5

constant term 

E.g. 2 more than 3 lots of m

is 3m + 2

3 less than x is x − 3

π

π

π

π

π

π

√

√

Solving word problems

5x
2

E.g. if

E.g. if

∴

Inequalities

These can be represented using >, <,

⩾, ⩽ rather than =.

e.g. x > 2

Solving inequalities uses the same

steps as solving equations except

when multiplying or dividing by a

negative number. In this case, the

inequality symbol must be reversed.

e.g. 4 − 2x < 10   (− 4)

3

2 not included

(open circle)

4
x

21−1 0

−2x < 6     (÷ −2)
x > −3   (reverse symbol)
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Chapter checklist
A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook.

✔

3A 1 I can identify parts of an algebraic expression.

e.g. Consider the expression 3x − 5y + 6. State:

a the number of terms b the coefficient of y c the constant term

3A 2 I can convert words and word problems to expressions.

e.g. Write an algebraic expression for

a the cost of n movie tickets at $15 each b four less than three times x

c the square of y is divided by 4

3A 3 I can substitute values into expressions and evaluate.

e.g. Evaluate these expressions if p = −4, q = 6 and r = 5:

a 4q − r b 3p − (q + r)

3B 4 I can identify like terms.

e.g. Choose the pair(s) of like terms from the following set:

4x, 5, 3xy,−5x, 2xy2, yx

3B 5 I can collect like terms.

e.g. Simplify the following by collecting like terms:

a 5a − 4 + 3a b 4xy + 6y − xy + 4y

3C 6 I can multiply algebraic terms.

e.g. Simplify the following:

a 4s × 5t b −3y × 8xy

3C 7 I can divide algebraic terms.

e.g. Simplify the following:

a 15x
12

b 16a2b ÷ (24ab)

3D 8 I can expand expressions with brackets.

e.g. Expand the following and simplify:

a 4(x + 5) b −3(x − 6) c 2x(3x − y)

3D 9 I can expand and collect like terms.

e.g. Expand the following and collect like terms:

a 3(x + 2) − 4 b 5 − 2(x + 1)

3E 10 I can solve simple linear equations.

e.g. Solve the following equations:

a 2x − 5 = 7 b 8 − 3x = 15

3F 11 I can solve linear equations with fractional coefficients.

e.g. Solve each of the following equations

a 3x
4
= 9 b x

5
− 4 = 2
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178 Chapter 3 Expressions and equations

✔

3F 12 I can solve simple fractional equations.

e.g. Solve the equation x − 5
3

= 6

3G 13 I can solve equations with brackets.

e.g. Solve 3(3x + 5) = 22

3G 14 I can solve equations with brackets and a common factor.

e.g. Solve 4(2x + 3) = 32 by first dividing by the common factor

3G 15 I can solve equations with brackets and like terms.

e.g. Solve 2(4x + 7) − 5x = 20

3H 16 I can solve equations with pronumerals on both sides.

e.g. Solve these equations:

a 8x = 3x + 25 b 10 − 3x = x + 2

3H 17 I can solve equations with brackets and pronumerals on both sides.

e.g. Solve 4(2x − 1) = 2(x − 8)

3I 18 I can turn a word problem into an equation.

e.g. 8 more than two times a certain number is 30. Write an equation and solve it to find the number.

3I 19 I can apply algebra to a word problem.

e.g. A surf shop hires out surfboards. It charges an initial fee of $15 for hiring a board and then a

charge of $12 per hour. Jett returns his board and is charged $51. For how many hours did he hire

the board?

3I 20 I can solve more complex word problems.

e.g. Toni and Trey earn $370 between them walking dogs. If Toni earned $140 more than Trey, how

much money did each of them make?

3J 21 I can represent an inequality on a number line.

e.g. Show x is less than or equal to 3 (x � 3) on a number line.

3J 22 I can solve a linear inequality.

e.g. Find the solution set for 8 − 3x < 20.

3K 23 I can substitute values into formulas and find the unknown.

e.g. Substitute the given values into the formula to find the value of the unknown. Round to one

decimal place where necessary.

a A = 1
2

xy when x = 7 and y = 10 b V = pr2h when V = 120 and r = 3

3K 24 I can transpose a formula.

e.g. Transpose the formula v2 = u2 + 2as to make u the subject (u > 0).
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Short-answer questions

13A Write algebraic expressions to represent the following.

The sum of x and ya

The product of m and 7b

The cost of 3 movie tickets at m dollars eachc

3 less than n, all divided by 4d

23A Evaluate the following if x = 2, y = −1 and z = 5.

xz + 1a 4x + yb x − 2yzc x(y + z)d x2 − 3ze

33C Simplify.

2 × 4na 3x × 2yb 8a ÷ 2c 4x2y
12x

d

43B Simplify by collecting like terms.

2b + 4b + ba 6x + 3 − 2xb

4p − 3q − p + 5qc 3mn + 2m − 6mn + nd

53D Expand and simplify the following.

2(x + 7)a −3(2x + 5)b 2x(3x − 4)c

−2a(5 − 4a)d 4(x + 2) + 5e 3(x − 2) − 1f

63E Solve the following linear equations for x.

5x + 6 = 51a 7x − 4 = 10b 4 − x = 7c 3 − 2x = 21d

73F Solve these linear equations involving fractions.

2x
5
= 4a x

2
− 1 = 3b x + 2

4
= 7c 1

3
x + 2 = 4d

83I Write an equation to represent each of the following and then solve it for the pronumeral.

A number, n, is doubled and increased by 3 to give 21.a

A number of lollies, l, is decreased by 5 and then shared equally among 3 friends so

that they each get 7.

b

5 less than the result of Toni’s age, x, divided by 4 is 0.c

93G Solve the following linear equations by first expanding the brackets.

2(x + 4) = 18a 3(2x − 3) = 2b

103H Solve these equations with variables on both sides.

8x = 2x + 24a

5x − 2 = 3x + 2b

3 − 4x = 7x − 8c

5(2x + 4) = 7x + 5d

113I Nick makes an initial bid of $x in an auction for an old cricket bat. By the end of the auction he has

paid $550, which is $30 more than twice his initial bid, x. Set up and solve an equation to determine

Nick’s initial bid.

123J Represent each of the following on a number line.

x > 1a x � 7b x � −4c

x < −2d 2 < x � 8e −1 < x < 3f

133J Solve the following inequalities.

x + 8 < 20a 2m − 4 > −6b 3 − 2y � 15c

7 − 2x
3

> −9d 3a + 9 < 7(a − 1)e −4x + 2 � 5x − 6f
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143K Find the value of the unknown in each of the following formulas.

E =
√

PR when P = 90 and R = 40a

v = u + at when v = 20, u = 10, t = 2b

V =
1

3
Ah when V = 20, A = 6c

153K Rearrange the following formulas to make the variable in brackets the subject.

v2 = u2 + 2ax (x)a

P = RI2, I > 0 (I)b

Multiple-choice questions

13A The algebraic expression that represents 2 less than 3 lots of n is:

3(n − 2)A 2 − 3nB 3n − 2C 3 + n − 2D nE

23C The fully simplified form of 2ab ÷ (8a) is:

2ab
8a

A 4

b
B b

4
C 4bD 4aE

33B The simplified form of 6ab + 14a − 2ab + 3a is:

21abA 4ab + 11aB ab + 7aC 4ab + 17aD 4 + 17aE

43E The solution to the equation 2x − 3 = 7 is:

x = 2A x = −5B x = 5C x = 6.5D x = 0.5E

53F The solution to x
3
− 1 = 4 is:

x = 13A x = 7B x = 9C x = 15D x = 5
3

E

63D The expanded form of 3(2y − 1) is:

6y − 3A 5y − 1B 6y − 1C 6y + 2D 3y − 3E

73H An equivalent equation to 5x = 2x + 9 is:

2x = 5A 3x = 9B 0 = 3x + 9C 7x = 9D x = 9E

83G The solution to the equation 2(x − 3) = 7 is:

x = 5A x = 13
2

B x = 2C x = 1
2

D x = 7
3

E

93I Eli is x years old. His sister is 2 years older. The sum of their ages is 22. A simplified

equation to represent this is:

x + 2 = 22A 2x + 2 = 22B 2(x + 2) = 22C x(x + 2) = 22D 2x = 22E

103J The inequality representing the x-values on the number line below is:

0 1 2 3
x

−2 −1

x < −1A x > −1B x � −1C x � −1D −1 < x < 3E
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113J The solution to the inequality 1 − 2x > 9 is:

x < −4A x < 4B x < −5C x > −4D x > 5E

123K If A = 1
2

bh with A = 360 and h = 40, then the value of b is:

90A 4.5B 20C 18D 9E

Extended-response questions

1 Julie hires a jumping castle for her

daughter’s birthday party. It costs $60 for

the set-up, plus $25 for each hour that it is

hired.

a What is the cost for:

1 hour of hire?i

2 hours of hire?ii
b Julie is charged $210 for the hire of the

jumping castle.

Define a variable to represent the

number of hours for which Julie

hired the castle.

i

Set up an equation using your

variable.

ii

Solve the equation to find how many hours Julie hired the jumping castle for.iii

2 A new backyard deck is being designed in the shape of the trapezium shown.

The area of a trapezium is given by A = 1
2
(a + b)h.

Currently the dimensions are set such that a = 12 m and b = 8 m.
h

a

bSubstitute the given values and rearrange the equation to make h the subject.a

Use your answer to part a to find the width of the deck (h m) required to have a deck area

of 100 m2.

b

It is decided to extend the width (h) to 12 m to increase the area to 150 m2. If b is fixed at 8 m,

find the value of a that gives the required area.

c
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4
Pythagoras’
theorem and
trigonometry

Essential mathematics: why understanding Pythagoras’
theorem and trigonometry is important

Pythagoras’ theorem and trigonometry are essential tools used in various fields to solve problems
involving distances, angles, and heights

Surveyors use trigonometry extensively to ensure accurate measurements and effective design in
their work. Using trigonometric ratios like sine, cosine, and tangent, they calculate the steepness
of slopes, which is crucial for assessing terrain. To ensure water does not pool on roads, they
design the road’s slope using trigonometry. By measuring the angle of the slope and the horizontal
distance, they determine the vertical height difference, allowing for proper drainage system design.

Javelin athletes and coaches use trigonometry to calculate the ideal angle that balances both
horizontal and vertical components of the throw to maximise distance. Athletes like Jan Železný
and Thomas Röhler have used these principles to achieve record-breaking throws. Trigonometry
helps them fine-tune their techniques, ensuring they hit the right angles and achieve the best
results.
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In this chapter

4A Exploring Pythagoras’ theorem

4B Finding the length of the
hypotenuse

4C Finding the lengths of the
shorter sides

4D Applying Pythagoras’

theorem

4E Trigonometric ratios

4F Finding side lengths

4G Solving for the

denominator

4H Finding an angle

4I Applying trigonometry

Australian Curriculum 9.0

NUMBER

Recognise that the real number system
includes the rational numbers and the
irrational numbers, and solve problems
involving real numbers using digital
tools (AC9M9N01)

MEASUREMENT

Solve spatial problems, applying angle
properties, scale, similarity, Pythagoras’
theorem and trigonometry in
right-angled triangles (AC9M9M03)

SPACE

Recognise the constancy of the sine,
cosine and tangent ratios for a given
angle in right-angled triangles using
properties of similarity (AC9M9SP01)

Design, test and refine algorithms
involving a sequence of steps and
decisions based on geometric
constructions and theorems; discuss
and evaluate refinements
(AC9M9SP03)

© ACARA

Online resources

A host of additional online resources
are included as part of your Interactive
Textbook, including HOTmaths content,
video demonstrations of all worked
examples, auto-marked quizzes and
much more.
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184 Chapter 4 Pythagoras’ theorem and trigonometry

1 What is the length of the longest side given on these triangles?

3 cm

4 cm

5 cm
a

5 m13 m

12 mb
9 mm

40 mm

41 mmc

2 Calculate each of the following.

32a 72b 22 + 42c 92 − 62d

3 Round off each number correct to four decimal places.

0.45678a 0.34569b 0.04562c 0.27997d

4 Round off each number correct to two decimal places.

4.234a 5.678b 76.895c 23.899d

5 Use a calculator to calculate each of the following correct to two decimal places.√
35a

√
236b

√
23.6c

√
65.4d

6 Find the value of x in these diagrams.

x°

64°

a

x°

28°
b

72°
x°

c

30°

x°
d

40° x°

e

70°

x°

f

7 Solve each of the following equations to find the value of x. Multiply or divide both sides to start.

3x = 6a 4x = 12b 5x = 60c 8x = 48d

x
3
= 4e x

5
= 6f x

7
= 4g x

13
= 14h

8 Solve each of the following equations to find the value of x correct to one decimal place. First

multiply both sides by x, then divide to finish.
3

x
= 5a 4

x
= 7b 32

x
= 15c 14

x
= 27d

9 Given that x is a positive number, find its value in each of the following equations. Note, for

example, that if x2 = 9 then x =
√
9 = 3 (provided that x > 0).

x2 = 4a x2 = 16b x2 = 32 + 42c x2 = 122 + 52d
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4A Exploring Pythagoras’ theorem 185

4A 4A Exploring Pythagoras’ theorem
Learning intentions

• To know which side of a right-angled triangle represents the hypotenuse

• To know that Pythagoras’ theorem relates to right-angled triangles

• To know the relationship between the square of the sides of a right-angled triangle (Pythagoras’ theorem)

• To be able to write Pythagoras’ theorem for a triangle using variables or numbers

Key vocabulary: hypotenuse, Pythagoras’ theorem, right-angled, square

The philosopher Pythagoras was born in Greece in the 6th century

BCE. He travelled to Egypt and Persia where he developed his ideas in

mathematics and philosophy. His students and followers were called the

Pythagoreans. They made many advances in mathematics.

The Pythagoreans discovered the famous theorem, which is named

after Pythagoras, and the existence of irrational numbers such as
√
2,

which cannot be written down as a fraction or terminating decimal. The

Pythagoreans called these numbers ‘unutterable’ numbers because any

member who mentioned these numbers in public might be put to death.

A woodcut engraving of

Pythagoras

Lesson starter: Discovering Pythagoras’ theorem

Use a ruler to measure the sides of these right-angled triangles to the nearest mm. Then complete the table.

b c

a

1

b

c a

2 b

3
c

a

Triangle a b c a2 b2 c2

1

2

3

• Can you see any relationship between the numbers in the columns for a2

and b2 and the number in the column for c2?

• Can you write down this relationship as an equation?

• Explain how you might use this relationship to calculate the value of c if it

was unknown.

• Research how you can cut the two smaller squares (a2 and b2) to fit the

pieces into the largest square (c2).

c2

a2

b2
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186 Chapter 4 Pythagoras’ theorem and trigonometry

Key ideas

The hypotenuse:
• is the longest side of a right-angled (90°) triangle.

• is opposite the right angle.

Pythagoras’ theorem states:

• the square of the hypotenuse is equal to the sum of the

squares of the other two shorter sides.

a2 + b2 = c2 or c2 = a2 + b2

a

b

cHypotenuse

Exercise 4A

Understanding 1–3 3

1 Write the missing words in this sentence.

The is the longest side of a right-angled .

2 Which letter marks the length of the hypotenuse in these triangles?
Hint for Q1 and Q2: The

hypotenuse is the longest side

of a right-angled triangle.
a

b

c

a

y
x

w

b

u

s t

c

3 Decide if these equations are true or false.

Hint for Q3: Does LHS = RHS?

22 + 32 = 42a 62 + 82 = 102b

52 − 32 = 42c 102 − 52 = 52d

Fluency 4, 5 4, 5

Example 1 Writing Pythagoras’ theorem

Write down Pythagoras’ theorem for this triangle.

p

q

r

Solution Explanation

p2 + q2 = r2 r is the length of the hypotenuse and p and q

are the lengths of the two shorter sides.

Alternatively, r2 = p2 + q2.

Now you try

Write down Pythagoras’ theorem for this triangle.

z

yx

4A
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4A Exploring Pythagoras’ theorem 187

4 Write down Pythagoras’ theorem for these triangles using

the given pronumerals.

Hint for Q4: Replace the letters

a, b and c in a2 + b2 = c2

with the given letters.

a

a

b

c

b

e

d
f

c

x

y

z

d

s
v

t

e

e

g
f

f

a

b

x

Example 2 Substituting with Pythagoras’ theorem

Substitute the numbers on this triangle into Pythagoras’ theorem

a2 + b2 = c2.
8

6
10

Solution Explanation

62 + 82 = 102 10 is the length of the hypotenuse and 6 and 8 are the

lengths of the two shorter sides.

Now you try

Substitute the numbers on this triangle into Pythagoras’ theorem

a2 + b2 = c2.

26

10

24

5 Substitute the numbers on these triangles into a2 + b2 = c2.

5

4

3

a

17

8

15

b

9 12

15c

5
13

12

d

41
9

40e

2.5

6.5

6

f
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188 Chapter 4 Pythagoras’ theorem and trigonometry

Problem-solving and reasoning 6–8 7–10

6 Write down Pythagoras’ theorem using the pronumerals given in these diagrams.

x

a

b

a
a b

d

b

x
h

d

c

7 Complete this table and answer the questions below.

a b c a2 b2 a2 + b2 c2

3 4 5

6 8 10

8 15 17

a Which two columns give equal results?

b What would be the value of c2 if a2 + b2 = c2 and:

a2 = 4 and b2 = 9?i a2 = 7 and b2 = 13?ii

c What would be the value of a2 + b2 if a2 + b2 = c2 and:

c2 = 25?i c2 = 110?ii

8 A cable connects the top of a 30 m mast to a point on the ground. The cable is 40 m long and connects

to a point 20 m from the base of the mast.

a Using c = 40, decide if a2 + b2 = c2.

b Do you think the triangle formed by the mast and the cable is right angled? Give a reason.

9 If a2 + b2 = c2, we know that the triangle must have a right angle. Which of these triangles must have

a right angle?

Hint for Q9: Substitute into

a2 + b2 = c2 to see if it’s true.

a 12

15
9

b 1

12

c 5

32

d
17

8

15

e

6

8

5

f

41

40

9

Hint for Q10: If (3, 4, 5) is

a Pythagorean triple, then

(6, 8, 10) is also a triple.

10 (3, 4, 5) and (5, 12, 13) are Pythagorean triples, since 32 + 42 = 52

and 52 + 122 = 132. Find 10 more Pythagorean triples using whole

numbers less than 100.

Pythagorean triples — 11

11 Find the total number of Pythagorean triples with whole numbers of less than 100. Include any found

from Question 10 above.

4A
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4B Finding the length of the hypotenuse 189

4B 4B Finding the length of the hypotenuse
Learning intentions

• To be able to use Pythagoras’ theorem to �nd the length of the hypotenuse given the other two sides

• To be able to �nd hypotenuse lengths both as rounded decimals or exact values including surds

Key vocabulary: hypotenuse, Pythagoras’ theorem, right-angled, substitute, surds, square root

From our knowledge of formulas and equations we know

that the value of one variable can be found if the values of all

the other variables are known. With the help of Pythagoras’

theorem, this means that an unknown side length of a

right-angled triangle can be found if the other two sides are

known. In this section we will find the length of the hypotenuse

given the two shorter sides.

A geometric visualisation of Pythagoras’

theorem.

Lesson starter: Correct substitution

Here are three attempts at using Pythagoras’ theorem for the given triangle.

c2 = a2 + b2

= 32 + 42

= 25

Âc =
√
25

= 5

c2 = a2 + b2

= 42 + 32

= 25

Âc =
√
25

= 5

c2 = a2 + b2

= (3 + 4)2

= 49

Âc = 7

3 cm

4 cm

c cm

• Which set of working is incorrect? Give reasons.

• Why are the other two sets of working correct? Are they identical?

Key ideas

To use Pythagoras’ theorem to find the length of the hypotenuse:

• Use the shorter lengths to substitute for a and b. This can be done in

any order.

• Find the value of a2 + b2.

• Take the square root to find the value of c.

Round if required.

4

6

c

Lengths can be expressed with exact values using surds.
√
2,
√
28 and

2
√
3 are examples of surds.

• When expressed as a decimal, a surd is an infinite non-recurring

decimal with no pattern; for example,
√
2 = 1.4142135623. . .

c2 = a2 + b2

= 42 + 62

= 16 + 36

= 52

Â c2 =
√
52

= 7.21 (to 2 d.p.)
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190 Chapter 4 Pythagoras’ theorem and trigonometry

Exercise 4B

Understanding 1–4 3, 4

1 State the length of the hypotenuse (c) in these right-angled triangles.

15

17
8

a 48

14
50

b
2 2

√8

c

2 Write down Pythagoras’ theorem using the given pronumerals and values for these

right-angled triangles.

Hint for Q2: Write a statement

such as c2 = 22 + 32.c

5

3

a

c

7

2

b

3 Identify the surds from the following list.√
3a 7b 6.4c

√
25d 0.3̇e

√
7f

4 Find the value of c (c > 0) in the following using the square root. Round to one decimal place in

parts a and b and answer as a surd in parts c and d.

c2 = 45a c2 = 10 + 30b c2 = 22c c2 = 32 + 52d

Fluency 5(½), 6 5–7(½)

Example 3 Finding the length of the hypotenuse

Find the length of the hypotenuse in this right-angled triangle.

5

12

c

Solution Explanation

c2 = a2 + b2

= 52 + 122

= 169

Âc =
√
169 If c2 = 169 then c =

√
169 = 13.

= 13

Write the rule and substitute the lengths of the

two shorter sides. Any order is okay.

Now you try

Find the length of the hypotenuse in this right-angled triangle.

4

3

c
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4B Finding the length of the hypotenuse 191

5 Find the length of the hypotenuse in each of the following right-angled triangles.

Hint for Q5: Substitute the two

shorter sides for a and b in

the equation c2 = a2 + b2.

8

6
c

a 12

5c

b

15

8
cc

12

9
c

d 24

7c

e

40

9
cf

48

14

c

g

18

24

c

h

15

20

c

i

Example 4 Using rounding with Pythagoras’ theorem

Find the length of the hypotenuse in this right-angled triangle, rounding to two decimal places.

7

9.5

c

Solution Explanation

c2 = a2 + b2

= 72 + 9.52

= 139.25

Â c =
√
139.25

√
139.25 = 11.8004… and the third decimal place is

zero, so round down.= 11.80 (to 2 d.p.)

The order for a and b does not matter since

72 + 9.52 = 9.52 + 72.

Now you try

Find the length of the hypotenuse in this right-angled triangle, rounding to two decimal places.

c
2

6.3

6 Find the length of the hypotenuse in each of these right-angled triangles, correct to two decimal places.

c4

2
Hint for Q6: Use a calculator

to find the value of c and

round your answer to two

decimal places.

a

1

3

c

b

12
10

cc

8.6

7.4 c

d 5

c

e

0.14

0.04

c

f
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192 Chapter 4 Pythagoras’ theorem and trigonometry

Example 5 Finding the length of the hypotenuse using exact values

Find the length of the hypotenuse in this right-angled triangle, leaving your answer as an exact value.

5

c
2

Solution Explanation

c2 = a2 + b2

= 52 + 22

= 29

Â c =
√
29 Express the answer exactly using a surd.

Apply Pythagoras’ theorem to find the value

of c.

Now you try

Find the length of the hypotenuse in this right-angled triangle, leaving your answer as an exact value.

c
2

7

7 Find the length of the hypotenuse in these triangles, leaving your answer as an exact value.

Hint for Q7: Leave your answer

as a surd; e.g.
√
3 or

√
26.

c

1

2

a 7

3 c

b
35

c

c

c
6

1

d

c

10

3

e

c

8

17

f

Problem-solving and reasoning 8–10, 11(½) 10, 11(½), 12–14

8 Find the length of the diagonal steel brace required to support a wall of length

3.5 m and height 2.6 m. Give your answer correct to one decimal place.
2.6 m

3.5 m

9 A miniature rocket blasts off at an angle of 45° and, after a few seconds,

reaches a height of 350 m above the ground. At this point it has also covered

a horizontal distance of 350 m. How far has the rocket travelled to the

nearest metre?
350 m

350 m

?

10 Find the length of the longest rod, as shown, that will fit inside a cylinder of height

2.1 m and with circular end surface of 1.2 m diameter. Give your answer correct to

one decimal place. 2.1 mrod

1.2 m

4B
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4B Finding the length of the hypotenuse 193

11 For each of these triangles, first calculate the length of the hypotenuse then find the perimeter, correct

to two decimal places.

2 m

3 m

a

1 m

2 mb
2.37 cm

5.16 cm

c

0.072 m

0.038 m

d
5 mm

e

3.2 cm

f

Hint for Q12: First draw a

right-angled triangle.

12 A helicopter hovers at a height of 150 m above the ground and is

a horizontal distance of 200 m from a beacon on the ground.

Find the direct distance of the helicopter from the beacon.

Hint for Q13: You will need

to find AB and BC first by

considering two different

triangles.

13 Find the perimeter of this triangle.

12

9
A C

B

5

14 One way to check whether a four-sided figure is a rectangle is to make sure that both its diagonals are

the same length. What should the length of the diagonals be if a rectangle has side lengths 3 m and

5 m? Answer to two decimal places.

The dog kennel — 15

15 A dog kennel has the dimensions shown in the diagram on the right. Give

your answers to each of the following, correct to two decimal places.

What is the width of the kennel?a

What is the total height, h m, of the kennel?b

If the sloping height of the roof was to be reduced from 55 cm to 50 cm,

what difference would this make to the total height of the kennel?

(Assume that the width is the same as in part a.)

c

55 cm

h mDog

1 m
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194 Chapter 4 Pythagoras’ theorem and trigonometry

4C 4C Finding the lengths of the shorter sides
Learning intentions

• To be able to set up Pythagoras’ theorem where the unknown is a shorter side

• To be able to solve the resulting equation from Pythagoras’ theorem to �nd the length of a shorter side

Key vocabulary: Pythagoras’ theorem, hypotenuse, equation, square root, surd

We know that the sum 7 = 3 + 4 can be written as

a difference: 3 = 7 − 4 or 4 = 7 − 3. Likewise, if

c2 = a2 + b2 then a2 = c2 − b2 or b2 = c2 − a2.

Applying this idea to a right-angled triangle means

that we can now find the length of one of the shorter

sides if the other two sides are known.

Lesson starter: True or false

Below are some mathematical statements relating to a

right-angled triangle with hypotenuse 10 and the two

shorter sides 6 and b.

6
10

b

The height of a roof can be found using Pythagoras’

theorem.

Some of these mathematical statements are true and some are false. Can you sort them into true and

false groups?

6
2 + b2 = 102 6 =

�

102 − b2 10
2
− 6

2 = b2 6
2
− 10

2 = b2

10 =
�

62 + b2 b =
�

62 − 102 10 =
�

62 − b2 10
2
− b2 = 62

Key ideas

When finding the length of a shorter side:

• Substitute known values into Pythagoras’ theorem.

• Solve this equation to find the unknown value.

For example:

a25

15

c2 = a2 + b2 Write out Pythagoras’ theorem.

25
2 = a2 + 152 Substitute in the known values.

625 = a2 + 225 Subtract 225 from both sides.

400 = a2 To find a, take the square root of both sides.
√
400 = a

20 = a

or a = 20
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4C Finding the lengths of the shorter sides 195

Exercise 4C

Understanding 1–3 3

1 Write the missing word or number.

To solve for a in a2 + 9 = 25, the first step would be to 9 from both sides.a

To solve for b in 16 + b2 = 49, the first step would be to subtract from both sides.b

If a2 + 25 = 36, then a2 = .c

2 If a2 + 64 = 100, decide if the following are true or false.

a2 = 100 − 64a 64 = 100 + a2b a = 6c a = 10d

3 Find the value of b in these equations. (b is a positive number.)

Hint for Q3: Solve for b2 first.
b2 + 9 = 25a b2 + 49 = 625b 36 + b2 = 100c

Fluency 4–5(½) 4-5(½)

Example 6 Finding the length of a shorter side

Find the value of the pronumeral.
17

15

a

Solution Explanation

a2 + 152 = 172 Write the rule and substitute the known sides.

a2 + 225 = 289 Square 15 and 17.

a2 = 64 Subtract 225 from both sides.

Â a =
√
64 Take the square root of both sides.

a = 8

Now you try

Find the value of the pronumeral. 25

24

a

4 Find the value of the pronumeral.

Hint for Q4: Substitute for a,

b and c, then solve for the

remaining pronumeral.

a

20
12

a

b 10

26 a

c 10

8 b

d

28

35 b

e 61
11

b

f 36

45 x
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196 Chapter 4 Pythagoras’ theorem and trigonometry

Example 7 Using rounding to approximate the length of a shorter side

Find the value of x, rounding to two decimal places.

10

7.6

x

Solution Explanation

x2 + 7.62 = 102 Write the rule and substitute c = 10 and b = 7.6

x2 + 57.76 = 100

x2 = 42.24 Subtract 57.76 from both sides.

Â x =
√
42.24 Take the square root of both sides.

x = 6.50 (to 2 d.p.) Round to two decimal places.

Now you try

Find the value of x, rounding to two decimal places.

5.2 8

x

5 Find the value of the pronumeral. Express your answers correct to two decimal places.

Hint for Q5: Use your

calculator to get your answer,

then round to two decimal

places.

a 5

10 b

b 12

4
a

c
5.6

a

2.3

d 30.4

35.1
b

e
4.9

8.7

a
f 0.3

0.8b

Problem-solving and reasoning 6–8 7–10

6 The base of a ladder leaning against a wall is 1.5 m from the base of the wall.

The ladder is 5.5 m long. Find how high the top of the ladder is above the

ground, correct to one decimal place. Wall

Ladder
5.5 m

1.5 m

7 A 32 m communication tower is supported by 35 m cables stretching from the

top of the tower to a position at ground level. Find the distance from the base

of the tower to the point where the cable reaches the ground, correct to one

decimal place.
32 m35 m

4C
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4C Finding the lengths of the shorter sides 197

8 If a television has a screen size of 63 cm, it means that the diagonal

length of the screen is 63 cm. If the vertical height of a 63 cm screen is

39 cm, find how wide the screen is to the nearest centimetre.
63 cm

9 A 1.3 m vertical fence post is supported by a 2.27 m bar, as shown in the

diagram on the right. Find the distance (d metres) from the base of the post

to where the support enters the ground. Give your answer correct to two

decimal places.

1.3 m

2.27 m
Fence

d m

Example 8 Using Pythagoras’ theorem and exact values

Find the value of x, giving your answer as a surd

(exact value).
3

x

Solution Explanation

x2 + x2 = 32 Two sides are of length x.

2x2 = 9 Add like terms.

x2 = 9
2

Divide both sides by 2.

Â x =

�

9

2
or 3√

2
Take the square root of both sides. To express as an

exact answer, do not calculate the square root.

Now you try

Find the value of x, giving your answer as a surd

(exact value).
5

x

10 Find the value of x as an exact answer. Note that the triangles are isosceles.

2x

x

a 4

x

b

1

xc

First find a missing length — 11

11 Find the value of x. Give an exact answer each time.

18

12

14x

a 24

12 15

x

b

50

40

70

x

c
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198 Chapter 4 Pythagoras’ theorem and trigonometry

4D 4D Applying Pythagoras’ theorem
Learning intentions

• To be able to identify right-angled triangles in diagrams

• To be able to calculate unknown side lengths using given information and Pythagoras’ theorem

• To be able to use Pythagoras’ theorem to solve a problem

Key vocabulary: Pythagoras’ theorem, right-angled

To apply Pythagoras’ theorem to solve a real problem, it can help to first draw a right-angled triangle. This

makes it easier to identify the unknown side. As long as two sides of the right-angled triangle are known,

the length of the third side can be found.

The length of each cable on the Anzac Bridge, Sydney, can be
calculated using Pythagoras’ theorem.

Lesson starter: But where is the right-angled triangle?

A shed with two walls of length 3 m and 7 m has a sloping 10 m roof. We need

to determine the distance between the two walls.

• Can you identify a right-angled triangle?

• What two side lengths on the right-angled triangle do you know?

• Show how Pythagoras’ theorem can be used to find the unknown side.

• How would you put the answer in words?

10 m

3 m

7 m

?

Key ideas

When applying Pythagoras’ theorem to real-world

problems:

• Identify and draw right-angled triangles that may help

to solve the problem (shown in red on diagram).

• Label the sides with their lengths or with a letter

(pronumeral) if the length is unknown.

• Use Pythagoras’ theorem to solve for the unknown.

13 m

?10 m

4 m

6 m

• Solve the problem by making any further calculations and answering in words.

• Check that the answer that you have appears to be reasonable in the given situation.
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4D Applying Pythagoras’ theorem 199

Exercise 4D

Understanding 1, 2 2

1 Two vertical posts are connected at the top by a wire as shown (right),

Which of the following triangles could be used to help find the

cable length?

A

20 m

15 m

?

B

18 m

15 m

?

C

38 m

15 m

?

38 m

15 m

20 m

?

2 Match each problem (a, b or c) with both a diagram (A, B or C) and its solution (I, II, III).

Two trees stand 20 m

apart. They are 32 m and

47 m tall. What is the

distance between the tops

of the two trees?

a
3 km

2 km

x km

x km

A The kite is flying at a height of

30.59 m.

I

A kite is flying with a kite

string of length 35 m. Its

horizontal distance from its

anchor point is 17 m. How

high is the kite flying?

b
47 − 32

= 15 m

20 m

x m
B The man has walked a total of

2+2.12 = 4.12 km north from his

starting point.

II

A man walks due north for

2 km then north-east for

3 km. How far north is he

from his starting point?

c

35 m

17 m

x m

C The distance between the top

of the two trees is 25 m.

III

Fluency 3, 4, 6 3, 5, 6

Example 9 Identifying right-angled triangles in a diagram

An area of lawn is in the shape of a trapezium, as shown.

Draw a right-angled triangle to help find the unknown side length.a

Find the unknown side length correct to two decimal places.b 13 m
?

11 m

20 m

Solution Explanation

a

13 m

9 m

?

The top side of the triangle is 20 m − 11 m = 9 m.

13 m

11 m

(20 − 11) m

Continued on next page
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200 Chapter 4 Pythagoras’ theorem and trigonometry

b a2 + b2 = c2

a2 + 92 = 132

a2 + 81 = 169

a2 = 88

Âa =
√
88

= 9.38 (to 2 d.p.)

The unknown length is 9.38 m.

Use Pythagoras’ theorem with the hypotenuse as 13 m.

Solve for a and round as required.

Now you try

A paved area is in the shape of a trapezium, as shown.

Draw a right-angled triangle to help find the unknown side length.a

Find the unknown side length correct to two decimal places.b 28 m
?

20 m

37 m

3 The side of a sculpture is in the shape of a trapezium, as shown.

a Draw a right-angled triangle to help find the unknown side length.

b Find the unknown length correct to two decimal places.

50 m

?

75 m

40 m

4 A scale drawing of the front of a dog kennel is shown. Find the unknown side

length correct to two decimal places.
5 cm

8 cm

?

5 Find the direct distance between the points A and B in each of the following, correct to

one decimal place.

Hint for Q5: Draw in the right-

angled triangle that will help

to find the distance AB. The

first one is shown for you.

a

6 m

10 m

A

B

5 m

b

3.1 cm

A B

1.9 cm

2.7 cm

c

6 m
2 m

4 m

A

B

d

3.9 m
2.6 m

7.1 m
A

B

4D
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4D Applying Pythagoras’ theorem 201

Example 10 Applying Pythagoras’ theorem

Two skyscrapers are located 25 m apart and a cable links the tops of the

two buildings. Find the length of the cable if the buildings are 50 m and

80 m in height. Give your answer correct to two decimal places.

Cable

25 m

Solution Explanation

Let x m be the length of the cable.

x m

25 m

30 m

Draw a right-angled triangle and label the

measurements and pronumerals.

x m

25 m

25 m
80 m

50 m

80 − 50 = 30 m

c2 = a2 + b2

x2 = 252 + 302

x2 = 625 + 900

= 1525

Â x =
√
1525

= 39.05 (to 2 d.p.)

Set up an equation using Pythagoras’ theorem

and solve for x.

Â The cable is 39.05 m long. Answer the question in words.

Now you try

Two buildings are 20 m apart. A cable links the top of the two buildings.

Find the length of the cable if the buildings are 40 m and 65 m in height.

Give your answer correct to two decimal places.

Cable

20 m

6 Two poles are located 2 m apart. A wire links the tops of the two poles. Find

the length of the wire if the poles are 2.8 m and 5 m in height. Give your

answer correct to one decimal place.
5 m

2.8 m

2 m
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202 Chapter 4 Pythagoras’ theorem and trigonometry

Problem-solving and reasoning 7, 8 7, 9, 10

7 Two skyscrapers are located 25 m apart and a cable of

length 62.3 m links the tops of the two buildings. If the

taller building is 200 metres tall, what is the height of the shorter

building? Give your answer correct to one decimal place.
Hint for Q7: First draw a right-angled

triangle just like in Example 10.

Then find the difference in their

heights.

8 A garage is to be built with a skillion roof (a roof with a single

slope). The measurements are given in the diagram. Calculate the

pitch line length, to the nearest millimetre. Allow 500 mm for each

of the eaves.
Pitch line

2600 mm

2800 mmEaves

1700 mm

Eaves

Hint for Q9: You will need to

find the hypotenuse length of

a right-angled triangle. Use a

diagram like Example 10

9 Two bushwalkers are standing on different mountain sides.

According to their maps, one of them is at a height of 2120 m

and the other is at a height of 1650 m. If the horizontal distance

between them is 950 m, find the direct distance between the

two bushwalkers. Give your answer correct to the nearest metre.

10 A 100 m radio mast is supported by six cables in two sets of

three cables. They are anchored to the ground at an equal

distance from the mast. The top set of three cables is attached

at a point 20 m below the top of the mast. Each cable in the

lower set of three cables is 60 m long and is attached at a

height of 30 m above the ground. If all the cables have to be

replaced, find the total length of cable required. Give your

answer correct to two decimal places.

Hint for Q10: First draw a diagram

and add all the given information.

The suspension bridge — 11

11 A suspension bridge is built with two vertical pylons and two

straight beams of equal length. They extend from the top

of the pylons to meet at a point, C, above the centre of the

bridge, as shown in the diagram on the right.

Calculate the vertical height of the point C above the tops

of the pylons.

a

Calculate the distance between the pylons; that is, the

length of the span of the bridge correct to one decimal place.

b

P
yl

o
n

Bridge

65 m

P
yl

o
n

52 m

25 m

C

4D
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4E Trigonometric ratios 203

4E 4E Trigonometric ratios
Learning intentions

• To know how to label the sides of a right-angled triangle as opposite, adjacent and hypotenuse

• To understand that the opposite and adjacent sides of a triangle are relative to the angle involved

• To know the trigonometric ratios for sine, cosine and tangent

• To understand that the trigonometric ratios are always the same if the angles in a right-angled triangle are the same

• To be able to write the correct trigonometric ratio for a right-angled triangle based on the given information

Key vocabulary: trigonometric ratio, opposite, adjacent, hypotenuse, sine, cosine, tangent, right-angled

The branch of mathematics called trigonometry

deals with the relationship between the side

lengths and angles in triangles. Trigonometry

dates back to the ancient Egyptian and Babylonian

civilisations where a basic form of trigonometry

was used in the building of pyramids and in

the study of astronomy. In the first century

CE, Claudius Ptolemy advanced the study of

trigonometry by writing 13 books called the

Almagest. Ptolemy also developed tables of

values linking the sides and angles of a triangle.

A basic form of trigonometry was used in the study of

ancient astronomy.

Lesson starter: Constancy of sine, cosine and tangent

In geometry we would say that similar triangles have the same shape but are of different size. Here are three

similar right-angled triangles. The angle h (theta) is the same for all three triangles.

5

12

13
Aθ

10

24

26

B
θ

15

36

39

C
θ

We will now calculate three special ratios for the angle h in the

above triangles: sine, cosine and tangent. We use the sides labelled

Hypotenuse (H), Opposite (O) and Adjacent (A) as shown at right.

Opposite (O)

Adjacent (A)

Hypotenuse (H)

θ

• Complete this table, simplifying all fractions.

• What do you notice about the value of:

a sin h for all three triangles?

b cos h for all three triangles?

c tan h for all three triangles?

• Why are the three ratios (sin h, cos h and tan h) the

same for all three triangles? Discuss.

O
H

A
H

O
A

Triangle (sin h) (cos h) (tan h)

A 5
13

B 24
26
= 12
13

C 15
36
= 5
12
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204 Chapter 4 Pythagoras’ theorem and trigonometry

Key ideas

If a right-angled triangle has one angle h, then:

• the longest side is called the hypotenuse (H)

• the side opposite h is called the opposite (O)

• the remaining side is called the adjacent (A) (next to angle h)

H
O

A
θ H

O

A
θ

For a right-angled triangle with a given angle h, the three trigonometric ratios: sine (sin),

cosine (cos) and tangent (tan) are given by:

• sine of angle h (or sin h) =
length of the opposite side

length of the hypotenuse

• cosine of angle h (or cos h) =
length of the adjacent side

length of the hypotenuse

• tangent of angle h (or tan h) =
length of the opposite side

length of the adjacent side

For any right-angled triangle with the same

angles, these ratios are always the same.

The mnemonic SOHCAHTOA is useful when

trying to remember the three ratios.

H
O

A

θ

sin θ =
Opposite

Hypotenuse
cos θ =

Adjacent

Hypotenuse
tan θ =

Opposite

Adjacent

SOH CAH TOA

Exercise 4E

Understanding 1, 2 2

1 For this triangle:

What is the length of the hypotenuse?a

What is the length of the side opposite h?b

What is the length of the side adjacent to h?c 12 m

5 m
13 m

θ

2 Write the missing word in these sentences.

H stands for the word .a

O stands for the word .b

A stands for the word .c

sin h = ÷ Hypotenuse.d

cos h = Adjacent ÷ .e

tan h = Opposite ÷ .f

H
O

A

θ

4E
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4E Trigonometric ratios 205

Fluency 3–5 3–4(½), 5, 6

Example 11 Labelling the sides of triangles

Copy this triangle and label the sides as opposite to h (O), adjacent to h (A)

and hypotenuse (H).

θ

Solution Explanation

A

H

O

θ

Draw the triangle and label the side opposite

the right angle as hypotenuse (H), the side

opposite the angle h as opposite (O) and

the remaining side next to the angle h as

adjacent (A).

Now you try

Copy this triangle and label the sides as opposite to h (O), adjacent to h (A)

and hypotenuse (H).

θ

3 Copy each of these triangles and label the sides as opposite to h (O), adjacent to h (A) and

hypotenuse (H).

θ Hint for Q3: Alternatively,

pencil the letters O, A and H

onto this page.

a

θ

b

θ

c

θ

d

θ

e

θ

f

θ

g

θ
h
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206 Chapter 4 Pythagoras’ theorem and trigonometry

Example 12 Writing trigonometric ratios

Write a trigonometric ratio (in fraction form) for each of the following triangles.

7

5

θ

a

9

4

θ

b

5

3

θ

c

Solution Explanation

a cos h = A
H

cos h = 5
7

(O)

5 (A)

(H) 7

θ

Side length 7 is opposite the right

angle so it is the hypotenuse (H).

Side length 5 is adjacent to angle h

so it is the adjacent (A).

Use cos h since we have A and H.

b sin h = O
H

sin h = 4
9 (A)

4 (O)

9 (H)

θ
Side length 9 is opposite the right

angle so it is the hypotenuse (H).

Side length 4 is opposite angle h

so it is the opposite (O).

Use sin h since we have O and H.

c tan h = O
A

tan h = 3
5

3 (O)

(A) 5
(H)

θ

Side length 3 is opposite angle h so

it is the opposite (O).

Side length 5 is the adjacent side to

angle h so it is the adjacent (A).

Use tan h since we have O and A.

Now you try

Write a trigonometric ratio (in fraction form) for each of the following triangles.

9

7

θ

a

6
7

θb

8

5
θ

c

4E
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4E Trigonometric ratios 207

4 Write a trigonometric ratio (in fraction form) for each of the following triangles and simplify

where possible.

Hint for Q4: Use sin h if you

have O and H, use cos h if you

have A and H, and use tan h if

you have O and A.

a

4
7

θ

b

5

4

θ

c 6

10

θ

d 4

6

θ

e

5

5

θ
f

2

3
θ

g 12

11

θ
h 6

3
θ

i
3

5

θ

5 For each of these triangles, write a ratio (in simplified fraction form) for sin h, cos h and tan h.

5 3

4
θ

a

26

24

10θ
b

13

12
5

θ

c

6 Here are two similar triangles, A and B.

Hint for Q6: Simplify your

fractions from the larger

triangle to help see the

connection.

13 5

12

A
θ

26

24

10
B

θ

a Write the ratio sin h (as a fraction) for triangle A.i

Write the ratio sin h (as a fraction) for triangle B.ii

What do you notice about your two answers from parts a i and a ii above?iii

b Write the ratio cos h (as a fraction) for triangle A.i

Write the ratio cos h (as a fraction) for triangle B.ii

What do you notice about your two answers from parts b i and b ii above?iii

c Write the ratio tan h (as a fraction) for triangle A.i

Write the ratio tan h (as a fraction) for triangle B.ii

What do you notice about your two answers from parts c i and c ii above?iii
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208 Chapter 4 Pythagoras’ theorem and trigonometry

Problem-solving and reasoning 7–9 8–11

7 The facade of a Roman temple has the given

measurements. Write down the ratio for:

sin ha

cos hb

tan hc

5 m

3 m
4 m θ

The Pantheon, a Roman temple that was built in 126 CE.

8 A vertical flag pole casts a shadow 20 m long.

If the pole is 15 m high, find the ratio for tan h.

15 m

20 m

θ

Hint for Q8: Decide which side

is the opposite to h and which

side is adjacent to h.

9 For the triangle shown, state the length of the side that corresponds to:

a the hypotenuse

b the side opposite angle h

c the side opposite angle a

d the side adjacent to angle h

e the side adjacent to angle a.

α

5

3

4

θ

10 For the triangle shown on the right, write a ratio (in fraction form) for:

sin ha sinab cos hc

tanad cosae tan hf 10 8

6

α

θ

Hint for Q11:

Use a2 + b2 = c2

for part b with

c = 17 and b = 15.

11 Draw a right-angled triangle and mark one of the angles as h.

Mark in the length of the opposite side as 15 units and the

length of the hypotenuse as 17 units.

a

Using Pythagoras’ theorem, find the length of the adjacent side.b

Determine the ratios for sin h, cos h and tan h.c

4E
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4E Trigonometric ratios 209

The complementary connection — 12, 13

12 This triangle has angles 90°, 60° and 30° and side lengths 1, 2 and
√
3.

2 1

√3

60°

30°

a Write a ratio for:

sin 30°i cos 30°ii tan 30°iii

sin 60°iv cos 60°v tan 60°vi

b What do you notice about the following pairs of ratios?

cos 30° and sin 60° ii sin 30° and cos 60°i

13 a Measure all the side lengths of this triangle to the nearest millimetre.

40°

b Use your measurements from part a to find an approximate ratio for:

cos 40° ii sin 40° iii tan 40°i

sin 50° v tan 50° vi cos 50°iv

c Do you notice anything about the trigonometric ratios for 40° and 50°?

Surveyors measure distances and angles and apply trigonometry to calculate other angles and

distances.
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210 Chapter 4 Pythagoras’ theorem and trigonometry

4F 4F Finding side lengths
Learning intentions

• To know how to use a calculator to evaluate sin, cos or tan in degrees

• To be able to set up a trigonometric ratio to �nd a missing side length

• To know that at least one angle and one side length must be known to �nd another side length using trigonometry

• To be able to use a trigonometric ratio to �nd an unknown side length

Key vocabulary: trigonometric ratio, opposite, adjacent, hypotenuse, sine, cosine, tangent, right-angled, numerator

Since ancient times, mathematicians have attempted to tabulate the three trigonometric ratios for varying

angles. Here are the ratios for some angles in a right-angled triangle, correct to three decimal places.

Angle (h) sin h cos h tan h

0° 0 1 0

15° 0.259 0.966 0.268

30° 0.5 0.866 0.577

45° 0.707 0.707 1

60° 0.866 0.5 1.732

75° 0.966 0.259 3.732

90° 1 0 undefined

In modern times these values can be evaluated

using calculators to a high degree of accuracy

and can be used to help solve problems involving

triangles with unknown side lengths.

Architects use trigonometry to design buildings.

Lesson starter: Calculator start up

All scientific or CAS calculators can produce accurate values of sin h, cos h and tan h.

• Ensure that your calculator is in degree mode.

• Find the value of the following, correct to three decimal places.

sin 50°– cos 81°– tan 36°–

• Use trial and error to find (to the nearest degree) an angle, h, which satisfies these conditions.

sin h = 0.454– cos h = 0.588– tan h = 9.514–

Key ideas

If h is in degrees, the ratios for sin h, cos h and tan h can accurately be found using a calculator in

degree mode.

If the angles and one side length of a right-angled triangle are known, then the other side lengths

can be found using the sin h, cos h or tan h ratios.

30°

3
x

42° 7.2x
71°

x

4

sin 30° = x
3

x = 3 × sin 30°

= 1.5

cos 42° = x
7.2

x = 7.2 × cos 42°

¥ 5.35

tan 71° = x
4

x = 4 × tan 71°

¥ 11.62
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4F Finding side lengths 211

Exercise 4F

Understanding 1–3 2, 3

1 For the marked angle h, decide if x represents the length of the opposite (O), adjacent (A) or hypotenuse

(H) side.

x
θ

a x

θ

b

x

θ

c

2 Decide whether you would use sin h = O
H
, cos h = A

H
or tan h = O

A
to help find the value of x in these

triangles. Do not find the value of x; just state which ratio would be used.

x
7

29°

a x

52°
4

b
x

10.1 82°
c

3 Which first step would be used to solve for x in the equation sin 70° = x
4
?

Add 4 to both sidesA Multiply both sides by 4B

Subtract 4 from both sidesC Divide both side by 4D

Fluency 4–6(½) 4–6(½)

Example 13 Using a calculator

Use a calculator to evaluate the following, correct to two decimal places.

sin 50°a cos 16°b tan 77°c

Solution Explanation

a sin 50° = 0.77 (to 2 d.p.) sin 50° = 0.766044… the third decimal place is

greater than 4, so round up.

b cos 16° = 0.96 (to 2 d.p.) cos 16° = 0.961261… the third decimal place is

less than 5, so round down.

c tan 77° = 4.33 (to 2 d.p.) tan 77° = 4.331475… the third decimal place is

less than 5, so round down.

Now you try

Use a calculator to evaluate the following, correct to two decimal places.

sin 20°a cos 38°b tan 67°c
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212 Chapter 4 Pythagoras’ theorem and trigonometry

4 Use a calculator to evaluate the following correct to two decimal places.

sin 20°a cos 37°b tan 64°c sin 47°d

cos 84°e tan 14.1°f sin 27.4°g cos 76.2°h

Example 14 Solving for x in the numerator of a trigonometric ratio

Find the value of x in the equation cos 20° = x
3
, correct to two decimal places.

Solution Explanation

cos 20° = x
3

Multiply both sides of the equation by 3 and

round as required.

x = 3 × cos 20°

= 2.82 (to 2 d.p.)

Swap sides to put x on the left.

Now you try

Find the value of x in the equation cos 40° = x
5
, correct to two decimal places.

5 Find the value of x correct to two decimal places.

Hint for Q5: For part a, for

example, multiply by 4 and

use a calculator to evaluate

4 × sin 50°.

sin 50° = x
4

a tan 81° = x
3

b cos 33° = x
6

c

cos 75° = x
3.5

d sin 24° = x
4.2

e tan 42° = x
10

f

x
7.1
= tan 18.4°g x

5.3
= sin 64.7°h x

12.6
= cos 52.9°i

Example 15 Finding side lengths

For each triangle, find the value of x correct to two decimal places.

38°

7
x

a

42° 4

x

b

24°
10

xc

Solution Explanation

a sin 38° = O
H

sin 38° = x
7

x = 7 sin 38° Multiply both sides by 7 and evaluate using

a calculator.= 4.31 (to 2 d.p.)

Since the opposite side (O) and the

hypotenuse (H) are involved, the sin h

ratio must be used. Use h = 38°.
38°

(O) x

(A)

7(H)

4F
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4F Finding side lengths 213

b tan 42° = O
A

tan 42° = x
4

x = 4 tan 42° Multiply both sides by 4 and evaluate.

= 3.60 (to 2 d.p.)

Since the opposite side (O) and the

adjacent side (A) are involved, the tan h

ratio must be used. Use h = 42°.
42°

x (O)

4 (A)

(H)

c cos 24° = A
H

cos 24° = x
10

x = 10 cos 24° Multiply both sides by 10.

= 9.14 (to 2 d.p.)

Since the adjacent side (A) and the

hypotenuse (H) are involved, the cos h

ratio must be used.
24°(O)

x (A)

10 (H)

Now you try

For each triangle, find the value of x correct to two decimal places.

x
25°

4
a

40° 6

xb

32°

10

x
c

6 Find the value of x correct to two decimal places.

Hint for Q6: First decide

which sides you have,

including the unknown

(O, A or H), then choose

the correct ratio (sin h,
cos h or tan h).

x

42°

8

a

x

23°

1
b

x
42°

20c

x

17°4d

x

35°
12e

x

43°

2

f

x

25°

32
g x

18°

5

h x

63° 45

i

x

43°

6.2

j

x

30°
17

k

x

34°

24

l

x

40°
21

m

x

19°

5.8

n

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        Photocopying is restricted under law and this material must not be transferred to another party.

   Cambridge University Press 



214 Chapter 4 Pythagoras’ theorem and trigonometry

Problem-solving and reasoning 7–9 8–11

7 A pole is supported by a 12 m cable that makes a 60° angle with the ground.

How tall is the pole, correct to two decimal places?

60°

12 m ?

8 Amy walks 5.4 m up a ramp that is inclined at 12° to the horizontal. How high

(correct to two decimal places) is she above her starting point?
12°

5.4 m

9 Kane wanted to measure the width of a river at a certain point. He

placed two markers, A and B, 72 m apart along the bank. C is a point

directly opposite marker B. Kane measured angle CAB to be 32°. Find

the width of the river correct to two decimal places. Hint for Q9: The ‘width’ is

opposite (O) the 32° angle and

the 72 m length is adjacent

(A) to the 32° angle.

32°
A

C

B

Width

72 m

Hint for Q10: The

depth length is

adjacent (A) to the

34° angle.

10 One end of a 12.2 m rope is tied to a boat.

The other end is tied to an anchor, which is

holding the boat steady in the water. If the

anchor is making an angle of 34° with the

vertical, how deep is the water? Give your

answer correct to two decimal places.

12.2 m
34°

11 For this right-angled triangle:

Find the value of angle ÒC.a

Calculate the value of x correct to three decimal places using the

sine ratio.

b

Calculate the value of x correct to three decimal places but instead use

the cosine ratio.

c
A

C

B

5
x

25°

Combining multiple trigonometric calculations — 12

12 Find the length AB in these diagrams. A combination of calculations is required. Round to two decimal

places where necessary.

a

70°

BA

30°

20 m
10.6 m

b

A B

120°

5 cm

4F
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Progress quiz 215

14A Write down Pythagoras’ theorem for these triangles using the pronumerals and numbers given.

x
z

y

a s

rt

b

12

5

13

c

24B Find the length of the hypotenuse in these right-angled triangles. Give exact answers for parts

a and b and round to one decimal place in part c.

9
c

12

a

8

3

c

b

4
6

cc

34C Find the value of the pronumeral in these right-angled triangles. Round to two decimal places

where necessary.

24

26
a

a 9

b
11

b

44C A 3 m wooden plank is supporting an advertising billboard that is 2 m high. What

is the distance of the plank from the base of the billboard? Round to one decimal

place.
2 m

3 m

54D A backyard deck is in the shape of a trapezium as shown. By drawing an appropriate right-angled

triangle, find the width of the deck, w metres, correct to two decimal places.

4 m
w m

5 m

3 m

64D Two telegraph poles 3.2 m and 5.4 m high are 2.4 m apart. A wire connects the top of the two

poles. Find the length of the wire correct to one decimal place.

2.4 m

5.4 m

3.2 m
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216 Chapter 4 Pythagoras’ theorem and trigonometry

74E Write a trigonometric ratio (in fraction form) for each of the following triangles.

4
7

θ

a 9

5

θ
b

6

11

θ

c

84F Find the value of x, correct to two decimal places, in each of the following triangles.

35°

10

x

a

50°

5

x

b

94F A ladder leaning against a wall makes a 60° angle with the ground

as shown. If the ladder is 3 m long, how far up the wall (x metres)

does it reach? Round to one decimal place.

60°

3 m
Wall
x m
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4G Solving for the denominator 217

4G 4G Solving for the denominator
Learning intentions

• To be able to use a trigonometric ratio to �nd an unknown in the denominator

Key vocabulary: trigonometric ratio, opposite, adjacent, hypotenuse, sine, cosine, tangent, right-angled, denominator

So far we have constructed trigonometric ratios using a pronumeral that has always appeared in

the numerator. For example: sin 40° = x
5
. This makes it easy to solve for x where both sides of the

equation can be multiplied by 5. If, however, the pronumeral appears in the denominator, there are

a number of algebraic steps that can be taken to find the solution.

The Pont de Normandie bridge in France is

supported by cables of varying lengths but

fixed angle. The length is determined by

the distance of the anchor to the vertical

support.

Lesson starter: Solution steps

Three students attempt to solve sin 40° = 5
x
for x.

Nick says x = 5 × sin 40°

Sharee says x = 5

sin 40°

Dori says x = 1
5
× sin 40°

• Which student has the correct solution?

• Can you show the algebraic steps that support the correct answer?

Key ideas

If the unknown value of a trigonometric ratio

is in the denominator, you need to rearrange

the equation to make the pronumeral

the subject.
5

x

30°

For example, for the triangle shown,

multiplying both sides by x removes

the fraction.

Dividing both sides by cos 30° solves for x.

cos 30° = 5
x

x × cos 30° = 5

x = 5

cos 30°
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218 Chapter 4 Pythagoras’ theorem and trigonometry

Exercise 4G

Understanding 1–3 3

1 Write the trigonometric ratio that would be used to find the value of x in these triangles.

7

x

θ

a

x

10

θ

b 2.3
x

θ

c

2 Which of the following equations is produced by multiplying both sides of sin 50° = 3
x
by x?

x = 3 × sin 50°A x = sin 50°
3

B x × sin 50° = 3C

3 Complete the following solutions by filling in the boxes.

x × cos 25° = 2

x = 2

a x × tan 65° = 10

x = 10

b x × sin 72° = 6

x =

c

Fluency 4–5(½) 4–5(½)

Example 16 Solving for x in the denominator

Solve for x in the equation cos 35° = 2
x
, correct to two decimal places.

Solution Explanation

cos 35° = 2
x

x cos 35° = 2 Multiply both sides of the equation by x.

x = 2

cos 35°
Divide both sides of the equation by cos 35°.

= 2.44 (to 2 d.p.) Evaluate and round off to two decimal places.

Now you try

Solve for x in the equation tan 40° = 3
x
, correct to two decimal places.

4 Find the value of x correct to two decimal places.

Hint for Q4: First multiply both

sides by x.

cos 43° = 3
x

a sin 36° = 4
x

b tan 9° = 6
x

c

tan 64° = 2
x

d cos 67° = 5
x

e sin 12° = 3
x

f

sin 38.3° = 5.9
x

g 45

x
= tan 21.4°h 18.7

x
= cos 32°i
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4G Solving for the denominator 219

Example 17 Finding side lengths

Find the value of x correct to two decimal places.

5
x

35°

Solution Explanation

sin 35° = O
H

sin 35° = 5
x

x sin 35° = 5 Multiply both sides of the equation by x then divide both sides of

the equation by sin 35°.
x = 5

sin 35°

= 8.72 (to 2 d.p.) Evaluate on a calculator and round off to two decimal places.

Since the opposite side (O) is given and we

require the hypotenuse (H), use sin h. (O) 5

(A)

x (H)

35°

Now you try

Find the value of x correct to two decimal places.

20°

x
2

5 Find the value of x correct to two decimal places using the sine, cosine or tangent ratios.

Hint for Q5:

Are you going to use sin h = O
H
,

cos h = A
H
or tan h = O

A
?

9 x

42°

a

8
x

29°

b

45
x

39°

c

14

x

28°

d

15

x
44°

e

x

47°

26

f

x

49°

6g x

53°
26

h x

44°

21

i

x
8°

7

j
x

28°

25
k 14

x

26°

l
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220 Chapter 4 Pythagoras’ theorem and trigonometry

Problem-solving and reasoning 6–8 7–10

6

Hint for Q6 and Q7: First

decide if you are going to

use sin h (SOH), cos h (CAH)

or tan h (TOA).

A kite is flying at a height of 27 m above the

anchor point. If the string is inclined at 42° to the

horizontal, find the length of the string correct to

the nearest metre.
27 m

42°

7 A hang glider flying at a height of 800 m descends at an

angle of 12° to the horizontal. How far (to the nearest

metre) has it travelled in descending to the ground? Distance in descent

800 m

12°

Example 18 Finding two side lengths on one triangle

Find the value of x and y correct to two decimal places.

19

x

y

28°

Solution Explanation

tan 28° = O
A

tan 28° = 19
x

x tan 28° = 19 Multiply both sides of the equation by x.

x = 19

tan 28°
Divide both sides of the equation by tan 28° and round answer

to two decimal places.
= 35.73 (to 2 d.p.)

sin 28° = 19
y

Use the opposite (19) as it is an exact

length, so use sin h = O
H
.

19 (O)(H) y

x (A)

28°
y sin 28° = 19

y = 19

sin 28°
Alternatively, y can be found by

Pythagoras’ theorem once x is known.
= 40.47 (to 2 d.p.)

Since the opposite side (O) is given and

the adjacent (A) is required, use tan h.

19 (O)(H) y

x (A)

28°

Now you try

Find the value of x and y correct to two decimal places.

x

y

66°

10

4G

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



4G Solving for the denominator 221

8 Find the value of each pronumeral correct to one decimal place.

32°

x

y

4

a

43°

b

a

7

b

31°a
b

4

c

40°x
y

8

d
8.3

y

x
42°

e 9.6

y x

27°

f

9 A mine shaft is dug at an angle of 15° to the horizontal. The horizontal length of

the mine is 100 m. Answer the questions to the nearest metre.

How far below ground level is the end of the shaft?a

How long is the mine shaft?b
Mine shaft

Ground (100 m)

15°

10 In calculating the value of x for this triangle, correct to two decimal places, two students come up

with these answers.

A x = 5

sin 31°
= 5

0.52
= 9.62 B x = 5

sin 31°
= 9.71

Which of the above two answers is more correct and why?a

What advice would you give to the student whose answer is not accurate?b 31°

5 m
x m

Trigonometry and perimeters — 11

11 Find the perimeter of these triangles correct to one decimal place. You will first need to find the lengths

of all the sides.

a 30°
5 m

b

60° 25°

20 m

Using a calculator 4G: Trigonometry
This activity can be found in the More Resources section of the Interactive Textbook in the

form of a printable PDF.
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222 Chapter 4 Pythagoras’ theorem and trigonometry

4H 4H Finding an angle
Learning intentions

• To know that inverse sine, inverse cosine and inverse tangent can be used to �nd angles in right-angled triangles

• To know that two side lengths must be known to �nd an unknown angle in a right-angled triangle

• To be able to evaluate the inverse trigonometric ratios on a calculator

• To be able to use the inverse trigonometric functions to �nd an unknown angle

Key vocabulary: trigonometric ratio, inverse sine, inverse cosine, inverse tangent, opposite, adjacent, hypotenuse,

sine, cosine, tangent

Given two sides of a right-angled triangle, we can work out

the unknown angles.

By using one of the three trigonometric ratios, we can use

inverse trigonometric functions to find a value of h.

Surveyors use trigonometry to measure the

height and angles of land.

For example, if cos h = 0.5, then

h = cos−1(0.5) = 60° 2 1θ

Lesson starter: Trial and error can
be slow

We know that for this triangle, sin h = 1
3

3
1

θ

• Guess the angle h.

• For your guess, use a calculator to see if sin h = 1
3
(= 0.333…) for your chosen value of h.

• Update your guess and use your calculator to check once again.

• Repeat this trial-and-error process until you think you have the angle h correct to three decimal places.

• Now evaluate sin−1 (13) and check your guess.

Key ideas

Inverse sine (sin−1), inverse cosine (cos−1) and inverse tangent (tan−1) can be used to find

angles in right-angled triangles.

• sin h = 3
5
means h = sin−1 (35)

• cos h = 4
5
means h = cos−1 (45)

• tan h = 3
4
means h = tan−1 (34)

5

4

3

θ

Note that sin−1 x does not mean 1

sin x
.

The sin−1, cos−1, and tan−1 functions can be found on most calculators.
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4H Finding an angle 223

Exercise 4H

Understanding 1–3 3

1 Write the trigonometric ratio for these triangles, e.g. sin h = 8
9
in part a.

Hint for Q1: Choose sin h if

using O and H, cos h if using

A and H, and tan h if using O

and A.

98

θ

a

5
7

θ

b

14 23
θ

c
26

15
θ

d

2 Use a calculator to evaluate the following, rounding to two decimal places.

sin
−1(0.2)a cos−1(0.43)b tan−1(2.5)c

3 Complete the following by filling in the boxes.

If cos h = 1
2

then h = cos−1
� �

a If sin h = 0.6

then h = sin−1
� �

b If tan h = 5
4

then h =

c

Fluency 4–6(½) 4–6(½)

Example 19 Using inverse trigonometric ratios

Find the value of h to the nearest degree if sin h = 0.3907.

Solution Explanation

sin h = 0.3907

h = sin−1(0.3907) Use the sin−1 key on your calculator

= 23° (to nearest degree) Round off to the nearest whole number.

Now you try

Find the value of h to the nearest degree if sin h = 0.464.

4 Find the value of h to the nearest degree.

Hint for Q4: Use the sin−1,

cos−1 or tan−1 functions.

sin h = 0.5a cos h = 0.5b tan h = 1c

cos h = 0.8660d sin h = 0.7071e tan h = 0.5774f

sin h = 1g tan h = 1.192h cos h = 0i

cos h = 0.5736j cos h = 1k sin h = 0.9397l
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224 Chapter 4 Pythagoras’ theorem and trigonometry

Example 20 Using inverse trigonometric ratios with fractions

Find the value of h correct to two decimal places if tan h = 1
2
.

Solution Explanation

tan h = 1
2

h = tan−1 (12) Use the tan−1 key on your calculator and round the answer to

two decimal places.
= 26.57° (to 2 d.p.)

Now you try

Find the value of h correct to two decimal places if cos h = 2
3
.

5 Find the angle h correct to two decimal places.

Hint for Q5: For

part a, type sin−1 (47)
on your calculator.

sin h = 4
7

a sin h = 1
3

b sin h = 9
10

c

cos h = 1
4

d cos h = 4
5

e cos h = 7
9

f

tan h = 3
5

g tan h = 8
5

h tan h = 12i

Example 21 Finding an angle

Find the value of h to the nearest degree.
10

6

θ

Solution Explanation

sin h = O
H

= 6
10

Since the opposite side (O) and the

hypotenuse (H) are given, use sin h.

(A)

(H) 10
6 (O)

θ

h = sin−1 ( 610)
= 37° (to nearest degree)

Use the sin−1 key on your calculator and round as required.

Now you try

Find the value of h to the nearest degree.

3
7

θ

4H
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4H Finding an angle 225

6 Find the value of h to the nearest degree.

Hint for Q6: First set up

an equation (like those in

Question 5), then use a

calculator to find h.

26

19
θ

a
29 15
θ

b
12

14
θ

c

43

12

θ

d
9 13
θ

e

11

7

θ

f

24

32
θ

g 18

24

θ
h

3

2

θ
i

Problem-solving and reasoning 7–9 9–12

7 A road rises at a grade of 3 in 10. Find the angle (to the nearest

degree) the road makes with the horizontal.

3

10
?

Hint for Q8: The 1.1 m

length is opposite the angle

and the 2.8 m length forms

the hypotenuse.

8 When a 2.8 m long seesaw is at its maximum height, it is 1.1 m off

the ground. What angle (correct to two decimal places) does the seesaw

make with the ground?

1.1 m
2.8 m

?

9 Write the missing number.

If sin 30° = 1
2
then 30° = sin−1( ).a

If cos 50° = 0.64 then = cos−1(0.64).b

If tan 45° = 1 then = tan−1( ).c

If sin 45° = 0.707 then 45° = sin−1( ).d
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226 Chapter 4 Pythagoras’ theorem and trigonometry

10 Adam holds one end of a plank of wood 1.8 m above

the ground. The other end of the plank rests on the

ground. The plank of wood is 4.2 m long. Find the

angle that the plank makes with the ground (h),

correct to one decimal place.

1.8 m
Plank (4.2 m)

θ

11 A ladder has a length of 5.8 m. The ladder is resting against the top of a platform that is 2.6 m high.

Find the angle the ladder makes with the ground, correct to one decimal place.

2.6 m
5.8 m

12 For what value of h is sin h = cos h? Choose a value of h between 0° and 90°.

Viewing angle — 13

13 Joe has trouble with his eyesight but every Sunday he goes to view his favourite painting at the gallery.

His eye level is at the same level as the base of the painting and the painting is 1 metre tall.

Painting
(1 m)

x metres
θ

Answer the following to the nearest degree for angles and to two decimal places for lengths.

If x = 3, find the viewing angle h.a

If x = 2, find the viewing angle h.b

If Joe can stand no closer than 1 metre to the painting, what is Joe’s largest viewing angle?c

When the viewing angle is 10°, Joe has trouble seeing the painting. How far is he from the painting

at this viewing angle?

d

What would be the largest viewing angle if Joe could go as close as he would like to the painting?e

4H
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4I Applying trigonometry 227

4I 4I Applying trigonometry
Learning intentions

• To be able to solve word problems using trigonometry by drawing a diagram and identifying appropriate

right-angled triangles

• To know that angles of elevation and depression are measured from the horizontal

• To know that the angle of elevation and angle of depression between the same two points is equal

• To be able to work with angles of elevation and depression in diagrams and word problems

Key vocabulary: angle of elevation, angle of depression and horizontal

In many practical maths problems, trigonometry can be used to find

unknown lengths and angles. Two special angles are called the angle of

elevation and the angle of depression. These angles are measured from the

horizontal.

Lesson starter: The cat and the bird

For the situation below, draw a detailed diagram showing these features:

• an angle of elevation (rising from the horizontal)

• an angle of depression (falling from the horizontal)

• any given lengths

• a right-angled triangle that will help to solve the problem

A cat and a bird in a

trigonometric stand-off.

A cat and a bird eye each other from their respective positions. The bird is 20 m up a tree and the cat is on

the ground 30 m from the base of the tree. Find the angle that their line of sight makes with the horizontal.

Compare your diagram with others in your class. Is there more than one triangle that could be drawn

and used to solve the problem?

Key ideas

To solve application problems involving

trigonometry:

• Draw a diagram and label the key

information.

• Identify and draw the appropriate right

angled triangles separately.

• Solve using trigonometry to find the missing measurements.

• Express your answer in words.

100 m
50 m

θ

Angles of elevation and depression are always measured from the horizontal.

angle of elevation is looking up

at an object

Lin
e o

f s
ight

Angle of elevation

HorizontalP

Q

• angle of depression is looking down

at an object

Line of sight

HorizontalP

Q

Angle of depression

•

Between the same two points the angle of elevation is equal to the angle of

depression.

Elevation

Depression θ

θ
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228 Chapter 4 Pythagoras’ theorem and trigonometry

Exercise 4I

Understanding 1–4 3, 4

1 Draw this diagram and complete these tasks.

A

B

Hint for Q1: The angles

are measured from the

corresponding horizontal

a Mark in the following.

The angle of elevation (h) of B from Ai

The angle of depression (a) of A from Bii

b Is h = a in your diagram? Why?

2 Choose the diagram (A, B or C) that matches this situation. A boy views a kite at an angle of

elevation of 28°.

28°

A 28°B

28°

C

3 For this diagram: Hint for Q3: Why do

you think the two

angles are equal in

this diagram?

What is the angle of elevation of B

from A?

a

What is the angle of depression of A

from B?

b 22°
A

B
22°

4 Find the values of the pronumerals in this diagram.

25°

b°
a°
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4I Applying trigonometry 229

Fluency 5, 7, 9, 10 5, 6, 8–10

Example 22 Using angles of elevation

The angle of elevation of the top of a tower from a point on the ground 30 m

away from the base of the tower is 28°. Find the height of the tower to the

nearest metre. Lin
e o

f s
ight

h m

28° 30 m

Angle of elevation

Solution Explanation

Let the height of the tower be h m.

tan 28° = O
A

= h
30

h = 30 tan 28°

= 16 (to nearest metre)

Since the opposite side (O) is required and the adjacent (A)

is given, use tan h.

28°

h m
(O)

(H)

(A) 30 m

The height is 16 m. Multiply both sides by 30 and evaluate, rounding to the

nearest metre.

Write the answer in words.

Now you try

The angle of elevation of the top of a tower from a point on the ground

40 m from the base of the tower is 36°. Find the height of the tower to the

nearest metre. Lin
e of s

ight

h m

36° 40 m

Angle of elevation

5 The angle of elevation of the top of a castle wall from a point on the

ground 25 m from the base of the castle wall is 32°. Find the height of

the castle wall to the nearest metre.

25 m

Castle
wall

32°

6 From a point on the ground, Emma measures the angle of elevation of an

80 m tower to be 27°. Find how far Emma is from the base of the tower,

correct to the nearest metre.
Hint for Q6: First draw a

simple triangle and label your

side lengths and given angle.
7 From a pedestrian overpass, Chris spots a landmark at an angle of

depression of 32°. How far away (to the nearest metre) is the landmark

from the base of the 24 m high overpass?

32°

24 m
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230 Chapter 4 Pythagoras’ theorem and trigonometry

8 From a lookout tower, David spots a bushfire at an angle of depression

of 25°. If the lookout tower is 42 m high, how far away (to the nearest

metre) is the bushfire from the base of the tower?

Hint for Q8: Be sure

to mark in the angle

of depression below

the horizontal.

Example 23 Finding an angle of depression

From the top of a vertical cliff, Andrea spots a boat out at sea. If the top of the cliff is 42 m above sea

level and the boat is 90 m away from the base of the cliff, find Andrea’s angle of depression to the

boat to the nearest degree.

Solution Explanation

42 m

90 m BoatCliff
θ

θ Draw a diagram and label all the given

measurements. The angle of depression

is below the horizontal.

Use alternate angles in parallel lines to mark h

inside the triangle.

tan h = O
A

= 42
90

Since the opposite (O) and adjacent sides (A) are

given, use tan h.

h = tan−1 (4290)
h = 25° (to nearest degree)

Use the tan−1 key on your calculator and round

off to the nearest degree.

The angle of depression is 25°. Express the answer in words.

Now you try

From the top of a lighthouse, a yacht is spotted out at sea. If the top of the lighthouse is 34 m above

sea level and the yacht is 120 m away from the base of the lighthouse (at sea level), find the angle of

depression from the top of the lighthouse to the yacht to the nearest degree.

9

Hint for Q9: Start with a diagram

like this.

50 m

38 m

θ

θ

From the top of a vertical cliff, Josh spots a swimmer out at sea.

If the top of the cliff is 38 m above sea level and the swimmer is

50 m away from the base of the cliff, find the angle of depression

from Josh to the swimmer, to the nearest degree.

10 From a ship, a person is spotted floating in the sea 200 m away.

If the viewing position on the ship is 20 m above sea level, find

the angle of depression from the ship to the person in the sea.

Give your answer to the nearest degree.
Hint for Q10: Draw a diagram

first. The angle of depression

is below the horizontal.

4I
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4I Applying trigonometry 231

Problem-solving and reasoning 11, 12 11–14

11 A power line is stretched from a pole to the top of a house. The house is 4.1 m high and the power

pole is 6.2 m high. The horizontal distance between the house and the power pole is 12 m. Find the

angle of elevation of the top of the power pole from the top of the house, to the nearest degree.

12 A road has a steady gradient of 1 in 10. It rises 1 m for every 10 m across.

What angle does the road make with the horizontal? Give your

answer to the nearest degree.

a

A car starts from the bottom of the inclined road and drives 2 km

along the road. How high, vertically, has the car climbed? Use your

rounded answer from part a and give your answer correct to the

nearest metre.

b

Hint for Q12: Start

with a triangle

showing a 1m rise

and 10m across.

13 A house is to be built using the design shown on the right. The

eaves are 600 mm and the house is 7200 mm wide, excluding the

eaves. Calculate the length (to the nearest mm) of a sloping edge

of the roof, which is pitched at 25° to the horizontal.

7200 mm

600 mm600 mm

14 A plane flying at 1850 m starts to climb at an angle of 18° to

the horizontal when the pilot sees a mountain peak 2450 m

high, 2600 m away from him in a horizontal direction. Will

the pilot clear the mountain?
2450 m

2600 m

1850 m

Plane trigonometry — 15

15 An aeroplane takes off and climbs at an angle of 20° to the horizontal, at 190 km/h along its flight path

for 15 minutes.

a Find:

the distance the aeroplane travels in 15 minutes.i

the height the aeroplane reaches after 15 minutes correct to two decimal places.ii

b If the angle at which the plane climbs is twice the original angle but its speed is halved, will it reach

a greater height after 15 minutes?

c If the plane’s speed is doubled and its climbing angle is halved, will the plane reach a greater height

after 15 minutes?
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232 Chapter 4 Pythagoras’ theorem and trigonometry

Carpenters work with wood, building house

frames, verandahs or decks, kitchen cabinets,

built-in wardrobes and so on. They often work

outdoors and have to be proficient with tools

such as augers, drills, saws, chisels, rulers,

squares, compasses and levels.

As with most trades, mathematical skills are

used regularly. Carpenters must be able to

measure, convert between units, order

material and calculate lengths using measuring

devices, as well as apply Pythagoras’ theorem

and trigonometry rules.

Carpenter

1 Carpenters work in millimetres as their base unit for measurement of length. Convert each of the

following into millimetres.

45 cma 2.4 mb 9.01 mc 270 cmd 46.0 me

2 A carpenter needs to cut mitred joints to join 4 pieces of wood of equal width to construct a

picture frame. A mitre joint is formed when cuts at exactly 45° are made so that two pieces of

timber fit together perfectly. Copy the diagram and show how the mitre cuts can be marked out

by using isosceles triangles instead of a set square. Shade the final shape of the wood after the

cuts are made. The top piece is done for you.

3 For each box below, find the minimum dimensions of a single rectangular sheet of plywood

required to construct that closed box. Draw and label the least wasteful arrangement of the sides

and ignore any overlap for joining. State the answers in millimetres. Diagrams are not to scale.

You will need Pythagoras’ theorem in part b.

65 cm

12 cm

40 cm

a

2.1 m
56 cm

33 cm
b
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Maths@Work: Carpenter 233

4 A carpenter is constructing a set of shelves near the kitchen doorway. To avoid sharp corners and

allow more walking space, a 60° triangle is cut from each shelf as shown in this diagram. The

carpenter carefully measures AB and BC to achieve the same 60° angle on each shelf.

Shelf

A B

C

60°

Calculate the unknown length (BC or AB) to the nearest mm, given these measurements.

AB = 125 mma AB = 184 mmb BC = 108 mmc BC = 210 mmd

Many tradespeople work together constructing a house. Use the measurements on this diagram of a

basic house for questions 5, 6 and 7. It is not drawn to scale.

15 m

2 m

3.2 m

x m
y m

w m

26°

7°

5 The house roof is tiled and the verandah has a steel roof. If the builder uses 10 tiles/m2 calculate the

number of tiles needed for this house, to the nearest 10 tiles. You will need to calculate the value of w.

6 The rainfall catchment area of any roof is equal to the ground area that the roof covers. Calculate the

total possible rainfall catchment area of this house, to the nearest 10 m2.

7 The litres of rainfall that a house roof can collect per year is given by the formula:

volume of rain in litres = annual rainfall in mm × roof catchment area in m2 × percentage of run-off

Copy and complete the following Excel spreadsheet to calculate the average annual volume of water

available from this house situated in various locations around Australia. Use your answer to Question 6

for the catchment area.

Recall that 1 mm of rain over an area of 1 m2 equals 1 litre of rain.

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



M
o
d
e
ll
in

g
234 Chapter 4 Pythagoras’ theorem and trigonometry

Viewing angle

Lucas is keen to maximise his experience at the outdoor

cinema and usually sits at a distance of 20 metres horizontally

from the screen. The base of the screen is 3 metres above the

ground and the screen is 5 metres in height. Lucas’ eye level is

1 metre above ground level as shown.

Present a report for the following tasks and ensure that you

show clear mathematical workings and explanations where

appropriate. Use two decimal places for all rounding.

20 m

3 m
1 m

5 mScreen

θ

1 Preliminary task

a What is the vertical distance between Lucas’ eye level and the base of the screen?

b Find the angle of elevation (a) from Lucas’ eye level to the base of the screen.

Screen

Top of Screen

Base of Screen
θ α

c Find the angle of elevation (b) from Lucas’ eye level to the top of the screen.

Screen

Top of Screen

Base of Screen
θ β

d Find Lucas’ viewing angle (h).

2 Modelling task

Formulate The problem is to determine how close Lucas should sit to maximise his viewing angle.

a Write down all the relevant information that will help solve this problem, and illustrate using

diagrams.

Solve
b Determine Lucas’ viewing angle if the 20 metre horizontal distance is changed to:

14 metresi 8 metresii 2 metres.iii

c Choose integer values for the horizontal distance between Lucas and the screen and determine

which integer horizontal distance delivers the largest viewing angle and state the corresponding

viewing angle.

Evaluate

and

verify

d Find the viewing angle for the following horizontal distances:

your answer from part c plus 0.1 metresi your answer from part c minus 0.1 metres.ii

e Do your results from part d confirm that you have found a distance whichmaximises the viewing

angle? Explain why.

f Refine your choices for the horizontal distance and determine a distance correct to one decimal

place that maximises Lucas’ viewing angle.
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Modelling 235

Communicateg Summarise your results into a spreadsheet, like the one below.

distance

h Draw a scale diagram illustrating where Lucas should sit to maximise his viewing angle. Decide if

this position for Lucas is reasonable.

3 Extension question

a If the screen is lowered to 2metres above the ground, rather than the current height of 3metres,

investigate how this changes the position that Lucas should sit to maximise his viewing angle.
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236 Chapter 4 Pythagoras’ theorem and trigonometry

Generating Pythagorean triples
Key technology: Spreadsheets and programming
Pythagorean triples are sets of three positive integers

which satisfy Pythagoras’ theorem. Perhaps the most

well-known example is (3, 4, 5), which is the triple with

the smallest numbers such that 32 + 42 = 52. The triple

(3, 4, 5) is also a primitive (or base) triple from which a

family of triples can be generated. The family is generated

by multiplying all numbers in the triple by a positive integer.

So by multiplying by 2 and 3, for example, we generate

(6, 8, 10) and (9, 12, 15). Similarly (5, 12, 13) is a primitive

triple for a different family of Pythagorean triples. It is

useful to know some simple Pythagorean triples and we

know that a triangle which uses these numbers as their

side lengths will contain a right angle.

1 Getting started
a Decide if the following sets of three numbers form a Pythagorean triple. That is, test if the three

numbers satisfy the rule a2 + b2 = c2.

(4, 5, 6)i (6, 8, 10)ii (9, 15, 17)iii

(7, 12, 13)iv (7, 24, 25)v

b Use the following primitive triples to write down five other triples.

(3, 4, 5)i (5, 12, 13)ii (8, 15, 17)iii

2 Applying an algorithm
Pythagorean triples (a, b, c) can be generated using the following

rules where m and n are positive integers and n < m.

a = m2 − n2

b = 2mn

c =
√

a2 + b2

a Using the following values of m and n and the above

formulas generate the triples (a, b, c).

m = 2 and n = 1i

m = 3 and n = 1ii

m = 3 and n = 2iii

b The flowchart shown sets out the algorithm for generating

Pythagorean triples for m and n less than 10. Run through

the algorithm step by step writing the output (a, b, c) into

this table.

a b c

3 4 5

8 6

Is n = m?

n = n + 1

Is m = 11?

m = m + 1, n = 1

End

No

No

Yes

Yes

m = 2, n = 1

a = m2 – n2, b = 2mn, c = √a2 + b2

Output a, b, c

Start
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Technology and computational thinking 237

3 Using technology

This spreadsheet uses the previous formulas to generate Pythagorean triples.

a Try entering the formulas into a spreadsheet. Note that the m value can be entered into cell B3.

b Fill down at cells A7, B6, C6 and D6 to generate the triples. Fill down to n = 4.

c Alter your m value and fill down once again so that the highest n value is one less than the chosen

m value.

d Now alter your m values and try to generate all Pythagorean triples such that all a, b and c are less

than 100. How many can you find? Check the internet to confirm your answer.
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238 Chapter 4 Pythagoras’ theorem and trigonometry

1 How many right-angled triangles are there in this diagram?

2 Look at this right-angled triangle and the squares drawn on

each side. Each square is divided into smaller sections.

a Can you see how the parts of the two smaller squares

would fit into the larger square?

b What is the area of each square if the side lengths of the

right-angled triangle are a, b and c as marked?

c What do the answers to the above two questions suggest

about the relationship between a, b and c?
a

b

c

3 Imagine trying to cut the largest square from a circle of a certain size and

calculating the side length of the square.

a If the circle has a diameter of 2 cm, can you find a good position to

draw the diameter that also helps to form a right-angled triangle?

b Can you determine the side length of the largest square if the circle

has a diameter of 2 cm?

c What percentage of the area of a circle does the largest

square occupy?

4 Which is a better fit: a square peg in a round hole or a round peg in a square hole? Use area

calculations and percentages to investigate.

Hint for Q5: First find the

diagonal length of the square

using the diagram shown.

5 Two circles of radius 10 cm and 15 cm

respectively are placed inside a square.

Find the perimeter of the square to the

nearest centimetre.
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Chapter summary 239

Pythagoras’ theorem

and trigonometry

Finding the hypotenuse

c2 = 22 + 12

= 5

c = √5

= 2.24 (to 2 d.p.)

Shorter sides

a2 + 52 = 72

a2 = 72 − 52

= 24

a = √24 (exact)

1

2

7 a

5

Pythagoras’  theorem

c2 = a2 +b2

ca

b

c

Elevation and depression

Depression

Elevation

Applications

SOHCAHTOA

sin     = =

cos     = =

tan     = =

O

H

4

5

A

H

3

5

O

A

4

3

5 (H)
3 (A)

4 (0)

θ

θ

θ

θ

Finding side lengths

x cm

7 cm

22°

cos 22° = x

7

x = 7 × cos 22°
=  6.49 (to 2 d.p.)

(x in the numerator)

(x in the denominator)

tan 36°=
x × tan 36°= 5

x =

= 6.88 (to 2 d.p.)

5
x

5

tan 36°

x m

5 m

36°

a

b

c
a

b

c

Applying trigonometry

tan     = 3O

40
θ

= tan–1 3O

40
θ

= 36.87° (to 2 d.p.)

θ

30 m

40 m

Finding angles

7.5

6

θ

sin    =

= sin–1(     )

= 53.13°
(to 2 d.p.)

6

7.5

6

7.5
θ

θ

Finding side lengths

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        Photocopying is restricted under law and this material must not be transferred to another party.

   Cambridge University Press 



C
ha

pt
er

 c
he

ck
lis

t
240 Chapter 4 Pythagoras’ theorem and trigonometry

Chapter checklist
A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook.

✔

4A 1 I can write Pythagoras’ theorem for a right-angled triangle.

e.g. Write down Pythagoras’ theorem for these triangles

a
y

w

x

b

45

3

4B 2 I can find the length of the hypotenuse.

e.g. Find the length of the hypotenuse in these right-angled triangles, rounding to two decimal places

where necessary.

a

9c

12 b

6.5 c

3

4B 3 I can find the length of the hypotenuse as a surd.

e.g. Find the length of the hypotenuse in this right-angled triangle, leaving your

answer as an exact value.
9

2c

4C 4 I can find the length of a shorter side.

e.g. Find the value of the pronumeral, rounding to two decimal places. 10

12
a

4C 5 I can find the exact length of a shorter side in a right isosceles triangle.

e.g. Find the value of x, giving your answer as a surd.

7

x

4D 6 I can identify right-angled triangles in a diagram to find unknown lengths.

e.g. An apartment courtyard is in the shape of a trapezium, as shown.

Find the unknown side length correct to two decimal places by first

drawing a suitable right-angled triangle.

5 m

4 m

3 m?

4D 7 I can apply Pythagoras’ theorem.

e.g. Two poles are 10 m apart. The heights of the poles are 8 m and 12 m. If a bird

flies from the top of one pole in a direct line to the top of the other pole, how far

does the bird fly correct to two decimal places?

10 m

4E 8 I can label the sides of a triangle.

e.g. Copy this triangle and label the sides as opposite to h (O), adjacent to h (A)

and hypotenuse (H).
θ
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✔

4E 9 I can write trigonometric ratios for right-angled triangles.

e.g. Write a trigonometric ratio (in fraction form) for each of the following triangles.

a

4
9

θ

b

6

7
θ

4F 10 I can find trigonometric values on a calculator.

e.g. Use a calculator to evaluate tan 35° correct to two decimal places.

4F 11 I can find an unknown side length using trigonometry.

e.g. Find the value of x in the triangle correct to two decimal places.

10

x

32°

4G 12 I can find an unknown side length in the denominator of a trigonometric

ratio.

e.g. Find the value of x correct to two decimal places.

58°

8 x

4G 13 I can find two side lengths using trigonometry.

e.g. Find the value of x and y correct to two

decimal places.
x

y

36°
10

4H 14 I can use inverse trigonometric ratios.

e.g. Find the value of h to the nearest degree if:

a cos h = 0.6261 b sin h = 3
7
.

4H 15 I can find an angle using trigonometry.

e.g. Find the value of h to the nearest degree.

9

4 θ

4I 16 I can use angles of elevation.

e.g. The angle of elevation of the top of a light tower from a point on the

ground 24 m away from the base of the tower is 16°. Find the height of the

light tower to the nearest metre.

24 m
16°

4I 17 I can work with angles of depression.

e.g. From the surface of the water, a snorkeller spots a ray below the water. If the surface of the

water is 3 m above the ray and the ray is 5 m horizontally from the snorkeller, find the angle of

depression from the snorkeller to the ray to the nearest degree.
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Short-answer questions

14A Write down Pythagoras’ theorem for these triangles, using the given pronumerals.

y

x
z

a

u
s

tb

d

e
f

c

24B Find the length of the hypotenuse in these triangles. Round to two decimal places where

appropriate.

6c

8a

7
c

24b

5

c

12
c

12

35

c

d

4

6

c

e

c 5

f

34C Find the length of the unknown side in these right-angled triangles. Round to two

decimal places.

6

5a

8

11
b

18

15c

44D A steel support beam of length 6.5 m is connected to a wall at a

height of 4.7 m from the ground. Find the distance (to two decimal

places) between the base of the building and the point where the

beam is joined to the ground.

6.5 m 4.7 m

54D For this double triangle, find:

the length ACa

the length CD (correct to two decimal places)b 5 cm
5 cm

12 cm B

C
D

A

64D Two different cafés on opposite

sides of an atrium in a shopping

centre are respectively 10 m and

15 m above the ground floor. If

the cafés are linked by a 20 m

escalator, find the horizontal

distance (to the nearest metre)

across the atrium, between the

two cafés.

74E Find the value of each of the following, correct to two decimal places.

sin 40°a tan 66°b cos 44°c
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84E Which ratio ( sin h = O
H
, cos h = A

H
or tan h = O

A ) would be used to find the value of the unknown

in these triangles?

x m
18 m

12°a

x cm

10 cm

60°

b

5

6

θ

c

94F/G/H Find the value of each pronumeral, correct to two decimal places where necessary.

Use sin h = O
H
, cos h = A

H
or tan h = O

A
.

x 14

54°

a

x

10

26°
b

y
42 29°

c

z

5 29°

d
9 11

θ

e

1.3

2.6
θ

f

104I The angle of elevation of the top of a lighthouse from a point on the ground

40 m from its base is 35°. Find the height of the lighthouse, to two decimal

places.
35°

40 m

114I A train travels up a slope, making an angle of 7° with the horizontal.

When the train is at a height of 3 m above its starting point, find the

distance it has travelled up the slope, to the nearest metre.
7°

3 m

124I From a point on the ground, Ahbed measures the angle of elevation of a 120 m tower to

be 34°. How far from the base of the tower is Ahbed, correct to two decimal places?

134I Aisha is standing on the roof of a skyscraper when she spots a

car at an angle of depression of 51° below her. If the skyscraper

is 78 m high, how far away is the car from the base of the

skyscraper, correct to one decimal place? 78 m

51°

Car

Multiple-choice questions

14A For the right-angled triangle shown, which is a correct statement?

c2 = 52 + 122A c2 = 52 − 122B c2 = 122 − 52C

c2 = 52 × 122D (5 + 12)2E

5

12

c

24A Which of the following is true for this triangle?

a = 5 − 4A a2 = 52 − 42B a2 = 52 + 42C

a =
√
10D a2 − 42 = 52E

4

5 a
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244 Chapter 4 Pythagoras’ theorem and trigonometry

34C For the right-angled triangle shown, which is a correct statement.

2x2 = 49 B 7x2 = 2 C 2x2 = 7A

x2 + 72 = x2 E x2 = 2
7

D

x 7

x

44E For the triangle shown, which is a correct statement.

sin h = a
b

A sin h = c
a

B sin h = a
c

C

sin h = b
c

D sin h = c
b

E

c
a

b

θ

54E The value of cos 46°, correct to four decimal places, is:

0.7193A 0.6947B 0.594C

0.6532D 1.0355E

64F In the diagram, the value of x, correct to two decimal places, is:

40A 13.61B 4.70C

9.89D 6.47E

x
8

36°

74G The value of x in the triangle is given by:

8 sin 46°A 8 cos 46°B 8

cos 46°
C

8

sin 46°
D cos 46°

8
E

x
8

46°

84H The value of h in this triangle is given by:

tan (45)A

tan (54)B

tan−1 (54)C

sin
−1 (45)D

tan−1 (45)E

5

4
θ

94I A ladder is inclined at an angle of 28° to the horizontal. If the

ladder reaches 8.9 m up the wall, the length of the ladder

correct to the nearest metre is:

19 mA

4 mB

2 mC

10 mD

24 mE

8.9 m
Ladder

28°

104H The value of h in the diagram, correct to two decimal places, is:

0.73°A

48.19°B

41.81°C

33.69°D

4.181°E

8

12

θ
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Extended-response questions

1 From the top of a 100 m cliff, Skevi sees a boat out at sea at an angle of depression of 12°.

a Draw a simple diagram for this situation.

b Find how far out to sea the boat is to the nearest metre.

c A swimmer is 2 km away from the base of the cliff and in line with the boat. What is the angle

of depression to the swimmer to the nearest degree?

d How far away is the boat from the swimmer, to the nearest metre?

2 An extension ladder is initially placed so that it reaches 2 metres up a wall. The foot

of the ladder is 80 centimetres from the base of the wall.

a Find the length of the ladder, to two decimal places, in its original position.

b Without moving the foot of the ladder, it is extended so that it reaches 1 m

further up the wall. How far (to two decimal places) has the ladder

been extended?

c The ladder is placed so that its foot is now 20 cm closer to the base of the

wall. How far up the wall can the ladder length found in part b reach?

Round to two decimal places.

2 m

80 cm

1 m
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5
Linear relationships

Essential mathematics: why skills with linear relationships
are important

Linear relationships are fundamental in understanding how different variables interact with each
other in a straight-line pattern.

Farmers use linear equations to manage crop yields efficiently. To predict the amount of fertiliser
needed based on the field’s size, they might use the equation F = k × A, where F is the fertiliser
amount, k is the fertiliser rate per unit area, and A is the field size. By applying these linear
relationships, farmers can optimise resource use, improve yields, and maintain sustainable
agricultural practices.

Event planners use linear equations to ensure they order the right amount of equipment for
varying numbers of attendees. They can calculate E, the total amount of equipment needed,
using the equation E = e × A, where e is the equipment required per attendee, and A is the
number of attendees. By calculating E, planners can ensure they have enough chairs, tables, and
safety equipment, like fire extinguishers and first aid kits. Accurate calculations prevent shortages
or excesses, ensuring smooth event operations.
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In this chapter

5A Introduction to linear relationships

5B Finding x- and y-intercepts

5C Graphing straight lines using
intercepts

5D Lines with one intercept

5E Gradient

5F Gradient and direct proportion

5G Gradient-intercept form

5H Finding the equation of a line

5I Midpoint and length of a line segment

5J Linear modelling

Australian Curriculum 9.0

ALGEBRA

Find the gradient of a line segment, the
midpoint of the line interval and the distance
between 2 distinct points on the Cartesian
plane (AC9M9A03)

Use mathematical modelling to solve applied
problems involving change including financial
contexts; formulate problems, choosing to use
either linear or quadratic functions; interpret
solutions in terms of the situation; evaluate the
model and report methods and findings
(AC9M9A05)

Experiment with the effects of the variation of
parameters on graphs of related functions,
using digital tools, making connections
between graphical and algebraic
representations, and generalising emerging
patterns (AC9M9A06)

MEASUREMENT

Use mathematical modelling to solve practical
problems involving direct proportion, rates,
ratio and scale, including financial contexts;
formulate the problems and interpret solutions
in terms of the situation; evaluate the model
and report methods and findings (AC9M9M05)

© ACARA

Online resources

A host of additional online resources are
included as part of your Interactive Textbook,
including HOTmaths content, video
demonstrations of all worked examples,
auto-marked quizzes and much more.
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248 Chapter 5 Linear relationships

1 Plot and label the following points on a Cartesian plane (x- and y- axes).

(3, 1)a (−2, 4)b (0, 0)c (5,−3)d

2

3

1

−2

−3

−1−2−3 −1−4−5

−4

−5

2 31 4 5
O

4

5

y

x

2 Given y = x − 2, find the value of y. when:

x = 3a x = 1b x = −1c x = −2d

3 Solve the following equations for x.

3x = 15a −2x = 4b −x = 3c

0 = x − 4d 0 = 3x + 6e 0 = 2x − 8f

4 Find the value of y in each of the following when x = 0.

y = 2x + 3a y = 3x − 4b x + 2y = 8c 3x − 4y = 12d

5 Complete the table of values for these rules.

y = x + 3a y = 2x − 1b

x −2 −1 0 1 2

a y

b y

6 If x = 2 and y = 1, decide whether the following equations are true.

y = 2x + 1a y = 3x − 5b y = −2x + 5c 5x − 2y = 6d

7 Simplify:
4 + 10

2
a 2 + 11

2
b −1 + 7

2
c −3 + (−7)

2
d

8 Find the vertical distance between the following pairs of points.

(3, 2) and (3, 7)a (−1, 1) and (−1,−3)b

(2, 3) and (2,−2)c (1,−4) and (1,−1)d

9 Find the horizontal distance between the following pairs of points.

(1, 3) and (5, 3)a (−1, 2) and (4, 2)b

(−2,−3) and (5,−3)c (−4, 1) and (−1, 1)d
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5A Introduction to linear relationships 249

5A 5A Introduction to linear relationships
Learning intentions

• To review the features of the Cartesian plane

• To know that a linear relation is a set of coordinates that form a straight line when graphed

• To be able to complete a table of values and plot points to form a linear graph

• To know the general forms of a linear relation

• To understand that for a point to be on a line its coordinates must satisfy the rule for the linear relation

• To be able to decide if a point is on a line using its rule

Key vocabulary: Cartesian plane, x-axis, y-axis, linear relation, coordinates (or coordinate pair), origin,

x-coordinate, y-coordinate

If two variables are related in some way, we can use mathematical rules to more precisely describe this

relationship. The most simple type of relationship is one that can be illustrated with a straight line graph.

These are called linear relations.

The volume of petrol in your car at a service bowser, for example, might initially be 10 L, then increase

by 1.2 L per second after that. This is an example of a linear relationship between volume and time because

the volume is increasing at a constant rate of 1.2 L /s.

If the fuel bowser delivers

petrol at a constant

rate, there is a linear

relationship between the

volume of petrol in the

car’s tank and time.

Lesson starter: Is it linear?

Here are three rules linking x and y.

y1 =
2

x
+ 11

y2 = x2 − 12

y3 = 3x − 43

First complete this simple table and plot the points on

the graph.

x 1 2 3

y1

y2

y3

• Which of the three rules do you think is linear?

• How do the table and graph help you decide it’s linear?

2

3

1

−1
2 31

4

5

6

7

8

y

x
O
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250 Chapter 5 Linear relationships

Key ideas

Coordinate geometry provides a link between geometry and algebra.

The Cartesian plane (or number plane) consists of two axes that divide the number plane into

four quadrants.

• The x-axis is the horizontal axis.

• The y-axis is the vertical axis.

• The x-axis and y-axis intersect at the origin (O) at right angles.
• A point is precisely positioned on a Cartesian plane using the coordinate pair (x, y).

x (the x-coordinate) describes the horizontal position of the point from the origin.

y (the y-coordinate) describes the vertical position of the point from the origin.

(3, 1)

(2, −4)

(0, −4)(−2, −3)

(1, 0)

(0, 2)

Origin
y-axis

x-axis

Coordinate

pair

(−3, 0)

(−4, 1)

1st quadrant2nd quadrant

3rd quadrant 4th quadrant

2

3

1

−2

−3

−1
−2−3 −1−4

−4

2 31 4O

4

y

x

In the coordinate pair (2,−4), 2 is the x-coordinate and −4 is the y-coordinate. The point is 2 units

to the right of the origin (horizontal direction) and 4 units below the origin (vertical direction).

A linear relation is a set of ordered pairs (x, y) that, when graphed, give a straight line.

Linear relations have rules that may be of the form:

• y = mx + c (or y = mx + b), for example, y = 2x + 1

• ax + by = d or ax + by + c = 0, for example, 2x − 3y = 4 or 2x − 3y − 4 = 0

Each point that is on the line fits the rule for the linear relation. For example, on the line with rule

y = 2x, each y-coordinate will be two times the x-coordinate. So, (3, 6) will be on the line but

(4, 10) will not.

5A
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5A Introduction to linear relationships 251

Exercise 5A

Understanding 1–4 2, 4

1 a For the Cartesian plane shown, label the following parts.

x-axisi

originii

y-axisiii

coordinate pairiv

b For the point (3,−1):

3 is the .i

−1 is the .ii

From the origin, the point is 3 units to the and 1 unit

.

iii

(−1, 2)

________ _______

_______

________

2

3

1

−2

−3

−1−2−3 −1 2 31
O

y

x

2 Refer to the Cartesian plane shown.

a Draw this set of axes (without A−F)

and plot the following points.

(3, 1)i

(−4,−2)

Hint for Q2b: List the

x-coordinate followed

by the y-coordinate;

e.g. (2, 4)

ii

(0, 2)iii

(−1, 2)iv

b Give the coordinates of all the

points A−F .

2

3

1

−2

−3

−1−2−3 −1−4

−4

2 31 4

4

y

x

FE

D

A
B

C

O

3 Which one of the following rules is linear?

Hint for Q3: Linear

rules are often in the

form y = mx + c or

ax + by = d.

y = x2 + 4A y = 2
x

B y = 2x − 1C y = 3xD

4 In the rule y = 3x, the y-coordinate of each point on the line is 3 times

the x-coordinate. Which point(s) lie on this line?

(1, 3)A (3, 6)B (−3,−9)C (−1, 3)D

Fluency 5, 6 5, 6

Example 1 Filling in tables from rules

Complete the tables for the given rules.

y = 2x − 1

x −2 −1 0 1 2 3

y

a

y = −3x + 2

x −2 −1 0 1 2

y

Continued on next page

b
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252 Chapter 5 Linear relationships

Solution Explanation

a y = 2x − 1

x −2 −1 0 1 2 3

y −5 −3 −1 1 3 5

Substitute each x value in the table into the rule

y = 2x − 1 to find its corresponding y value.

For x = −2, y = 2 × (−2) − 1

= −4 − 1

= −5

For x = 1, y = 2 × 1 − 1

= 2 − 1

= 1

b y = −3x + 2

x −2 −1 0 1 2

y 8 5 2 −1 −4

Substitute each x value into the rule y = −3x+2.

Recall that negative × negative = positive.

For x = −2, y = −3 × (−2) + 2

= 6 + 2

= 8

For x = 0, y = −3 × 0 + 2

= 0 + 2

= 2

Now you try

Complete the table for the given rules.

y = 3x − 2a

y = −2x + 4b

x −2 −1 0 1 2

y

5 Complete the tables for the given rules.

Hint for Q5: A negative × positive is

negative. A negative × negative is

positive.

y = x + 2

x −2 −1 0 1 2 3

y

a

y = 2x + 3

x −2 −1 0 1 2

y

b

y = −2x

x −2 −1 0 1 2

y

c

y = −3x − 1

x −2 −1 0 1 2 3

y

d

5A
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5A Introduction to linear relationships 253

Example 2 Plotting points to graph straight lines

Using −3 Ä x Ä 3, construct a table of values and plot a graph for these linear relations.

y = x + 2a y = −2x + 2b

Solution Explanation

a x −3 −2 −1 0 1 2 3

y −1 0 1 2 3 4 5

Use −3 Ä x Ä 3 to construct a table of x values

as instructed. Substitute each value of x into the

rule y = x + 2.

4

5

3

6

2

1

−4

−2

−3

−1
−4 −2 −1−3 42 31O

y

x

The coordinates of the points are read from the

table; i.e. (−3,−1), (−2, 0) etc.

Draw a set of axes with an appropriate scale to

show the points from the table.

Plot each point and join to form a straight line.

Extend the line to show it continues in either

direction.

b x −3 −2 −1 0 1 2 3

y 8 6 4 2 0 −2 −4

4

6

2

−4

−2−4 −2 42O

8

y

x

Use −3 Ä x Ä 3 as instructed. Substitute each

value of x into the rule y = −2x + 2.

Plot each point and join to form a straight line.

Extend the line beyond the plotted points.

Now you try

Using −3 Ä x Ä 3, construct a table of values and plot a graph for these linear relations.

y = x − 2a y = −3x + 4b

6 Using −3 Ä x Ä 3, construct a table of values and plot a graph for these linear relations.

y = x − 1a y = x + 3b y = 2x − 3c

y = −3xd y = −2x − 1e y = −x + 4f
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254 Chapter 5 Linear relationships

Problem-solving and reasoning 7–9 8–11

Example 3 Deciding whether a point is on a line

Decide whether the point (3, 7) is on the line with the given rule.

y = 3x − 4a y = 2x + 1b

Solution Explanation

a y = 3x − 4

Substitute x = 3

y = 3 × 3 − 4

= 5 (not 7)
Â the point (3, 7) is not on the line

Find the value of y on the graph of the rule for

x = 3.

To fit the rule, the y value needs to be 5, not 7,

so (3, 7) is not on the line.

b y = 2x + 1

Substitute x = 3 By substituting x = 3 into the rule for the line,

we find y = 7.y = 2 × 3 + 1

= 7

Â the point (3, 7) is on the line Since (3, 7) fits the rule, it is on the line.

Now you try

Decide whether the point (2, 10) is on the line with the given rule.

y = 2x + 6a y = 5x − 4b

7 Decide whether the point (2, 8) is on the line with the given rule.

Hint for Q7: When x = 2, does

y = 8?

y = 2x + 6a y = 3x + 2b y = −x + 6.c

8 Decide whether the point (−1, 4) is on the line with the given rule.

y = x + 5a y = −2x + 2b y = 4xc

9 Find a rule in the form y = mx + c (e.g. y = 2x − 1) that matches these

tables of values.

Hint for Q9: Think about how you can find

the y value from the x value. Is it double

the x value each time or 3 more than

the x value each time? etc.

x 0 1 2 3 4

y 2 3 4 5 6

a

x 0 1 2 3

y 0 2 4 6

b

x −2 −1 0 1 2 3

y −3 −1 1 3 5 7

c

x −2 −1 0 1 2 3

y −7 −4 −1 2 5 8

d

x −1 0 1 2 3 4

y −3 −2 −1 0 1 2

e

5A
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5A Introduction to linear relationships 255

10 The table below shows the recorded height, y cm, of a seedling

x days after it sprouts. Find a linear rule in the form y = … that

matches the data in the table.

x (day) 1 2 3 4

y (height) 3 6 9 12

11 By considering the relationship between the coordinates, match

these rules i, ii, iii and iv to the graphs a, b, c and d.

Hint for Q11: Each rule shows the

relationship between the x- and

y-coordinates for each point on the line.

In i, each y-coordinate has to be 1 more

than twice its x-coordinate.

y = 2x + 1i y = −x − 1ii

y = −2x + 3iii x + y = 2iv

2

3

1

21

y

x
O

a

2

3

1

21

y

x
O

−1

b

1

2

3

−1 1
O

y

x

−1

c

−2

1

2

−1−2 −1 1
O

y

x

d

Tougher rule finding — 12

12 Find the linear rule linking x and y in these tables.

x −1 0 1 2 3

y 5 7 9 11 13

a

x −2 −1 0 1 2

y 22 21 20 19 18

b

x 1 3 5 7 9

y 1 5 9 13 17

c

x 6 7 8 9 10

y 4 4.5 5 5.5 6

d

x 0 2 4 6 8

y 4 −2 −8 −14 −20

e

x −5 −4 −3 −2 −1

y −21 −16 −11 −6 −1

f
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256 Chapter 5 Linear relationships

5B 5B Finding x- and y-intercepts
Learning intentions

• To know which points are represented by the x-intercept and y-intercept

• To be able to identify the x-intercept and y-intercept from a table or graph

• To know how to �nd the x-intercept and the y-intercept of a linear relation

Key vocabulary: x-intercept, y-intercept, coordinates, x-axis, y-axis

Each point on a line satisfies a rule for a linear relation. When the linear relation is a model for a real situation,

each point gives a piece of information about that situation. Some points are very significant.

For example, the graph below for the linear relation y = −0.2x + 40 models how much petrol a car uses.

The y-axis shows the amount of petrol in the tank and the x-axis shows the number of kilometres travelled.

The coordinate pair (50, 30) shows that after travelling 50 km, 30 litres of petrol are left in the tank.

10

50 100 150 200O

20

30 (50, 30)

40

y

x

A car’s dashboard

display shows the

number of kilometres

until the car runs out of

petrol, the x-intercept.

One important point shows us how much petrol was in the tank before the car has started the journey.

Using the linear relation (substituting x = 0), we can see that this point is (0, 40). This is where the graph

cuts the y-axis and is called the y-intercept.

We also want to know when the car will run out of petrol. Again using the linear relation (substituting

y = 0), we can see that this point is (200, 0). This is where the graph cuts the x-axis and is called the

x-intercept.

Lesson starter: Are we there yet?

This table shows the distance (y metres) a student is from his home (at x minutes) when he rides his bike

home from school.

x 0 2 4 6 8 10

y 2000 1600 1200 800 400 0

• Copy the axes shown and plot these points to form a line.

• How far is school from home?

• How long does it take to get home?

• Circle the above two points on the graph.

• Which point is the x-intercept? Which point is the y-intercept?

• If the rule for the table is y = −200x + 2000, how could you find the

x- and y-intercepts without sketching the graph?

400

2 4 6 8 10
O

800

1200

1600

2000

y

x
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5B Finding x- and y-intercepts 257

Key ideas

The y-intercept is the point where the line cuts (intersects) the y-axis.

It always has an x-coordinate of 0.

The x-intercept is the point where the line

cuts (intersects) the x-axis. It always has a

y-coordinate of 0.

x −2 −1 0 1 2 3

y 8 6 4 2 0 −2

x-intercept

y-intercept

O

y

x

(0, 4)

x = 2

(2, 0)

y = 4

The rule of the linear relation can be used to find the x- and y-intercepts.

• To find the y-intercept, substitute x = 0 into the rule, since it lies on the y-axis.

• To find the x-intercept, substitute y = 0 into the rule, since it lies on the x-axis.

Exercise 5B

Understanding 1–3 1, 3

1 Fill in the missing part of these sentences. Choose from x-intercept, x-coordinate or x-axis.

a The x-intercept is the point where the graph cuts the .

b The of the y-intercept is always 0.

c The point on a line with coordinates (4, 0) is the .

2 For the Cartesian plane shown:

Hint for Q1:
y

x
x-axis

y-axis

a give the coordinates of each point that is on the x-axis

b give the coordinates of each point that is on the y-axis

2

3

1

−2

−3

−1−2−3 −1 2

B

C

HA

E

G
F

D

31
0

4

y

x

3 Copy and complete the following

a The x-intercept is found in a rule by substituting .

b The y-intercept is found in a rule by substituting .
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258 Chapter 5 Linear relationships

Fluency 4, 5, 6(½) 4–6(½)

Example 4 Reading off the x-intercept and y-intercept

Read off the coordinates of the x-intercept and y-intercept from this table and graph.

x −2 −1 0 1 2 3

y 12 9 6 3 0 −3

a

−4
O

5

y

x

b

Solution Explanation

a The x-intercept is at (2, 0).

The y-intercept is at (0, 6).

The x-intercept is at the point where y = 0 (on the x-axis).

The y-intercept is at the point where x = 0 (on the y-axis).

b The x-intercept is (−4, 0).

The y-intercept is at (0, 5).

The x-intercept is at the point on the x axis (y = 0).

The y-intercept is at the point on the y axis (x = 0).

Now you try

Read off the coordinates of the x-intercept and y-intercept from this table and graph.

x −2 −1 0 1 2 3

y −2 0 2 4 6 8

a

2

3

y

x
O

b

4 Read off the coordinates of the x- and y-intercepts from these tables and graphs.

Hint for Q4: The x-intercept is

where y = 0. The y-intercept

is where x = 0.

x −3 −2 −1 0 1 2 3

y 4 3 2 1 0 1 2

a x −3 −2 −1 0 1 2 3

y −1 0 1 2 3 4 5

b

x −1 0 1 2 3 4

y 10 8 6 4 2 0

c x −5 −4 −3 −2 −1 0

y 0 2 4 6 8 10

d

3

2

y

x
O

e

−3

7
O

y

x

f

5B
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5B Finding x- and y-intercepts 259

−11
O

5

y

x

g

−5

−2
O

y

x

h

Example 5 Finding the y-intercept

Find the coordinates of the y-intercept for these linear relations.

y = 2x − 1a 2x + 3y = 6b

Solution Explanation

a y = 2x − 1

y-intercept (let x = 0):

y = 2 × (0) − 1

= −1

Â the y-intercept is at (0,−1)

Substitute x = 0 into the rule to find the y value

of the y-intercept.

Recall that anything multiplied by 0 is 0.

Using coordinates the y-intercept is at (0,−1).

b 2x + 3y = 6

y-intercept (let x = 0):

2 × (0) + 3y = 6

3y = 6

y = 2

Substitute x = 0 to find the y-intercept.

Solve the equation 3y = 6 by dividing both sides

by 3.

Â the y-intercept is at (0, 2) Using coordinates the y-intercept is at (0, 2).

Now you try

Find the coordinates of the y-intercept for these linear relations.

y = 3x + 5a 3x + 4y = 12b

5 Find the coordinates of the y-intercept for these linear relations.

Hint for Q5:
y

x

y-intercept

(x = 0)

y = 2x + 5a y = 3x + 1b

y = x − 7c y = 2x − 3d

y = −4x + 2e y = −5x − 4f

y = −x − 2g y = −2x + 10h

2x + y = 11i 2x + 3y = 9j

x + 4y = 8k −3x + 2y = 12l

4x − 2y = 6m 3x − 4y = 4n

−2x − y = 3o −2x − 3y = −9p
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260 Chapter 5 Linear relationships

Example 6 Finding the x-intercept

Find the coordinates of the x-intercept for these linear relations.

y = 2x + 4a 3x − 2y = 12b

Solution Explanation

a y = 2x + 4

x-intercept (let y = 0):

0 = 2x + 4

−4 = 2x

−2 = x

x = −2

Substitute y = 0 into the rule to find the

x-coordinate of the x-intercept.

Solve the equation by subtracting 4 from both

sides. Then divide both sides by 2.

Â the x-intercept is at (−2, 0) Using coordinates the x-intercept is at (−2, 0).

b 3x − 2y = 12

x-intercept (let y = 0):

3x − 2 × (0) = 12

3x = 12

x = 4

Substitute y = 0 to find the x-intercept.

2 × 0 = 0 and then solve the remaining equation

for x.

Â the x-intercept is at (4, 0) Using coordinates the x-intercept is at (4, 0).

Now you try

Find the coordinates of the x-intercept for these linear relations.

y = 3x − 6a 5x + 4y = −15b

6 Find the coordinates of the x-intercept for these linear relations.

y = x + 6a y = x − 4b y = 2x − 8c

y = 3x + 6d y = −2x − 8e y = −4x + 12f

x + 2y = 7g 2x − y = 4h 3x + 4y = 12i

4x − 6y = 24j −2x + 3y = −2k −5x − 7y = 15l

Problem-solving and reasoning 7, 8 7–10

7 Find the coordinates of the x-intercept and y-intercept for these linear relations

involving fractions. Leave coordinates in fraction form.

Hint for Q7b: Recall

that another way of

writing 1
2
x is x

2
.

y = 2x − 1a y = 1
2
x − 2b

y = −1
3
x + 4c 3x + 2y = 7d

8 The height, h, in metres, of a lift above ground after t seconds is given by h = 100 − 5t.

What height does the lift start at (at t = 0)?a

How long does it take for the lift to reach the ground (h = 0)?b

5B
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5B Finding x- and y-intercepts 261

9 Water is being drained from a fish tank. The amount of water in the tank, V litres, after t minutes

is given by the rule V = 80 − 4t.

How long will it be until the tank is empty (V = 0)?a

How much water was in the tank to begin with (t = 0)?b

10 The line y = 3x has both its x-intercept and y-intercept with coordinates (0, 0). Can you explain how

this is the case, and what it means for the graph of y = 3x?

Making money — 11

11 Ana makes badges to sell at the market. The rule for the amount of money, A dollars, she makes from

the sale of b badges is given by A = 2b − 60.

What is the value of A if she sells no badges (b = 0)?a

Can you explain your answer to part a?b

How many badges must she sell to cover her initial costs (A = 0)?c

What happens when she sells more badges than in your answer to part c?d

Use the information from your answers above to draw a graph for the rule on the axes shown.

The A-axis is the y-axis and the b-axis is the x-axis.

20

30

10

−20

−30

−10

−40

−50

−60

30 402010 50

40

A

b
O

e
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262 Chapter 5 Linear relationships

5C 5C Graphing straight lines using intercepts
Learning intentions

• To understand that only two points are required to sketch a straight line graph

• To know that the x-intercept and the y-intercept are two key points often used to sketch a straight line graph

• To be able to sketch a linear relation by �nding the x- and y-intercepts

Key vocabulary: x-intercept, y-intercept, linear relation

When linear equations are graphed, all the points lie in

a straight line. This means that it is possible to graph a

straight line using only two points. Two critical points

that help draw these graphs are the x-intercept and

y-intercept. Once these two points are located, they can

be joined to form a straight line illustrating all the other

points that lie on the line.

Straight lines are frequently used in business to

illustrate the relationship between variables.Lesson starter: Two key points

Consider the relation y = 2x − 2.

• Write a set of steps for another student, explaining to them how to

find the y-intercept using the rule.

• Write another set of steps, this time explaining how to find the

x-intercept using the rule.

• Now that you have these two points, describe how you would use

them to sketch the graph of y = 2x − 2 on the axes shown, without

drawing up a table of values.

2

3

1

−2

−3

−1−2−3 −1−4

−4

2 31 4
O

4

y

x

Key ideas

A straight line can be drawn using only two points.

Two key points we can use to graph a straight line are the x-intercept and y-intercept.

To graph a linear relation using intercepts:

• find the y-intercept by substituting x = 0 into the

rule

• find the x-intercept by substituting y = 0 into the

rule

• plot the two points on the axes

• draw a straight line passing through the two

intercepts.

For example: 3x + 5y = 15

(0, 3)

y-intercept (x = 0)

3 × (0) + 5y = 15

5y = 15

y = 3

x-intercept (y = 0)

3x + 5 × (0) = 15

3x = 15

x = 5

(5, 0)

y

x
O
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5C Graphing straight lines using intercepts 263

Exercise 5C

Understanding 1–4 4

1 Insert the missing number.

a A minimum of points are required to sketch a straight line.

b To find the y-intercept, substitute x = .

c If (2, a) is an x-intercept, the value of a is .

2 For these equations, find the y-intercept coordinates by letting x = 0.

2x + 3y = 9a y = 2x − 4b

3 For these equations, find the x-intercept coordinates by letting y = 0.

2x − y = −4a y = 3x − 6b

4 Plot each of the following pairs of points on a set of axes and join the

points to form a straight line.

Hint for Q4a: (3, 0) is on the

x-axis as it is 3 to the right of

the origin and 0 up or down.

(3, 0) and (0,−2)a

(0, 4) and (2, 0)b

(−3, 0) and (0, 6)c

(1, 0) and (0, 3)d

Fluency 5–6(½) 5–6(½)

Example 7 Sketching linear relations of the form ax + by = d using intercepts

Sketch the graph of 2x + 3y = 6, showing the x- and y-intercepts.

Solution Explanation

2x + 3y = 6

y-intercept (let x = 0) :

2 × (0) + 3y = 6

3y = 6

y = 2

Â the y-intercept is at (0, 2) State the y-intercept. Plot the point (0, 2).

Only two points are required to generate a straight line.

For the y-intercept, substitute x = 0 into the rule and solve for y

by dividing each side by 3.

x-intercept (let y = 0) : To find the x-intercept, substitute y = 0 into the rule and

solve for x.2x + 3 × (0) = 6

2x = 6

x = 3

Â the x-intercept is at (3, 0) State the x-intercept. Plot the point (3, 0).

2

3
O

y

x

2x + 3y = 6

Mark and label the intercepts on the axes and sketch the graph

by joining the two intercepts. Continue the line past these

points.

Now you try

Sketch the graph of 3x + 4y = 12, showing the x- and y-intercepts.
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264 Chapter 5 Linear relationships

5 Sketch the graph of the following relations, by finding the x- and y-intercepts.

Hint for Q5: For the

x-intercept, let y = 0. For the

y-intercept, let x = 0.

x + y = 2a x + y = 5b x − y = 3c

x − y = −2d 2x + y = 4e 3x − y = 9f

4x − 2y = 8g 3x + 2y = 6h 3x − 2y = 6i

y − 3x = 12j −5y + 2x = −10k −x + 7y = 21l

Example 8 Sketching linear relations of the form y = mx + c using intercepts

Sketch the graph of y = 2x − 6, showing the x- and y-intercepts.

Solution Explanation

y = 2x − 6

y-intercept (let x = 0): Substitute x = 0 for the y-intercept.

y = 2 × (0) − 6 Simplify to find the y-coordinate.

y = −6

Â the y-intercept is at (0,−6) Plot the point (0,−6).

x-intercept (let y = 0):

0 = 2x − 6

6 = 2x

x = 3

Â the x-intercept is at (3, 0) Plot the point (3, 0).

Substitute y = 0 for the x-intercept. Solve the

remaining equation for x by adding 6 to both

sides. Then divide both sides by 2.

−6

3
O

y

x

y = 2x − 6

Mark in the two intercepts and join to sketch

the graph.

Now you try

Sketch the graph of y = 2x + 4, showing the x- and y-intercepts.

6 Sketch the graph of the following relations, showing the

x- and y-intercepts.

Hint for Q6a: To solve:

3x + 3 = 0
3x = −3 (subtract 3)
x = −1 (divide by 3)

y = 3x + 3a y = 2x + 2b

y = x − 5c y = −x − 6d

y = −2x − 2e y = −3x − 6f

y = −2x + 4g y = 2x − 3h

y = −x + 1i y = −2x + 1j

5C
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5C Graphing straight lines using intercepts 265

Problem-solving and reasoning 7, 8 7–9

7 The distance, d metres, of a remote controlled car from an observation

point after t seconds is given by the rule d = 8 − 2t.

Hint for Q7: The axes will have

d on the vertical axis and t on

the horizontal axis.

Find the distance from the observation point initially (at t = 0).a

Find after what time, t, the distance, d, is equal to 0

(substitute d = 0).

b

Sketch a graph of d versus t between the points from part a

(the d-intercept) and part b (the t-intercept).

c

8 Use your algebra and fraction skills to help sketch graphs for these relations by finding x- and

y-intercepts.

x
2
+

y

3
= 1a y = 8 − x

4
b

y

2
=
2 − 4x
8

c
Hint for Q8a: Recall: 0

2
= 0

9 Give reasons why the x-intercept on these graphs has the exact coordinates (1.5, 0).

2

3

1

−2

−3

−1−2−3 −1 2 31 4
O

4

y

x

a

2

3

1

−2

−3

−1−2−3 −1 2 31 4
O

4

y

x

b

Points to rules — 10

10 Write down the rule for the graph with these axes intercepts. Write the rule in the form ax + by = d.

(0, 4) and (4, 0)a (0, 2) and (2, 0)b

(0,−3) and (3, 0)c (0, 1) and (−1, 0)d

Using a calculator 5C: Sketching straight lines
This activity can be found in the More Resources section of the Interactive Textbook in the form

of a printable PDF.
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266 Chapter 5 Linear relationships

5D 5D Lines with one intercept
Learning intentions

• To understand that vertical and horizontal lines have the same x-coordinate or the same y-coordinate, respectively

• To know the equation form of vertical and horizontal lines

• To be able to graph vertical and horizontal lines and determine their rule from a graph

• To know that lines of the form y = mx pass through the origin

• To be able to sketch lines that pass through the origin

Key vocabulary: origin, vertical, horizontal, parallel, x-intercept, y-intercept

Vertical and horizontal lines are special types of lines. You often see them in houses and construction.

When plotting a graph, a vertical line runs parallel to the y-axis. Since parallel lines never touch, the line

will never cross the y-axis, and has only one intercept, on the x-axis.

Horizontal lines run parallel to the x-axis and they have only one intercept, on the y-axis.

Lines that pass through the origin (0, 0) also have only one intercept, as the x- and y-intercepts are the

same point.

Lesson starter: What rule satisfies all points?

Here is one vertical (red) and one horizontal (blue) line.

• For the vertical line shown, write down the coordinates of all the

points shown as dots.

• What is always true for each coordinate pair?

• Can you think of a simple equation that describes every point on

the line?

• For the horizontal line shown, write down the coordinates of all

the points shown as dots.

• What is always true for each coordinate pair?

• Can you think of a simple equation that describes every point on

the line?

2

3

1

−2

−3

−1−2−3 −1−4

−4

2 31 4
O

4

y

x

Key ideas

Vertical line: x = b

• Parallel to the y-axis, the x-coordinate is the same for every point on

the line.

• The equation is of the form x = b, where b is a constant

(fixed number).

• The x-intercept coordinates are (b, 0).

• There is no y-intercept.

2

3

1

y

x
b

O

x = b

Horizontal line: y = c

• Parallel to the x-axis, the y-coordinate is the same for every point on

the line.

• The equation is of the form y = c, where c is a constant

(fixed number).

• The y-intercept coordinates are (0, c).

• There is no x-intercept.

c

y

x
O

y = c

2 31
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5D Lines with one intercept 267

Lines through the origin (0, 0): y = mx

• The y-intercept is at (0, 0).

• The x-intercept is at (0, 0).

• Since the x- and y-intercepts give only one point, a

second point is required. Substitute any x value into

the rule to give a second point. Use x = 1 for ease

of calculation. O
−1

1

1

2

3

−2

−3

−2−3 −1−4

−4

2 3

(1, 2)

(1, 1)

(1, −2)

4

4

y

x

y = x

y = 2x
y = −2x

y = −    x1

2

(1,       )− 1

2

Exercise 5D

Understanding 1–4 2, 4

1 Classify the following lines as either horizontal or vertical.

Hint for Q1: Will they be parallel

to the x-axis or y-axis?

y = 3a y = −1b x = 2c

y = 0d x = −5e x = 0f

2 Select the features from the list (i–v) that apply to:

Hint for Q2: Draw a horizontal

and vertical line to help.

horizontal linesa vertical linesb

parallel to the y-axisi

has a y-interceptii

has an x-interceptiii

parallel to the x-axisiv

always pass through the originv

3 a What is the x-coordinate of each point on these graphs?

2

3

1

−1

−2

−3

−1 1 2 3

y

x
O

i

2

3

1

−1

−2

−3

−1−2−3 1

y

x
O

ii

b What is the y-coordinate of each point on these graphs?

2

3

1

−1

−2

−3

−1−2−3 1 2 3

y

x
O

i

2

3

1

−1

−2

−3

−1−2−3 1 2 3

y

x
O

  

ii
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268 Chapter 5 Linear relationships

4 List which of the following rules will have graphs that pass through (0, 0).

Hint for Q4: Equations of the form

y = mx pass through the origin.

y = 4a y = 2xb y = 3x + 2c

x = 2d y = −xe y = 1
2
xf

Fluency 5–7(½), 8 5–8(½)

Example 9 Graphing vertical and horizontal lines

Sketch the graph of the following vertical and horizontal lines.

y = 3a x = −4b y = 0c

Solution Explanation

a

2

3

1

2 31

y

x
O

y = 3

Each point on the line has a y-coordinate of 3, so the

y-intercept is at (0, 3).

Sketch a horizontal line through all points where y = 3.

b

2

1

−1−2−3 −1−4 O

y

x

x = −4

Each point on the line has an x-coordinate of −4, so the

x-intercept is at (−4, 0).

Sketch a vertical line through all points where x = −4.

c

2

1

−1

−2

−1−2 1 2

y

x
y = 0

O

Each point on the line has a y-coordinate of 0.

Sketch a horizontal line through all points where y = 0;

this line is the x-axis.

Now you try

Sketch the graph of the following vertical and horizontal lines.

y = −1a x = 3b x = 0c

5 Sketch the graph of the following vertical and horizontal lines.

Hint for Q5: Do they have an

x-intercept or a y-intercept?

x = 2a x = 5b

y = 4c y = 1d

x = −3e x = −2f

y = −1g y = −3h

5D
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5D Lines with one intercept 269

Example 10 Sketching lines that pass through the origin

Sketch the graph of y = 3x.

Solution Explanation

y = 3x

The x- and y-intercept are both at (0, 0).

Another point (let x = 1):

y = 3 × (1)

y = 3

Another point is at (1, 3).

2

3

1

−1

−2

−3

−1−2−3 1

(0, 0)

(1, 3)

2 3

y

x
O

y = 3x

The equation is of the form y = mx; i.e. when

you substitute x = 0, y = 3 × 0 = 0, giving (0, 0)

as both the x- and y-intercepts.

Two points are required to generate the straight

line. Find another point by substituting x = 1.

Any other x value could be used but the

calculation is simplest for x = 1.

Plot and label both points and sketch the graph

by joining the points in a straight line.

Now you try

Sketch the graph of y = 4x.

6 Sketch the graph of the following linear relations, which pass through the origin.

Hint for Q6: Substitute x = 1 to

obtain a second point.

y = 2xa y = 5xb y = 6xc

y = xd y = −4xe y = −3xf

y = −2xg y = −xh y = 1
2
xi

7 Sketch the graphs of these special lines all on the same set of axes and label with their

equations.

Hint for Q7: There are vertical

lines, horizontal lines and lines

through the origin.

x = −2a y = −3b y = 2c

x = 4d y = 4xe y = −1
2
xf

y = −1.5xg x = 0.5h x = 0i

y = 0j y = 2xk y = 1.5xl

Example 11 Finding the equation of horizontal and vertical lines

Give the equation of the following vertical and horizontal lines.

2

3

1

−1−1 1 2 3

y

x
O

a

2

1

−1

−2

−1−2−3 1 2 3

y

x
O

Continued on next page

b
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270 Chapter 5 Linear relationships

Solution Explanation

a x = 2 Line is vertical, with x-coordinate always 2.

b y = −1 Line is horizontal, with y-coordinate always −1.

Now you try

Give the equation of the following vertical and horizontal lines.

2

1

−1
1−1 2 3

y

x
O

a

2

1

−1
1−1 2 3

y

x
O

b

8 Give the equation of the following vertical and horizontal lines.

2

3

1

−2

−1−2 −1 21
O

4

y

x

a

2

3

1

−2

−1−2 −1 21
O

4

y

x

b

2

3

1

−2

−1−2 −1 21
O

4

y

x

Hint for Q8: A horizontal line

has the form y = c. A vertical

line has the form x = b.

c

2

3

1

−2

−1 2 31 4

4

5O

y

x

d

1.5

O

y

x

e

−6.7

O

y

x

f

Problem-solving and reasoning 9, 10 9–11

9 Find the equation of the straight line that is:

Hint for Q9: First decide

whether the line is horizontal

or vertical, then use the point.

parallel to the x-axis and passes through the point (1, 3)a

parallel to the y-axis and passes through the point (5, 4)b

parallel to the y-axis and passes through the point (−2, 4)c

parallel to the x-axis and passes through the point (0, 0)d

5D
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5D Lines with one intercept 271

10 If, in a picture, the surface of the sea is represented

by the x-axis, state the equation of the following

paths.

A plane flies horizontally at 250 m above sea level.

One unit is 1 metre.

a

A submarine travels horizontally 45m below sea

level. One unit is 1 metre.

b

11 The rules of the following graphs are of the form y = mx. Use the points marked with a dot

to find m and hence state the equation.

Hint for Q11:

In a rule such as

y = 3x, when x = 1,

y = 3 × 1 = 3.

a

2

3

1

−2

−1−2 −1 2 31 4
O

4

y

x

b

4

6

2

−4

−2−2 −1 2 31 4
O

8

y

x

c

2

3

1

−2

−1−2 −1 2 31 4
O

4

y

x

d

2

3

1

−2

−3

−1−2−3 −1 2 31
O

y

x

Rectangular areas — 12, 13

The four lines x = 1, x = 3, y = 2 and y = 5 drawn on the one set of axes form a

rectangle, as shown (shaded). The area of this rectangle is length × width =

3 × 2 = 6 square units.

2

2

3
3

1

−1−1 2 31 4

4

5

y

x
O

12 Find the area of the rectangle contained within the following four lines.

x = 1, x = −2, y = −3, y = 2a x = 0, x = 17, y = −5, y = −1b

13 The lines x = −1, x = 3 and y = −2 form three sides of a rectangle. Find the

possible equation of the fourth line if:

a the area of the rectangle is:

12 square unitsi 8 square unitsii 22 square unitsiii

b the perimeter of the rectangle is:

14 unitsi 26 unitsii 31 unitsiii
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272 Chapter 5 Linear relationships

5E 5E Gradient
Learning intentions

• To understand what is meant by the gradient of a line

• To know that the gradient of a straight line is constant

• To know that the gradient of a line can be positive, negative, zero or unde�ned

• To be able to �nd the gradient of a line from a graph or between two given points

Key vocabulary: gradient, rise, run

The gradient of a line is a measure of its slope. It is

a number that describes the steepness of a line. It is

calculated by considering how far a line rises or falls

between two points within a given horizontal distance.

The horizontal distance between two points is called

the run. The vertical distance is called the rise.

Rise

Run

The gradient or slope of a mountain can be a

challenge for mountain climbers.

Lesson starter: Which line is the steepest?

The three lines here connect the points A,B,C,D,E,F ,G

and H.

• Calculate the rise and run (working from left to right) and

also the fraction rise
run

for these segments.

ABi BCii BDiii

EFiv GHv

• What do you notice about the fractions ( riserun ) for parts i, ii
and iii?

• How does the rise
run

for EF compare with the rise
run

for parts i, ii

and iii? Which of the two lines is the steepest?

• Your rise
run

for GH should be negative. Why is this the case?

• Discuss whether or not GH is steeper than AD.

2

3

1

−2

−3

−1−2−3 −1−4−5

−4

−5

2 31 4 5

4

5

y

x

A

H

G

E

D

F
C

B
O

Use computer software (dynamic geometry) to produce a set of axes and grid.

Construct a line segment with endpoints on the grid. Show the coordinates of the endpoints.

Calculate the rise (vertical distance between the endpoints) and the run (horizontal distance

between the endpoints).

Calculate the gradient as the rise divided by the run.

Now drag the endpoints and explore the effect on the gradient.

Can you drag the endpoints but retain the same gradient value? Explain why this is possible.

Can you drag the endpoints so that the gradient is zero or undefined? Describe how this can

be achieved.
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5E Gradient 273

Key ideas

The gradient of a line is a measure of its steepness or slope.

The gradient of a line can be found using gradient (m) = rise
run

.

• We work from left to right, so the run is always positive.

Run (positive)

Rise
(positive)

Positive
gradient

Run (positive)

Rise
(negative)

Negative
gradient

The gradient can be positive, negative, zero or

undefined.

• The gradient is positive if the graph increases from

left to right.

• The gradient is negative if the graph decreases

from left to right.

• The gradient is zero if the line is horizontal.

• The gradient is undefined if the line is vertical.

Zero
gradient

gradient
Negative
gradient

Positive
gradient

y

x

Exercise 5E

Understanding 1, 2 2

1 For these lines, calculate the value for: i run ii rise

Hint for Q1: Remember that

the rise is negative if the line

slopes downward from left to

right.(1, 2)

(3, 6)

rise

run

b

(0, 2)

(2, 3)
rise

run

c

(−3, −1)

(−2, 2)

rise

run

a

(7, 0)

(4, 3)

rise

run e

(−1, 0)

(−2, 3)

rise

run f (−6, −1)

(−2, −2)

rise

rund

2 Use the words ‘positive’, ‘negative’, ‘zero’ or ‘undefined’ to complete each sentence.

The gradient of a horizontal line is .a

The gradient of the line joining (0, 3) with (5, 0) is .b

The gradient of the line joining (−6, 0) with (1, 1) is .c

The gradient of a vertical line is .d
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274 Chapter 5 Linear relationships

Fluency 3(½), 5(½) 3(½), 4, 5(½)

Example 12 Finding the gradient of a line

For each graph, state whether the gradient is positive, negative, zero or undefined, then find the

gradient, where possible.

6

2

2
O

y

x

a

3

2
O

y

x

b

4

3

2

1

2 3 41
O

y

x
−1−1

−2−3−4

c

2
O

y

x

d

Solution Explanation

a The gradient is positive.

6

2

2
O

y

x
run = 2

rise = 4

Gradient = rise
run

=
4

2

= 2

By inspection, the gradient will be

positive since the graph increases from

left to right.

Select any two points and create a

right-angled triangle between them to

determine the rise and run.

Substitute rise = 4 and run = 2, and

simplify.

b The gradient is negative.

3

2
O

y

x

Run = 2

Rise = −3

Gradient = rise
run

=
−3

2

= −
3

2

By inspection, the gradient will be

negative since y values decrease from

left to right.

Create a right-angled triangle

between two points.

Rise = −3 since it ‘falls’ 3 units, and

run = 2.

5E
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5E Gradient 275

c The gradient is positive.

4

3

2

1

2 31O

y

x
−1−2−3

Run = 2

Rise = 2

Gradient = rise
run

=
2

2

= 1

A rising graph indicates a positive

gradient.

For this triangle, rise = 2. The run is

from left to right, from −2 to 0, so the

run is +2.

d The gradient is undefined. The line is vertical.

Now you try

For each graph, state whether the gradient is positive, negative, zero or undefined, then find the

gradient, where possible.

2

3

1

−2 −1−1 2 31 4 5

4

y

x
O

a

2

3

1

−2 −1−1 2 31 4 5

4

5

y

x
O

b

2

3

1

−2 −1−1 2 31 4

4

y

x
O

c

2

3

1

−2 −1−1 2 31 4 5

4

y

x
O

d

3 For each graph state whether the gradient is positive, negative, zero or

undefined, then find the gradient where possible.

Hint for Q3:

Create a right-angled triangle to

find the rise and the run.

Run

Rise

Gradient = rise
run

2

3

1

−1−2 −1 2 31 4

4

y

x
O

a

2

3

1

−1−2 −1 2 31 4

4

y

x
O

b
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2

3

1

−1−2 −1 2 31 4

4

y

x
O

c

2

3

1

−1

−2

−2 −1 2 31 4

4

y

x
O

d

2

3

1

−1

−2

−2 −1 2 31 4

4

y

x
O

e

2

3

1

−1

−2

−1 2 31 4 5

4

y

x
O

f

2

3

1

−1

−2

−2 −1 2 31 4

4

y

x
O

g

−6 −5 −4 −3 −2 −1
O

1

y

x

2

3

4

h

3

1

2

4

−2 −1−1
4321

y

x
O

i

6

4

2

−2−2

−4

−6

2 4 6−4−6

y

x
O

j

3

2

1

y

x

−1 1 2 3−2 −1−3 O

k

−4

−2

2

4

−6

−1 1O 2 3−2−3

y

x

l

Hint for Q3k:

In part k, from −1

to 3 is a rise of 4.

5E
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5E Gradient 277

4 Find the gradient of each line A−F on this graph and grid.

Hint for Q4: Pick two known

points on each line to find the

gradient between them.
2

3

1

−2

−3

−1−2−3 −1−4−5

−4

−5

2 31 4 5

4

5

y

x

A B

C
F

D
E

O

Example 13 Finding the gradient between two points

Find the gradient (m) of the line joining the given points.

A(3, 4) and B(5, 6)a A(−3, 6) and B(1,−3)b

Solution Explanation

a

2

3

1

−1−1 2 31 4 5 6

(3, 4)

(5, 6)

O

4

5

6

7

y

x

Rise = 2

Run = 2

m = rise
run

=
2

2

= 1

Plot the two points on a set of

axes and construct a right-angled

triangle between them.

Observe from the graph that

the gradient will be positive.

Calculate the gradient by finding

the rise and run.

b

(−3, 6)

(1, −3)

y

x

Run = 4

Rise = −9

O

m = rise
run

=
−9

4
or − 9

4
or −2.25

Plot points A and B and join in a

line. Observe that the gradient

will be negative.

From left to right, −3 to 1,

run = 4.

Rise from 6 to −3 is a ‘fall’ of 9

units, so rise = −9.

Now you try

Find the gradient (m) of the line joining the given points.

A(2, 3) and B(4, 7)a A(−2, 2) and B(3,−6)b
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278 Chapter 5 Linear relationships

5 Find the gradient of the lines joining the following pairs of points.

Hint for Q5: Plot the points to

help visualise the rise and run.

A(2, 3) and B(3, 5)a C(0, 8) and D(2, 6)b

E(0, 4) and F(2, 0)c G(2, 1) and H(5, 4)d

A(1, 5) and B(2, 7)e C(−2, 4) and D(1,−2)f

E(−3, 4) and F(2,−1)g G(−1, 5) and H(1, 6)h

A(−4,−2) and B(−2, 1)i C(1, 1) and D(3,−4)j

E(3, 2) and F(0, 1)k G(−1, 1) and H(−3,−4)l

Problem-solving and reasoning 6, 7 6, 8, 9

6 Find the gradient, using rise
run

, corresponding to the following slopes.

Hint for Q6: The horizontal

distance is the run.

A road falls 10 m for every 200 horizontal metres.a

A cliff rises 35 metres for every 2 metres horizontally.b

A plane descends 2 km for every 10 horizontal kilometres.c

A submarine ascends 150 m for every 20 horizontal metres.d

7 A firecracker ascends with a gradient of 2. How far, horizontally, has the cracker travelled after

rising 80 m?

8 Sally runs up a sand dune that has a gradient of 1
3
. How far, horizontally, has Sally moved after

rising 30 m?

9 Find the missing number.

Hint for Q9a: A gradient of

4 = 4
1
: a rise of 4 units for

every 1 unit to the right.

The gradient joining the points (0, 2) and (1, ?) is 4.a

The gradient joining the points (?, 5) and (3, 9) is 2.b

The gradient joining the points (−3, 4) and (?, 1) is −1.c

The gradient joining the points (−4, ?) and (−2,−12) is −4.d

Where does it hit? — 10

10 The line here has gradient −2
3
, which means that it falls 2 units for

every 3 units across. The y-intercept is (0, 3).

2

3

1

−1−1 2 31 4 5 6

4

y

x
O

a Use the gradient to find the y-coordinate on the line where:

x = 6i x = 9ii

b What will be the coordinates of the x-intercept?

c What would be the x-intercept if the gradient was changed to:
−1

2
?i −2?ii −5

4
?iii

5E
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5F Gradient and direct proportion 279

5F 5F Gradient and direct proportion
Learning intentions

• To understand that gradient represents the rate of change of one variable with respect to another

• To understand what it means for two variables to be directly proportional

• To be able to identify the form of the linear rule for two variables in direct proportion

• To be able to form and work with rules in direct proportion

Key vocabulary: rate, variable, gradient, directly proportional

We have seen that the gradient of a line is the increase or decrease (rise) of the y values compared to the

change (run) in the x values.

Gradient can also be considered as a rate. It is the rate of change of y with respect to x. Speeds such as

60 km/h or 10 m/s are a common form of rates. They give the change in distance with respect to time; e.g.

60 km each hour or 10 m each second.

The connection between gradient, rate problems and direct proportion can be shown through the use

of linear rules and graphs. If two variables are directly related, then the rate of change of one variable with

respect to the other is constant. This means that the rule linking the two variables is linear and can be

represented as a straight line graph passing through the origin.

The amount of water squirting from a hose, for example, is directly proportional to the time since it was

turned on. The gradient of the graph of water volume versus time will determine the rate at which water is

squirting from the hose.

Lesson starter: Average speed

Over 5 hours, Sandy travels 400 km in a car.

• What is Sandy’s average speed for the trip?

• Draw a graph of distance versus time for the journey, assuming a

constant speed.

• Where does your graph intersect the axes and why?

• Find the gradient of your graph. What do you notice?

• Find a rule linking distance (d) and time (t).
2 4

Time (hours)

t

d

D
is

ta
n

ce
 (

km
) 400

51 3
O

Key ideas

A rate is the change in one variable compared with another. For example, 60 km/h (60 km per

hour) is a rate. It states a 60 km change in distance for each hour in time that passes.

• A rate in simplest form is written as a change in one variable per one unit of another variable.

For example, we simplify 40 km in 2 hours to 20 km per hour or 20 km/h.

If two variables are directly proportional:
• the rate of change of one variable with respect to the

other is constant

• the graph is a straight line passing through the origin

• the rule is of the form y = mx

• the gradient (m) of the graph equals the rate of

change of the y variable with respect to the x variable.

y

x
Origin

Gradient = rate
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280 Chapter 5 Linear relationships

Exercise 5F

Understanding 1–3 3

1 Write ‘Yes’ or ‘No’ to state which of the following are rates.

$120a 12 cm/sb 150 mL/minc 80 kmd

2 Write these rates in simplest form.

Hint for Q2: Simplest

form is per 1 unit;

e.g. 50 km in 1 hour,

50 km/h.

120 km in 2 hoursa 180 m in 20 secondsb

400 L in 80 minc $30 for 20 litresd

$900 in 30 hourse 15°C in 5 minf

3 This graph shows how far Caroline travels on her bike over 4 hours.

a State how far Caroline has travelled after:

1 houri

2 hoursii

3 hoursiii

b Write down the speed of the bike in km/h (rate of change of distance

over time).

c Find the gradient of the graph.

d What do you notice about your answers from parts b and c?

1 2

Time (hours)

D
is

ta
n

ce
 (

k
m

)

10

40

3 4

20

30

Fluency 4–6 4–7

Example 14 Forming rules in direct proportion

Write a rule linking the variables A dollars and t hours if $60 is earned in 5 hours of work at a

constant rate.

Solution Explanation

60 ÷ 5 = 12

Rate is $12/h.
$60 in 5 hours

$12 in 1 hour
÷ 5 ÷ 5

A = 12 × t

Â A = 12t

The amount earned, A, is $12 for each hour worked.

t hours of work earns 12 × t dollars.

Now you try

Write a rule linking the variables V litres and t seconds if a bucket contains 8 L of water from a hose

after 4 seconds.

4 Write down a rule linking the given variables, using a constant rate.

Hint for Q4: First write the rate

in simplest form.

I travel 720 km in 12 hours. Use d for distance and t for time.a

A calf grows 12 cm in 6 months. Use g for growth height and

t for time.

b

The cost of petrol is $120 for 80 litres. Use C for cost and n for

the number of litres.

c

The profit is $10 000 for 500 tonnes. Use P for profit and t for the number of tonnes.d
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5F Gradient and direct proportion 281

Example 15 Exploring direct proportion

Water is poured into an empty tank at a constant rate. It takes 3 hours to fill the tank with 6000 litres.

a What is the rate at which water is poured into the tank?

b Draw a graph of volume (V litres) vs time (t hours) using 0 Ä t Ä 3.

c Find:

the gradient of your graphi the rule for Vii

d Use your rule to find:

the volume after 1.5 hoursi the time to fill 5000 litresii

Solution Explanation

a 6000 L in 3 hours = 2000 L/hour 6000 L per 3 hours

2000 L per 1 hour
÷ 3 ÷ 3

b

1 2

Time (hours)

t

V

V
o
lu

m
e 

(L
it

re
s)

2000

O

4000

6000

3

Draw axes with volume on the vertical

axis and time on the horizontal axis, since

volume depends on time.

Plot the two end points:

(0, 0) since the tank starts empty and (3, 6000).

Join these points with a straight line.

c gradient = 6000
3
= 2000i Using the end points, rise = 6000, run = 3.

Note that the gradient is the same as the rate.

V = 2000t 2000 L are filled for each hour.ii

d V = 2000t

= 2000 × 1.5 Substitute t = 1.5 into your rule.

= 3000

Â 3000 L after 1.5 hours

i

V = 2000t Substitute V = 5000 into the rule and solve for

5000 = 2000t t by dividing each side by 2000.

2.5 = t

Â it takes 2 1
2
hours to fill 5000 L

ii

Now you try

Water is poured into an empty inflatable pool at a constant rate. It takes 50 minutes to fill the

pool with 2500 litres.

a What is the rate at which water is poured into the tank?

b Draw a graph of volume (V litres) vs time (t minutes) using 0 Ä t Ä 50.

c Find:

the gradient of your graphi the rule for Vii

d Use your rule to find

the volume after 20 minutesi the time to fill 2000 litresii
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282 Chapter 5 Linear relationships

5 A 300 litre fish tank takes 3 hours to fill using a hose at a constant rate.

Hint for Q5a: 300 litres in 3 hours;

how many litres in 1 hour?

Hint for Q5b: Place time on the

horizontal axis.

a What is the rate at which water is poured into the tank?

b Draw a graph of volume (V litres) vs time (t hours)

using 0 Ä t Ä 3.

c Find:

the gradient of your graphi

the rule for Vii

d Use your rule to find:

the volume after 1.5 hoursi

the time to fill 200 litresii

6 A solar powered car travels 100 km in 4 hours.

a What is the rate of change of distance over time (i.e. speed)?

b Draw a graph of distance (d km) vs time (t hours) using 0 Ä t Ä 4.

c Find:

the gradient of your graphi

the rule for dii

d Use your rule to find:

the distance after 2.5 hoursi

the time to travel 40 kmii

7 Use the gradient to find the rate of change of distance over time (speed) for these graphs.

Use the units given on each graph.

d
 (

k
m

) 

t (hours) 

1000

10

a

35

5

d
 (

cm
) 

t (seconds) 

b

20

8

d
 (

cm
) 

t (minutes) 

c
98

2

d
 (

m
m

) 

t (minutes) 

d

5F
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5F Gradient and direct proportion 283

Problem-solving and reasoning 8, 9 9–11

8 Who is travelling the fastest?

• Mick runs 720 m in 2 minutes.

• Sally rides 550 m in 1 minute.

• Udhav jogs 2000 m in 5 minutes.

9 Which animal is travelling the slowest?

Hint for Q9: To

compare rates, they

will need to be in

the same units.

• A leopard runs 400 m in 30 seconds.

• A jaguar runs 2700 m in 3 minutes.

• A panther runs 60 km in 1 1
3
hours.

10 A car’s trip computer says that the fuel economy for a trip is 8.5 L per 100 km.

Hint for Q10: Consider how many

litres are used in 1 kilometre.

How many litres would be used for 120 km?a

How many litres would be used for 850 km?b

How many kilometres could be travelled if the car’s petrol

tank capacity was 68 L?

c

11 The area of a particular rectangle is given by A = lw. Its length is fixed at

12 cm but its width, w cm, can vary.

Hint for Q11: Equations of the

form y = mx show that y is

directly proportional to x.

Write a rule for the area of this rectangle.a

Draw a graph of A against w for 0 Ä w Ä 4.b

Decide if the area of this rectangle is directly proportional

to its width. Explain.

c

Rate challenge — 12, 13

12 Hose A can fill a bucket in 2 minutes and hose B can fill the same bucket in 4 minutes.

What fraction of a bucket does hose A fill in 1 minute?a

What fraction of a bucket does hose B fill in 1 minute?b

If both hoses were used at the same time, what fraction of a bucket could they fill in 1 minute?c

If both hoses were used at the same time, how long would it take to fill the bucket?d

13 Vonda can vacuum an office building in 2 hours and her husband Chris can vacuum the same office

building in 3 hours. How long would it take to vacuum the office building if they both vacuumed at the

same time?
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284 Chapter 5 Linear relationships

5G 5G Gradient–intercept form
Learning intentions

• To know that y = mx + c is the gradient–intercept form of a straight line with m the gradient and (0, c) the y-intercept

• To know that any straight line equation can be expressed in gradient–intercept form

• To be able to rearrange a linear equation into gradient–intercept form

• To be able to determine the gradient and y-intercept of a straight line from gradient–intercept form

• To be able to sketch a graph using the y-intercept and the gradient

Key vocabulary: gradient–intercept form, y-intercept, gradient

Shown here is the graph of the rule y = 2x − 1. It shows a gradient of 2 and a

y-intercept at (0,−1). The fact that these numbers match numbers in the rule is

no coincidence. This is why rules written in this form are called gradient–intercept

form. Other examples of rules in this form include:

y = −5x + 2, y = 1
2
x − 0.5 and y = x

5
+ 20.

2

3

1

−1

−2

−3

−2 −1 2

(1, 1)

(0, −1)

(−1, −3)

(2, 3)

1

y

x
O

Look at the slope of

this mountain. Is the

gradient larger or

smaller than 1?

Lesson starter: What’s in common?

Sketch the following linear relations on the same set of axes. Plot points or use the x- and y-intercepts.

y = 2xa y = 2x + 2b y = 2x − 1c

• What do these graphs have in common?

• Calculate the gradient of each line. What do you notice?

• How do the gradients relate to the rules?

Now, sketch the following linear relations on the same set of axes. Plot points or use the x- and y-intercepts.

y = x + 1a y = 2x + 1b y = −1
2
x + 1c

• What do these graphs have in common?

• How does the common feature relate to the rules?

• Can you form a rule for a linear relation with a gradient of 3 and a y-intercept at (0, 2)?
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5G Gradient–intercept form 285

Key ideas

m = gradient (0, c) = y-intercept

y = mx + c (or y = mx + b depending on preference) is the gradient–intercept form of a

straight line equation.

If the y-intercept is at (0, 0), the equation becomes y = mx and these graphs will pass through

the origin.

Any linear relation can be rearranged to be written in gradient–intercept form by making y

the subject.

To sketch a graph using the gradient–intercept method, find the

y-intercept and use the gradient to find a second point.

• For example, if m = 2
5
, move 5 right and 2 up from the

y-intercept.

• For the gradient of −2 = −2
1

move 1 right and 2 down from

the y-intercept.

Run

(0, c) Rise

y = mx + c

y

x

rise

run
m =

Exercise 5G

Understanding 1–4 4

1 Choose from the words y-intercept, gradient and subject to complete the following. In the

gradient–intercept form, y = mx + c:

m is the .a

(0, c) is the .b

y is the of the equation.c

2 Match the given gradient and y-intercept in the first column with the rule in the left column.

Gradient = 2, y-intercept = (0, 5)a y = 5x + 2i

Gradient = 5, y-intercept = (0, 2)b y = −2x + 3ii

Gradient = −2, y-intercept = (0, 3)c y = 2x + 5iii

Gradient = −1, y-intercept = (0,−2)d y = −x − 2iv

3 a From the point (0, 2), give the coordinates of the point that is:

Hint for Q3: Plot the point to help

you visualise, if required.

2 right and 4 upi 3 right and 1 downii

b From the point (0,−1), give the coordinates of the point that is:

1 right and 2 upi 3 right and 4 downii

4 Fill in the missing numbers.

Hint for Q4:

Gradient = rise
run

Run

is always positive.

a The gradient 5
3
describes a run of for a rise of .

b The gradient 4 describes a run of for a rise of .

c The gradient −1
2

describes a run of for a rise of .
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286 Chapter 5 Linear relationships

Fluency 5–7(½) 5–8(½)

Example 16 Stating the gradient and y-intercept

State the gradient and the y-intercept coordinates for the graphs of the following relations.

y = 2x − 1a y = −3xb

Solution Explanation

a y = 2x − 1

The gradient = 2

y-intercept = (0,−1)

The rule is given in gradient-intercept form, y = mx + c.

The gradient is the coefficient of x (the numeral multiplied

by x).

The constant term is the y-coordinate of the y-intercept.

b y = −3x

The gradient = −3

y-intercept = (0, 0)

The gradient is the coefficient of x including the negative

sign.

The constant term is not present so the y-intercept is at

(0, 0).

Now you try

State the gradient and the y-intercept coordinates for the graphs of the following relations.

y = 3x − 2a y = −xb

5 State the gradient and y-intercept coordinates for the graphs of the following

relations.

Hint for Q5:

gradient y-intercept

y-coordinate

y = mx + c

y = 3x − 4a y = −5x − 2b y = −2x + 3c

y = 1
3
x + 4d y = −4xe y = 2xf

y = 2.3xg y = −0.7xh y = xi

Example 17 Rearranging linear equations into the form y = mx + c

Rearrange these linear equations into the form y = mx + c.

2x + y = 7a 4x + 2y = 10b

Solution Explanation

a 2x + y = 7

y = 7 − 2x

y = −2x + 7

To have y by itself, subtract 2x from both sides.

7 − 2x is the same as −2x + 7, which is in the form mx + c.

b 4x + 2y = 10

2y = −4x + 10

y = −2x + 5

Solve for y by first subtracting 4x from both sides.

Divide both sides of the equation by 2:
−4x + 10

2
=
−4

2
x + 10

2
= −2x + 5

5G
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5G Gradient–intercept form 287

Now you try

Rearrange these linear equations into the form y = mx + c.

3x + y = 5a 6x + 3y = 9b

6 Rearrange these linear equations into the form y = mx + c.

Hint for Q6: Follow steps as if you

were solving an equation for y.

3x + y = 4a 2x + y = 7b y − 3x = 2c

y − 2x = 7d 5x − y = 3e 4x + 2y = 8f

3x + 2y = 6g 4x − 2y = 5h 5x − 3y = −6i

Example 18 Sketching linear graphs using the gradient and y-intercept

Find the value of the gradient and y-intercept coordinates for these relations and sketch their graphs.

y = 2x − 1a y = −3
4

x + 2b

Solution Explanation

a y = 2x − 1

y-intercept = (0,−1)

Gradient = 2 = 2
1

The rule is in gradient–intercept form so we can read off the

gradient (coefficient of x) and the y-intercept (constant term).

Gradient = 2 (rise)
1 (run)

; for every 1 right, move 2 up.

1

−1

−1 1

Rise = 2

Run = 1

y

x
O

Label the y-intercept at (0,−1).

From (0,−1) move 1 to the right and 2 up to give a second

point at (1, 1).

Mark and join the points to form a line.

b y = −3
4

x + 2

y-intercept = (0, 2)

Gradient = −3
4

Read off the y-intercept and gradient from the

gradient–intercept form.

Rise = −3, run = 4.

2

3

1

3 421

y

x

Run = 4

Rise = −3

−1
−1 O

Label the y-intercept and from here move 4 across to the right

(run) and 3 down (due to −3) to give a second point at (4,−1).

Join points to form a line.

Now you try

Find the value of the gradient and y-intercept coordinates for these relations and sketch their graphs.

y = 3x − 2a y = − 5
4

x + 1b
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288 Chapter 5 Linear relationships

7 Find the gradient and y-intercept coordinates for these relations and sketch their

graphs.

Hint for Q7: Plot the

y-intercept first, then

use the rise and run

of the gradient.

y = x − 2a y = 2x + 1b y = 3x + 2c

y = 1
2
x + 2d y = −3x + 3e y = 3

2
x + 1f

y = 2xg y = −4
3

xh y = −2
3

xi

Example 19 Rearranging equations to sketch using the gradient and y-intercept

Rearrange the equation x + 2y = 6 to find the gradient and y-intercept coordinates, and sketch

its graph.

Solution Explanation

x + 2y = 6

2y = 6 − x

y = 3 − 1
2
x

= −
1

2
x + 3

y-intercept is at (0, 3)

Make y the subject by subtracting x from both

sides and then dividing both sides by 2.

6 − x
2

=
6

2
−

x
2
= 3 −

1

2
x

Rewrite in the form y = mx + c to read off the

gradient and y-intercept.

Gradient = −1
2
=
−1

2
Link the negative sign to the rise (−1) so the run

is positive (+2).

2

2
3

1

1

2 31O 4 5 6

y

x

2

1

2

1

Mark the y-intercept and then from this point

move 2 right and 1 down to give a second point

at (2, 2).

Note that the x-intercept will be 6. If the

gradient is −1
2

then a fall of 3 needs a run of 6.

Now you try

Rearrange the equation 2x + 3y = 12 to find the gradient and y-intercept coordinates, and sketch

its graph.

8 Rearrange these equations to find the gradient and y-intercept coordinates, and sketch

their graphs.

Hint for Q8: Solve for y to

make y the subject with

equations in the form

y = mx + c.

x + y = 4a y − x = 6b

4x + 2y = 6c x + 2y = 8d

2x + 3y = 6e 4x + 3y = 12f

x − 2y = 4g 2x − 3y = 6h

3x − 4y = 12i x + 4y = 0j

x − 5y = 0k 8x − 2y = 0l

5G
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5G Gradient–intercept form 289

Problem-solving and reasoning 9, 10 10–12

9 During a heavy rainstorm, a rain gauge is filling with water.

The rule for the volume of water in the gauge (V mL), t hours

after the start of the storm, is given by V = 4t + 2.
Hint for Q9: Here, the V-intercept

is like the y-intercept.
State the gradient and V -intercept coordinates of this

relation and sketch its graph.

a

In this scenario, what do the gradient and the

V -intercept represent?

b

10 Vera is trying to convince her friend Li that 4x + 6
2

= 2x + 6. She offers to pay Li $2 if she is wrong. Does

Vera lose her money? Explain.

11 Which of these linear relations have a gradient of 2 and y-intercept at (0,−3)?

Hint for Q11: Rewrite each in

the form y = mx + c and look

for y = 2x − 3.

y = 3 − 2xa

y = 2x − 6
2

b

y = 4x − 6
2

c

y = 3 − 2x
−1

d

2y = 4x − 3e

−2y = 6 − 4xf

12 Jeremy says that the graph of the rule y = 2(x + 1) has gradient 2 and y-intercept at (0, 1).

Explain his error.a

What can be done to the rule to help show the y-intercept?b
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290 Chapter 5 Linear relationships

The missing y-intercept — 13

13 This graph shows two points (−1, 0) and (1, 4), with a gradient of 2. By

considering the gradient (2 up for every 1 right), the y-intercept can be

calculated to be at (0, 2), so y = 2x + 2.

Use this approach to find the rule of the line passing through these points.

(−1, 1) and (1, 5)a (−2, 4) and (2, 0)b

(−2,−1) and (3, 9)c (−4, 1) and (2, 4)d

(−1, 3) and (1, 4)e

(−1, 0)

(1, 4)

y

x
O

5G
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15A For the rules listed below:

Complete a table of values.

x −3 −2 −1 0 1 2 3

y

i

Plot a graph.ii
y = 3x + 2a y = −2x + 4b

25A Decide whether the point (2,−3) is on the line with the given rules.

a y = 2x − 5

b y = −2x + 1

35B State the coordinates of the x- and y-intercepts from the following table and graph.

x −2 −1 0 1 2

y −6 −4 −2 0 2

a

−5

3

y

x
O

b

45B/C For the linear relations listed below:

Find the coordinates of the y-intercept.i

Find the coordinates of the x-intercept.ii

Sketch the graph showing the x- and y-intercepts.iii
y = 3x + 6a y = −2x − 8b 2x − 5y = 10c

55C A cyclist rides from school to home, with his distance from home given by the rule,

d = −1
2
t + 10 where d is in kilometres and t in minutes.

Find how far school is from home (t = 0).a

Find how long it takes to cycle home (d = 0).b

Sketch a graph of the cycle from school to home, labelling intercepts.c

65D Sketch the graph of the following horizontal and vertical lines.

x = 5a y = −2b x = 0c

75D On the one set of axes, sketch the graph of the following linear relations, which pass through

the origin.

y = 6xa y = −xb
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292 Chapter 5 Linear relationships

85E Find the gradient (m) of the following lines (where possible).

1

4

3

y

x
O

a

3

y

x
O

b

−3

−2

y

x
O

c y

x
−1 O

d

the line joining the points:e
A(2, 5) and B(5, 11)i

C(−2,−4) and D(1, 3)ii

E(−1, 3) and F(1,−7)iii

G(2, 6) and H(−1, 6)iv

95F Write a rule linking the given variables using a constant rate.

I travel 150 km in 3 hours. Use d for distance and t for time.a

I earn $80 in 5 hours. Use E for earnings and t for time.b

A cricket team makes 160 runs off 20 overs. Use r for runs and o for overs.c

105F A birdbath is being filled with water. It takes 5 minutes to fill the bath with 300 litres.

a What is the constant rate at which the birdbath is filled with water?

b Draw a graph of volume (V litres) vs time (t minutes) using 0 Ä t Ä 5.

c Find:

the gradient of your graphi the rule for Vii
d Use your rule to find:

the volume after 2 minutesi the time to fill 210 litresii

115G State the gradient and y-intercept coordinates for the graphs of the following relations. For

parts d and e you will need to first rearrange the equations into the form y = mx + c.

y = 2x − 3a y = −4x + 1b y = 1
2
xc y − 2x = 3d 3y − 6x = 12e

125G Find the value of the gradient and the y-intercept coordinates for these relations and sketch

their graphs.

y = 3x − 2a y = −1
2
x + 3b 3x + 2y = 8c
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5H Finding the equation of a line 293

5H 5H Finding the equation of a line
Learning intentions

• To understand that all straight line graphs can be expressed in gradient–intercept form, y = mx + c

• To know that the gradient and one other point are required to �nd the equation of a line

• To know that all points on a line satisfy the equation of the line

• To be able to �nd the equation of a line given the y-intercept and another point or the gradient and a point

Key vocabulary: equation, gradient–intercept form, gradient, y-intercept

When data points from an experiment are plotted, they may form a straight line. This shows a linear

relationship between the two variables, such as time and growth, involved in the experiment.

By finding the equation of this line, we can develop a rule to relate the two variables. This rule can be

used to make further predictions about the data, and could be applied to a larger scale experiment.

Using gradient–intercept form, the rule (or equation) of a line can be found by calculating the value of

the gradient and the y-intercept.

Lesson starter: But we don’t know the y-intercept!

A line with the rule y = mx + c passes through two points (−1, 4) and (1,−2).

• Using the information given, is it possible to find the value of m?

If so, calculate its value.

• The y-intercept is not given on the graph. Discuss what information

could be used to find the value of the constant, c, in the rule.

Is there more than one way you can find the y-intercept?

• Write the rule for the line.

(−1, 4)

(1, −2)

y

x

Key ideas

To find the equation of a line in gradient–intercept form, y = mx + c, you need to find:

• the value of the gradient (m) using m = rise
run

• the value of the constant (c), by observing the y-intercept or by substituting another point.

All the points (x, y) on a line satisfy the equation of the line.

For example, (2, 5) is on the line with equation y = 2x + 1 since substituting x = 2 and y = 5 gives a

true equation: 5 = 2 × (2) + 1.

Exercise 5H

Understanding 1–4 4

1 Fill in the missing words.

To find the equation of a line in the form y = mx + c, the (m) is required as well as the

or another .

2 Substitute the given values of m and c into y = mx + c to write the rule.

m = 2, c = 5a m = 4, c = −1b

m = −2, c = 5c m = −1, c = −1
2

d
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294 Chapter 5 Linear relationships

3 Which one of the following lines does the point (3, 1) lie on?

Hint for Q3: Which rule gives

y = 1 when x = 3?

y = 3x + 1A y = x − 3B

y = −2x + 7C y = 2x + 1D

y = −x − 2E

4 Substitute the point into the given rule and solve to find the value of c.

For example, using (3, 4), substitute x = 3 and y = 4 into the rule.

Hint for Q4a: In part a, 4 = 3 + c.

Â c = 1

(3, 4), y = x + ca

(1, 5), y = 2x + cb

(3,−1), y = −2x + cc

Fluency 5(½), 7(½) 5–7(½)

Example 20 Finding the equation of a line given the y-intercept and another point

Determine the equation of the straight line shown here.

−2

−4

y

x
O

Solution Explanation

The equation will have the form

y = mx + c.

gradient, m = rise
run

=
−4

2

= −2

y-intercept = (0,−4)

Â y = −2x − 4

For the gradient–intercept form you need to find

the gradient (m) and the y-coordinate of the

y-intercept (c).

−2

−4

y

x
Run = 2

Rise = −4

y-intercept

The y-intercept (0,−4) can be read from the graph.

In y = mx + c, substitute m = −2 and c = −4.

Now you try

Determine the equation of the straight line shown here.

6

−3

y

x
O

5H
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5H Finding the equation of a line 295

5 Determine the equation of the following straight lines.

6

−3

y

x
O

a

2

−2

y

x
O

b

−1

−4

y

x
O

c

−2

1

y

x
O

d

−1

8

y

x
O

e

4

4

y

x
O

f

3

y

x

6

O

g

Hint for Q5: Write in the form y = mx + c.

You will need the gradient and the

y-intercept (or another point if the

y-intercept is not given).
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296 Chapter 5 Linear relationships

6 Find the equation of these straight lines that have fractional gradients. Simplify any fractions.

3

−4

y

x
O

a

3

4

y

x
O

b

3

(4, −2)

y

x
O

c

(−4, −2)

4

y

x
O

d

(5, 3)

y

x

O

e

(−6, 1)

−1

y

x
O

f

Example 21 Finding the equation of a line given the gradient and a point

Find the equation of the line that has a gradient, m, of 3 and passes through the point (2,−1).

Solution Explanation

y = mx + c

y = 3x + c

−1 = 3 × (2) + c

−1 = 6 + c

−7 = c
Â y = 3x − 7 Write the equation in the form y = mx + c.

Substitute m = 3 into y = mx + c.

Since (2,−1) is on the line, it must satisfy the equation y = 3x + c,

hence substitute the point (2,−1) where x = 2 and y = −1 to find c.

Simplify and solve for c by subtracting 6 from both sides.

Now you try

Find the equation of the line that has a gradient, m, of 2 and passes through the point (2,−1).

5H
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5H Finding the equation of a line 297

7 Find the equation of the line that:

Hint for Q7: In y = mx + c,

insert the gradient value for m,

then substitute the point for x

and y to find c.

has a gradient of 3 and passes through the point (1, 8)a

has a gradient of −2 and passes through the point (2,−5)b

has a gradient of −3 and passes through the point (2, 2)c

has a gradient of 1 and passes through the point (1,−2)d

has a gradient of −3 and passes through the point (−1, 6)e

has a gradient of 5 and passes through the point (2, 9)f

has a gradient of −1 and passes through the point (4, 4)g

has a gradient of −3 and passes through the point (3,−3)h

has a gradient of −2 and passes through the point (−1, 4)i

has a gradient of −4 and passes through the point (−2,−1)j

Problem-solving and reasoning 8, 9 8–11

8 The coordinates (0, 1) mark the take-off point 1 metre above the ground for a rocket constructed as

part of a science class. The positive x direction is considered to be east. Find the equation of the

rocket’s path if it rises at a rate of 5 m vertically for every 1 m in an easterly direction.

9 A line has gradient −2 and y-intercept at (0, 5). Find its x-intercept

coordinates.
Hint for Q9: First write the rule

of the line.

Hint for Q10: Plot the

linear information on

a graph to help.

10 Brad starts the year with $80 in his bank account. He adds

money into his account each week and does not take money out.

After 4 weeks he has $220 in his account. If the relationship is linear:

find a rule for the amount of money in the account after x weeksa

use your rule to find when he will have $500.b

11 For the line connecting the following pairs of points:

Hint for Q11: Compare with

Example 21.

find the gradienti find the equation using y = mx + cii

(2, 6) and (4, 10)a (1, 7) and (3,−1)b

(−3, 6) and (5,−2)c (−4,−8) and (1,−3)d

Two pieces of information make a linear rule — 12, 13

Assume that the relationships between the variables in these questions are linear.

12 Water is leaking from a tank. The volume of water in the tank after 1 hour is 100 L and after 5 hours

the volume is 20 L.

Find the equation of the line joining the points to find a rule. Use y for volume and x for time.a

Use the rule to state the amount of water that was in the tank to start with.b

13 At 1 minute before midnight, the temperature inside a house in winter was −5°C. The heater was

switched on at this time. Three minutes after midnight, the temperature had reached 3°C.

Find the rule to represent this. (Plot the points on axes and find the equation of the line joining

them. Use y for temperature and x for time.)

a

Find the x-intercept and the y-intercept coordinates.b

Describe what the points in part b represent in a practical sense.c
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5I 5I Midpoint and length of a line segment
Learning intentions

• To know that a line segment is de�ned between two endpoints

• To be able to �nd the midpoint of a line segment given the endpoints

• To understand how Pythagoras’ theorem can be used to �nd the length of a line segment

• To be able to �nd the length of a line segment

Key vocabulary: midpoint, line segment, coordinates, endpoints, average, Pythagoras’ theorem, hypotenuse,

horizontal, vertical, length

A line continues on forever, but a line segment (or line interval) has endpoints; this means it has a defined

length and therefore must have a midpoint. Both the midpoint and length can be found by using the

coordinates of the endpoints.

A seesaw consists of a

long beam with a pivot

point (or fulcrum).

We can consider the

long beam to be a

line segment with its

midpoint at the pivot

point of the seesaw.

Lesson starter: Choosing a method

This graph shows a line segment between the points at (−2,−1) and (2, 3).

• What is the horizontal distance between the two points?

• What is the vertical distance between the two points?

• Discuss and explain a method for finding the length of a line segment,

using the right-angled triangle formed.

• What is the x-coordinate of the point halfway along the line segment?

• What is the y-coordinate of the point halfway along the line segment?

• Discuss and explain a method for finding the midpoint of a line segment.

2

3

1

−1

−2

−3

−1−2−3 1 2 3

y

x

(2, 3)

(−2, −1)

O

Using graphing software or dynamic geometry software, produce a line segment like the one shown

above. Label the coordinates of the endpoints and the midpoint. Also find the length of the line

segment. Now drag one or both of the endpoints to a new position.

Describe how the coordinates of the midpoint relate to the coordinates of the endpoints. Is this true

for all positions of the endpoints that you choose?

Now use your software to calculate the vertical distance and the horizontal distance between the

two endpoints. Then square these lengths. Describe these squared lengths compared to the square

of the length of the line segment. Is this true for all positions of the endpoints that you choose?
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5I Midpoint and length of a line segment 299

Key ideas

A line segment is a section of a straight line between two points (endpoints).

The midpoint (M) of a line segment

is the halfway point between the two

endpoints.

• The x-coordinate is the average
(mean) of the x-coordinates of the

two endpoints.

• The y-coordinate is the average

(mean) of the y-coordinates of the

two end points.

• M = (x1 + x2
2

,
y1 + y2
2 )

(1, 5)

(4, 2)

= 3.5
2 + 5

2

M(x, y)

y

x

= 2.5
1 + 4

2

O

The length of a line segment

(or line interval) is found using

Pythagoras’ theorem.

• The line segment is the

hypotenuse (longest side) of

a right-angled triangle.

• The coordinates can be

used to find the horizontal

distance between them, and

the vertical distance.

2
2

3c

(−3, 2)

(−1, 5)

3

1

−1−2−3 −1−4 1

4

5

y

x
O

Horizontal distance from −3 to −1
is 2.
Vertical distance from 2 to 5 is 3.
Pythagoras’ theorem:

c2 = 22 + 32

= 13

Â c =
√
13

Exercise 5I

Understanding 1–3 3

1 Find the number that is halfway between these pairs of numbers.

Hint for Q1: If in doubt, add them

and divide by 2.

5, 11a −2, 4b

−6, 0c 4, 7d

2 Use Pythagoras’ theorem to find the length of the hypotenuse

in these right-angled triangles. Round to one decimal place

where required.

Hint for Q2: Pythagoras’ theorem:

a

b c
c2 = a2 + b2

a

3

4

b

8

6

c

1

5

d

3

6

Hint for Q3: For horizontal distance,

consider the x-coordinates.

For vertical distance, consider

the y-coordinates.

3 a Find the horizontal distance between the points:

(1, 4) and (4, 6)i (−2, 3) and (2,−1)ii

b Find the vertical distance between the points:

(−2, 3) and (0, 5)i (2, 5) and (6,−2)ii
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300 Chapter 5 Linear relationships

Fluency 4–5(½) 4–5(½)

Example 22 Finding the midpoint of a line segment

Find the midpoint M(x, y) of the line segment joining these pairs of points.

(1, 0) and (5, 4)a

(−3,−2) and (5, 3)b

Solution Explanation

a x = 1 + 5
2
= 3

y = 0 + 4
2
= 2

ÂM = (3, 2)

Find the average (mean) of the x-coordinates

and y-coordinates for both points.

b x = −3 + 5
2

= 1

y = −2 + 3
2

= 0.5

ÂM = (1, 0.5)

By plotting the points to form the line segment,

you can check that the coordinates you find for

the midpoint appear to be the halfway point of

the line segment.

M

(−3, −2)

(5, 3)

y

x

Now you try

Find the midpoint M(x, y) of the line segment joining these pairs of points.

(2, 1) and (6, 9)a

(−4,−1) and (0, 6)b

4 Find the midpoint M(x, y) of the line segment joining these

pairs of points.
(0, 0) and (6, 6)a (0, 0) and (4, 4)b

(0, 2) and (2, 8)c (3, 0) and (5, 2)d

(−2, 0) and (0, 6)e (−4,−2) and (2, 0)f

(1, 3) and (2, 0)g (−1, 5) and (6,−1)h

(−3, 7) and (4,−1)i (−2,−4) and (−1,−1)j

(−7,−16) and (1,−1)k (−4,−3) and (5,−2)l

Hint for Q4: Check that your

coordinates for the midpoint

appear to lie halfway along the line

segment.

5I
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5I Midpoint and length of a line segment 301

Example 23 Finding the length of a line segment

Find the length of the segment joining (−1, 2) and (4,−2), correct to two decimal places.

Solution Explanation

2

3

1

−2

−1−2 −1 2

5

4

(4, −2)

(−1, 2)

31 4
O

y

x

Plot the points and form the line segment to visualise the

problem.

Form the right-angled triangle.

Use the coordinates to find the lengths of the horizontal and

vertical sides.

Horizontal length = 5

Vertical length = 4

Â c2 = 52 + 42 Apply Pythagoras’ theorem c2 = a2 + b2.

= 25 + 16

= 41 From c2 = 41, take the square root of both sides.

Â c =
√
41

Â length = 6.40 (to 2 d.p.) Round to two decimal places on a calculator as required.

Horizontal length: from −1 to 4 is 5 units.

Vertical length: from 2 to −2 is 4 units.

Now you try

Find the length of the segment joining (−2, 3) and (1,−3), correct to two decimal places.

5 Find the length of the segment joining these pairs of points, correct to two decimal places.

(1, 1) and (2, 6)a (1, 2) and (3, 4)b (0, 2) and (5, 0)c

(−2, 0) and (0,−4)d (−1, 3) and (2, 1)e (−2,−2) and (0, 0)f

(−1, 7) and (3,−1)g (−4,−1) and (2, 3)h (−3,−4) and (3,−1)i

Problem-solving and reasoning 6–8 7–10

6 A fence line on the plans for a property

shows fence posts at points with

coordinates (−4, 8), (2, 3) and (8,−2). To

reinforce the fence, two posts are to be

placed halfway between the current posts.

At what coordinates will these posts be

placed?
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302 Chapter 5 Linear relationships

7 Find the missing coordinates in this table if M is the midpoint

of points A and B.

Hint for Q7: in the first row, 6

is halfway between 4 and ?,

while 1 is halfway between 2

and ?.

A B M

(4, 2) (6, 1)

(0,−1) (−3, 2)

(4, 4) (−1, 6.5)

8 A circle has its centre at (2, 1). Find the coordinates of the

endpoint of a diameter if the other endpoint has these

coordinates.
Hint for Q8: A diameter of a

circle is shown: It passes

through the centre.(7, 1)a

(3, 6)b

(−4,−1)c

Hint for Q9: Start by plotting

the points to form the line

segments that make up the

shape.

9 Find the perimeter of these shapes correct to one decimal place.

A triangle with vertices (−2, 0), (−2, 5) and (1, 3).a

A trapezium with vertices (−6,−2), (1,−2), (0, 4) and (−5, 4).b

10 For the point (3, 2) shown:

list four points that are 3 units from this point and add

them to the axes

a

describe the shape that would be formed by all the

points that are 3 units from (3, 2).

b

(3, 2)
2

3

1

−2

−1−2 −1 2 3 4 5 6 7 81

4

5

6

y

x
O

Division by ratio — 11

11 Looking from left to right, this line segment shows the point

P(−1, 0) which divides the segment in the ratio 1 : 2.

a What fraction of the horizontal distance between the endpoints

is P from A?

b What fraction of the vertical distance between the endpoints is

P from A?

c Find the coordinates of point P on the segment AB if it divides

the segment in these ratios.

2 : 1i 1 : 5ii 5 : 1iii

2

3

1

−3

−2

−1−2−3 −1
A

B

P

2

(3, 2)

(−3, −1)
31

y

x
O

5I
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5J 5J Linear modelling
Learning intentions

• To understand that many situations can be modelled by a linear rule or graph

• To be able to �nd a rule linking two variables

• To know how the dependent and independent variable are positioned on a set of axes when graphing the rule

• To be able to use a rule or graph to estimate the value of one variable given the other

Key vocabulary: dependent variable, independent variable, linear, gradient, rate

If a relationship between two variables is linear, the graph will be a

straight line. The equation linking the two variables can therefore be

written in gradient–intercept form. The area of mathematics which

uses line graphs and rules to explore the relationship between two

variables is called linear modelling. A test car, for example, increasing

its speed from 100 km/h to 200 km/h in 8 seconds with constant

acceleration, could be modelled by the rule s = 12.5t + 100. This rule

could then be used to calculate the speed at different times in the

test run.

100

200

8

Time  (seconds)

S
p

ee
d

 (
k
m

/h
)

O

Lesson starter: The test car

The above graph describes the speed of a racing car

over an 8-second period.

• Explain how the rule s = 12.5t + 100 for the graph is

found by describing what the 100 means and what

the 12.5 means.

• Why might negative values of t not be considered

for the graph?

• How could you accurately calculate the speed at

the 6.5 second mark?

• If the car continued to accelerate at the same rate,

how could you accurately predict the car’s speed at

the 13.2 second mark?

The speed of a racing car can be modelled by a rule

linking the two variables of speed and time.

Key ideas

Many situations can often be modelled by using a linear rule or graph.

The key elements of linear modelling include:

• Finding the rule linking the two variables

• Sketching a graph

• Using the graph or rule to predict or estimate the value of one variable given the other

• Finding the rate of change of one variable with respect to the other variable. This is the same

as finding the gradient.

On a set of axes the dependent variable goes on the vertical axis and the independent
variable goes on the horizontal axis.

• The dependent variable changes as a result of changes that occur in the independent variable.

• If the variables are speed and time, then speed is on the vertical axis, since the speed reached

depends on the time passed.

• Time is usually on the horizontal axis.
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304 Chapter 5 Linear relationships

Exercise 5J

Understanding 1–3 3

1 A person gets paid $50 plus $20 per hour. Decide which rule describes the relationship between the

pay, $P, and number of hours, n.

P = 50 + nA P = 50 + 20nB P = 50n + 20C P = 20 + 50D

2 The amount of money in a bank account is $1000 and it is increasing by $100 per month.

a Find the amount of money in the account after:

2 monthsi 5 monthsii 12 monthsiii

b Write a rule for the amount of money, A dollars, after n months.

3 a Insert the word independent or dependent in the following.

Hint for Q3: Which variable changes

in response to changes in the other

variable?

The variable goes on the vertical axis.i

The variable goes on the horizontal axis.ii

b Choose the dependent variable in the following cases.

The volume of water, V , in a tank t minutes after turning

on the hose.

i

The height, h, of a tree t days after it was planted.ii

The amount of money earned from the sale of m items.iii

Fluency 4–6 4–7

Example 24 Applying linear relations

Netshare is an internet provider. It charges $20 up front plus $5 per week of use.

Write a rule for the total cost, $C, of using Netshare for t weeks.a

Sketch the graph of C versus t using 0 Ä t Ä 10.b

What is the total cost when Netshare is used for 4 weeks?c

If the total cost was $50, for how many weeks was Netshare used?d

Solution Explanation

a C = 20 + 5t A fixed amount of $20 plus $5 for each week.

This is 5 × t.

b C-intercept is 20

At t = 10, C = 20 + 5 × (10) = 70

Â end point is (10, 70)

20

50
60

(10, 70)70

40
30

10

10
t

C

O

The cost, C, is the dependent variable and so it

goes on the vertical (y) axis.

Let t = 0 to find the C-intercept (this is the point

on the vertical axis).

Letting t = 10 gives C = 70 and this gives the

other endpoint.

Sketch the graph using the points (0, 20) and

(10, 70).
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5J Linear modelling 305

c C = 20 + 5t Substitute t = 4 into the rule.

= 20 + 5 × (4)

= 40

The cost is $40 Answer the question using the correct units.

d C = 20 + 5t

50 = 20 + 5t

30 = 5t

Â t = 6

Netshare was used for 6 weeks. Answer the question in words.

Write the rule and substitute C = 50. Solve the

resulting equation for t by subtracting 20 from

both sides then dividing both sides by 5.

Now you try

A gardener charges $60 upfront plus $30 per hour of work.

Write a rule for the total cost, $C, of hiring the gardener for n hours.a

Sketch the graph of C versus n using 0 Ä n Ä 6.b

What is the total cost for a job that takes 3 hours?c

If the total cost was $210, how many hours was the gardener hired for?d

4 A sales representative earns $400 a week plus $20 for each sale she makes.

Hint for Q4: To sketch over

0 Ä x Ä 40, find the endpoints; that

is, the point where x = 0 and where

x = 40.

Write a rule that gives the total weekly wage, $W , if the

sales representative makes x sales.

a

Draw a graph of W versus x using 0 Ä x Ä 40.b

How much does the sales representative earn if, in a

particular week, she makes 12 sales?

c

If, in a particular week, the sales representative earns $1000, how many sales did she make?d

5 A plumber charges a $40 fee upfront per job, and $50 for each hour he works.

Find a linear equation for the total charge, $C, for n hours of work.a

What will a 4-hour job cost?b

If the plumber works on a job for two days and averages 6 hours per day, what will be the

total cost?

c

6 A catering company charges $500 for the hire of a marquee

(a giant tent), plus $25 per guest.

Write a rule for the cost, $C, of hiring a marquee and

catering for n guests.

a

Draw a graph of C versus n for 0 Ä n Ä 100.b

How much would a party catering for 40 guests cost?c

If a party cost $2250, how many guests were catered for?d

7 The cost, $C, of producing a music single is $300, plus $120 per hour of studio time.

Write a rule for the cost, $C, of producing a single requiring t hours of studio time.a

Draw a graph of C versus t for 0 Ä t Ä 10.b

How much does a single using 6 hours of studio time cost?c

If a single cost $660 to make, for how long was the studio used?d
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306 Chapter 5 Linear relationships

Problem-solving and reasoning 8, 9 9–11

8 A petrol tank holds 66 litres of petrol. If it starts with 12 litres of

petrol and the petrol pump fills it at 3 litres every 10 seconds, find:

Hint for Q8: Read units

carefully. 3 L in 10 seconds

equals 18 L in 1 minute.

a linear equation for the amount of fuel (F litres) in the tank

after t minutes

a

how long it will take to fill the tank.b

9 A tank starts with 4000 L of water. Water from it is used at a rate of

20 L per minute.

Write a rule for the volume, V litres, of water after t minutes.

Hint for Q9: If the water is being

used, think about what should be

happening to the volume of water in

the tank.

a

Calculate the volume after 1.5 hours.b

How long will it take for the tank to be emptied?c

How long will it take for the tank to have only 500 L?d

10 The rule for distance travelled, d km, over a given time, t hours, for a moving vehicle is given by

d = 50 + 80t.

What is the speed of the vehicle?a

If the speed was actually 70 km per hour, how would this change the rule? Write the new rule.b

11 The altitude, h metres, of a helicopter t seconds after it begins its

descent is given by h = 350 − 20t.

Hint for Q11: Altitude is the

height above ground at which

the helicopter is flying.

a Use the rule to find or state:

the rate at which the helicopter’s altitude is decreasingi

the helicopter’s initial height (t = 0)ii

how long it will take for the helicopter to reach the ground.iii

b If the rule was h = 350 + 20t, describe what the helicopter would be doing.

Where will they meet? — 12

12 Car A heads out of town on the open highway travelling at an average speed of 65 km/h.

Write a rule for the distance, d km, of the car from the town after t hours.a

Sketch a graph of distance (d) vs time (t) for 0 Ä t Ä 5.b

At the same time as Car A leaves town, Car B sets out on the highway from the opposite direction,

travelling towards the town. The rule for the distance, d km, of Car B from the town after t hours is

given by d = 350 − 75t.

c How many kilometres from town does Car B begin?

d How long will it take for Car B to reach the town?

e Sketch the graph of the rule for Car B on the same axes that you used in part b.

f Using your graph, find:

how many hours into the journey the two cars will pass each other.i

how many kilometres out of town they will be when they pass each other.ii

5J
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Many professions use linear relations to model

aspects of their jobs. FOREX traders or currency

traders use their knowledge of trends and

future growth to buy and sell currencies from

around the world.

It is the biggest market in the world. People

often trade in shares, futures and overseas

currencies from the privacy of their home.

Trading in foreign currencies

1 The currency of one country is directly proportional to the currency of another country. Each currency

exchange can be written as an equation in the form y = mx.

The top line of this table states that 1 euro (EUR) = 1.5687 Australian dollars (AUD).

Writing this as an equation gives: y = 1.5687 × x where x = EUR, y = AUD.

From To Exchange

(x: input currency) (y: output currency) rate

i The EURO (EUR) Australian dollars (AUD) 1.5687

ii British pounds (GBP) AUD 2.0306

iii USD Chinese Yuan (CNY) 6.5181

iv EUR GBP 0.7725

v AUD EUR 0.6375

vi AUD United states dollar (USD) 0.7158

vii AUD Singapore dollar (SGD) 1.0038

viii AUD New Zealand dollar (NZD) 1.0753

Use the exchange rate table above to complete a table with these column headings. Work with four

decimal places for the linear equation and three decimal places for y when x = 10 in the

‘Two points’ column.

x: input y: output Linear Two points

currency currency equation (0, ) and (10, )

2 Use the information in your answer to Question 1 for the following tasks.

a For exchange rates i to iv, sketch each linear relation on a separate number plane. Label the

currency on each axis and label each point where x = 10.

b What feature of the straight line does the exchange rate represent in each graph?

c For exchange rates v to viii, sketch each linear relation on the same number plane. Label each

point where x = 10.

d What do you notice about the slope of the line as the exchange rate increases?
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308 Chapter 5 Linear relationships

Using technology

3 Currency rates fluctuate over time. Follow the Excel spreadsheet instructions below to graph a

trendline and determine the trendline equation for the exchange rate of Australian dollars to

Japanese yen.

a i Enter the data from this table into an Excel spreadsheet.

ii Select both columns.

iii Choose Insert and Scatter graph and click on the icon of

unconnected points.

iv Click on one of the graphed points, right click, and select

‘Add trend line’.

v From the trendline options that appear, select ‘linear’ and at the

bottom of the callout tick ‘display equation on chart’.

vi Label the graph.

May AUD to JPY

1 80.48545

2 80.98463

3 81.15554

4 82.53038

5 82.53038

6 83.17927

7 84.55183

8 84.55183

b Copy the trendline equation. Define the x and y for the trendline.

c What does the gradient of this trendline tell us?

d Use the trendline equation to predict the exchange rate for May 10.

e If the exchange rate continues to follow this trend, how many Japanese yen would you expect to

receive when exchanging $1500 AUD on 15 May?

f Give one reason why a currency trendline equation can’t be relied on to make accurate predictions.
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Running in a Triathlon

Jack, Levi and Max compete in a junior Triathlon event, first swimming 200 m, then cycling 12 km and

finally running 1200 m.

Jack was the first to start the running leg and he runs at an average speed of 3 m/s. Levi runs at 3.5 m/s

and Max runs at 4 m/s. However Max and Levi take longer to complete the swimming and cycling and

start the run after Jack started. Can either of them overtake Jack and win the race?

For this task, d metres is the distance travelled by a runner and t seconds is the time in seconds after Jack

starts running.

Present a report for the following tasks and ensure that you show clear mathematical workings,

explanations and diagrams where appropriate.

1 Preliminary task

a Find the time, in seconds, taken to run 1200 m at an average speed of 2.4 m/s.

b Write the rule for distance d after t seconds when running at a speed of 2.4 m/s.

c A rule describing a different runner is given by: d = 2.5t − 20. Let d = 1200 and solve the equation

to find this runner’s finishing time.

2 Modelling task

FormulateThe problem is to find the times of the first, second and third place runners and their time differences.

a Write down all the relevant information that will help solve this problem.

b Using a large sheet of graph paper or digital graphing software, prepare axes like those shown

below. Draw and label a horizontal axis showing time t to 400 seconds and a vertical axis showing

distance d to 1200 m.

Running in the Triathlon

Time t in seconds (after Jack starts)

D
is

ta
n

ce
 d

 i
n

 m

1200

1000

800

600

400

200

0
0 50 100 150 200 250 300 350 400

Solve

c Jack runs at an average speed of 3 m/s for the 1200 m.

How long, in seconds, does Jack take to run the 1200 m?i

Write a rule for Jack’s distance (d metres) in terms of time (t seconds).ii

Draw a line on the graph to represent Jack’s run. Label this line: Jack.iii

d Levi starts running after Jack had started. Levi runs at 3.5m/s and the rule describing Levi’s distance

d after t seconds is given by: d = 3.5t − 175.

Let d = 0 and find t, Levi’s starting time. Plot this point and label its coordinates.i

Find Levi’s distance when t = 350. Plot this point and label its coordinates.ii

Draw a line through these points extend it to 1200 m. Label this line: Levi.iii
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310 Chapter 5 Linear relationships

Solve
e What occurs on the graph at t = 350? Explain what happens between Jack and Levi at 350 s.

f Max starts the running race behind Levi and Jack. Max runs at 4 m/s and the rule describing

Max’s distance d after t seconds is given by: d = 4t − 300.

Let d = 0 and find t, Max’s starting time. Plot this point and label its coordinates.i

Find Max’s distance when t = 250. Plot this point and label its coordinates.ii

Rule a line through these points and extend it to 1200 m. Label this line: Max.iii

g What occurs on the graph at t = 250? Explain what happens between Max and Levi at

250 seconds.

h Does Max also overtake Jack? If so, state the time and distance where this happens.

i From your graph determine who gets first, second and third place.

Evaluate

and

verify

j Let d = 1200 in each equation and solve each for t to find the runner’s finishing times, to the

nearest second.

k By how many seconds was the first place runner ahead of the second runner and the

third runner?

Communicate l Summarise your results and describe any key findings.

3 Extension question

A fourth runner, Elijah, started 80 seconds after Jack started and finished at the same time as Jack.

a Answer the following questions about the line on the graph that would show Elijah’s run.

State the coordinates of the start and end points that would be on Elijah’s line.i

Calculate the gradient of the line that joins these two points.ii

What feature of Elijah’s running does this gradient represent?iii

The line equation is in the form: d = mt + c. Find the values of m and c and hence the

equation of the line that would represent Elijah’s run.

iv
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Hybrid linear journeys
Key technology: Graphing

When straight lines are used to describe travel

situations, we use lines with different gradients

and y-intercepts over different values of t (time)

on the horizontal x-axis. Such relations are called

hybrid or piecewise functions. For each part of the

graph, we limit the x values and describe them

using inequality symbols. For example, the rule

y = 50x + 100 might be valid for 0 � x � 5.

1 Getting started

A journey in a car involves the following three components.

• Section A: Travelling 200 km in 2 hours

• Section B: Resting for 3 hours

• Section C: Travelling 150 km in 3 hours

a Find the speed of the car for:

Section Ai Section Bii Section C.iii

b What is the total distance travelled?

c Draw a travel graph for this journey using t for time in hours on the horizontal x axis and d for

distance on the vertical axis in kilometres.

2 Using technology

We will now use three linear rules and a graphing program like Desmos to create the travel graph.

The image shows how to create the three rules for the different values of x. The values of a, b, c, d, f

and g define the gradients and y-intercepts of the graph and are not yet correct for the given journey

description in part 1 above.
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312 Chapter 5 Linear relationships

a Build a Desmos graph as shown adding sliders for the values of a, b, c, d, f and g and the points

(0, 0), (2, 200), (5, 200), (8, 350). Adjust the range for each slider to suit.

b Now adjust your sliders so that the three lines pass through the correct points and that your graph

matches your graph from part 1c.

c Write down the rules for the three graphs and check that they are correct by seeing if the points

satisfy the equations exactly. Do this by substituting a selected point into one of the rules which

passes through that point.

3 Applying an algorithm
We will now create a new graph using technology for a four-part journey using the points (0, 0),

(3, 240), (5, 400), (6, 400) and (8, 600).

a Follow these steps.

Step 1: Add the five given points and adjust the graph scales to suit.i

Step 2: Add a linear relation of the form y = ax + b for the time between the first two points.ii

Step 3: Add sliders for the pronumerals a and b.iii

Step 4: Alter the sliders so that the graph passes through the two points.iv

Step 5: Repeat from Step 2 moving to the next pair of points until your travel graph is

complete.

v

b Write down the rules for the four graphs and check that they are correct by seeing if the points

satisfy the equations exactly.

c Calculate the gradient of each graph and describe what the gradient means in terms of the

journey.
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Puzzles and games 313

1 Matches are arranged by a student such that the first three diagrams in the pattern are:

How many matches are in the 50th diagram of the pattern?

2 The first three shapes in a pattern made with matchsticks are:

How many matchsticks make up the 100th shape?

3 A tank with 520 L of water begins to leak at a rate of 2 L per day. At the same time, a second tank

is being filled at a rate of 1 L per hour starting at 0 L. How long does it take for the tanks to have

the same volume?

4 The points (−1, 4), (4, 6), (2, 7) and (−3, 5) are the vertices of a parallelogram. Find the midpoints

of its diagonals. What do you notice?

5 Prove that the triangle with vertices at the points A(−1, 3),B(0,−1) and C(3, 2) is isosceles.

3

2

1

y

x

−1 1
B

C

A

2 3−2 −1−3 O

6 Bill takes 3 days to paint a house. Rashid takes 4 days to paint a house. Lucy takes 5 days to paint

a house. How long would it take to paint a house (to the nearest hour) if all three of them worked

together?
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Linear

relationships

Direct proportion

y = mx means y is directly proportional to x.

m = gradient ; the rate of change of y with

respect to x.

e.g. travelling at 60 km/h for t hours,

distance d  = 60t.

Gradient

NegativePositive

y

x

y

x

This measures the slope of a line.

Zero

y

x

y

x

Gradient m =

m = = 2

rise
run

4
2

e.g.

2

rise = 4

(2, 6)

run = 2

y

x

Sketching linear graphs

x-intercept (y = 0) and y-intercept (x = 0)

E.g. y = 2x – 4

y-int: x = 0, y = 2(0) – 4

y = 4 

x-int: y = 0, 0 = 2x – 4

2x = 4

x = 2

Plot these points and join in a line.

2

x-intercept

y-intercept

−4

Linear modelling

problem and write a rule relating

the two variables.

Finding the equation of a line

Gradient–intercept form (y = mx + c)

Require gradient and y-intercept or

any other point to substitute.

E.g.

Lines with one intercept

Horizontal line y = c

e.g. y = 3

Vertical line x = b

e.g. x = 2

y = mx passes through

the origin, substitute

x

point, e.g. y = 3x

x

3

y

2 x

y

(1, 3)

y

x

Midpoint and length of line segment

Midpoint is halfway between segment

endpoints.

2
−1 + 3 = 1x =

run
rise

1
2= =m =

y-int is (0, –2)
∴ y = 2x − 2

2

1
−2

x

y

2

x1 + x2

2

y1 + y2M =               ,

2
2 + 6 = 4, i.e. (1, 4)y =

Length of segment

c2 = 42 + 52

c = 

c = 6.4 (to 1 d.p.)

√41

c

(3, 7)

5

4
(−1, 2)

Straight line

In the form ax + by = d,

rearrange to y = mx + c form

to read off gradient and

y-intercept.

y = mx + c

gradient y-intercept

x

y

E.g. midpoint of segment joining

(−1, 2) and (3, 6)

Use Pythagoras’ theorem c2 = a2 + b2

E.g.

A linear relation is made

up of points (x, y )

that form a straight

line when plotted,

e.g. y = 2x + 1

x

y

2
3
4
5

1

−2
−3

−1
−2 −1 210

y

x

−2

−3

−1

−1

0

1

1

3

2

5

x-intercept

where line cuts

x-axis

x-intercept has y-coordinate O.

y-intercept has x-coordinate O.

y-intercept 

where line cuts

y-axis

E.g. for 2x + 3y = 6

y-int (x = 0)

2(0) + 3y = 6

 3y = 6

y = 2

y-int is at (0, 2)

x-int (y = 0)

2x + 3(0) = 6

2x = 6

x = 3

x-int is (3, 0)

x

y

x- and y-intercepts

(2, 0)

(0, 4)

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        Photocopying is restricted under law and this material must not be transferred to another party.

   Cambridge University Press 



C
hapter checklist

Chapter checklist 315

Chapter checklist
A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook.

✔

5A 1 I can plot points to graph a straight line.

e.g. Complete the table of values below for the rule y = −2x + 1 and plot a graph.

x −2 −1 0 1 2

y

5A 2 I can decide whether a point is on a line.

e.g. Decide whether the point (2,−1) is on the line with the given rules:

a y = 2x − 3 b y = 3x − 7

5B 3 I can identify x- and y-intercepts.

e.g. Read off the x-intercept and y-intercept coordinates from this table and graph

a
x −2 −1 0 1 2

y 12 8 4 0 −4

b

−2

y

x

4

O

5B 4 I can find the y-intercept.

e.g. Find the coordinates of the y-intercept for the linear relations:

a y = 3x − 4 b 4x − 5y = 20

5B 5 I can find the x-intercept.

e.g. Find the coordinates of the x-intercept for the linear relations:

a y = 3x − 4 b 4x − 5y = 20

5C 6 I can sketch linear relations of the form ax + by = d using intercepts.

e.g. Sketch the graph of 2x + 7y = 14, showing the x- and y-intercepts

5C 7 I can sketch linear relations of the form y = mx + c using intercepts.

e.g. Sketch the graph of y = 3x − 9 showing the x- and y-intercepts

5D 8 I can graph vertical and horizontal lines.

e.g. Sketch the graph of the following vertical and horizontal lines

a y = −2 b x = 5 c y = 0

5D 9 I can sketch lines that pass through the origin.

e.g. Sketch the graph of y = 5x
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316 Chapter 5 Linear relationships

✔

5D 10 I can find the equation of horizontal and vertical lines.

e.g. Give the equation of the following vertical and horizontal lines

a y

x

2

O

b y

x
O−1

5E 11 I can find the gradient of a line.

e.g. For each graph, state whether the gradient is positive, negative, zero or undefined then find the

gradient where possible.

a y

x
O 2

b y

x
O 2

6

5E 12 I can find the gradient between two points.

e.g. Find the gradient (m) of the line joining the points:A(−2, 3) and B(1, 7)

5F 13 I can form a direct proportion rule.

e.g. Write a rule linking the variables d km and t hours if I travelled 420 km in 7 hours.

5F 14 I can work with direct proportion.

e.g. A 400 L aquarium is filled with water. It takes 40 minutes to fill the tank.

a Draw a graph of volume (V litres) vs time (t minutes) using 0 Ä t Ä 40.

b Find the gradient of the graph and form a rule for V .

c Use the rule for V to find the time to fill 250 L.

5G 15 I can state the gradient and y-intercept from y = mx + c.

e.g. State the gradient and the y-intercept coordinates for the graph of y = 3x − 2.

5G 16 I can rearrange linear equations into the form y = mx + c.

e.g. Rearrange these linear equations into the form y = mx + c:

a 3x + y = 4 b 6x + 2y = 12

5G 17 I can sketch linear graphs using the gradient and y-intercept.

e.g. Find the value of the gradient and y-intercept coordinates for these relations and sketch their

graphs:

a y = 4x − 3 b 3x + 2y = 10 (rearrange first)
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✔

5H 18 I can find the equation of a line given the y-intercept and another point.

e.g. Determine the equation of the straight line shown here.
y

x
O 3

−6

5H 19 I can find the equation of a line given the gradient and a point.

e.g. Find the equation of the line that has a gradient,m, of 2 and passes through the point (3,−2).

5I 20 I can find the midpoint of a line segment.

e.g. Find the midpoint M(x, y) of the line segment joining (1,−1) and (5, 6).

5I 21 I can find the length of a line segment.

e.g. Find the length of the segment joining (−2, 1) and (3, 5) correct to two decimal places.

5J 22 I can apply linear relations.

e.g. A wedding photographer charges a $200 upfront fee plus $80 per hour.

a Write a rule for the total cost, $C, of hiring the photographer for t hours.

b Sketch the graph of C vs t using 0 Ä t Ä 6.

c Determine the total cost if the photographer is hired for 4 hours, and how many hours the

photographer is hired for if the cost is $400.
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Short-answer questions

15A Using −2 Ä x Ä 3, construct a table of values and plot a graph for y = 2x − 3.

25B Read off the coordinates of the x- and y-intercepts from the table and graph.

x −2 −1 0 1 2

y 0 2 4 6 8

a

−2 3

y

x
O

b

35C Sketch the following linear graphs, labelling x- and y-intercepts.

y = 2x − 4a y = 3x + 9b y = −2x + 5c y = −x + 4d

2x + 4y = 8e 4x − 2y = 10f 2x − y = 7g −3x + 6y = 12h

45D Sketch the following lines with one intercept and classify their gradient as positive, negative,

zero or undefined.

y = 3a y = −2b x = −4c

x = 5d y = 3xe y = −2xf

55E Find the gradient of the following lines.

2

3

1

−2

−1−2 −1 2 31

4

5

y

x
O

a

2

3

1

−1−2 −1 2 31

4

5

6

y

x
O

b

65E Find the gradient of the line passing through these points.

(3, 1) and (5, 5)a (2, 5) and (4, 3)b

(−3,−2) and (1, 6)c (−2, 6) and (1,−4)d

75F An empty swimming pool is being filled with water at a constant rate by a hose. It takes

4 hours to fill 8000 L.

What is the rate at which water is poured into the pool?a

Draw a graph of volume (V litres) vs time (t hours) for 0 Ä t Ä 4.b

By finding the gradient of your graph, give the rule for V in terms of t.c

Use your rule to find the time to fill 5000 L.d
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85G For each of the following linear relations, state the value of the gradient and the y-intercept

coordinates and then sketch using the gradient–intercept method.

y = 2x + 3a y = −3x + 7b

95G Rearrange the following equations into the form y = mx + c and state the gradient and

y-intercept coordinates.

2x + y = 6a x + 2y = 4b

105H Find the equations of these linear graphs in the form y = mx + c.

−2

1

y

x
O

a

6

2

y

x
O

b

−2

y

x

(3, 7)

O

c

115H Give the equation of the straight line that:

has gradient 3 and passes through the point (1, 4)a

has gradient −2 and passes through the point (2,−1)b

125I For the line segment joining the following pairs of points, find:

the midpointi the length (to two decimal places)ii

(2, 4) and (6, 8)a (5, 2) and (10, 7)b

(−2, 1) and (2, 7)c (−5, 7) and (−1,−2)d

Multiple-choice questions

15A The point(s) on the Cartesian plane shown with an x-coordinate of 2 are:

B onlyA A onlyB C, D and EC

B and DD E and DE

2
A

B

DE

C

3

1

−2

−3

−1−2−3 −1 2 31

y

x
O

25B The coordinates of the x-intercept of the graph of 2x + 4y = 12 are:

(4, 0)A (0, 3)B (6, 0)C

(2, 0)D (0, 2)E
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35C The graph of y = 3x − 6 is represented by:

−6

3

y

x
O

A

−6

−2

y

x
O

B

−6

y

x

3

O

C

−6

2

y

x
O

D

3

6

y

x

E

45C The point that is not on the straight line y = 2x − 1 is:

(1, 1)A (0,−1)B (3, 5)C (−2, 7)D (−1,−3)E

55E The gradient of the line joining the points (1,−2) and (5, 6) is:

2A 1B 3C −1D 1

3
E

65D The graph shown has equation:

y = x − 2A

y = −2xB

y = −2C

x = −2D

x + y = −2E

2

3

1

−2

−3

−1−2−3 −1 2 31

y

x
O

75H A straight line has a gradient of −2 and passes through the point (0, 5). Its equation is:

2y = −2x + 10A y = −2x + 5B y = 5x − 2C

y − 2x = 5D y = −2(x − 5)E
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85H The equation of the graph shown is:

y = x + 1A

y = 1
2
x + 4B

y = 2x + 1C

y = −2x − 1D

y = 1
2
x + 2E

2

3

1

−1−2−3 −1−4−5 2 31 4 5 6 7

4

5

6

7

8

y

x
O

(6, 7)

95I The length of the line segment joining the points A(1, 2) and B(4, 6) is:

5A 4

3
B 7C

√
5D

√
2E

105J A satellite phone call costs a 20c connection fee plus 60c per minute. A rule to represent the cost,

C cents, of a call lasting n minutes is:

C = 20n + 60A n = 60C + 20B C = 60n + 20C

n = 20C + 60D 20C + 60n = 1E

Extended-response questions

1 Justin is hiring a clown for his son’s birthday party. The clown charges a booking fee of $100 as

well as $50 per hour at the party.

Write a rule for the cost (C dollars) of hiring the clown for t hours.a

Sketch a graph of cost (C) vs time (t) for 0 Ä t Ä 5.b

How much will it cost to hire the clown for 4 hours?c

At the end of the party, Justin writes out a cheque for $225. How long was the clown at the

party for?

d

2 Luca runs a marathon at a constant speed. The distance, d km, he has remaining in the marathon

t hours after the start is given by d = 42 − 14t.

Find the t- and d-intercepts for the rule and sketch its graph between these points.a

What is the distance of the marathon?b

How long does Luca take to run the marathon?c

Find the gradient of the graph.d

What speed is Luca running at?e
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Reviewing number
Short-answer questions

1 Evaluate the following.
7

4
+
1

4
a 13

10
−
3

10
b 2

1

4
+
1

2
c 2

1

3
− 1
5

9
d

2 Evaluate:
9

10
×
5

12
a 3

3

4
÷ 2

1

12
b

3 Round the following to three decimal places.

4.1255a 21.00241b 0.0096c

4 Divide $800 into the following ratios.

1 : 4a 2 : 3b 7 : 1c

5 Write these rates and ratios in simplest form.

Prize money is shared between two people in the ratio 60 : 36.a

Jodie travels 165 km in 3 hours.b

30 mL of rain falls in 1 1
4
hours.c

6 A car averages 68 km/h on a journey. How far will it travel at this speed for 2 hours and

40 minutes? Round to one decimal place.

7 Determine the best buy if 3 kg of Royal Gala apples costs $10.50 while 5 kg of Royal Gala

apples cost $15.

Multiple-choice questions

1 7 × (−5) + 3 × (−4) is equal to:

23A −47B 47C −23D 420E

2 45.5 ÷ 9.5, by first using rounding to one significant figure, gives:

4.9A 5.35B 5.4C 5D 4.95E

3 $450 is divided in the ratio 4 : 5. The value of the smaller portion is:

$210A $250B $90C $200D $220E

4 Con runs 4.5 km in 20 minutes. His speed is:

1.5 km/hA 1.5 km/minB 13.5 km/hC 90 km/hD 22.5 km/hE

5 7

10 000
+
13

100
is equal to:

0.713A 0.0713B 0.1307C 0.83D 7.13E

Extended-response questions

Thomas walks, on average, 6 km an hour. Phillip walks at an average speed of 8 km/h.

a How far does Thomas walk in 4 hours?

b Phillip starts at 8 a.m.

If he stops at 9.45 a.m, how far has he walked?i

What time will Phillip finish his walk if he walks twice as far as Thomas did in part a?ii
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Financial mathematics
Short-answer questions

1 Convert each of the following to a percentage.

0.6a 5

16
b 2 kg out of 20 kgc 75c out of $3d

2 Find:

10% of $96a 85% of $900b 5
1

2
% of $200c

3 Increase 80 m by 5%.a Decrease $54 by 6%.b

4 Julie spends 20% of her day (24 hours) reading a novel. How many hours and minutes did she

spend reading?

5 Jamal earns a weekly retainer of $400 plus 6% of the sales he makes. If he sells $8200 worth of

goods, how much will he earn for the week?

6 Clive’s salary is $84 800 and the taxation rate for his salary is 26% for the amount above

$18 200, which is tax free. Calculate Clive’s net income for the year.

7 Sean invests $800 at 6% p.a. for 18 months.

Calculate his simple interest.a

What is the final balance on Sean’s account after the interest has been paid?b

Multiple-choice questions

1 2
1

2
% is the same as:

0.25A 1

40
B 25

100
C 2.5D 5

2
E

2 If cost price = $36 and selling price = $28.80, the percentage loss is:

7.2%A 80%B 92.8%C 20%D 2%E

3 The simple interest earned on $660 invested at 5% p.a. for 1 1
2
years is:

$49.50A $40.50B $594C $33D $709.50E

4 A book that costs $27 is discounted by 15%. The new price is:

$20.25A $31.05B $4.05C $22.95D $25.20E

5 Anna is paid a normal rate of $12.10 per hour. If in a week she works 6 hours at the normal

rate, 2 hours at time and a half and 3 hours at double time. How much does she earn?

$181.50A $145.20B $193.60C $175.45D $163.35E

Extended-response questions

Jill plans to trial a simple interest plan. Before investing her money she increases the amount

in her account by 20% to $21 000.

What was the original amount in her account?a

She invests the $21 000 for 4 years at a simple interest rate of 3% p.a. How much does she

have in her account at the end of the four years?

b

She continues with the plan in part b and after a certain number of years has obtained $5670

interest. For how many years has she had the money invested?

c

What percentage increase does this interest in part c represent on her initial investment?d

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        Photocopying is restricted under law and this material must not be transferred to another party.

   Cambridge University Press 



S
e
m

e
s
te

r 
re

v
ie

w
 1

324 Semester review 1

Expressions and equations
Short-answer questions

1 Simplify the following.

2x + 6y − 4x + ya −3m × 5nb
6xy

18x
c

2 Solve the following equations.

3x + 7 = 25a x − 1
4

= 2b 4(2m + 3) = 15c

5a − 8 = 3a − 2d 2 − 3x < 8e −3(x − 1) ≥ 12f

3 Noah receives m dollars pocket money per week. His older brother Jake gets 1 dollar

more than twice Noah’s amount. If Jake receives $15:

write an equation to represent the problem using the variable ma

solve the equation in part a to determine how much Noah receives each week.b

4 The formula S = n
2
(a + l) gives the sum, S, of a sequence of n numbers with first term a

and last term l.

Find the sum of the sequence of 10 terms 2, 5, 8,… , 29.a

If a sequence of 8 terms has a sum of 88 and a first term equal to 4, use the formula

to find the last term of this sequence.

b

Multiple-choice questions

1 The expression that represents 3 more than half a certain number, n, is:

1

2
n + 1.5A 2n + 3B 3

2
nC n

2
+ 3D n + 3

2
E

2 The simplified form of 5ab + 3a + 2ab − a is:

9abA 10ab + 3aB 13ab − aC 7ab + 3D 7ab + 2aE

3 The expanded form of −2(3m − 4) is:

−6m + 8A −6m + 4B −6m − 8C −5m − 6D 5m + 8E

4 The solution to
d

4
− 7 = 2 is:

d = −20A d = 15B d = 36C d = 1D d = 30E

5 The formula m =

�

b − 1
a

, with b = 9 and a = 2, gives m equals:

3A 3

2
B 2C 3D 3

2
E

Extended-response questions

Chris and his brother Michael play basketball. In the

last game, Chris scored 12 more points than Michael.

Between them they scored 38 points. Let p be the

number of points scored by Michael.

Write an expression for the number of points scored

by Chris.

a

Write an equation involving the unknown, p, to

represent the problem.

b

Solve the equation to find the number of points

scored by each of Chris and Michael.

c
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Pythagoras’ theorem and trigonometry
Short-answer questions

1 Find the value of each pronumeral, correct to one decimal place.

c
2

6

a 5.1

x14.2

b

7

x

c

a

9

11

d

2 Find the value of each pronumeral correct to one decimal place.

x

39°

10a

37° 14x

b

x
72°

4c

x

78°
7.2

d

5
3

θ

e

7.6

4.3

θ

f

3 A wire is to be connected from the edge of the top of a

28 m high building to the edge of the top of a 16 m high

building. The buildings are 15 m apart.

What length of wire is required? Round to two decimal

places.

a

What is the angle of depression from the top of the taller

building to the top of the smaller building? Round to one

decimal place.

b

15 m

16 m

28 m

4 For this diagram:

use Pythagoras’ theorem to find the value of xa

use trigonometry to find the value of y correct to two decimal places.b
28°

5
12

x

y

Multiple-choice questions

1 The length of the hypotenuse in this triangle is:

11 cmA 13 cmB 14.8 cmC

169 cmD
1

119
cmE

5 cm
?

12 cm

2 The value of x in the triangle shown is:

3.9A 113B 57C

15D 2.7E

x
8

7
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326 Semester review 1

3 The value of x in the triangle shown is closest to:

6.7A 7.4B 14.9C

13.5D 9.0E

10
x

42°

4 A correct ratio for this triangle is:

tan h =
x
y

A cos h =
y

z
B tan h =

y

x
C

sin h =
y

x
D cos h =

x
y

E

x

y

z
θ

5 A 5-metre plank of wood is leaning up against a side of a

building as shown. If the wood touches the ground 3 m from

the base of the building, the angle the wood makes with the

building is closest to:

36.9°A 59°B 53.1°C 31°D 41.4°E

Building5 m

3 m

Extended-response questions

A skateboard ramp is constructed as shown.

Calculate the distance d metres up the ramp

correct to two decimal places. Use Pythagoras’

theorem.

a

What is the angle of elevation (h) between the

ramp and the ground correct to one decimal place?

b

If the skateboarder rides from one corner of the ramp diagonally to the other corner,

what distance would be travelled? Round to one decimal place.

c

17.2 m

6.1 m

d m

4.4 m
θ

Linear relationships
Short-answer questions

1 Sketch the following linear graphs labelling x- and y-intercepts.

y = 2x − 6a 3x + 4y = 24b y = 4xc y = 3d

2 Find the gradient of each of the following.

The line passing through the points (−1, 2) and (2, 4)a

The line passing through the points (−2, 5) and (1,−4)b

The line with equation y = −2x + 5c

The line with equation −4x + 3y = 9d

3 Give the equation of the following lines in gradient−intercept form.

The line with the given graph

6

y

x
2O

a

The line with gradient 3 and passing through the point (2, 5)b

4 Find the midpoint and length of the line segment joining the following points.

(0, 2) and (6, 10)a (−1, 5) and (2, 1)b
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Multiple-choice questions

1 The x- and y-intercepts respectively for the graph shown are at:

(−2, 4) and (4,−2)A

(0, 4) and (−2, 0)B

(−2, 0) and (0, 4)C

(4, 0) and (0,−2)D

(2, 0) and (0,−4)E

4

y

x
−2

2 The graph shown has equation:

y = 3xA y = 3B

y = x + 3C x = 3D

x + y = 3E O 3

y

x

3 The line passing through the points (−3,−1) and (1, 1) has gradient:

1

2
A −3B 1C 2D −2E

4 If the point (−1, 3) is on the line y = 2x + c, the value of c is:

1A 5B −7C −5D −1E

5 The line with equation 3x + y = 4 has a gradient of

−3A 3B 1C

4D −4E

Extended-response questions

Doug works as a labourer. He is digging a trench and has 180 kg of soil to remove. He has

taken 3 hours to remove 36 kg at a constant rate.

a What is the rate at which he is removing the soil?

b If he maintains this rate, write a rule for the amount of soil, S kg, remaining

after t hours.

c Draw a graph of your rule.

d How long will it take to remove all of the soil?

e Doug is paid $40 for the job plus $25 per hour worked.

Write a rule for his pay P dollars for working h hours.i

How much will he be paid to remove all the soil?ii
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6
Measurement

Essential mathematics: why measurement skills are
important

Measurement is fundamental in various fields to ensure accuracy and efficiency. Knowing how to
measure length, perimeter, area, and volume is valuable in many real-life situations.

Tailors and fashion designers measure body dimensions for perfectly fitting garments. They
optimise fabric usage by planning pattern layouts efficiently, minimising waste. By measuring the
fabric roll’s width and strategically placing pattern pieces, they maximise fabric use, ensuring
high-quality, aesthetically pleasing, and sustainable fashion.

Plumbers accurately measure pipe lengths to cut them correctly, preventing leaks and water
damage. Calculating the volume of water tanks and pipes is crucial for determining water flow
rates and capacity. Plumbers also measure angles to ensure smooth water flow and prevent
blockages and leaks.

Filmmakers measure focal length and distances for perfect shot composition and depth of field,
creating visually compelling scenes that convey the intended mood. They consider the area within
each frame, ensuring elements are well-balanced and visually appealing.
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In this chapter

6A Errors and accuracy in
measurement

6B Length and perimeter
(Consolidating)

6C Circumference of a circle
(Consolidating)

6D Area (Consolidating)

6E Area of a circle (Consolidating)

6F Composite shapes

6G Surface area of prisms

6H Surface area of a cylinder

6I Volume

6J Volume of a cylinder

Australian Curriculum 9.0

NUMBER

Recognise that the real number system
includes the rational numbers and the
irrational numbers, and solve problems
involving real numbers using digital tools
(AC9M9N01)

MEASUREMENT

Solve problems involving the volume and
surface area of right prisms and cylinders
using appropriate units (AC9M9M01)

Calculate and interpret absolute, relative
and percentage errors in measurements,
recognising that all measurements are
estimates (AC9M9M04)

Use mathematical modelling to solve
practical problems involving direct
proportion, rates, ratio and scale, including
financial contexts; formulate the problems
and interpret solutions in terms of the
situation; evaluate the model and report
methods and findings (AC9M9M05)

© ACARA

Online resources

A host of additional online resources are
included as part of your Interactive
Textbook, including HOTmaths content,
video demonstrations of all worked
examples, auto-marked quizzes and much
more.
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330 Chapter 6 Measurement

1 Count the number of squares in these shapes to find the area.

2 cm

2 cm

a

3 m

2 m
b

1 cm
8 cmc

2 Find the distance (perimeter) around the shapes in Question 1.

3 Count the number of cubes in these solids to find the volume.

a b c

4 a Name the solid shown at right.

b What is the name of the shape (shaded) on top of the solid?

5 Calculate the following by moving the decimal point right (for ×) or left (for ÷).

2.3 × 10a 0.048 × 1000b 270 ÷ 100c

52134 ÷ 10 000d 0.0005 × 100 000e 72 160 ÷ 1000f

6 Estimate the area (number of squares) in this oval.

7 Convert the following to the units shown in the brackets. Remember: 1 km = 1000 m,

1 m = 100 cm and 1 cm = 10 mm.

3 cm (mm)a 20 m (cm)b 1.6 km (m)c

23 mm (cm)d 3167 m (km)e 72 cm (m)f

20 000 m (km)g 0.03 km (m)h 75.6 m (km)i

8 Find the area of these basic shapes using the given formulas.

10 cm

3 cm

A = l × w

a

4 m

2 m

A = 1
2
bh

b

7 km

A = l2

c

4 m

1.5 m

A = 1
2
bh

d

8 cm

3 cm

A = b × h

e

4 m

5 m

10 m

A = l × w + l2

f

9 Find the circumference (C = 2pr) and area (A = pr2) of this circle, rounding to

two decimal places.

5 m
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6A Errors and accuracy in measurement 331

6A 6A Errors and accuracy in measurement
Learning intentions

• To understand that all measurements are estimates

• To be able to calculate absolute, relative and percentage errors in measurement

• To be able to �nd suitable upper and lower bounds for measurements and related calculations

Key vocabulary: error, absolute value, limits of accuracy, estimate, percentage error

The Hubble space telescope was launched in 1990

and has delivered millions of observations helping

to produce thousands of scientific papers including

stunning images of galaxies and other astronomical

objects. Unfortunately, the first images produced by

the telescope were fuzzy and out of focus due to an

error in the shape of the main parabolic mirror. One

theory is that a slight error in the calibration of the

machine which polished the mirror resulted in an error

of less than 1
50

of the width of a human hair in the

mirror’s shape. This was enough to cause the received

images to be out of focus. The problem was rectified

by using a special lense to reverse the error in a similar

way that eyeglasses are used to correct people’s vision.

The Hubble Space Telescope in orbit after its lens was

fixed in 1993. This repair allowed Hubble to take clear

and amazing pictures of space.

Lesson starter: Underweight gobbles

A confectionery company’s most popular product is called a gobble which can be purchased in bags of 50.

Larry, an employee of the company, uses a digital scale which displays a whole number of grams for each

measurement. Larry places one gobble on the scale which displays 7 grams. He then calculates the weight

of a bag of 50 gobbles as 50 × 7 = 350 grams.

a Would it be possible for the actual weight of the gobble to be the following? Give a reason in each case.

7.2 gramsi 6.3 gramsii 6.52 gramsiii 7.56 gramsiv

Assume now that the weight of each gobble is actually 6.71 grams when rounded to two decimal places.

b Find the weight of a bag of gobbles.

c Find the difference in the weight of a bag of gobbles and the weight of the bag calculated by Larry.

d Express your difference in part d above as a percentage of the actual weight of a bag of gobbles.

e As a consumer would you be satisfied or dissatisfied by the fact that the bag label says 350 grams?

Give a reason.

Key ideas

All measurements are estimates of the actual quantity. The accuracy of each measurement may

depend on:

• the scale on the measuring instrument

• the units used in the measurement

• the person’s ability in using the instrument and reading the scale.

Error = measurement − actual value
• The error could be positive or negative depending on the measurement.

• The absolute value of the error gives the error as a positive number, ignoring the sign.
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332 Chapter 6 Measurement

Percentage error = Error
Actual value

×
100

1

The limits of accuracy are the smallest and largest possible values that a measurement could be.
• A ruler with both cm and mm markings, for example, might produce a 36 mm recording. The

lower limit would be 35.5 mm and the upper limit would be (but not including) 36.5 mm.

• Lower limit = recorded measurement − 0.5 × smallest unit of measure

• Upper limit = recorded measurement + 0.5 × smallest unit of measure

Exercise 6A

Understanding 1–4 1–4

1 What is the smallest unit marked on these measuring devices?

Ruler

1
0
 c

m

R
u
le

r

2
0
 c

m

a Thermometer

1°C

2°C

3°C

b Water container

2 L

1.5 L

1 L

0.5 L

c

2 Find the absolute value of the following errors. Recall that the absolute value of the error gives the error

as a positive number ignoring the negative sign if necessary.

−23 gramsa −1.78 litresb −41.1 secondsc

3 Danny estimates that he might spend $100 on a trip to the city one day but he actually spends $80.

What is the difference between Danny’s estimate and his actual expenditure?a

Express the difference calculated in part a as a percentage of the actual expenditure. Use the formula:

Percentage error = Error
Actual value

×
100

1

b

4 Matty uses a digital scale which records the number of kilograms as whole numbers. Decide if the

following actual weights would produce a digital readout of 12 kg.

12.3 kga 12.42 kgb 12.61 kgc 11.83 kgd 11.49 kge

Fluency 5–6(½), 7, 8 5–6(½), 7, 9(½)

Example 1 Calculating absolute percentage error

Calculate the absolute percentage error for the following measurements and actual values.

a Measurement: 2.9 kg Actual value: 2.5 kg

b Measurement: 35 minutes Actual value: 40 minutes

6A
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6A Errors and accuracy in measurement 333

Solution Explanation

a Error = 2.9 − 2.5 = 0.4 kg

%Error = 0.4
2.5
×
100

1

= 16%

Error = measurement − actual value

Percentage error = Error
Actual value

×
100

1

b Error = 35 − 40 = −5 minutes

Absolute error = 5 minutes

%Error = 5
40
×
100

1

= 12.5%

To calculate the absolute error, ignore the negative sign

after calculating the error.

Calculate the percentage error as per part a above.

Now you try

Calculate the absolute percentage error for the following measurements.

a Measurement: 44 seconds Actual value: 40 seconds

b Measurement: 4.7 litres Actual value: 5.0 litres

5 Calculate the absolute percentage error for the following measurements and actual values.

Measurement: 11 kg Actual value: 10 kg

Hint for Q5:

Error = measurement − actual value

Percentage error = Error
Actual value

×
100
1

a

Measurement: 19 L Actual value: 20 Lb

Measurement: 26 seconds Actual value: 25 secondsc

Measurement: 2.8 kg Actual value: 3.2 kgd

6 Calculate the absolute percentage error for the following

measurements and actual values.

Measurement: 57 g Actual value: 60 ga

Measurement: 23.5 hours Actual value: 25 hoursb

Measurement: 3.4 mL Actual value: 3.2 mLc

Measurement: 2.49 kL Actual value: 2.4 kLd

Example 2 Finding the limits of accuracy in a measurement

A single chocolate is weighed using a digital scale which displays measurements in grams correct to

one decimal place. The measurement given is 6.7 g.

a State the lower and upper limits of accuracy for this measurement.

b If the chocolates are sold in bags of 10, find the lower and upper limits of accuracy for the weight

of a bag of chocolates.

Solution Explanation

a Lower limit = 6.7 − 0.5 × 0.1

= 6.65 g

Upper limit = 6.7 + 0.5 × 0.1

= 6.75 g

Subtract 0.5 × smallest unit (0.1 grams) to the

recorded measurement.

Add 0.5 × smallest unit (0.1 grams) to the

recorded measurement.

Continued on next page
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334 Chapter 6 Measurement

b Calculated weight = 10 × 6.7 = 67 g

Maximum error = 10 × 0.05 = 0.5 g

Lower limit = 67 − 0.5

= 66.5 g

Upper limit = 67 + 0.5

= 67.5 g

First find the weight of the bag using the

recorded measurement and calculate the

maximum error possible.

Subtract or add the maximum error possible

to calculate the lower and upper limits for the

weight of the bag of 10 chocolates.

Now you try

A single teddy bear biscuit is weighed using a digital scale which displays measurements in grams

correct to the nearest whole number. The measurement given is 58 g.

a State the lower and upper limits of accuracy for this measurement.

b If the biscuits are sold in boxes of 10, find the lower and upper limits of accuracy for the weight of

a box of biscuits.

7 A single packet of chips is weighed using a digital scale which displays measurements in grams correct

to one decimal place. The measurement given is 25.5 g.

a State the lower and upper limits of accuracy for this measurement.

b If the chips are sold in boxes of 20, find the lower and upper limits of accuracy for the weight of a box.

8 A single pen is weighed using a digital scale which displays in grams correct to the nearest whole

number. The measurement given is 15 g.

a State the lower and upper limits of accuracy for this measurement.

b If the pens are sold in boxes of 30, find the lower and upper limits of accuracy for the weight of a box.

9 Give the limits of accuracy for these measurements.

36 cm

Hint for Q9: Use ± 0.5 ×

smallest unit.

a 103 mb 3.2 mmc

6.8 minutesd 45.24 hourse 83.51 gf

3.106 kgg 0.0357 Lh 0.02 mLi

6A
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6A Errors and accuracy in measurement 335

Problem-solving and reasoning 10–13 11–14

10 A single bottle of drink is measured using a measuring jug

which includes a scale with markings for each 10 mL. The

measurement given is 1.51 L.

State the lower and upper limits of accuracy for this

measurement.

a

If the drinks are sold in crates of 10, find the lower and

upper limits of accuracy for the volume of drinks in a

crate.

b

11 At a school fair you guess that there are 155 lollies in a jar when actually there were 180. Calculate your

absolute percentage error. Round to one decimal place.

12 Armid measures the weight of one of 15 identical figurines. The scale gives a whole number of grams

only and displays 45 grams. What is the difference between the lowest and highest

possible weight of all 15 figurines?

13 Kelly measures her height and calculates a percentage error of 0.5%.

If her actual height is 173.4 cm, find Kelly’s possible recorded height.

Round to one decimal place.

Hint for Q13: work out the error

in cm first.

14 One way to reduce the error when using measuring instruments is to take multiple readings and find

the mean (average) of those measurements. The distance between two towns was measured four times

and the results were 22.8 km, 22.9 km, 23.2 km and 23.0 km. The actual distance is known to be 23.1 km.

a Find the mean of the four recorded measurements.

b Find the percentage error using your result from part a. Round to two decimal places.

World’s most embarrassing mistakes — 15

15 One of the causes of some of history’s most embarrassingmistakes relates to themisuse of measurement

systems.

The $125 million Mars Climate orbiter was lost due to some confusion between units. The Jet

Propulsions Laboratory used the Metric system for their calculations and the Astronautics Division

used Imperial units. Assuming that one inch (2.54 cm) was mistaken for a centimetre find the

percentage error correct to one decimal place.

a

In 1628 the Swedish Vasa Warship sank after

sailing only a small distance out to sea. It was

discovered that the measuring rulers used for

one side of the ship were Swedish foot long

rulers of length 29.69 cm including 12 inches

and the rulers used for the other side of the

ship were Amsterdam foot long rulers of length

28.31 cm which included 11 inches. This meant

that one side of the ship contained more timber

than the other side and hence the ship tilted and
sank. Assuming that the Swedish 12 inch ruler was the correct ruler to use, find the percentage

error made by the carpenters who used the Amsterdam 11 inch ruler if they were trying to measure

a piece of wood which was supposed to be 2 feet 6 inches long. Round to one decimal place.

b

Research other famous embarrassing mistakes made using measuring instruments or units. Choose

one example and calculate the percentage error made.

c
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336 Chapter 6 Measurement

6B 6B Length and perimeter CONSOLIDATING

Learning intentions

• To review the metric units of length

• To be able to convert between metric units of length

• To be able to �nd the perimeter of a simple closed shape

Key vocabulary: perimeter, length

Measurement is the branch of mathematics that includes

the consideration of length, area and volume. This includes

units of measurement, perimeter, circumference, surface area,

composite shapes and capacity.

We use measurement when we design buildings, water

our gardens, control satellites, fill our cars with petrol or

participate in school athletics days.

Lesson starter: Not enough
information?

All the angles at each vertex in this shape are 90° and the two

given lengths are 10 cm and 13 cm.

• Is there enough information to find the perimeter of the

shape?

• If there is enough information, find the perimeter and

discuss your method.

A space shuttle uses mathematical formulas to

track its path through space. These formulas

calculate the shuttle’s speed, position, and

acceleration, ensuring it stays on the correct

course.

13 cm

10 cm

Key ideas

Units of length in the metric system include kilometre (km), metre (m), centimetre (cm) and

millimetre (mm)

To convert between metric units of length, multiply or divide by the appropriate power of 10.

×1000

÷1000

km m

×100

÷100

cm

×10

÷10

mm

1 km = 1000 m

1 m = 100 cm

1 cm = 10 mm

Perimeter is the distance around the outside of a closed shape.

• Sides with the same markings are of equal length

= 13 cm

3 cm

5 cm

P = 2 × 5 + 3

4 m

11 m

P = 2 × 11 + 2 × 4

= 30 m
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6B Length and perimeter 337

Exercise 6B

Understanding 1–3 3

1 Fill in the gaps on this flow chart.

× 1000

–––––

km
–––

–––––

÷ 100

cm

× 10

–––––

–––

2 Choose from the words: multiply, divide, add or subtract to complete this sentence.

To find the perimeter of a shape you would all the side lengths.

3 Write down the value of x in these diagrams.

x7

a

x

26b 2.1

x

c

Fluency 4(½), 5, 6(½) 4(½), 6(½), 7

Example 3 Converting units of length

Convert to the units shown in the brackets.

5.41 cm (mm)a 3200 m (km)b

Solution Explanation

a 5.41 cm = 5.41 × 10 mm

= 54.1 mm

1 cm = 10 mm and you are moving to a smaller

unit, so multiply.

Move the decimal point one place to the right.

b 3200 m = 3200 ÷ 1000 km

= 3.2 km

1 km = 1000 m and you are moving to a larger

unit, so divide.

Move the decimal point three places to the left.

Now you try

Convert to the units shown in the brackets.

2.4 m (cm)a 420 mm (cm)b

4 Convert the following length measurements into the units given in the brackets.

5 cm (mm)

Hint for Q4: Multiply when changing

to a smaller unit and divide when

changing to a larger unit.

a 41 cm (mm)b

2.8 m (cm)c 0.4 m (cm)d

4.6 km (m)e 0.9 km (m)f

521 mm (cm)g 36 mm (cm)h

240 cm (m)i 83.7 cm (m)j

7000 m (km)k 2170 m (km)l

5 A steel beam is 8.25 m long and 22.5 mm wide. Write down the length and the width of the beam in

centimetres.
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338 Chapter 6 Measurement

Example 4 Finding perimeters of simple shapes

Find the perimeter of each of the following shapes.

9 cm

4 cm

5 cm

10 cm

a

12 m

18 m

b

Solution Explanation

a P = 10 + 9 + 5 + 4

= 28 cm

To find the perimeter, add all the side lengths

together.

b P = 2 × 12 + 2 × 18

= 24 + 36

= 60 m

Two lengths of 12 m and two lengths of 18 m.

Now you try

Find the perimeter of each of the following shapes.

2 cm

3.5 cm

a

1.5 mm

b

6 Find the perimeter of each of the following shapes.

5 mm

7 mm

3 mma

12 m

7 m

7 m

5 m

b 24 cm

21 cm
20 cm

15 cm

6 cmc

4 m

2 m

d

10 cm

7 cm

e

8 mm

5 mm

6 mm

f

6 km

3 kmg

2.5 m

h

7 cm

8 cm

12 cmi

7 Find the unknown side length in these shapes with the given perimeters.

x cm

5 cm

P = 14 cm

Hint for Q7: Subtract the known

lengths from the perimeter first

a

x m

2.1 m

P = 6.4 m

b

x mm

7 mm

P = 35 mm

c

6B
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6B Length and perimeter 339

Problem-solving and reasoning 8–10 9–12

8 Write down the values of the pronumerals in these shapes. All angles are 90°.

10 cm

7 cm

3 cm

3 cm

a cm

b cm

a

8 m

12 m

a m

b m

b

5.9 m

3.9 m

3.1 m

a m

b m

c

Example 5 Finding the perimeter of composite shapes

Find the perimeter of this composite shape.

6 cm 5 cm

3 cm

Solution Explanation

Perimeter = (2 × 5) + 6 + 3 + 2 + 1

= 22 cm

Missing sides are:

5 cm − 3 cm = 2 cm

6 cm − 5 cm = 1 cm

Alternatively:

2 × 6 + 2 × 5 = 22 cm

6 cm
5 cm

5 cm

2 cm

1 cm

3 cm

Now you try

Find the perimeter of this composite shape.

15.71 m10 m

4 m

9 Find the perimeter of each of the following composite shapes.

6 cm

6 cm

18 cm

15 cm

Hint for Q9: First label all the

missing side lengths and then

find the perimeter.

a

15 cm10 cm

15 cm

7 cm4 cm

b

30 cm

30 cm
40 cm

25 cm

40 cmc

5 m

12.57 m8 m

d

10.7 cm

7.4 cm

e

2.3 km

1.8 km

f
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340 Chapter 6 Measurement

10 A lion cage is made up of five straight fence sections. Three

sections are 20 m in length and the other two sections are

15.5 m and 32.5 m. Find the perimeter of the cage.

11 Convert the following measurements into the units given in the brackets.

8 m (mm)

Hint for Q11: In part a, first

convert to cm and then to mm.

a 110 000 mm (m)b

0.00001 km (cm)c 0.02 m (mm)d

28 400 cm (km)e 62 743 000 mm (km)f

12 Find the perimeter of these shapes. All angles are right angles.

15 cm

20 cm

a

2.7 m

4.1 m

b
4.7 cm

9.3 cm

c

Picture framing — 13, 14

13 A photo 12 cm wide and 20 cm long is surrounded with a picture frame 3 cm thick. Find the outside

perimeter of the framed picture.

14 A square picture of side length 20 cm is inside a

frame of width x cm.

20 cm

x cm

a Find the perimeter of the framed picture if:

x = 2i x = 3ii x = 5iii

b Write a rule for the perimeter, P, of the framed

picture in terms of x.

c Use your rule to find the perimeter if x = 3.7.

6B
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6C Circumference of a circle 341

6C 6C Circumference of a circle CONSOLIDATING

Learning intentions

• To know the formula for the circumference of a circle

• To be able to �nd the circumference of a circle

• To be able to �nd the perimeter of semicircles and quadrants

Key vocabulary: circumference, pi, radius, diameter, circle, semicircle, quadrant

For thousands of years, mathematicians have known about a special

number that links a circle’s diameter to its circumference.
The Egyptians, Babylonians and ancient Indians knew about this

special number, and thought its value was about 3.15.
Today we call this number pi (p) and know it to be 3.14159,

correct to five decimal places.
An exact value of pi cannot be written down as a decimal, as it

has an infinite number of decimal places with no pattern.

Lesson starter: Working with string

Use a pair of compasses, a ruler and a piece of string for this

activity.
The table below contains some approximate circle

measurements.

Circumference (C) Diameter (d) C ÷ d

18.8 6.0

12.6 4.0

… …

… …

• Copy the table, leaving two blank rows.

• Use your compasses to draw a circle, then measure its diameter

using a ruler and its circumference using your string (try to be as

accurate as possible). Add this information to the table.

The ancient Egyptians demonstrated

their understanding of the concept

of pi through calculations found in

the Rhind Mathematical Papyrus. This

text, dating back to around 1650 BCE,

shows how they calculated the area of

a circle.

• Do this again, with a different-sized circle.

• Calculate C ÷ d in the third column for each of the four circles. What do you notice?

• What does this say about how to calculate the circumference of a circle if you know the diameter?

Key ideas

Features of a circle:

• Diameter (d) is the distance across the centre.
• Radius (r) is the distance from the centre to the circumference.

• d = 2r

• Circumference of a circle (the distance around the outside) is given by

C = 2pr or C = pd.

• Use 22
7
or 3.14 to approximate p (pi), or use technology for more precise

calculations.

Circu
mference

Radius

Diameter

Special circle sectors:

• a half circle is called a semicircle
• a quarter circle is called a quadrant
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342 Chapter 6 Measurement

Exercise 6C

Understanding 1–4 4

1 Name the features of a circle labelled on the circle shown.

c

b

a

2 a What is the radius of a circle if its diameter is 5.6 cm?
Hint for Q2: diameter is twice

the radius

b What is the diameter of a circle if its radius is 48 mm?

3 Write down the rule for the circumference of a circle using:

r, the radiusa d, the diameterb

4 Determine the fraction of a circle shown in these sectors. Write the fraction in simplest form.

a b c

Fluency 5–7(½) 5–7(½)

Example 6 Finding the circumference of a circle

Find the circumference of this circle correct to two decimal places.

3 cm

Solution Explanation

C = 2pr

= 2 × p × 3

= 6p

= 18.85 cm (to 2 d.p.)

Use the formula C = 2pr or C = pd and

substitute r = 3 (or d = 6).

6p would be the exact answer and 18.85 is the

rounded answer.

Now you try

Find the circumference of this circle correct to two decimal places.
3.8 m
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6C Circumference of a circle 343

5 Find the circumference of these circles correct to two decimal places. Use a calculator for the value of p .

8 m

a

14 cm

Hint for Q5: Write the

rule C = 2pr, then

substitute the radius

length.

b

5 m

c

1.1 m

d

7.2 cm

e

16.2 mm

f

Example 7 Finding circumference using the diameter

Find the circumference of this circle, correct to two decimal places.
12 m

Solution Explanation

C = pd

= p × 12

= 37.70 m (to 2 d.p.)

Write the formula. C = pd is preferred since d is given.

Substitute d = 12 and multiply by p . Use a calculator and round.

Note: 37.6991 rounds to 37.70 for two decimal places.

Now you try

Find the circumference of this circle, correct to two decimal places.

6.4 km

6 Find the circumference of these circles correct to two decimal places.

10 m

Hint for Q6: Write the rule

C = pd and then substitute

the diameter length.

a

25 cm

b

3 mm

c

4 km

d

1.8 mm

e

7.4 m

f

7 Find the circumference of these circles without a calculator using the given approximation of p .

2 m

p = 3.14

a

10 cm

p = 3.14

b

7 mm

p =
22

7

c

14 m

p =
22

7

d
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344 Chapter 6 Measurement

Problem-solving and reasoning 8(½), 9, 10 8, 10, 11

Example 8 Working with a semicircle or quadrant

Find the perimeter of this semicircle correct to two decimal places. 10 cm

Solution Explanation

P = 1
2
× pd + 10

=
1

2
× p × 10 + 10

= 25.71 cm (to 2 d.p.)

The perimeter consists of half the circumference

of a circle (with diameter 10 cm) plus the 10 cm

diameter across the top.

Now you try

Find the perimeter of this quadrant correct to two decimal places. 3 cm

8 Find the perimeter of these sectors correct to two decimal places.

2 m

Hint for Q8: Decide what

fraction of the circumference

you want and don’t forget to

add the straight sides.

a

20 cm
b

4 m

c

2.8 cm

d

3.9 m
e

15.9 km

f

9 Find the distance around the outside of a circular pool of radius 4.5 m, correct to two decimal places.

6C
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6C Circumference of a circle 345

10 Find the length of string required to surround the circular trunk of a tree that has a diameter of 1.3 m,

correct to one decimal place.

11 Find the perimeter of these shapes, correct to two decimal places.

2 cm
Hint for Q11: Two semicircles of the same

size make a full circle. When finding the

perimeter, imagine you are walking around

the edge of the shape.

a  20 mmb

 11.5 m

c

The rolling wheel — 12

12 A wheel of radius 30 cm is rolled in a straight line.

a Find the circumference of the wheel correct to two decimal places.

b How far, correct to two decimal places, has the wheel rolled

after completing:

2 rotations?i 10.5 rotations?ii

 30 cm

c Can you find how many rotations would be required to cover at least 1 km in length? Round to the

nearest whole number.
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346 Chapter 6 Measurement

6D 6D Area CONSOLIDATING

Learning intentions

• To know the formulas for the area of common shapes

• To be able to convert metric units for area

• To be able to �nd the area of common shapes

Key vocabulary: area, triangle, square, rectangle, rhombus, parallelogram, trapezium, kite, perpendicular

For many common shapes, such as the parallelogram

and trapezium, the rules for finding their area can be

found using simple rectangles and triangles.
The parallelogram, for example, can be seen as a

‘pushed over’ rectangle. Its area can be calculated in

the same way as a rectangle.

h

b

So A = l × w = b × h

The Dockland Office Building in Hamburg, Germany,

showcases a striking parallelogram shape, combining

geometric precision with modern architectural design.

Lesson starter: Build the formulas

From the introduction, you can see how the rule for the area of a parallelogram is given by A = b × h.

Use the given diagrams to explain the rules for the areas of each shape.

• Triangle: A = 1
2
b × h

h

b

• Trapezium: A = 1
2
(a + b)h

h

b

a

a

b

• Rhombus: A = 1
2
xy

y

x

Key ideas

Conversion of area units

× 10002

÷ 10002

km2 m2

× 1002

÷ 1002

cm2

× 102

÷ 102

mm2

10
2
= 10 × 10 = 100

100
2
= 100 × 100 = 10 000

1000
2
= 1000 × 1000 = 1 000 000

1 m 100 cm1 m2 1002 cm2

1 m 100 cm
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6D Area 347

The area of a two-dimensional shape is a measure of the space enclosed within its boundaries.

• The ‘height’ (h) in the formulas for the area of a triangle, parallelogram and trapezium must be

perpendicular (at 90°) to the base.

Square

Area = l2

l

Rectangle

Area = l × w

l

w

Triangle

b

h

Area =   b × h1
2

Parallelogram

Area = b × h

(Can also be used

for a rhombus)

b

h

Trapezium

b

h

a

Area =   (a + b)h1
2

Rhombus

y x

Area =   x × y1
2

(Can also be used

for a square)

Kite

y

x

A =   x × y1
2

Exercise 6D

Understanding 1–3 3

1 Write the missing number.

1 cm2 = 102 mm2 = mm
2

a

1 m2 = 1002 cm2 = cm2b

1 km2 = 10002 m2 = m2c

2 Count the number of squares to find the area of these shapes. Each square

in each shape represents one square unit.

a

Hint for Q2: For parts d and e,

note that each triangle is half

of a rectangle.

b c

2

1

d 4

6

e
17

9

f

3 Name the shape that usually has the given area formula.

A = lwa A = 1
2
xy (2 shapes)b A = 1

2
bhc

A = 1
2
(a + b)hd A = bhe A = l2f
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348 Chapter 6 Measurement

Fluency 4(½), 5, 6 4–6(½)

Example 9 Converting units of area

Convert the following area measurements into the units given in the brackets.

859 mm2 (cm2)a 2.37 m2 (cm2)b

Solution Explanation

a 859 mm2 = 859 ÷ 102 cm2

= 8.59 cm2
cm2 mm2

÷ 102 = 100

859.

b 2.37 m2 = 2.37 × 1002 cm2

= 23 700 cm2
m2 cm2 2.3700

× 1002 = 10 000

Now you try

Convert the following area measurements into the units given in the brackets.

32 000 cm2 (m2)a 0.4 km2 (m2)b

4 Convert the following area measurements into the units given in the brackets.

2 cm2 (mm2)a 0.4 cm2 (mm2)b

500 mm2 (cm2)

Hint for Q4: Multiply or divide by:

10
2
= 100

100
2
= 10 000

or 10002 = 1 000 000

c 310 mm2 (cm2)d

2.1 m2 (cm2)e 0.2 m2 (cm2)f

210 000 cm2 (m2)g 3700 cm2 (m2)h

0.001 km2 (m2)i 4.3 km2 (m2)j

3 200 000 m2 (km2)k 39 400 m2 (km2)l

Example 10 Finding areas of rectangles, triangles and parallelograms

Find the area of each of the following plane figures.

3 m

7 m

a 5 km

11 km

b

1.5 cm

3 cmc

Solution Explanation

a Area = l × w

= 7 × 3

= 21 m2

Use the area formula for a rectangle. Substitute l = 7 and w = 3.

Include the correct units.

b Area = 1
2
× b × h

=
1

2
× 11 × 5

= 27.5 km2

Use the area formula for a triangle.

Substitute b = 11 and h = 5, where h is the height perpendicular (at

90°) to the base.

c Area = b × h

= 3 × 1.5

= 4.5 cm2

Use the area formula for a parallelogram.

Multiply the base length by the perpendicular height.

6D
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6D Area 349

Now you try

Find the area of each of the following plane figures.

9 m

4 m

a 5 m

2.5 m

b

6 cm

10 cm

c

5 Find the area of each of the following plane figures.

6 m

4 m
a

1.5 cm

7 cm

Hint for Q5: Choose from

A = l × w,

A = 1
2
b × h

or A = b × h

b

5 km

8 kmc

4.2 m

12 md

5 m

3 m

e

4 m

9.2 m

f

Example 11 Finding areas of rhombuses and trapeziums

Find the area of each of the following plane figures.

10 mm

9 mm

a

6 m

4 m

3 m

b

Solution Explanation

a Area = 1
2
× x × y

=
1

2
× 10 × 9

= 45 mm2

Use the area formula for a rhombus.

x and y are the lengths of the diagonals.
1

2
× 10 × 9 = 5 × 9 = 45

b Area = 1
2
(a + b) × h

=
1

2
(4 + 6) × 3

= 15 m2

Use the area formula for a trapezium.

Substitute a = 4, b = 6 and h = 3.

Include the correct units.

Now you try

Find the area of each of the following plane figures.

7 cm

16 cm

a 10 m

5 m

2 m

b
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350 Chapter 6 Measurement

6 Find the area of each of the following plane figures.

6 mm

7 mma

4 cm

6 cm

b

10 cm

7 cm

2 cm

c

3 m

9 m

11 m

Hint for Q6: Choose from

A = 1
2
x × y or

A = 1
2
(a + b) × h

d

4.2 m

1.7 m
3.1 m

e

4.9 km

6.2 km

f

Problem-solving and reasoning 7, 8, 9(½) 8–11

7 A piece of land has an area of one-half a

square kilometre (0.5 km2). How many square

metres (m2) is this?

8 A rectangular park covers an area of

175 000 m2. Give the area of the park in km2.

9 Find the area of each of the following mixed-plane figures.

3.5 cm

a

1.6 m

1.9 m

b

0.6 cm

0.3 cm

Hint for Q9: Choose from

A = l2, A = b × h,

A = 1
2
b × h or

A = 1
2
(a + b)h

c 2.5 mm

4 mm

2 mm

d

6 cm

3 cm

e

1.51 cm

1.63 cm

f

6D
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6D Area 351

10 An old picture frame that was once square now leans to one side to form a rhombus. If the distances

between pairs of opposite corners are 85 cm and 1.2 m, find the area inside the frame in m2.

11 Convert the following measurements into the units given in the brackets.

1.5 km2 (cm2)a 0.000005 m2 (mm2)b 75 000 mm2 (m2)c

Windows — 12

12 Six square windows of side length 2 m are placed into a 12 m

wide by 8.5 m rectangular high wall, as shown. The windows are

positioned so that the vertical spacing between the windows and the

wall edges are equal. The horizontal spacings are also equal.

a i Find the horizontal distance between the windows.

ii Find the vertical distance between the windows.

b Find the area of the wall, not including the window spaces.

8.5 m

12 m

2 m

2 m

c If the wall included 3 rows of 4 windows (instead of 2 rows of 3), would it be possible to space all

the windows so that the horizontal and vertical spacings are the same? (Horizontal doesn’t have to

be the same as vertical.)

Using a calculator 6D: Measurement formulas
This activity can be found in the More Resources section of the Interactive Textbook in the form

of a printable PDF.
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352 Chapter 6 Measurement

6E 6E Area of a circle CONSOLIDATING

Learning intentions

• To know the formula for the area of a circle

• To be able to �nd the area of circles

• To be able to �nd the area of semicircles and quadrants

Key vocabulary: circle, sector, radius, diameter, semicircle, quadrant, pi

We know that the circumference of a circle is connected to the diameter by the special number pi (p).
Similarly, the area of a circle is also connected to pi. This time it is the product of pi and the square of the

radius that gives the area; so, A = pr2.

Lesson starter: How does a circle become a rectangle?

Consider a circle cut into small sectors, as shown, then rearranged to form a rectangular-style shape.

?

r

?

• Compared to the circle, what is the height of the rectangle close to?

• Compared to the circle, what is the length of the rectangle close to?

• What does this say about the area of the rectangle and hence the area of a circle?

• What could be done with the cutting up of sectors so that the rectangular arrangement is closer to a

true rectangle?

Key ideas

The area of a circle is given by A = pr2.

• If the diameter is given, halve it to find the radius.

• pr2 = p × r × r

A =   r2

r

π

d = 2r

For the area of a semicircle or quadrant, use the appropriate fraction.

Semicircle

r

Quadrant

r

A = 1
2
pr2 A = 1

4
pr2
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6E Area of a circle 353

Exercise 6E

Understanding 1–3 3

1 What is the radius of these circles?

4.1 m

a

15 m

b

7.6 cm

c

2 Which is the correct formula for the area of a circle?

A = pd2A A = 1
2
pr2B A = pr2C A = (pr)2D

3 What fraction of a full circle is shown by these sectors?

a b c

Fluency 4(½), 5 4(½), 5, 6

Example 12 Finding areas of circles

Find the area of this circle correct to two decimal places.

5.1 cm

Solution Explanation

A = pr2

= p × (5.1)2

= 81.71 cm2 (to 2 d.p.)

Write the rule and substitute r = 5.1.

81.7128 rounds to 81.71 since the third decimal

place is 2.

Now you try

Find the area of this circle correct to two decimal places.

0.4 m
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354 Chapter 6 Measurement

4 Find the area of these circles correct to two decimal places.

2 m Hint for Q4: Substitute the

radius into A = pr2.

a

6 cm

b

9 km

c

4.4 mm

d

11.5 km

e

120 cm

f

5 Find the area of these circles correct to two decimal places.

20 cm

a

8.8 m

Hint for Q5: First work out the

radius.

b

4.7 cm

c

6 Find the area of these circles using the given value for pi (p). Round to two decimal places.

p = 3.14

2.6 m

a p =
22

7

8.3 km

b p (from calculator)

7.9 cm

c

Problem-solving and reasoning 7–9 7, 9–11

Example 13 Finding the area of a quadrant or semicircle

Find the area of this quadrant correct to two decimal places.

3 m

Solution Explanation

A = 1
4
× pr2

=
1

4
× p(3)2

= 7.07 m2 (to 2 d.p.)

A quadrant is one quarter of the area of a full

circle.

Substitute r = 3 and evaluate.

Now you try

Find the area of this semicircle correct to two decimal places.

8 cm

6E
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6E Area of a circle 355

7 Find the area of these sectors correct to two decimal places.

4 m

Hint for Q7: Determine the

fraction of the full circle first.

a 10 cmb

6 m

c

8 A pizza of radius 15 cm is divided into quarters.

Find the area of each quarter correct to the nearest cm2.

9 A circular rug touches the edges of a square room of side length 4 m.

a What is the radius of the rug?

b Find the area of the rug correct to two decimal places.

c Find the area not covered by the rug correct to two decimal places.

Hint for Q9:% non-rug

area =
non-rug area

total area
×
100
1

d Find the percentage of the floor that is not covered by the rug, correct to

one decimal place.

4 mRug

4 m

10 A pizza shop is considering increasing the diameter of its family pizza tray from

32 cm to 34 cm.

Find the percentage increase in area, correct to two decimal places, from the

32 cm tray to the 34 cm tray.

11 You can rearrange A = pr2 to give r =

�

A
p
. Use this new rule to find the radius of a circle for these areas.

Round to one decimal place where necessary.

10 cm2a 117.8 m2b 4p km2c

Tennis lights — 12

12 A tennis court area is lit by 4 corner lights. The area close to each light is

considered to be good (G) while the remaining area is lit satisfactorily (S).

What percentage of the area is ‘good’? Round to the nearest percent.

30 m

12 m

G

S

G

G G
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356 Chapter 6 Measurement

6F 6F Composite shapes
Learning intentions

• To be able to recognise the basic shapes that make up a composite shape

• To be able to �nd the area of simple composite shapes

Key vocabulary: composite shape, area, perimeter

Composite shapes are made up of a number of simple shapes. You can find the perimeters and areas of

composite shapes by first identifying the simple shapes and then using their perimeter and area formulas.

Lesson starter: A fraction of a circle plus a square

This diagram shows a fraction of a circle plus a square.

2 cm

• How could you find the area and perimeter of the shape?

• See if you can write down a full solution for finding the area and perimeter of the shape.

• See if your teacher or another student can easily follow your solution.

Key ideas

Composite shapes are made up of more than one basic shape.

Addition and/or subtraction can be used to find areas and perimeters of composite shapes.

Use addition

5 cm

2 cm

• Use subtraction (for area)

9 cm

7 cm

•

The layout of the relevant mathematical working needs to make sense so that the reader of your

work understands each step.

Exercise 6F

Understanding 1–3 3

1 Name the two different shapes that make up these composite shapes; e.g. square and semicircle.

a b c
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6F Composite shapes 357

2 What fraction of a circle would be considered when finding the perimeter of these shapes?

a

Hint for Q2: Choose from 1
4
, 1
2
or 3
4
.

b

c d

3 This composite shape includes a square and a quadrant (1
4
circle).

a Find the area of the square.

b Find the area of the quadrant correct to two decimal places.

c Find the total area correct to two decimal places.

2 cm

Fluency 4(½), 5 4(½), 5, 6(½)

Example 14 Finding perimeters and areas of composite shapes

Find the perimeter and area of this composite shape,

rounding answers to two decimal places.

14 cm

17 cm

Solution Explanation

P = 2 × l + w + 1
2
× pd

= 2 × 17 + 14 +
1

2
× p × 14

= 69.99 cm (to 2 d.p.)

3 straight sides + semicircle arc

Recall that C = pd (or 2pr).

Substitute l = 17, w = 14 and d = 14.

Calculate and round to two decimal places.

Area (rectangle) = l × w

= 17 × 14

= 238 cm2

A (semicircle) = 1
2
pr2

=
1

2
× p × 7

2

= 76.969… cm2

The total area consists of a rectangle plus a

semicircle.

17 cm

14 cm
+ 7 cm

A = l × w A = 1
2
pr2

Total area = 238 + 76.969…

= 314.97 cm2 (to 2 d.p.) Round to two decimal places.
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358 Chapter 6 Measurement

Now you try

Find the perimeter and area of this composite shape. 10 m

8 m6 m

4 m

4 Find the perimeter and the area of each of these composite shapes, rounding answers to two decimal

places where necessary.

12 m

5 m

6 m

Hint for Q4: First decide which

two shapes you will be dealing

with in each case.

a

8 m

5 m 3 mb

12 m

13 m

5 m

10 m

c

4 m
2 m

d

4 m
5 m

6 m

e

20 mm

13 mm

26 mm

f

Example 15 Finding more perimeters and areas

This shape is a square with a quadrant (quarter circle) subtracted.

Find its perimeter and area correct to two decimal places.

8 cm

Solution Explanation

P = 2 × l + 1
4
× 2pr

= 2 × 8 +
1

4
× 2p × 8

= 28.57 cm (to 2 d.p.)

Includes 2 sides and a quarter of the

circumference of a circle of radius 8 cm.

A = l2 − 1
4
× pr2

= 8
2
−
1

4
× p × 8

2

= 13.73 cm2 (to 2 d.p.)

Includes a square minus a quarter of the area of

a circle of radius 8 cm.

Now you try

This shape is a rectangle with a semicircle subtracted. Find its perimeter

and area correct to two decimal places.
20 cm

40 cm

6F
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6F Composite shapes 359

5 Find the perimeter and area of these shapes correct to two decimal places.

4 m Hint for Q5: Use subtraction to

find the area.

a

5 m

10 m

b

8 km

16 km

c

6 Find the area of the shaded part of these composite shapes.

10 m

12 m

3 m
4 m

Hint for Q6: Use subtraction in

each case.

a

11 cm

6 cm

b

13 m

9 m

8 m
5 m

c 20 m

20 m

10 m

d

2 cm

4 cm

5 cm

e

6 m

3 m

3 m

6 m

f

Problem-solving and reasoning 7, 8 8, 9(½), 10

7 An area of lawn is made up of a rectangle measuring 10 m by 15 m and a semicircle of radius 5 m. Find

the total area of lawn correct to two decimal places.

8 Twenty circular pieces of pastry, each of diameter 4 cm, are cut from a rectangular layer of pastry 20 cm

long and 16 cm wide. What is the area, correct to two decimal places, of pastry remaining after the

20 pieces are removed?
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360 Chapter 6 Measurement

9 Find the area of the shaded region of each of the following shapes by subtracting the area of the clear

shape from the total area. Round to two decimal places where necessary.

18 cm

10 cm

a

9 m

3 m

5 m

b

6 m

3 m

c

3.3 cm

1.3 cm

2.6 cm

d
1.7 m

0.6 m

e

9.01 cm

10 cm15 cm
f

7 mm

3 mm

g

3 cm

4 cm

h 14 mm

8 mm
3.2 mm

i

10 Find the area of each of the following composite shapes.

4 cm

2 cm

3 cm
a 1.5 cm

2.5 cm

1 cm

1 cm

b

3.92 cm

6.2 cm

4.8 cm
3.5 cm

c

Circular challenges — 11

11 Find the perimeter and the area of each of the following composite shapes correct to two decimal

places where necessary.

6 m

a

4 mm

b
2 cm

2 cm

3 cm

c

2 m
d

1.8 cm

circle1
4

e

5 m

f

6F
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6G Surface area of prisms 361

6G 6G Surface area of prisms
Learning intentions

• To understand how the surface area of a solid can be represented using a net

• To be able to calculate the surface area of a prism

Key vocabulary: surface area, right prism, cross-section, uniform, net

Three-dimensional objects or solids have outside surfaces

that together form the surface area. Nets are very helpful

for determining the number and shape of the surfaces of a

three-dimensional object.

For this section we will deal with right prisms. A right prism

has a uniform cross-section with two identical ends and the

remaining sides are rectangles at right angles to the base

and top.

Triangular
cross-section

Right triangular prism

Lesson starter: Drawing prisms

Prisms are named by the shape of their cross-section.

• Try to draw as many different right prisms as you can.

• Describe the different types of shapes that make up the

surface of your solids.

• Which solids are the most difficult to draw and why?

A triangular-based prism acts as a mirror,

refracting and dispersing light into a spectrum

of colours, creating a beautiful rainbow effect.

This phenomenon occurs due to the prism’s

unique shape and the principles of light

refraction and dispersion.

Key ideas

The surface area of a solid is the sum of the areas of all the surfaces.

A net is a two-dimensional illustration of all the surfaces of a solid.

l

l

l

Cube A net of a cube

Surface area = 6l2

l2

l2 l2l2l2

l2

A right prism is a solid with a uniform (constant) cross-section and with remaining sides as

rectangles.

• Prisms are named by the shape of their cross-section.
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362 Chapter 6 Measurement

The nets for a rectangular prism (cuboid) and triangular prism are shown here.

Solid Net Surface area

Rectangular prism top

side

end

top
side

end

A = 2 × top + 2 × side + 2 × end

Triangular prism

1 2

4

3 A = area 1 + area 2 + area 3 + 2 × area 4

Exercise 6G

Understanding 1–3 3

1 How many faces do the following solids have?

Rectangular prisma

Cubeb

Triangular prismc

2 Draw a suitable net for these prisms and name each solid.

a b c

3 Copy and complete the working to find the surface area of these solids.

7 m

3 m
8 m

A = 2 × (8 × 7) + 2 × (8 × ) + 2 × ( × )

= + +

= m2

a

3 cm

4 cm

7 cm
5 cm

A = 2 × 1
2
× 4 × + 5 × 7 + 4 × + ×

= + + +

= cm2

b

6G
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6G Surface area of prisms 363

Fluency 4–5(½) 4–5(½), 6

Example 16 Finding the surface area of a rectangular prism

Find the surface area of this rectangular prism.

3 cm

2 cm

5 cm

Solution Explanation

A = 2 × top + 2 × side + 2 × end

= 2 × (5 × 3) + 2 × (5 × 2) + 2 × (2 × 3)

= 30 + 20 + 12

= 62 cm2

5 cm

2 cm

3 cm

3 cm

2 cm

top

side

base end

Top = 5 × 3

Side = 5 × 2

End = 2 × 3

Now you try

Find the surface area of this rectangular prism.
2 cm

5 cm

4 Find the surface area of the following rectangular prisms. Draw a net of the solid to help you.

3 m

2 m

4 m
Hint for Q4: Add up all the pairs

of rectangles using A = l × w.

a

7 cm

10 cm3 cm

b

2 m
5 m

4 m

c 2 cm

8 cm

d

2.4 m

5.9 m

e

3.2 m
3.2 m

5.1 m

f
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364 Chapter 6 Measurement

Example 17 Finding the surface area of a right triangular prism

Find the surface area of this triangular prism.

12 cm

5 cm

3 cm

4 cm

Solution Explanation

A = area A + area B + area C + 2 × area D

= 12 × 4 + 12 × 5 + 12 × 3 + 2 × (1
2
× 4 × 3)

= 48 + 60 + 36 + 12

= 156 cm2

Draw and label the surface area net.

3 cm4 cm
5 cm

4 cm 3 cm

1
2

 c
m

1
2

 c
m

A B C

D

D

1
2

 c
m

1
2

 c
m

The surface is made up of three rectangles

and two identical triangles. Use 3 cm and 4 cm

for the base and height, respectively, of the

triangles.

Now you try

Find the surface area of this triangular prism.

10 mm

12 mm

6 mm

8 mm

5 Find the surface area of each of the following triangular prisms.

5 cm

7 cm

3 cm

4 cm

Hint for Q5: Each prism

consists of three rectangles

and two identical triangles.

a

6 m

12 m

13 m

5 m
b

12 cm
6 cm

4 cm
5 cm

3.3 cm

c

7 cm

14 cm2.5 cm

5 cm 10 cm

d

6 Find the surface area of a cube of side length 1 metre.

6G
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6G Surface area of prisms 365

Problem-solving and reasoning 7, 8 8–10

7 A rectangular box is to be covered in material. How much is required

to cover the entire box if it has the dimensions 1.3 m, 1.5 m and

1.9 m?

8 Two wooden boxes, both with dimensions 80 cm, 1 m and 25 cm, are placed on the ground, one on

top of the other, as shown. The entire outside surface, including the underside of the bottom box, is

then painted. Find the area of the painted surface in cm2.

Hint for Q8: Only include the

outside surfaces.1 m 80 cm

25 cm

25 cm

9 The four walls and roof of a barn (shown to the right) are to be painted.

a Find the surface area of the barn, not including the floor.

b If 1 litre of paint covers 10 m2, find how many litres are required to

complete the job.

1.9 m

4 m

2.4 m

2 m
3.5 m

10 Cubes of side length one unit are stacked as shown.

1 cube 2 cubes 3 cubes etc.

a Complete this table.

Number of cubes (n) 1 2 3 4 5 6 7 8 9

Surface area (S)

Hint for Q10: An example of a

rule is S = 2n + 5, but this

is not the rule for this

question.

b Can you find the rule for the surface area (S) for n cubes stacked

in this way? Write down the rule for S in terms of n.

c Use your rule to find the surface area if there are 100 cubes.

Pyramids — 11

11 Pyramids consist of a base and a number of triangular faces. The surface area can be calculated by

adding up all the face areas, similar to that of prisms. Remember that the area of a triangle is given by

A = 1
2
bh.

Find the surface area of each of these pyramids. Draw a net of the solid to help you.

3 mm

5 mm

3 mm

a

10 cm

8 cm
8 cm

b

1.7 m

1.8 m

1.7 m

c
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366 Chapter 6 Measurement

16A Calculate the absolute percentage error if the recorded measurement is 1.2 m but the actual

measurement is 1.5 m.

26A Lengths of ribbon are measured with a tape measure with markings correct to the millimetre.

A length of ribbon is measured as 25.4 cm. State the lower and upper limits of accuracy

for this measurement.

36B Find the perimeter of the following shapes.

5 cm

7 cm

4 cm

a

10 m

3 m

6 m

5 m

b

46C Find the circumference of these circles correct to two decimal places.

4 cm

a

10 m

b

56B/D Convert the following measurements into the units given in brackets.

824 cm (m)a

30 cm (mm)b

1.24 km (m)c

3.6 m2 (cm2)d

450 cm2 (mm2)e

832 cm2 (m2)f

66D Find the area of the following plane figures.

15 cm

6 cm

a

4 m

10 m

b

10 mm

5 mm

6 mmc

5 cm

8 cm

d

76E Find the area of the following circles correct to one decimal place.

7 mm

a

15 cm

b

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



P
ro

g
re

s
s
 q

u
iz

Progress quiz 367

86C/E For the semicircle shown, find (correct to one decimal place):

its perimetera its areab

18 cm

96F For each of the composite shapes, find (correct to one decimal place where necessary):

its perimeteri its areaii

6 cm

a

4 m

3 m

5 m
6 m

b

106G Find the surface area of these prisms.

5 cm

8 cm
12 cm

a

13 cm

10 cm

6 cm

8 cm

b
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368 Chapter 6 Measurement

6H 6H Surface area of a cylinder
Learning intentions

• To understand how the net of a cylinder can be drawn to show the surface area

• To know the formula for the total surface area of a cylinder

• To be able to calculate the total surface area of a cylinder and simple cylindrical portions

Key vocabulary: cylinder, area, prism, circumference, net, congruent, cross-section

Like a rectangular prism, a cylinder has a uniform cross-section (a circle), but because it doesn’t have

rectangular sides, it isn’t classified as a right prism.
A cylinder’s surface area can be found by considering the curved part as a rectangle with length 2pr (or

pd) and height h.

h

C =   dπ

Lesson starter: Curved area

• Roll a piece of paper to form the curved surface of a cylinder.

• Do not stick the ends together, so that you can allow the paper to return to a flat

surface.

• What shape is the paper when lying flat on a table?

• When curved to form the cylinder, what do the sides of the rectangle represent

on the cylinder? How does this help to find the surface area of a cylinder?

Key ideas

A cylinder is a solid with two parallel, congruent circular faces connected by a curved surface.

Surface area of a cylinder = 2 circles + rectangle

= 2 × pr2 + 2pr × h

A = 2 r2 + 2 rh

2 circular ends Curved area

π π

r

h

r

Circumference

r

r

h
Circumference

= 2   r
h

r

r

π
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6H Surface area of a cylinder 369

Exercise 6H

Understanding 1–4 4

1 The formula for the surface area of a cylinder is A = 2pr2 + 2prh.

a Which part of the formula works out the area of the curved surface?

b Which part of the formula works out the area of the two ends?

2 Find the circumference of the circular end of these cylinders. Round to two decimal places.

4 m

Hint for Q2: Use C = pd or

C = 2pr.

a

6 mm

b

4.2 cm

c

3 Draw a net suited to these cylinders. Label the sides using the given measurements.

4.1 11

C = 26a C = 31.4

5
32

b

4 The curved surface of these cylinders is allowed to flatten out to form a rectangle. What would be the

length and width of the rectangles? Round to two decimal places where necessary.

10 cm

C = 22 cm

Hint for Q4: Length = 2pr

a

2 cm 8 cm

b

5 m

16 mc

A rectangular piece of paper will cover the curved surface of a

cylinder. The length of the piece of paper needed to fully cover

the cylinder’s curved surface will be the same as the height of

the cylinder. The width of the paper will be the same as the

circumference of the cylinder.
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370 Chapter 6 Measurement

Fluency 5, 6 5, 7

Example 18 Finding the surface area of a cylinder

Find the surface area of this cylinder, rounding to two decimal places.

25 m

5 m

Solution Explanation

Area of ends = 2 × pr2

= 2 × p × 5
2

= 50p m2

Area of rectangle = l × w

= 2pr × h

= 2p × 5 × 25

= 250p m2

A = 50p + 250p

= 942.48 m2 (to 2 d.p.)

The surface area

consists of two circles

(2pr2) plus a rectangle

where l × w = 2pr × h.

When adding to find

the surface area, use

your exact answers in

your calculator for each

part, then add to get

the surface area.

25 m

5 m

5 m

2 rπ

Now you try

Find the surface area of this cylinder, rounding to two decimal places.

3 m

8 m

5 Find the surface area of these cylinders, rounding to two decimal places.

1 m

3 m
Hint for Q5: Draw a net to help:

2   r

r

r

h

π

a

5 cm

10 cm

b

2 m

2 mc

6 Find the surface area of these cylinders, rounding to one decimal place.

6 cm

2 cm

Hint for Q6: Remember that

the radius of a circle is half

the diameter.

a

10 cm

12 cmb

4 m

7 mc

6H
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6H Surface area of a cylinder 371

7 Find the area of the curved surface only for these cylinders, correct to two decimal places.

10 cm

8 cma 3 mm

11 mm

Hint for Q7:

For the curved

part only, use

A = 2pr × h.

b 2.4 m

3.2 m

c

Problem-solving and reasoning 8, 9(½) 9(½), 10, 11

8 Find the surface area of a cylindrical plastic container of height 18 cm and with a circle of radius 3 cm

at each end, correct to two decimal places.

Example 19 Finding surface areas of cylindrical portions

Find the surface area of this half cylinder, rounding to two decimal places.

8 cm
4 cm

Solution Explanation

Area (two semicircles) = pr2

= p × 2
2

= 4p cm2

Area (rectangles) = 8 × 4 + 8 × 1
2
× 2p × 2

= 32 + 16p cm2

A = 4p + 32 + 16p

= 94.83 cm2 (to 2 d.p.)

The two semicircles combine to form a full

circle.

8 cm

4 cm

(2  r) cm1
2 π

Now you try

Find the surface area of this quarter cylinder, rounding to two decimal places.

7 m
2 m

9 Find the surface area of these solids, rounding to two decimal places.

10 m

2 m

a

20 m
4 m

b
4 cm

5 cmc

6.2 cm 3.8 cmd 10 m

6 m

e

6 km

12 km

f
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372 Chapter 6 Measurement

10 A water trough is in the shape of a half cylinder. Its semicircular ends have diameter

40 cm and the trough length is 1 m. Find the outside surface area, in cm2, of the

curved surface plus the two semicircular ends, correct to two decimal places.

11 A solid cylinder cut in half gives half the volume but not half the surface area. Explain why.

Roller revolutions — 12

12 A cylindrical roller is used to press crushed rock in preparation for a tennis

court. The entire rectangular tennis court area is 30 m long and 15 m wide.

The roller has a width of 1 m and diameter 60 cm.

a Find the surface area of the curved part of the roller, in cm2, correct to

three decimal places.

b Find the area, in m2 to two decimal places, of crushed rock that can be

pressed after:

1 revolutioni 20 revolutionsii

Hint for Q12: 1 m2 = 100 ×

100 cm2
c Find the minimum number of complete revolutions required

to press the entire tennis court area.

60 cm
1 m

6H
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6I Volume 373

6I 6I Volume
Learning intentions

• To be able to convert between metric units of volume

• To understand how the volume of a solid relates to its constant cross-section and height

• To know the common units for capacity

• To know the formula for the volume of a rectangular prism

• To be able to calculate the volume of a solid with a uniform cross-section

Key vocabulary: solid, volume, cross-section, uniform, prism, perpendicular, capacity, litres, millilitres

We use volume to describe the amount of space inside a three-dimensional object. We use metric units,

such as:

• cubic kilometres for the volume of water in the sea

• cubic metres for the volume of concrete poured at a building site

• cubic centimetres for the volume of space occupied by this book

• cubic millimetres for the volume of metal in a pin.

Units for capacity (millilitres, litres, kilolitres and megalitres) are used for liquids and gases.

Lesson starter: Why length × width × height?

For most people, the first thing that often

comes to mind when dealing with volume is

length × width × height. But this rule only applies

to finding the volume of rectangular prisms.
Let’s look at a rectangular prism split into two

layers.

• How many cubes sit on one layer?

• What is the area of the base? What do you notice?
3 cm

2 cm
4 cm

3 cm

4 cm

• What is the height and how many layers are there?

• Why is the volume rule given by V = lwh in this case?

Key ideas

Volume is the amount of three-dimensional space inside an object.

Common metric units for volume include cubic kilometres (km3), cubic metres (m3), cubic

centimetres (cm3) and cubic millimetres (mm3).

km3 m3 cm3

× 10003 × 1003 × 103

÷ 10003 ÷ 1003 ÷ 103

mm3

10003

1003

103

=

=

=

1 000 000 000

1 000 000

1000

1 cm = 10 mm

1 cm = 10 mm

1 cm = 10 mm

1 cm3 = 10 × 10 × 10 mm3

= 10
3 mm3

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



374 Chapter 6 Measurement

Capacity is the amount of liquid a container can hold.
• For capacity, common units include:

• megalitres (ML) 1 ML = 1000 kL

• kilolitres (kL) 1 kL = 1000 L

• litres (L) 1 L = 1000 mL

• millilitres (mL)

• Also: 1 cm3 = 1 mL so 1 L = 1000 cm3 and 1 m3 = 1000 L

A cross-section is the plane figure formed when you slice a solid figure parallel to one of

its surfaces.

• Volume of solids with a uniform cross-section is equal

to area of cross-section (A) multiplied by height (h).

V = A × h

• The ‘height’ is the length of the edge that runs

perpendicular to the cross-section in any solid.

Volume of a rectangular prism:

V = l × w × h

h

l
w

h

Cross-section

Cross-section

h

Exercise 6I

Understanding 1–3 3

1 What is the name given to the shape of the shaded cross-section of each of the following solids?

a b

c d

e f

6I
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6I Volume 375

2 Draw the cross-sectional shape for these prisms and state the given ‘height’ (perpendicular to the

cross-section).

6 cm

a 10 cm

Hint for Q2: ‘Perpendicular’

means ‘at a right angle (90°)’.

b

2 m

c

5 mm

d

14 cm

e

10 m

f

3 Write the missing number.

The number of mm in 1 cm is .a The number of mm2 in 1 cm2 .b

The number of mm3 in 1 cm3 is .c There are cm3 in 1 m3.d

There are m3 in 1 km3.e There are mL in 1 L.f

There are L in 1 kL.g There is cm3 in 1 mL.h

Fluency 4–5(½), 6, 8 4–5(½), 7, 8(½), 9

Example 20 Converting units of volume

Convert the following volume measurements into the units given in the brackets.

2.5 m3 (cm3)a 458 mm3 (cm3)b

Solution Explanation

a 2.5 m3 = 2.5 × 1003 cm3

= 2 500 000 cm3
m3 cm3

× 1003 = 1 000 000

2.500000

b 458 mm3 = 458 ÷ 103 cm3

= 0.458 cm3
cm3 mm3

÷ 103 = 1000 458.

Now you try

Convert the following volume measurements into the units given in the brackets.

0.6 cm3 (mm3)a 4 520 000 cm3 (m3)b

4 Convert the following volume measurements into the units given in brackets.

3 cm3 (mm3)a 0.3 cm3 (mm3)

Hint for Q4:

1 km3 = 10003 m3

1 m3 = 1003 cm3

1 cm3 = 103 mm3

b 2000 mm3 (cm3)c

0.001 m3 (cm3)d 8.7 m3 (cm3)e 5900 cm3 (m3)f

0.00001 km3 (m3)g 21 700 m3 (km3)h 430 000 cm3 (m3)i
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376 Chapter 6 Measurement

5 Convert these units of capacity to the units given in brackets.

3 L (mL)a 0.2 kL (L)

Hint for Q5: 1 ML = 1000 kL

1 kL = 1000 L

1 L = 1000 mL

1 cm3 = 1 mL

b 3500 mL (L)c

0.021 L (mL)d 37 000 L (kL)e 42 900 kL (ML)f

2 cm3 (mL)g 2 L (cm3)h 1 m3 (L)i

Example 21 Finding the volume of a rectangular prism

Find the volume of this rectangular prism.

1 cm
1 cm

3 cm

Solution Explanation

Volume = l × w × h

= 1 × 1 × 3

= 3 cm3

The solid is a rectangular prism.

Length = 1 cm, width = 1 cm and height = 3 cm

Now you try

Find the volume of this rectangular prism.

4 m

5 m

2 m

6 Find the volume of these three-dimensional rectangular prisms.

2 cm
2 cm

2 cm
a

2 m

6 m

7 m

b

3 mm

1 mm

7 mm

c

7 Find the volume of each of these rectangular prisms (cuboids).

2 cm

2 cm

4 cm

a

3.5 m

3.5 m

3.5 m

b

5 cm

3 cm
1 cmc

6I
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6I Volume 377

8 Find the volume of each of these three-dimensional objects. The cross-sectional area has been given.

2 cm

Area = 2 cm2a

3.5 m

3 m2b

4.6 cm
2.6 cm2 Hint for Q8: Simply use

V = A × h, since the area of

the cross-section is given.

c

5 cm
5.8 cm2

d

3.1 m24.8 m

e 3.93 cm

2.07 cm2

f

Example 22 Finding the volume of a triangular prism

Find the volume of this triangular prism.

4 cm

3 cm
6 cm

Solution Explanation

Area of cross-section = 1
2
× b × h

=
1

2
× 4 × 3

= 6 cm2

The cross-section is a triangle.

b cm

h1 cm
h2 cm

Volume = area of cross-section × height

= 6 × 6

= 36 cm3

Now you try

Find the volume of this triangular prism.

5 mm

2 mm
3 mm

9 Find the volume of these prisms.

10 m
5 m

3 m

Hint for Q9: First find the area

of the triangular cross-section.

A = 1
2
bh

a

3 cm

4 cm

5 cm

b

1 cm

1 cm

2.5 cm

c
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378 Chapter 6 Measurement

Problem-solving and reasoning 10, 11 11–13

10 A rectangular container is 10 cm wide, 20 cm long and 8 cm high.

What is the capacity of the container in litres?
Hint for Q10: There are

1000 cm3 in 1 L.11 25 L of water is poured into a rectangular fish tank which is

50 cm long, 20 cm wide and 20 cm high. Will it overflow?

12 Find the volume of these solids, converting your answer to litres.

10 cm

40 cm
20 cm

Hint for Q12c: Area

of a trapezium:

A = 1
2
(a + b)h

a

18 cm

8 cm

5 cm

b

6 cm

5 cm

10 cm

12 cm

c

13 This diagram is a sketch of a new 25 m swimming pool to be

installed in a school sports complex.

a Find the area of one side of the pool (shaded).

b Find the volume of the pool in litres.

Use 1 m3 = 1000 L.

25 m

10 m
2.5 m

2.5 m

15 m

1.5 m

Volume of a pyramid — 14

14 Someone tells you that the volume of a pyramid is half of the volume of a

rectangular prism with the same base. Do you think this is true?

a Make an educated guess as to what fraction of the prism’s volume is the

pyramid’s volume.

b Use the internet to find the actual answer to part a.

c Draw some pyramids and find their volume using the results from part b.

6I
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6J Volume of a cylinder 379

6J 6J Volume of a cylinder
Learning intentions

• To know the formula for the volume of a cylinder

• To be able to �nd the volume of a cylinder

• To be able to �nd the capacity of a cylinder in litres

Key vocabulary: volume, cylinder, capacity, radius, diameter

A cylinder with its sides at right angles

to its base is called a right cylinder. It

has a uniform cross-section (a circle),

so its volume can be calculated in a

similar way to that of a prism. Cylindrical

objects are often used to store gases and

liquids, so working out the volume of a

cylinder is an important measurement

calculation.

Cylinders are essential for safely

storing and transporting gases

and liquids. Their robust design

withstands high pressures,

ensures controlled release,

and offers portability, making

them indispensable in various

industries.

Lesson starter: How is a cylinder like a prism?

Here is a cylinder and two prisms.

• What do they all have in common?

• Do you think you can work out the volume of the cylinder in

the same way as for a prism? Why?

• What do you think the formula would be for the volume of

a cylinder?

Cylinder

Rectangular

prism

Triangular

prism

Key ideas

The volume of a cylinder is given by

V = pr2 × h or V = pr2h

• r is the radius of the circular ends

• h is the length or distance between the circular ends

r

h

Exercise 6J

Understanding 1–3(½) 2–3(½)

1 Find the area of these circles correct to two decimal places.

2 cm

a

1.6 m

b 10 cmc

1.8 km

d

2 Convert the following into the units given in the brackets. Remember: 1 L = 1000 cm3 and

1 m3 = 1000 L.

2000 cm3 (L)a 4.3 cm3 (mL)b 3.7 L (cm3)c

1 m3 (L)d 38 000 L (m3)e 0.0002 m3 (mL)f
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380 Chapter 6 Measurement

3 State the radius (r) and the height (h) of these cylinders.

4 m

10 m

a 2.6 cm

11.1 cm Hint for Q3: The height is

perpendicular (at 90°) to the

circular ends.

b

12.8 m

2.9 mc

23 m

18 m

d

11.6 cm

15.1 cm

e
10.4 cm

21.3 cm

f

Fluency 4 4(½)

Example 23 Finding the volume of a cylinder

Find the volume of these cylinders correct to two decimal places.

3 cm

10 cm

a

1.8 m

0.3 m

b

Solution Explanation

a V = pr2h

= p × (3)2 × 10

= 282.74 cm3 (to 2 d.p.)

pr2 gives the area of the circular cross-section

and h is the distance between the ends.

Substitute r = 3 and h = 10 into the rule.

b V = pr2h

= p × (0.9)2 × 0.3

= 0.76 m3 (to 2 d.p.)

The diameter is 1.8 m so r = 0.9 m.

The distance between the ends is 0.3 m, so

h = 0.3.

Now you try

Find the volume of these cylinders correct to two decimal places.

6 cm
15 cma

16 mm

42 mm

b

6J
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6J Volume of a cylinder 381

4 Find the volume of these cylinders correct to two decimal places.

3 cm

8 cm

a 1 m

6 m Hint for Q4: Substitute

the values of r and h into

V = pr2h. Note that

r = d ÷ 2 for parts d, e and f.

b

2.5 m
7 mc

2 cm

8 cmd

1.2 m

3 m

e
3.8 m

6 m

f

Problem-solving and reasoning 5(½), 6, 7 5(½), 7–10

Example 24 Finding the capacity of a cylinder

Find the capacity, in litres, of a cylinder with radius 30 cm and height 90 cm. Round to the

nearest litre.

Solution Explanation

V = pr2h

= p × (30)2 × 90

= 254 469 cm3

= 254 L (to nearest litre)

Substitute r = 30 and h = 90.

There are 1000 cm3 in 1 L, so divide by 1000 to

convert to litres.

Now you try

Find the capacity, in litres, of a cylinder with diameter 20 cm and height 45 cm. Round to the

nearest litre.

5 Find the capacity, in litres, of these cylinders. Round to the nearest litre.

25 cm

15 cm

Hint for Q5: First work out the

volume in cm3 and then use

1 L = 1000 cm3 to find the

capacity in litres.

a

40 cm 100 cm

b

10 cm

50 cmc

20 cm

12 cmd
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382 Chapter 6 Measurement

6 A cylindrical storage drum has a radius of 0.5 m and a height of 2 m.

a Find its volume, in m3, correct to three decimal places.

b Find its volume, in L, correct to the nearest litre (1 m3 = 1000 L).

7 Which has a greater capacity: a 10 cm by 10 cm by 10 cm cube or a cylinder with radius

6 cm and height 10 cm?

8 A cylindrical water tank has a radius of 2 m and a height of 2 m.

a Find its capacity, in m3, rounded to three decimal places.
Hint for Q8: 1 m3 = 1000 L.

b Find its capacity, in L, rounded to the nearest litre.

9 How many litres of gas can a

tanker carry if its tank is cylindrical

with a 2 m diameter and is 12 m

in length? Round to the nearest

litre.

10 Draw a cylinder with its circumference equal to its height. Try to draw it to scale.

Cylinder portions — 11

11 Find the volume of these cylindrical portions correct to two decimal places.

20 cm

8 cm

a
1.2 m

1.8 m

b

5 m

15 m

c

30 m

50 m

d

2 cm

5 cme 12 cm

12 cm

6 cm

f

6J
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The importance of farming in Australia can

never be underestimated. From small scale

gardens to commercial agriculture, farmers

and their crops are essential for our food

supply. Mathematics plays a major role in the

profitable management of farms, including

analysis of the optimum planting times,

weather cycles, irrigation rates, pricing and

production costs.

The issue of water usage and storage is very

important in Australia. Farmers regularly

measure soil moisture content to find out

what is happening around the roots of crops.

Irrigation is managed according to plant

watering needs, rainfall and evaporation rates.

Vegetable and fruit growers

1 Farmers need to be able to convert the volume of their dams from cubic metres (m3) to megalitres

(ML) by dividing by 1000.

a Convert each of the following into ML.

890 m3i 60 000 m3ii 800 000 m3iii 380 000 m3iv 190 000 000 m3v
b Convert the following into cubic metres.

9 MLi 1.2 MLii 120 MLiii 0.98 MLiv 12 000 MLv

2 The volume of a property dam is estimated with the formula, volume = SA × d × 0.4 where

SA = the surface area of the top of the dam; d = maximum depth of the dam; and the factor

of 0.4 allows for the dam’s sloping sides.

Calculate the volume of the following farm dams.

Surface area = 600 m2, maximum depth 3 ma

Surface area = 400 m2, maximum depth 2.5 mb

Surface area = 800 m2, maximum depth 4 mc

Surface area = 5000 m2, maximum depth 5 md

Surface area = 16 000 m2, maximum depth 6 me

3 Concrete water storage tanks can be in the shape of cylinders. Calculate the capacity in litres and

kilolitres for each water tank illustrated below. Recall that 1 m3 = 1000 L = 1 kL.

Height 1.8 m, diameter 8.2 m b Height 1.5 m, diameter 5 ma

Hint for Q3: Recall

that the volume

of a cylinder is

V = pr2h.
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384 Chapter 6 Measurement

Using technology

4 A soil moisture probe is a device that measures the percentage of water in soil.

• Maximum % of soil moisture is when soil is drenched.

• Minimum % of soil moisture is when plants wilt.

The difference between these percentages is the percentage of soil water that a plant uses. The depth

of watering needed for plants is measured in mm, like rainfall.

Plant watering depth = percentage moisture used by plant × root depth in mm

Set up the Excel spreadsheet below to calculate watering

depth for the given plants.
Hint for Q4: Format columns B, C

and D as ‘percentage’ and enter

the decimal values in each cell;

e.g. enter 0.43 for 43%.

5 Fruit trees can be micro-irrigated by dripping or spraying water in a circular area near the trunk.

The volume of water required for each tree is calculated using the formula for volume of a cylinder:

V = pr2h = pr2 × plant watering depth

Note that an area of 1 m2 covered by 1 mm of water = 1 L of water; hence area in m2 multiplied by

depth in mm gives volume in litres.

Set up the Excel spreadsheet shown below to calculate the litres of

irrigation water required per 100 trees.

Hint for Q5: Use the

plant watering depth

values calculated in

Question 4.

In the area formula, enter pi() for p .
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Pressing a new road

The construction of a new asphalt road involves pressing the surface

with a roller. Two rollers are available, each with main roller wheels of

varying diameter and width. The options are:

• Roller 1: Wheel diameter 1 metre and width 2 metres

• Roller 2: Wheel diameter 1.2 metres and width 2.5 metres.

The cost of hiring each roller depends on the number of revolutions in

the following way:

• Roller 1: $2.20 per revolution

• Roller 2: $3 per revolution.

Roller wheel

Diameter

Width

The rectangular section of road being built is 1 km long and 10 metres wide.

Present a report for the following tasks and ensure that you show clear mathematical workings and

explanations where appropriate.

1 Preliminary task

a Write the formula for finding the curved surface area of a cylinder using the pronumerals r and h.

b What is the value of r and h for;

Roller 1i

Roller 2ii

c For Roller 1 find,

the surface area of the roller wheel (the curved surface area only)i

the area of ground pressed after 10 revolutions.ii

d Find the total surface area, in square metres, of a section of road which is 1 km long and

10 metres wide.

e How many rotations of the wheel would need to occur if roller 1 was to travel a single length of

the 1 km length of road? Round to one decimal place.

2 Modelling task

FormulateThe problem is to determine the cost of hiring each roller to press the entire 1 km stretch of road.

a Write down all the relevant information that will help solve this problem with the aid of diagrams.

Solve

b Using Roller 1 determine the total number of revolutions that the wheel needs to rotate if the

entire 10 metre-wide road is to be pressed. Use the following assumptions.

• It is not necessary to overlap one pressed strip with the next.

• No revolutions are counted while the roller is manoeuvring into position at the start of each

strip.

c Calculate the cost of hiring Roller 1 to press the 1 km stretch of road.

d Repeat parts b and c for Roller 2.
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386 Chapter 6 Measurement

Evaluate

and

verify

e Assume that each strip rolled must now overlap the previous pressed strip by 10 cm. Determine

the total number of revolutions required for each of the two rollers under these conditions.

f Compare and comment on the cost of hiring the rollers if:

no overlap is required between stripsi

a 10 cm overlap is required between strips.ii

Communicate g Summarise your results in a table like the one below, and decide which roller should be hired

and why.

Roller Surface

area of 1

revolution

Number of

revolutions

needed for

road with

no overlap

Cost of

hiring

with no

overlap

Number of

revolutions

needed for

road with

10 cm overlap

Cost of

hiring

with

10 cm

overlap

1

2

3 Extension question

If the overlap is changed to 0.5 m instead, which roller is the cheapest to hire? Give reasons and

show calculations.

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        Photocopying is restricted under law and this material must not be transferred to another party.

   Cambridge University Press 



T
e
c
h
n
o
lo

g
y
 a

n
d
 c

o
m

p
u
ta

tio
n
a
l th

in
k
in

g
Technology and computational thinking 387

Equal volumes and different surface areas
Key technology: Spreadsheets

While some solids have the same volume, they will not necessarily have the same surface area. This will

depend on the base area and the height as well as the shape and the number of faces.

1 Getting started

We will start by considering three solids including a cube of side length 1 unit, a triangular prism with

equilateral base side lengths 1 unit and cylinder with diameter 1 unit.

1 

1

1 

1 

1 

1 

1

h 
h 

a State the volume and surface area of the cube.

b For the base of the triangular prism (shown to the right), find the perpendicular

height a.

c Find the volume and surface area of the triangular prism if the height h is

1.5 units.

d Find the volume and surface area of the cylinder if its height h is 1.5 units.

e Compare the volumes and surface areas of the solids. Which solids have similar

volumes and which solids have similar surface areas?

1 

1 

a
1 

2 Using technology

The following spreadsheet varies the height by increments of 0.2 in column A and shows the formula for

the volume of the triangular prism and cylinder. The formulas for the surface areas are not given.

a Enter the information into a spreadsheet and fill down at cells A8, B7 and D7.

b To the nearest 0.2, find the height required so that the volume of the following solids is as close as

possible to the volume of the cube of side length 1.

Triangular prismi Cylinderii
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388 Chapter 6 Measurement

c Calculate the correct formula for the surface areas of the triangular prism and cylinder in terms of

h then enter these into the spreadsheet in cells C7 and E7. Then fill down.

d For the heights found in part b compare the surface areas of the following solids with the surface

area of the cube.

Triangular prismi Cylinderii

3 Applying an algorithm

a We will repeat the questions in part 2 Using technology but use the following steps to find a more

accurate solution.

• Step 1: Change the incremental increase in cell A8 to a smaller amount. Suggest start with 0.1.

• Step 2: Fill down the columns so that the volumes for both the triangular prism and cylinder are

greater than 6.

• Step 3: Find the height required so that the volume of the following solids is as close as possible

to the volume of the cube of side length 1.

Triangular prismi Cylinderii
• Step 4: For the heights found in Step 3, compare the surface areas of the following solids with

the surface area of the cube.

Triangular prismi Cylinderii
• Step 5: Repeat from Step 1 using a smaller incremental change and fill down.

b Comment on the shape of the triangular prism and cylinder that have the same volume as the

cube. Discuss the differences in height and the surface area.
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Puzzles and games 389

1 These towers are made by stacking cubes. How many cubes are needed in each case?

a b

2 A large cube of side length 4 cm is painted then cut into 64 single 1 cm cubes. How many 1 cm

cubes are not painted on any face?

3 To the nearest metre, how far will a wheel of diameter 1 m travel after 100 revolutions?

4 A goat is tethered to the centre of one side of a shed with a 10 m length of rope. In what area of

grass can the goat graze?

16 m

10 m

8 m8 m Shed

5 A circle of radius 10 cm has a hole cut out of its centre to form a ring. Find the

radius of the hole if the remaining area is 50% of the original area. Round to one

decimal place.

6 Here is one net for a cube. How many different nets are possible? Do not

count nets that can be rotated or reflected (flipped) to give the same net.

7 A 100 m2 factory flat roof feeds all the water collected into a rainwater tank. If there is 1 mm of

rainfall, how many litres of water go into the tank?
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390 Chapter 6 Measurement

Measurement

Units

km
3

m
3

cm
3

× 1000
3

× 100
3

× 10
3

÷ 10003
÷ 1003

÷ 103

mm
3

1 L = 1000 mL= 1000 cm3

Units

km
2

m
2

cm
2

×1000
2

×100
2

×10
2

÷10002
÷1002

÷102

mm
2

Units

km m cm

×1000 ×100 ×10

÷1000 ÷100 ÷10

mm

Volume

Surface area

Area

4 cm

8 cm

5 cm

3 cm

Prisms

       = 2 ×     × 4 × 3 + 8 × 5

+ 8 × 4 + 8 × 3

       = 108 cm2

1
2

Triangle

Perimeter

P = 2 × 10 + 2 × 7

= 34 m

A =    bh1
2

Quadrilaterals

Square  A = l 2

Rectangle  A = lw

Parallelogram  A = bh

Trapezium  A =   (a + b)h

Rhombus or kite  A =   xy

1
2 1

2

7 m

10 m

A = 2 × triangles + 3 rectangles

b

h

Circle circumference

C = 2  r  or    dπ π

Circle

A =   r 2

A =   × 62

   = 113.10 m2

12 m

Composite shapes

8 m

10 m

= 54.87 m2 (to 2 d.p.)

= 40.57 m (to 2 d.p.)

A = lw −       r21
2

= 10 × 8 −       × 421
2

P = 2 × 10 + 8 +     2   (4)1
2

π

Length and perimeter

Cylinder

3 cm

4 cm

3 cm

4 cm

A = 2  r2 + 2  rh

       = 2   (3)2 + 2  (3)(4)

       = 131.95 cm2 (to 2 d.p.)

Prisms and cylinders

V = Ah

A = area of cross-section

h = height

V = lwh

   = 11 × 6 × 5

   = 330 m3

V =   r2h

  =   (2)2 × 7

  = 87.96 cm3

2 cm

7 cm

2 cm

7 cm

5 m

6 m
11 m

π

π

π π
π

π
π π

π

π

recorded value    0.5 × smallest unit

Error

Actual value
% error = × 100

Error = recorded value – actual value

The positive (absolute) value of the

error is used.

Limits of accuracy are the smallest

and largest possible values of the

measurement: i.e.
+

Errors and accuracy
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Chapter checklist
A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook.

✔

6A 1 I can calculate the absolute percentage error.

e.g. Calculate the absolute percentage error if the recorded time is 20 minutes and the actual time is

26 minutes.

6A 2 I can find the limits of accuracy in a measurement.

e.g. A backpack is weighed using a digital scale which displays measurements in kilograms correct to

one decimal place. If the measurement given is 6.7 kg, state the lower and upper limits of accuracy of

this measurement.

6B 3 I can convert between metric units of length.

e.g. Convert these measurements to the units shown in the brackets.

a 9.2 cm (mm) b 61 000 cm (m)

6B 4 I can find the perimeter of basic shapes including composite shapes.

e.g. Find the perimeter of these shapes.

a

8 m

5 m

b

7 cm

4 cm

6C 5 I can find the circumference of a circle.

e.g. Find the circumference of a circle with a diameter of 5 m, correct to two decimal places.

6C 6 I can find the perimeter of a semicircle or a quadrant.

e.g. Find the perimeter of this semicircle correct to two decimal places.

8 cm

6D 7 I can convert between metric units of area.

e.g. Convert these measurements to the units shown in the brackets.

a 5.32 cm2 (mm2) b 728 000 cm2 (m2)

6D 8 I can find the area of rectangles, triangles and

parallelograms.

e.g. Find the area of this triangle.
7 m

16 m

6D 9 I can find the area of rhombuses and trapeziums.

e.g. Find the area of this trapezium.

4 cm

13 cm

10 cm
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✔

6E 10 I can find the area of a circle.

e.g. Find the area of this circle correct to two decimal places.

16 cm

6E 11 I can find the area of a quadrant or semicircle.

e.g. Find the area of this quadrant correct to two decimal places.
7 m

6F 12 I can find the perimeter and area of simple

composite shapes.

e.g. Find the perimeter and area of this composite shape correct to

two decimal places.
6 cm

10 cm

6G 13 I can find the surface area of a rectangular prism.

e.g. Find the surface area of this rectangular prism.

3 cm

8 cm

6 cm

6G 14 I can find the surface area of a triangular

prism.

e.g. Find the surface area of this triangular prism.

3 m

5 m 8 m

4 m

6H 15 I can find the surface area of a cylinder.

e.g. Find the surface area of this cylinder correct to two decimal places.

9 cm

10 cm
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✔

6H 16 I can find the surface area of a cylindrical portion.

e.g. Find the surface area of this half cylinder correct to two decimal places.

12 m4 m

6I 17 I can convert between metric units of volume.

e.g. Convert these measurements to the units shown in the brackets.

a 0.003 m3 (cm3) b 640 000 mm3 (cm3)

6I 18 I can find the volume of a rectangular prism.

e.g. Find the volume of this rectangular prism.

6 m

2 m
10 m

6I 19 I can find the volume of a triangular prism.

e.g. Find the volume of this triangular prism.
15 cm

4 cm

6 cm

6J 20 I can find the volume of a cylinder.

e.g. Find the volume of this cylinder correct to two decimal places. 6 cm

10 cm

6J 21 I can find the capacity of a cylinder giving an answer in

L or mL.

e.g. Find the volume of this cylinder in litres correct to the nearest litre.

10 cm

30 cm
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Short-answer questions

16B/D/I Convert the following measurements into the units given in brackets.

3.8 m (cm)a 1.27 km (m)b 48 mm (cm)c

273 mm2 (cm2)d 5.2 m2 (cm2)e 0.01 m3 (cm3)f

53 100 mm3 (cm3)g 3100 mL (L)h 0.043 L (mL)i

2.83 kL (L)j 4000 cm3 (L)k 1 m3 (L)l

26A Calculate the absolute percentage error for the following recorded and actual measurements.

recorded: 2.4 L actual: 2.5 La

recorded: 3 seconds actual: 5 secondsb

36B Find the perimeter of each of the following shapes.

5 m

6 m3 m

a

15 mm

18 mm

b

3.6 cm

1.7 cm

4.5 cm

c

46D Find the area of each of the following plane figures.

2 cm

a

22 mm

51 mmb

8.2 mm

3.7 mm

c

3 m

5 m

d 2 cm

3 cm

8 cm

e

3 cm

2 cm

f

56F Inside a rectangular lawn area of length 10.5 m and

width 3.8 m, a new garden bed is to be constructed.

The garden bed is to be the shape of a triangle with base

2 m and height 2.5 m. Find:

the area of the garden beda

the area of the lawn remaining around the garden bed.b

10.5 m

3.8 m2 m
2.5 m
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66C/E Find the area and circumference/perimeter of each of the following shapes correct to two

decimal places.

3 cm

a

2 m

b 1 cmc

76F Find the perimeter and area of each of the following composite shapes correct to two

decimal places.

4 m

6 ma

10 cm

14.14 cm

b

86G Find the surface area of each of the following solid objects.

5 cm

3 cm

1 cm

a

3 m

4 m

5 m

8.5 m

b

96H Find the surface area of each of these cylinders, correct to two decimal places.

16 mm

5 mm

a

6 m

8 m

b

106I/J Find the volume of each of these solid objects, rounding to two decimal places where necessary.

6 cm

Area = 5 cm2a

6 m

3 m

3 m

b

2 mm

10 mm

c

3 m

4 m

5 m

10 m

d
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Multiple-choice questions

16A A digital scale measures the weight of a bag of potato chips to the nearest gram to be

35 g. If the chips are sold in boxes of 10 bags, the lower limit of accuracy for the weight

of a box is:

355 gA 350 gB 340 gC 360 gD 345 gE

26B/D If the area of a square field is 25 km2, the length of one of its sides is:

10 kmA 5 kmB 4 kmC 50 kmD 25 kmE

36D If 1 m2 = 1002 cm2, 2.7 m2 is the same as:

270 cm2A 0.0027 km2B 27 000 cm2C 2700 mm2D 27 cm2E

46B The perimeter of this shape is:

21 cmA 14 cmB 24 cmC

20 cmD 22 cmE 3 cm

5 cm

56D A parallelogram has area 10 m2 and base 5 m. Using A = bh, its perpendicular height is:

50 mA 2 mB 50 m2C

2 m2D 0.5 mE

66F This composite shape could be considered as a rectangle with an area in

the shape of a square removed. The shape’s area is:

16 km2A 12 km2B 20 km2C

24 km2D 6 km2E

5 km

2 km

4 km

76C A semicircular goal area has diameter 20 m. Its perimeter, correct to the

nearest metre, is:

41 mA 36 mB 83 mC

51 mD 52 mE

20 m

86G The surface area of the rectangular prism shown is:

30 m2A 62 m2B 31 m2C

60 m2D 100 m2E
2 m

3 m

5 m

96H The area of the curved surface only of a cylinder with

radius 5 mm and height 12 mm is closest to:
12 mm

5 mm

534 mm2A 94 mm2B 188 mm2C

754 mm2D 377 mm2E
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106I A prism’s cross-sectional area is 100 m2. If its volume is 6500 m3, the prism’s total height

would be:

0.65 mA 650 000 mB 65 mC 6.5 mD 650 mE

116J The volume of a cylinder with radius 3 cm and height 10 cm is closest to:

188 cm2A 251 cmB 141 cm3C 94 cm3D 283 cm3E

Extended-response questions

1 A kindergarten teacher collects some blocks of wood for a painting activity. Each block is a

rectangular prism, as shown.

a Find the volume of each block.

b Find the total outside area to be painted for each block.

c If the paint costs $2.50 per 100 cm2, find the cost of painting

10 blocks.

d Another wood block is a cylinder with radius 3 cm and

height 9 cm. Compared to the rectangular block:

does it have a greater volume?i

does it have a greater surface area?ii

9 cm

5 cm

3 cm

2 An office receives five new desks with a bench shape made up of a

rectangle and quarter circle as shown.

The edge of the bench is lined with a rubber strip at a cost of $2.50 per

metre.

Find the length of the rubber edging strip for one desk, correct to two

decimal places.

a

Find the total cost of the rubber strip for the five desks. Round to the

nearest dollar.

b

0.8 m

1 m

The manufacturer claims that the desk top area space is more than 1.5 m2.

Is the manufacturer’s claim correct?c
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7
Indices

Essential mathematics: why skills with index laws and
scientific notation are important

Indices, also known as exponents or powers, and scientific notation are essential tools in many
fields, simplifying complex calculations and representing very large or very small numbers
efficiently.

Video game developers use indices and exponential functions to create realistic graphics and
physics. They model character progression with exponential growth functions, ensuring balanced
gameplay. Exponential decay represents the decrease in an object’s speed due to friction,
enhancing realism. Exponents in lighting calculations simulate light intensity over distance,
creating immersive environments.

Astronomers and chemists use scientific notation to handle large or small numbers efficiently.
An astronomer might express the distance to Proxima Centauri as 4.24 × 1013 kilometres,
simplifying vast distances. A chemist uses scientific notation for precise measurements, such as
creating a 0.1 M solution of hydrochloric acid by measuring 1.2 × 10−3 grams of the acid for 100
mL of water. This precision ensures accurate and consistent chemical reactions, showcasing the
practical application of scientific notation in daily tasks.
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In this chapter

7A Index notation (Consolidating)

7B Index laws for multiplication and
division

7C Index laws for power of a power
and the zero index

7D Index laws for brackets and fractions

7E Negative indices

7F Scientific notation

7G Scientific notation using
significant figures

Australian Curriculum 9.0

NUMBER

Recognise that the real number system
includes the rational numbers and the
irrational numbers, and solve problems
involving real numbers using digital tools
(AC9M9N01)

ALGEBRA

Apply the exponent laws to numerical
expressions with integer exponents and
extend to variables (AC9M9A01)

MEASUREMENT

Solve problems involving very small and
very large measurements, time scales and
intervals expressed in scientific notation
(AC9M9M02)

© ACARA

Online resources

A host of additional online resources are
included as part of your Interactive
Textbook, including HOTmaths content,
video demonstrations of all worked
examples, auto-marked quizzes and
much more.
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400 Chapter 7 Indices

1 Draw a factor tree like below right for 36 and then write 36 as a product of prime factors.

2 a List the factors of 24.

b List the factors of 45.

c List the prime factors of 24.

d List the prime factors of 45.

3 Write each of the following in index form (as a power; e.g. 64).

7 × 7 × 7a

5 × 5 × 2 × 2 × 2b

(3 × 3 × 3 × 3) ÷ (3 × 3)c

(4 × 4 × 4) ÷ (4 × 4)d

36 = 2 × ⎯ × ⎯ × ⎯

36

4 9

2 … … …

4 Write each of the following as 2 raised to a single power.

22 × 2a 24 × 22b 23 × 22c

5 Evaluate:

52a 102b 14c 51d 40e

6 Write each of the following in expanded form and evaluate.

3 × 22a 4 × 32b 5 × 23c 3 × 104d

7 Simplify the following by removing brackets.

(32)2a (24)3b (−3)2c

8 Write each of these fractions as decimals.
3

1000
a 4

100
b 2

1 000 000
c 8

10 000
d

9 Round the following to two decimal places.

3.732a 24.6174b 18.3654c 4.3971d

10 State the place value of the 4 in each of these numbers.

246a 0.0043b 4 320 000c 32.48d

11 State the number of significant figures in each of the following.

23.102a 30.05b 0.0012c 6001d

12 Complete the following.

3.8 × 10 =a

2.31 × 1000 =b

17.2 ÷ 100 =c

0.18 ÷ 100 =d

3827 ÷ = 3.827e

6.49 × = 64 900f
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7A 7A Index notation CONSOLIDATING

Learning intentions

• To understand index notation and know that it is a shorthand way of writing multiplication of the same base

• To be able to convert between expanded form and index form

• To be able to evaluate expressions given in index form

• To be able to express a number as a product of prime factors

Key vocabulary: index form, expanded form, power, exponent, base, index, prime, factor, substitution

When a product has the same number multiplied by itself over and over,

index notation can be used to write a simpler expression.

For example, 5 × 5 × 5 can be written as 53 and x × x × x × x × x can

be written as x5. The expression 53 is a power and we can say‘5 to the

power of 3’. The 5 is called the base and the 3 is the index, power or

exponent. Numbers written with indices are common in mathematics

and can be applied to many types of problems.

Observe the rapid expansion

of 3D squares, illustrating the

concept of exponential growth.Lesson starter: Who has the most?

A person offers you one of two

prizes.

• Which offer would you take?

• Try to calculate the final amount

for prize B.

• How might you use index notation

to help calculate the value of

prize B?

• How can a calculator help to find

the amount for prize B using the

power button Æ ?

Prize A
$1000 now

Prize B
1 cent, then

the amount is
doubled every
day for 20 days

Key ideas

When a number is multiplied by itself many times, that product can be written using

index form. For example,

Expanded form Index form

2 × 2 × 2 × 2 × 2 = = 3225

   base index

x × x × x × x = x4

   base index

basic numeral

The base is the factor in the product.

The index is the number of times the factor (base number) appears.
• 25 reads ‘2 to the power of 5’.
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402 Chapter 7 Indices

Prime factorisation involves writing a number as a product of its prime factors.

• A prime number has only two factors: 1 and itself.

Prime factorisation can be completed using a factor tree or repeated division.

For example,

Factor tree
24

2×

4 6

2

×

× ×2 3

Repeated division
2 24

2 12

2 6

3 3
1

• To write 24 in prime factor form use indices: 24 = 2 × 2 × 2 × 3

= 23 × 3

Note that a1 = a. For example: 51 = 5

• 32 does not mean 3 × 2 = 6.

Exercise 7A

Understanding 1, 2–5(½) 1, 5

1 a The product 3 × 3 × 3 × 3 is called the form of 81.

b 34 is called the form of 81.

c 34 reads ‘3 to the of 4’.

d In 34 the special name for the 3 is the number.

e In 34 the special name for the 4 is the number or .

f A number has only two factors, itself and 1.

g Prime factorisation involves writing a number as a product of its .

2 Evaluate:

52a 23b 33c (−4)2d

3 Write the number or pronumeral that is the base in these expressions.

37a (−7)3b ( 23 )
4

c w6d

Hint for Q3 and Q4: In ax, a is

the base and x is the index.

4 Write the number that is the index in these expressions.

43a (−3)7b ( 12 )
4

c (xy)13d

5 Write the prime factors of these numbers.

6a 15b 30c 77d

7A
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Fluency 6–11(½) 6–11(½)

Example 1 Writing in expanded form

Write in expanded form:

54a a3b (xy)4c 2a3b2d

Solution Explanation

a 54 = 5 × 5 × 5 × 5 Factor 5 appears four times.

b a3 = a × a × a Factor a appears three times.

c (xy)4 = xy × xy × xy × xy Factor xy appears four times.

d 2a3b2 = 2 × a × a × a × b × b Factor a appears three times and factor b

appears twice. Factor 2 only appears once.

Now you try

Write in expanded form:

63a b4b (mn)2c 3x2yd

6 Write each of the following in expanded form.

43a 74b 35c 53d

a4e b3f x3g (xp)6h

(5a)4i (3y)3j 4x2y5k (pq)2
Hint for Q6:

a5 = a × a × a × a × a

factor a5 number

of repeats

l

−3s3t2m 6x3y5n 5(yz)6o 4(ab)3p

Example 2 Expanding and evaluating

Write each of the following in expanded form and then evaluate.

53a (−2)5b ( 25 )
3

c

Solution Explanation

a 5
3 = 5 × 5 × 5

= 125

Write in expanded form with 5 appearing three

times and evaluate.

b (−2)5 = (−2) × (−2) × (−2) × (−2) × (−2)

= −32

Write in expanded form with −2 appearing five

times and evaluate.

c ( 25 )
3

=
2

5
×
2

5
×
2

5

=
8

125

Write in expanded form.

Evaluate by multiplying numerators and

denominators.

Now you try

Write each of the following in expanded form and then evaluate.

23a (−3)3b ( 35 )
2

c
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404 Chapter 7 Indices

7 Write each of the following in expanded form and then evaluate.

62a 24b 35c 121d

(−2)3e (−1)7f (−3)4g (−5)2h

( 23 )
3

i ( 34 )
2

j ( 16 )
3

k ( 52 )
2

l

( 2−3 )
3

Hint for Q7: −2 × (−2) × (−2)

= +4 × (−2)

= −8
m (−34 )

4

n (−14 )
2

o ( 5−2 )
5

p

Example 3 Writing in index form

Write each of the following in index form.

5 × 5 × 5 × 5a 6 × x × x × x × xb 4 × a × 4 × a × 4 × ac

Solution Explanation

a 5 × 5 × 5 × 5 = 54 Factor 5 is repeated 4 times.

b 6 × x × x × x × x = 6x4 Factor x is repeated 4 times; 6 appears only once.

c 4 × a × 4 × a × 4 × a

= 4 × 4 × 4 × a × a × a

= 43a3

Group the factors of 4 together and the factors of a

together.

Write in index form.

Now you try

Write each of the following in index form.

9 × 9 × 9a 2 × a × ab 11 × b × 11 × b × bc

8 Write each of the following in index form.

3 × 3 × 3a 8 × 8 × 8 × 8 × 8 × 8b

y × yc 3 × x × x × x Hint for Q8: The index is the

number of times the factor

appears.

d

4 × c × c × c × c × ce 5 × 5 × 5 × d × df

x × x × y × y × yg 7 × b × 7 × b × 7h

Example 4 Writing in index form with fractions

Write each of the following in index form.

3

4
×
3

4
×
3

4
a 3

7
×
3

7
×
4

5
×
4

5
×
4

5
b

Solution Explanation

a 3

4
×
3

4
×
3

4
= ( 34 )

3

The fraction 3
4
appears 3 times.

b 3

7
×
3

7
×
4

5
×
4

5
×
4

5
= ( 37 )

2

× ( 45 )
3

3

7
appears twice and 4

5
three times.

7A
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7A Index notation 405

Now you try

Write each of the following in index form.

5

7
×
5

7
×
5

7
×
5

7
a 2

5
×
4

7
×
2

5
×
4

7
×
4

7
b

9 Write each of the following in index form.
2

3
×
2

3
×
2

3
×
2

3
a

3

5
×
3

5
×
3

5
×
3

5
×
3

5
b

4

7
×
4

7
×
1

5
×
1

5
×
1

5
×
1

5
c

7x
9
×
7x
9
×
y

4
×
y

4
×
y

4
d

Example 5 Writing in index form with a combination of pronumerals

Write each of the following in index form.

8 × a × a × 8 × b × b × a × ba

3a × 2m × 3a × 2mb

4am(4am)(4am)c

Solution Explanation

a 8 × a × a × 8 × b × b × a × b

= 8 × 8 × a × a × a × b × b × b

= 82a3b3

Group the numerals and like pronumerals and

write in index form.

64a3b3 or 64(ab)3 are alternative answers.

b 3a × 2m × 3a × 2m

= 2 × 2 × 3 × 3 × a × a × m × m

= 2232a2m2

Rearrange so like factors are grouped together

and write in index form.

36a2m2 or 36(am)2 are alternative answers.

c 4am(4am)(4am)

= 4 × 4 × 4 × a × a × a × m × m × m

= 43a3m3

Rearrange and write in index form.

64a3m3 or 64(am)3 are alternative answers.

Now you try

Write each of the following in index form.

7 × x × x × 7 × y × 7 × x × ya

2m × 7s × 2m × 7s × 2mb

3ab(3ab)(3ab)(3ab)c

10 Write each of the following in index form.

3 × x × y × x × 3 × x × 3 × ya 3x × 2y × 3x × 2yb

4d × 2e × 4d × 2e
Hint for Q10: First rearrange the

factors with numbers first, then

form groups of like bases.

c 6by(6by)(6y)d

3pq(3pq)(3pq)(3pq)e 7mn × 7mn × mn × 7f
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406 Chapter 7 Indices

Example 6 Finding the prime factor form

Express 48 as a product of prime factors in index form. Prime numbers are divisible only by 1 and

themselves.

Solution Explanation

Tree diagram method

48

4×

8 6

2

× ×××

×

22 2 2 3

×× 2 3

Choose a pair of factors of 48;

for example, 8 and 6.

Choose a pair of factors of 8;

i.e. 2 and 4.

Choose a pair of factors of 6;

i.e. 2 and 3.

Continue this process until the factors

are all prime numbers.

48 = 2 × 2 × 2 × 2 × 3

= 24 × 3

Write the prime factors of 48.

Express in index notation.

Repeated division method

2

2

2

2

3

�

�

�

�

�

�

�

�

�

�

�

�

�

�

48

24

12

6

3

1

48 = 2 × 2 × 2 × 2 × 3

= 24 × 3

Start by dividing by a prime number.

48 ÷ 2 = 24

24 ÷ 2 = 12

12 ÷ 2 = 6

6 ÷ 2 = 3

3 ÷ 3 = 1

Write prime factors in ascending

order.

Express in index notation.

Now you try

Express 60 as a product of prime factors.

11 Express each of the following as a product of prime factors in index form.

10a 8b 144c

75d 147e 500f

Problem-solving and reasoning 12, 13 12–14(½)

12 Copy and fill in the missing numbers or symbols.

3 × 3 × a × a × a = 3 aa × × k × k × k = 52kb

2

7
×
2

7
×
2

7
= ( 27 )c 3p2q = 3 × × × qd

(abc)1 = a b ce 4ab2 = × (−2) × × × bf

7A
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7A Index notation 407

Example 7 Evaluating expressions in index form by using substitution

If a = 5, b = 2 and c = −5, evaluate these expressions.

(ab)2a ( ac )
3

b ( bc )
2

c

Solution Explanation

a (ab)2 = (5 × 2)2

= 102

= 10 × 10

= 100

Replace a with 5 and b with 2. Include the ×

sign. 5 × 2 = 10

Base of 10 appears twice.

b ( ac )
3

= ( 5−5 )
3

= (−1)3

= −1 × (−1) × (−1)

= −1

Replace a with 5 and c with −5.

5 ÷ (−5) = −1

−1 × (−1) = +1, +1 × (−1) = −1

c ( bc )
2

= ( 2−5 )
2

=
2

−5
×
2

−5
Write in expanded form.

=
4

25
2 × 2 = 4, −5 × (−5) = 25

Replace b with 2 and c with −5.

Now you try

If a = 3, b = −2 and c = 7, evaluate these expressions.

(ab)2a ( ba )
3

b ab2 + acc

13 If a = 3, b = 2 and c = −3, evaluate these expressions.

(ab)2a (bc)3b ( ac )
4

c ( bc )
3

d

(abc)1e c2 + abf ab2cg c2ab3 Hint for Q13: abc = a × b × ch

14 Find the missing number.

3 = 81a 2 = 256b
3
= 125c

5
= 32d

3
= −64e

7
= −128f

3
=
1

8
g ( 23 ) = 1681h ( 4 )

3

=
1

64

Hint for Q14: For part a, ask ‘How

many times should 3 appear so that

the product is 81?’

i
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408 Chapter 7 Indices

Splitting cells — 15

15 Certain bacteria cells split in 2 every 1 minute. New cells also continue splitting in the same way. So,

after each minute, the number of bacteria cells has doubled.

a Copy and complete this table showing the number of bacteria after each minute for

10 minutes.

Time in Number of Number in

minutes bacteria index form

0 1 20

1 1 × 2 = 2 21

2 2 × 2 = 4 22

3 2 × 2 × 2 = 8 23

b How long will it take for 1 cell to divide into:

4 cells?i 16 cells?ii 64 cells?iii

c A single cell is set aside to divide for 24 minutes. Use index form to quickly find how many cells

there will be after this time.

7A
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7B Index laws for multiplication and division 409

7B 7B Index laws for multiplication and division
Learning intentions

• To know the index laws for multiplication and division involving a common base

• To be able to apply the index laws for multiplication and division to simplify expressions

Key vocabulary: index law, base

Whenmultiplying or dividing numbers with the same base, index laws can be used to simplify the expression.

Consider 518 × 510:

Using expanded form: 518 × 510

18 factors of  5 10 factors of  5

18 + 10 factors of  5

= 5 × 5 × 5 × ... × 5 × 5 × 5 × ... × 5

= 518+10

= 528

So the total number of factors of 5 is 18 + 10 = 28.

= 518−10

Also 518÷510 =
5 × 5 × ... × 5 × 5 × 5 × 5

5 × ... × 5 × 5

= 58

18 factors of  5

10 factors of  5

So the total number of factors of 5 is 18 − 10 = 8.

Lesson starter: Discovering laws for multiplication and division

Consider the two expressions 23 × 25 and 68 ÷ 66.

Complete this working. 23 × 25 = 2 × × × 2 × × × ×

= 2

6
8 ÷ 66 =

6 × × × × × × ×

6 × × × × ×

=
6 × 6
1

= 6

1 What do you notice about the given expression and the answer in each case? Can you express this as a

rule or law in words?

2 Repeat the type of working given above and test your laws on these expressions.

32 × 37a 411 ÷ 48b
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410 Chapter 7 Indices

Key ideas

Index law for multiplication: am × an = am + n

• When multiplying terms with the same base, add the powers.

For example, 73 × 72 = 73 + 2 = 75

Index law for division: am ÷ an = am

an
= am− n

• When dividing terms with the same base, subtract the powers.

For example, 85 ÷ 83 = 8
5

83
= 85− 3 = 82

Exercise 7B

Understanding 1–4 4

1 Write the missing words.

a The index law for multiplication states that if you two terms with the same you

the powers.

b The index law for division states that if you two terms with the same you

the powers.

2 Copy and complete to give an answer in index form.

a 3
2 × 34 = 3 × × 3 × × ×

= 3

b k3 × k2 = k × × × ×

= k

Hint for Q2: The index shows

how many times the factor

should appear.

3 Copy and complete to give an answer in index form.

5
5 ÷ 53 =

5 × × × ×

5 × ×

= 5
Hint for Q3: Show cancelling,

e.g.
5 ×  5

1 ×  5
1

1
 5 ×  5

1

a

a6 ÷ a2 =
a × × × × ×

×

= a

b

4 Copy and complete.

65 × 67 = 6 + = 6

Hint for Q4: When dividing,

subtract the indices.

a

a13 × a2 = a + = ab

512 ÷ 54 = 5 − = 5c

m16

m2
= m − = md

7B
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7B Index laws for multiplication and division 411

Fluency 5–8(½) 5–8(½)

Example 8 Using laws for multiplication and division with numerical bases

Simplify, giving your answer in index form.

36 × 34a 45 × 4b 79 ÷ 75c 68 ÷ 6d

Solution Explanation

a 3
6 × 34 = 36 + 4

= 310

am × an = am + n

Add powers: 6 + 4 = 10. The base 3 is unchanged.

b 4
5 × 4 = 45 + 1

= 46

4 = 41

Add powers: 5 + 1 = 6. The base 4 is unchanged.

c 7
9 ÷ 75 = 79− 5

= 74

am ÷ an = am− n

Subtract powers: 9 − 5 = 4. The base 7 is unchanged.

d 6
8 ÷ 6 = 68− 1

= 67

6 = 61

Subtract powers: 8 − 1 = 7. The base 6 is unchanged.

Now you try

Simplify, giving your answer in index form.

24 × 27a 75 × 7b 1112 ÷ 114c 510 ÷ 5d

5 Simplify, giving your answers in index form.

24 × 23a 56 × 53b 72 × 74c 89 × 8d

34 × 34e 65 × 69

Hint for Q5: Remember: 8 = 81
f 37 ÷ 34g 68 ÷ 63h

54 ÷ 5i 106 ÷ 105j 99 ÷ 96k (−2)5 ÷ (−2)3l

Example 9 Using the index law for multiplication

Simplify each of the following using the index law for multiplication.

x4 × x5 × x2a x3y4 × x2yb

Solution Explanation

a x4 × x5 × x2 = x4 + 5 + 2

= x11

Use the index law to add the indices, since all terms have

base x.

b x3y4 × x2y = x3x2y4y

= x3 + 2y4 + 1

= x5y5

Regroup so like bases are together. Use the index law to add

the indices corresponding to each different base.

Recall that y = y1.

Now you try

Simplify each of the following using the index law for multiplication.

a3 × a × a4a m2n3 × mn4b
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412 Chapter 7 Indices

6 Simplify each of the following using the index law for multiplication.

x4 × x3a a6 × a3

Hint for Q6: Check that the

bases are the same before

adding the indices.

b t5 × t3c

y × y4d d2 × de y2 × y × y4f

b × b5 × b2g q6 × q3 × q2h a2m2 × a3m2i

k3p2 × k2pj x2y3 × x4y5k m5e3 × m2el

Example 10 Using the index law for division

Simplify x10 ÷ x2 using the index law for division

Solution Explanation

x10 ÷ x2 = x10− 2

= x8

Use the index law to subtract the indices: 10 − 2 = 8.

The base x is unchanged.

Now you try

Simplify y11 ÷ y5 using the index law for division.

7 Simplify each of the following using the index law for division

a6 ÷ a4a x5 ÷ x2b
q12

q2
c d7

d6

Hint for Q7: Recall:

q12

q2
= q12 ÷ q2

d

b10

b5
e d9

d4
f a14

a7
g

y15

y7
h

Example 11 Simplifying using index laws for multiplication and division

Simplify each of the following using index laws for multiplication and division.

3m4 × 2m5a 12y7 ÷ (4y3)b 8a6b3

12a2b2
c

Solution Explanation

a 3m4 × 2m5 = 3 × 2 × m4 × m5

= 6 × m4 + 5

= 6m9

Regroup with numbers first then like bases together.

Multiply the numbers then use the index law for

multiplication to add the indices of the base m.

b 12y7 ÷ (4y3) =
12y7

4y3

= 3y7−3

= 3y4

12 ÷ 4 = 3

Use the index law for division to subtract indices.

c 8a6b3

12a2b2
=
8

12
×
a6

a2
×
b3

b2

=
2

3
a4b or 2a

4b
3

8

12
=
2

3
in simplest form.

Use the index law for division to subtract the indices for

each different base: 6 − 2 = 4, 3 − 2 = 1.

Recall: b = b1.

7B
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7B Index laws for multiplication and division 413

Now you try

Simplify each of the following using index laws for multiplication and division.

4a2 × 5a3a 20b8 ÷ (5b)3b 6x4y2

8x2y
c

8 Simplify, using index laws for multiplication and division.

7x3y3 × x4y2a 3x7y3 × x2yb 5x3y5 × xy4c

xy4z × 4xyd 3m3 × 5m2e 4e4f 2 × 2e2f 2f

5c4d × 4c3dg 9yz2 × 2yz5h 9m3 ÷ (3m2)i

14x4 ÷ (2x)
Hint for Q8: Rearrange first,

and group numbers and like

bases together.

j 5y4 ÷ y2k 6a6 ÷ (2a5)l

36m7

12m2
m 5w2

25w
n 4a4

20a3
o 7x5

63x
p

16x8y6

12x2y3
q 6s6t3

14s5t
r 8m5n4

6m4n3
s

5x2y

xy
t

Problem-solving and reasoning 9–10(½) 9–12(½)

Example 12 Combining the index laws for multiplication and division

Simplify each of the following using index laws for multiplication and division.

x2 × x3 ÷ x4a 2a3b × 8a2b3

4a4b2
b

Solution Explanation

a x2 × x3 ÷ x4 = x5 ÷ x4

= x

Use the law for multiplication to add the indices

for x2 × x3.

Use the law for division to subtract the indices

for x5 ÷ x4.

b 2a3b × 8a2b3

4a4b2
=
2 × 8 × a3a2 × bb3

4 × a4 × b2

=
16

4
×
a5

a4
×
b4

b2

= 4 × a × b2

= 4ab2

Rearrange the question with numbers first, then

like bases grouped together.

2 × 8 = 16, a3a2 = a3 + 2 = a5, bb3 = b1 + 3 = b4

16

4
= 4,

a5

a4
= a5− 4 = a1 = a,

b4

b2
= b4− 2 = b2

Now you try

Simplify each of the following using index laws for multiplication and division.

a3 × a6 ÷ a8a 3m3n2 × 4mn3

2m2n3
b

9 Simplify each of the following using index laws for multiplication and division.

b5 × b2 ÷ ba y5 × y4 ÷ y3

Hint for Q9: Write pronumerals

in alphabetical order.

b c4 ÷ c × c4c

x4 × x2 ÷ x5d t4 × t3

t6
e

p2 × p7

p3
f

d5 × d3

d2
g x9 × x2

x
h

3x3y4 × 8xy

6x2y2
i 9b4

2g3
×
4g4

3b2
j
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414 Chapter 7 Indices

10 Simplify each of the following.
m4

n2
×
m

n3
a x

y
×
x3

y
b a4

b3
×
b6

a
c

12a

3c3
×
6a4

4c4
d

3f 2 × 8f 7

4f 3
e 4x2b × 9x3b2

3xb
f Hint for Q10: Multiply numerators

and denominators first.

11 Write the missing number.

27 × 2 = 219a 6 × 63 = 611b 116 ÷ 11 = 113c

19 ÷ 192 = 19d x6 × x = x7e a × a2 = a20f

b13 ÷ b = bg y ÷ y9 = y2h × x2 × 3x4 = 12x6i

15y4 ÷
�

y3
�

= yj a9 ÷ (4a) = a8

2
k 13b6 ÷

�

b5
�

=
b
3

l

12 Evaluate without using a calculator.

77 ÷ 75a 106 ÷ 105

Hint for Q12: Simplify using

index laws first.

b 1311 ÷ 139c

220 ÷ 217d 1015 ÷ 1014e 20030 ÷ 20028f

7 × 3116 ÷ 3115g 3 × 50200 ÷ 50198h −4 × 1020 ÷ 1017i

Areas and index notation — 13

13 a Write the area of each of these shapes using index notation.

2a3

5a7i

3m4

ii

15m2

20m3

iii

10x3y3

6x3y2iv

b Find the width of each of these shapes using index notation.

Area = 24a3m2

6a2m

i Area = 36x2y4

6xy2

ii

7B
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7C Index laws for power of a power and the zero index 415

7C 7C Index laws for power of a power and the
zero index

Learning intentions

• To know the index law for raising a power to another power

• To know the rule for the zero power

• To be able to simplify expressions involving a power of a power and the zero index

Key vocabulary: index law, zero index

Sometimes we find that expressions already written in index form are raised to another power, such as (23)4

or (a2)5.

Consider (a2)5.

(a2)5 = a 2 × a2 × a2 × a2 × a2 

= a × a × a × a × a × a × a × a × a × a

= a10

When a2 appears 5 times there are a total of 5 × 2 = 10 factors of a. So when am appears n times, there

will be a total of m × n = mn factors of a.

The power of 0 has a special property.

Consider .

Simplify using expanded form: Simplify using the index law for division:

So a0  = 1

= 1

=

a 3

a 3

a 3
a 3 − 3a a a

a a

1 1 1

1 1 1
a

a 0

a 3

=

=

a 3

a 3
× ×

××

Lesson starter: Discovering laws for power of a power and the zero
index

Use the expanded form of 53 to simplify (53)2 as shown. (53)2 = 5 × × × 5 × ×

= 5

• Repeat these steps to also simplify (32)4 and (x4)2.

• What do you notice about the given expression and answer in each case? Can you express this as a law

or rule in words?

Now copy and complete this table.

Index form 35 34 33 32 31 30

Basic numeral 243 81

• What pattern do you notice in the basic numerals?

• What conclusion do you come to regarding 30?
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416 Chapter 7 Indices

Key ideas

Index law for power of a power: (am)n = am × n = amn

• When raising a term in index form to another power, retain the base and multiply the indices.

For example: (x2)3 = x2 × 3 = x6.

• A power outside brackets only applies to the expression inside those brackets.

For example: 5(a3)2 = 5a3 × 2 = 5a6.

The zero index: a0 = 1, where a ¢ 0
• Any term except 0 raised to the power of zero is 1. For example: 50 = 1, m0 = 1 and

(2a)0 = 1.

Exercise 7C

Understanding 1–4 4

1 Write the missing word or number in these sentences.

a When raising a term or numbers in index form to

another power, the indices.

b Any number (except 0) raised to the power 0 is equal to .
Hint for Q1: Choose from 0, 1, 2,

divide, add, subtract or multiply.

2 Write the missing numbers in these tables.

a
Index form 26 25 24 23 22 21 20

Basic numeral 64 32

b
Index form 45 44 43 42 41 40

Basic numeral 1024 256

3 Copy and complete this working.

(42)3 = 42 × 42 × 42

=
�

4 ×
�

×
�

4 ×
�

×
�

4 ×
�

= 4

a

(123)2 = 12 × 12

=
�

12 × ×
�

×
�

12 × ×
�

= 12

b

(x4)2 = x × x

=
�

x × × ×
�

×
�

x × × ×
�

= x

c

(a2)5 = a × a × a × a × a

=
�

a ×
�

×
�

a ×
�

×
�

a ×
�

×
�

a ×
�

×
�

a ×
�

= a

d

4 Find the value of each of the following.

60a 210b 20c 10d

(3.7)0e 5820f ( 34 )
0

Hint for Q4: a0 = 1g 27600h

7C
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7C Index laws for power of a power and the zero index 417

Fluency 5–7(½) 5–9(½)

Example 13 Using the index law for power of a power

Apply the index law for power of a power to simplify each of the following.

(x5)4a 3(y5)2b

Solution Explanation

a (x5)4 = x5 × 4

= x20

Keep x as the base and multiply the indices.

b 3(y5)2 = 3y5 × 2

= 3y10

Keep y and multiply the indices. The power of 2 is only applied

to what is inside the brackets.

The 3 is unchanged.

Now you try

Apply the index law for power of a power to simplify each of the following.

(a3)7a 2(b2)4b

5 Apply the index law for power of a power to simplify each of the following. Leave your

answers in index form.

(y6)2a (m3)6b (x2)5c (b3)4d

(32)3e (43)5f (35)6g (75)2 Hint for Q5: Keep the base.

Multiply the indices.

h

5(m8)2i 4(q7)4j −3(c2)5k 2(j4)6l

Example 14 Using the zero index

Apply the zero index rule to evaluate each of the following.

(−3)0a 3(5x)0b 2y0 − (3y)0c

Solution Explanation

a (−3)0 = 1 Any number raised to the power of 0 is 1.

b 3(5x)0 = 3 × 1

= 3

Everything in the brackets is to the power of 0 so (5x)0 is 1.

The 3 is not to the power of 0.

c 2y0 − (3y)0 = 2 × 1 − 1

= 2 − 1

= 1

2y0 has no brackets so the power applies to the y only, so

2y0 = 2 × y0 = 2 × 1 while (3y)0 = 1.

Now you try

Apply the zero index rule to evaluate each of the following.

( 23 )
0

a 2(7y)0b (6y)0 + 2y0c
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418 Chapter 7 Indices

6 Evaluate each of the following.

50a 90b (−6)0c (−3)0d

(4)0e ( 34 )
0

f ( − 17 )
0

g (4y)0h

5m0
Hint for Q6: Any number

(except zero) raised to the

power 0 equals 1.

i −3p0j 6x0 − 2x0k −5n0 − (8n)0l

(3x4)0m 10 + 20 + 30n 3a0 + (3a)0o 1000 − a0p

Example 15 Combining index laws for multiplication and power of a power

Simplify (x2)3 × (x3)5 by applying the various index laws.

Solution Explanation

(x2)3 × (x3)5 = x2 × 3 × x3 × 5

= x6 × x15

= x21

Use the index law for power of a power to remove

brackets first by multiplying indices. Then use the index

law for multiplication to add indices.

Now you try

Simplify (a3)3 × (a2)4 by applying the varying index laws.

7 Simplify each of the following by combining various index laws.

4 × (43)2a (34)2 × 3b x × (x0)5c

y5 × (y2)4d b5 × (b3)3e (a2)3 × a4f

(d3)4 × (d2)6
Hint for Q7: First remove brackets by

multiplying indices. Remember that

4 = 41.
g (y2)6 × (y)4h z4 × (z3)2 × (z5)3i

Example 16 Combining index laws for division and power of a power

Simplify
(m3)4

m7
by applying index laws.

Solution Explanation

(m3)4

m7
=
m3 × 4

m7

=
m12

m7

= m5 12 − 7 = 5

Remove brackets by multiplying indices then simplify using

the index law for division.

Now you try

Simplify
a8

(a2)3
by applying index laws.

8 Simplify each of the following.
(b2)5

b4
a

(x4)3

x7
b

(y3)3

y3
c

78 ÷ (73)2d (42)3 ÷ 45e (36)3 ÷ (35)2 Hint for Q8: First remove brackets

by multiplying the powers.
f

(m3)6 ÷ (m2)9g (y5)3 ÷ (y6)2h (h11)2 ÷ (h5)4i

7C
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7C Index laws for power of a power and the zero index 419

Example 17 Combining index laws for multiplication, division and the zero index

Simplify 4x
2 × 3x3

6x5
by applying index laws.

Solution Explanation

4x2 × 3x3

6x5
=
4 × 3 × x2 × x3

6x5

=
12x5

6x5

= 2x0

= 2 × 1

= 2

Regroup, then simplify the numerator first by multiplying

numbers and adding indices of base x. 12 ÷ 6 = 2, and

subtract indices: 5 − 5 = 0

The zero index rule says x0 = 1.

Now you try

Simplify
5y4 × 3y2

10y6
by applying index laws.

9 Simplify each of the following using various index laws.
3x4 × 6x8

9x12
a

5x5 × 4x6

2x10
b

24(x4)4

8(x4)2
Hint for Q9: Remove brackets,

then rearrange with numbers

first and then like bases

grouped together.

c

4(d4)3 × (e4)2

8(d2)5 × e7
d

6(m3)2(n5)3

15(m5)0(n2)7
e

2(a3)4(b2)6

16(a)0(b6)2
f

Problem-solving and reasoning 10 10, 11

10 If m and n are positive integers, in how many ways can (am)n = a16? Show each possibility.

11 Explain the error made in the following problems, then give the correct answer.

(a4)5 = a9a 3(x4)2 = 9x6b (2x)0 = 2c

Rabbits! — 12

12 There are 100 rabbits on Mt Burrow at the start

of the year 2015. The rule for the number of

rabbits, N, after t years (from the start of the year

2015) is N = 100 × 2t.

a Find the number of rabbits at:

t = 2i t = 6ii t = 0iii

b Find the number of rabbits at the

beginning of:

2018i 2022ii 2025iii

c How many years will it take for the population

to first rise to more than 500 000? Give a

whole number of years.
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420 Chapter 7 Indices

7D 7D Index laws for brackets and fractions
Learning intentions

• To know the index laws for removing brackets over multiplication and division

• To be able to expand and simplify expressions involving brackets

• To be able to combine a range of index laws to simplify more complex expressions

Key vocabulary: index law

It is common to find expressions such as (2x)3 and ( x3 )
4

in mathematical problems. These are different to

most of the expressions in previous sections. They contain more than one single number or pronumeral,

connected by multiplication or division, raised to a power. These expressions can also be simplified using

two index laws that remove the brackets.

Consider (a × b)6.

�

=�a × a × a × a × a × a × b × b × b × b × b × b

6 factors of a 6 factors of b

(a ×�b)6  = ab × ab × ab × ab × ab × ab

6 factors of ab

Using expanded form:

= a6 × b6

So this becomes a product of 6 factors of a and 6 factors of b.

Also, 

6 factors of 

6 factors of a

a

b

6 factors of b

a
6

a( ) bb
×

a

b
×

a

b
×

a

b
×

a

b
×

×

×

a

b

a

a6

b6

b

×

×

a

b

×

×

a

b

×

×

a

b

×

×

a

b

a

b

=

=

=

So to remove the brackets we can raise each of a and b to the power 6.

Lesson starter: Discovering laws for brackets and fractions

Use the expanded form of (2x)3 and ( x3 )
4

to help simplify the expressions.

(2x)3 = 2x × ×

= 2 × 2 × 2 × × ×

= 2 ×

( x3 )
4

=
x
3
× × ×

=
x × × ×

3 × × ×

=

• Repeat these steps to also simplify the expressions (3y)4 and ( x2 )
5

.

• What do you notice about the given expressions and the answer in each case? Can you express this as

a rule or law in words?
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7D Index laws for brackets and fractions 421

Key ideas

Index law for brackets: (a × b)m = (ab)m = ambm

• If the product of two or more numbers is raised to the power of m, raise each number in the

brackets to the power of m. For example: (2x)2 = 22x2 = 4x2.

Index law for fractions: ( ab )
m

=
am

bm
and b ¢ 0

• If the quotient of two numbers is raised to the power of m, raise each number in the brackets

to the power of m. For example: (y3)
3

=
y3

33
=
y3

27
.

Exercise 7D

Understanding 1–4 4

1 Copy and complete index laws for brackets and fractions.

(a × b)m = am ×a ( ab )
m

=
am.b

2 Copy and complete this working.

(ab)4 = ab × × ×

= a × × × × b × × ×

= a4 ×

a ( x6 )
3

=
x
6
× ×

=
x × ×

6 × ×

=
x3

b

3 Copy and complete these bracket expansions.

(xy)5 = x y5a (2m)3 = 2 mb

(abc)4 = a4b cc ( 5k )
3

=
53

k
Hint for Q3: Raise each

number or pronumeral in the

brackets to the power.

d

( am )
5

=
a
m

e ( 23 )
4

=
2

3
=
16f

4 Copy and complete these bracket expansions.

6(ab)2 = 6a b2a 4(xy)3 = x y

Hint for Q4: The index outside

the brackets only applies to

the values inside the brackets.

b

7(2m)2 = 7 × 2 m

= 7 × × m2

= m2

c 4(3ab)2 = × 3 a b

= 4 × a b

= a b

d
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422 Chapter 7 Indices

Fluency 5–7(½) 5–7(½)

Example 18 Using the index law for brackets

Expand each of the following using the index law for brackets.

(3a)2a (9a3)2b

Solution Explanation

a (3a)2 = 32 × a2

= 9a2

Apply the power of 2 to each factor in the brackets.

b (9a3)2 = 92(a3)2

= 81a3 × 2

= 81a6

Raise 9 and (a3) to the power of 2.

92 = 9 × 9 = 81, (a3)2 = a3 × 2 = a6

Now you try

Expand each of the following using index law for brackets.

(4x)3a (2y4)4b

5 Expand each of the following using the index law for brackets. Evaluate

numbers raised to a power.

(2x)3a (5y)2b (4a)3c (3r)2

Hint for Q5: The index outside

the brackets must be applied

to each number or pronumeral

inside the brackets.

d

(3b)4e (7r)3f (2h2)4g (5c2)4h

(3a2)3i (7p4)2j (5m3)2k (3y10)2l

Example 19 Using the index law for fractions

Apply the index law for fractions to the following.

( x2 )
3

a (m
3

5 )
2

b

Solution Explanation

a ( x2 )
3

=
x3

23

=
x3

8

Raise each factor in the brackets to the power of 3.

b (m
3

5 )
2

=
(m3)2

52

=
m3 × 2

52

=
m6

25

Raise m3 and 5 to the power of 2.

(m3)2 = m3 × 2 = m6

7D
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7D Index laws for brackets and fractions 423

Now you try

Apply the index law for fractions to the following.

( ab )
2

a (3ab2)
3

b

6 Apply the index law for fractions to expand the following. Evaluate numbers raised to a power.

(pq)
3

a ( xy )
4

b ( 4y )
3

c

( 5p2)
4

Hint for Q6: Recall:

43 = 4 × 4 × 4 = 64

d ( 2r3)
2

e (s
3

7 )
2

f

( 7x3)
2

g (w
4

10 )
2

h ( a
2

5 )
3

i

(m
2

2 )
4

j ( 2mn )
5

k ( 2a
2

3 )
3

l

Example 20 Using the index law for brackets for more complex expressions

Expand each of the following using the index law for brackets.

(−2x3y)4a 4(c2d3)5b

Solution Explanation

a (−2x3y)4 = (−2)4(x3)4y4

= 16x12y4

Raise each value in the brackets to the power of 4.

Evaluate (−2)4 = −2 × (−2) × (−2) × (−2) and simplify

(x3)4 using the law for power of a power.

b 4(c2d3)5 = 4(c2)5(d3)5

= 4c10d15

Raise each value in the brackets to the power of 5.

Note that the coefficient (4) is not raised to the power of

5 since it is not in the brackets. Simplify using index laws.

Now you try

Expand each of the following using the index law for brackets.

(−4a2b)2a 6(a3b2)4b

7 Expand each of the following using the index law for brackets.

(2x3y2)5a 9(p2q4)3b 2(x3y)2c

(8t2u9v4)0d (−3w3y)3e −4(p4qr)2f

(−5s7t)2

Hint for Q7: Powers only apply

to numbers or pronumerals

inside the brackets.
g −(−2x4yz3)3h −3(−2ab2)3i
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424 Chapter 7 Indices

Problem-solving and reasoning 8(½) 8–9(½)

Example 21 Using the index law for fractions for more complex expressions

Apply the index law for fractions to (−2a
2

3bc3 )
4

.

Solution Explanation

(−2a
2

3bc3 )
4

=
(−2)4a8

34b4c12

=
16a8

81b4c12

Raise each value in the brackets to the power of 4.

Evaluate (−2)4 and 34.

Now you try

Apply the index law for fractions to (−3x
2

2yz3 )
3

.

8 Apply the index law for fractions to expand the following. Evaluate numbers that are raised to a power.

(3n
3

2m4)
3

a (−2rn )
4

b (−3f23g5)
2

c (5w
4y

2x3 )
2

d

( −3x2y3g5)
2

e (3km
3

4n7 )
3

f −(−5w
4y

2zx3 )
2

g ( − 3x
2y3

2a5b3)
2

h

Example 22 Using a variety of index laws

Simplify each of the following by applying various index laws.

a(−2a2b)3a (x
2y3

c )
3

× ( xcy )
4

b

Solution Explanation

a a(−2a2b)
3
= a(−2)3(a2)3b3

= a × (−8a6b3)

= −8a7b3

Apply the power 3 to the values inside the brackets.

(−2)3 = −2 × (−2) × (−2) = −8

(a2)3 = a2 × 3 = a6

Combine powers with a common base:

a × a6 = a1 + 6 = a7

b (x
2y3

c )
3

× ( xcy )
4

=
x6y9

c3
×
x4c4

y4

=
x10y9c4

c3y4

= cx10y5

Raise each value in the brackets to the power. Multiply the

numerators using the law for multiplication then divide

using the law for division.

Write the answer in alphabetical order.

7D
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7D Index laws for brackets and fractions 425

Now you try

Simplify each of the following by applying various index laws.

2(−3ab2)2a (xy
2

b )
2

× ( b
2

xy4 )b

9 Simplify each of the following by applying the various index laws.

a(3b)2a a(3b2)3b −3(2a3b4)2a2c

2(3x2y3)3d (−4b2c5d)3e a(2a)3
Hint for Q9: Remove brackets.

Combine numerators and

denominators then divide for

parts j to l.

f

a(3a2)2g 5a3(−2a4b)3h −5(−2m3pt2)5i

(−3x
2y0

5a5b3 )
3

j ( a
3b
c )

3

× ( ac
4

b )
2

k ( x
2z
y )

4

× (xy
2

z )
3

l

Germinating seeds — 10

10 The rule for the number of seeds germinating in a glass house over a two-week period is given by

N = ( t2 )
3

, where N is the number of germinating seeds and t is the number of days.

a Find the number of germinating seeds after:

4 daysi 10 daysii

b Use the index law for fractions to rewrite the rule without brackets.

c Use your rule in part b to find the number of seeds germinating after:

6 daysi 4 daysii

d Find the number of days required to germinate:

64 seedsi 1 seedii
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426 Chapter 7 Indices

7E 7E Negative indices
Learning intentions

• To know how negative indices can be equivalently expressed using positive indices

• To be able to express negative indices in terms of positive indices

• To be able to use the index laws with negative indices

Key vocabulary: negative, index/indices, positive

We know that 23 = 8 and 20 = 1 but what about 2−1 or 2−6? Numbers written in index form using negative

indices also have meaning in mathematics.

Method 1 Method  2:  By  cancelling

=So we can see that a−3

a2

a5
a2 − 5

= = 

a−3= 

a2

a5

a2

a5

=
1

a3

1

a3

a a 
1

1 1

1

a a 

×

× × × ×a a a

Consider the expression = 

: Using the law for

  division

Lesson starter: Continuing the pattern

Explore the use of negative indices by completing this table.

Index form 24 23 22 21 20 2−1 2−2 2−3

Whole number or fraction 16 8

÷2 ÷2 ÷2 ÷2 ÷2 ÷2 ÷2

=
22
1

4
1

• What do you notice about the numbers with negative indices in the top row and the fractions in the

second row?

• Can you describe this connection in words?

• What might be another way of writing 2−7 or 5−4?

Key ideas

To express a negative index as a positive index use the following rules:

a−m = 1
am

and am = 1

a−m

a raised to the power −m is equal to the reciprocal of a raised to the power m. (a ¢ 0)

For example: 5−2 = 1
52
, 1

3−4
= 34.

• Recall: the reciprocal of a
b
is b
a
.

All the index laws also apply to expressions with negative indices.
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7E Negative indices 427

Exercise 7E

Understanding 1–4 4

1 Write the following using positive indices. For example: 1
8
=
1

23
.

1

4

Hint for Q1: Write

the denominator as

a power of a prime

number.

a 1

9
b 1

125
c 1

27
d

2 Copy and complete these tables.

a
Index form 34 33 32 31 30 3−1 3−2 3−3

Whole number or fraction 81 27

÷3 ÷3 ÷3 ÷3 ÷3 ÷3 ÷3

=
32
1

9
1

b
Index form 104 103 102 101 100 10−1 10−2 10−3

Whole number or fraction 10 000

÷10 ÷10 ÷10 ÷10 ÷10 ÷10 ÷10

=
103
1

1000
1

3 Copy and complete each of the following.

10−4 =
1

10
a 3−2 =

1

3

Hint for Q3: a−m = 1
am

So 10−4 = 1

104

b 7−3 =
1

7
c

4 Copy and complete each of the following.
1

3−4
= 3a 1

7−6
= 7 Hint for Q4: 1

a−m
= am

So 1

3−4
= 34

b 1

8−3
= 8c

Fluency 5–7(½) 5–8(½)

Example 23 Using a−m = 1
am

Rewrite the following using positive indices.

3−2a 5 × 4−3b

Solution Explanation

a 3−2 =
1

32
Use a−m = 1

am
.

b 5 × 4−3 =
5

1
×
1

43

=
5

43

The 5 does not have a negative power so it remains unchanged.

4−3 =
1

43
, 5 × 1 = 5, 1 × 43 = 43

Now you try

Rewrite the following using positive indices.

6−4a 7 × 2−4b
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428 Chapter 7 Indices

5 Write each of the following with positive indices.

Hint for Q5: Remember: a−m = 1
am

So 5−2 = 1

52

5−2a 7−4b

8−3c 3−5d

9−2e 10−3f

6 Rewrite the following with positive indices only.

3 × 2−4a 5 × 4−3b 7 × 5−6c

2 × 3−4d 4 × 3−5e 9 × 5−2

Hint for Q6:
5

Don’t change

× 2−3 5

23
=

f

8 × 7−3g 6 × 5−6h 1 × 4−2i

Example 24 Using 1

a−m
= am

Rewrite the following with positive indices.

1

2−3
a 7

3−2
b

Solution Explanation

a 1

2−3
= 23 Use 1

a−m
= am.

b 7

3−2
= 7 ×

1

3−2

= 7 × 32

The 7 remains unchanged.
1

3−2
= 32

Now you try

Rewrite the following with positive indices.

1

10−3
a 5

9−4
b

7 Write each of the following with positive powers.
1

2−4
a 1

3−2
b 1

4−3
c 1

6−5
d

1

5−3

Hint for Q7: Remember: 1
a−m

= am

So 1

2−4
= 24

e 1

8−5
f 1

7−3
g 1

9−4
h

8 Rewrite the following with positive indices only.
6

4−3
a 5

8−2
b 4

7−5
c 3

2−5

Hint for Q8:

3−4

Don’t change
7 × 347

=

d

12

5−4
e 6

10−3
f 7

9−4
g 7

10−6
h

7E
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7E Negative indices 429

Problem-solving and reasoning 9–10(½) 9–11(½), 12

Example 25 Changing to fractions

Rewrite 3 × 2−4 with a positive index and then as a fraction.

Solution Explanation

3 × 2−4 = 3 ×
1

24

=
3

24

=
3

16

2
−4 =

1

24

2
4 = 2 × 2 × 2 × 2 = 16

Now you try

Rewrite 7 × 5−2 with a positive index and then as a fraction.

9 Rewrite each of these with positive indices and then as a

fraction.

6 × 5−2a 2 × 3−2b 4 × 5−3c

6 × 7−1d 4 × 10−3e 2 × 10−1
Hint for Q9:

Remember:51 = 5

So 3 × 5−1 = 3 × 1

51
= 3
5

f

5 × 2−4g 4 × 5−1h 1 × 3−2i

Example 26 Changing to fractions and decimals

Rewrite 5 × 10−3 with a positive index and then as a fraction and a decimal.

Solution Explanation

5 × 10−3 = 5 ×
1

103

=
5

103

=
5

1000

= 0.005

10−3 =
1

103

103 = 10 × 10 × 10 = 1000

5 thousandths = 0.005

Now you try

Rewrite 3 × 10−2 with a positive index and then as a fraction and a decimal.

10 Rewrite each of the following with positive indices and then as a

fraction and a decimal.

2 × 10−3a 5 × 10−2b

7 × 10−1c 3 × 10−4d

5 × 10−4

Hint for Q10:

1
10
= 0.1, 1

100
= 0.01

1
1000

= 0.001

1
10 000

= 0.0001

1
100 000

= 0.00001

e 8 × 10−5f

2 × 10−6g 4 × 10−8h
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430 Chapter 7 Indices

Example 27 Evaluating without a calculator

Express using positive indices only, then evaluate without using a calculator.

3−4a 5

3−2
b ( 23 )

−4

c

Solution Explanation

a 3
−4 =

1

34

=
1

81

Express 3−4 as a positive power.

34 = 3 × 3 × 3 × 3 = 81

b 5

3−2
= 5 ×

1

3−2

= 5 × 32

= 5 × 9

= 45

1

3−2
= 32

32 = 3 × 3 = 9

c ( 23 )
−4

=
2−4

3−4

= 2−4 ×
1

3−4

=
1

24
× 34

=
34

24

=
81

16

Apply the power to each numeral in the

brackets using the index law for fractions.

a
b
= a × 1

b

2−4 =
1

24
, 1

3−4
= 34

3
4 = 3 × 3 × 3 × 3 = 81

2
4 = 2 × 2 × 2 × 2 = 16

Give answer as an improper fraction.

Now you try

Express using positive indices only, then evaluate without using a calculator.

2−5a 2

3−3
b ( 45 )

−2

c

11 Evaluate without the use of a calculator. Express in simplified form.

5−1a 3−2b 4 × 10−2c

−5 × 10−3

Hint for Q11: First write

expressions using positive

indices.

d 8 × (22)−2e 64 × 6−6f

8−7 × (82)3g 1

8−1
h 2

2−3
i

23

2−3
j ( 38 )

−2

k ( 43 )
−3

l

12 Describe the error made in these problems, then give the correct answer.

2x−2 = 1

2x2
a 5

a4
=
a−4

5
b 2

(3b)−2
=
2b2

9
c

Kilograms and grams — 13

13 a The mass of a small insect is 2−9 kg. How many grams is this? Round to two decimal places.

b The mass of an asteroid is 320 kg. How many tonnes is this?

7E
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Progress quiz 431

17A Write the following in expanded form and evaluate parts d–f.

b4a 2x2y3b (3x)3c 43d (−5)4e ( 35 )
3

f

27A Write each of the following in index form.

5 × 5 × y × y × y × ya

2

3
×
2

3
×
2

3
×
5

7
×
5

7
b

4 × a × b × 4 × b × b × a × b × 4c

37A Express the following as a product of their prime factors in index form.

45a 120b

47A If x = 3, y = 4 and z = −1, evaluate these expressions.

(xz)3a ( zy )
2

b x(yz)2c

57B Simplify using the index laws for multiplication and division; give your answer in index form.

43 × 44a 96 ÷ 92b x5 × x3c

a2b × a3b4d y9 ÷ y3e 18a5 ÷ (6a2)f

3mn4 × 4m2n3g
2x5y3

4x2y
h

−6a3b2

3a2b
i

67C Apply the index law for power of a power or the zero index rule to the following.

(x4)2a 5(y3)3b 40c

(5m)0d (3x)0 − 2x0e 5(x0)3f

77B/C Combine index laws to simplify the following.

3m2 × 4m3n5

m4n2
a

2(x2)3

12x4
b

(3a)0 × 4a3b2

6ab2
c

87D Expand each of the following using the index laws for brackets and fractions.

(2x)2a (2m3)4b (x
2

3 )
4

c

4(−2ab2)3d (3a
2

5 )
3

e (−2a
2c

7b3 )
2

f

97B/C/D Combine index laws to simplify the following.

(4y3)2

xy2 × 8(xy)2
a ( 3x

2

4 )
3

×
2y0

x4
b

107E Rewrite the following with positive powers.

5−2a 3 × 4−4b 1

3−2
c 5

2−3
d

117E Evaluate the following without a calculator. Express part d as a decimal.

9−2a 5 × 2−2b 6

4−2
c 6 × 10−4d ( 45 )

−3

e
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432 Chapter 7 Indices

7F 7F Scientific notation
Learning intentions

• To know that scienti�c notation is a way of representing very large and very small numbers

• To know the form of numbers written in scienti�c notation

• To be able to express numbers using scienti�c notation and as a basic numeral

Key vocabulary: scienti�c notation, integer

It is common in practical situations to work with

very large or very small numbers. For example,

the number of cubic metres of concrete used to

build the Hoover Dam in the United States was

3 400 000 m3. The mass of a molecule of water is

0.0000000000000000000000299 grams. Numbers like

this can be written more efficiently using powers of

10 with positive or negative indices. This is called

scientific notation. The number is written using a

number between 1 and 10 that is multiplied by a

power of 10. This notation is also used to show very

large and very small time intervals.
The Hoover Dam, constructed with approximately 3.4 × 106

cubic metres of concrete, can hold up to 3.73 × 1010 cubic

metres of water at maximum capacity. Scientific notation

helps express these large quantities efficiently.

Lesson starter: Equal times

Work in pairs and help each other to complete this ‘matching puzzle’.
For each time in the first column, find the equal time in the second column and in the third column.

Column 1 Column 2 Column 3

a 6 thousand seconds 6 000 000 s 6 × 102 s

b 6 millionths of a second 0.006 s 6 × 103 s

c 6 hundred seconds 0.06 s 6 × 106 s

d 6 million seconds 6000 s 6 × 10−2 s

e 6 thousandths of a second 0.000006 s 6 × 10−3 s

f 6 hundredths of a second 600 s 6 × 10−6 s

Key ideas

Numbers written in scientific notation are expressed in the form a × 10m where a is a number

from 1 to less than 10 (or from greater than −10 to −1) and m is an integer.

• To write numbers using scientific notation, place the decimal point after the first non-zero digit

then multiply by a power of 10.

Large numbers written in scientific notation will use positive powers of 10.

For example: 4 million years = 4 000 000 years

= 4 × 1 000 000 years

= 4 × 106 years
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7F Scientific notation 433

Small numbers written in scientific notation will use negative powers of 10.

For example: 5 thousandths of a metre = 0.005 metres

=
5

1000
metres

=
5

103
metres

= 5 × 10−3metres

Exercise 7F

Understanding 1–4 3, 4

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

Hint for Q1: The power of 10 is

equal to the number of zeros in the

expanded form.

Scientific notation Power of 10 expanded Basic numeral

5 × 103 5 × 1000 5 000

3 × 104

2 × 105

7 × 102

70 000

400 000

2 Copy and complete this table. The first one has been done for you.

Scientific notation Positive power Fraction Basic numeral

2 × 10−4 2

104
2

10 000
0.0002

3 × 10−2

5 × 10−3

7 × 10−6

0.009

0.08

3 Which of the numbers 1000, 10 000 or 100 000 completes each equation?

a 6.2 × = 62 000

b 9.41 × = 9410

c 1.03 × = 103 000 Hint for Q3: The number of zeros

tells you how many places to move

the decimal point.d 3.2 ÷ = 0.0032

e 5.16 ÷ = 0.0000516

f 1.09 ÷ = 0.000109

4 If these numbers were written using scientific notation, would positive or negative indices be used?

2000a

0.0004b

19 300c

0.00101431d

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



434 Chapter 7 Indices

Fluency 5–9(½) 5–9(½)

Example 28 Writing large numbers using scientific notation

Write 4 500 000 using scientific notation.

Solution Explanation

4 500 000 = 4.5 × 106 Place the decimal point after the first non-zero

digit (4).

Multiply by 106 since the decimal point has been

moved six places to the left.

Now you try

Write 71 000 using scientific notation.

5 Write the following using scientific notation.

40 000a 2 300 000 000 000

Hint for Q5: Large numbers:

use 10 to a positive power.

b 16 000 000 000c

7 200 000d 3500e 8 800 000f

52 hundredsg 3 millionh 21 thousandsi

Example 29 Writing small numbers using scientific notation

Write 0.0000004 using scientific notation.

Solution Explanation

0.0000004 = 4 × 10−7 The first non-zero digit is 4. Multiply by 10−7 since the

decimal point has been moved seven places to the right.

Now you try

Write 0.0000275 using scientific notation.

6 Write the following using scientific notation.

0.000003a 0.0004

Hint for Q6: Small numbers: use

10 to a negative power.

b 0.00876c

0.00000000073d 0.00003e 0.000000000125f

0.00000000809g 0.000000024h 0.0000345i

7 Write each of the following numbers using scientific notation.

6000a 720 000b 324.5

Hint for Q7: Place the decimal

point after the first non-zero

digit.

c 7869.03d

8459.12e 0.2f 0.000328g 0.00987h

0.00001i 460 100 000j 17 467k 128l

7F
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7F Scientific notation 435

Example 30 Writing basic numerals using positive powers

Express 9.34 × 106 as a basic numeral.

Solution Explanation

9.34 ×106 = 9 340 000
Move the decimal point six places to the right, so that

the 9 increases in place value by six places from the units

position to the millions position.

Now you try

Express 2.4 × 104 as a basic numeral.

8 Express each of the following as a basic numeral.

5.7 × 104a 3.6 × 106

Hint for Q8: Move the decimal

point right to increase the

place value of each digit.

b 4.3 × 108c

3.21 × 107d 4.23 × 105e 9.04 × 1010f

1.97 × 108g 7.09 × 102h 6.357 × 105i

Example 31 Writing basic numerals using negative powers

Express 4.71 × 10−6 as a basic numeral.

Solution Explanation

4.71 × 10−6 = 0.00000471
Move the decimal point six places to the left and insert zeros

where necessary. The 4 decreases in place value by six places

from the units position to the millionths position.

Now you try

Express 9.4 × 10−3 as a basic numeral.

9 Express each of the following as a basic numeral.

1.2 × 10−4a 4.6 × 10−6

Hint for Q9: Move the decimal

point left to decrease the place

value of each digit.

b 8 × 10−10c

3.52 × 10−5d 3.678 × 10−1e 1.23 × 10−7f

9 × 10−5g 5 × 10−2h 4 × 10−1i

Problem-solving and reasoning 10–11(½) 10–11(½), 12

10 Express each of the following approximate numbers using

scientific notation.

a The mass of Earth is 6 000 000 000 000 000 000 000 000 kg.

b The diameter of Earth is 40 000 000 m.

c The diameter of a gold atom is 0.0000000001 m.

d The radius of Earth’s orbit around the Sun is 150 000 000 km.

e The universal constant of gravitation is

0.0000000000667 Nm2/kg2.

f The half-life of polonium-214 is 0.00015 seconds.

g Uranium-238 has a half-life of 4 500 000 000 years.
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436 Chapter 7 Indices

11 Express each of the following numbers as a basic numeral.

a Neptune is approximately 4.6 × 109 km from Earth.

b A population of bacteria contained 8 × 1012 organisms.

c Earth is approximately 3.84 × 105 km from the Moon.

d A 50c coin is approximately 3.8 × 10−3 m thick.

e The diameter of the nucleus of an atom is approximately

1 × 10−14m.

f The population of a city is 7.2 × 105.

12 Write the answers to each of these problems using scientific notation.

a Two planets are 2.8 × 108 km and 1.9 × 109 km from their closest sun. What is the difference between

these two distances?

b Two particles weigh 2.43 × 10−2 g and 3.04 × 10−3 g. Find the difference in their weights.

Scientific notation with numbers larger than 10 — 13

13 The number 47 × 104 is not written using scientific notation, since 47 is not a number between

1 and 10. The following shows how to convert to scientific notation.

47 × 104 = 4.7 × 10 × 104

= 4.7 × 105

Write these numbers using scientific notation.

32 × 103a 41 × 105b 0.13 × 105c 0.092 × 103d

61 × 10−3e 424 × 10−2f 0.02 × 10−3g 0.0004 × 10−2h

7F
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7G Scientific notation using significant figures 437

7G 7G Scientific notation using significant figures
Learning intentions

• To know how signi�cant �gures are counted

• To be able to round to a given number of signi�cant �gures

• To be able to write a number using scienti�c notation correct to a given number of signi�cant �gures

Key vocabulary: scienti�c notation, signi�cant �gures

The number of digits used to record measurements depends

on how accurately the measurements can be recorded.

The volume of Earth, for example, has been calculated as

1 083 210 000 000 km3 using six significant figures and could

be written using scientific notation as 1.08321 × 1012.

A more accurate calculation may include more non-zero

digits in the last seven places.

The mass of a single oxygen molecule is known to

be 0.000000000000000000000000053 g. This shows two

significant figures and is written using scientific notation as

5.3 × 10−26.

On many calculators you will notice that very large or

very small numbers are automatically converted to scientific

notation using a certain number of significant figures.

Numbers can also be entered into a calculator using

scientific notation.

The Earth’s volume is calculated using its

radius, which varies slightly because the Earth

is not a perfect sphere. Using six significant

figures gives us a precise measurement without

overestimating our accuracy.

Lesson starter: Significant discussions

Work in pairs and sort these numbers into groups according

to how many significant figures are in each number.
23 502 0.0018

7208 46 0.0001073

0.000907 1609 91

6182 6 0.0000741

Key ideas

Significant figures are the important digits of a number which indicate how accurate it is.

Significant figures are counted from left to right starting at the first non-zero digit. For example:

• 38 041 shows five significant figures

• 6.034 shows four significant figures

• 0.0016 shows two significant figures

• 0.00160 shows three significant figures.

Zeros at the end of a number are counted for decimals (e.g. 0.00160) but not necessarily for whole

numbers (e.g. 38 041 000).

When using scientific notation, the first significant figure sits to the left of the decimal point.

For example:

3.217 × 104 shows four significant figures.

Calculators can be used to work with scientific notation.

• E or EE or EXP or ×10x are common key names on calculators.

• Pressing 2.37 EE 5 gives 2.37 × 105.

• 2.37E5 means 2.37 × 105.
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438 Chapter 7 Indices

Exercise 7G

Understanding 1–4 3, 4

1 a Round each of these numbers to the nearest hundred.

267i 32 740ii 18 350iii

b Round each of these numbers to the nearest tenth.

0.063 Hint for Q1:

Rounding rules:

Locate the first digit to the

right of the required digit.

• Round down (leave it

as it is) for a 4 or less

• Round up (increase by 1)

for a 5 or more

i 0.1902ii 21.04iii

c Round each of these numbers to the nearest thousand.

267 540i 38 290ii 4 060 990iii

2 Which of these numbers have two significant figures?

62 100, 30 500, 42, 0.0071, 0.0805, 201 000

Hint for Q2: Count

significant figures

from the first

non-zero digit.

3 Complete the tables, rounding each number to the given number of significant figures.

57 263

Significant Rounded

figures number

4

3 57 300

2

1

Hint for Q3: In 57 263, 6 is the

fourth significant figure so

round to the nearest 10 for

four significant figures.

a 0.0036612

Significant Rounded

figures number

4

3

2

1 0.004

b

4 Are the following numbers written using scientific notation with

three significant figures? (Yes or no)

4.21 × 104a 32 × 10−3b 1800 × 106c

0.04 × 102d 1.89 × 10−10

Hint for Q4: The number to

the left of the decimal point

must be from 1 to less

than 10.e 9.04 × 10−6f

Fluency 5–8(½) 5–9(½)

Example 32 Stating the number of significant figures

State the number of significant figures given in these numbers.

401a 0.005012b 3.2 × 107c

Solution Explanation

a Three significant figures All three digits are significant.

b Four significant figures Start counting at the first non-zero digit (5).

c Two significant figures With scientific notation the first significant figure is to the

left of the decimal point.

Now you try

State the number of significant figures given in these numbers.

7105a 0.00016b 4.21 × 10−2c
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7G Scientific notation using significant figures 439

5 State the number of significant figures given in these numbers.

272a 1007b 30 101

Hint for Q5: Start counting from

the first non-zero digit.

c

19d 0.0183e 0.20f

0.706g 0.00109h 4.21 × 103i

2.905 × 10−2j 1.07 × 10−6k 5.90 × 105l

Example 33 Writing numbers using scientific notation and significant figures

Write these numbers using scientific notation and three significant figures.

2 183 000a 0.0019482b

Solution Explanation

a 2 183 000 = 2.18 × 106 Put the decimal point after the first non-zero digit. The decimal

point has moved six places so multiply by 106. Round the third

significant figure down (i.e. leave it as is) since the following

digit (3) is less than 5.

b 0.0019482 = 1.95 × 10−3 Move the decimal point three places to the right and multiply

by 10−3. Round the third significant figure up to 5 since the

following digit (8) is greater than 4.

Now you try

Write these numbers using scientific notation and three significant figures.

471900a 0.00032475b

6 Write these numbers using scientific notation and three significant figures.

242 300a 171 325b 2829c 3 247 000d

0.00034276e 0.006859f 0.01463g 0.001031h

23.41i 326.042j 19.618k 0.172046l

7 Write each number using scientific notation, rounding to the number

of significant figures given in the brackets.

47 760 (3)a 21 610 (2) Hint for Q7: First round the

number to the required

number of significant figures.

b 4 833 160 (4)c

37.16 (2)d 99.502 (3)e 0.014427 (4)f

0.00201 (1)g 0.08516 (1)h 0.0001010 (1)i

Example 34 Using a calculator with scientific notation

Use a calculator to evaluate 3.67 × 105 × 23.6 × 104. Answer using scientific notation correct to four

significant figures.

Solution Explanation

3.67 × 105 × 23.6 × 104

= 8.661 × 1010

Use a calculator with an appropriate key sequence.

Write using scientific notation with four significant figures.

Look for a ×10x or EXP button or similar.

Now you try

Use a calculator to evaluate 62.14 × 102 × 1.6 × 104. Answer using scientific notation correct to four

significant figures.
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440 Chapter 7 Indices

8 Use a calculator to evaluate each of the following. Write your answers using scientific notation correct

to four significant figures.

4−6a 78−3b

(−7.3 × 10−4)−5c 3.185

7 × 104
d

2.13 × 104 × 9 × 107e 5.671 × 102 × 3.518 × 105f

9.419 × 105 × 4.08 × 10−4g 2.85 × 10−9 × 6.33 × 10−3h

12 3452i 87.148j

1.83 × 1026

4.5 × 1022
k −4.7 × 10−2 × 6.18 × 107

3.2 × 106
l

Example 35 Using a calculator with scientific notation and negative indices

Use a calculator to evaluate 7.6 × 10−3 +
√
2.4 × 10−2. Write your answer using scientific notation

correct to four significant figures.

Solution Explanation

7.6 × 10−3 +
√
2.4 × 10−2

= 0.1625 (to 4 sig. figs)

= 1.625 × 10−1

Use a calculator with an appropriate key sequence.

Write using scientific notation with a number between

1 and 10.

Now you try

Use a calculator to evaluate

√
5.1 × 10−7

4.32 × 10−2
. Write your answer using scientific notation correct to four

significant figures.

9 Use a calculator to evaluate each of the following. Write answers using scientific notation correct to

five significant figures.√
8756a

√
634 × 7.56 × 107b

8.6 × 105 +
√
2.8 × 10−2c −8.9 × 10−4 +

√
7.6 × 10−3d

5.12 × 1021 − 5.23 × 1020

2 × 106
Hint for Q9: For fraction calculations,

insert brackets so that the numerator

and denominator are calculated before

division.

e 8.942 × 1047 − 6.713 × 1044

2.5 × 1019
f

2 × 107 + 3 × 108

5
g 4 × 108 + 7 × 109

6
h

6.8 × 10−8 + 7.5 × 1027

4.1 × 1027
i 2.84 × 10−6 − 2.71 × 10−9

5.14 × 10−6 + 7 × 10−8
j

7G
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7G Scientific notation using significant figures 441

Problem-solving and reasoning 10, 11 10, 12, 13

10 The mass of Earth is approximately 6 000 000 000 000 000 000 000 000 kg. The mass of the Sun is

330 000 times the mass of Earth. Find the mass of the Sun. Express your answer using scientific

notation correct to three significant figures.

11 The diameter of Earth is approximately 12 756 000 m. If the Sun’s diameter is 109 times that of Earth,

compute its diameter in kilometres. Express your answer using scientific notation correct to three

significant figures.

12 Write these numbers from largest to smallest.
Hint for Q12: First write each

number using scientific notation.
2.41 × 106, 24.2 × 105, 0.239 × 107, 2421 × 103, 0.02 × 108

13 The following output is common on a number of different calculators and

computers. Write down the number that you think they represent.

4.26E6a 9.1E−3b 5.04EE11c

1.931EE−1d 2.1 Æ 06e 6.14 Æ −11f

Combining bacteria — 14

14 A flask of type A bacteria contains 5.4 × 1012 cells and a flask

of type B bacteria contains 4.6 × 108 cells. The two types of

bacteria are combined in the same flask.

Hint for Q14: Set up a table to

show the number of each type

of bacteria after every 8 hours.

a How many bacterial cells are there now in the flask?

b If type A bacterial cells double every 8 hours, and type B bacterial

cells triple every 8 hours, how many cells are in the flask after:

8 hours?i one day?ii

Express your answers to part b using scientific notation correct to three significant figures.
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442 Chapter 7 Indices

Lab technicians work in laboratories supporting

scientists by helping to carry out tests for

research and to report their findings. Research

can be done in medical, clinical and forensic

labs as well as pharmaceutical and brand

development labs.

Lab technicians require competent practical

and technical skills as well as good

communication skills, both verbal and written.

An enquiring and analytical mind also helps.

All these qualities are important in modern

labs.

Mathematical skills are vital in this role.

Determining growth rates of cultures can form

part of a lab technician’s work. Working in and

with scientific notation is also required.

Lab technician

1 Various types of cells each have different volumes and are measured in cubic micrometres (lm3).

Write the following volumes in lm3 using scientific notation.

Red blood cell 100 lm3a

Ear hair cell 4000lm3b

Lymphocyte 130lm3c

Beta cell 1000lm3d

Fat cell 600 000lm3e

2 The diameter of a human egg is 120lm. Recall that 1lm = 1 × 10−6 m.

Write this diameter in metres as a basic numeral.a

Write this diameter in metres using scientific notation.b

3 The mass of one red blood cell is 1 picogram or 1 × 10−12 grams.

Calculate the mass of these blood cell counts using grams and write the result using scientific notation.

2000 red blood cellsa 1 000 000 red blood cellsb

3 × 1012 red blood cellsc

4 A human being is said to be made up of (3.7 ± 0.8) × 1013 cells.

What is the upper limit given here as a basic numeral?a

What is the lower limit as a basic numeral?b

5 A half-life is the time taken for a quantity to halve in size. Write each of the following half-lives

using scientific notation.

Carbon-14 has a half-life of 5700 years. (It is used by

archaeologists to date historic objects.)

a

Uranium-238 has a half-life of 4 500 000 000 years.b

Iodine-129 has a half-life of 15.7 million years.c

Polonium-214 has a half-life of 150 microseconds (state the answer in seconds).

Hint for Q5:

1 microsecond = 1 millionth

of a second.

d
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Maths@Work: Lab technician 443

6 Convert the half-lives in Question 5a, b and c into days using 365.25 days per year. State answers

using scientific notation to three significant figures.

7 Yeast doubles every 90–120 minutes. Taking the median value, how long would it take for a food

technician to grow 1 g of yeast to 1
2
kg of yeast?

8 E. coli bacteria can double every 20–30 minutes. Using the median time, how many grams of E. coli

has grown from 1 mg using the following times? Write each answer in scientific notation to three

significant figures.

50 minutesa 8
1

3
hoursb

9 After each ‘half-life’ period, 1 g of radioactive isotope halves in quantity. List the 10 fractions of

radioactive isotope remaining (in grams) after each of 10 half-lives. First list these fractions with

positive powers of 2 and then with negative powers of 2.

Using technology

10 Radioactive isotopes have various medical applications.

Set up the following spreadsheet to calculate quantities remaining after multiples of half-lives for

the radioactive isotopes listed. Enter formulas in the shaded cells and format cells as ‘number’ to

four decimal places.

a

To help determine the correct dose, medical scientists need to calculate the length of time that a

radioactive isotope lasts. Set up the following spreadsheet to calculate the total times for multiple

half-lives. Enter formulas in the shaded cells and format cells as number to four decimal places.

b
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Rabbits and hares

The population of rabbits and hares in a particular part of the countryside are booming because fox

numbers are low.

Present a report for the following tasks and ensure that you show clear mathematical workings,

explanations and diagrams where appropriate.

1 Preliminary task

a A population of a certain colony of hares is modelled by the rule P = 3t where P is the

population and t is in months. Find:

i the population after 6 months

ii the number of whole months for the population to reach at least 1000.

b A population of a certain colony of rabbits is modelled by the rule

P = 200 × 2t where P is the population and t is in months. Find:

i the population after 6 months

ii the number of whole months for the population to reach at least 20 000.

2 Modelling task

Formulate The problem is to determine the number of months required for the hare population to overtake the

population of rabbits in a particular colony with the given data.

Time in months 0 1 2 3

Month Dec Jan Feb Mar Apr May June

Rabbit population 500 1000 2000 4000

Hare population 1 4 16 64

a Write down all the relevant information that will help solve this problem.

b Copy and extend the given table showing the population of rabbits and hares in the

first 6 months.

c By what factor does the rabbit population increase each month?

d The rule for the population of rabbits is of the form P = 500 × ?t. State the missing number and

re-write the rule for rabbits.

e By what factor does the hare population increase each month?

f The rule for the population of hares is of the form P =?t. State the missing number and rewrite

the rule for hares.

Solve
g Use the rules outlined in parts d and f to confirm the population of:

i rabbits initially (at t = 0)

ii rabbits after 6 months.

iii hares after 6 months.

h Use the rules outlined in parts d and f to estimate the population of:

i rabbits after 12 months

ii hares after 12 months
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i Extend your table and use your rules to calculate the population numbers for the months from

August to December.

Time in months 7

Month July Aug Sep Oct Nov Dec

Rabbit population

Hare population

Evaluate

and

verify

j State the first month in which the hare population overtakes the population of rabbits.

k In which month is the hare population more than twice the rabbit population?

l In which month does the rabbit population exceed 1 million?

Communicate
m Summarise your results and describe any key findings.

3 Extension question

A new population of 100 rabbits breed in a different part of the country. The population is modelled

by the rule P = 100 × 4t where t is in years from the beginning of 2021.

a What would you expect the population of rabbits be at the beginning of 2025?

b During what year will this rabbit population exceed:

1 millioni

25 million?ii
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446 Chapter 7 Indices

Constructing surds
Key technology: Dynamic geometry
We know that a surd is an irrational number meaning

that it cannot be expressed exactly as a fraction. So to

place a surd on a number line for example may be more

challenging than placing a number like 3
2
, which is exactly

half way between 1 and 2. However, the precise positions

of surds on a number line can be located using geometric

construction.

1 Getting started
We will start by considering the length of the diagonal of a square of side

length one unit.

a Use Pythagoras’ theorem to find the length of the diagonal of the given unit

square. Give your answer as a surd and also as a decimal rounded to four

decimal places using a calculator.

1

1
Now consider a rectangle with side lengths 1 and 2.

b Draw a diagram of the rectangle showing one of the diagonals.

c Use Pythagoras’ theorem to find the surd which corresponds to the length of the diagonal of your

rectangle.

2 Using technology

Open a dynamic geometry program like Desmos and complete the following to place the surd
√
2 on

a number line.

a Show a grid using the tools menu, then place a line horizontally through two points O and A.

b Add the line segment OB which is the diagonal of a unit square.

c Construct a circle with centre O and passing through B.

d Construct the line segment OC.

e Label the segment OC with its length. You have just placed
√
2 on a number line at point C.
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3 Applying an algorithm

In part 1b you drew a diagonal of a rectangle with length
√
5.

a Use dynamic geometry to place
√
5 on a number line. Your construction will be similar to that

of part 2 Using technology but instead use two unit squares forming a rectangle of side lengths

1 and 2.

b Write down an algorithm (series of instructions) similar to those in part 2 which places the surd
√
5

on a number line.

c Note that when using dynamic geometry you can simply drag point B to a new position to

construct a different surd. Try doing this as shown in this diagram.

d What size rectangle would you use to construct the surd
√
10?

e Use dynamic geometry to construct the following surds.√
10i √
8ii √
29iii √
34iv
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448 Chapter 7 Indices

1 A population of bacteria doubles every 5 minutes. What is this type of growth called? Solve this

puzzle to find the answer.

Write the basic numeral for each of the following. Write the letter corresponding with each answer

in the boxes below to form a word.
1

103
T 2.15 × 103L 95

93
I

5 × 10−2A 2−2O 24N

32 × 22 − 30P 52 + 24 − 32 × 4X 43

8
E

8 5 35 0.25 16 8 16 0.001 81 0.05 2150

2 Find the answer to these calculations without using a calculator:

a 2 × 2 × 2 × 2 × 2 × 2 × 2 × 2 × 5 × 5 × 5 × 5 × 5 × 5 × 5 × 5

b 5 × 5 × 5 × 5 × 5 × 4 × 4 × 4 × 4 × 4 × 5 × 5 × 5 × 5 × 5

3 Show that this expression is equal to 1.
1

2
×

a2b
3am

×
6a3

b2
×
10(ab)2

2bm3
×

m4

5a6

4 Insert brackets in this expression to make the given answer correct.

4a × 3m3 × ( a
6m )

2

= 3a3m

5 Nick and Maddy have a big bag of 10-cent coins. They decide to make 30 piles of coins, starting

with one coin in the first pile, then 2 coins in the second pile, 4 coins in the third pile, 8 in the

fourth pile and so on, continuing to double the number of coins for each new pile. Given that each

10-cent coin is 2 mm thick, find the heights of the 1st, 5th, 10th, 15th, 20th, 25th and 30th piles

and the value in dollars of each of these piles.

6 Each day that a bushfire burns in a National Park, the total area burnt is twice as big an area as the

day before. If a National Park was totally burnt out in 15 days, on which day was the park only half

burnt out?

7 It is thought that the game of chess was invented by an ancient Indian mathematician. The King

was so pleased with the game that he offered the inventor any reward of his choice: rare jewels,

bags of gold or even a large property.

To the King’s surprise the Indian mathematician asked for some wheat! He asked for 1 grain for

the first square of the chess board, 2 grains for the second square, 4 grains for the third square,

8 grains for the fourth square etc. continuing this way right up to the 64th square.

a If one grain of wheat weighs 2 × 10−8 tonnes, what weight of wheat would the inventor have

received for the 64th square? Answer using scientific notation with three significant figures.

b How much money would this wheat be worth at the Australian price of $275/tonne?
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Chapter summary 449

      Index form

base

E.g. 23 = 2 × 2 × 2

    34 = 3 × 3 × 3 × 3

a × b × a × b × b = a2b3

indexam

Index laws for multiplication

and division

am × an = am + n

When multiplying terms with

the same base, add indices.

E.g. x3 × x5 = x 3 + 5

= x 8

am ÷ an = am − n

When dividing terms with the

same base, subtract indices.

x
4

x
7

E.g. = x 7 − 4

= x 3

Indices 

These are counted from left to right starting

1.07 × 104

Zero index

a0 = 1

Any number (except 0) to the

power 0 equals 1.

E.g. 3x 0 = 3 × 1

= 3

    (3x )0 = 1  

Index law for power

of a power

 (am )n = amn

To expand brackets,

multiply indices.

E.g. (x2)5 = x2×5

= x10

Index laws for brackets

and fractions

(ab)m = ambm

E.g. (3x2)3 = 33 (x2)3

= 27x6

m

b
m

a
m

b

a
=

4

2
x

24
x
4

16
x
4

E.g. =

=

Negative indices

2−3 =
23
1

a −m =
am

1

54

2
=

23

2−3

1
=

a m

a−m

1
=

54
12 × 5−4 = ×

1
2

7−4

5
= 5 × 74

e.g.

e.g.

small numbers are written in the form

a × 10m where 1 ≤ a < 10 (or −10 < a ≤ −1)

Large numbers will use positive powers

of 10.

E.g. 2 350 000 kg = 2.35 × 106 kg

Small numbers will use negative

powers of 10.

E.g. 0.000000016  = 1.6 × 10−8
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450 Chapter 7 Indices

Chapter checklist
A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook.

✔

7A 1 I can write expressions in expanded form and simplify.

e.g. Write the following in expanded form and simplify.

a (2ab)3 b ( 27 )
2

7A 2 I can write numbers and expressions using index form.

e.g. Write the following in index form:

a 7
9
× 7
9
× 7
9
× 7
9

b 2 × a × a × b × a × b

7A 3 I can express a number as a product of its prime factors.

e.g. Express 92 as a product of its prime factors.

7A 4 I can evaluate expressions involving indices using substitution.

e.g. If a = 2, b = −3 and c = 11, evaluate the following.

a (ab)3 b ( bc )
2

7B 5 I can simplify expressions with numerical bases using index laws for

multiplication and division.

e.g. Simplify, giving your answer in index form.

a 43 × 44 b 75 ÷ 7

7B 6 I can use the index law for multiplication.

e.g. Simplify the following using the index law for multiplication:

a a3 × a7 b 9x2 × 3x3

7B 7 I can use the index law for division.

e.g. Simplify y6 ÷ y2 using the index law for division.

7B 8 I can combine index laws for multiplication and division.

e.g. Simplify:
3a2b × 4ab3

8a2b3
.

7C 9 I can simplify expressions containing the zero index.

e.g. Evaluate using the zero index rule: 30 + 3a0

7C 10 I can use the index law for power of a power.

e.g. Simplify using the index law for power of a power: 5(x3)6

7C 11 I can combine index laws with the zero index rule.

e.g. Simplify the following

a (x2)3 × (x4)2 ÷ x14 b
7a3 × 2a4

4a5

7D 12 I can use index laws for brackets and fractions to simplify expressions.

e.g. Simplify, using index laws.

a (2a4)3 b (−2b
2

a3 )
4
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✔

7D 13 I can combine index laws to simplify expressions.

e.g. Simplify the following.

a x(−xy2)
3

b (a
2b3

2 )
2

× 4

(ab)2

7E 14 I can express negative indices in positive index form.

e.g. Rewrite the following with positive indices only:

a 4x−2 b 5

2−3

7E 15 I can evaluate expressions involving negative indices.

e.g. Write the following with a positive index and then as a fraction.

a 5 × 2−3 b 4 × 10−2

7F 16 I can convert from scientific notation to a basic numeral.

e.g. Write these numbers as a basic numeral:

a 4.9 × 103 b 3.01 × 10−6

7F 17 I can write numbers using scientific notation.

e.g. Write these numbers using scientific notation:

a 27 000 b 0.0000375

7G 18 I can write numbers using scientific notation and rounding to a given

number of significant figures.

e.g. Write these numbers in scientific notation using three significant figures:

a 9 143 000 b 0.00032

7G 19 I can use a calculator to evaluate expressions involving numbers expressed

with scientific notation.

e.g. Use a calculator to evaluate

√
5.3 × 10−3

8.32 × 10−2
and express your answer using four significant

figures.
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Short-answer questions

17A Express each of the following in index form.

3 × 3 × 3 × 3a 2 × x × x × x × y × yb

3 × a × a × a × b
a
× bc 3

5
×
3

5
×
3

5
×
1

7
×
1

7
d

27A Write the following as a product of prime factors in index form.

45a 300b

37B Simplify using the index laws for multiplication and division.

x3 × x7a 2a3b × 6a2b5cb 3m2n × 8m5n3c

a12 ÷ a3d x5y3 ÷ (x2y)e 5a8b3

10a6b
f

47C/D Simplify:

(m2)3a (3a4)2b (−2a2b)5c 3a0bd 2(3m)0e (a
2

3 )
3

f

57E Express each of the following with positive indices.

2−3a 3 × 4−5b 6 × 10−3c 1

4−2
d 6

5−3
e 2

10−5
f

67B/C/D Use index laws to simplify each of the following.

k5 × k3

k2
a 9a4

2m3
×
4m4

3a2
b (a2)3 × 4a4c

(h12)3 ÷ (h4)5d
4(a3)2(b4)3

20a0(b2)5
e 5(3p2q)2f

77F Write each of the following numbers as a basic numeral to arrange in ascending order.

2.35, 0.007 × 102, 0.0012, 3.22 × 10−1, 0.4, 35.4 × 10−3.

87F Write each of the following numbers as a basic numeral.

3.24 × 102a 1.725 × 105b 2.753 × 10−1c 1.49 × 10−3d

97G Write each of the following values using scientific notation correct to three

significant figures.

The population of Australia in 2010 was approximately 22 475 056.a

The area of the USA is 9 629 091 km2.b

The time taken for light to travel 1 metre (in a vacuum) is 0.00000000333564 seconds.c

The wavelength of ultraviolet light is 0.000000294 m.d

107F Write each of the following values using scientific notation in the units given in brackets.

Note: 1 tonne = 1000 kg.

25 years (hours)a 3 million years (months)b

430 tonnes (kg)c 5 tonnes (grams)d

Multiple-choice questions

17B 3x7 × 4x4 is equivalent to:

12x7A 12x28B 7x11C 12x11D 7x3E

27C 3(2y2)0 simplifies to:

6A 3B 6y2C 3yD 12E

37D (2x2)3 expands to:

2x5A 2x6B 6x6C 8x5D 8x6E
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47B
x6y2

4x2y
simplifies to:

−4x4yA
x3y2

4
B

x4y

4
C

x4y2

4
D

x3y

4
E

57D (2ak )
3

is equal to:

2a3

k
A 2a3

k3
B 6a3

k3
C 8a3

k3
D 6a

3k
E

67D (5
2

73)
4

is equal to:

4 × 52

4 × 73
A 58

712
B 56

73
C 58

73
D 56

77
E

77D 5(2am3)3 is equal to:

30a3m9A 10a3m9B 40a3m6C 40a3m9D 10am6E

87E 4 × 7−3 expressed with positive indices is:

283A 4373B 4

73
C −4

73
D 1

4 × 73
E

97F The weight of a cargo crate is 2.32 × 104 kg. In expanded form this weight in kilograms is:

2 320 000A 232B 23 200C 0.000232D 2320E

107G 0.00032761 using scientific notation rounded to three significant figures is:

328 × 10−5A 3.27 × 10−4B 3.28 × 104C 3.30 × 104D 3.28 × 10−4E

Extended-response questions

1 Use a calculator to evaluate the following, giving your answer using scientific notation correct to

two significant figures.

a ms × me where ms (mass of Sun) = 1.989 × 10
30 kg and me (mass of Earth) = 5.98 × 10

24 kg.

b The speed, v, in m/s of an object of mass m = 2 × 10−3kg and kinetic energy

E = 1.88 × 10−12 joules where v =

�

2E
m
.

2 Use the table of Solar System data below to answer these questions. Express each answer using

scientific notation rounded to three significant figures.

Approximate data for some planets in the Solar System

Distance from the Length (in Earth days) of one Mass compared

Planet Sun in millions of km revolution around the Sun to Earth

Mercury 57.9 88.0 0.553

Venus 108.2 224.7 0.815

Earth 149.6 365.25 1.00

Mars 227.9 687.0 0.1074

Jupiter 778.3 4331 317 896

Saturn 1427 10 760 95 185

a Find the distance from the Sun, in km, for:

Mercuryi Earthii Jupiteriii Saturniv

b How many Earth years will have passed for these planets to complete one full revolution

around the Sun?

Mercuryi Marsii Saturniii

c The mass of Earth is approximately 5.98 × 1024 kg. Determine the mass of:

Venusi Marsii Jupiteriii
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8
Geometry

Essential mathematics: why geometry skills are important

Geometry is a vital skill in many fields needed to solve problems involving shapes, sizes, and spatial
properties. Understanding geometric concepts helps in numerous real-life situations.

Carpenters use parallel lines and angles to ensure that furniture and structures are level and
properly aligned. They also rely on geometric shapes like rectangles and triangles to create strong
and stable designs, ensuring that every piece fits together perfectly.

Artists and graphic designers use congruent triangles and similar figures to create depth and
perspective in their work. They apply geometric concepts to construct realistic scenes and maintain
visual harmony.

Robotics engineers apply geometric principles to calculate the precise angles and distances
required for a robotic arm to perform complex tasks in industries such as manufacturing, assembly,
and medical surgeries with high accuracy and efficiency. They use concepts like coordinate systems
and transformations to program the arm’s movements
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In this chapter

8A Angles and triangles
(Consolidating)

8B Parallel lines (Consolidating)

8C Quadrilaterals (Consolidating)

8D Polygons

8E Congruent triangles

8F Enlargement and similar figures

8G Similar triangles

8H Applying similar triangles

Australian Curriculum 9.0

MEASUREMENT

Solve spatial problems, applying angle
properties, scale, similarity, Pythagoras’
theorem and trigonometry in
right-angled triangles (AC9M9M03)

SPACE

Apply the enlargement transformation
to shapes and objects using dynamic
geometry software as appropriate;
identify and explain aspects that remain
the same and those that change
(AC9M9SP02)

Design, test and refine algorithms
involving a sequence of steps and
decisions based on geometric
constructions and theorems; discuss
and evaluate refinements
(AC9M9SP03)

© ACARA

Online resources

A host of additional online resources
are included as part of your Interactive
Textbook, including HOTmaths content,
video demonstrations of all worked
examples, auto-marked quizzes and
much more.
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456 Chapter 8 Geometry

1 Name the following types of angles. Choose from acute, right, obtuse, straight, reflex or revolution.

110°

a

33°

b 215°c

d e f

2 Find the value of a.

a°

55°

a

a°

38°

b

a°

100°

c

3 Identify the following triangles as equilateral, isosceles or scalene.

a

60°60°

60°

b c

4 Identify the following as right, acute or obtuse triangles.

a b c

5 Find any missing angles in these triangles.

80°

40°

a

30°

b

40°

c

6 Of the six special quadrilaterals (square, rectangle, parallelogram, rhombus, kite and trapezium),

which ones match the following descriptions?

Always two pairs of equal length sidesa Always two pairs of parallel sidesb

Always equal length diagonalsc

7 Find the value of the pronumerals in each of the following.

a°

60°

a

110°

b°

b

a°

b°

60°

c

8 Name the following shapes.

a b c
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8A Angles and triangles 457

8A 8A Angles and triangles CONSOLIDATING

Learning intentions

• To review the various types of angles and triangles

• To know the special relationships between angles formed at a point

• To be able to �nd missing angles in simple geometric diagrams including angles at a point and triangles

• To be able to use the exterior angle theorem for a triangle

Key vocabulary: line, line segment, angle, complementary, supplementary, revolution, vertically opposite, acute, right,

obtuse, re)ex, straight, angle sum, scalene, isosceles, equilateral, exterior angle, triangle

When looking at a building or structure, we see angles formed where two lines

meet. We also see triangles being used for their strength and rigidity. Angles

associated with triangles and with lines that meet at a point will be revised in

this section.

Lesson starter: Exterior angle discovery

Here is a triangle with one side extended to form the exterior angle ÒBCD with

size c°.

a°

b°

c°

A C D

B

1 If a = 50 and b = 85, find ÒACB. Then find ÒBCD. What do you notice?

2 Repeat for a = 60 and b = 95. What do you notice?

3 What is the relationship between a, b and c? This is called the exterior angle theorem.

Steel towers use

triangles for their

strength and rigidity.

Key ideas

When two lines or line segments meet at a point, an angle is formed.

• This angle (shown here) is named ÒA or ÒBAC or ÒCAB

• The size of the angle is a°.

• A common tool used for measuring an angle is a protractor.

Angle types

• Acute: between 0° and 90° • Right: 90°
• Obtuse: between 90° and 180° • Straight: 180°
• Reflex: between 180° and 360° • Revolution: 360°

a°

B

C

Vertex

A

Angles at a point

Complementary
(add up to 90°)

a°

a + 60 = 90

60°

• Supplementary
(add up to 180°)

a°

41°

a + 41 = 180

• Revolution
(add up to 360°)

a° 115°

a + 90 + 115 = 360

• Vertically opposite
(are equal)

130°130°

•
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458 Chapter 8 Geometry

Types of triangles

Acute-angled (all angles < 90°)

Right-angled

(includes a 90°

angle)

Obtuse-angled

(one angle > 90°)

Scalene (all sides
and angles are
different sizes)

*

Scalene

Scalene

*

60°60°

60°

Equilateral (all
angles 60° and
all sides equal)

Isosceles (two
angles equal and
two sides equal)

45°

45°

Isosceles
Isosceles

• The sum of the angles in a triangle (angle sum) is 180°.
b°

a°

a + b + c = 180

c°

An exterior angle is formed by extending one side of a shape.

• Exterior angle theorem of a triangle: The exterior angle of a triangle is equal to the sum of the

two opposite interior angles.

b°

a°
c°

Exterior angle

c = a + b

Exercise 8A

Understanding 1–3 2, 3

1 Choose a word or number to complete each sentence.

A 90° angle is called a angle.a A angle is called a straight angle.b

A 360° angle is called a .c angles are between 90° and 180°.d

angles are between 0° and 90°.e Reflex angles are between and 360°.f

Complementary angles add up to .g angles add up to 180°.h

The three angles in a triangle add up to .i Vertically opposite angles are .j

2 What type of triangle has:

a pair of equal length sides?a one obtuse angle?b

all angles 60°?c one pair of equal angles?d

all angles acute?e all sides of different length?f

one right angle?g two 45° angles?h

8A
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8A Angles and triangles 459

3 Estimate the size of each of the following angles and use your protractor to determine an

accurate measurement.

A

B C

a

T O

Rb

P Q

Rc

S
T

U

d

Z

X

Ye

A

f

Fluency 4(½), 5, 6(½) 4–6(½)

Example 1 Finding supplementary and complementary angles

For the angle 47°, determine the:

supplementary anglea complementary angleb

Solution Explanation

a 180° − 47° = 133° Supplementary angles add up to 180°.

bc 90° − 47° = 43° Complementary angles add up to 90°.

Now you try

For the angle 74°, determine the:

supplementary anglea complementary angleb

4 For each of the following angles determine:

the supplementary anglei

the complementary angleii

55°a 31°b 74°
Hint for Q4:
• Supplementary angles

add to 180°.

• Complementary angles add to 90°.

c 10°d 89°e

22°f 38°g 65°h 47°i 77°j

5 Find the value of a in these diagrams.

a°

27°

a

a°
19°

b

a°

142°
Hint for Q5:

• A straight angle is 180°.

• A revolution is 360°.

c

a°

33°

d

a°

127°

e

a°

237°

f
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460 Chapter 8 Geometry

Example 2 Finding unknown angles in triangles

Name the types of triangles shown here. Determine the values of the pronumerals.

x°

60°

60°

a

r°

120°

b
s°

60°50°

c

Solution Explanation

a Equilateral triangle

x = 60

All sides are equal, therefore all angles are

equal.

b Obtuse isosceles triangle

2r + 120 = 180

2r = 60

r = 30

One angle is more than 90° and two sides are

equal.

Angles in a triangle add to 180° and since it is

isosceles the two base angles are equal.

Subtract 120 from both sides and then divide

both sides by 2.

c Acute scalene triangle

s + 50 + 60 = 180

s + 110 = 180

s = 70

All angles are less than 90° and all sides are of

different length.

Angles in a triangle add to 180°. Simplify and

solve for s.

Now you try

Name the types of triangles shown here. Determine the values of the pronumerals.

a°

25°
120°

a

b°

b
c°

80° 35°

c

6 Name the types of triangles shown here. Determine the values of the pronumerals.

100°

40°

a°

a

80°

70°

b°

b

40°

50°c°

Hint for Q6: The angle sum of a

triangle is 180°.

c

d°

d

40°

e°
e

45° f °

f

8A
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8A Angles and triangles 461

50°

30°

g°

g

h°60°

60°

h
i°

30° 30°

i

110°

35°

j°

j 60°30°

k°

k

35° 75°

l°
l

Problem-solving and reasoning 7, 8 7–8(½), 9

7 For each diagram:

name the angle shown (e.g. ÒABC)i

state the type of angle givenii

estimate the size of the angleiii

measure the angle using a protractor.iv
Hint for Q7: When

naming an angle,

put the letter at

the vertex in the

middle. E F

D
∠DEF

a
A

B

C
b

P

R

Q

c

12

6

39

X

Y

Z

d
T

R

S
e

R

O B

f

STAR

SHIPPING

A

B O
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462 Chapter 8 Geometry

Example 3 Finding angles outside a triangle

Find the value of each pronumeral. Give reasons for your answers.

47°

x°a

55°
y°

b

Solution Explanation

a x + 47 + 47 = 180 (angle sum)

x + 94 = 180

x = 86
47°47°

x°

x°

Note the isosceles triangle and
vertically opposite angles and
mark in those angles. Angles
in a triangle add to 180° and
vertically opposite angles are
equal. Simplify and solve for x.

b Let a be the unknown angle.

a + 90 + 55 = 180 (angle sum)

a = 35

y + 35 = 180

y = 145

55°
y°

a°

Angles in a straight line are supplementary

(add up to 180°).

Alternative method: y = 90 + 55

= 145

Alternatively, use the exterior angle theorem

which says that the exterior angle is equal to

the sum of the two opposite interior angles.

Now you try

Find the value of each pronumeral. Give reasons for your answers.

70°

b°
a

a°

100°

140°

b

8 Find the value of each pronumeral.

s°

b

t°

100°

Hint for Q8: If you can’t find the

value of the pronumeral straight

away, try finding one of the

other unknown angles.

a

8A
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8A Angles and triangles 463

70° 40°

r°

c

30° a° x°

d

a°

b°
40°

e

d°c°

50°

f

118°

x°

g

110°

95°
x°

h

9 Explain why ÒOAB is 32° in this circle if O marks the centre of the circle.

116°

A B

O

Analogue geometry — 10, 11

10 Calculate how many degrees the minute hand of a clock rotates in:

1 houra 1

4
of an hourb 10 minutesc 15 minutesd

72 minutese 1 minutef 2 hoursg 1 dayh

11 Find the non-reflex angle between the hour and minute

hands at these times. Remember to consider how the

hour hand moves between each whole number. For

example, at 9.30, the hour hand is halfway between

the 9 and 10.

3 p.m.a 5 a.m.b

6:30 p.m.c 11:30 p.m.d

3:45 a.m.e 1:20 a.m.f

4:55 a.m.g 2:42 a.m.h
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464 Chapter 8 Geometry

8B 8B Parallel lines CONSOLIDATING

Learning intentions

• To know the special pairs of angles formed when a transversal cuts two other lines

• To know the relationship between pairs of angles formed when a pair of parallel lines is cut by a transversal

• To be able to calculate unknown angles associated with parallel lines

Key vocabulary: parallel, transversal, corresponding, alternate, cointerior, vertically opposite, supplementary

When two lines are crossed by a third line, called a transversal, many special pairs of angles are formed.

If the two original lines are parallel, then the pairs of angles are either equal or they add to 180°.

Lesson starter: Are they parallel?

Here are three diagrams that show a transversal crossing two other lines.

110° 113°

1

98°

98°

2

82° 98°

3

Decide whether each diagram contains a pair of parallel lines. Give reasons for your answer.

Key ideas

Parallel lines point in the same direction.

• Arrows indicate that lines are parallel.

A transversal is a line crossing two or more other lines.

Special pairs of angles Non-parallel lines Parallel lines

Corresponding angles
• If lines are parallel, corresponding
angles are equal.

Alternate angles
• If lines are parallel, alternate angles
are equal.

Cointerior angles
• If lines are parallel, cointerior angles
are supplementary (add up to 180°).

a°

a + b = 180

b°
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8B Parallel lines 465

Exercise 8B

Understanding 1, 2 2

1 Decide whether the pair of marked angles are corresponding, alternate or cointerior.

a b c

d e f

2 Use the word equal or supplementary to complete these sentences.

If two lines are parallel, corresponding angles are .

Hint for Q2: Supplementary

angles add to 180°.

a

If two lines are parallel, alternate angles are .b

If two lines are parallel, cointerior angles are .c

Fluency 3–4(½), 5 3–5(½)

Example 4 Deciding whether lines are parallel

Decide whether each diagram contains a pair of parallel lines. Give a reason.

60°

114°

a
79°

82°

b

125°

125°

c

Solution Explanation

a No. The two cointerior angles do not add to 180°. 60° + 114° = 174° ¢ 180°

b No. The two corresponding angles are not equal. 79° ¢ 82°

c Yes. The two alternate angles are equal. If alternate angles are equal then the

lines are parallel.

Now you try

Decide whether each diagram contains a pair of parallel lines. Give a reason.

85°
100°

a

51°

51°

b

139°

139°

c
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466 Chapter 8 Geometry

3 Decide if each diagram contains a pair of parallel lines. Give a reason.

135°

130°

a 68°

68°

b

95°

95° Hint for Q3: The reasons why

lines could be parallel include:

• Corresponding angles are

equal.

• Alternate angles are equal.

• Cointerior angles add to 180°

(are supplementary).

c

65°

125°

d

110°

70°

e 115°

115°

f

87°

93°

g

105°

95°

h

75°
95°

i

Example 5 Finding angles in parallel lines

Find the value of each of the pronumerals. Give reasons for your answers.

b°

a°

110°a

b°a°

69°b

Solution Explanation

a a = 110 (vertically opposite angles)
110°

Vertically opposite

angles are equala°

b + 110 = 180 (cointerior angles in parallel lines)

b = 70 110°

b°

Cointerior angles

add to 180° in

parallel lines

b b = 69 (corresponding angles in parallel lines)

b°a°

69°
Corresponding 

angles are equal

in parallel lines

a + 69 = 180 (supplementary angles)

a = 111

Supplementary angles add to 180°

so a + b = 180.

8B
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8B Parallel lines 467

Now you try

Find the value of each of the pronumerals. Give reasons for your answers.

121°
a°

b°

a

52°

a°

b°

b

4 Find the values of the pronumerals. Give a reason for each answer.

x°

125°

Hint for Q4: For part a, x = 125.

Reason: Alternate angles in parallel lines.

Other reasons include corresponding

angles in parallel lines or cointerior

angles in parallel lines.

a

y°

70°

b

r°

80°c

s°

66°

d

106°

v°

e

q°

64°

f

5 Find the value of each pronumeral. Give reasons for your answers.

120°

b° a°

a

85° c°

d°

b

e°

f °

g°
80°

c

110°

b°

a°

d

100°

c°

a° b°

e

f°

e°

d°

40°f
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468 Chapter 8 Geometry

Problem-solving and reasoning 6, 7 7, 8

6 Two pairs of train tracks meet at 40°, as shown.

Find the value of a, b, c, d and e.

40°

a°
b°

c°

d°

e°

7 Find the value of each pronumeral.

110°

40°
y°

x°

a

58°

z°

t°

Hint for Q7: Look for pairs of angles

inside parallel lines. Mark in all

known missing angles to help find

the value of the pronumeral.

b

130°

70°

u°

v°

w°

c

38°

24°x°

d

135°

70°

x°e 29° 72°
x°

f

8 Find the value of x.

Hint for Q8: Use all the given

information to mark in any

missing angles.

62°

x°

a x°b

x°

85°

c

8B
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8B Parallel lines 469

Add a new line to help — 9

9 Sometimes you can add a third parallel line to a diagram to help you find an angle. For example,

to find ÒABC in this diagram you can draw a parallel line through B, then find the two alternate

angles (30° and 70°). So ÒABC = 30° + 70° = 100°.

30° 30°

70°

70°

B

A

C

Add a third parallel line to help find ÒABC in these diagrams.

45°

60°

B

A

C

a

75°

30°

B

A

C

b

27°

29°

B

A

C

c

75°

150°

B

A
C

d

110°

20°

B

A

C

e

140° 135°

B

A C

f
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470 Chapter 8 Geometry

8C 8C Quadrilaterals CONSOLIDATING

Learning intentions

• To know the properties of special quadrilaterals

• To know the angle sum of a quadrilateral

• To be able to calculate unknown angles inside a quadrilateral

Key vocabulary: quadrilateral, parallelogram, square, rectangle, rhombus, trapezium, kite, diagonal, parallel

Quadrilaterals are polygons with four straight sides. They include

six special shapes, four of which are types of parallelograms. Like

triangles, they have a special angle sum. This sum is the same for

all types of quadrilaterals.

Lesson starter: What is a parallelogram?

A parallelogram is a four-sided shape made from two pairs of

parallel lines.

• What are some properties of a parallelogram?

• Do you think the following shapes are parallelograms?

– Rectangle

– Kite

– Rhombus

– Square

– Trapezium

Buildings, such as the modern Library of

Alexandria, has a variety of quadrilaterals in

its design.

• Discuss the properties of each of the special quadrilaterals. Consider side lengths, the lengths of diagonals

and the interior angles.

Key ideas

Quadrilaterals are four-sided plane figures with straight sides.

Parallelograms are quadrilaterals with two pairs of parallel sides.

*

*

They include:

Rectangle• Rhombus

*

*

• Square•

The red dashed lines are called the diagonals.
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8C Quadrilaterals 471

The kite and trapezium are also special quadrilaterals.

Kite• Trapezium•

The angle sum of a quadrilateral is 360°.

a°

b°

c°

d°

a + b + c + d = 360

Supplementary cointerior angles add to 180°.

110°

70°

60°

120°

Exercise 8C

Understanding 1–3 3

1 Name the six special quadrilaterals.

2 A parallelogram has two pairs of parallel sides. Decide whether the following are parallelograms.

Rhombusa Kiteb Rectanglec

Squared Trapeziume

3 Write the word to complete these sentences.

A parallelogram has two pairs of sides.a

The diagonals in a rhombus intersect at angles.b

A quadrilateral with one pair of parallel sides is called a .c

The diagonals in a rectangle are in length.d

Fluency 4, 5–6(½) 4, 5–6(½)

Example 6 Working with properties of quadrilaterals

Name all the types of quadrilaterals that have these properties.

Equal length diagonalsa Diagonals intersecting at right anglesb

Solution Explanation

a Rectangle and square

and

b Rhombus, square and kite

, and
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472 Chapter 8 Geometry

Now you try

Name all the types of quadrilaterals that have these properties.

Equal opposite side lengthsa Exactly one pair of equal opposite angles.b

4 List

Hint for Q4: Refer to the diagrams

in the Key Ideas for help.

all the quadrilaterals that have these properties.

2 pairs of equal length sidesa

All interior angles 90°b

Diagonals of equal lengthc

Diagonals intersecting at right anglesd

1 pair of parallel sidese

Diagonals of different lengthf

Example 7 Finding angles in quadrilaterals

Find the value of the pronumeral in this quadrilateral.
100°

110°

80° x°

Solution Explanation

x + 80 + 100 + 110 = 360

x + 290 = 360

x = 70

The angles in a quadrilateral add to 360°.

Simplify and solve for x.

Now you try

Find the value of the pronumeral in this quadrilateral.

80°

110°

x°

5 Find the value of the pronumeral x in these quadrilaterals.

65°

x°
a

36°

75°

x°

b

110°
130°

x°

Hint for Q5: Use the angle sum of

a quadrilateral, which is 360°.

c 57° 98°

84°x°

d

°85°

95° 40°

x
e

50°

55° 35°

x°

f

8C
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8C Quadrilaterals 473

Example 8 Finding angles in special quadrilaterals

Find the value of the pronumeral in this kite and trapezium.

60° 40°

s°
a

125°

y°

b

Solution Explanation

a 2s + 60 + 40 = 360

2s + 100 = 360

2s = 260

s = 130

60° 40°

s°

s°

The angles in a quadrilateral add to
360° and the opposite angles (s°)
are equal in a kite.

b y + 125 = 180

y = 55

Cointerior angles inside parallel lines are supplementary

(add to 180°).

Now you try

Find the value of the pronumeral in this kite and trapezium.

100°

120°

m°

a

n°
76°

b

6 Find the value of the pronumerals.

Hint for Q6: Remember: A

kite has one pair of equal

opposite angles. Cointerior

angles inside parallel lines

are supplementary (add

to 180°).

100° 40°

a°
a

100°

95°

x°

b

126°

b°

c

147°
a°

d

117°

y°

e

71°

a°
f
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474 Chapter 8 Geometry

Problem-solving and reasoning 7, 8 7, 9, 10

7 Decide whether it is possible to draw a quadrilateral with:

Hint for Q7: A reflex angle is

between 180° and 360°.

1 interior reflex anglea

2 interior reflex anglesb

3 acute anglesc

4 acute anglesd

8 A shopping centre’s floor is a quadrilateral with one 120° angle and two 90° angles. What is the size of

the fourth angle?

9 Explain why a rectangle, square and rhombus are all parallelograms.

10 These quadrilaterals include exterior angles. Find the value of x in each.

110°

x°

b

100°

85°

140°

x°

c

50°

50°
160°

x°

a

Quad x challenge — 11

11 Find the value of x in these diagrams.

250°

140°

x°

b

70°

100°

70°

x°

c 20° 330°

x°

65°

a

72°

71°
x°

e

62°

x°
f

71°

100°

x°

d

8C
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8D Polygons 475

8D 8D Polygons
Learning intentions

• To know the rule for the angle sum of a polygon

• To be able to calculate unknown angles inside a polygon

• To be able to calculate the interior angle of regular polygons

Key vocabulary: polygon, regular polygon, convex, non-convex

Closed two-dimensional shapes with straight sides are called polygons.

They are classified by their number of sides. We have already studied

triangles (3 sides) and quadrilaterals (4 sides), which have been classified

further by their special properties. The properties of other polygons will be

studied here.

Lesson starter: Can you draw a polygon?

Use your knowledge of polygons to draw each of the following shapes.

• a convex quadrilateral (all angles less than 180°)

• a non-convex pentagon (at least one angle greater than 180°)

• a regular hexagon (all sides and all angles equal)
Buildings aren’t limited to

triangles and quadrilaterals

in their design. This structure

features hexagons.

Key ideas

A polygon is a closed two-dimensional shape with straight sides.

Convex polygons have all interior angles less than 180°. A non-convex polygon has at least one

interior angle greater than 180°.

Convex quadrilateral

c°d°

a°

b°

Non-convex hexagon

a° b°

The sum of the interior angles, S, in a polygon with n sides is given by S = (n − 2) × 180°.

Polygon Number of sides Angle sum

Triangle 3 180°

Quadrilateral 4 360°

Pentagon 5 540°

Hexagon 6 720°

Heptagon 7 900°

Octagon 8 1080°

Nonagon 9 1260°

Decagon 10 1440°

Undecagon 11 1620°

Dodecagon 12 1800°

n-gon n (n − 2) × 180°
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476 Chapter 8 Geometry

Regular polygons have equal length sides and

equal interior angles.

A regular pentagon

Exercise 8D

Understanding 1–4 4

1 Write the missing word/rule.

A has 6 sides.a

A polygon has equal sides and equal angles.b

A polygon has at least one reflex angle.c

The rule for the angle sum of a polygon is S = .d

2 How many sides do these polygons have?

Pentagon

Hint for Q2: Refer to the Key

Ideas for help.

a

Heptagonb

Quadrilateralc

Undecagond

Nonagone

Dodecagonf

3 Use S = (n − 2) × 180° to find the angle sum, S, of these polygons. n is the number of sides.

Hexagona

Octagonb

Undecagonc

Heptagond

4 Name each of these shapes as convex or non-convex, and write

their polygon name.

Hint for Q4: A convex polygon

has all internal angles less

than 180°.

a b

c d

8D
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8D Polygons 477

Fluency 5–7(½) 5–7(½)

5 Find the value of x using the given angle sum.

Angle sum = 540°

105°

105°95°

x°

95°

Hint for Q5: All the angles must

sum to the given angle sum.

a

140°

Angle sum = 720°

150°

150°

x°

b

120°

130°

140°

170°
120°

120°

x°

Angle sum = 900°

c
140°

130°

110°

130°

Angle sum = 720°

x°

d

Example 9 Finding angles in polygons

Find the angle sum using S = (n − 2) × 180°, then find the value of a.

100°
135°

40°
115° a°

Solution Explanation

n = 6 and S = (n − 2) × 180°

= (6 − 2) × 180°

= 4 × 180°

= 720°

The shape is a hexagon with 6 sides so n = 6.

a + 90 + 115 + 100 + 135 + 40 = 720

a + 480 = 720

a = 240

The sum of all angles is 720°. Simplify and solve

for a.

Now you try

Find the angle sum using S = (n − 2) × 180°, then find the value of a.

a°
260°

100°

140°
40°

20°
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478 Chapter 8 Geometry

6 For each polygon find the angle sum using S = (n − 2) × 180°. Then find the value of a.

155° 95°

a°

a

100°

140°

135°

155°

100°

120°

a°

Hint for Q6: First find

the angle sum using

S = (n − 2) × 180°, where n

is the number of sides.

b
50° 80°

150°

140°

a°

c

110°
100°

100°

130°

150° a°

d

270°

35°

30° a°

e

25°

95°

45°

a°

f

Example 10 Working with regular polygons

Find the size of an interior angle of a regular octagon.
a°

Solution Explanation

n = 8 and S = (n − 2) × 180°

= (8 − 2) × 180°

= 1080°

a = 1080 ÷ 8

= 135

The regular octagon has 8 sides so use n = 8.

Each interior angle in a regular polygon is equal

so divide by 8 to get a single angle.

Now you try

Find the size of an interior angle of a regular decagon.
a°

7 Find the size of an interior angle of these regular polygons. Round to two decimal places in part e.

a°

a

a°

b

a°

c

a°

d
a°

e
a°

f

8D

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        Photocopying is restricted under law and this material must not be transferred to another party.

   Cambridge University Press 



8D Polygons 479

Problem-solving and reasoning 8, 9 8–10

8 Calculate the number of sides if a polygon has the given angle sum.

Suggestion: Use the rule S = (n − 2) × 180°.

2520°a 4140°b 18 000°c

9 Decide whether the following are possible. If so, make a drawing.

A hexagon with all angles equal but not all sides equal.a

A hexagon with all sides equal but not all angles equal.b

10 These polygons include exterior angles. Find the value of x in each.

120°
125°

130° x°
Hint for Q10: The interior

angle sum will first need

to be calculated.

a

150° 110°

80°

x°

b

100°

135°

40°

x°

c
100°

70°
40°

140°

x°

d

Maximum reflex — 11

11 Recall that a non-convex polygon has at least one reflex interior angle.

a Use drawings to decide whether the following are possible.

A quadrilateral with 2 reflex angles.i

A pentagon with 2 reflex anglesii

A hexagon with 4 reflex anglesiii

b What is the maximum number of interior reflex angles possible for these polygons?

Quadrilaterali Pentagonii Octagoniii

c Write a rule for the maximum number of interior reflex angles for a polygon with n sides.
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480 Chapter 8 Geometry

8E 8E Congruent triangles
Learning intentions

• To understand the four tests for congruence of triangles

• To be able to recognise a pair of congruent triangles using one of the four tests

• To be able to �nd unknowns in a pair of congruent triangles

Key vocabulary: congruent/congruent �gures, corresponding sides, corresponding angles, congruence statement

Congruent shapes and objects have the same shape and size.

Their matching angles are equal and their matching sides have the

same length.
It is possible to determine whether or not two triangles are congruent

by using four tests, which we call SSS, SAS, AAS and RHS.

Lesson starter: Constructing congruent triangles

For this task you will need a ruler, pencil and protractor. (You might also

use compasses.) Divide these constructions up equally among the members

of the class. Each group is to draw one of the following triangles, with the

given properties.

The Petronas Twin Towers in

Kuala Lumpur look congruent.

1 Triangle ABC with AB = 8 cm,AC = 5 cm and BC = 4 cm

2 Triangle DEF with DE = 7 cm,DF = 6 cm and ÒEDF = 40°

3 Triangle GHI with GH = 6 cm,ÒIGH = 50° and ÒIHG = 50°

4 Triangle JKL with ÒJKL = 90°, JL = 5 cm and KL = 4 cm

• Compare all triangles with the vertices ABC. What do you

notice? What does this say about two triangles that have three pairs of equal side lengths?

• Compare all triangles with the vertices DEF . What do you notice? What does this say about

two triangles that have two pairs of equal side lengths and the included angles equal?

• Compare all triangles with the vertices GHI . What do you notice? What does this say about

two triangles that have two equal corresponding angles and one corresponding equal length side?

• Compare all triangles with the vertices JKL. What do you notice? What does this say about

two triangles that have one right angle, the hypotenuse and one other corresponding equal

length side?

Key ideas

Congruent figures have the same shape and size.

If triangle ABC (DABC) is congruent to triangle DEF (DDEF), we write DABC Ã DDEF .

This is called a congruence statement.
• Letters are usually written in matching order.

A

C

B F

E D Corresponding

sides

 AB = DE

BC = EF

AC = DF

Corresponding

angles

∠A = ∠D

∠B = ∠E

∠C = ∠F

Corresponding sides are opposite equal corresponding angles.
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8E Congruent triangles 481

Tests for triangle congruence:

Side, Side, Side (SSS)

Three pairs of corresponding sides are

equal.

• Side, Angle, Side (SAS)

Two pairs of corresponding sides and the

included angle are equal.

•

Angle, Angle, Side (AAS)

Two angles and any pair of corresponding

sides are equal.

• Right angle, Hypotenuse, Side (RHS)

A right angle, the hypotenuse and one other

pair of corresponding sides are equal.

•

Exercise 8E

Understanding 1–3 2, 3(½)

1 These two triangles are congruent.

a Name the point on DXYZ that matches:

point Bi

point Aii

point Ciii A C

B

X Z

Y

b Name the side on DXYZ that corresponds to (matches):

ABi

ACii

BCiii

c Name the angle in DABC that corresponds to (matches):

ÒXi

ÒYii

ÒZiii

2 Copy and complete the sentences below.

Congruent figures are exactly the same shape and .a

If triangle ABC is congruent to triangle STU then we write DABC Ã .b

The short names of the four congruence tests for triangles are SSS, , and .c

3 Write a congruence statement if:

triangle ABC is congruent to triangle FGH

Hint for Q3: Example:

DDEF Ã DGHI

a

triangle DEF is congruent to triangle STUb
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482 Chapter 8 Geometry

Fluency 4, 5(½) 4–5(½)

Example 11 Choosing a congruence test

Which congruence test (SSS, SAS, AAS or RHS) would be used to show that these pairs of triangles

are congruent?

a b

c d

Solution Explanation

a SAS Two pairs of corresponding sides and the

included angle are equal.

b RHS A right angle, hypotenuse and one pair of

corresponding sides are equal.

c AAS Two angles and a pair of corresponding sides

are equal.

d SSS Three pairs of corresponding sides are equal.

Now you try

Which congruence test (SSS, SAS, AAS or RHS) would be used to show that these pairs of triangles

are congruent?

a b

c d

8E
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8E Congruent triangles 483

4 Which congruence test (SSS, SAS, AAS or RHS) would be used to show that these pairs of triangles

are congruent?

Hint for Q4: Choose SSS for

three matching sides, SAS for

two matching sides and the

included angle, AAS for two

equal angles and one matching

side or RHS for a right angle,

hypotenuse and one other

matching side.

a b

c d

e f

g h

Example 12 Finding missing side lengths and angles using congruence

Find the values of the pronumerals in these pairs of congruent triangles.

y

53

x

7

3

a

100°

b°

a°

25°

b°

b

Solution Explanation

a x = 5

y = 7

The side of length x and the side of length 5 are in corresponding

positions (opposite the ).

The longest side on both triangles must be equal.

b a = 25

b = 180 − 100 − 25

= 55

The angle marked a° corresponds to the 25° angle in the other

triangle.

The sum of three angles in a triangle is 180°.

Now you try

Find the values of the pronumerals in these pairs of congruent triangles.

x

y

8

11

5

a

71°

a°

b°

b
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484 Chapter 8 Geometry

5 Find the values of the pronumerals in these pairs of congruent triangles.

Hint for Q5: You already know

they are congruent!

a
y

3

2

x

2
4

b

y

6

2 x

6

6

c

105° b°

35°

a°

d

65°

b°

30°

a°

e

61°

x

b°

2.5 f

142°
b°

x

31°

9.21
a°

g

a°

4.2

76°

y h

a
6.5

b°

Problem-solving and reasoning 6–8 7–10

6 Measurements were taken for three matching triangular tiles and are shown here.

A

8 cm

10 cm

B
8 cm 10 cm

C

8 cm

10 cm

Which two triangles are congruent?a

What reason (SSS, SAS, AAS, RHS) is used to explain their congruence?b

7 For each set of three triangles, choose the two that are congruent. Give a reason (SSS, SAS, AAS or RHS)

and write a congruence statement (e.g. DABC Ã DFGH).

A

B

C

F

D

E

T

U

S

Hint for Q7: Write matching

vertices in the same order.

a

A

C

B

D E

F

G

H

I

b

8E
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8E Congruent triangles 485

B

A
C

F

D

E

G

I

H

c

B C

A

F

E D

I

H Gd

8 Explain why RHS is not the first reason you would use to explain why these two triangles

are congruent.

9 Are all triangles with three pairs of equal corresponding

angles congruent? Explain why or why not.

Hint for Q9: Draw examples to

justify your decision.

10 ABCD is a parallelogram.

Give the reason why DABC Ã DCDA.a

What does this say about ÒB and ÒD?b

C
B

A
D

Fishing for congruence — 11

11 Identify all pairs of congruent triangles from those below by writing a congruence statement.

Angles with the same mark are equal.

A C

B

D

F

E

*

LJ

K

P

B

R* L N

M

M

N

O

P

Z

Y

*

S

U

T

K J

I

G

H

I
*

Q

P

R

B D

C

F H

G
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486 Chapter 8 Geometry

18A For the angle 63°, determine the:

complementary anglea supplementary angleb

28A Name the types of triangles shown and find the value of each pronumeral. Part c includes

an exterior angle.

35°

a°

a

70°

b°

b

54°

100°

c°

c

38B Explain why the pairs of lines shown below are not parallel.

65°

72°

a

66°

124°

b

48B Find the values of the pronumerals in the parallel lines below. Give reasons for your answers.

a°

b°

125°

a

115°

a°

b°

b
60°

80°
a°

c

58C Find the values of the pronumerals in these quadrilaterals and name the type of quadrilateral

in parts b and c.

85° 85°

a°

a

b°

122°

b

115°

50°

c°
c

68D Find the angle sum of each of the following polygons using S = (n − 2) × 180° and then find

the value of a. The polygon in part b is a regular polygon.

270°110°

64°82°

85°

a°
a

a°
b

78E Which congruence test (SSS, SAS, AAS or RHS) would be used to show that these pairs of

triangles are congruent?

a b

88E Find the value of the pronumerals in this pair of congruent triangles.

y°

10 m
6 m 40°

x m
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8F Enlargement and similar figures 487

8F 8F Enlargement and similar figures
Learning intentions

• To know that enlargement of a �gure produces a similar �gure

• To be able to recognise that two shapes are similar

• To be able to construct a similar �gure using the enlargement transformation

• To be able to calculate a scale factor for similar �gures

• To be able to �nd missing angles and side lengths in similar �gures

Key vocabulary: similar �gures, enlargement, scale factor, ratio, corresponding sides, corresponding angles, image

Whenever we look at a map, TV screen, microscope, model,

movie screen or computer document we are looking at

similar figures.
Similar figures have the same shape but not necessarily

the same size. If two figures are similar then one of them

can be enlarged or reduced so that it is identical (congruent)

to the other. If a figure is enlarged by a scale factor greater

than 1, the image will be larger than the original. If the scale

factor is between 0 and 1, the image will be smaller.

Lesson starter: Are they similar?

Here are three quadrilaterals, not drawn to scale.

The image on the screen is similar to the

original; it has the same shape but a different

size.

120°
100° 5 cm

5 cm

A
50°

105°

120°

45°

9 cm

10 cm

B 120°

100°

15 cm

15 cm

C

50°

• Which pair of quadrilaterals do you think are similar?

• Why do you think they are similar? Discuss your reasons.

• Give reasons why the other quadrilateral is not similar.

Key ideas

Enlargement is a transformation that involves the increase or decrease in size of an object.

• The ‘shape’ of the object is unchanged.

• Enlargement uses a centre of enlargement and an enlargement factor or scale factor.
• The scale factor is the number by which you multiply each side length to enlarge or reduce the

size of a shape.

• The image of a point A can be labelled as A’.

A

A'

B'
B

Image
C'

C

O

Two figures are similar if one can be enlarged to be congruent to the other. They are of the same

shape but not the same size.

• Corresponding angles are equal.

• Pairs of corresponding sides are in the same proportion or ratio.
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488 Chapter 8 Geometry

The scale factor =
image length
original length

The symbols ||| and £ are used to describe similarity.

• For example, ABCD ||| EFGH or ABCD £ EFGH

• The letters are usually written in matching order.

• Scale factor = EF
AB

=
10

5
= 2

• The scale factor will be the same for all matching pairs

of sides.

D C

A

80°

5

100° 140°

40°

B

H G

E

80°

10

100° 140°

40°

F

Exercise 8F

Understanding 1–4 1, 2, 4

1 Write the missing word or symbol.

Scale factor =
length

original length
a

Similar shapes are the same but different size.b

If ABCD is similar to EFGH, then we write ABCD EFGH.c

2 The two figures below are similar.

Name the angle in the larger figure that corresponds to (matches) ÒA.a

Name the angle in the smaller figure that corresponds to ÒI .b

Name the side in the larger figure that corresponds to BC. Hint for Q2: For part e, use

scale factor =
image length
original length

c

Name the side in the smaller figure that corresponds to FJ.d

Use FG and AB to find the scale factor.e

3 cm

Original

A B

CD

E

6 cmG F

IH

J

Image

3 This diagram shows DABC enlarged to give the image DAÌBÌCÌ.

Measure the lengths OA and OAÌ. What do you notice?a

Measure the lengths OB and OBÌ. What do you notice?b

Measure the lengths OC and OCÌ. What do you notice?c

What is the scale factor?d

Is AÌBÌ twice the length of AB? Measure to check.e
A A'

C'

B'

B

C

O

8F
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8F Enlargement and similar figures 489

4 This diagram shows rectangle ABCD enlarged (in this case reduced) to rectangle AÌBÌCÌDÌ.

A B

D C

O

A' B'

C'D'

Measure the lengths OA and OAÌ. What do you notice?a

Measure the lengths OD and ODÌ. What do you notice?b

What is the scale factor?c

Compare the lengths AD and AÌDÌ. Is AÌDÌ one quarter of the length of AD?d

Fluency 5, 6 5(½), 6, 7

Example 13 Using the scale factor

These figures are similar.

Find the scale factor.a

Find the value of x.b

Find the value of y.c

4 cm

Original

3 cm

y cm

6 cm

Image

x cm

7.5 cm

Solution Explanation

a Scale factor = 6
4
= 1.5 Choose two corresponding sides and use

scale factor =
image length
original length

b x = 3 × 1.5

= 4.5

Multiply by the scale factor to get the length of the side

on the larger image.

c y × 1.5 = 7.5

y = 7.5 ÷ 1.5

= 5

When y is multiplied by the scale factor it gives a length

of 7.5 on the image. Divide by 1.5 to solve for y.

Now you try

These figures are similar.

Find the scale factor.a

Find the value of x.b

Find the value of y.c

Original

y m

16 m

12 m

Image

x m

30 m

32.5 m
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490 Chapter 8 Geometry

5 Each of the pairs of figures shown here are similar. For each pair:

i Find the scale factor.

ii Find the value of x.

iii Find the value of y.

5

7
y

20

10

x

a

2

7

y

3

12

x

Hint for Q5: Scale factor =
larger

smaller
Make sure you choose

a matching pair of sides.

b

20

30

y

30

36

x

c

2

0.4

y

3.5

5

xd

x

0.8

0.5

y
1.5

1.25e
y

2
4

3.5

x

5.25

7
f

Example 14 Enlarging figures

Copy the given diagram using plenty of space, and use the given centre of

enlargement (O) and these scale factors to enlarge DABC.

Scale factor 1
2

a

Scale factor 3b

O
B

C

A

Solution Explanation

a

C'

A'

B'
B

C

A

O

Connect dashed lines between O and the vertices A,B

and C.

Since the scale factor is 1
2
, place AÌ so that OAÌ is half

of OA.

Repeat for BÌ and CÌ. Join vertices AÌ,BÌ and CÌ.

b C'

A'

B' O
B

C

A

Draw dashed lines from O through A,B and C. Place AÌ

so that OAÌ is 3 times OA. Repeat for BÌ and CÌ and form

DAÌBÌCÌ.

8F
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8F Enlargement and similar figures 491

Now you try

Copy the given diagram using plenty of space, and use the given centre

of enlargement (O) and these scale factors to enlarge DABC.

Scale factor 2a

Scale factor 1
2

b
O

A B

C

6 Copy the given diagram, leaving plenty of space around it. Use the given

centre of enlargement (O) and given scale factors to enlarge DABC.

Scale factor 1
3

a

Scale factor 2b

O

A

C

B

7 This diagram includes a square with centre O and vertices ABCD.

a Copy the diagram, leaving plenty of space around it.

b Enlarge square ABCD by these scale factors and draw the image.

Use O as the centre of enlargement.
1

2
i 1.5ii

O

A B

D C

Problem-solving and reasoning 8, 9 10, 11

8 A square is enlarged by a scale factor of 4.

a Are the internal angles the same for both the

original and the image?

b If the side length of the original square was

2 cm, what would be the side length of the

image square?

c If the side length of the image square was

100 cm, what would be the side length of the

original square?

Original Image

9 A photo of a sunflower is enlarged by a scale factor of 2. If the larger flower has a diameter of 7.4 cm,

what is the diameter of the smaller flower?
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492 Chapter 8 Geometry

10 These diagrams show a shape and its image after enlargement. For each part, find:

i the scale factor

ii the coordinates (x, y) of the centre of enlargement

2

3

1

2 31 4 5

4

5

y

x
A

A'

B

C'

C

D'

D

O

B'

a

2

3

1

2 31 4 5

4

5

y

x

A

A'

B

O

C'

C

B'

b

2

3

1

2 31 4 5 6

4

5

6

y

x

A

A'

B

B'

D

D'

C

C'

O

c

2

3

1

2 31 4 5 6

4

5

6

y

x

C

A'

A

B'

C'

B

O

Hint for Q10: For parts c and d,

first draw dashed red lines

connecting A with AÌ etc.

d

11 Explain why:

any two squares are similara any two equilateral triangles are similarb

any two rectangles are not necessarily similarc

any two isosceles triangles are not necessarily similard

Actual lengths from drawings and maps — 12, 13

12 The container of this truck is 12.7 m long.

a Measure the length of the container on the truck in the drawing.

b Measure the height of the container on the truck in the drawing.

c Estimate the actual height of the container on the truck.

13 A map has a scale ratio of 1 : 50 000.

a What length on the ground is represented by 2 cm on the map?

b What length on the map is represented by 12 km on the ground?

8F
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8G Similar triangles 493

8G 8G Similar triangles
Learning intentions

• To understand the four tests for similarity of triangles

• To be able to recognise a pair of similar triangles using one of the four tests

• To be able to calculate and use the scale factor to �nd an unknown length

Key vocabulary: similar, scale factor, ratio, corresponding sides, corresponding angles, hypotenuse

As with congruent triangles, there are mathematical tests that can be used to see if two triangles are

similar. Once we know that two triangles are similar, we can work out any missing angles and lengths.

Lesson starter: Why are AA and AAA the same test for triangles?

If all three angles are the same inside two triangles then we know that the triangles are similar.

Here are a pair of triangles.

• Do you think they are similar?

• What is the missing angle in each triangle?

• Can you explain why the AA test is the

same as AAA?

120°

20°

120°

20°

Key ideas

Two triangles are similar if:

• corresponding angles are equal

• corresponding sides are in proportion (the same ratio).

The similarity statement for two similar triangles DABC and DDEF is:

• DABC ||| DDEF or

• DABC £ DDEF

Tests for similar triangles (not to be confused with the congruence tests for triangles):

• Side, Side, Side (SSS):

All three pairs of corresponding sides are in the

same ratio.
12

6
=
8

4
=
14

7

4
6

7

8

12

14

• Side, Angle, Side (SAS):

Two pairs of corresponding sides are in the same ratio

and the included angles are equal.

22

11
=
10

5

5

11

10

22

• Angle, Angle, Angle (AAA or AA):

All three corresponding angles are equal

(If there are two equal pairs then the third pair

must be equal.)

• Right angle, Hypotenuse, Side (RHS):

The hypotenuses of right-angled triangles and

another corresponding pair of sides are in the

same ratio.

15

5
=
6

2

2
5

6
15
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494 Chapter 8 Geometry

Exercise 8G

Understanding 1, 2 2

1 Copy and complete the following sentences.

The abbreviated tests for similar triangles are SSS, , and .a

Similar figures have the same but are not necessarily the same .b

DABC is a (line, triangle or quadrilateral).c

If DABC ||| DDEF , then DABC is to DDEF .d

2 These two triangles are similar.

C

A B

F

D E

a Which vertex on DDEF corresponds to (matches) vertex B on DABC?

b Which vertex on DABC corresponds to (matches) vertex F on DDEF?

c Which side on DDEF corresponds to (matches) side AC on DABC?

d Which side on DABC corresponds to (matches) side EF on DDEF?

e Which angle on DABC corresponds to (matches) ÒD on DDEF?

f Which angle on DDEF corresponds to (matches) ÒB on DABC?

Fluency 3, 4(½), 5, 6 3–4(½), 6, 7

Example 15 Choosing a similarity test for triangles

Choose the similarity test that proves that these pairs of triangles are similar.

a

2

3

6

9

b

6

7

18

21c 6

1215

2

54

d

Solution Explanation

a AAA Three pairs of angles are equal.

b RHS Both are right-angled triangles and the hypotenuses and another

pair of sides are in the same ratio ( 93 = 62 ).
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8G Similar triangles 495

c SAS Two pairs of corresponding sides are in the same ratio ( 217 = 186 ) and
the included angles are equal.

d SSS Three pairs of corresponding sides are in the same ratio

( 155 = 124 = 62 ).

Now you try

Choose the similarity test that proves that these pairs of triangles are similar.

3
4

6

8

a b

3.2

5

8

2

1

2.5

c 6

2
5

15

d

3 Choose the similarity test which proves that these pairs of triangles are similar.

60°

75°

45°
75°

a 9

4

18

8

Hint for Q3: Choose from SSS,

SAS, AAA or RHS.

b

6

4

3 9

6

4.5

c

30°3
5

30°
9

15

80°
d

4

10
2

5

e
80°

50°
80°

50° 50°f

110°

3

2.5

110°

10

12

g

6
5

4 1518

12h
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496 Chapter 8 Geometry

4 Write similarity statements for these pairs of similar triangles. Write letters in matching order.

A

C

B I

GH

a

A B

C

N M

Ob

D

E

B

C

A

c

I

J

G

H

F

Hint for Q4: Here is an

example of a similarity

statement: DABC ||| DDEF
d

A B C

D

E

e D

A B

CE

Hint for Q4: For parts e and f,

use angles in parallel lines.

f

5 What is the scale factor of this pair of similar triangles that enlarges DABC to DDEF?

A B

C

4 m

10 mE D

F

Example 16 Finding a missing length using similarity

For this pair of triangles:

give a reason (SSS, SAS, AAA or RHS) why the two

triangles are similar

a

find the scale factorb

find the value of xc

D

CA

2 cm
3 cm 5 cm

x cm

B

E

Solution Explanation

a AAA or just AA. ÒEAC = ÒDBC since AE is parallel to BD

and ÒC is common to both triangles. (Also

ÒAEC = ÒBDC since AE is parallel to BD).

b Scale factor = 3
2
= 1.5. AE

BD
=
3

2
.

c x = 5 × 1.5

= 7.5

Multiply CD by the scale factor to find the

length of the corresponding length CE.

8G
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8G Similar triangles 497

Now you try

For this pair of triangles:

give a reason (SSS, SAS, AAA or RHS) why the two

triangles are similar

a

find the scale factorb

find the value of xc

3 cm

7.5 cm

12 cm

x cm

6 For this pair of triangles:

give a reason (SSS, SAS, AAA or RHS)

why the two triangles are similar

a

find the scale factorb

find the value of x
Hint for Q6: To use SSS, SAS

or RHS, you need more than

one pair of matching sides.
c

C A

5 cm 7.5 cm8 cm

x cm

E

B

7 For this pair of triangles:

give a reason (SSS, SAS, AAA or RHS) why the

two triangles are similar

a

find the scale factorb

find the value of xc

6 m
10 m

x m

15 m

20 m

25 m

Problem-solving and reasoning 8, 9 8–11

8 Two people create a shadow in the Sun, as shown. What is the

height of the taller person?

1.5 m

1.5 m

2 m

?

9 Name the triangle that is not similar to the other two in each group

of three triangles.

95°

50°

A C

B

50° 45°

D

E

F

95°
35°

G

I

H

Hint for Q9: Name a triangle like

this: DABC or DSTU .

a

A B

10
6

C DF

E

2

5 20
12

I G

H

b
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498 Chapter 8 Geometry

130°

C

B

A
1.5

2

130°

E F

1.8
D

1.2
130°

H

G

I

0.6

0.9

c

A

B C

10

5

D

E

F 2.62

1.32

H

I

G 3.25

6.5d

10 For each pair of similar triangles:

give a reason (SSS, SAS, AAA or RHS) why the two triangles

are similar

i

find the value of xii

Hint for Q10: Consider angle

properties in parallel lines.

60°

12

13

6

x

a

4 4

5

x

b

8

9

18

x

c

11 Give reasons why these two triangles are similar.

80°

75°

A C

B

75°25°

I

GH

Area ratio — 12

12 Consider these three similar triangles (not drawn to scale).

Original

4

2

Image 1

8

4

Image 2

12

6

Image 3

16

8

a Complete this table, comparing each image to the original.

Triangle Original Image 1 Image 2 Image 3

Length scale factor 1 2

Area 4 16

Area scale factor 1

b What do you notice about the area scale factor compared to the length scale factor?

c What would be the area scale factor if the length scale factor is:

10?i 20?ii 100?iii

8G
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8H Applying similar triangles 499

8H 8H Applying similar triangles
Learning intentions

• To be able to identify a pair of similar triangles in a given context

• To be able to give a reason why two triangles are similar

• To be able to calculate and use the scale factor to �nd an unknown length in a real situation

Key vocabulary: similar �gures, scale factor

Similar triangles can be used in many mathematical and practical problems. If two triangles are proved

to be similar then the properties of similar triangles can be used to find unknown lengths or angles. The

approximate height of a tall object, or the width of a projected image, can be found using similar triangles.

By knowing the girl’s height and the

length of the kite string to the girl and

the ground, you can calculate the kite’s

height.

Lesson starter: How high is it?

A 1 m vertical stick gives a shadow 80 cm long. At the same time, a

tall tree has a shadow 24 m long.

• How can AAA be used to explain the two similar triangles?

• What is the scale factor?

• What is the height of the tree?

1 m

80 cm ?

24 m

Key ideas

To apply similarity in practical problems involving triangles:

• Prove that two triangles are similar by stating one of the tests: SSS, SAS, AAA or RHS.

• Find a scale factor.

• Find the value of any unknowns.

Exercise 8H

Understanding 1–3 3

1 Here are two triangles.

a How many pairs of equal matching angles

are given?

b Which test (SSS, SAS, AAA or RHS) explains why

they are similar?

c What is the scale factor if the smaller triangle is

enlarged to the size of the larger triangle?

d Find the value of x.

20 cm

x cm

35°

10 cm

6 cm
35°
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500 Chapter 8 Geometry

2 In this diagram, name the angle that is common to both DACE and DBCD.

Hint for Q2: You can name the

angle like this:ÒS.

A B C

D

E

3 In this diagram:

name the pair of vertically opposite anglesa

name the two pairs of equal alternate anglesb

A B

C

ED

Fluency 4–7 5–8

4 Two similar triangles are created by cables supporting a yacht’s mast.

Find a scale factor for the two triangles.a

Find the height of the mast.b

4.5 m 1.5 m

Mast

1.2 m

Example 17 Applying similarity

Chris’ shadow is 1.2 m long while a 1 m vertical stick has a shadow

0.8 m long.

Give a reason why the two triangles are similar.a

Determine Chris’ height.b
1.2 m 0.8 m

1 m

Solution Explanation

a All angles are the same (AAA). The Sun’s rays will pass over Chris and the stick

and hit the ground at approximately the

same angle.

b Scale factor = 1.2
0.8
= 1.5

Â Chris’ height = 1 × 1.5

= 1.5 m

First find the scale factor.

Multiply the height of the stick by the scale

factor to find Chris’ height.

Now you try

Two ladders lean against a vertical wall at the same angle as shown. The

distances that the base of the ladders are from the wall are 3 m and 6 m.

Give a reason why the two triangles are similar.a

Find how high the longer ladder reaches up the wall if the shorter ladder

reaches up 5 m.

b
5 m

3 m

6 m

8H
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8H Applying similar triangles 501

5 A tree’s shadow is 20 m long while a 2 m vertical stick has a shadow 1 m long.

Give a reason why the two triangles contained within the

objects and their shadows are similar.
Hint for Q5: Construct a diagram

as in Example 17.

a

Find the height of the tree.b

6 John stands 6 m from a lamp post and casts a 2 m shadow. The shadow from the pole and from John

end at the same place. If John is 1.5 m tall, what is the height of the lamp post?

7 Two cables support a steel pole at the same angle as shown. The two cables

are 4 m and 10 m in length and the shorter cable reaches 3 m up the pole.

Give a reason why the two triangles are similar.a

Find the height of the pole.b

10 m

4 m 3 m

8 Ali is at the beach and decides to estimate how far an exposed

rock is from the seashore. He places four pegs in the sand as

shown, and measures the distance between them.

Why do you think Ali has placed the four pegs in the way that

is shown in the diagram?

a

Are the two triangles similar? Which test (SSS, SAS, AAA or

RHS) could be used?

b

How far is the rock from the beach?c

Sea

Beach

Rock

12 m 18 m

16 m

 Peg C

Peg D

 Peg B

 Peg A

Problem-solving and reasoning 9, 10 9, 11

9 A deep chasm has a large rock (R) sitting on its side, as shown.

Find the width of the chasm.

Hint for Q9: Don’t forget to find

the scale factor.

R

8 m

2 m

1.8 m

Chasm

10 Joanne wishes to determine the width of the river shown without crossing

it. She places four pegs as shown. Calculate the river’s width.

30 m

12 m

8 m
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502 Chapter 8 Geometry

11 A person 1.8 m tall stands in front of a light that sits on

the floor.

The person casts a shadow on the wall behind them.

a Find how tall the shadow will be if the distance

between the wall and the light is:

4 mi

10 mii

3 miii

Wall Shadow

Light

2 m

b How tall will the shadow be if the distance between the wall and the person is:

4 m?i 5 m?ii

c Find the distance from the wall to the person if the shadow is:

5.4 mi 7.2 mii

Visual challenge — 12, 13

12 Find the length AB in this diagram if the two triangles are similar.

?

6
2

1.5
A

B

Hint for Q12: Remember to

line up corresponding sides

for the scale factor.

13 In this diagram, AC is perpendicular (at right angles) to BD and DABD is right-angled.

A B

D

C

5

3

a How many similar triangles are there?

b Find the lengths:

BDi ACii ABiii

8H
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Animators are creative people who use

their skills to hand-draw, model or

computer-generate images to create

animated effects.

While animators are artistic, many other

skills are necessary to excel in this field.

Animators must be patient, have an eye

for detail, and be able to work in groups as

well as independently. They need excellent

communication skills and IT skills.

Geometry and linear programming are

important in this field as they allow the

animator to illustrate how an image can be

rotated and shifted. Similarity and congruency

of objects are used to ensure consistency

between scenes.

Animating is not just restricted to the movies.

Computer and console computer games,

television series, advertising and even

corporate training organisations often directly

employ or out-source animators.

Animator

1 Being able to accurately copy drawings by hand is a skill used in some forms of animation. Use your

knowledge of angles and proportion to carefully copy these logos into your workbook.

a b c

2 Using graph paper, enlarge each of the following logos by a factor of two.

a b
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504 Chapter 8 Geometry

3 How many pairs of congruent triangles are in the symmetrical logo below?

Can you see any pairs of similar triangles?

4 Compare each of the following figures and state how each has been rotated relative to the preceding

one. You will need to use a protractor.

Using technology

5 Animators enjoy creating original designs. Use computer drawing software, such as Geometer’s

Sketchpad, to design a geometrical logo from the initials of your name. Some ideas for ‘D and W’

logos are shown below, but your design can be original if you wish.
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Ocean Ironman
The organisers of an ocean ironman event want to

estimate the distance from the beach to a floating

buoy in the sea. Flags are placed on the beach by the

organisers in an effort to create similar triangles

as shown.

Buoy (B)

Sea

D C

A

BeachE

The flag positions are at A, C, D and E and the line segments AB and DE are assumed to be at right

angles with AD at the beach.

Present a report for the following tasks and ensure that you show clear mathematical workings and

explanations where appropriate.

1 Preliminary task

Once the flags are in position one of the organisers measures the following;

AC = 200 metres• CD = 5 metres• DE = 4 metres•

a Find the scale factor between the two similar triangles.

b Hence, estimate the distance from the beach to the buoy (distance AB).

2 Modelling task

FormulateThe problem is to determine the distance between the beach and the buoy using similar triangles.

a Write down all the relevant information that will help solve this problem, and illustrate

using diagrams.

b Explain why the positions of the flags placed by the organisers produce a pair of similar triangles.

(That is, triangle DCE is similar to triangle ACB).

Solve

c Two more attempts at positioning flags and measuring distances are undertaken by

the organisers.

Jimmy’s placement:

AC = 360 metres• CD = 8 metres• DE = 3 metres.•

Olivia’s placement:

AC = 90 metres• CD = 5 metres• DE = 8 metres.•

i Use Jimmy’s model to estimate the distance between the beach and the buoy.

ii Use Olivia’s model to estimate the distance between the beach and the buoy.
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506 Chapter 8 Geometry

Evaluate

and

verify

d Another organiser attempts to place the flags such that:

AC = 100 metres• CD = 50 centimetres• DE = 1.2 metres.•

Do you think that arranging the flags in this way is a good idea? Explain why.

e If the actual distance from the beach to the buoy is 200 metres, determine an arrangement

for the flags that would deliver the correct distance. Illustrate with a diagram including

the measurements.

Communicate

f Summarise your results in a table.

AC CD DE AB

PERSON 1 200 5 4

JIMMY

OLIVIA

PERSON 4

Comment on any findings and recommendations.

3 Extension questions

a Another way to arrange the flags is to use the model

shown here. Using this model, identify the pair of

similar triangles and explain why they are similar.

b Using the following measurements, estimate the

distance from the beach to the buoy.

AC = 100 metres•

AE = 60 metres•

DE = 140 metres•

Buoy (B)

D

C A

E

c Compare the two models studied in this task using the different diagrams. Do you have a

preferred model? Explain why.
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Technology and computational thinking 507

Geometric bisection
Key technology: Dynamic geometry

To generate drawings with a high degree of accuracy it

is important not just to rely on guess work or trial and

error. Instead, we use construction techniques using

the properties of lines and shapes to pinpoint positions

accurately. These construction techniques could be

achieved using a pair of compasses, pencil and ruler;

however, dynamic geometry software could also be used

with the added benefit that points in the construction

can be dragged to test multiple cases.

1 Getting started

We will start by considering constructing the perpendicular bisector of a line segment. Use dynamic

geometry like Desmos to complete the following.

a Construct a line segment AB.

b Construct a circle with centre A and radius AB and a

circle with centre B and radius AB.

c Construct points C and D at the intersection of the

circles.

d Construct CD, which is the perpendicular bisector of

AB, and the point M, which is the midpoint of AB.

e Check that your construction is correct by dragging

either of points A or B. The segment CD should

move with the construction as the perpendicular

bisector of AB.

2 Using technology

a Use dynamic geometry to construct the following. The given diagrams will provide clues as to how

to complete the construction.

i Equilateral triangle ii Isosceles triangle
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508 Chapter 8 Geometry

iii Angle bisector iv Perpendicular line

b For each of the above constructions, drag one of the initial points to see if the properties of the

construction are retained. For the angle bisector, for example, the ray OE should always bisect the

angle AOB when point A is dragged.

3 Applying an algorithm
a Choose one of the constructions above and write a simple algorithm (sequence of steps) which

tells the user how to create the construction in the correct order.

b Follow this algorithm to construct a square. The special tool ‘Perpendicular line’ inside the dynamic

geometry software is used.

• Step 1: Construct segment AB.

• Step 2: Construct lines perpendicular to AB passing

through A and perpendicular to AB passing through B.

• Step 3: Construct the circle with centre A and radius AB.

• Step 4: Construct point C.

• Step 5: Construct the line perpendicular to AC passing through C.

• Step 6: Construct point D.

c In your square construction, drag one of points A or B. ABCD should always be a square regardless

of the position of A or B.
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Puzzles and games 509

1 Use 12 matchsticks to make 6 equilateral triangles.

2 Find the value of a in the diagram.

40° a°

3 How many acute angles are there in this diagram?

4 A circle is divided using chords (one chord is shown here, giving

two regions).

What is the maximum number of regions that can be formed if

the circle is divided with 4 chords?

5 Explore (using dynamic geometry) where the points A,B and C

should be on the sides of D DEF so that the perimeter of D ABC is a

minimum.
A

C
D

E

F

B

6 The Sierpinski triangle shown is a mathematically generated pattern.

It is created by repeatedly enlarging triangles by a factor of 1
2
.

The steps are:

• Start with an equilateral triangle, as in figure 1.

• Enlarge the triangle by a factor of 1
2
.

• Arrange three copies of the image, as in figure 2.

• Continue repeating steps 2 and 3 with each triangle.

a Make a large copy of figures 1 to 3 and then

draw the next two figures in the pattern.

b If the original triangle (figure 1) had side

length l, what is the side length of the smallest

triangle in: Figure 1 Figure 2 Figure 3

figure 2?i figure 3?ii

figure 8 (assuming figure 8 is the 8th diagram in the pattern)?iii
c What fraction of the area is shaded in:

figure 2?i figure 3?ii

figure 6 (assuming figure 6 is the 6th diagram in the pattern)?iii
d The Sierpinski triangle is one where the process of enlargement and copying is continued

forever. What is the shaded area of a Sierpinski triangle?
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510 Chapter 8 Geometry

Geometry

Angles 

Acute 0° < < 90°

Right 90°

Obtuse 90° < < 180°

Straight 180°

° < < 360°

Revolution 360°

Complementary angles add up to 90°

Supplementary angles add up to 180°

Vertically opposite angles are equal

Quadrilaterals 

Parallelogram

Rhombus

Rectangle

Square

Kite

Trapezium       

Similar triangles 

Similar triangles have corresponding angles equal and

corresponding sides are in the same ratio.

We say ΔABC ||| ΔDEF or ΔABC ~ ΔDEF

similar to 

Tests for similar triangles:

SSS – three pairs of corresponding sides in the same ratio

SAS – two pairs of corresponding sides in the same ratio

and included angle equal

AAA or AA – all three pairs of corresponding angles are

equal; two pairs is enough to prove this 

RHS – the hypotenuses of right-angled triangles and

another pair of corresponding sides are in the same ratio 

Applying similar triangles 

Similar figures

In practical problems:

�������������������������������������������������������

e.g. The shadow cast by a tree is 10.5 m while a person

1.7 m tall has a 1.5 m shadow. How tall is the tree?

Similar AAA

Scale factor =

∴ h = 1.7 × 7

= 11.9 m
Tree is 11.9 m tall.   

1.5
10.5

= 7

Parallel lines 

If the lines are parallel:

����������������������

   are equal

������������������

   are equal

�������������������

   are supplementary

   a + b = 180

a°

b°

Triangles 

Sum of angles is 180°.

Exterior angle equals sum of

two opposite interior angles 

Types:

Acute-angled – all angles < 90°

Obtuse-angled – 1 angle > 90°

Right-angled – 1 angle 90°

Equilateral – all angles 60° – all

sides are equal

Isosceles – 2 angles and 2 sides

are equal

Scalene – all sides and angles

are different sizes 

c°

b°
a°

a = b + c

exterior angle

These are the same shape but

different size.

Scale factor =
image length

original length

Congruent triangles 

These are identical in shape and size.

They may need to be rotated or

ΔABC ——— ΔDEF

Tests for congruence:

SSS – three pairs of corresponding

sides equal 

SAS – two pairs of corresponding

sides and included angle are equal

AAS – two angles and any pair of

corresponding sides are equal 

RHS – a right angle, hypotenuse and

one other pair of corresponding sides

are equal 

congruent to

Angle sum = 360°

(Not to scale)

10.5

1.7h

1.5

θ

θ

θ

The sum of the interior angles

in a polygon with n sides is

S = (n − 2) × 180°. Regular

polygons have all sides and

angles equal. 

Polygons 
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Chapter checklist
A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook.

✔

8A 1 I can find supplementary and complementary angles.

e.g. State the supplementary and complementary angle to 25°.

8A 2 I can name triangles and find the size of unknown angles.

e.g. Name the type of triangle in this diagram and find the values of the pronumerals.

a°

b°

8B 3 I can find unknown angles in parallel lines.

e.g. Find the values of the pronumerals in this diagram and give a reason.

67°
a°

c° b°
d°

8B 4 I can explain why two lines are parallel.

e.g. Decide, with reasons, whether the given pair of lines are parallel.

41° 109°

8C 5 I can identify properties of various quadrilaterals.

e.g. Name the special quadrilaterals which have diagonals which intersect at 90°.

8C 6 I can find an unknown angle in a quadrilateral.

e.g. Find the value of a in this quadrilateral.

105°
115°

a°

8C 7 I can find an unknown angle in a special quadrilateral.

e.g. Find the value of a in this kite.

120°

a°
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512 Chapter 8 Geometry

✔

8D 8 I can find an angle sum of a polygon and an unknown angle in a polygon.

e.g. Find the value of a in this heptagon after finding the angle sum.

60°

145° 120°

60°a°

140°

8D 9 I can find the internal angle in a regular polygon.

e.g. Find the size of an internal angle inside a regular octagon.

8E 10 I can choose a test and write a congruence statement for a pair of congruent

triangles.

e.g. Write a congruence statement and choose a test to prove congruence for this pair of triangles.

A

C B N

M

O

8E 11 I can find missing side lengths and angles in congruent triangles.

e.g. Find the value of the pronumerals given the following pair of congruent triangles.

20°
a

9

x°

8F 12 I can find the scale factor for a pair of similar figures and find the length of

unknown sides.

e.g. Find the scale factor for these similar figures then find the value of the pronumerals.

4

3

y
4.5

2

x

8F 13 I can draw a similar figure using the enlargement transformation and a given

scale factor.

e.g. Copy the given diagram and enlarge the given shape using the centre of enlargement (O) and the

scale factors of 3 and also 1
2

.

A
O

B

C
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✔

8G 14 I can recognise when two triangles are similar using one of the four tests.

e.g. Give the reason why these triangles are similar.

4

2
10 5

8G 15 I can find a scale factor and use this to find an unknown length.

e.g. If the given pair of triangles is known to be similar, find the value of x.

12 m

5 m

21 m
x m

8H 16 I can identify similar triangles in a real context and use a scale factor to find

an unknown length.

e.g. A tree’s shadow is 20 m long and a 4 m high vertical stick has a 5 m shadow at the same time

of day.

a Use a diagram to form a pair of similar triangles and give a reason why they are similar.

b Use the scale factor to find the height of the tree.
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514 Chapter 8 Geometry

Short-answer questions

18A Find the value of the pronumerals.

38°
a°

a

130° b°

b

150°

c°
c

28A Name the following triangles and find the value of the pronumerals.

x° 50°

y°
a x°

65°

b

x°
y° 150°

40°
c

38B Decide whether the following contain a pair of parallel lines. Give a reason.

68°

59°

a

70°
110°

b

121°

121°

c

48B State the values of the pronumerals.

120°

a°
b°

c°

a

40°

60°a°

b°

b

61°
20°

a°

b°

c

58C Name the quadrilaterals that have:

equal length diagonalsa

diagonals intersecting at right anglesb

two pairs of equal length sidesc

68C Find the value of each pronumeral in the following quadrilaterals.

110° a°

b°

a

x°

80°

75°

b

x°

30°

45°

c
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78D Find the value of the pronumeral in these polygons. Use S = (n − 2) × 180° for the angle sum.

x°110°

110°
120°

105°

a
a°

a°

a° a°

a°

a°
b

x°

x°

x°x°

x°

x°

x° x°
c

88E Determine whether each pair of triangles is congruent. If congruent, give the abbreviated reason

(SSS, SAS, AAS or RHS) and state the value of any pronumerals.

40°

60° x°
a

60°

50°

x°

50°

b

5
13

12
x

c
70° 50°

7 9

60°x

70°

d

98F Copy the given diagram using plenty of space. Using the centre of enlargement (O) and a scale

factor of 3, enlarge DABC.

A

C

B

O

108G Determine whether the following pairs of triangles are similar, and state the similarity test (SSS, SAS,

AAS or RHS) that proves this.

3

5

10

6

a b

12 13

5

18 15

c
2

5
10

4

d
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516 Chapter 8 Geometry

118G For the following pairs of similar triangles, find the value of x.

7 4

10

a

8

x

2

43b

x

15

10

12

c

x 2

5

128H A conveyor belt loading luggage onto a plane is 12 m long. A vertical

support 1.6 m high is placed under the belt. It is 4 m along the

conveyor belt, as shown in the diagram.

Find the scale factor for the two similar triangles.a

Find the height (AE) of the luggage door above the ground.b

E

A B

D

12 m

4 m
1.6 m

C

Multiple-choice questions

18A The angle that is supplementary to an angle of 55° is:

35°A 55°B 95°C 125°D 305°E

28B What is the value of x if AB is parallel to CD?

110A 70B 20C

130D 120E

A B

C D

x°

110°

38A If two angles in a triangle are 30° and 80°, then the third angle is:

110°A 70°B 90°C 80°D 30°E

48B The values of x and y in the diagram are:

x = 35, y = 85A

x = 45, y = 45B

x = 50, y = 60C

x = 55, y = 65D

x = 65, y = 55E

x°
125°

60°

y°

58D Using S = (n − 2) × 180°, the sum of the interior angles in a hexagon is:

1078°A 360°B 720°C 900°D 540°E

68C The quadrilateral with all sides equal, two pairs of opposite parallel sides and no right

angles is:

a kiteA a trapeziumB a parallelogramC

a rhombusD a squareE

78C The value of a in the diagram is:

45A

310B

75C

60D

50E

a°

115°

105°
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Chapter review 517

88E The abbreviated reason for congruence in the two triangles

shown is:

AAA SASB SSSC

AASD RHSE

98F The scale factor in the two similar figures shown that

enlarges the original figure to its image is:

2

3
A 2B 1.2C

1.5D 0.5E

8 cm

6 cm

Original

10 cm

12 cm

Image

108G The value of x in the diagram is:

6A 9B 10C

8D 7.5E

2 cm

1.5 cm

4.5 cm

x cm

Extended-response questions

1 In this complicated diagram there are two triangles and one

quadrilateral.

Name the types of triangles.a

Find the values of the pronumerals in alphabetical order. Give a

reason at each step.

b

70°

85°

85°

a°

b° c°

d°

e°

2 A buoy (E) is floating in the sea at some unknown distance

from the beach, as shown. The points A,B,C and D are

measured and marked out on the beach, as shown.

Name the angle that is vertically opposite to ÒACB.a

Explain, with reasons, why DABC ||| DEDC.b

Find the distance from the buoy to the beach (ED) to one

decimal place.

c

A

D

EBuoy

Sea

5 m

8.1 m
12.2 m

Beach

B C
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9
Algebraic techniques

Essential mathematics: why skills with algebra are
important

Algebraic techniques simplify and solve complex problems in various fields.

Retail managers use algebra to manage inventory and decide on discounts. By analysing past
sales data, they can predict periods when items will be popular, such as summer for ice creams. To
prepare, they use a seasonal index for each month and adjust their orders based on expected
demand. They also use algebra to determine the best time to put items on sale by analysing sales
trends and calculating the break-even point where extra sales from a discount offset the lower
price.

Music producers use algebra to design synthesizers and mix audio. Synthesizers generate sound
waves using algebraic expressions like A × sin(2pft + v), where A is amplitude, f is frequency, t is
time, and v is phase. These variables allow producers to shape sound precisely, creating different
tones and effects. Algebraic techniques also help adjust volume levels, balance frequencies, and
apply effects, crafting high-quality tracks.
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9A Reviewing algebra
(Consolidating)

9B Expanding binomial products

9C Expanding perfect squares

9D Forming a difference of two
squares

9E Factorising algebraic
expressions

9F Factorising the difference of
two squares

9G Factorising by grouping in pairs

9H Factorising monic quadratic
trinomials

9I Simplifying algebraic fractions:

multiplication and division

9J Simplifying algebraic fractions:

addition and subtraction

Australian Curriculum 9.0

ALGEBRA

Apply the exponent laws to numerical
expressions with integer exponents and
extend to variables (AC9M9A01)

Simplify algebraic expressions, expand
binomial products and factorise monic
quadratic expressions (AC9M9A02)

Use mathematical modelling to solve
applied problems involving change
including financial contexts; formulate
problems, choosing to use either linear
or quadratic functions; interpret
solutions in terms of the situation;
evaluate the model and report methods
and findings (AC9M9A05)

© ACARA

Online resources

A host of additional online resources
are included as part of your Interactive
Textbook, including HOTmaths content,
video demonstrations of all worked
examples, auto-marked quizzes and
much more.
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520 Chapter 9 Algebraic techniques

1 Write down the coefficient of x in these expressions.

4x − 1a 3y + 6xb 3xy − 2xc −4x2 − 7xd

2 What is the constant term in these expressions?

5 − 2xa −16a + 2b

5xy − 2x + 1c 101x − 6d

3 Evaluate the following if a = 2 and b = −5.

aba −3b + 1b 4 − b + ac 5a2bd√
a2e 2b2 − af 5 − b2g a2b − 2b2h

4 Expand the following using a(b + c) = ab + ac.

2(x + 3)a 3(a − 5)b 4x(3 − 2y)c −3(2b − 1)d

5 Write down the highest common factor of:

4 and 6a 12 and 18b 2x and 4xc

3xy and 9yd 10x and 15x2e 3a2b and 4ab2f

6 Factorise by taking out the highest common factor.

2a + 6a 3x + 12yb 5x2 − 15xc 4m − 6mnd

7 Add or subtract these fractions. You will need a common denominator for parts c and d.
3

7
+ 2
7

a 4

9
−
5

9
b 1

2
+ 2
3

c 3

8
−
1

2
d

8 Multiply or divide these fractions.
2

3
× 4
5

a 3

4
× 2
3

b 7

14
× 2
3

c 6

11
× 22
12

d

2

3
÷ 1
3

e 7

8
÷ 14
24

f 3

2
÷ 4
3

g 7

9
÷ 4
3

h

9 Expand and simplify.

3(x − 1) + 5a 4(1 − x) + 5xb −2(5 + x) − xc

10 Write two expressions for the area of this rectangle, one with brackets and one without.

x 2
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9A Reviewing algebra 521

9A 9A Reviewing algebra CONSOLIDATING

Learning intentions

• To know the names of the parts of an algebraic expression

• To be able to form algebraic expressions from simple word phrases

• To know that only like terms can be combined under addition and subtraction

• To be able to simplify algebraic expressions using the four operations: +, −, × and ÷

• To be able to expand expressions involving brackets

• To be able to evaluate expressions by substituting given values

Key vocabulary: expression, pronumeral, variable, term, like terms, constant term, coef�cient, distributive law, evaluate

A high level of skill in algebra is required to solve more complex mathematical problems. Skills

include adding, subtracting, multiplying and dividing algebraic expressions, as well as expanding and

factorising expressions.

In this section we will review some basic concepts in algebra.

Lesson starter: Vocab review

Consider the expression 3x2 + 4xy − 2 − xy.

• How many terms are given in the expression?

• What letters are used as pronumerals?

• What is the coefficient of x2?

• What is the constant term?

• Are there any like terms?

• Can the expression be simplified? If so, how?

• What would be the value of the expression if x = 2 and y = −1?

Key ideas

An expression is a combination of numbers and pronumerals connected by mathematical

operations.

• A term is part of an expression with numbers and pronumerals connected only by multiplication

and division

• A coefficient is the number part in front of a term

• A constant term is a term that does not contain any pronumerals

• This is an example of a 3-term expression

coef�cient of y2 (7)

7y2 + 2xy − 4

constant term (−4)

Like terms have the same pronumeral part.

• They can be collected using addition and subtraction.

For example: 5a − 7a = −2a and 3xy2 + 2y2x = 5xy2

For multiplication and division, the symbols × and ÷ are not usually shown.

For example: (−3 × a × b) × (2 × b) = −3ab × 2b = −6ab2

14a2b ÷ (7ab) = 14a
2b

7ab
= 2a

The distributive law is used to expand brackets.

For example: −3(x − 2) = −3x + 6

4x + 2(1 − x) = 4x + 2 − 2x
= 2x + 2
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522 Chapter 9 Algebraic techniques

To evaluate an expression, substitute a value for each pronumeral and simplify.

For example: if a = 2 and b = −3 then

b2 − a = (−3)2 − 2

= 9 − 2

= 7

Exercise 9A

Understanding 1–3 3

1 Write expressions for each of the following.

a The cost of:

x movie passes at $11 eachi n apples at 50 cents eachii

b The number of tickets purchased for:

x adults and y childreni b boys and g girlsii

c The cost of hiring an electrician for n hours if the callout fee is $50 and the cost of labour is

$60 per hour

2 Consider the expression 5x − 2xy − y2 − 7.

a What is the coefficient of x?

Hint for Q2: Remember to

include the negative sign in

the coefficient of xy.

b What is the coefficient of xy?

c What is the constant term?

d Are there any like terms?

e Evaluate the expression if x = 1 and y = 2.

f Evaluate the expression if x = 2 and y = −1.

3 Write expressions for the following.

a The sum of 5 and 2x.
Hint for Q3: ‘Product’ means

multiply.
b 7 less than 4a.

c 1 less than the square of y.

d The product of x and z.

e The sum of the squares of a and b.

f The square root of 8 more than x.

Fluency 4–6(½) 4–6(½)

Example 1 Collecting like terms

Collect like terms to simplify the following.

5y − x + 2ya 4a2b + ab − ba2b

Solution Explanation

a 5y − x + 2y = 7y − x 5y and 2y are like terms.

b 4a2b + ab − ba2 = 3a2b + ab 4a2b and ba2 (or a2b) are like terms and

4 − 1 = 3.

9A
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9A Reviewing algebra 523

Now you try

Collect like terms to simplify the following.

7m + 2n − 5m − 3na 2x2y − xy − 4yx2b

4 Simplify by collecting like terms.

Hint for Q4: Only collect ‘like’

terms. Note that ab = ba.

3a − 4aa 4x + 7xb 6ab + 2abc

5xy − 9xyd 3a − 1 − 2ae 7y + 2x − 11yf

5x − y − 3y + xg ab + bah a2b − 5a2b − 3i

11xy − 14yxj 10r2a + 2ar2k 9st2 − st − 8t2sl

Example 2 Multiplying and dividing terms

Simplify these expressions.

−4a × 2aba 21a2b ÷ (3abc)b

Solution Explanation

a −4a × 2ab = −8a2b −4 × 2 = −8 and a × a = a2

b 21a2b ÷ (3abc) = 21a
2b

3abc

= 7a
c

Write as a fraction then cancel where possible.

Note: a
2

a
=
a ×  a

1

 a
1
= a

Now you try

Simplify these expressions.

5xy × (−3y)a 6a2b ÷ (12ab)b

5 Simplify the following.

5 × 3xa 7a × 2b −4x × 2yc

6a × (−7a)d −3ab × be −6a2b × 2bf

4x ÷ 2g 7a ÷ ah 12a ÷ (4a)i

22a2 ÷ (11a)j 40a ÷ (4a2)k 100x2y ÷ (25xy)l

7ab2

7b
m

48a2bc

16abc2
n

12xy

36xy2
o

Example 3 Expanding brackets

Use the distributive law to expand and simplify:

−x(2 + x)a 4x − 2(x − 1)b

Solution Explanation

a −x(2 + x) = −2x − x2 −x × 2 = −2x and −x × x = −x2

b 4x − 2(x − 1) = 4x − 2x + 2

= 2x + 2

First expand the brackets then collect like terms.

Note: −2 × (−1) = 2, not −2.
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524 Chapter 9 Algebraic techniques

Now you try

Use the distributive law to expand and simplify:

−3(x + 2)a −4x(1 − x) + 2x2b

6 Use the distributive law to expand and simplify:

Hint for Q6: Remember: a negative

times a negative is a positive.

3(x + 2)a 2(4 + x)b

−3(x + 4)c −6(x + 1)d

−2(x − 3)e −x(x + 1)f

−3y(2 − 3y)g −7a(a − b)h

3 + 2(x − 1)i 3x + 4(1 − x)j

3(x + 1) − 7xk 4(x + 2) − 2(x + 1)l

7(x − 3) − 3(x − 4)m −4(1 − x) − 21x + 1n

−6(2 − x) − 7(4 − x)o −2(3 − x) − (5 − x)p

Problem-solving and reasoning 7, 8(½), 9 8(½), 9–11

7 For these shapes, write expressions for i perimeter and ii area.

a

ba
x

b a

c
b

c

8 Evaluate the following if a = 3, b = −2 and c = −4.

2a + ba abcb 2a ÷ (3b)

Hint for Q8: Substitute pronumeral

values and work out the answer.

c

−3c + bd a2 + b2e c2 ÷ bf

a2 + c2

2
g a − c

7
h 1

a
(b + c)i

a3 − b3j 2b3 − ck
√
a2 + b2l

9 You can hire a sports car for an upfront fee of $100 plus $80 per hour after that.

a What is the cost of hiring a sports car for:

2 hours?i 9 hours?ii

b Write an expression for the cost of hiring a sports car for n hours.

9A
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9A Reviewing algebra 525

10 Find the area of these shapes in expanded form. All angles are 90°.

x

2x − 1a

x

x + 3

3

b

x

2

1

c

11 Identify the errors, then correct to find the answer.

−3(x − 1)

= −3x − 3

a 3ab
6b
= 2ab

4a

2a2
= 2ac 3(x + 2) − 3(x − 1)

= 3x + 6 − 3x − 3

= 3

d

Jake vs Lucas — 12

12 Jake and Lucas operate separate computer consulting services.

• Jake charges $60 per hour.

• Lucas charges a $40 callout fee plus $50 per hour after that.

a What is the cost of hiring Jake for:

2 hours?i 10 hours?ii

b What is the cost of hiring Lucas for:

2 hours?i 10 hours?ii

c Write an expression for the cost of hiring Jake for n hours.

d Write an expression for the cost of hiring Lucas for n hours.

e After what time is the cost of hiring Jake or Lucas the same?
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526 Chapter 9 Algebraic techniques

9B 9B Expanding binomial products
Learning intentions

• To understand the distributive law for expanding binomial products

• To be able to expand and simplify binomial products

Key vocabulary: binomial product, distributive law, expand

A binomial is an expression with two terms such as x + 5

or x2 + 3. You will recall from the previous section

that we looked at the product of a single term with a

binomial expression; e.g. 2(x − 3) or x(3x − 1).

The product of two binomial expressions can also be

expanded using the distributive law. This involves

multiplying every term in one expression by every term

in the other expression.

Expanding the product of two expressions can be

applied to problems involving the expansion of

rectangular areas, such as a farmer’s paddocks.

Lesson starter: Rectangular expansions

If (x + 1) and (x + 2) are the side lengths of a rectangle as shown, the total area can be

found as an expression in two different ways.

• Write an expression for the total area of the rectangle using length = (x + 2) and

width = (x + 1).

• Now find the area of each of the four parts of the rectangle and combine to give an

expression for the total area.

• Compare your two expressions above and complete this equation:

(x + 2)( ) = x2 + + .

• Can you explain a method for expanding the left-hand side to give the right-hand side?

x

x

1

2

Key ideas

A binomial is an expression with two terms.

Expanding binomial products uses the

distributive law.

(a + b)(c + d) = a(c + d) + b(c + d)

= ac + ad + bc + bd

Diagrammatically

(a + b)(c + d) = ac + ad + bc + bd

For example: (x + 1)(x + 5)  = x2 + 5x + x + 5

= x2 + 6x + 5

a

ac bc

ad bdd

c

b

x

x2 5x

1x 51

x

5
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9B Expanding binomial products 527

Exercise 9B

Understanding 1–3 2, 3

1 The given diagram shows the area (x + 2)(x + 3).

Write down an expression for the area of each of the four regions

inside the rectangle.

a

Copy and complete: (x + 2)(x + 3) = + 3x + + 6

= + 5x +

b

x

x

2

3

2 The given diagram shows the area (2x + 3)(x + 1).

Write down an expression for the area of each of the four regions

inside the rectangle.

a

Copy and complete: (2x + 3)( ) = 2x2 + + 3x +

= + +

b

2x

x

1

3

3 Copy and complete these expansions

(x + 1)(x + 5) = + 5x + + 5

= + 6x +

a

(x − 3)(x + 2) = + − 3x −

= − x −

Hint for Q3: The product is negative

if there are opposite signs (+,−) or

(−, +) and positive if they are the

same sign (+, +) or (−,−).

b

(3x − 2)(7x + 2) = + 6x − −

= − −

c

(4x − 1)(3x − 4) = − − 3x +

= − 19x +

d

Fluency 4–5(½) 4–5(½)

Example 4 Expanding binomial products

Expand (x + 3)(x + 5).

Solution Explanation

(x + 3)(x + 5) = x2 + 5x + 3x + 15

= x2 + 8x + 15

Use the distributive law to expand the brackets

and then collect the like terms 5x and 3x.

Now you try

Expand (x + 2)(x + 9).

4 Expand the following.

(x + 2)(x + 5)a (b + 3)(b + 4)b

(t + 8)(t + 7)c (p + 6)(p + 6)
Hint for Q4: First expand with

the distributive law then

collect the two like terms.

d

(x + 9)(x + 6)e (d + 15)(d + 4)f

(a + 1)(a + 7)g (y + 10)(y + 2)h

(m + 4)(m + 12)i
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528 Chapter 9 Algebraic techniques

Example 5 Expanding binomial products involving subtraction signs

Expand the following.

(x − 4)(x + 7)a (2x − 1)(x − 6)b (5x − 2)(3x + 7)c

Solution Explanation

a (x − 4)(x + 7) = x2 + 7x − 4x − 28

= x2 + 3x − 28

After expanding to get the four terms, collect

the like terms 7x and −4x.

Note: x × 7 = 7x and −4 × x = −4x.

b (2x − 1)(x − 6) = 2x2 − 12x − x + 6

= 2x2 − 13x + 6

Remember: 2x × x = 2x2 and −1 × (−6) = 6.

c (5x − 2)(3x + 7) = 15x2 + 35x − 6x − 14

= 15x2 + 29x − 14

Recall: 5x × 3x = 5 × 3 × x × x = 15x2.

Now you try

Expand the following.

(x + 3)(x − 6)a (3x − 2)(x − 4)b (6x + 5)(3x − 4)c

5 Expand the following.

(x + 3)(x − 4)a (x + 5)(x − 2)b (x + 4)(x − 8)

Hint for Q5: First expand with

the distributive law then

collect the two like terms.

c

(x − 6)(x + 2)d (x − 1)(x + 10)e (x − 7)(x + 9)f

(x − 2)(x + 7)g (x − 1)(x − 2)h (x − 4)(x − 5)i

(4x + 3)(2x + 5)j (3x + 2)(2x + 1)k (3x + 1)(5x + 4)l

(2x − 3)(3x + 5)m (8x − 3)(3x + 4)n (3x − 2)(2x + 1)o

(5x + 2)(2x − 7)p (2x + 3)(3x − 2)q (4x + 1)(4x − 5)r

(3x − 2)(6x − 5)s (5x − 2)(3x − 1)t (7x − 3)(3x − 4)u

Problem-solving and reasoning 6–8, 9(½) 7–11

6 A 10m by 7m rectangular factory shed is expanded by x metres on two sides.

a Write expressions for:

the new length of the shed (horizontal length)i

the new width of the shed (vertical length)ii

b Using your results from part a, expand brackets to find an expression for the

new total area.

c What would be the new area if x = 2?

7 m

10 m

x m

x
m

7 A rectangular room in a house with dimensions 4 m by 5 m is to be extended. Both

the length and width are to be increased by x m.

a Find an expanded expression for the area of

the new room.

Hint for Q7: First label the length

and width of the new room.

b If x = 3, find the area of the new room.i

By how much has the area increased?ii

4 m

5 m

x m

x
m

9B
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9B Expanding binomial products 529

8 A rectangular trampoline of length 3 m and width 2 m is

to be surrounded by padding of width x metres.

3 m
2 m

x m

x
m

a Write expressions for:

the total length of the trampoline and padding

Hint for Q8: Don’t forget to count

the x on both sides.

i

the total width of the trampoline and paddingii

b Find an expression for the total area by expanding brackets.

c What would be the total area if x = 1?

9 Write the missing terms in these expansions.

(x + 2)(x + ) = x2 + 5x + 6a (x + )(x + 5) = x2 + 7x + 10b

(x + 1)(x + ) = x2 + 7x +c (x + )(x + 9) = x2 + 11x +d

(x + 3)(x − ) = x2 + x −e (x − 5)(x + ) = x2 − 2x −f

10 Expand these binomial products.

(a + b)(a + c)a (a − b)(a + c)b (b − a)(a + c)c

(2x + y)(x − 2y)d (2a + b)(a − b)e (3x − y)(2x + y)f

11 A picture frame 5 cm wide has a length that is twice the width, x cm.

Find an expression for the total area of the frame and picture.
Hint for Q11: Length of picture =

2x − 5 − 5 = 2x − 10

a

Find an expression in expanded form for the area of the

picture only.

b

2x cm

5 cm

x cmPicture

Paving the pool — 12

12 The outside edge of a path around a rectangular swimming pool is

15m long and 10m wide. The path is x metres wide.

a Write expressions for:

the length of the pooli

the width of the poolii

b Find an expression for the area of the pool in expanded form.

c Find the area of the pool if x = 2.

d What value of x makes the pool area 50 m2? Use trial and error.

15 m

10 m

x m

Pool
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530 Chapter 9 Algebraic techniques

9C 9C Expanding perfect squares
Learning intentions

• To be able to recognise a perfect square

• To understand that expressions that are perfect squares can be expanded

• To be able to expand and simplify perfect squares

Key vocabulary: perfect square, distributive law, expand

A special type of binomial product involves perfect squares. Examples of perfect squares are 22 = 4,

152 = 225, x2 and (a + b)2. To expand (a + b)2 we multiply (a + b) by (a + b) and use the

distributive law:

(a + b)2 = (a + b)(a + b)

= a(a + b) + b(a + b)

= a
2 + ab + ba + b

2

= a
2 + 2ab + b

2

A similar result is obtained for the square of (a − b):

(a − b)2 = (a − b)(a − b)

= a
2

− ab − ba + b
2

= a
2

− 2ab + b
2

= a(a − b) − b(a − b)

Lesson starter: Seeing the pattern

Using (a + b)(c + d) = ac + ad + bc + bd, expand and simplify the binomial products below.

(x + 1)(x + 1) = x2 + x + x + 1

=

(x + 3)(x + 3) =

=

(x − 5)(x − 5) =

=

(x − 7)(x − 7) =

=

• Describe the patterns you see in the expansions above.

• Generalise your observations by completing the following expansions.

(a + b)(a + b) = a2 + + +

= a2 + +

(a − b)(a − b) =

=

Key ideas

32 = 9, a2, (2y)2, (x − 1)2 and (3 − 2y)2 are all examples of perfect squares. They are expressions

that can be written as a single square.

Expanding perfect squares:

(a + b)2 = (a + b)(a + b)

= a
2 + ab + ba + b

2

= a
2 + 2ab + b

2

= a(a + b) + b(a + b)

(a − b)2 = (a − b)(a − b)

= a
2

− ab − ba + b
2

= a
2

− 2ab + b
2

= a(a − b) − b(a − b)
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9C Expanding perfect squares 531

Exercise 9C

Understanding 1–3 3

1 The side lengths of this square are (x + 3) units.

What are the areas of each of the four regions? Write expressions each time.a

Add up all the area expressions to find an expression for the total area.b

Complete the following: (x + 3)(x + 3) = x2 + 3x + — + —

= x2 + 6x + —

c

x

x

3

3

2 Complete these expansions.

Hint for Q2: Expand

using the distributive

law: (a + b)(c + d) =

ac + ad + bc + bd

a (x + 4)(x + 4) = x2 + 4x + — + —

= ——————

b (x + 5)(x + 5) = x2 + 5x + — + —

= ——————

c (x − 2)(x − 2) = x2 − 2x − — + —

= ——————

d (x − 7)(x − 7) = x2 − 7x − — + —

= ——————

3 a Substitute the given value of b into x2 + 2bx + b2 and simplify.

b = 3i b = 11ii

b Substitute the given value of b into x2 − 2bx + b2 and simplify.

b = 2i b = 9ii

Fluency 4–5(½) 4–6(½)

Example 6 Expanding perfect squares

Expand each of the following.

(x + 3)2a (x − 2)2b

Solution Explanation

a (x + 3)2 = (x + 3)(x + 3)

= x2 + 3x + 3x + 9

= x2 + 6x + 9

Alternative solution:

(x + 3)2 = x2 + 2 × x × 3 + 32

= x2 + 6x + 9

Write in expanded form.

Use the distributive law.

Collect like terms.

Expand using (a + b)2 = a2 + 2ab + b2,

where a = x and b = 3.

b (x − 2)2 = (x − 2)(x − 2)

= x2 − 2x − 2x + 4

= x2 − 4x + 4

Alternative solution:

(x − 2)2 = x2 − 2 × x × 2 + 22

= x2 − 4x + 4

Write in expanded form.

Use the distributive law.

Collect like terms.

Expand using (a − b)2 = a2 − 2ab + b2

where a = x and b = 2.

Now you try

Expand each of the following.

(x + 8)2a (x − 5)2b
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532 Chapter 9 Algebraic techniques

4 Expand each of the following perfect squares.

Hint for Q4: Recall

(a + b)2 = (a + b)(a + b)

(a − b)2 = (a − b)(a − b)

(x + 1)2a (x + 3)2b (x + 2)2c (x + 5)2d

(x + 4)2e (x + 9)2f (x + 7)2g (x + 10)2h

(x − 2)2i (x − 6)2j (x − 1)2k (x − 3)2l

(x − 9)2m (x − 7)2n (x − 4)2o (x − 12)2p

Example 7 Expanding more perfect squares

Expand (2x + 3)2.

Solution Explanation

(2x + 3)2 = (2x + 3)(2x + 3) Write in expanded form.

= 4x2 + 6x + 6x + 9 Use the distributive law.

= 4x2 + 12x + 9 Collect like terms.
Alternative solution:

(2x + 3)2 = (2x)2 + 2 × 2x × 3 + 32 Expand using (a + b)2 = a2 + 2ab + b2

= 4x2 + 12x + 9 where a = 2x and b = 3.

Recall (2x)2 = 2x × 2x = 4x2.

Now you try

Expand (5x − 3)2.

5 Expand each of the following perfect squares.

(2x + 1)2a (2x + 5)2b (3x + 2)2

Hint for Q5:

(2x)2 = 2x × 2x

= 4x2

c (3x + 1)2d

(5x + 2)2e (4x + 3)2f (7 + 2x)2g (5 + 3x)2h

(2x − 3)2i (3x − 1)2j (4x − 5)2k (2x − 9)2l

6 Expand each of the following perfect squares.

(3 − x)2a (5 − x)2b (1 − x)2c (6 − x)2

Hint for Q6:−x × (−x) = x2

d

(11 − x)2e (4 − x)2f (7 − x)2g (12 − x)2h

(8 − 2x)2i (2 − 3x)2j (9 − 2x)2k (10 − 4x)2l

Problem-solving and reasoning 7, 8 8–10

7 A farmer extends a 12m square sheep pen on two sides

by x metres. x m

x m

12 m

12 m

a Write the expression for the side length of the new pen.

Hint for Q7: An

example of an

expression is 10 − x

or x2 − 20x + 100.

b Write an expression for the area of the new pen and expand

this expression.

c Use your result to find the new area if:

x = 2i x = 5ii

9C
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9C Expanding perfect squares 533

8 A child at pre-school cuts off a strip of width x cm from two sides of a

square piece of paper of side length 10 cm.

a Write an expression for the new side length of the remaining paper.

b Find the area of the new piece of paper in expanded form.

c Use your result to find the new area if:

x = 2i x = 6ii

d What value of x makes the new area one quarter of the original?

x cm

x cm

10 cm

10 cm

9 A square piece of tin of side length 20 cm has four squares of side

length x cm removed from each corner. The sides are folded up to form

a tray. The centre square forms the tray base.

a Write an expression for the side length of the base of the tray.

b Write an expression for the area of the base of

the tray. Expand your answer.

Hint for Q9: For

part d, what is the

height of the tray?

c Find the area of the tray base if x = 3.

d Find the volume of the tray if x = 3.

Tray

base

x cm

x cm

20 cm

20 cm

10 A square of side length b is removed from a square of side length a.

a Using subtraction, write down an expression for the

remaining area.

b Write expressions for the area of the regions in expanded form:

Ai Bii Ciii

c Add all the expressions from part b to see if you get your answer

from part a.

A B

C b

a

a

Arranging tennis courts — 11

11 Four tennis courts are arranged as shown, with a square storage space in the

centre. Each court area has the same dimensions, a × b.

Write an expression for the side length of the total area.a

Write an expression for the area of the total area.b

Write an expression for the side length of the inside storage space.c

Write an expression for the area of the storage space in expanded form.d

Subtract your answer to part d from your answer to part b to find the area of

the four courts.

e

Find the area of one court. Does your answer confirm that your answer to part e is correct?f

a

b
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534 Chapter 9 Algebraic techniques

9D 9D Forming a difference of two squares
Learning intentions

• To understand how a difference of two squares is formed

• To be able to expand and simplify to form a difference of two squares

Key vocabulary: difference of two squares, distributive law, expand

Another type of expansion deals with the product of the sum and difference of the same two terms.

The result is the difference of two squares:

or = a2 
− ab + ba − b

2

= a2
− b

2

(a + b)(a − b) = a(a − b) + b(a − b) (a + b)(a − b)

= a2 − ab + ba − b2

= a2 − b2

Lesson starter: How is 16 × 14 a difference of two squares?

Using the fact that 152 = 225, follow these steps to show how 16 × 14 can be calculated mentally using a

difference of two squares.

• 16 × 14 = (15 + ) × (15 − ) Rewrite.

= 152 − + − Expand.

= − 1 Simplify.

= Evaluate.

• Now try this technique on 17 × 13 and 19 × 21.

Key ideas

A difference of two squares is formed when one square is subtracted from another.

This is formed when (a + b)(a − b) is expanded and simplified.

(a + b)(a − b) = a2 − ab + ba − b2

= a2 − b2

(a − b)(a + b) also expands to a2 − b2

The result is a difference of two squares.

Exercise 9D

Understanding 1–3 2, 3

1 Why do the two middle terms in an expansion of (x + a)(x − a) (i.e. x2 + ax − xa − a2) cancel out?

2 Decide whether each of the following shows a single perfect square or a difference of two squares.

42a 72 − 32b a2 − b2c x2d
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9D Forming a difference of two squares 535

3 Complete these expansions.

(x + 4)(x − 4) = x
2

− 4x + −

=
Hint for Q3:

(a + b)(a − b) = a2 − ab + ab − b2

= a2 − b2

a

(2x − 1)(2x + 1) = 4x
2 + − −

=

b

Fluency 4-5(½) 4-5(½)

Example 8 Forming a difference of two squares

Expand and simplify the following.

(x + 2)(x − 2)a (x − 7)(x + 7)b

Solution Explanation

a (x + 2)(x − 2) = x2 −  2x +  2x − 4

= x2 − 4

Alternate solution:

(x + 2)(x − 2) = (x)2 − (2)2

= x2 − 4

Expand using the distributive law.

−2x + 2x = 0.

(a + b)(a − b) = a2 − b2. Here a = x and b = 2.

b (x − 7)(x + 7) = x2 + 7x − 7x − 49

= x2 − 49

Alternate solution:

(x − 7)(x + 7) = (x)2 − (7)2

= x2 − 49

Expand, then note that 7x − 7x = 0.

(a − b)(a + b) = a2 − b2, with a = x and b = 7.

Now you try

Expand and simplify the following.

(x + 5)(x − 5)a (x − 15)(x + 15)b

4 Expand and simplify the following to form a difference of two squares.

(x + 1)(x − 1)a (x + 3)(x − 3)b

(x + 8)(x − 8)

Hint for Q4: Recall

(a + b)(a − b) = a2 − b2

c (x + 4)(x − 4)d

(x + 12)(x − 12)e (x + 11)(x − 11)f

(x − 9)(x + 9)g (x − 5)(x + 5)h

(x − 6)(x + 6)i (5 − x)(5 + x)j

(2 − x)(2 + x)k (7 − x)(7 + x)l

Example 9 Forming more differences of two squares

Expand and simplify (3x − 2y)(3x + 2y).

Solution Explanation

(3x − 2y)(3x + 2y) = 9x2 +  6xy −  6xy − 4y
2

= 9x2 − 4y2

Expand using the distributive law.

6xy − 6xy = 0.

Continued on next page
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536 Chapter 9 Algebraic techniques

Alternate solution:

(3x − 2y)(3x + 2y) = (3x)2 − (2y)2

= 9x2 − 4y2

(a + b)(a − b) = a2 − b2, with a = 3x and b = 2y

here. Recall that (3x)2 = 3x × 3x.

Now you try

Expand and simplify (12x − 5y)(12x + 5y).

5 Expand and simplify the following.

(3x − 2)(3x + 2)a (5x − 4)(5x + 4)

Hint for Q5:

(3x)2 = 3x × 3x

= 9x2

b (4x − 3)(4x + 3)c

(7x − 3y)(7x + 3y)d (9x − 5y)(9x + 5y)e (11x − y)(11x + y)f

(8x + 2y)(8x − 2y)g (10x − 9y)(10x + 9y)h (7x − 5y)(7x + 5y)i

(6x − 11y)(6x + 11y)j (8x − 3y)(8x + 3y)k (9x − 4y)(9x + 4y)l

Problem-solving and reasoning 6(½), 7 6(½), 8

6 To calculate 21 × 19, here is a method using the difference of two squares.

21 × 19 = (20 + 1) × (20 − 1)

= 202 − 12

= 400 − 1

= 399

Use this technique to evaluate the following (mentally if you can).

31 × 29 (Note: 302 = 900)a 41 × 39 (Note: 402 = 1600)b 26 × 24 (Note: 252 = 625)c

51 × 49 (Note: 502 = 2500)d 22 × 18 (Use 202 = 400)e 23 × 17 (Use 202 = 400)f

35 × 25 (Use 302 = 900)g 54 × 46 (Use 502 = 2500)h

7 Lara is x years old and her two best friends are (x − 2) and (x + 2) years old.

a Write an expression for:

the square of Lara’s age Hint for Q7: Expand in part a ii.i

the product of the ages of Lara’s best friendsii

b Are the answers from parts a i and ii equal? If not, by how much do they differ?

8 A square of side length x has one side reduced by 1 unit and

the other increased by 1 unit.

Find an expanded expression for the area of the resulting

rectangle.
Hint for Q8: Determine

expressions for the length and

width of the rectangle first.

a

Is the area of the original square the same as the area of the

resulting rectangle? Explain why/why not.

b

Classroom renovation — 9

9 A square classroom is to be shortened on the south side by 3m and extended

on the east side by 3m. The original side length of the classroom was xm.

a Write expressions for:

the original area of the classroomi

the new length of the classroomii

the new width of the classroomiii

b Expand to find an expression for the new area of the

classroom.

x m 3 m

x m

3 m

c Is the new area the same as the original area? If not, by how much do they differ?

9D
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9E Factorising algebraic expressions 537

9E 9E Factorising algebraic expressions
Learning intentions

• To understand that factorising and expanding are reverse processes

• To be able to identify the highest common factor

• To know the form of a factorised expression

• To be able to factorise algebraic expressions involving a common factor

Key vocabulary: highest common factor, factorise

The process of factorisation is a key step in the simplification of many algebraic expressions and in the

solution of equations. It is the reverse process of expansion and involves writing an expression as a product

of its factors.

5x(x + 2) 5x2 + 10x

Expanding

Factorising

Lesson starter: Factorised areas

Here is a rectangle of length (x + 3) and width x.

• Write an expression for the total area using the given length and width.

• Write an expression for the total area by adding up the area of the two

smaller regions.

• Are your two expressions equivalent? How could you work from your

second expression (expanded) to the first expression (factorised)?

x

x

3

Key ideas

To factorise means to write an expression as a product of its factors.

When factorising expressions with common factors, take out

the highest common factor (HCF). The HCF could be:

• a number

For example: 2x + 10 = 2(x + 5)

• a pronumeral

For example: x2 + 5x = x(x + 5)

• the product of numbers and pronumerals

For example: 2x2 + 10x = 2x(x + 5)

A factorised expression can be checked by using expansion.

• For example: 2x(x + 5) = 2x2 + 10x.

HCF of 2x and 10

expanded form

2x + 10 = 2(x + 5)

             factorised form
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538 Chapter 9 Algebraic techniques

Exercise 9E

Understanding 1–3 3

1 Write down the highest common factor (HCF) of these pairs of numbers.

8, 12a 10, 20b 5, 60c 24, 30d

2 Write down the missing factor.

5 × = 5xa

7 × = 7xb

2a × = 2a2c

5a × = 10a2d

× 3y = −6y2e

× 12x = −36x2f

3 a Write down the missing factor in each part.

(x2 + 2x) = 6x2 + 12xi

(2x + 4) = 6x2 + 12xii

(x + 2) = 6x2 + 12xiii

b Which equation above uses the HCF of 6x2 and 12x?

Fluency 4–6(½) 4–6(½)

Example 10 Finding the highest common factor (HCF)

Determine the HCF of the following.

6a and 8aba 3x2 and 6xyb

Solution Explanation

a HCF of 6a and 8ab is 2a HCF of 6 and 8 is 2.

HCF of a and ab is a.

b HCF of 3x2 and 6xy is 3x HCF of 3 and 6 is 3.

HCF of x2 and xy is x.

Now you try

Determine the HCF of the following.

10ab and 5ba 7xy2 and 21xyb

4 Determine the HCF of the following.

6x and 14xya 12a and 18ab

10m and 4c 12y and 8
Hint for Q4: HCF stands for

highest common factor.

d

15t and 6se 15 and pf

9x and 24xyg 6n and 21mnh

10y and 2yi 8x2 and 14xj

4x2y and 18xyk 5ab2 and 15a2bl
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9E Factorising algebraic expressions 539

Example 11 Factorising expressions

Factorise the following.

4x + 12a 10y − 25y2b

Solution Explanation

a 4x + 12 = 4(x + 3) 4 is the HCF of 4x and 12.

Place 4 in front of the brackets and divide each

term by 4:

4x ÷ 4 = x and 12 ÷ 4 = 3.

Check your answer using expansion.

b 10y − 25y2 = 5y(2 − 5y) The HCF of 10y and 25y2 is 5y. Place 5y in front

of the brackets and divide each term by 5y.

Now you try

Factorise the following.

15a + 20a 2x2 − 6xb

5 Factorise the following.

7x + 7a 3x + 3b 4x − 4c 5x − 5d

4 + 8ye 10 + 5a
Hint for Q5: Always take out the

highest common factor (HCF).

f 3 − 9bg 6 − 2xh

12a + 3bi 6m + 6nj 10x − 8yk 4a − 20bl

x2 + 2xm a2 − 4an y2 − 7yo x − x2p

3p2 + 3pq 8x − 8x2r 4b2 + 12bs 6y − 10y2t

Example 12 Taking out the common negative sign

Factorise −8x2 − 12x.

Solution Explanation

−8x2 − 12x = −4x(2x + 3) The HCF of the terms is −4x, including the

common negative. Place the factor in front of

the brackets and divide each term by −4x.

Note: −8x2 ÷ (−4x) = 2x and −12x ÷ (−4x) = 3.

Now you try

Factorise −11a − 22a2.

6 Factorise the following by including the negative sign in the common factor.

−8x − 4a −4x − 2b

−10x − 5yc −7a − 14bd

−9x − 12
Hint for Q6: Take a negative

factor out of both terms.

e −6y − 8f

−10x − 15yg −4m − 20nh

−3x2 − 18xi −8x2 − 12xj

−16y2 − 6yk −5a2 − 10al
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540 Chapter 9 Algebraic techniques

Problem-solving and reasoning 7, 8(½) 8(½), 9–11

7 Write the missing number or expression.

3x + 9 = (x + 3)a xy + x = x( + 1)b a2 − a = (a − 1)c

5xy + 10x = (y + 2)d −7a − 14 = (a + 2)e −24a2 − 36a = (2a + 3)f

Hint for Q8: First find

an expression for

the perimeter, then

factorise it.

8 Write down the perimeter of these shapes in factorised form.

2x

4

a
x

6

b

5x

10

c

x

5

2

d

x + 1

1

e
3

4
x

f

9 The expression for the area of a rectangle is (4x2 + 8x). Find an expression for

its width if the length is (x + 2).

?

4x2 + 8x x + 2

10 The height, in metres, of a ball thrown in the air is given by 5t − t2, where t is the time in seconds.

a Write an expression for the ball’s height in factorised form.

b Find the ball’s height at these times:

t = 0i t = 2ii t = 4iii

c How long does it take for the ball’s height to return to 0 metres? Use trial and error if required.

11 7 × 9+7 × 3 can be evaluated by first factorising to 7(9+3). This gives 7 × 12 = 84. Use a similar technique

to evaluate the following.

9 × 2 + 9 × 5a 6 × 3 + 6 × 9b −2 × 4 − 2 × 6c

−5 × 8 − 5 × 6d 23 × 5 − 23 × 2e 63 × 11 − 63 × 8f

Further factorisation — 12, 13

12 Common factors can also be removed from expressions with more than two terms.

For example: 2x2 + 6x + 10xy = 2x(x + 3 + 5y)

Factorise these expressions by taking out the HCF.

3a2 + 9a + 12a 5z2 − 10z + zyb x2 − 2xy + x2yc

4by − 2b + 6b2d −12xy − 8yz − 20xyze 3ab + 4ab2 + 6a2bf

13 You can factorise some expressions by taking out a binomial

factor.
Hint for Q13: x − 2 is the

common factor.For example: 3(x − 2) + x(x − 2) = (x − 2)(3 + x)

Factorise the following by taking out a binomial common factor.

4(x + 3) + x(x + 3)a 3(x + 1) + x(x + 1)b 7(m − 3) +m(m − 3)c

x(x − 7) + 2(x − 7)d 8(a + 4) − a(a + 4)e 5(x + 1) − x(x + 1)f

y(y + 3) − 2(y + 3)g a(x + 2) − x(x + 2)h t(2t + 5) + 3(2t + 5)i

m(5m − 2) + 4(5m − 2)j y(4y − 1) − (4y − 1)k (7 − 3x) + x(7 − 3x)l

9E
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19A Simplify the following.

3x − 2y + 5x − 4ya 3ab2 − ab + 4ab2b

4a × 5abc 3xy2

9xy
d

29A Expand and simplify the following.

3(x − 4)a 2y(3y + 5)b 5 − 2(3x + 1)c

39B Expand the following binomial products.

(x + 4)(x + 6)a (x + 3)(x − 2)b

(2x − 3)(x + 4)c (3x − 2)(2x − 5)d

49C Expand the following perfect squares.

(x + 6)2a (x − 8)2b (3x + 7)2c (5 − x)2d

59B/C Find the area of these figures in expanded form.

(x − 3)

(2x + 1)

a

(3x − 1)

b

69D Expand and simplify the following.

(x + 10)(x − 10)a (x − 1)(x + 1)b

(3x + 2)(3x − 2)c (4x − 5y)(4x + 5y)d

79C/D Expand and simplify (x + 1)2 − (x + 1)(x − 1).

89E Determine the HCF of the following.

8x and 12a 6a and 15ab

5ab and 10ab2c 12x2 and 9xd

99E Factorise the following. Take a negative factor out in parts e and f.

6x + 12a 15y − 20b 8ab + 20ac

4x2 − 2xd −10x − 5e −4x2 − 10xf

109E Give the perimeter of these shapes in factorised form

3x

x + 3

a

2x + 4

b
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542 Chapter 9 Algebraic techniques

9F 9F Factorising the difference of two squares
Learning intentions

• To be able to recognise a difference of two squares

• To be able to express a difference of two squares in factorised form

• To know to check for a common factor �rst before further factorisation

Key vocabulary: difference of two squares

Recall that a difference of two squares is formed when expanding the product of the sum and difference

of two terms. For example, (x + 2)(x − 2) = x2 − 4. Reversing this process means that a difference of two

squares can be factorised into two binomial expressions of the form (a + b) and (a − b).

Engineers use algebra

when designing products

used for bridges,

buildings and machinery,

such as this steel turbine

for a power station. For

example, a circle area

difference:

A = pR2 − pr2 = p(R2 −

r2) = p(R − r)(R + r).

Lesson starter: Expanding to understand factorising

Complete the steps in these expansions then write the conclusion.

(x + 3)(x − 3) = x2 − 3x + −

= x2 −

Âx2 − 9 = ( + )( − )

• (2x − 5)(2x + 5) = 4x2 + 10x − −

= −

Â4x2 − = ( + )( − )

•

(a + b)(a − b) = a2 − ab + −

= −

Âa2 − = ( + )( − )

•

Key ideas

Factorising the difference of two squares uses the rule a2 − b2 = (a + b)(a − b).

• x2 − 16 = x2 − 42

= (x + 4)(x − 4)

• 9x2 − 100 = (3x)2 − 102

= (3x + 10)(3x − 10)

• 25 − 4y2 = 52 − (2y)2

= (5 + 2y)(5 − 2y)

First take out common factors where possible.

• 2x2 − 18 = 2(x2 − 9)

= 2(x + 3)(x − 3)
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9F Factorising the difference of two squares 543

Exercise 9F

Understanding 1, 2, 3(½) 1, 3

1 Expand these binomial products to form a difference of two squares.

(x + 2)(x − 2)a

(x − 7)(x + 7)b

(3x − y)(3x + y) Hint for Q1: a2 − b2 is a

difference of two squares.

c

2 State the missing term. Assume it is a positive number.

( )2 = 9a ( )2 = 121b

( )2 = 25b2c ( )2 = 49y2d

3 State the missing terms to complete these factorisations.

x2 − 16 = x2 − 42

= (x + 4)( − )

a x2 − 144 = x2 − ( )2

= ( + 12)(x − )

b

16x2 − 1 = ( )2 − ( )2

= (4x + )( − 1)

c 9a2 − 4b2 = ( )2 − ( )2

= (3a + )( − 2b)

d

Fluency 4–6(½) 4–6(½)

Example 13 Factorising a simple difference of two squares

Factorise each of the following.

x2 − 4a 144 − y2b

Solution Explanation

a x2 − 4 = x2 − 22

= (x + 2)(x − 2)

Write as a difference of two squares (4 is the

same as 22).

Write in factorised form:

a2 − b2 = (a + b)(a − b)

Here a = x and b = 2.

b 144 − y2 = 122 − y2

= (12 + y)(12 − y)

122 = 144

Use a2 − b2 = (a + b)(a − b)

Now you try

Factorise each of the following.

x2 − 16a 49 − y2b

4 Factorise each of the following.

Hint for Q4: a2 − b2 =

(a + b)(a − b)

x2 − 9a y2 − 25b y2 − 1c x2 − 64d

x2 − 16e b2 − 49f a2 − 81g x2 − y2h

a2 − b2i 16 − a2j 25 − x2k 1 − b2l

36 − y2m 121 − b2n x2 − 400o 900 − y2p
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544 Chapter 9 Algebraic techniques

Example 14 Factorising move complex differences of two squares

Factorise each of the following.

9a2 − 25a 81x2 − y2b

Solution Explanation

a 9a2 − 25 = (3a)2 − 52

= (3a + 5)(3a − 5)

Write as a difference of two squares. 9a2 is the

same as (3a)2.

Write in factorised form.

b 81x2 − y2 = (9x)2 − y2

= (9x + y)(9x − y)

81x2 = (9x)2

Use a2 − b2 = (a + b)(a − b).

Now you try

Factorise each of the following.

4a2 − 9a 25a2 − b2b

5 Factorise each of the following.

Hint for Q5: 4x2 = (2x2)

4x2 − 25a 9x2 − 49b

25b2 − 4c 4m2 − 121d

100y2 − 9e 81a2 − 4f

1 − 4x2g 25 − 64b2h

16 − 9y2i 36x2 − y2j

4x2 − 25y2k 64a2 − 49b2l

4p2 − 25q2m 81m2 − 4n2n

25a2 − 49b2o 100a2 − 9b2p

Example 15 Factorising a difference of two squares with a common factor

Factorise 2b2 − 32 by first taking out a common factor.

Solution Explanation

2b2 − 32 = 2(b2 − 16)

= 2(b2 − 42)

= 2(b + 4)(b − 4)

First, factor out the common factor of 2.

Write as a difference of two squares and then

factorise.

Now you try

Factorise 3a2 − 27 by first taking out a common factor.

9F
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9F Factorising the difference of two squares 545

6 Factorise each of the following by first taking out the common factor.

3x2 − 108a 10a2 − 10b 6x2 − 24c

4y2 − 64d 98 − 2x2e 32 − 8m2f

5x2y2 − 5g 3 − 3x2y2h 63 − 7a2b2i

Problem-solving and reasoning 7–9 7–10

7 The height above ground (in metres) of an object thrown off the top of a building is given by 36 − 4t2

where t is in seconds.

a Factorise the expression for the height of the object by first taking out the common factor.

b Find the height of the object:

initially (t = 0)i at 2 seconds (t = 2).ii

c How long does it take for the object to hit the ground? Use trial and error if you wish.

8 Initially it may not appear that an expression such as −4 + 9x2 is a difference of two squares.

However, swapping the position of the two terms makes −4 + 9x2 = 9x2 − 4, which can be factorised

to (3x + 2)(3x − 2). Use this idea to factorise these difference of two squares.

−9 + x2a −121 + 16x2b −25a2 + 4c −y2 + x2d

9 Olivia factorises 16x2 − 4 to get (4x + 2)(4x − 2), but the answer says 4(2x + 1)(2x − 1).

What should Olivia do to get from her answer to the actual answer?a

What should Olivia have done initially to avoid this issue?b

10 By using a2 − b2 = (a + b)(a − b) we can factorise (x + 1)2 − 4 in the following way:

(x + 1)2 − 4 = (x + 1)2 − 22

= ((x + 1) + 2)((x + 1) − 2)

= (x + 3)(x − 1)

Use this technique to factorise the following.

(x + 5)2 − 9a (x + 3)2 − 4b (x + 10)2 − 16c

(x − 3)2 − 25d (x − 7)2 − 1e (x − 3)2 − 36f

The multisize frame — 11

11 This ‘multisize’ square picture frame has side length 30 cm and can hold a

square picture with any side length less than 26 cm.

a If the side length of the picture is x cm, write an expression for:

the area of the picturei

the area of the frame (in factorised form).ii

b Use your result from part a ii to find the area of the frame if:

x = 20i

the area of the picture is 225 cm2.ii

30 cm

x cm
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546 Chapter 9 Algebraic techniques

9G 9G Factorising by grouping in pairs
Learning intentions

• To know that a common factor can include a binomial term

• To be able to use the grouping method to factorise some four-term expressions

• To know that expressions can be rearranged to �nd common factors to use in the grouping process

Key vocabulary: binomial, grouping in pairs

When an expression can be written using four terms, such as x2 + 2x− x− 2, it may be possible to factorise

it into a product of two binomial terms such as (x − 1)(x + 2). In such situations the method of grouping in

pairs is often used.

Algebra is an essential tool

for the engineers who work

together making renewable

energy possible, including:

aerospace, civil, electrical,

electronics, environmental,

industrial, materials, mechanical

and solar engineers.

Lesson starter: Two methods - Same result

The four-term expression x2 − 3x − 3 + x is written on the board.

Tommy chooses to rearrange the terms to give x2 − 3x + x − 3 then factorises by grouping in pairs.

Sharon chooses to rearrange the terms to give x2 + x − 3x − 3 then also factorises by grouping in pairs.

Complete Tommy and sharon’s factorisation working.

Tommy Sharon

x2 − 3x + x − 3 = x(x − 3) + 1( ) x2 + x − 3x − 3 = x( ) − 3( )

= (x − 3)( ) = (x + 1)( )

•

Discuss the differences in the methods. Is there any difference in their answers?•

Whose method do you prefer?•

Key ideas

Factorisation by grouping in pairs is a method that is often used to factorise a four-term

expression.

• Terms are grouped into pairs and factorised separately. x2 + 3x − 2x − 6

• The common binomial factor is then taken out to complete = x(x + 3) − 2(x + 3)

the factorisation. = (x + 3)(x − 2)

• Terms can be rearranged to assist in the search of a common which could also be

factor. written as (x − 2)(x + 3)
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9G Factorising by grouping in pairs 547

Exercise 9G

Understanding 1, 2 1(½), 2, 3

1 Expand each expression.

2(x − 1)a

−5(1 − a)b

a(a + 5)c

y(4 − y)d

x(a + 1) + 2(a + 1)e

b(x − 2) − 3(x − 2)f

2 State the missing information.

Hint for Q2: What is

left after dividing by

the common factor?

2(x + 1) + x(x + 1) = (x + 1)( )a

5(x + 5) − x(x + 5) = (x + 5)( )b

a(x − 3) + (x − 3) = (x − 3)( )c

(x − 3) − a(x − 3) = (x − 3)( )d

3 Identify the common binomial term then factorise each expression.

x(x − 3) − 2(x − 3)a x(x + 4) + 3(x + 4)b

3(2x + 1) − x(2x + 1)c 4(3x − 2) − x(3x − 2)d

Fluency 4–6(½) 4–6(½)

Example 16 Factorising by grouping in pairs

Use the method of grouping in pairs to factorise x2 + 2x + 3x + 6.

Solution Explanation

x2 + 2x + 3x + 6 = (x2 + 2x) + (3x + 6)

= x(x + 2) + 3(x + 2)

= (x + 2)(x + 3)

Group the first and second pair of terms.

Factorise each group.

Take the common factor (x + 2) out of both

groups.

Now you try

Use the method of grouping in pairs to factorise x2 + 4x + 2x + 8.

4 Use the method of grouping in pairs to factorise these expressions.

Hint for Q4: Factorise the first

pair then the second pair.

x2 + 3x + 2x + 6a x2 + 4x + 3x + 12b

x2 + 7x + 2x + 14c x2 − 6x + 4x − 24d

x2 − 4x + 6x − 24e x2 − 3x + 10x − 30f
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548 Chapter 9 Algebraic techniques

Example 17 Factorising by grouping in pairs using a negative common factor

Use the method of grouping in pairs to factorise x2 + 3x − 5x − 15.

Solution Explanation

x2 + 3x − 5x − 15 = (x2 + 3x) + (−5x − 15)

= x(x + 3) − 5(x + 3)

= (x + 3)(x − 5)

Group the first and second pair of terms.

Factorise each group, including the common

negative in the second part.

Take out the common factor (x + 3).

Now you try

Use the method of grouping in pairs to factorise x2 + 2x − 3x − 6.

5 Use the method of grouping in pairs to factorise these expressions.

Hint for Q5: You can

take out a negative

common factor if

necessary.

x2 + 4x − 3x − 12a x2 + 2x − 6x − 12b

x2 + 2x − 18x − 36c x2 + 3x − 14x − 42d

x2 + 4x − 18x − 72e x2 − 2x − xa + 2af

6 Factorise these expressions. Use a factor of 1 where necessary,

for example, x2 − ax + x − a = x(x − a) + 1(x − a).

x2 − bx + x − ba x2 − cx + x − cb

x2 + bx + x + bc x2 + cx − x − cd

x2 + ax − x − ae x2 − bx − x + bf

Problem-solving and reasoning 7–8(½) 7–9(½), 10

Example 18 Rearranging an expression to factorise by grouping in pairs

Factorise 2x2 − 9 − 18x + x using grouping in pairs.

Solution Explanation

2x2 − 9 − 18x + x = 2x2 + x − 18x − 9

= x(2x + 1) − 9(2x + 1)

= (2x + 1)(x − 9)

Rearrange so that each group has a common

factor.

Factorise each group then take out (2x + 1).

Alternative method:

2x2 − 9 − 18x + x = 2x2 − 18x + x − 9

= 2x(x − 9) + 1(x − 9)

= (x − 9)(2x + 1)

Alternatively, you can group in another order

where each group has a common factor. Then

factorise.

The answer will be the same.

Now you try

Factorise 2x2 − 15 − 10x + 3x using grouping in pairs.

9G

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        Photocopying is restricted under law and this material must not be transferred to another party.

   Cambridge University Press 



9G Factorising by grouping in pairs 549

7 Factorise these expressions by first rearranging the terms.

2x2 − 7 − 14x + xa 5x + 2x + x2 + 10b

2x2 − 3 − x + 6xc 3x − 8x − 6x2 + 4d

11x − 5a − 55 + axe 12y + 2x − 8xy − 3f

6m − n + 3mn − 2g 15p − 8r − 5pr + 24h

8 Note that x2 +5x+6 = x2 +2x+3x+6, which can be factorised by grouping in pairs. Use a similar method

to factorise the following.

x2 + 7x + 10a x2 + 8x + 15b x2 + 10x + 24c

x2 − x − 6d x2 + 4x − 12e x2 − 11x + 18f

9 Use the method of grouping in pairs to factorise these expressions. The HCF for each pair includes a

pronumeral. For example, 2ab − 2ad + bc − cd = 2a(b − d) + c(b − d) = (b − d)(2a + c)

3ab + 5bc + 3ad + 5cda 4ab − 7ac + 4bd − 7cdb

2xy − 8xz + 3wy − 12wzc 5rs − 10r + st − 2td

4x2 + 12xy − 3x − 9ye 2ab − a2 − 2bc + acf

10 Make up at least three of your own four-term expressions that factorise to a binomial product. Describe

the method that you used to make up each four-term expression.

Comparing two methods — 11

11 xa − 21 + 7a − 3x could be rearranged in two different ways before factorising.

Method 1 Method 2

xa + 7a − 3x − 21 = a(x + 7) − 3( ) xa − 3x + 7a − 21 = x(a − 3) + 7( )

= =

a Copy and complete both methods for the above expression.

b Use different arrangements of the four terms to complete the factorisation of the following in two

ways. Show working using both methods.

xb − 6 − 3b + 2xi xy − 8 + 2y − 4xii

4m2 − 15n + 6m − 10mniii 2m + 3n −mn − 6iv

4a − 6b2 + 3b − 8abv 3ab − 4c − b + 12acvi
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550 Chapter 9 Algebraic techniques

9H 9H Factorising monic quadratic trinomials
Learning intentions

• To know the form of a monic quadratic trinomial

• To understand how a quadratic trinomial is formed from a binomial expansion

• To know how to �nd the numbers required to express a quadratic trinomial in factorised form

Key vocabulary: monic quadratic trinomial

An expression that takes the form x2 + bx + c,

where b and c are constants, is an example

of a monic quadratic trinomial that has the

coefficient of x2 equal to 1. To factorise a

quadratic expression, we need to use the

distributive law in reverse. Consider the

expansion shown below:

expanding

factorising

expanded

form

x2 − 2x − 8

factorised

form

(x + 2)(x − 4)

Quadratic equations are widely used in engineering, business

and science, and factorisation is a key step when solving

such equations. Self-driving cars are programmed to solve

equations, including quadratic equations of motion.

If we examine the expansion above we can see how each term of the product is formed.

(x + 2)(x − 4) = x2 − 2x −8  

Product of 2 and −4 is −8 

(2 × (−4) = −8, the constant term)

Product of x and x is x2

(x + 2)(x − 4) = x2 − 2x − 8  

x × (−4) = −4x

2 × x = 2x

Add −4x and 2x to give the middle term, −2x

(−4 + 2 = −2, the coef4cient of x)

Lesson starter: So many choices

Mia says that as −2 × 3 = −6 then x2 + 5x − 6 must equal (x − 2)(x + 3).

• Expand (x − 2)(x + 3) to see if Mia is correct.

• What other pairs of numbers multiply to give −6?

• Which pair of numbers should Mia choose to correctly factorise x2 + 5x − 6?

• What advice can you give Mia when trying to factorise these types of trinomials?
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9H Factorising monic quadratic trinomials 551

Key ideas

To factorise a monic quadratic trinomial of
the form x2 + bx + c, find two numbers that:

For example:x2 − 3x − 10 = (x − 5)(x + 2) choose
−5 and +2 since −5 × 2 = −10 and −5 + 2 = −3

• multiply to give c and

• add to give b.

Check factorisation steps by expanding. check: (x − 5)(x + 2) = x2 + 2x − 5x − 10

= x2 − 3x − 10

Write the factors in any order. write (x − 5)(x + 2) or (x + 2)(x − 5)

If c is a negative number, the signs in the factorised expression will be different from each other.

If c is a positive number, the signs in the factorised expression will be the same as each other.

Exercise 9H

Understanding 1, 2 1, 2

1 Give the result of expanding these binomial products.

(x + 2)(x + 7)a (x + 3)(x + 11)b

(x + 12)(x − 5)c (x − 2)(x − 6)d

2 Decide which two numbers multiply to give the first number and add to give the second number.

6, 5a 12, 13b 20, 9c

−15, 2d −30,−1e 18,−11f

Fluency 3–5(½) 3–6(½)

Example 19 Factorising monic quadratic trinomials

Factorise x2 + 7x + 10.

Solution Explanation

x2 + 7x + 10 = (x + 5)(x + 2) Need two numbers that × to 10 and + to 7.

Factors of 10 include (10, 1) and (5, 2). The pair

that adds to 7 is (5, 2).

Now you try

Factorise x2 + 9x + 14

3 Factorise each of the following quadratic expressions.

Hint for Q3: Look for factors of c

which add to b.

x2 + 8x + 12a x2 + 10x + 9b x2 + 8x + 7c

x2 + 15x + 14d x2 + 7x + 12e x2 + 10x + 16f

x2 + 8x + 15g x2 + 9x + 20h x2 + 11x + 24i
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552 Chapter 9 Algebraic techniques

Example 20 Factorising monic quadratic trinomials with a negative c value

Factorise x2 + 2x − 8.

Solution Explanation

x2 + 2x − 8 = (x + 4)(x − 2) Need two numbers that × to −8 and + to 2.

Factors of −8 are (−8, 1) or (8,−1) or (4,−2) or

(−4, 2) and 4 + (−2) = 2, so choose (4,−2).

Now you try

Factorise x2 + 4x − 12

4 Factorise each of the following quadratic expressions.

Hint for Q4: Remember that

sometimes b and c are negative.

x2 + 3x − 4a x2 + x − 2b x2 + 4x − 5c

x2 + 5x − 14d x2 + 2x − 15e x2 + 8x − 20f

x2 − 3x − 18g x2 − 7x − 18h x2 − x − 12i

Example 21 Factorising monic quadratic trinomials with a negative b value

Factorise x2 − 7x + 10

Solution Explanation

x2 − 7x + 10 = (x − 2)(x − 5) Need two numbers that × to 10 and + to −7.

Factors of 10 are (10, 1) or (−10,−1) or (5, 2) or

(−5,−2).

To add to a negative (−7), both factors must

then be negative: −5 + (−2) = −7, so choose

(−5,−2).

Now you try

Factorise x2 − 7x + 12

5 Factorise each of the following quadratic expressions.

x2 − 6x + 5a x2 − 2x + 1b x2 − 5x + 4c

x2 − 9x + 8d x2 − 4x + 4e x2 − 8x + 12f

x2 − 11x + 18g x2 − 10x + 21h x2 − 5x + 6i

6 Factorise each of the following quadratic expressions.

x2 − 7x − 8a x2 − 3x − 4b x2 − 5x − 6c

x2 − 6x − 16d x2 − 2x − 24e x2 − 2x − 15f

x2 − x − 12g x2 − 11x − 12h x2 − 4x − 12i

9H
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9H Factorising monic quadratic trinomials 553

Problem-solving and reasoning 7–8(½) 7–9(½)

Example 22 Factorising with a common factor

Factorise the quadratic expression 2x2 − 2x − 12.

Solution Explanation

2x2 − 2x − 12 = 2(x2 − x − 6)

= 2(x − 3)(x + 2)

First take out common factor of 2.

Factors of −6 are (−6, 1) or (6,−1) or (−3, 2) or

(3,−2).

−3 + 2 = −1 so choose (−3, 2).

Now you try

Factorise the quadratic expression 3x2 − 6x − 45.

7 Factorise each of the following quadratic expressions by first taking out a common factor.

2x2 + 10x + 8a 2x2 + 22x + 20b 3x2 + 18x + 24c

2x2 + 14x − 60d 2x2 − 14x − 36e 4x2 − 8x + 4f

2x2 + 2x − 12g 6x2 − 30x − 36h 5x2 − 30x + 40i

3x2 − 33x + 90j 2x2 − 6x − 20k 3x2 − 3x − 36l

8 Find the missing term in these trinomials if they are to factorise using positive integers. For example:

the missing term in x2 + + 10 could be 7x because x2 + 7x + 10 factorises to (x + 5)(x + 2) and

5 and 2 are integers. There may be more than one answer in each case.

x2 + + 5a x2 − + 9b x2 − − 12c x2 + − 12d

x2 + + 18e x2 − + 18f x2 − − 16g x2 + − 25h

9 The expression x2 − 6x + 9 factorises to (x − 3)(x − 3) = (x − 3)2, which is a perfect square. Factorise

these perfect squares. A common factor may also be involved.

x2 + 8x + 16a x2 + 10x + 25b x2 + 30x + 225c

x2 − 2x + 1d x2 − 14x + 49e x2 − 26x + 169f

2x2 + 4x + 2g 5x2 − 30x + 45h −3x2 + 36x − 108i

The paved backyard — 10

10 A rectangular backyard has a length 2 metres more than its

width (x metres). Inside the rectangle are three paved squares

each of area 5m2 as shown. The remaining area is lawn.

a Find an expression for:

the total backyard areai

the area of lawn in expanded formii

the area of lawn in factorised form.iii

b Find the area of lawn if:

x = 10i x = 7.ii

(x + 2) m

x m
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554 Chapter 9 Algebraic techniques

9I 9I Simplifying algebraic fractions:

multiplication and division

Learning intentions

• To know that expressions must be factorised before common factors can be cancelled

• To be able to simplify algebraic fractions by cancelling common factors

• To be able to multiply and divide algebraic fractions

Key vocabulary: algebraic fraction, common factor, factorise, numerator, denominator, reciprocal

Fractions such as 4
6

and 24
16

can be simplified by cancelling common factors. This is also true of

algebraic fractions such as 3x
6

, 5a
2

10a
and 2x + 4

2
.

Lesson starter: Does
2x+   63

  2
1

= 2x + 3?

For the expression 2x + 6
2

, a student attempts to cancel the 6 with the 2 in the denominator.

They write
2x +  6

3

 21
= 2x + 3.

• Is this a correct method?

• Substitute x = 1 into the left hand side and then the right hand side. Are they equal?

• Can you show a correct method? Does it involve factorisation?

Key ideas

Simplify algebraic fractions by cancelling common factors

 3
1x

 6
2
= x
2

5a 2

3 a
= 5a
3

2x + 4
2

=  
21(x + 2)

 21
= x + 2

• This is an incorrect cancellation:
2x +  42

 21
= 2x + 2

To multiply algebraic fractions, first cancel any numerator with any denominator.

 21 x
1

 51
×   153

 42 x 1y
= 1 × 3
1 × 2y

= 3
2y

To divide algebraic fractions, multiply by the reciprocal of the fraction following the division sign.

• The reciprocal of a
b
= b
a
.

3x
4
÷ 9
8y
=  
31x

 41
×  
82y

 9
3
= 2xy
3
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9I Simplifying algebraic fractions: multiplication and division 555

Exercise 9I

Understanding 1–3 3

1 Cancel to simplify these fractions.
4

2
a 4x

2
b 4(x + 2)

2
c 4(x − 1)

2
d

2 Write down the reciprocal of these fractions.
2

3
a 4

3
b 7x

2

Hint for Q2:

Recall: 7 = 7
1

for part e.

c

5

4a2
d 7e 6xf

3 Divide these simple fractions.
2

3
÷ 3
4

a 7

8
÷ 3
4

b 6

7
÷ 4
7 Hint for Q3:

• Copy the first fraction.

• Change the ÷ to ×.

• Flip over the second fraction.

c

5

14
÷ 10
7

d 21

4
÷ 7
8

e 4

9
÷ 4
9

f

Fluency 4–7(½) 4–7(½)

Example 23 Cancelling common factors

Simplify by cancelling common factors.

7x
21

a 5(x + 2)(x − 1)
x + 2

b

Solution Explanation

a  7
1x

  213
= x
3

The HCF of 7 and 21 is 7.

b
5   

 (x + 2)1(x − 1)

   x + 21
= 5(x − 1) Treat (x + 2) as a common factor to both the

numerator and denominator.

Now you try

Simplify by cancelling common factors.

−2ab2

4b
a −3(x − 2)(x + 7)

3(x − 2)
b

4 Simplify by cancelling common factors.
4x
8

a 8x
16

b −4ab
12

c 7a
14b

d

4(x − 1)
4

e −6(2x + 1)
3

f −7x
21x

g 4a2

40a
h

3(x + 2)
x + 2

i −2(x − 7)
x − 7

j 5(x + 3)
10(x + 3)

k −16(x − 14)
24(x − 14)

l

(x + 2)(x − 4)
x + 2

m 2(x − 1)(x + 3)
x + 3

n −4(x + 2)(x − 5)
2(x − 5)

o −7(x + 1)(x − 9)
7(x + 1)(x − 9)

p
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556 Chapter 9 Algebraic techniques

Example 24 Simplifying by factorising

Simplify these fractions by factorising first.

2x + 6
2

a −3x − 9
x + 3

b

Solution Explanation

a 2x + 6
2

=  
21(x + 3)

 21

= x + 3

First factorise the numerator, then cancel the 2.

b −3x − 9
x + 3

=
−3   

 (x + 3)1

   x + 31

= −3

−3 is common to both −3x and −9. (x + 3) can

now be cancelled.

Now you try

Simplify these fractions by factorising first.

5a − 30
5

a −7x − 14
x + 2

b

5 Simplify these fractions by factorising first.
4x + 8
4

a 2x − 6
2

b 3x − 12
3

c

3

3x + 3

Hint for Q5: First factorise the

numerator or denominator,

then cancel.

d −7

14x + 21
e 5a

15a − 10
f

2x + 8
x + 4

g 7x + 14
x + 2

h −5x − 15
x + 3

i

−4x − 10
2x + 5

j 18 + 12x
3 + 2x

k −25 − 15x
5 + 3x

l

Example 25 Multiplying algebraic fractions

Simplify these products.

3x
4
× 8
9x

a 4(x + 1)
3

× 12

x + 1
b

Solution Explanation

a   3x
1

 41
×  
82

  9x
3
= 1 × 2
1 × 3

= 2
3

Cancel common factors from any numerator to

any denominator, then multiply.

b
4   

 (x + 1)1

 31
×
  124

   x + 11
= 4 × 4
1 × 1

= 16

Cancel all common factors before multiplying.

9I
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9I Simplifying algebraic fractions: multiplication and division 557

Now you try

Simplify these products.

2a2

3
× 9
a

a 3x − 1
5

× 20

6x − 2
b

6 Simplify these products.
4x
5
× 10
8x

a 3x
7
× 7
6x

Hint for Q6: Remember to cancel

first before multiplying.

b 15a
4
× 8
25

c

16

3a
× 9
32

d 4y2

3
× 7x
4y

e 8

3x
× 5x

2

16
f

2(x − 1)
3

× 6

x − 1
g 5(2x + 1)

4
× 4

2x + 1
h 3(x − 7)

7
× 21

2(x − 7)
i

x − 3
4

× x + 1
x − 3

j 3x + 7
x − 2

× x − 2
3x + 7

k 5(x − 2)
3(x + 7)

× 3(x + 6)
10(x − 2)

l

Example 26 Dividing algebraic fractions

Simplify the following.

3x
4
÷ 6
7

a 5(x + 1)
6

÷ 2(x + 1)
9

b

Solution Explanation

a 3x
4
÷ 6
7
=  
31x

4
×
7

 6
2

= 7x
8

Multiply by the reciprocal of the second fraction.

Cancel before multiplying.

b 5(x + 1)
6

÷ 2(x + 1)
9

=
5   

 (x + 1)1

 62
×  9

3

2   
 (x + 1)1

= 15
4

Invert the second fraction and multiply.

Cancel before multiplying.

Now you try

Simplify the following.

−2x
3
÷ 4
9

a 2

3(4a − 1)
÷ 5

4a − 1
b

7 Simplify the following.
2x
3
÷ 4
7

a 5x
4
÷ 15
8

b

−3a
4
÷ 2a
7

Hint for Q7: Multiply by the

reciprocal of the fraction

following the division sign.

c −6a
7
÷ 12
7a

d

4(x + 1)
3

÷ 2(x + 1)
9

e 2(x − 1)
5

÷ 3(x − 1)
10

f

11(x + 4)
x + 1

÷ x + 4
x + 1

g −3(2x − 1)
2x + 1

÷ 2(2x − 1)
2x + 1

h
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558 Chapter 9 Algebraic techniques

Problem-solving and reasoning 8–9(½) 8–10(½)

8 Find the error in these problems and then find the correct answer.
2x +  21

 21
= 2x + 1a −3x − 6

3
= −3(x − 2)

3

= −(x − 2)

b

2x
3
÷ 4x
9
= 8x

2

27
c

x +  21

 3
1
×  
62x

 21
= 2x2 + 1d

9 Simplify the following.
2x + 4
3

× 6

x + 2
a 5x − 15

7
× 7

x − 3
b

−6x − 12
x

× 3x
x + 2

Hint for Q9: Factorise

expressions before cancelling;

e.g. 2x + 4 can be written

as 2(x + 2).

c 5x − 5
2

÷ x − 1
6

d

−17x − 34
x + 1

÷ x + 2
2x + 2

e −7x + 14
3x + 2

÷ 2 − x
6x + 4

f

10 We know that a
2

a
cancels to a

1
= a. Similarly, (x + 1)

2

x + 1
=
(x + 1)   

 (x + 1)

   x + 1
= x + 1. Use this idea to cancel

the following.

(x + 3)2

x + 3
a (2x − 1)2

2x − 1
b

−5(x − 3)2

x − 3
c −2(x − 4)

6(x − 4)2
d

The negative 1 factor — 11

11 Note that 3 − 2x = −1(2x − 3). Use this idea to cancel the following.
3 − 2x
2x − 3

a 5 − 7x
7x − 5

b 4(2 − x)
3(x − 2)

c

−2(x − 5)
5 − x

d 2 − x

(x − 2)2
e 16(x − 6)2

4(6 − x)
f

9I
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9J Simplifying algebraic fractions: addition and subtraction 559

9J 9J Simplifying algebraic fractions: addition

and subtraction
Learning intentions

• To know that the steps for adding and subtracting algebraic fractions are the same as for numerical fractions

• To be able to �nd the lowest common denominator of fractions

• To be able to add and subtract algebraic fractions

Key vocabulary: lowest common denominator, equivalent fraction, algebraic fraction, numerator, denominator

The process required for adding or subtracting algebraic fractions is similar to that used for fractions

without pronumerals.

To simplify 2
3
+ 4
5
, for example, you would find the lowest common multiple of the denominators (15)

then express each fraction with this denominator. Adding the numerators completes the task.

Lesson starter: Compare the working

Here is the working for the simplification of the sum of a pair of numerical fractions and the sum of a pair

of algebraic fractions.

2

5
+ 3
4
= 8
20
+ 15
20

= 8 + 15
20

= 23
20

2x
5
+ 3x
4
= 8x
20
+ 15x
20

= 8x + 15x
20

= 23x
20

• What steps taken to simplify the algebraic fractions were the same as those used for the

numerical fractions?

• Write down the steps required to add (or subtract) algebraic fractions.

Key ideas

To add or subtract algebraic fractions:

• determine the lowest common denominator (LCD)

• express each fraction using the LCD

• add or subtract the numerators.

2x
3
−
x
5
= 10x
15
−
3x
15

= 10x − 3x
15

= 7x
15

Exercise 9J

Understanding 1–4 3, 4

1 Find the lowest common multiple (LCM) of these pairs of numbers.

(6, 8)a (3, 5)b (11, 13)c (12, 18)d

2 Evaluate:
1

2
+ 1
3

a 3

5
+ 1
4 Hint for Q2: First find

the LCM. Recall that

the LCM of 8 and 4

is 8, not 32.

b 7

8
+ 3
4

c

9

10
−
1

5
d 2

3
−
4

5
e 11

12
−
5

6
f
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560 Chapter 9 Algebraic techniques

3 Write equivalent fractions by stating the missing expression.

2x
5
=
10

a 7x
3
=
9

b x + 1
4
=

(x + 1)

12
c

3x + 5
11

=
(3x + 5)

22
d 4

x
=
2x

e 30

x + 1
=
3(x + 1)

f

4 Copy and complete these simplifications.

x
4
+ 2x
3
=
12
+
12
=
12 Hint for Q4: Remember to

multiply the numerator by

the same number that you

multiplied the denominator.

a

5x
7
−
2x
5
=
35
−
35
=
35

b

Fluency 5, 6(½) 5, 6–7(½)

5 Write down the LCD (lowest common denominator) for these pairs of fractions.
x
3

, 2x
5

a 3x
7

, x
2

b −5x
4

, x
8

c 2x
3

, −5x
6

d 7x
10

, −3x
5

e

Example 27 Adding and subtracting with a numeral in the denominator

Simplify:

7x
3
+ x
6

a x
4
−
2x
5

b

Solution Explanation

a 7x
3
+ x
6
= 7x × 2
3 × 2

+ x
6

= 14x
6
+ x
6

= 14x + x
6

= 15x
6

= 5x
2

Note that the LCM of 3 and 6 is 6, not

3 × 6 = 18.

For 7x
3

, multiply the numerator and

denominator by 2. x
6

already has a denominator

of 6.

15

6
= 5
2

after cancelling.

b x
4
−
2x
5
= 5x
20
−
8x
20

= 5x − 8x
20

= −3x
20

Determine the LCM of 4 and 5; i.e. 20. Express

each fraction as an equivalent fraction with a

denominator of 20. 2x × 4 = 8x.

Then subtract numerators.

Now you try

Simplify:

2a
5
+ 3a
10

a 7x
8
−
2x
3

b

9J
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9J Simplifying algebraic fractions: addition and subtraction 561

6 Simplify:
x
7
+ x
2

a x
3
+ x
15

b x
4
−
x
8

c

x
9
+ x
5

d y
7
−
y
8

e a
2
+ a
11

f

b
3
−
b
9

Hint for Q6:

The LCM of 7 and 2 is 14, so

write x
7
+ x
2
= 2x
14
+ 7x
14

= 2x + 7x
14

= 9x
14

g m
3
−
m
6

h m
6
+ 3m
4

i

a
4
+ 2a
7

j 2x
5
+ x
10

k p
9
−
3p
7

l

b
2
−
7b
9

m 9y
8
+ 2y
5

n 4x
7
−
x
5

o

Example 28 Adding more algebraic fractions

Simplify: x + 3
2
+ x − 2

5

Solution Explanation

(x + 3)
2

+ (x − 2)
5

= 5(x + 3)
10

+ 2(x − 2)
10

= 5x + 15 + 2x − 4
10

= 7x + 11
10

The LCM of 2 and 5 is 10. Write as equivalent

fractions with denominator 10.

Expand the brackets and simplify the numerator

by adding and collecting like terms.

Now you try

Simplify: x − 3
4
+ x − 2

3

7 Simplify:
x + 1
2
+ x + 3
5

a x + 3
3
+ x − 4

4
b

a − 2
7
+ a − 5
8

c y + 4
5
+ y − 3
6

d

m − 4
8

+m + 6
5

Hint for Q7: Remember

to include brackets when

multiplying a numeral by these

binomial numerators.

e x − 2
12

+ x − 3
8

f

2b − 3
6

+ b + 2
8

g 3x + 8
6

+ 2x − 4
3

h

2y − 5
7

+ 3y + 2
14

i 2t − 1
8

+ t − 2
16

j

4 − x
3
+ 2 − x

7
k 2m − 1

4
+m − 3

6
l

Problem-solving and reasoning 8, 9 9–11

8 A student thinks that the LCD to use when simplifying x
2
+ 3x
4

is 8.

Complete the simplification using a common denominator of 8.a

Now complete the simplification using the actual LCD of 4.b

How does your working for parts a and b compare? Which method is preferable and why?c
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562 Chapter 9 Algebraic techniques

9 Find and describe the error in each set of working. Then give the correct answer.
4x
5
−
x
3
= 3x
2

a x + 1
5
+ x
2
= 2x + 1
10

+ 5x
10

= 7x + 1
10

b

10 Simplify:
3

x
+ 5
2x

a 7

3x
−
2

x

Hint for Q10: Your common

denominator will contain x.

The LCM of x and 2x is 2x.

b

7

4x
−
5

2x
c 4

3x
+ 2
9x

d

11 Simplify by first finding the LCD:
2x
5
−
3x
2
−
x
3

a x
4
−
2x
3
+ 5x
6

b

5x
8
−
5x
6
+ 3x
4

Hint for Q11: Choose a

common denominator that

works for all three fractions.

c x + 1
4
+ 2x − 1

3
−
x
5

d

2x − 1
3

−
2x
7
+ x − 3

6
e 1 − 2x

5
−
3x
8
+ 3x + 1

2
f

The missing algebraic fractions — 12

12 Find the missing algebraic fraction. The fraction should be in simplest form.

x
2
+ = 5x

6
a + x

4
= 3x
8

b

2x
5
+ = 9x

10
c 2x

3
− = 7x

15
d

−
x
3
= 5x
9

e 2x
3
− = 5x

12
f

9J
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Maths@Work: Automotive technology 563

The automotive industry is now more

technically complex with the increased use

of computer technology in cars. Training for

automotive trades requires students to have

mechanical ability as well as problem-solving

and mathematical skills.

The machinists and technicians constructing

and installing parts must have an eye for detail

and excellent measurement skills.

Formulas are widely used in all trades to

calculate quantities such as area, volume and

maximum loads and friction. The universal tool

for simplifying such formulas is algebra.

Automotive technology

1 Write the algebraic formula for the surface area of each solid below using the given pronumerals.

Simplify each formula by taking out any common factors.

h

w

l

a

h

b

a

c
b

h

r

c d

h

d

2 Match each of the following volume formulae to one of the solids shown in Question 1.

V = pr2hi

V = lwhii

V = 1
2
abhiii

V = pd
2h
4

iv
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564 Chapter 9 Algebraic techniques

3 The cross-sectional area of a pipe is used when calculating the weight of a given length of pipe. To

simplify the area formula, the algebraic difference of two squares rule is used.

a Copy and complete this procedure.

Area of cross-section = pR2 −

= p
�

− r2
�

= p

�

22
−
d2

22

�

= p
4

�

D2 −
�

= p
4

�

D + d
��

−
�

r

R

D

d

b Use the above formula to calculate the exact area of cross-section, as a multiple of p , given the

following diameters of various pipes.

D = 40 mm and d = 36 mmi

D = 32 mm and d = 30 mmii

D = 2.7 cm and d = 2.3 cmiii

D = 6.5 cm and r = 5.5 cmiv

Using technology

4 The approximate weight of a length of pipe

can be determined by this formula:

weight = cross-section area (cm2) × length (cm)

× density (g/cm3)

Hint for Q4: When entering the formula for

cross-sectional area use pi() for p . Link all the

length cells’ formulae to cell F2 by using $ signs,

i.e. =$F$2. Format area and weight cells to

‘number’ with two decimal places.

Develop the Excel spreadsheet shown below to calculate the weights of various lengths of pipe.

Enter appropriate formulas into the shaded cells.

Find the difference in kg/m between copper pipe c and steel pipe b.a

Find the difference in weight between 3.5 m of poly pipe a and 3.5 m of steel pipe a.b

Find the difference in weight between 2.75 m of poly pipe c and 5 m of steel pipe c.c
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Square castle moats

Moats were constructed around castles to help protect its occupants from

invaders. A square castle of side length 40 metres is to be surrounded by a

square moat of a certain width as shown.

Present a report for the following tasks and ensure that you show clear

mathematical workings, explanations and diagrams where appropriate.

Width
of

moat

40 m

Castle

1 Preliminary task

a Find the area of land occupied by the square castle of side 40-metres.

b If the width of the moat is 10 metres, find the surface area of the water in the moat.

c Find the outside perimeter of the moat if the width of the moat is 8.5 metres.

2 Modelling task

FormulateThe problem is to determine a width for the moat so that the surface area of water is at least 10 times

the area of the castle.

a Write down all the relevant information that will help solve this problem with the aid of a diagram.

b If the width of the moat is x metres, find expressions in terms of x for the following:

the perimeter of the outside of the moati

the total area occupied by the moat and the castle.ii

Solve

c Use your expressions from part b to show that the area occupied by the moat, not including the

castle, can be written in the form 4x(40 + x).

d Using the expression from part c, find the area occupied by the moat for the following values

of x.

10i 40ii 50iii

e For each value of x in part d, calculate the value of Moat area
Castle area

.

f Using trial and error, determine the smallest integer value of x such that the area of the moat

is at least 10 times the area of the castle.

Evaluate

and

verify

g Assuming that the lord of the castle wants the area of the moat to be as close as possible to

10 times the area of the castle, investigate if this is possible using non-integer values of x to one

decimal place.
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566 Chapter 9 Algebraic techniques

Communicate h Summarise your results using a table like the one below and describe any key findings.

Moat width x metres

Area of moat in m2

Area of castle in m2

Moat area
Castle area

3 Extension questions

a Instead, the lord wants to build a square castle of side length x metres inside a square lake of

side length 50 metres.

Draw a labelled diagram showing the square castle within the square moat.i

Show that the remaining lake area forming the moat is given by the expression

(50 + x)(50 − x).

ii

Calculate the value of Moat area
Castle area

to one decimal place, when:iii

x = 13I

x = 17II

Determine the smallest integer width of the castle that delivers a moat area which is at

least 10 times the area of the castle.

iv
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Technology and computational thinking 567

Generating framing pictures
Key technology: Spreadsheets and programming

Area problems can often be solved using quadratic equations because the

multiplication of a length and a width, both of which depend on the variable x,

will result in an expression including a x2 term. For example, a painting

surrounded by a picture frame of width x cm will have an area which is a

quadratic expression in terms of x. The coefficients will depend on the

dimensions of the overall framed painting.

1 Getting started

The given diagram shows a picture frame of equal width x cm

surrounding a square painting. The total width of the framed painting

including the frame is 50 cm.

a Write an expression in terms of x for the side length of the

painting inside the frame.

b Give the realistic values of x and give reasons.

c Write an expression for the area of the painting.

Expand and simplify your expression.

d Use your expression from part c to find the area of the painting for the following values of x.

3i 5ii 10iii

50 cm

50 cm

x cm

2 Applying an algorithm

Rather than solving for x for a given painting area

algebraically, we can search for a solution numerically.

Consider an algorithm which searches for a value of x which

makes the area of the painting equal to 1000 cm2.

This flowchart describes a simple algorithm which asks for a

starting value of x. This should be a small integer value for

which the area of the painting is greater than 1000 cm2.

x = 5 is chosen.

Start

End

No

Yes

x = x + 1

Input x

Output x, A

Is A < 1000?

A = 4x2 – 200x + 2500
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568 Chapter 9 Algebraic techniques

a Starting with an x value of 5 run through the algorithm and fill in the table of

values for the output of x and A.

b Use your result above to decide between which two integers lies the x value

that makes the area of the painting equal to 1000 cm2.

c Modify the algorithm and complete parts a and b above if the area of the

painting is instead 2000 cm2.

x A

5 1600

6

3 Using technology
a Set up a spreadsheet which calculates the area of the

painting for a given value of x as shown.

b Fill down at cells A7 and B6 and locate the integer

value of x which gives the area closest to 1000 cm2.

c Now try to find a more accurate value of x for which the

area is equal to 1000 cm2 by changing the following.

Fill down to locate the value of x.

• Alter the formula in cell A7 to be = A6 + 0.1

• Alter the starting value in cell A6 to 8

d Repeat part c using a smaller increment until you are satisfied that you have found the correct

value of x to one decimal place.
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Puzzles and games 569

1 ‘You use me when dividing fractions.’ Simplify each expression, then match the answers to the

letters to solve the riddle.

P L C R

−2x × 3x (x + 1)(x − 1) 2x − 6
2

5x2

10x

O A E I

x
2
−
x
3

x + 3
2
× 6
x + 3

2x
3
÷ 4
9

7ab − 6ba

x
2

3x
2

x − 3 ab −6x2 x
2

x
6

x − 3 3 x2 − 1

2 A square framed photograph has side length 20 cm and frame

width x cm.

Find an expanded expression for the area of the picture.a

What value of x makes the picture 1
4

of the total area?b

20 cm

20 cm

x cm

x cm
Picture

3 Write an expression that gives the total number of dots required for the nth diagram.

 � � �
� � � � �

�
� � � � �

n = 1 n = 2 n = 3

a � � �
� � � � �

� � � � � �
� � � � � �

n = 1 n = 2 n = 3

b

�

� � �
� � � � � �

 = 1 n = 2 n = 3n

c

4 Simplify these algebraic fractions. Don’t be fooled by the double negative.
x + 1
3
−
x − 2
4

a 3x − 4
5

−
4x − 2
3

b

5 The difference between the squares of two consecutive numbers is 97. What are the

two numbers?

a

The difference between the squares of two consecutive odd numbers is 136. What are the

two numbers?

b

The difference between the squares of two consecutive multiples of 3 is 81. What are the

two numbers?

c

6 In a race over 4 km, Ryan ran at a constant speed. Sophie ran the first 2 km at a speed 1 km/h

faster than Ryan. She ran the second 2 km at a speed 1 km/h slower than Ryan. Who won

the race?
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570 Chapter 9 Algebraic techniques

Algebraic

techniques

Factorisation

The reverse process of expansion.

Always remove the highest common

E.g. 2ab + 8b HCF = 2b

= 2b (a + 4)

E.g. 3x − 9 = 3(x − 3)      HCF = 3

−4x − 8 = −4(x + 2) HCF = −4  

2x

x − 7

3
5x

7

(x − 1)2

Algebraic fractions

These involve algebraic expressions

in the numerator and/or denominator.

E.g.          ,       , 

(a − b)(a + b) = a2 − b2

E.g. (x − 5)(x + 5) = x2 + 5x − 5x − 25

= x2 − 25

Expansion 

The process of removing brackets

E.g. 2(x + 5) = 2x + 10

(x + 3)(2x − 4) = 2x 2 − 4x + 6x − 12

= 2x 2 + 2x − 12 

2

5

x

Add/subtract

(LCD) before applying operation.

2x
3

8x
12

3x
12

5x
12

=

=

=E.g. −
x
4

x − 1
2

3(x − 1)
6

3x − 3 + 2x − 6
6

2(x − 3)
6

x − 3
3

=

5x − 9
6

=

E.g. + +

Multiplying and dividing terms

−3ab × 2a = −6a2b

15xy ÷ (3x2y ) = =
15xy

3x2y 

5

x 

÷

×=

=

To divide, multiply by the reciprocal.

Factorise all expressions, cancel

and then multiply. 

3x

4

9x

8

3x

4

8

9x

E.g.

1 2

31

2

3

Dividing

Multiplying

Cancel any numerator with

any denominator.

3x + 2

5

15

2(3x + 2)
E.g. ×

1 1

1 3

=
3

2

(a + b)2 = a2 + 2ab + b2

(a − b)2 = a2 − 2ab + b2

E.g. (2x + 3)2 = (2x + 3)(2x + 3)

= 4x2 + 6x + 6x + 9

= 4x2 + 12x + 9  

Perfect squares

Difference of two squares

Review

7xy − 4yx + 6

3-term expression

like terms

(can collect)

constant

term

x in 4 − 2x is −2. 

−

− b2 = (a − b)(a + b)

e.g. x2 − 16 = x2 −  42

e.g. 4x2 − 9 = (2x )2 − 32
= (x − 4)(x + 4)

= (2x − 3)(2x + 3) 

a2

By grouping in pairsDifference of two squares
If there are four terms, it may be

possible to group into two binomial

terms.
e.g. 5x + 10 −  3x2 − 6x

= 5(x + 2) − 3x (x + 2)

= (x + 2)(5 − 3x ) 

Monic quadratic trinomials 

These are of the form:

x2 + bx + c

Require two numbers that multiply

to c and add to b

e.g. x2 − 7x − 18 = (x − 9)(x + 2)

since −9 × 2 = −18

and −9 + 2 = −7

Simplifying by cancelling

=
7(x +1)

2(x +1)

7
2

= x − 2

E.g.

E.g. 5x − 10
5

5(x − 2)
5

=
1

1
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Chapter checklist
A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook.

✔

9A 1 I can identify and collect like terms.

e.g. Simplify:

a 4a2 − ab − 2a2 + 1 b 5x2y − xy − 6yx2

9A 2 I can evaluate an algebraic expression using substitution.

e.g. If x = 2 and y = −5, evaluate y2 − xy.

9A 3 I can multiply and divide algebraic terms.

e.g. Simplify:

a 2ab × 7a b 8xy ÷ (24x)

9A 4 I can expand expressions with brackets.

e.g. Expand the following:

a −3(x − 2) b −2a(4a − 5)

9B 5 I can expand binomial products.

e.g. Expand:

a (x − 3)(2x + 5) b (3x − 7)(2x − 5)

9C 6 I can expand perfect squares.

e.g. Expand:

a (x + 7)2 b (4x − 3)2

9D 7 I can expand to form a difference of two squares.

e.g. Expand:

a (x − 4)(x + 4) b (3x + 5)(3x − 5)

9E 8 I can determine the HCF.

e.g. Determine the HCF of the terms 6xy and 18xy2.

9E 9 I can factorise expressions with common factors.

e.g. Factorise the following:

a 5a + 15 b 11x2 − 33xy c −14mn − 7m (including common negative)

9F 10 I can factorise a difference of two squares.

e.g. Factorise x2 − 100 and 4a2 − 9.

9G 11 I can factorise by grouping in pairs.

e.g. Use the method of grouping in pairs to factorise x2 + 6x − 3x − 18.

9G 12 I can factorise using grouping in pairs by first rearranging.

e.g. Factorise 2x2 − 9 − 6x + 3x.
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572 Chapter 9 Algebraic techniques

✔

9H 13 I can factorise a quadratic trinomial.

e.g. Factorise x2 + 4x − 21.

9F/H 14 I can factorise with trinomials or difference of two squares by first taking

out a common factor.

e.g. Fully factorise 2x2 − 18 and 3x2 − 21x + 36.

9I 15 I can simplify algebraic fractions.

e.g. Simplify this fraction by factorising first: 2x − 4
x − 2

.

9I 16 I can multiply algebraic fractions.

e.g. Simplify x + 3
6
× 9
x + 3

.

9I 17 I can divide algebraic fractions.

e.g. Simplify 5(x + 2)
8

÷ 10(x + 2)
4

.

9J 18 I can add and subtract simple algebraic fractions.

e.g. Simplify:

a 2x
5
−
3x
10

b x − 3
4
+ 2x − 5

3
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Short-answer questions

19A Simplify these expressions.

3x × 2xa −3ab × 6bb 7ab ÷ (14a)c −40x2y ÷ (10xy)d

29A Expand the following.

3(x − 4)a −2(x + 6)b −x(x − 1)c −4x(2x − 3)d

39A Collect like terms to simplify.

5x − 1 + 2xa 7ab − 2bab 4a2b − 7a2bc 5x2 − xy + 3x2d

49B Expand the following binomial products.

(x − 3)(x + 4)a (x − 7)(x − 2)b (2x − 3)(3x + 2)c (x − 1)(3x + 4)d

59C/D Expand the following.

(x + 3)2a (x − 4)2b (3x − 2)2c

(x − 5)(x + 5)d (7 − x)(7 + x)e (11x − 4)(11x + 4)f

69E Write the following in fully factorised form by removing the highest common factor.

4a + 12ba x2 + xb

6x − 9x2c −3 − 9xd

79F Factorise the following difference of two squares.

x2 − 100a 25x2 − y2b

49 − 9x2c 3x2 − 48d

89G Factorise the following by grouping in pairs.

x2 − 3x + 6x − 18a 4x2 + 10x − 2x − 5b 3x − 8b + 2bx − 12c

99H Factorise the following trinomials.

x2 + 8x + 15a x2 − 3x − 18b

x2 − 7x + 6c 3x2 + 15x − 42d

109I Simplify the following.

3(x − 1)
6

a (x + 1)(x − 3)
x − 3

b

3x + 12
3

c −5x − 15
10

d

2x − 16
3x − 24

e 2(x + 2)(x − 1)
x + 2

f

119I Simplify the following algebraic fractions by first factorising and cancelling where possible.

3

2x
× x
6

a 7a2

x + 1
× x + 1
14a

b x(x − 4)
8(x + 1)

× 4(x + 1)
x

c

3a
5
÷ 9
10

d 2(x − 1)
3

÷ x − 1
6

e 2x
5x + 20

÷ x
x + 4

f

129J Simplify the following by first finding the lowest common denominator.

x
4
+ 2x
3

a 5x
6
−
7x
8

b 3a
4
−
a
2

c

x
2
+ x − 1

3
d 2x − 3

4
+ x + 1
3

e x − 1
6
+ x + 3
8

f
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Multiple-choice questions

19A The constant term in the expression 2x2 − 3 is:

3A 2B −2C 2x2D −3E

29A The expanded form of −2(x + 3) is:

2x + 6A −2x − 3B −2x − 6C −2x + 6D −2x + 3E

39A x2 − 2xy + 2yx is equal to:

xyA x2B x2 − 4xyC 0D 4xyE

49A −3ab × 4b is equal to:

−7ab2A −12ab2B −7a2bC −12a2bD 12ab2E

59B (x − 3)(x − 4) expands to:

12A x2 + 12B x2 − 7x + 12C x2 − x − 12D x2 + 7x − 12E

69B (2x − 1)(x + 5) in expanded and simplified form is:

2x2 + 9x − 5A x2 + 11x − 5B 4x2 − 5C 3x2 − 2x + 5D 2x2 + 4x − 5E

79C (3a + 2b)2 is equivalent to:

9a2 + 6ab + 4b2A 9a2 + 4b2B 3a2 + 6ab + 2b2C

3a2 + 12ab + 2b2D 9a2 + 12ab + 4b2E

89F 16x2 − 49 in factorised form is:

(4x − 7)2A (16x − 49)(16x + 49)B (2x − 7)(8x + 7)C

(4x − 7)(4x + 7)D 4
�

4x2 − 49
�

E

99G The factorised form of x2 + 3x − 2x − 6 is:

(x − 3)(x + 2)A x − 2(x + 3)2B (x + 3)(x − 2)C

x − 2(x + 3)D x(x + 3) − 2E

109H If (x − 2) is a factor of x2 + 5x − 14 the other factor is:

xA x + 7B x − 7C

x − 16D x + 5E

119I
5x
3
÷ 15x
12

is equal to:

4

3
A 4x

3
B 4

3x
C 25x2

12
D 25x

12
E

129J
4x
3
−
2x
9

is equal to:

10x
27

A 30x
9

B 2x
9

C 2x
3

D 10x
9

E

139J
x + 2
5
+ 2x − 1

3
written as a single fraction is:

11x + 1
15

A 11x + 9
8

B 3x + 1
8

C 11x + 7
15

D 13x + 1
15

E
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Extended-response questions

1 A pig pen for a small farm is being redesigned. It is originally a square

of side length xm.

a In the planning, the length is initially kept as x m. The width is

altered such that the area of the pen is (x2 + 3x) square metres.

What is the new width? (Consider factorising.)

b Instead, it is decided that the original length will be increased by

1 metre and the original width will be decreased by 1 metre.

What effect does this have on the perimeter of the pig pen

compared with the original size?

i

Work out an expression for the new area of the pig pen in

expanded form. How does this compare to the original area?

ii

c For the pig pen described in part b:

what would be the area if x = 2?i

what value of x gives an area of 15m2? Use trial and error.ii

x2x m 3x

?

x m

x m

1 m

1 m

2 The security tower for a palace is on a small square piece of land 20 m by 20m.

It has a moat of width x metres the whole way around it, as shown.

a State the area of the piece of land.

b Give an expression for the side length of the combined moat and land.i

Find an expression, in expanded form, for the entire area occupied by

the moat and the land.

ii

c Use your answers to parts a and b to give an expression for the area

occupied by the moat alone. Answer in factorised form.

d Use trial and error to find the value of x such that the area of the moat alone is 500 m2.

20 m

Land

x m
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10
Statistics and
probability

Essential mathematics: why skills in statistics and
probability are important

Statistics and probability are useful tools for analysing data, making predictions, and
understanding the likelihood of events. Many industries apply these mathematical fields practically.

Meteorologists use probability and data from weather stations, satellites, and radars to predict
weather. They analyse atmospheric pressure, humidity, temperature, and wind speed, then input
this data into computer models. If models show moist air converging with a low-pressure system,
meteorologists might predict a 70% chance of rain tomorrow, helping people plan activities.

Epidemiologists use probability and mathematical models to track disease spread and plan
interventions. They analyse infection rate data and use the basic reproduction number R0 to see
how many others one sick person can infect. This involves calculating the probability of infection
spreading. If R0 is greater than 1, the disease can spread quickly.

Manufacturers use statistics in quality control to monitor production and maintain high-quality
products. They analyse defect data and use probability to predict future issues, scheduling
maintenance before problems occur, reducing waste, and increasing efficiency.
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In this chapter

10A Review of probability (Consolidating)

10B Venn diagrams and two-way tables

10C Using arrays for two-step experiments

10D Using tree diagrams

10E Using relative frequencies to estimate probabilities

10F Data and sampling

10G Summarising data: range and measures of centre

10H Interpreting data from tables and graphs

10I Stem-and-leaf plots

10J Grouped data

Australian Curriculum 9.0

STATISTICS

Analyse reports of surveys in digital media and elsewhere for information on
how data was obtained to estimate population means and medians
(AC9M9ST01)

Analyse how different sampling methods can affect the results of surveys and
how choice of representation can be used to support a particular point of
view (AC9M9ST02)

Represent the distribution of multiple data sets for numerical variables using
comparative representations; compare data distributions with consideration
of centre, spread and shape, and the effect of outliers on these measures
(AC9M9ST03)

Choose appropriate forms of display or visualisation for a given type of data;
justify selections and interpret displays for a given context (AC9M9ST04)

Plan and conduct statistical investigations involving the collection and analysis
of different kinds of data; report findings and discuss the strength of evidence
to support any conclusions (AC9M9ST05)

PROBABILITY

List all outcomes for compound events both with and without replacement,
using lists, tree diagrams, tables or arrays; assign probabilities to outcomes
(AC9M9P01)

Calculate relative frequencies from given or collected data to estimate
probabilities of events involving “and”, inclusive “or” and exclusive “or”
(AC9M9P02)

Design and conduct repeated chance experiments and simulations, using
digital tools to compare probabilities of simple events to related compound
events, and describe results (AC9M9P03)

© ACARA

Online resources

A host of additional online resources are included as part of your Interactive
Textbook, including HOTmaths content, video demonstrations of all worked
examples, auto-marked quizzes and much more.

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        Photocopying is restricted under law and this material must not be transferred to another party.

   Cambridge University Press 



W
a
rm

-u
p
 q

u
iz

578 Chapter 10 Statistics and probability

1 Write as decimals:
1

10
a 2

8
b 30%c 85%d 23.7%e

2 Express in simplest form:
4

8
a 7

21
b 20

30
c 100

100
d 0

4
e

12

144
f 36

72
g 36

58
h 72

108
i 2

7
j

3 A six-sided die is tossed.

a List the possible outcomes.

b How many of the outcomes are:

even?i less than 3?ii less than or equal to 3?iii

at least 2?iv not a 6?v not odd?vi

4 From the group of the first 10 integers {1, 2,…, 10}, how many of the numbers are:

odd?a less than 8?b greater than or equal to 5?c

no more than 7?d prime?e not prime?f

5 Several cards were randomly selected from a pack of playing cards. The suit of each card was

noted, the card was replaced and the pack was shuffled. The frequency of each suit is shown in

the column graph.

0

Heart Spade Diamond Club

2

4

6

8

Cards

F
re

q
u

en
cy

a How many times was a heart selected?

b How many times was a card selected in total?

c In what fraction of the trials was a diamond selected?

6 Consider this simple data set: 1, 2, 3, 5, 5, 7, 8, 10, 13.

a State the number of scores, n.

b Find the mean (the sum of scores divided by n).

c Find the median (the middle value).

d Find the mode (the most common value).

e Find the range (the difference between the highest and lowest value).

f Find the probability of randomly selecting:

a 5i

a number that is not 5ii

a number that is no more than 5iii
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10A Review of probability 579

10A 10A Review of probability CONSOLIDATING

Learning intentions

• To understand the concept of chance and how to describe it numerically

• To be able to interpret the language of probability

• To be able to �nd the probability of an event for equally likely outcomes

Key vocabulary: probability, experiment, sample space, outcome, event, complement, chance

The mathematics used to calculate chance is called

probability. We use it to compare the number of favourable

outcomes to the total number of outcomes. This shows

us how likely it is that the favourable event will occur. The

probability of an event occurring is a number between

0 and 1. An impossible event has a probability of 0. An event

that is certain to occur has a probability of 1.

Lesson starter: Events and probabilities

As a class group, write down and discuss at least three events

that have the following chance of occurring.

We can use probability to find the likelihood of

rolling a particular total score with two dice.

impossible chance• even (50 : 50) chance• very high chance•

very low chance• medium to high chance• certain chance•

medium to low chance•

For each decimal marked on the number line below, choose the probability description from the list above

that best matches it.

0.10 0.3 0.4 0.5 0.60.2 0.7 0.9

E F GDCBA

10.8

Key ideas

A random experiment has various possible outcomes that occur without interference.

An outcome is a possible result from a chance experiment.

The sample space is the list of all possible outcomes of an experiment.

An event is a collection of outcomes resulting from an experiment.

For example, rolling a die is a random experiment with six possible outcomes: 1, 2, 3, 4, 5 and 6.

The event ‘rolling a number greater than 4’ includes the outcomes 5 and 6.

The event ‘rolling a number at least 4’ includes the outcomes 4, 5 and 6.

Probability is a measure of the likelihood that an event will occur.

The probability of an event where all outcomes are equally likely is given by:

Pr(Event) = Number of outcomes where event occurs
Total number of outcomes

Probabilities are numbers between 0 and 1 and can be written as a decimal, fraction or percentage.

For example: 0.55 or 11
20

or 55%
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580 Chapter 10 Statistics and probability

For all events, 0 Ä Pr(Event) Ä 1.

0 0.1 0.2 0.3 0.4 0.5 0.6

Zero
chance

Even
chance

Low
chance

High
chance

0.7 0.8 0.9

Certain
chance

1

The complement of event A is written A’ (or not A). AÌ is the event that A does not occur.

Pr(AÌ) = 1 − Pr(A) or Pr(not A) = 1 − Pr(A)

Exercise 10A

Understanding 1–4 3,4

1 Write the missing words in each statement.

a The is the list of all possible outcomes in an experiment.

b An is a collection of the outcomes from an experiment.

c Pr stands for .

d An event has a probability of 0, an event that is to occur has a probability of 1.

e An event with probability of 0.5 has or 50 : 50 chance of occurring.

f The of an event, A, is the event where A does not occur.

2 Jim believes that there is a 1 in 4 chance that the flower on his

prized rose will bloom tomorrow.

a Write the chance ‘1 in 4’ as:

Hint for Q2: ‘1 in 4’ means 1
4
.

a fractioni a decimalii a percentageiii

b Draw a number line from 0 to 1 and mark the level of

chance described by Jim.

3 Copy and complete this table.

Hint for Q3:

Percentage ÷ 100 = decimal

Percentage Decimal Fraction Number line

a 50% 0.5
1
2 0.5 10

×

b 25%

c
3
4

d
0.50.2 10

×

4 Ten people make the following guesses of the chance that they will get a salary bonus

this year.

Hint for Q4: First write each

chance as a decimal.

0.7, 2
5
, 0.9, 1

3
, 2 in 3, 3

7
, 1 in 4, 0.28, 2

9
, 0.15

Order their chances from lowest to highest.

10A
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10A Review of probability 581

Fluency 5(½), 6–9 5–7(½), 8, 9(½)

Example 1 Finding probabilities of events

This spinner has five equally divided sections.

List the sample space using the different numbers.a

Find Pr(3).b

Find Pr(not a 3).c

Find Pr(a 3 or a 7).d

Find Pr(a number that is at least a 3).e 1

37

3

2

Solution Explanation

a {1, 2, 3, 7} Use set brackets, {}, and list all the possible
outcomes in any order.

b Pr(3) = 2
5
or 0.4 Pr(3) = number of sections labelled 3

number of equal sections

c Pr(not a 3) = 1 − Pr(3)

= 1 − 2
5
or 1 − 0.4

= 3
5
or 0.6

‘Not a 3’ is the complementary event of

obtaining a 3.

Alternatively, count the number of sectors that

are not 3.

d Pr(a 3 or a 7) = 2
5
+ 1
5

= 3
5

There are two 3s and one 7 in the five sections.

e Pr(at least a 3) = 3
5

Three of the sections have the numbers 3 or 7,

which are at least 3; i.e. 3 or more.

Now you try

This spinner has six equally divided sections.

List the sample space using the different numbers.a

Find Pr(2).b

Find Pr(not a 1).c

Find Pr(a 2 or a 3).d

Find Pr(a number which is at most 2).e

1

1

1

2

23
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582 Chapter 10 Statistics and probability

5 The spinners below have equally divided sections. Complete the following for each spinner. Write all

probabilities as simplified fractions.

Hint for Q5: Pr(event) means

‘find the probability of the

event’. ‘At least 2’ means

‘2 or more’.

List the sample space using the given numbers.i

Find Pr(2).ii

Find Pr(not a 2).iii

Find Pr(a 2 or a 3).iv

Find Pr(a number which is at least a 2).v

17

6

5

4

3

2

a

6 2

27

b

1

2

2

2

3

2

c

1

1

2

2

3

3

d

14

4

3

3

2

1

e

2 2

22

f

6 Find the probability of obtaining a blue ball if a ball is selected at random

from a box that contains:

Hint for Q6:

Pr(blue) =
number of blue balls
total number of balls

4 blue balls and 4 red ballsa

3 blue balls and 5 red ballsb

1 blue ball, 3 red balls and 2 white ballsc

8 blue balls, 15 black balls and 9 green ballsd

15 blue balls onlye

5 yellow balls and 2 green ballsf

7 Find the probability of not selecting a blue ball if a ball is selected

at random from a box containing the balls described in

Question 6, parts a to f, above.

Hint for Q7: Pr(not blue) =
1 − Pr(blue)

8 If a swimming pool has eight lanes and each of eight swimmers has an equal chance of being placed

in lane 1, find the probability that a particular swimmer:

will swim in lane 1a

will not swim in lane 1b

10A
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10A Review of probability 583

Example 2 Choosing letters from a word

A letter is randomly chosen from the word PROBABILITY. Find the following probabilities.

Pr(L)a Pr(not L)b

Pr(vowel)c Pr(consonant)d

Pr(vowel or a B)e Pr(vowel or consonant)f

Solution Explanation

a Pr(L) = 1
11

One of the 11 letters is an L.

b Pr(not L) = 1 − 1
11

= 10
11

The event ‘not L’ is the complement of the event

selecting an L. Complementary events add up

to 1. Pr(not L) = 1 − Pr(L).

c Pr(vowel) = 4
11

The vowels of the alphabet are A, E, I, O and U.

There are 4 vowels in PROBABILITY: O, A and

two letter Is.

d Pr(consonant) = 1 − 4
11

= 7
11

The events ‘vowel’ and ‘consonant’ are

complementary.

Alternatively, the other 7 letters are consonants;

thus 7
11
.

e Pr(vowel or a B) = 6
11

There are 4 vowels and 2 letter Bs.

f Pr(vowel or consonant) = 1 This event includes all possible outcomes, since

a letter is either a vowel or a consonant.

Now you try

A letter is chosen from the word EXPERIMENT. Find the following probabilities.

Pr(M)a Pr(not an E)b

Pr(vowel)c Pr(consonant)d

Pr(E or consonant)e Pr(letter from the first half of the alphabet)f

9 A letter is chosen at random from the word ALPHABET. Find the following probabilities.

Hint for Q9: Recall that vowels

are A, E, I, O and U.

Pr(L)a Pr(A)b

Pr(A or L)c Pr(vowel)d

Pr(consonant)e Pr(vowel or consonant)f

Pr(Z)g Pr(A or Z)h

Pr(not an A)i Pr(letter from the first half of the alphabet)j
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584 Chapter 10 Statistics and probability

Problem-solving and reasoning 10, 11 11–13

10 The school captain is to be chosen at random from four candidates. Two are girls (Hayley and Alisa) and

two are boys (Rocco and Stuart).

Hint for Q10: The sample space

is a list of the possible students.

a List the sample space.

b Find the probability that the school captain will be:

Hayleyi

maleii

neither Stuart nor Alisaiii

11 A card is drawn at random from a pack of 52 playing cards. Find the probability that the selected

card will be:

the queen of diamondsa an aceb

a red kingc a red cardd

a jack or a queene any card except a 2f

any card except a jack or a black queeng not a black aceh

Ace

Hearts

Diamonds

Clubs

Spades

2 3 4 5 6 7 8 9 10 Jack Queen King

12 A six-sided die is tossed and the upper-most face is observed and recorded. Find the

following probabilities.

Hint for Q12: ‘Less than 5’

means that 5 is not included.

Square numbers are 12 = 1,
22 = 4, 32 = 9 etc.

Pr(6)a Pr(3)b

Pr(not a 3)c Pr(1 or 2)d

Pr(a number less than 5)e Pr(even number or odd number)f

Pr(square number)g Pr(not a prime number)h

Pr(a number greater than 1)i

13 A letter is chosen at random from the word PROBABILITY. Find the probability that the letter will be:

a Ba

not a Bb

a vowelc

not a voweld

a consonante

a letter belonging to one of the first five letters in the alphabetf

a letter from the word RABBITg

a letter that is not in the word RABBITh

10A
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10A Review of probability 585

Faulty record player — 14

14 A vinyl record contains eight tracks. The time length for each track

is shown in the table on the right.

A vinyl record collector places the record on a faulty record player,

which begins playing randomly at an unknown place somewhere on

the record, not necessarily at the beginning of a track.

a Find the total number of minutes of music available on

the record.

b Find the probability that the record player will begin playing

somewhere on track 1.

Track Time (minutes)

1 3

2 4

3 4

4 5

5 4

6 3

7 4

8 4

c Find the probability that the record player will begin somewhere on:

track 2i track 3ii a track that is 4 minutes longiii

track 4iv track 7 or 8v a track that is not 4 minutes longvi
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586 Chapter 10 Statistics and probability

0B 10B Venn diagrams and two-way tables
Learning intentions

• To understand how Venn diagrams and two-way tables are used to show how the sample space is distributed

among events

• To be able to use a Venn diagram to display the distribution of two sets

• To be able to �ll out a two-way table either from a problem or from a Venn diagram

• To be able to use a Venn diagram or two-way table to calculate probabilities of events

Key vocabulary: Venn diagram, two-way table, probability

When the results of an experiment involve overlapping categories it can be very helpful to organise the

information into a Venn diagram or two-way table. Probabilities can easily be calculated from these types

of diagrams.

Lesson starter: Solving puzzles

Work with a partner to find the answer to each puzzle. For Puzzles 1 − 4, draw some Venn diagrams, like

the ones shown, to help you. For Puzzle 5, use a two-way table.

Train Bus

Puzzle 1

12 students travel to school by bus only and 10
students don’t travel by either bus or train.

• How many students don’t travel by train?

Blue eyes

Puzzle 2

Blonde hair

14 students in total have blue eyes, and of
these students 5 have both blue eyes and
blonde hair.

• How many have blue eyes but not
blonde hair?

Skateboard

Puzzle 3

Bicycle

11 students own a bicycle only and

4 students own both a skateboard and

a bicycle.

• How many students in total own a bicycle?

Sport

Puzzle 4

Reading

12 students in total like sport, 14 students

in total like reading, and 9 students like

both sport and reading.

• How many students altogether like

either sport or reading or both?

Puzzle 5

A survey of 40 students found that a total of 22 play

basketball, 9 play both volleyball and basketball and

6 do not play either basketball or volleyball.

• How many basketball players don’t play

volleyball?

• How many students in total don’t play volleyball?

• How many students in total do play volleyball?

Not

Basketball Basketball Total

Volleyball

Not Volleyball

Total
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10B Venn diagrams and two-way tables 587

Key ideas

A Venn diagram and a two-way table help to organise outcomes into different categories.

This example shows the types of computers owned by 100 people.

Venn diagram Two-way table

Mac

31 12 50

7

PC Mac No Mac Total

PC 12 50 62

No PC 31 7 38

Total 43 57 100

These diagrams show, for example, that:

• 12 people own both a Mac and a PC

• 62 people own a PC

• 57 people do not own a Mac

• Pr(Mac) = 43
100

• Pr(only Mac) = 31
100

• Pr(Mac or PC) = 93
100

• Pr(Mac and PC) = 12
100

= 3
25

Exercise 10B

Understanding 1–4 3, 4

1 This Venn diagram shows the number of people who enjoy riding and running.

Riding

10 4 5

7

Running

a How many people in total are represented by this Venn diagram?

b Find how many people enjoy: Hint for Q1b: ‘Riding only’ does not

include the overlapping section.
riding onlyi

riding (in total)ii

running onlyiii

running (in total)iv

both riding and runningv

neither riding nor runningvi

riding or running or both?vii

c How many people do not enjoy:

riding?i running?ii
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588 Chapter 10 Statistics and probability

2 Each statement is about the shaded area in the Venn diagram. State the missing number in each

statement.

people in total like pineapple.

Mango

17 10 12

1

Pineapple

a people like pineapple only.

Mango

17 10 12

1

Pineapple

b

people like both pineapple

and mango.

Mango

17 10 12

1

Pineapple

c people like pineapple or

mango or both.

Mango

17 10 12

1

Pineapple

d

people don’t like mango.

Mango

17 10 12

1

Pineapple

e person likes neither mango nor

pineapple.

Mango

17 10 12

1

Pineapple

f

3 Match the diagrams A, B, C or D with the given description.

Hint for Q3: ‘Both a cat and a

dog’ is where the circles overlap.

own a cata

own a cat onlyb

own both a cat and a dogc

own a cat or a dog or bothd

Cat DogA Cat DogB

Cat DogC Cat DogD

4 Fill in the missing numbers in these two-way tables.

Hint for Q4: Start with the column

or row that has two numbers in it.

A Not A Total

B 7 8

Not B 1

Total 10

a

A Not A Total

B 2 7

Not B 4

Total 20

b

10B
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10B Venn diagrams and two-way tables 589

Fluency 5–8 5–9

Example 3 Constructing a Venn diagram

A survey of 30 people found that 21 like AFL and 12 like soccer. Also, 7 people like both AFL and

soccer and 4 like neither AFL nor soccer.

a Construct a Venn diagram for the survey results.

b How many people:

like AFL or soccer?i

do not like soccer?ii

like only AFL?iii

c If one of the 30 people was randomly selected, find:

Pr(like AFL and soccer)i

Pr(like neither AFL nor soccer)ii

Pr(like only soccer)iii

Solution Explanation

a
AFL

14 7 5

4

Soccer
Place the appropriate number in each category.

Place the 7 in the overlap first, then ensure that:

• the total that like AFL is 21 (14 + 7 = 21).
• the total that like soccer is 12 (5 + 7 = 12).
The 4 people that like neither are placed outside

the circles.

b i 26 like AFL or soccer or both

ii 30 − 12 = 18 don’t like soccer

iii 14 like AFL but not soccer

The total number of people who like AFL, soccer

or both is 14 + 7 + 5 = 26.
12 like soccer, so 18 do not.

21 like AFL but 7 of these also like soccer.

c i Pr(like AFL and soccer) = 7
30

7 out of 30 people like AFL and soccer.

ii Pr(like neither AFL nor soccer)

= 4
30

= 2
15

The 4 people who like neither AFL nor soccer sit

outside both categories.

iii Pr(like soccer only)

= 5
30

= 1
6

5 people like soccer but not AFL.
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590 Chapter 10 Statistics and probability

Now you try

A survey of 50 people found that 25 watch live TV and 32 people watch streamed shows. Also

14 people watch both live TV and streamed shows and 7 watch neither.

a Construct a Venn diagram for the survey results.

b How many people:

watch live TV or streamed shows?i

do not watch live TV?ii

watch only streamed shows?iii

c If one of the 50 people was randomly selected, find:

Pr(watch live TV and streamed shows)i

Pr(watch neither live TV nor streamed shows)ii

Pr(watch only live TV)iii

5 In a class of 30 students, 22 carried a phone and 9 carried an iPad. Three carried both a phone and an

iPad and 2 students carried neither.

a Copy and complete this Venn diagram.

Phone iPad

b How many students:

carried a phone or an iPad (includes carrying both)?i

do not carry an iPad?ii

carry only an iPad?iii

Hint for Q5: Start by

writing a number in the

overlapping section. ‘22

with a phone’ is the total

for the phone circle,

including the overlap.

c If one of the 30 students was selected at random, find the

following probabilities.

Pr(carry a phone and an iPad)i

Pr(carry neither a phone nor an iPad)ii

Pr(carry only a phone)iii

6 Match

Hint for Q6: ‘A or B’ means ‘either

A or B or both’. ‘A and B’ means

‘both A and B’.

each diagram with the correct statement.

Not Ai

A or Bii

A and Biii

Biv

B onlyv

Neither A nor Bvi

A B

Diagram P

A B

Diagram Q
A B

Diagram R

A B

Diagram S

A B

Diagram T
A B

Diagram U

10B
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10B Venn diagrams and two-way tables 591

7 For each Venn diagram, find the following probabilities.

Pr(A)i Pr(A only)ii

Pr(not B)iii Pr(A and B)
Hint for Q7:

A and B A or B

Hint for Q7: First calculate the

total number in each sample.

iv

Pr(A or B)v Pr(neither A nor B)vi

1

A B

75

2

a

3

A B

1912

1

b

Example 4 Constructing a two-way table

At a car yard, 24 cars are tested for fuel economy. Eighteen of the cars run on petrol, 8 cars run on gas

and 3 cars can run on both petrol and gas.

a Illustrate the situation using a two-way table.

b How many of the cars:

do not run on gas?i

run on neither petrol nor gas?ii

c Find the probability that a randomly selected car:

runs on gasi

runs on only gasii

runs on gas or petroliii

Solution Explanation

a Gas Not

gas

Total

Petrol 3 15 18

Not

petrol
5 1 6

Total 8 16 24

Set up a table as shown and enter the numbers (in black)

from the given information.

Fill in the remaining numbers (in red) ensuring that each

column and row adds to the correct total.

b i 16 The total at the base of the ‘Not gas’ column is 16.

ii 1 The number at the intersection of the ‘Not gas’ column

and the ‘Not petrol’ row is 1.

c i Pr(gas) = 8
24

= 1
3

8 cars in total run on gas out of the 24 cars.

ii Pr(only gas) = 5
24

Of the 8 cars that run on gas, 5 of them do not also run on

petrol.

iii Pr(gas or petrol) = 15 + 5 + 3
24

= 23
24

Of the 24 cars, some run on petrol only (15), some run on

gas only (5) and some run on gas and petrol (3).
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592 Chapter 10 Statistics and probability

Now you try

Of 100 clothing items in a small shop, 65 contained natural fibres, 45 contained artificial fibres and

20 contained both types of fibres.

a Illustrate the situation using a two-way table.

b How many items:

do not have artificial fibres?i

have neither type of fibre?ii

c Find the probability that a randomly selected item:

has natural fibresi

has only natural fibresii

has artificial or natural fibresiii

8 Of

Hint for Q8: 25 is the total for

the ice cream row.

50 desserts served at a restaurant one evening, 25 were served with

ice cream, 21 were served with cream and 5 were served with

both cream and ice cream.

a Copy and complete this two-way table.

Cream Not cream Total

Ice cream

Not ice cream

Total

b How many of the desserts:

did not have cream?i

had neither cream nor ice cream?ii

c Find the probability that a chosen dessert:

had creami

had only creamii

had cream or ice creamiii

9 Find the following probabilities using each of the given tables.

First copy and complete each two-way table.

Hint for Q9: ‘Neither A nor B’ is

the same as ‘Not A and Not B’.

Pr(A)i Pr(not A)ii Pr(A and B)iii

Pr(A or B)iv Pr(B only)v Pr(neither A nor B)vi

A Not A Total

B 3 1

Not B 2 4

Total

a

A Not A Total

B 4 15

Not B 6

Total 26

b

10B
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10B Venn diagrams and two-way tables 593

Problem-solving and reasoning 10–12 11–14

10 For each two-way table, fill in the missing numbers then transfer the information to a Venn diagram.

A Not A Total

B 2 8

Not B

Total 7 12

a A Not A Total

B 4

Not B 9 13

Total 12

b

2

A B A B

9

11 In a group of 17 people, 13 rented their house, 6 rented a car and 3 did not rent either

a car or their house.

Hint for Q11: 14 people will be in

the circles, but 13 + 6 = 19. How
many must be in the overlap?

a Draw a Venn diagram, showing circles for ‘Rents

house’ and ‘Rents car’.

b How many people rented both a car and their house?

c Find the probability that one of them rented only a car.

12 One hundred citizens were surveyed regarding their use of water in their garden. Of these, 23 said that

they used tank water, 48 said that they used tap water and 41 said that they did not use water on their

garden at all.

a Copy and complete this two-way table.

Tank water Not tank water Total

Tap water

Not tap water

Total

b How many people used both tank and tap water?

c What is the probability that one of the people uses only tap water?

d What is the probability that one of the people uses tap water or tank water?
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594 Chapter 10 Statistics and probability

13 All members of a ski club enjoy either skiing and/or

snowboarding.

Seven enjoy only snowboarding, 16 enjoy skiing and

4 enjoy both snowboarding and skiing.

a Copy and complete the Venn diagram shown.

b How many people are in the club?

Hint for Q13: For

part d, what fraction

of skiers also like

snowboarding?

c If a person from the club is randomly selected, what is

the probability of choosing a snowboarder?

d If a person is randomly selected out of the group

that likes skiing, what is the probability of choosing

a snowboarder?

e What is the probability of choosing a skier out of the

group that likes snowboarding?

Skiing Snowboarding

14 Of a group of 30 cats, 24 like either tinned or dry food or

both, 10 like only dry food and 5 like both tinned and dry food.

Hint for Q14: Use a Venn diagram

to record the information.

a Find the probability that a selected cat likes only tinned food.

b Out of the group of cats that eat dry food, what is

the probability of selecting a cat that also likes tinned food?

Numbers challenge — 15

15 One hundred people were surveyed and it was found that 55 were males and 30 were doctors.

The number of male doctors was 17. Copy and complete this Venn diagram and then determine the

number of people in each question below.

a The number who are neither male nor a doctor

b The number who are not males

c The number who are not doctors

d The number who are male but not a doctor

e The number who are a doctor but not male

f The number who are female and a doctor

g The number who are female or a doctor

Males Doctors

10B
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10C Using arrays for two-step experiments 595

10C 10C Using arrays for two-step experiments
Learning intentions

• To know how to list the sample space of a two-step experiment in an array/table

• To understand the difference between experiments carried out with replacement and without replacement

• To be able to construct arrays for two-step experiments with and without replacement and �nd

associated probabilities

Key vocabulary: array, with replacement, without replacement, two-step experiment, sample space

Sometimes an experiment consists of two steps, such as tossing a single coin twice or rolling two dice. Or

perhaps a card is pulled from a hat and then a spinner is spun. We can use tables to list the sample space

for such experiments.

Lesson starter: The maths cup

This activity can be run in small groups or as a class.

Draw the table below on the whiteboard. Each student

should also have a copy.

a

Each student selects one competitor as their ‘own’ (choose

a winner!).

b

Students take turns to roll 2 dice and state the sum of the

uppermost faces of the dice.

c

The total of each roll refers to the competitor number. When

its number is rolled, that competitor moves another 100 m

towards the finish line. A cross is placed in the cell to show

the move.

d

The winning competitor is the first to reach the finish at 1000 m.e

Keep rolling the dice until first, second and third places are decided.f

Competitor 100 m 200 m 300 m 400 m 500 m 600 m 700 m 800 m 900 m 1000 m

1 SCRATCHED

2 Greased Lightning

3 Flying Eagle

4 Quick Stix

5 Break a Leg

6 Slow and Steady

7 The Donkey

8 The Wombat

9 Tooting Tortoise

10 Ripper Racer

11 Speedy Gonzo

12 Pharaoh

Discussion questions

• Do you think that the competitor that won your maths cup race would always win?

• In this game, do all the competitors have the same chance of winning?

• Why is Competitor 1 scratched?

• When two dice are thrown, what are all the possible outcomes for the sum of the two uppermost faces?

• What are the competitor numbers that are highly likely to win this race?

• What are the competitor numbers that are unlikely to win this race?
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596 Chapter 10 Statistics and probability

Key ideas

An array (or table) can be used to list the sample space for experiments involving two steps.

When listing outcomes, it is important to be consistent with the

order for each outcome. For example: the outcome (heads, tails) is

different from the outcome (tails, heads). So when two coins are

tossed, the Coin 1 outcome is written first in each cell of the table.

Coin 2

H T

H HH HT

C
o
in
1

T TH TT

The sample space is shown in the central part of the table; i.e. {HH,HT, TH, TT}.

The probability is still given by:

Pr(Event) = number of outcomeswhere the event occurs
total number of possible outcomes

For example, when two coins are tossed, Pr(a tail and a head) = 2
4
= 1
2

Some experiments are conducted without replacement, which means that each individual trial

outcome cannot be achieved again.

For example: Two letters are chosen from the word CAT. ‘Without replacement’ means that the

first letter chosen is removed and it is not possible to choose it again.

With replacement

2nd

C A T

C (C, C) (C, A) (C, T)

1st A (A, C) (A, A) (A, T)

T (T, C) (T, A) (T, T)

9 outcomes

Without replacement

2nd

C A T

C × (C, A) (C, T)

1st A (A, C) × (A, T)

T (T, C) (T, A) ×

6 outcomes

Exercise 10C

Understanding 1–4 3, 4

1 A letter is chosen from the word HI

and a letter is chosen from the word

BYE.

Copy and complete this table to

show the sample space.

B Y E

H HB

I
Hint for Q1: Write ‘H’ in each cell of

the top srow. Write ‘B’ in each cell

of the first column.

2 A coin and a four-sided die are tossed.

a Copy and complete this table to show the sample space.
Hint for Q2: The sample space is all

the outcomes in the central part of

the table.
1 2 3 4

H

T

b How many outcomes are in the sample space?

c What is the probability of tossing a ‘H3’?

d What is the probability of tossing a ‘T2’?

10C
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10C Using arrays for two-step experiments 597

3 A coin is flipped and then a spinner with numbers 1 to 5 is spun. The possible outcomes are listed in

the table below.

1 2 3 4 5

H H1 H2 H3 H4 H5

T T1 T2 T3 T4 T5

a How many outcomes are possible?

b List the four outcomes in which an even number is displayed on the spinner.

c Hence, state the probability that an even number is displayed.

d List the outcomes for which the coin shows tails and the spinner shows an odd number.

e What is Pr(T, odd number)?

4 Two coins are tossed and the four possible outcomes are shown below.

20-cent coin

H T

H HH HT
50-cent coin

T TH TT

Hint for Q4: The same face means

either two heads or two tails.

a What is the probability that the 50-cent coin will be heads and the 20-cent coin will be tails?

b For which outcomes are the two coins displaying the same face?

c What is the probability of the two coins displaying the same face?

Fluency 5, 6 5–7

Example 5 Using a table for two-step experiments

A spinner with the numbers 1, 2 and 3 is spun, and then a card is chosen at random from cards

containing the letters of ATHS.

Draw a table to list the sample space of this experiment.a

How many outcomes does the experiment have?b

Find the probability of the combination 2S.c

Find the probability of an odd number being spun and the letter H being chosen.d

Solution Explanation

a A T H S

1 1A 1T 1H 1S

2 2A 2T 2H 2S

3 3A 3T 3H 3S

The sample space of the spinner (1, 2, 3) is put

into the left column.

The sample space of the cards (A, T, H, S) is put

into the top row.

b There are 12 outcomes. The table has 4 × 3 = 12 items in it.

c Pr(2S) = 1
12

All 12 outcomes are equally likely. Spinning 2

and choosing an S is one of the 12 outcomes.

d Pr(odd, H) = 2
12
= 1
6

Possible outcomes are 1H and 3H, so

probability = 2 ÷ 12.
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598 Chapter 10 Statistics and probability

Now you try

A coin is flipped and an 8-sided die is rolled.

Draw a table to list the sample space of this experiment.a

How many outcomes does the experiment have?b

Find the probability of the outcome H7.c

Find the probability of obtaining a tail and a number less than 4.d

5 A coin is flipped and then a regular die is rolled.

a Copy and complete this table to list the sample space

for this experiment.

b How many possible outcomes are there?

c Find the probability of the pair H3.

d Find the probability of ‘heads’ on the coin with an odd

number on the die.

1 2 3 4 5 6

H

T

6 A letter is chosen from the word LINE and another is chosen from the word RIDE.

a Copy and complete this table to list the sample space.

R I D E

L

I

N

E

b How

Hint for Q6e: Recall that the

vowels are A, E, I, O and U.

many possible outcomes are there?

c Find Pr(N, R); i.e. the probability that N is chosen from LINE and R is chosen from RIDE.

d Find Pr(L, D).

e Find the probability that two vowels are chosen.

f Find the probability that two consonants are chosen.

g Find the probability that the two letters chosen are the same.

7 The spinners shown below are each spun.

Spinner 1 Spinner 2

a Copy and complete this table to list the sample space. Use R for red, P for purple and so on.

Hint for Q7: List the colour from

spinner 1 first in each cell.

Spinner 2

R P B

R

P

G

S
p
in
n
e
r
1

B

b Find the probability that spinner 1 will display red and spinner 2 will display blue.

c Find the probability that both spinners will display red.

d What is the probability that one of the spinners displays red and the other displays blue?

e What is the probability that both spinners display the same colour?

10C
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10C Using arrays for two-step experiments 599

Problem-solving and reasoning 8–10 8, 10, 11

8 Two dice are rolled for a board game. The numbers showing are then added together to get a number

between 2 and 12.

Hint for Q8: Write the sum in

each cell. For example, for

(1, 1), write 2.

Die 1

1 2 3 4 5 6

1

2

3

4

5

D
ie
2

6

a Copy and complete a table like the one above to show the sample space. State the number

of outcomes.

b Find the probability that the two dice add to 5.

c Find the probability that the two dice add to an even number.

d What is the most likely sum to occur?

e What are the two least likely sums to occur between 2 and 12?

9 In Rosemary’s left pocket she has two orange marbles and one

white marble. In her right pocket she has a yellow marble, a

white marble and 3 blue marbles. She chooses a marble

at random from each pocket.
Hint for Q9: The left-pocket

outcomes are W, O, O.

a Draw a table to describe the sample space.

b Find the probability that she will choose an orange marble and a yellow marble.

c What is the probability that she chooses a white marble and a yellow marble?

d What is the probability that she chooses a white marble and an orange marble?

e Find the probability that a white and a blue marble are selected.

f What is the probability that the two marbles selected are the same colour?
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600 Chapter 10 Statistics and probability

Example 6 Finding the sample space for events without replacement

The letters T R E K are written on cards. A letter is chosen and not replaced so that this letter is

now unavailable. Then a second letter is chosen.

In a table, list the outcomes from choosing two letters without replacement.a

Find the probability that the two letters chosen are (E, R), in that order.b

Find the probability of obtaining an outcome with an E in it.c

Solution Explanation

a 1st choice

T R E K

T × (R, T) (E, T) (K, T)

2nd R (T, R) × (E, R) (K, R)

choice E (T, E) (R, E) × (K, E)

K (T, K) (R, K) (E, K) ×

List all the outcomes, writing the ‘1st

choice’ letter first in each cell. Note that

the same letter cannot be chosen twice.

b Pr(E, R) = 1
12

Without replacement there are

12 outcomes.

c Pr(includes E) = 6
12
= 1
2

6 of the 12 outcomes contain an E.

Now you try

Two digits are selected from the set {3, 5, 6} without replacement.

a Draw a table to list the sample space.

b Find the probability that the outcome (5, 6) will be the result.

c Find the probability that (5, 6) or (6, 5) will be the result.

10 Two letters are chosen from the word DOG without replacement.

Hint for Q10: ‘Without replacement’

means the first letter chosen is

removed, so it is not possible to

choose it again.

a Complete the given table.

1st

D O G

D × (O, D) (G, D)

2nd O ×

G ×

b Find the probability of obtaining the (G,D) outcome.

c Find the probability of obtaining an outcome with an O in it.

10C
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10C Using arrays for two-step experiments 601

11 Two digits are selected without replacement from the set {1, 2, 3, 4}.

Hint for Q11a: Remember that

doubles such as (1, 1), (2, 2)

etc. are not allowed.

a Draw a table to show the sample space.

b Find:

Pr(1, 2)i

Pr(4, 3)ii

c Find the probability that:

Hint for Q11c: ‘At least 3’

includes 3.

both numbers will be at least 3i

the outcome will contain a 1 or a 4ii

the outcome will contain a 1 and a 4iii

the outcome will not contain a 3iv

Game show — 12

12 A wheel is spun during a game show to determine the prize money, and then a

six-sided die is rolled. The prize money shown on the wheel is multiplied by the

number on the die to give the total winnings.

Hint for Q12: Draw a table to

show all outcomes.

List the prize in brackets

under each outcome.

a What is the probability that a contestant will win $6000?

b What is the probability that they win more than $11 000?

$5000 $2000

$3000 $1000
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602 Chapter 10 Statistics and probability

0D 10D Using tree diagrams
Learning intentions

• To know how to use a tree diagram to list the sample space from experiments with two or more steps

• To be able to construct the sample space using tree diagrams for experiments with replacement and those without

replacement

• To be able to use a tree diagram to �nd the probability of certain events

Key vocabulary: tree diagram, with replacement, without replacement, sample space

When two coins are flipped, we can draw a table to list the sample space. Yet if three coins are flipped, then

we would need a three-dimensional table to list all outcomes. Imagine trying to find probabilities when five

coins are flipped!

Another tool that mathematicians use for probability is the tree

diagram. This tree diagram describes the four outcomes when

two coins are flipped.

It is important to be able to read a tree diagram correctly. The first row

(HH) represents the outcome where the first coin flipped was heads

and the second coin flipped was heads. The third row (TH) represents

the outcome where the first coin was tails and the second was heads.

H

T

H

H

T

T

HH

HT

TH

TT

Coin 1 Coin 2 Outcome

Lesson starter: Coin puzzle

If two coins are flipped, rank these outcomes from most likely to least likely:

• Exactly two heads are obtained.

• Exactly one head and exactly one tail are obtained.

• At least one coin shows tails.

• Three tails are shown.

How might the order change if three coins are flipped? Compare your answers with other students.

Key ideas

Tree diagrams are diagrams used to list the sample space for multistage experiments with

two or more steps.

• The outcomes for each stage of the experiment are listed vertically and each stage

is connected with branches.

For example:

H

Tossing a coin 3 times (with replacement)

T

First
toss

Second
toss

Third
toss

H

T

HHH

Outcomes

H

T HHT
HTHH

T HTT
THHH

T THT
TTHH

T TTT

H

T

A

B

B

C

C

A

C

A

B

A

A

B

B

C

C

B

C

A

C

A

B

Selecting 2 letters from {A, B, C}
(without replacement)

OutcomesFirst
choice

Second
choice

In these examples, each set of branches produces outcomes that are all equally likely. Tree

diagrams can also be used where all outcomes are not equally likely.
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10D Using tree diagrams 603

Exercise 10D

Understanding 1–3 1, 3

1 These two tree diagrams show the selection of two letters from the word CAT.

C

A

T

C

A

T

C

A

T

C

A

T

A

C

A

T

A

T

C

T

C

A

B

a Which tree diagram shows selection ‘with replacement’?

b Which tree diagram shows selection ‘without replacement’?

2 The letters S, K and Y are written on cards and placed in a

hat. One letter is randomly selected and then returned to the

container. A second letter is then selected.

a Write the missing word or number from each statement

about this event.

‘With ’ means the first letter is returned to

the hat before the second letter is selected.

i

When the first letter chosen is replaced, there are still

letters to choose from for the second letter.

ii

b Copy and complete this tree diagram for selecting

two letters with replacement.

Letter 1 Letter 2 Outcomes

S

K

Y

S SS

K SK

SYY

3 The letters T, W and O are written on cards and placed in a

container. One letter is randomly selected and not returned

to the container. A second letter is then selected.

a Write the missing word or number from each statement

about this event.

means the first letter chosen is

placed aside and the second letter is selected from

the remaining letters.

i

Since the first letter chosen is not replaced, there will

be only letters to choose from for the second

letter.

ii

b Complete the tree diagram for selecting two letters

without replacement from the letters T, W and O.

Letter 1 Letter 2 Outcomes

T

W

TW
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604 Chapter 10 Statistics and probability

Fluency 4–6 5–7

Example 7 Constructing a tree diagram

An experiment involves tossing two coins.

a Complete a tree diagram to show all possible outcomes.

b What is the total number of outcomes?

c Find the probability of tossing:

two tailsi one tailii at least one headiii

Solution Explanation

a Toss 1 Toss 2 Outcomes
HH

HT

H

T

H

T

TH

TT

H

T

Tree diagram shows two coin tosses one after

the other, resulting in 2 × 2 = 4 outcomes.

b The total number of outcomes is 4. There are four possibilities in the outcomes

column.

c i Pr(TT) = 1
4

One out of the four outcomes is TT.

ii Pr(1 tail) = 2
4
= 1
2

Two outcomes have one tail: {HT, TH}

iii Pr(at least 1 head) = 3
4

Three outcomes have at least one head:

{HH,HT, TH}

Now you try

An experiment involves tossing two 4-sided dice.

a Complete a tree diagram to show all possible outcomes.

b What is the total number of outcomes?

c Find the probability of tossing:

two 3’si one 4ii at most one 2iii

4 A coin is tossed twice.

a Complete this tree diagram to show all the possible

outcomes.

b What is the total number of outcomes?

c Find the probability of obtaining:

two headsi

exactly one headii

at least one headiii

at least one tailiv

Hint for Q4: ‘At least one’ means

one or two in this case.

HHH

H

T

Toss 1 Toss 2 Outcomes

10D
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10D Using tree diagrams 605

5 A spinner with numbers 1, 2 and 3 is spun twice.

Hint for Q5: Tree

diagram headings:

‘First spin’, ‘Second

spin’, ‘Outcomes’.

a Draw a tree diagram and list the outcomes.

b Find Pr(1 then 1).

c Find Pr(1 then 2).

d Find Pr(1 and 2 spun in either order).

e Find Pr(both show the same number).

f Find Pr(numbers add to 4).

13

2

Example 8 Constructing a tree diagram without replacement

Two people are selected without replacement from a group of three: Annabel (A), Brodie (B)

and Chris (C).

a List all the possible combinations for the selection using a tree diagram.

b Find the probability that the selection will contain:

Annabel and Brodiei Chrisii Chris or Brodieiii

Solution Explanation

a

A

B

B

C

C

A

C

A

B

A

A

B

B

C

C

B

C

A

C

A

B

Outcomes On the first choice there are three options (A, B

or C) but on the second choice there are only

two remaining.

b i Pr(Annabel and Brodie) = 2
6

= 1
3

2 of the 6 outcomes contain Annabel and Brodie

(AB) and (BA).

ii Pr(Chris) = 4
6

= 2
3

4 out of the 6 outcomes contain Chris.

iii Pr(Chris or Brodie) = 6
6

= 1

All of the outcomes contain at least one of Chris

or Brodie.

Now you try

A drawer contains two red and one blue sock. Two socks are selected at random

without replacement.

a List all the possible combinations for the selection using a tree diagram.

b Find the probability that the selection will contain:

two red socksi

two socks of different colourii

at least one red sock.iii
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606 Chapter 10 Statistics and probability

6 Two people are selected without replacement from a group of three: Donna (D), Elle (E)

and Fernando (F).

Hint for Q6: The combinations

are the outcomes.

a List all the possible combinations for the selection using a tree diagram.

b Find the probability that the selection will contain:

Donna and Ellei

Fernandoii

Fernando or Elleiii

7 A drawer contains 2 red socks (R), 1 blue sock (B) and 1 yellow sock

(Y) and two socks are selected at random without replacement.

a Complete this tree diagram.

b Find the probability of obtaining:

a red sock and a blue socki

two red socksii

any pair of socks of the same colouriii

any pair of socks of different colouriv

R

R

B

RRR
B RB
Y

R

Outcomes

Problem-solving and reasoning 8 8, 9

8 A coin is tossed three times.

Hint for Q8: Use

headings: Coin 1’,

‘Coin 2’, ‘Coin 3’,

‘Outcomes’.

a Draw a tree diagram and list the outcomes.

b Find Pr(3 tails).

c Find Pr(2 tails then 1 head).

d Find Pr(2 tails and 1 head, in any order).

e Which is more likely: getting exactly 3 tails or getting exactly 2 tails?

9 There are three bottles of white wine and two bottles of red wine on a

shelf in a cellar. It is too dark to read the labels so two bottles are

Hint for Q9: Draw a tree

diagram using the ‘without

replacement’ method.

randomly

selected, one at a time. Find the probability that:

a two bottles of different colour wine are selected

b two bottles of the same colour wine are selected

c one or more bottles of red wine are selected

Selecting matching clothes — 10

10 A man randomly selects a tie from his collection of one green and

two red ties. He selects a shirt from a collection of one red and

two white. He then selects either a red or black hat. Use a tree

diagram to help find the probability that the man selects a tie,

shirt and hat according to the following descriptions:

a red tie, red shirt and black hata

exactly one item redb

at least two items redc

a green tie and a black hatd

not a red iteme

all three items redf

exactly two items redg

a green hath

a green tie or a black hati

a red tie or white shirt or black hatj

10D
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10E Using relative frequencies to estimate probabilities 607

10E 10E Using relative frequencies to estimate
probabilities

Learning intentions

• To understand how experimental probability (relative frequency) is calculated

• To be able to calculate experimental probability

• To be able to calculate the expected number of occurrences given the experimental probability

Key vocabulary: expected number of occurrences, experimental probability, experiment, favourable outcome, survey,

long-run proportion

The sample space is used to calculate theoretical probability. Experimental probability, however, is calculated

from the results of a survey, an experiment or a simulation. A larger number of trials make experimental

probability calculations more accurate. Experimental probability is used to predict an expected number of

results.

Fishermen use experimental data to decide on

the bait, place and time of day that gives the

highest probability of catching a fish.

Lesson starter: Newspaper theories

A tabloid newspaper reports that of 10 people interviewed in the street, 5 had a dose of the flu. At a similar

time a medical student tested 100 people and found that 21 had the flu.

• What is the experimental probability of having the flu, according to the newspaper’s survey?

• What is the experimental probability of having the flu, according to the medical student’s results?

• Which of the two sets of results would be most reliable and why? Discuss the reasons.

• Using the results from the medical student, how many people would you expect to have the flu in a

group of 1000, and why?

Key ideas

Experimental probability or relative frequency is calculated using the results of an experiment
or survey.

• Experimental probability is a relative frequency calculated from a number of repeated trials.

Experimental probability = number of times the outcome occurs
total number of trials in the experiment

The long-run proportion is the experimental probability for a sufficiently large number of trials.

The expected number of occurrences is the expected number of favourable outcomes from

an experiment.

• Expected number of occurrences = probability × number of trials
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608 Chapter 10 Statistics and probability

Exercise 10E

Understanding 1, 2 2

1 Insert the word experimental, theoretical or expected to complete each statement.

a probability is calculated from the results of an experiment or survey.

b probability is calculated from the sample space of an event.

c When a coin is tossed, there are 2 possible equally likely outcomes. So the probability

of obtaining a head is 1
2
.

d Jayce tossed a coin 20 times and obtained a head 12 times. So the probability of

obtaining a head was 12
20
= 3
5
.

e A survey found that 3 out of every 5 students have a sister. Out of 1000 students, the

number of students with a sister would be 3
5
× 1000 = 600.

2 Write the experimental probability from each set of results listed here.

a Out of 20 people surveyed, 18 preferred cereal for breakfast.

b 50 students were surveyed and it was found that 40 had pets.

c There were 25 boys and 20 girls at the school bus stop one

afternoon. If one child is selected from those at the bus stop,

state the experimental probability that the child is a boy.

Hint for Q2: In part c, first find

the total number of students

at the bus stop.

Fluency 3–7 4–8

Example 9 Using experimental probability

Kris plays rugby and has a record of kicking a goal from a penalty kick 4 times out of every

7 attempts.

State the experimental probability for Kris to achieve a penalty goal.a

Calculate the expected number of goals from 28 penalty kicks that Kris takes.b

Solution Explanation

a Pr(goal) = 4
7

Experimentally, we know that Kris can kick 4 goals

out of every 7 kicks.

b Expected number = 4
7
× 28 = 16 goals Expected number = probability × number of trials

Now you try

In the last 10 school days Mia caught the correct bus in the morning 8 times.

a State the experimental probability of Mia catching the correct bus in the morning on the next

school day.

b Calculate the expected number of times Mia will catch the correct morning bus in the next

50 school days.
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10E Using relative frequencies to estimate probabilities 609

3 Ashleigh has found that she can shoot a basketball through the hoop 4 times out of 10 from the

‘3 point’ area.

a State the experimental probability for Ashleigh to shoot a basketball through the hoop from the

‘3 point’ area.

b Calculate the expected number of times the ball would go through the hoop from 100 shots Ashleigh

makes from the ‘3 point’ area.

4 The experimental probability of Jess hitting a bullseye on a

dartboard is 0.05 (or 5
100
). How many bullseyes would you

expect Jess to get if he threw the following number of darts?

100 dartsa 200 dartsb

1000 dartsc 80 dartsd
Hint for Q4: Expected number

= probability × number of trials

5 A bus company surveyed a random selection of 90 people in one suburb. They found that 35 of these

people regularly used a bus service from that suburb to the centre of the city.

a State the experimental probability for a person in that suburb to regularly use a bus service from

that suburb to the city.

b If there are 2700 residents in that suburb, find the expected number who would regularly use a bus

service from that suburb to the city.

Example 10 Finding the experimental probability

A box contains an unknown number of coloured balls and a ball is drawn from the box and then

replaced. The procedure is repeated 100 times and the colour of the ball drawn is recorded each time.

Twenty-five red balls were recorded.

Find the experimental probability for selecting a red ball.a

Find the expected number of red balls if the box contained 500 balls in total.b

Solution Explanation

a Pr(red balls) = 25
100

= 0.25

Pr(red balls) = number of red balls drawn
total number of balls drawn

There are 25 red balls and 100 balls in total.

b Expected number of red balls in 500

= 0.25 × 500

= 125

Expected number of occurrences

= probability × number of trials

Now you try

120 people were surveyed and asked if they had contracted the flu in the last 12 months.

25 responded Yes, 90 responded No and the remainder responded Not sure.

a Find the experimental probability that a person contracted the flu in the last 12 months.

b Find the expected number of people who contracted the flu in the last 12 months if 960 people

are surveyed.
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610 Chapter 10 Statistics and probability

6 A bag contains an unknown number of counters.

A counter is selected from the bag and then replaced.

The procedure is repeated 100 times and the colour of

the counter is recorded each time. Sixty of the counters

drawn were blue.
Hint for Q6: Experimental probability

= number of blue counters
total number of counters selecteda Find the experimental probability for selecting a blue counter.

b Find the expected number of blue counters if the bag contained:

100 countersi 200 countersii 600 countersiii

7 In an experiment involving 200 people chosen at random, 175 people said that they owned a home

computer.

a Calculate the experimental probability of choosing a

person who owns a home computer.

Hint for Q7: Expected number

= probability × number of trials
b Find the expected number of people who would own

a home computer in the following group sizes:

400 peoplei 5000 peopleii 40 peopleiii

8 By calculating the experimental probability, estimate the chance that each of the following events

will occur.

a Nat will walk to work today, given that she walked to work five times in the last 75

working days.

b Mike will win the next game of cards if, in the last 80 games, he has won 32.

c Brett will hit the bullseye on the dartboard with his next attempt if, in the last 120 attempts, he

was successful 22 times.

Problem-solving and reasoning 9–11 10–13

9 This table shows the results of three different surveys of people in Perth about their use of

public transport (PT).

Hint for Q9: A large survey size

makes experimental probability

calculations more accurate.

Number Survey Experimental

Survey who use PT size probability

A 2 10
2
10
= 0.2

B 5 20

C 30 100

a What are the two missing numbers in the experimental probability list?

b Which survey should be used to estimate the probability that a person uses public transport

and why?

10 The results of tossing a drawing pin and observing how

many times the pin lands with the spike pointing up

are shown in the table. Results are recorded at different

stages of the experiment.

Number of Frequency Experimental

throws (spike up) probability

1 1 1.00

5 2 0.40

10 5 0.50

20 9 0.45

50 18 0.36

100 41 0.41

Experimental probability shows that the chance

of a drawing pin landing spike-up or spike-down

is not 50 : 50.

Which experimental probability would you choose to best represent the probability that the pin will

land spike up? Why?

10E
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10E Using relative frequencies to estimate probabilities 611

11 A six-sided die is rolled 120 times. State how many times you would

expect the following events to occur?

Hint for Q11: Use the

theoretical probability

to calculate the

expected numbers.

a 6a a 1 or a 2b

a number less than 4c a number which is at least 5d

12 The colour of cars along a highway was noted over a short period

of time and summarised in this frequency table.

Colour White Silver Blue Green

Frequency 7 4 5 4

a How many cars had their colour recorded?

b Find the experimental probability that a car’s colour is:

bluei whiteii

c If the colour of 100 cars was recorded, find the expected

number of:

blue carsi

green carsii

blue or green carsiii

13 A spinner is divided into three regions not necessarily of equal

size. The regions are numbered 1, 2 and 3 and the spinner is

spun 50 times. The table shows the results.

Number 1 2 3

Frequency 26 11 13

a Find the experimental probability of obtaining:

a 1i at least a 2ii a 1 or a 3iii

b Based on these results, how many 3s would you expect if the spinner is spun 300 times?

Hint for Q13: The angles of the

spinner regions are multiples

of 90°.

c In fact, the spinner is divided up using simple and common fractions. Draw and label

how you think the spinner regions are divided up.

Different-shaped dart boards — 14

14 One hundred darts are randomly thrown at the given dartboards. No darts miss the dartboard entirely.

How many darts do you expect to hit the blue shaded region? Give reasons.

Hint for Q14: First find the

proportion of the entire dartboard

taken up by each blue region.

30 cm

80 cm

50 cm

a

1 m

50 cm

40 cm

b

20 cm

4 cm

8 cm 15 cm

c

30 cm 10 cm

d
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612 Chapter 10 Statistics and probability

110A This spinner has six equally divided sections.

a List the sample space using the given numbers.

b Find:

Pr(4)i Pr(not a 4)ii

Pr(4 or a 5)iii Pr(at most 5)iv

1
5

7
4

2

4

210A A letter is randomly chosen from the word PROGRESS. Find the following probabilities.

Pr(G)a Pr(S)b Pr(not S)c

Pr(vowel)d Pr(S or R)e

310B a Complete the following two-way table.

A Not A Total

B 4

Not B 7 11

Total 12

b Use your two-way table to find the following probabilities.

Pr(A)i Pr(A and B)ii Pr(B only)iii Pr(A or B)iv

410B A survey of 20 people found that 8 people attended fitness classes and 12 people ran for

fitness. 5 of these people did both.

a Construct a Venn diagram for the survey results.

b How many people:

do not run?i

run or attend a fitness class?ii

only attend a fitness class?iii

c If one of the 20 people was randomly selected, find:

Pr(run and attend a class)i

Pr(neither run nor attend a class)ii

Pr(only run)iii

d Turn your Venn diagram into a two-way table.

510C A coin is tossed and then a 4-sided die is rolled.

a Copy and complete the table to list the sample space of this experiment.

1 2 3 4

H

T

b How many possible outcomes are there?

c Find the probability of:

the combination H4i

tails on the coin and a factor of 6 on the dieii
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Progress quiz 613

610C The letters of the word BEE are written on cards. One card (letter) is chosen and not

replaced and then a second card is chosen.

a Complete the table below to list the possible outcomes.

1st choice

B E E

B ×
2nd E ×

choice
E ×

b Find the probability that the word BE is formed from the cards chosen (in order)

c Find the probability of choosing a B.

710D Two snake lollies are selected without replacement from a bag containing three snakes:

1 red (R), 1 blue (B) and 1 orange (O).

a List all the possible combinations for the selection using a tree diagram.

b Find the probability that the selection will contain:

red and orangei blueii

810E In a survey involving 80 people chosen at random, 48 said they catch public transport

to work.

Calculate the experimental probability of choosing a person who catches public

transport to work.

a

Find the expected number of people who would catch public transport to work in a

group of 400 people.

b
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614 Chapter 10 Statistics and probability

0F 10F Data and sampling
Learning intentions

• To know the key words associated with data and sampling and what they mean

• To be able to classify the different types of data

• To know the common types of sampling methods

• To be able to recognise when bias may exist when collecting data

Key vocabulary: population, sample, bias, census, categorical data, numerical data, random sampling, systematic

sampling, strati�ed sampling

Statistics is an essential part of how science collects, analyses and interprets data. We use data to support

ideas and uncover new theories. We also use data using tables and graphs to help display information in

an organised and understandable way. Data can also be used to influence decision making and help sell

products, which is why it is very important to think about how data is collected, how it is analysed and the

conclusions that might be communicated.

We use technology to help collect and analyse large

data samples.

Lesson starter: Is there bias?

A data collection company has designed a survey to collect information about people’s preferences regarding

how they communicate with friends and family. The company is interested in feedback from the entire

population of a town. Three employees, Jemma, Karri and Moshi, are asked to survey a range of individuals

and report back with their data samples.

• Jemma’s method involves messaging all her friends on her contact list.

• Karri surveys people in-person in a busy street at around 3:30 p.m. once school is finished for the day.

• Moshi uses a list of mobile phone numbers which belong to people who have agreed to complete surveys

for a small fee.

• Discuss each of the methods employed by Jemma, Karri and Moshi. Do you think any of the survey

methods would lead to bias? Give reasons.

• Discuss alternative methods to collect the data that might be less biased.

Key ideas

Key words associated with statistics

• Population is a complete group with at least one characteristic in common. This group could

be people, animals, objects or any event.

• Sample is a selection or subset of the population.

• Survey is an investigation or tool to collect information about a given sample or population.

– A survey of the entire population is called a census.
• Bias is a tendency which causes a difference in the results of a survey and the true facts.
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10F Data and sampling 615

Types of data
• Categorical (or qualitative) data can be sorted into groups or categories. For example: people’s

favourite types of animals.

• Numerical (or quantitative) data are expressed as numbers. For example: the heights of twenty
15-year-old students.

Data

Categorical Numerical

Nominal

(Categories

have no order;

e.g. colours:

red, blue, yellow)

Ordinal

(Categories can

be ordered;

e.g. low, medium,

high)

Discrete

(Data can take

on only a limited

number of values;

e.g. number of

children in

a family)

Continuous

(Data can take

on any value in

a given range;

e.g. time taken

to complete a race)

Types of sampling methods
• Simple random sampling: Each individual in the population has an equal chance of being

chosen. For example, each individual is assigned a number and a random number generator

selects a number.

• Systematic sampling: Individuals are selected at regular intervals. For example, every 20th car
is stopped on a highway and the driver is surveyed regarding alcohol consumption.

• Stratified sampling: The population is divided into subgroups and individuals are surveyed

within that group. For example, a population is surveyed regarding their heart health but are

first divided into age groups.

Errors may occur in sampling. Examples include:
• Sample size is too small.

• The sample does not represent the entire population.

• Poor or inaccurate measurements are recorded.

• An inappropriate sampling method is chosen.

Exercise 10F

Understanding 1–3 1–3

1 Give the key statistical word which matches each definition,

a An investigation or tool to collect information about a given sample or population.

b A tendency which causes a difference in the results of a survey and the true facts.

c A complete group with at least one characteristic in common.

d A selection or subset of the population.

2 Give the name of the type of data matching the description.

a Data that can be sorted into groups or categories.

b Data which can be expressed as numbers.

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



616 Chapter 10 Statistics and probability

3 Give the name of the type of sampling method matching the description.

Hint for Q3: Choose from simple

random, systematic or stratified.

a The population is divided into subgroups and individuals are

surveyed within that group.

b Each individual in the population has an equal chance of

being chosen.

c Individuals are selected at regular intervals.

Fluency 4, 5, 7 5–8

Example 11 Classifying data

Classify the data obtained from the following survey as either numerical discrete, numerical

continuous, categorical ordinal or categorical nominal.

The mass of each shell in a collection of sea shellsa

The results of a survey asking people to rate a TV program as good, satisfactory or poorb

The colours of the next 10 cars that pass on a busy roadc

The number of computers in a householdd

Solution Explanation

a Numerical continuous The data includes numbers which could take on any number

within a given range. The recordings may depend on the

accuracy of the measuring instrument.

b Categorical ordinal The data includes words which are categories and have a

clear order.

c Categorical nominal The data includes colours which are categories with no

particular order.

d Numerical discrete The data includes numbers from a limited range of values, in

this case, the natural numbers 1, 2, 3,…

Now you try

Classify the data obtained from the following survey as either numerical discrete, numerical continuous,

categorical ordinal or categorical nominal.

The number of students in all the academic classes in a schoola

The type of caterpillar found in a number of vegetable garden bedsb

The time taken to complete a taskc

The type of safety vest used with one of three sizes available including large, medium or smalld

4 Classify the following as numerical or categorical data.

Hint for Q4: Categorical data

can be sorted into categories

and numerical data are

expressed as numbers.

The number of pets in a householda

The colour of hair on the heads of 13 modelsb

The type of mark on a test as either answer, method or

consequential

c

The number of litres of drink in 10 bottlesd

10F
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10F Data and sampling 617

5 Classify the data obtained from the following survey as either

numerical discrete, numerical continuous, categorical ordinal

or categorical nominal.

The style of jacket on a wall in a shopa

The level of firmness of a bed described as hard, medium

or soft

b

The weight of 25 packets of chips delivered to a shopc

The shirt size of a range of clothing using the integers

36, 37, 38, ...

d

Hint for Q5: Discrete data has a limited

number of values. Continuous data can

take on any value in a given range.

Nominal data has no order. Ordinal data

has order.

6 Classify the data obtained from the following survey

as either numerical discrete, numerical continuous,

categorical ordinal or categorical nominal.

The type of food purchased at a supermarketa

The time taken to complete a 100m sprintb

The rating of a guide’s use of the English

language with the options: excellent, good, fair

and poor

c

The scores out of 20 using whole numbers only

for an assignment

d

Example 12 Choosing a sampling method

a Identify the sampling method used in each of these surveys.

A car factory assembly line chooses every fifth car to check the quality of paint.i

One hundred email addresses are randomly selected from a list of all email addresses in a

workplace.

ii

Fifty dogs are first grouped into breed type then tested for fleas.iii

b Eighty people on the street at 7 p.m. are surveyed about how often they go out for dinner. This

data is then used to make conclusions about the population of that suburb and how often they go

out to dinner. Do you think the sample will contain bias? If so, explain why.

Solution Explanation

a i Systematic Individual cars are selected at regular intervals.

ii Simple random Each individual in the workplace has an equal

chance of being chosen.

iii Stratified The dogs are divided into subgroups (breeds)

and then dogs are tested for fleas within that

breed.

b Yes, it is perhaps more likely that the people

surveyed tend to go out for dinner more

often.

People who are already out in the street at

7 p.m. are perhaps more likely to go out to

dinner on any night of the week.
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618 Chapter 10 Statistics and probability

Now you try

a Identify the sampling method used in each of these surveys.

Athletes are divided into sport type then tested for heart fitness.i

Every fifth competition paper ordered by surnames is selected for analysis regarding the

working shown.

ii

Every family in an apartment block is assigned a number and then five random numbers

are chosen so that families can be surveyed regarding their thoughts on the standard of the

cleaning in the block.

iii

b Wasram is to seek opinions about what people in the community think of the most recent Soccer

World Cup. He surveys his team-mates at the soccer club using a questionnaire. Do you think the

sample will contain bias? If so, explain why.

7 a Identify the sampling method used in each of these surveys.

A random selection of passport numbers are selected from a government

list then checked for people who travelled to the United States.

i

People at a hospital are sorted into age groups then tested

for their reaction to a particular type of medicine.

ii

Every tenth person in the queue at a football match is surveyed

regarding their thoughts about who will win the match.

iii

b A lecturer wants to learn about the opinions of his students and asks

them in a lecture to put their hand up and respond verbally to a couple of questions. Do you

think the sample will contain bias? If so, explain why.

Hint for Q7: Choose from

simple random sampling,

systematic sampling or

stratified sampling.

8 a Identify the sampling method used in each of these

surveys.

Every eighth Christmas tree sold at a shop is tested

for bugs.

i

A school surveys students about the new uniform and

selects a random sample of 20 students from each

year level.

ii

A random selection of people chosen from the

electoral role are surveyed regarding their opinion on

how the election was conducted.

iii

b Matty records information about the bird population on

her farm and sits by the lake to wait for the birds to come

along before recording the bird type and colour. Do you

think the sample will contain bias? If so, explain why.

Problem-solving and reasoning 9–11 10–12

9 In a survey involving stratified sampling, 10 people are to be selected from a company including

30 people working in the sales department and 70 people working in the administration department.

How many people should be selected from each department?

10F
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10F Data and sampling 619

10 The following statistics were collected about Wally’s pet cat.

• Length: 81.45 cm

• Weight: 14.72 kg

• Favourite food: Dine

• Number of toys: 8

• Type of scratching post: short, standard and tall

Describe the type of data for each of the

five characteristics.

11 What advice would you give to the following people who are trying to generate unbiased data?

Hudson wants to form a view as to the difficulty of a test and talks to his five closest friends.a

Molly, a vet, wants to review the time that it takes to serve customers and looks at the data for her

most experienced vet in the practice.

b

Prabhdeep is researching the cost of bread in a town and records the cost of all the types of bread

in a supermarket.

c

Zach wants to assess the amount of study students put into their mathematics. He surveys students

exiting the Extension maths exam for the Accelerated students.

d

12 Explain why stratified sampling might be used to explore people’s resting heart rates.

The Challenger disaster — 13

13 In 1985 the Challenger space shuttle disintegrated soon after launch and killed all seven crew members.

The cause of the disaster was an O-ring which failed and allowed pressurised gasses to escape and cause

a chain reaction.

Statistics had been collected and analysed before the launchwhich collected data regarding the variables

temperature and the number of times the O-ring had failed. The conclusion was that there was no

correlation between the two variables. Unfortunately, they did not look at the data collected from

when the O-rings had not failed and after including this data there proved to be a more significant

correlation between the variables and if discovered earlier, may have stopped the launch.

Use the internet to research a different statistical error which led to a disaster or embarrassing mistake

made by a company or researcher. Comment on the following:

a The statistical error made

b The consequences of the error

c Suggestions regarding what could have been done to avoid the error.
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620 Chapter 10 Statistics and probability

0G 10GSummarising data: range and measures
of centre

Learning intentions

• To know that measures of centre are used to summarise a data set

• To be able to �nd the mean, median, mode and range of a set of data

• To know how the median is found for data sets with an odd or even number of values

• To understand that an outlier is a value much smaller or larger than the rest of the data

Key vocabulary: mode, mean, range, median, outlier, bimodal

Statistics involves collecting and summarising data. It also involves drawing conclusions and making

predictions. The type and amount of product stocked on supermarket shelves, for example, is determined

by the sales statistics and other measures such as average cost and price range.

Lesson starter: Game purchase

Arathi purchases 7 computer games at a sale. 3 games cost $20 each, 2 games cost $30, 1 game costs $50

and the last game cost $200.

• Recall and discuss the meaning of the words mean, median and mode.

• Can you work out the mean, median or mode for the cost of Arathi’s games?

• Which of the mean, median or mode gives the best ‘average’ for the cost of Arathi’s games?

• Why is the mean greater than the median in this case?

Key ideas

Mean x
The mean, x, of a set of numbers is given by

x = sum of all the values
number of scores

For example, mean = 6 + 7 + 10 + 12 + 13
5

= 9.6

Median
The median is the middle value if the data is placed in order.

• If there are two middle values, the median is calculated as the mean of these two values.

odd number of values even number of values

1 3 5 5 6 7   10 13 17 17 20 21 27 27 28

median 20.5

median

The mode is the most common value.
• There can be more than one mode.

• If there are two modes, we say that the data set is bimodal.

An outlier is a score that is much larger or smaller than the rest of the data.

The range is the difference between the highest and lowest values.

Range = maximum value −minimum value

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



10G Summarising data: range and measures of centre 621

Exercise 10G

Understanding 1–5 1–5

1 a To calculate the , you add up all the values and divide by the number of values.

b Find the mean of these data sets (round each answer to one decimal place).

3 6 8 10 12i

6 8 4 12 9 11 16 13ii

Hint for Q1: First find the sum of the

scores, then divide by the number

of scores. Mean = 39
5

2 a The mode is the most value.

b State the mode of these data sets.

1 2 2 2 4 5 6i

1 4 8 8 9 10 10 10 12ii

3 a The median is the value when the scores are listed in order.

b Find the median of these data sets.

1 3 5 6 8i

4 5 7 9 10 11ii

4 a The is the difference between the highest and lowest values.

Hint for Q4: Range =
highest value − lowest value

b Find the range of these data sets.

3 6 7 12 15 24i

5 12 14 18 23 27ii

5 a An is a score that is much larger or smaller than the rest of the data.

b For each of these data sets, if there is an outlier, state its value.

2 4 5 4 6 2 3 36i

21 25 3 27 28 24 29 30ii

Fluency 6(½), 7, 8 6(½), 7–9

Example 13 Finding measures of centre

For the given data sets, find the following:

the meani the medianii the modeiii the rangeiv

5 2 4 10 6 1 2 9 6a

17 13 26 15 9 10b

Solution Explanation

a i Mean = 45
9

= 5

5 + 2 + 4 + 10 + 6 + 1 + 2 + 9 + 6 = 45
Find the sum of all the numbers and divide by the number

of values.

ii 1 2 2 4 5 6 6 9 10

Median = 5

First, order the data.

The median is the middle value.

iii Mode = 2 and 6 The data set is bimodal since there are two numbers with

the highest frequency.

iv Range = 10 − 1

= 9

The range is the highest score minus the lowest score.

Continued on next page
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622 Chapter 10 Statistics and probability

b i Mean = 90
6

= 15

17 + 13 + 26 + 15 + 9 + 10 = 90
There are 6 values.

ii 9 10  13  15  17 26

14

Median = 13 + 15
2

= 14

First, order the data.

Since there are two values in the middle, find the mean

of them.

iii No mode None of the values are repeated so there is no mode.

iv Range = 26 − 9

= 17

The highest score is 26 and the lowest score is 9.

Now you try

For the given data sets, find the following:

the meani the medianii

the modeiii the rangeiv

a 8 4 2 7 7 3 4 7 3

b −4 2 0 1 −1 0 3 5

Hint for Q6: Recall that

to subtract a negative,

you add a positive; e.g.

7 − (−2) = 7 + 2 = 9.

6 For the given data sets, find:

the meani the medianii

the modeiii the rangeiv

a 7 2 3 8 5 9 8

b 6 13 5 4 16 10 3 5 10

c 12 9 2 5 8 7 2 3

d 10 17 5 16 4 14

e 3.5 2.1 4.0 8.3 2.1

f 0.7 3 2.9 10.4 6 7.2 1.3 8.5

g 6 0 −3 8 2 −3 9 5

h 3 −7 2 3 −2 −3 4

7 These data sets include an outlier. Calculate the mean and the median

and write down the outlier. Include the outlier in your calculations.

Hint for Q7: An outlier is much

larger or smaller than the

other scores.

a 5 7 7 8 12 33

b 2 40 42 45 47

c 1.3 1.1 1.0 1.7 1.5 1.6 −1.1 1.5

d −58 −60 −59 −4 −64

8 Decide whether the following data sets are bimodal.

Hint for Q8: Bimodal means that

there are two modes.

a 2 7 9 5 6 2 8 7 4

b 1 6 2 3 3 1 5 4 1 9

c 10 15 12 11 18 13 9 16 17

d 23 25 26 23 19 24 28 26 27

10G
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10G Summarising data: range and measures of centre 623

9 This ordered data set shows the number of fish Daniel caught in the

12 weekends that he went fishing during the year.

1 2 3 4 4 5 6 7 7 9 11 13

Find the range.a

Find the median.b

Find the mean.c

Find the mode.d

Problem-solving and reasoning 10–12 11–13

10 In three running races, Paula recorded the times 25.1 seconds, 24.8 seconds and 24.1 seconds.

a What is the mean time of the races? Round to two decimal places.

b Find the median time.

11 This is a data set of six house prices in Darwin.

$324 000 $289 000 $431 000 $295 000 $385 000 $1 700 000

Which price would be considered the outlier?

Hint for Q11: To find the

median, list the prices in order,

then find the middle value.

a

If the outlier was removed from the data set, by how much

would the median change? (First work out the original

median house price.)

b

If the outlier was removed from the data set, by how much

would the mean change, to the nearest dollar? (First work out the original mean house price.)

c

Example 14 Finding a data value for a required mean

The hours a shop assistant spends cleaning the store in eight successive weeks are:

8, 9, 12, 10, 10, 8, 5, 10

Calculate the mean for this set of data.a

Determine the number of hours that needs to be added to this data to make the mean

equal to 10.

b

Solution Explanation

a Mean = 72
8

= 9

8 + 9 + 12 + 10 + 10 + 8 + 5 + 10 = 72.
Sum of the 8 data values is 72.

b Let a be the new score.

Require 72 + a
8 + 1

= 10

72 + a
9

= 10

72 + a = 90

a = 18

72 + a is the total of the new data and 8 + 1 is
the new total number of scores. Set this equal

to the required mean of 10.

Solve for a.

9 scores have a mean of 10, so the sum of the

scores = 9 × 10 = 90.

The new score would need to be 18. Write the answer.

Now you try

Amanda received scores of 85, 91, 94 and 78 on her last four maths tests.

Calculate the mean for this set of data.a

Determine the score that needs to be added to this data to make the mean equal to 89.b

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



624 Chapter 10 Statistics and probability

12 A netball player scored the following number of goals in

her 10 most recent games:

15 14 16 14 15 12 16 17 16 15

a What is her mean score?

b What number of goals does she need to score in the

next game for the mean of her scores to be 16?

13 Stevie obtained the following scores on her first five Maths tests: 92 89 94 82 93

a What is her mean test score?

b If there is one more test left to complete, and she wants to achieve an average of at least 85, what

is the lowest score Stevie can obtain for her final test?

Aiming for an A — 14

14 A school gives grades in Mathematics each semester according to

this table. Raj has scored the following results for four topics this

semester, and has one topic to go: 75 68 85 79

a What is Raj’s mean score so far?

b What grade will Raj get for the semester if his fifth score is:

50?i 68?ii 94?iii

c Find the maximum average score Raj can receive for the

semester. Is it possible for him to get an A+?

d Find the least score that Raj needs in his fifth topic for him to

receive an average of:

B+i Aii

Average score Grade

90−100 A+

80− A

70− B+

60− B

50− C+

0− C

Using a calculator 10G: Finding measures of centre
The activity can be found in the More Resources section of the Interactive Textbook in the form of

a printable PDF.

10G
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10H Interpreting data from tables and graphs 625

10H 10H Interpreting data from tables and graphs
Learning intentions

• To know the common types of statistical graphs including those that are skewed or symmetrical

• To be able to interpret common types of statistical graphs

• To be able to recognise when a graph may be misleading or drawn to give a false impression

Key vocabulary: histogram, dot plot, pie chart, symmetrical data, skewed data, mean, median, mode, range

In our everyday lives, it is important to be able to understand many forms of information. Data that is

presented in a table or a graph is much easier to interpret than a long list of data. The headings in a table

add detail and graphs give a visual comparison between values or categories.

Lesson starter: An unfair comparison

Each pair of graphs below shows the same data. Identify which one of the pair is misleading and discuss

the reasons why.

Graph A1 Scores

Team A Team B

50

0

100

Graph A2 Scores

Team A Team B

98

96

100

Graph B1

Snapper

Barramundi

Key
= 100 fish

Fish caught Graph B2

Snapper

Barramundi

Key
= 100 fish

Fish caught

Graph C1 Student numbers for sport
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Rugby Cricket Soccer
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Graph C2 Student numbers for sport
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Rugby Cricket Soccer
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20
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80
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626 Chapter 10 Statistics and probability

Key ideas

Graphs can be presented in different forms. Some common examples are:

Histogram

100 20 30 40 50

Column graph

A B C

3 421

Dot plot
Pie chart

• The titles, scales and column heights or sector angles tell us something about the data that is

used to make the graphs.

Misleading graphs give a false impression about data.

• When only part of the scale is shown, the difference between results may be exaggerated.

• If one column has a different size or colour, it may appear to have greater value than the

other columns.

• When pictograph symbols are not the same size, the larger symbol appears to have a

higher value.

• A measure of centre can be misleading if it is not a fair representation of the centre of the

data values.

For example, for the data in the graph below, the mean wage of $850 is actually larger than

all other wages except the outlier of $2000. So the median (middle) wage of $620 is a better

representation of the ‘average’ wage in this case.

Weekly wages for a
small business

$550

Median
$620

$770

Mean
$850

$2000

2

1

0

3

4

Weekly wage of staff

Fr
e
q

u
e
n

cy

$620

10H
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10H Interpreting data from tables and graphs 627

Graphs can help to determine if data is symmetrical or skewed.

Symmetrical

100 20 30 40 50

Skewed

100 20 30 40 50

• Symmetrical data will appear like the

data has a mirror line at its centre.

• Skewed datawill have values bunched
to one side of the middle.

Exercise 10H

Understanding 1–3 2, 3

1 Which of the following are not examples of graphs?

dot plot, mean, column graph, pie chart, range and histogram.

2 Which of the following graphs is symmetrical and which is skewed?

A B

3 Which of the two graphs might a newspaper use if it wanted to give the impression that the Panthers

beat the Jaguars by a large margin? Give a reason.

Panthers Jaguars

95

100
A

Panthers Jaguars

50

100
B

Fluency 4–6, 8, 9 4, 6, 7, 9, 10

Example 15 Interpreting histograms or column graphs

This column graph shows the results of a spelling test out of 10.

How many results are shown in this histogram?a

List the results in ascending order.b

Calculate the mean.c

Calculate the median.d

What is the range of results from this test?e

Is this data skewed or symmetrical?f

What proportion of results is greater than or equal to 7?g

Results of a spelling test

Test result

Fr
e
q

u
e
n

cy

4

2

1

0

3

4

5

5 6 7 8 9 10

Continued on next page
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628 Chapter 10 Statistics and probability

Solution Explanation

a 1 + 1 + 2 + 3 + 4 + 4 = 15 The frequency shows how many times each

score occurred.

Add the frequency values to find the total

number of scores.

b 4, 5, 7, 7, 8, 8, 8, 9, 9, 9, 9, 10, 10, 10, 10 1 lot of 4, 1 lot of 5, 2 lots of 7, 3 lots of 8,

4 lots of 9, 4 lots of 10.

c Mean = 123
15

= 8.2

4 + 5 + 7 + 7 + 8 + 8 + 8 + 9 + 9 + 9 + 9 + 10 + 10 +
10 + 10 = 123

d Median = 9 The 8th score is the middle score.

e Range = 10 − 4

= 6

The range is the highest score minus the lowest

score.

f Skewed Results are bunched to the higher scores.

g 13

15
13 scores are greater than or equal to 7 out of a

total of 15 scores.

Now you try

This pie chart shows the proportion of households in a particular town that have a type of pet.

There are 500 households in the town.

a How many of the households owned:

dogs?i cats?ii other?iii

b How many more households own cats compared to dogs?

c What is the sector angle for cats?
40%

25%
35%

Dogs

Cats

Other

4 This graph shows the results of a number of maths tests out

of 10.

a How many results are shown in this graph?

b List the results in ascending order.

c Calculate the mean.

d Calculate the median.

e What is the range of results from this test?

f Is this data skewed or symmetrical?

g What proportion (fraction) of results is greater than or

equal to 8?

Results of a maths test

Test result

3

Fr
e
q

u
e
n

cy

2

1

0

3

4

5

6

4 5 6 7 8 9 10
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10H Interpreting data from tables and graphs 629

5 This dot plot shows the heights, in cm, of the students in a Year 9 class.

Hint for Q5: Each dot represents

a student.155150 165 170 175 180 185 190160
cm

a How many students have their heights recorded on this dot plot?

b What is the range of heights?

c What is the mode of these heights?

d What is the median height for this class?

e What is the mean height for this class?

f What value is the outlier?

6 This pie chart shows the proportions of deaths in Australia from diseases caused by smoking.

Deaths from smoking-related diseases

10%

23%

23%

30%

5%

9%

Lung cancer

Other cancers

Disease in blood vessels

Cancer of digestive organs

Breathing diseases

Various medical diseases
Hint for Q6:

Number of deaths

=
percentage

100
× total deaths

Sector angle = percentage × 360°

Around 15 000 Australians in total die from smoking-related

illness per year.

What is the total percentage of smoking deaths caused

by cancer?

a

How many Australian smokers die of cancer in a year?b

How many Australian smokers die of cancer each day? Round to the nearest whole number.c

How many Australian smokers die from various breathing diseases each day? Round to one

decimal place.

d

Calculate the sector angle for lung cancer. Recall that 100% represents 360°.e

7 The following table shows tide times and heights in December for Yamba, on the NSW north coast.

The tide heights shown are red for low tide and blue for high tide. The times are in 24-hour time.

Saturday 17 Sunday 18 Monday 19 Tuesday 20 Wednesday 21

Time Height Time Height Time Height Time Height Time Height

0038 1.14 0145 1.18 0255 1.26 0401 1.37 0.502 1.49

0619 0.45 0729 0.49 0847 0.50 1008 0.46 1123 0.38

1243 1.42 1340 1.34 1445 1.26 1556 1.21 1703 1.18

1925 0.29 2018 0.29 2115 0.28 2211 0.26 2307 0.22

Write all time answers in both 24-hour time and 12-hour time.

Hint for Q7: 1520 in 24-hour time

is 3.20 p.m. in 12-hour time.

a How high is the second high tide on Saturday 17 December?

b What time is the first low tide on Monday 19 December?

c How much later in the morning is the low tide on Tuesday

20 December than the low tide on Monday 19 December?

d What is the difference in height between the two high tides

on Wednesday 21 December?

e How long is it between the two high tides on Sunday 18 December?
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630 Chapter 10 Statistics and probability

8 The following is a table of life expectancy estimates for people in various countries.

Life expectancy in years

Country Overall average Male Female

Japan 83 79 86

Switzerland 82 80 84

Australia 81 79 84

Malaysia 74 72 77

Vietnam 74 72 77

Indonesia 71 69 73

Papua New Guinea 57 55 60

South Africa 49 49 50

Mozambique 39 38 39

a How many years more do Australian males expect to live compared to Mozambique males?

b How many years more do Australian females expect to live compared to Papua New Guinea

females?

c If the overall world average of life expectancy is 67 years, how far above the average is Japan’s

overall average life expectancy?

d Find the increase in life expectancy between Indonesian males and Australian males. Now

calculate this increase as a percentage of Indonesian male life expectancy. Round to one

decimal place.

9 The line graphs below show the mean monthly minimum and maximum temperatures and also the

monthly rainfall in mm for Hobart.

The temperature values are read from the scale on the left and the rainfall values are read from the

scale on the right. For example, in January the mean maximum temperature is 22°C and the rainfall

is 44 mm.

Hobart monthly temperature and rainfall
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Mean rainfall (mm)

Mean minimum
temperature (°C)

Mean maximum
temperature (°C)

a What was the mean maximum temperature in April?

b What was the rainfall in April?

c What was the mean minimum temperature in July?

d What was the rainfall in July?

e During what months was the mean maximum

temperature greater than 19°C?

f During what months was the rainfall less than 40 mm

per month?

g Which were the wettest two months in Hobart?

h What was the temperature range in December?

10H
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10H Interpreting data from tables and graphs 631

10 The following graph shows impact speeds (reaction time and distance travelled

while braking) for cars when driving at various speeds on a dry road.

Hint for Q10: Reaction time

is shown by the purple bar,

braking time is shown by the

orange bar.

Impact speed in dry conditions

70 km/h

75 km/h

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80Metres

80 km/h

65 km/h

60 km/h

55 km/h

50 km/h REACTION BRAKING Stops in time

Stops in time

Touches

Hits at 32 km/h

Hits at 46 km/h

Hits at 57 km/h

Hits at 66 km/h

a The red line on the graph represents an object or person in front of the braking car. How far in

front of the car is the object or person at the start of the driver’s reaction time?

b How many metres are travelled during reaction time when driving at 60 km/h?

c How many metres are travelled during braking time when driving at 60 km/h?

d How much distance is needed, overall, to stop when driving at 80 km/h?

e By how much does the braking distance increase when driving at 80 km/h compared to 50 km/h?

Problem-solving and reasoning 11, 12 11, 13, 14

11 Here are two column graphs, each showing the same results of a survey that asked people which TV

channel they preferred.

TV channel preference
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Graph B

a From Graph A, write down how many viewers preferred each channel.

b Which graph could be titled ‘Channel 15 is clearly most popular’?

c Which graph could be titled ‘All TV channels have similar popularity’?

d What is the difference between the two graphs?

e Which graph is misleading, and why?
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632 Chapter 10 Statistics and probability

12 This column graph shows the number of sales for

one month of four popular breakfast cereals. The

height of each column represents the sales.

List the breakfast cereals in order of sales.a

Did Yum-crunch have more sales than the other

cereals?

b

List 3 changes that have been made to the

Yum-crunch column to make it look like it has

better sales than any of the other cereals.

c

How should the columns be drawn so the graph

is not misleading?

d

Sunshine
cereal

Energy
cereal

Chunky
cereal

Cereal

Yum-crunch
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13 This pictograph shows the number of TV viewers for the final matches of various sports.

Basketball

Tennis

Soccer
Key: Each ball
represents
100 000 viewers.

Cricket

Rugby

a Which sport appears to have had the greatest TV audience?

b List the sports in order, according to their length on the pictograph.

c Using the key, determine the audience sizes for the rugby and soccer finals.

d Which sport actually had the largest TV audience? What was the size of its audience?

e List the sports in order according to the audience size calculated using the key.

f In what way is this graph misleading?

g How should a pictograph be drawn so it is not misleading?

10H
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10H Interpreting data from tables and graphs 633

14 This column graph shows the price of some houses that

were sold during one November in a Sydney suburb.

$5
60

 0
00

$7
50

 0
00

$8
70

 0
00

$2
 3

00
 0

00

3

2

House price

House sales in November
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e
q

u
e
n

cy 4

5

1

0

a How many house sales are shown in this column graph?

b List the price of each house in ascending order.

c Find the mean house price.

d Find the median house price.

e A newspaper headline read ‘House prices now average over $900 000’. Is this ‘average’ referring to

the mean or median price?

f What proportion of house prices were less than the mean value?

g Do you think the mean or the median would better represent the ‘average’ house price? Give a

reason for your answer.

Viewing distance for TV — 15

15 a Draw a line graph showing the Minimum and Maximum viewing distances for each TV screen size.

Include a key.

TV screen size (length of Maximum viewing Minimum viewing

diagonal in inches) distance (cm) distance (cm)

26 200 100

30 220 120

34 260 130

42 320 160

47 360 180

50 380 200

55 420 220

60 470 230

65 490 250

b If a lounge chair is 1.5 m in front of the TV, which sizes of TV would be suitable?

c If a lounge chair is 3 m in front of the TV, which sizes of TV would be suitable?
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634 Chapter 10 Statistics and probability

10I 10I Stem-and-leaf plots
Learning intentions

• To be able to construct and interpret a stem-and-leaf plot

• To be able to construct and interpret a back-to-back stem-and-leaf plot

• To be able to interpret the shape of a stem-and-leaf plot to describe the distribution of the data as symmetrical

or skewed

Key vocabulary: stem-and-leaf plot, symmetrical data, skewed data, back-to-back stem-and-leaf plot

Stem-and-leaf plots (or stem plots) are commonly used to display a single data set or two related data sets.

They help to show how the data is distributed. They retain all the individual data elements so no detail is

lost. The median and mode can be easily read from a stem-and-leaf plot because all the data sits in order.

Lesson starter: Ships vs Chops

At a school, Ms Ships’ class and Mr Chops’ class sit the

same exam. The scores are displayed using this back-to-back

stem-and-leaf plot. Discuss the following.

• Which class had the most students?

• What were the lowest and highest scores from

each class?

• What were the median scores from each class?

• Which class could be described as symmetrical and which

as skewed?

• Which class had the better results?

Leaf Stem Leaf

Ms Ships’ Mr Chops’

class class

3 1 5 0 1 1 3 5 7

8 8 7 5 6 2 3 5 5 7 9 9

6 4 4 2 1 7 8 9 9

7 4 3 8 0 3

6 9 1

7 | 8 means 78
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10I Stem-and-leaf plots 635

Key ideas

A stem-and-leaf plot uses a stem number and leaf number to represent data.

• The data is shown in two parts: a stem and a leaf.

• The ‘key’ tells you how the plot is to be read.

Ordered stem-and-leaf plot

Stem Leaf

The leaf numbers are
 written in order.

A Key is
added to
show the

place value
of the stems
and leaves.

1 2 6

2 2 3 4 7

3 1 2 4 7 8 9

4 2 3 4 5 8

5 7 9

2 | 4 means 24 people

Back-to-back stem-and-leaf plots can be used to compare two sets of data. The stem is drawn

in the middle, with the leaves on either side.

Skewed data

Symmetrical
data 111 highest

losing score

81 lowest
winning score

Winning
scores

Losing
scores

4 5 8 8 9

1

7

8

9

10

11

12

0 0 3 3 6 7

1 2 3 6

8 4 4 1

7 5

3 9

9 5 0

3 1

1

10⎪9 means 109

Scores for the last 30 football games

Symmetrical data will produce a graph that is symmetrical about the centre.

Skewed data will produce a graph that includes data bunched to one side of the centre.

Exercise 10I

Understanding 1–3 3

1 List the statistical data that would produce these stem-and-leaf plots. Use the key to help.

Hint for Q1: The same stem goes

with each leaf along each row.

a Stem Leaf

3 5 7

4 1 3 8

3 | 1 means 3.1

b Stem Leaf

5 2

6 0 1 7

7 3 5

6 | 3 means 63

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



636 Chapter 10 Statistics and probability

2 This stem-and-leaf plot shows the number of minutes Alexis

spoke on her phone for a number of calls.

Stem Leaf

0 8

1 5 9

2 1 1 3 7

3 4 5

2 | 1 means 21 minutes

a How many calls are represented by the stem-and-leaf plot?

Hint for Q2: Count the leaves to

find the number of calls.

b What is the length of the:

shortest phone call?i

longest phone call?ii

c What is the mode (the most common) call time?

d What is the median call time (middle value)?

3 This back-to-back stem-and-leaf plot shows the thickness of tyre tread on a selection of cars from

the city and country.

Hint for Q3: 06 is written just as 6.

City Country

8 7 3 1 0 0 0 0 6 8 8 9

8 6 3 1 0 1 0 4 5 5 6 9

1 2 3 4 4

1 | 3 means 13 mm

a How many car tyres were tested altogether?

b What was the smallest tyre tread thickness in:

the city?i

the country?ii

c What was the largest tyre tread thickness in:

the city?i

the country?ii

d Find the median tyre tread thickness for tyres in: Hint for Q3: Skewed distributions

are not symmetrical.the cityi

the countryii

e Is the distribution of tread thickness for city cars more symmetrical or skewed?

f Is the distribution of tread thickness for country cars more symmetrical or skewed?

Fluency 4(½), 5, 6 4(½), 6, 7

Example 16 Constructing and using a stem-and-leaf plot

For this set of data:

0.3 2.5 4.1 3.7 2.0 3.3 4.8 3.3 4.6 0.1 4.1 7.5 1.4 2.4

5.7 2.3 3.4 3.0 2.3 4.1 6.3 1.0 5.8 4.4 0.1 6.8 5.2 1.0

Organise the data into an ordered stem-and-leaf plot.a

Find the median.b

Find the mode.c

Describe the data as symmetrical or skewed.d

10I
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10I Stem-and-leaf plots 637

Solution Explanation

a Stem Leaf

0 1 1 3

1 0 0 4

2 0 3 3 4 5

3 0 3 3 4 7

4 1 1 1 4 6 8

5 2 7 8

6 3 8

7 5

3 | 4 means 3.4

The minimum is 0.1 and the maximum is 7.5 so stems

range from 0 to 7.

Place leaves in order from smallest to largest. Some

numbers appear more than once; e.g. two instances of 0.1

means that the leaf 1 appears twice: 0.1, 0.1,…

b Median = 3.3 + 3.4
2

= 3.35

There are 28 data values. The median is the average of the

two middle values (the 14th and 15th values).

c Mode is 4.1. The most common value is 4.1.

d Data is approximately

symmetrical.

The distribution of numbers is approximately symmetrical

about the stem containing the median.

Now you try

For this set of data:

24 37 52 16 11 29 13 26

34 42 9 29 21 35 46 50

Organise the data into an ordered stem-and-leaf plot.a

Find the median.b

Find the mode.c

Describe the data as symmetrical or skewed.d

4 For each of the following data sets:

Hint for Q4: Draft version: Enter the

leaves in the same order as in the

question. Final version: Rewrite

the stem-and-leaf plot with leaves in

order. Remember to include the key.

Hint for Q4: In part d, use 16 as

the stem for 167.

organise the data into an ordered stem-and-leaf ploti

find the medianii

find the modeiii

describe the data as symmetrical or skewediv

a 41 33 28 24 19 32 54 35

19 23 32 26 28 26 28

b 31 33 23 35 15 23 48 50 35 42 45 15 21

51 31 34 23 42 50 26 30 45 37 39 45

c 34.5 34.9 33.7 34.5 35.8 33.8 34.3 35.2 37.0 34.7

35.2 34.4 35.5 36.5 36.1 33.3 35.4 32.0 36.3 34.8

d 167 159 159 193 161 164 167 157 158 175 177

185 177 202 185 187 159 189 167 159 173 198 200
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638 Chapter 10 Statistics and probability

5 The number of vacant rooms in a motel each week over

a 20-week period is shown below.

12 8 11 10 21 12 6 11 12 16

14 22 5 15 20 6 17 8 14 9

Draw a stem-and-leaf plot of this data.a

In how many weeks were there fewer than 12 vacant

rooms?

b

Find the median number of vacant rooms.c

Example 17 Constructing back-to-back stem-and-leaf plots

A shop owner has two jeans shops. The daily sales in each shop over a 16-day period are monitored

and recorded as follows.

Shop A
3 12 12 13 14 14 15 15 21 22 24 24 24 26 27 28

Shop B
4 6 6 7 7 8 9 9 10 12 13 14 14 16 17 27

Draw a back-to-back stem-and-leaf plot.a

Compare and comment on differences between the sales made by the two shops.b

Solution Explanation

a Shop A Shop B

3 0 4 6 6 7 7 8 9 9

5 5 4 4 3 2 2 1 0 2 3 4 4 6 7

8 7 6 4 4 4 2 1 2 7

1 | 3 means 13

The data for each shop is already ordered. Stems

are in intervals of 10. Record leaf digits for Shop

A on the left and Shop B on the right, ordered

from the middle to the outside.

b Shop A sales are generally between 12 and

28, with one low value of 3. Shop B sales

are generally between 4 and 17, with one

high value of 27. Shop A has a lot more

high values than Shop B. Shop B has more

low values than Shop A.

Look at both sides of the plot for the highest

and lowest values and whether there are a few

or many of the small and large numbers.

Now you try

At a school, two reading classes in year 6 read books for homework one night. The number of pages

read by the students are recorded as follows.

Class A 21 36 19 15 19 31 17 24 29

Class B 3 16 14 20 11 18 12 13

Draw a back-to-back stem-and-leaf plot.a

Compare and comment on the differences between the amount of reading completed by the

different class groups.

b

10I
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10I Stem-and-leaf plots 639

6 For each of the following sets of data:

Hint for Q6: Order the leaves with the

smallest on the inside and largest on the

outside. State whether each set has a

few or many of the small numbers and

large numbers.

Draw a back-to-back stem-and-leaf plot.i

State the smallest and largest value in each set and

compare the numbers of small and large values in

each set.

ii

Set A: 46 32 40 43 45 47 53

33 48 39 43 54 40 54

Set B: 48 49 31 40 43 47 48

44 46 53 44 41 49 51

a

Set A: 0.7 0.8 1.4 8.8 9.1 2.6 3.2 0.3 1.7 1.9 2.5 4.1 4.3 3.3 3.4

3.6 3.9 3.9 4.7 1.6 0.4 5.3 5.7 2.1 2.3 1.9 5.2 6.1 6.2 8.3

Set B: 0.1 0.9 0.6 1.3 0.9 0.1 0.3 2.5 0.6 3.4 4.8 5.2 8.8 4.7 5.3

2.6 1.5 1.8 3.9 1.9 0.1 0.2 1.2 3.3 2.1 4.3 5.7 6.1 6.2 8.3

b

7 a Draw a back-to-back stem-and-leaf plot for the final scores of St Kilda and Collingwood in the

24 AFL games given here.

St Kilda: 126 68 78 90 87 118

88 125 111 117 82 82

80 66 84 138 109 113

122 80 94 83 106 68

Collingwood: 104 80 127 88 103 95

78 118 89 82 103 115

98 77 119 91 71 70

63 89 103 97 72 68

Hint for Q7:

Percentage = fraction × 100
b In what percentage of their games did each team score more

than 100 points?

c Comment on the symmetry of the distribution of the scores for

each team.

d Which team has scores that are more consistent?

Which team has more higher scores?

Problem-solving and reasoning 8, 9 8–10

8 This stem-and-leaf plot shows the time taken, in seconds, by Helena to run 100 m in her last 25 races.

Stem Leaf

14 9

15 4 5 6 6 7 7 7 8 9

16 0 0 1 1 2 2 3 4 4 5 5 5 7 7

17 2

14 | 9 means 14.9 seconds

a Find Helena’s median time.

b What is the difference between the slowest and fastest time?

c If in her 26th race her time was 14.8 seconds and this was added to the stem-and-leaf plot, would

her median time change? If so, by how much?
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640 Chapter 10 Statistics and probability

9 Two

Hint for Q9: The stems will be

the ‘units’ value and each leaf

the ‘tenths’ value.

brands of batteries were tested to determine their lifetime in hours. The data below shows the

lifetime of 20 batteries of each brand.

Brand A: 7.3 8.2 8.4 8.5 8.7 8.8 8.9 9.0 9.1 9.2

9.3 9.4 9.4 9.5 9.5 9.6 9.7 9.8 9.9 9.9

Brand B: 7.2 7.3 7.4 7.5 7.6 7.8 7.9 7.9 8.0 8.1

8.3 9.0 9.1 9.2 9.3 9.4 9.5 9.6 9.8 9.8

a Draw a back-to-back stem-and-leaf plot for this data.

b How many batteries from each brand lasted more than 9 hours?

c Which brand shows the best performance?

10 Find the median if all the data in each back-to-back stem-and-leaf plot was combined.

Hint for Q10: First combine

each back-to-back plot into

just one stem-and-leaf plot.

a 5 3 8 9

9 7 7 1 4 0 2 2 3 6 8

8 6 5 2 2 5 3 3 7 9

7 4 0 6 1 4

4 | 2 means 42

b 3 16 0 3 3 6 7 9

9 6 6 1 17 0 1 1 4 8 8

8 7 5 5 4 0 18 2 2 6 7

2 19 0 1

16 | 3 means 16.3

Birth weights and smoking — 11

11 The back-to-back stem-and-leaf plot below shows the

birth weight in kilograms of babies born to mothers who

do or don’t smoke.

Birth weight of babies

Smoking mothers Non-smoking mothers

4 3 2 2 2 4

9 9 8 7 6 6 5 5 2* 8 9

4 3 2 1 1 1 0 0 0 3 0 0 1 2 2 3

6 5 5 3* 5 5 5 6 6 7 7 8

1 4

4* 5 5 6

2 | 4 means 2.4 kg

2* | 5 means 2.5 kg

a What percentage of babies born to smoking mothers have a birth weight of less than 3 kg?

b What percentage of babies born to non-smoking mothers have a birth weight of less than 3 kg?

c Compare and comment on the differences between the birth weights of babies born to mothers

who smoke and those born to mothers who don’t smoke.

10I
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10J Grouped data 641

10J 10J Grouped data
Learning intentions

• To be able to construct a frequency table from a set of data including a percentage frequency column

• To be able to construct and analyse a histogram or percentage frequency histogram

Key vocabulary: frequency table, percentage frequency histogram, histogram, class interval

For some data, especially large sets, it makes sense to group the data and then record the frequency for

each group to produce a frequency table. For numerical data, a graph generated from a frequency table

gives a histogram. Like a stem-and-leaf plot, a histogram shows how the data is distributed across

the full range of values. A histogram, for example, is used to display the level of exposure of the pixels

in an image in digital photography. It uses many narrow columns to show how the light values are

distributed across the scale from black to white.

A luminance value histogram used in digital photography software.

Lesson starter: Baggage check

This histogram shows the distribution of the weight of a number of bags checked at an airport.

1510 20

Weight kg

Airport bag weights

Fr
e
q

u
e
n

cy

5
0

3025

3

2

4

1

• How many bags had a weight in the range 10–15 kg?

• How many bags were checked in total?

• Is it possible to determine the exact mean, median or mode of the weight of the bags by looking at the

histogram? Discuss.

• Describe the distribution of checked bag weights for the given graph.
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642 Chapter 10 Statistics and probability

Key ideas

A frequency table shows the number of values within a set of categories or class intervals.

Grouped numerical data can be illustrated using a histogram.

• The height of a column corresponds to the frequency of values in that class interval.

• There are usually no gaps between columns.

• The scales are evenly spread, with each bar spreading across the boundaries of the class interval.

• A percentage frequency histogram shows the frequencies as percentages of the total.

Like a stem-and-leaf plot, a histogram shows whether the data is skewed or symmetrical.

Frequency table

Class Percentage

interval Frequency frequency

60− 3 12

65− 4 16

70− 6 24

75− 8 32

80−85 4 16

Total 25 100

70– includes numbers from

70 to less than 75.

Frequency histogram

7065 7560

This gap may be used
when the intervals do not
start at zero.

8580

6

7

8

3

2

4

5

1

0

Class intervals
Fr

e
q

u
e
n

cy

Percentage frequency histogram

7065 7560 8580

24

16

32

8

0

Class intervals

%
 f

re
q

u
e
n

cy

Exercise 10J

Understanding 1–4 4

1 Write the missing word for each of these statements.

a A group of scores such as 10 − 15 kg is called a .

b A table shows the class intervals and the number of values in each class interval.

c A column graph that shows frequencies and scores is called a .

d A histogram shows each frequency as a percentage of the total number

of scores.

10J
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10J Grouped data 643

2 Write the total number of scores in each of these displays.

Hint for Q2: The sum of

the frequencies equals the

number of scores.

Class interval Frequency

0− 3

5− 5

10− 8

15− 4

a

50 10 15 20

6

7

8

9

10

3

2

4

5

1

0

Score

Fr
e
q

u
e
n

cy

b

Hint for Q3: The frequency shows

the number of years.3 The frequency histogram below shows the number of years for

which the number of international visitors to South Australia

was within a given range for the decade from 2000 to 2009.

320310 330300 350 360 370340

2

4

Number of visitors
(thousands)

International visitors
to SA 2000–2009

Fr
e
q

u
e
n

cy

0

a How many years in the decade were there less than 330 000 international visitors?

b Which range of visitor numbers had the highest frequency?

4 Some Year 9 students selected a sample of textbooks from the library and recorded the number of pages

in each book. The frequency histogram below shows their results.

300200 400100
0

500

4

6

8

2

Pages

Length of textbooks

Fr
e
q

u
e
n

cy

a How many textbooks had between 100 and 200 pages?

b How many textbooks were selected from the library?

c What
Hint for Q4: The frequency

shows the number of textbooks.

Percentage =
frequency

total
× 100

percentage of textbooks had between:

200 and 300 pages?i 200 and 400 pages?ii
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644 Chapter 10 Statistics and probability

Fluency 5, 7, 8 6–8

Example 18 Constructing frequency tables and histograms

The data below shows the number of hamburgers sold each hour by a 24-hour fast-food store during

a 50-hour period.

1 10 18 14 20 11 19 10 17 21

5 16 7 15 21 15 10 22 11 18

12 12 3 12 8 12 6 5 14 14

14 4 9 15 17 19 6 24 16 17

14 11 17 18 19 19 19 18 18 20

a Set up and complete a grouped frequency table, using class intervals 0−, 10−, 20−, etc. Include a

percentage frequency column.

b Construct a frequency histogram.

c For how many hours did the fast-food store sell:

fewer than 10 hamburgers?i at least 15 hamburgers?ii

Solution Explanation

a Class Percentage

interval Frequency frequency

0– 3 6

5– 7 14

10− 15 30

15− 19 38

20−24 6 12

Total 50 100

Create class intervals of 5 from 0

up to 25, since 24 is the maximum

number. Record the number of

data values in each interval in the

frequency column. Convert to a

percentage by dividing by the total

(50) and multiplying by 100.

b

1510 2050
0

25

18

21

9

6

12

15

3

Hamburger sales

Hamburger sales

Fr
e
q

u
e
n

cy

Create a frequency histogram with

frequency on the vertical axis and the

class intervals on the horizontal axis.

The height of the column shows the

frequency of that interval.

c 3 + 7 = 10 hours Fewer than 10 hamburgers covers the

0–4 and 5–9 intervals.

i

19 + 6 = 25 hours At least 15 hamburgers covers the

15–19 and 20–24 intervals.

ii

10J
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10J Grouped data 645

Now you try

The data below shows the number of cars sold each month at a large city car yard.

18 26 31 12 52 46

38 19 24 40 57 54

Set up and complete a grouped frequency table, using class intervals 0–, 5–, 10–, etc. Include a

percentage frequency column.

a

Construct a frequency histogram.b

For how many months did the car yard sell more than 50 cars?c

What percentage of months were less than 20 cars sold?d

5 The data below shows the number of ice creams sold from an ice cream van over a 50-day period.

Hint for Q5a: The interval ‘0–’

means scores from 0 to 9.

0 5 0 35 14 15 18 21 21 36 45 2 8

2 2 3 17 3 7 28 35 7 21 3 46 47

1 1 3 9 35 22 7 18 36 3 9 2

11 37 37 45 11 12 14 17 22 1 2 2

Hint for Q5c: ‘Fewer than 20’

doesn’t include 20. ‘At least

30’ includes 30.

a Set up and complete a grouped frequency table using class

intervals 0–, 10–, 20– etc. Include a percentage frequency column.

b Construct a frequency histogram.

c How many days did the ice cream van sell:

fewer than 20 ice creams?i

at least 30 ice creams?ii

d What percentage of days were 20 or more ice creams sold?

6 The data below shows the mark out of 100 on the Science exam for 60 Year 9 students.

Hint for Q6: The frequency for

‘50–’ will be the number of

scores from 50 to 59.

50 67 68 89 82 81 50 50 89 52 60 82 52 60 87

89 71 73 75 83 86 50 52 71 80 95 87 87 87 74

60 60 61 63 63 65 82 86 96 88 50 94 87 64 64

72 71 72 88 86 89 69 71 80 89 92 89 89 60 83

a Set up and complete a grouped frequency table, using class intervals

50–, 60–, 70– etc. Include a percentage frequency column.

b Construct a frequency histogram.

c How many marks were less than 70 out of 100?i

What percentage of marks were at least 70 out of 100?ii

7 The number of goals kicked by a country footballer in each of his last 30 football matches is given below.

Hint for Q7: The frequency for ‘0–2’

will be the number of scores that

are 0, 1 or 2. Label the horizontal

scale 0,3,6,9 etc.

8 9 3 6 12 14 8 3 4 5 2 5 6 4 13

8 9 12 11 7 12 14 10 9 8 12 10 11 4 5

a Organise the data into a grouped frequency table using

class intervals of 0−2, 3−5 etc.

b Draw a frequency histogram for the data.

c In how many games did the player kick fewer than six goals?

d In how many games did he kick more than 11 goals?
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646 Chapter 10 Statistics and probability

8 Which one of these histograms illustrates a symmetrical data set and which one shows

a skewed data set?

Hint for Q8: Skewed data is

bunched either below or

above the middle.

3020 4010
0
0 706050

30

15

10

20

25

5

a

3020 40100 50

30

15

0

b

Problem-solving and reasoning 9–11 9, 11, 12

9 Write down the missing numbers in these frequency tables; i.e. find the values of the pronumerals.

Class Percentage

interval Frequency frequency

0−4 1 10

5−9 3 c

10−14 4 d

a−19 b e

Total 10 f

a Class Percentage

interval Frequency frequency

40– 20 20

a– 28 b

60– 12 c

70– d 40

Total 100 e

b

10 The data below shows the length of overseas phone calls (in minutes)

made by a particular household over a six-week period.

Hint for Q10:
Percentage =

frequency

total
× 100

1.5 1 1.5 1 4.8 4 4 10.1 9.5 1 3

8 5.9 6 6.4 7 3.5 3.1 3.6 3 4.2 4.3

4 12.5 10.2 10.3 4.5 4.5 3.4 3.5 3.5 5 3.5

3.6 4.5 4.5 12 11 12 14 14 12 13 10.8

12.1 2.4 3.8 4.2 5.6 10.8 11.2 9.3 9.2 8.7 8.5

What percentage of phone calls were more than 3 minutes in length?

Answer to one decimal place.

11 This percentage frequency histogram shows the heights of office towers

in a city.

Hint for Q11: In parts b and c,

number of office towers =
percentage × total

a What percentage of office towers have the following heights?

between 50 m and 100 mi

less than 150 mii

no more than 200 miii

at least 100 miv

between 100 m and 150 m or greater than 200 mv

b If the city had 100 office towers, how many would be expected to

have a height of:

between 100 m and 150 m?i

at least 150 m?ii

c If the city had 40 office towers, how many would be expected to

have a height of:

between 0 m and 50 m?i

no more than 150 m?ii

150100 200500 250

30

15

10

20

25

5

0
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10J Grouped data 647

12 Two students show different histograms for the same set of data.

Hint for Q12: A histogram that

shows a lot of detail is more

useful.

15

Student A

10 2050
0

25 30

4

6

2

8

150 30

6

9

3

0

12

Student B

a Which histogram is more useful in helping to analyse the data?

b What would you advise student B to do differently when constructing the histogram?

The distribution of weekly wages — 13

13 The data below shows the weekly wages of 50 people in dollars.

400 500 552 455 420 424 325 204 860 894 464 379 563

940 384 370 356 345 380 720 540 654 678 628 656 670

740 750 730 766 760 700 700 768 608 576 890 920 874

450 674 725 612 605 600 548 670 230 725 860

a What is the minimum weekly wage and the maximum weekly wage?

b Organise the data into about 10 class intervals: 200–, 300– etc.i

Draw a frequency histogram for the data.ii

c Organise the data into about five class intervals.i

Draw a frequency histogram for the data.ii

d Discuss the shapes of the two graphs. Which graph represents the data better and why?

Using a calculator 10J: Graphing grouped data
The activity can be found in the More Resources section of the Interactive Textbook in the

form of a printable PDF.
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648 Chapter 10 Statistics and probability

Personal training is a growing trend in our

society. Personal trainers, while being fit

themselves, must have an understanding of

mathematics. The mathematics involved in

personal training includes calculations of

body mass index (BMI) using body mass and

weight, calories and kilojoules, business-related

mathematics and clients’ pulse rates.

Personal trainer

1 Calculate the mean pulse rate (measured in beats per minute, bpm) for each of the following

clients, over their first five training sessions. Round to a whole number of bpm.

a 85, 92, 86, 90, 88

b 78, 90, 79, 82, 91

c 98, 100, 102, 94, 98

d 120, 122, 134, 116, 104

2 The resting heart rate of a person aged from 6 to 15 is 70 bpm to 100 bpm. Decide if each of the

following children aged between 6 and 15 years has a healthy resting heart rate.

a Ella 88 bpm

b Caleb 102 bpm

c Whitney 72 bpm

d Mia 120 bpm

e Kevin 92 bpm

3 As a personal trainer, monitoring a client’s resting pulse rate over time is important. Luke’s resting

pulse rates are displayed in the following stem-and-leaf plot.

Find the mean, mode, median and range to one decimal place of Luke’s resting heart rates for the

month of February.

Resting heart rate in bpm

Stem Leaf

7 8 9

8 2 4 4 6 7 8 8

9 0 0 0 1 3 4 5 5 8 8 9

10 4 5 6 6 7 9

11 0 3

8|4 means 84
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Maths@Work: Personal trainer 649

4 A personal trainer needs to be able to compare resting pulse rates to pulse rates after exercise. Look at

the back-to-back stem-and-leaf plot below for Luke, and find the mean, mode and median bpm after

exercise and compare to Question 3.

Heart rate in bpm

Leaf (after exercise) Stem Leaf (resting)

8 6 4 7 8 9

6 6 5 8 2 4 4 6 7 8 8

9 8 8 8 8 7 6 9 0 0 0 1 3 4 5 5 8 8 9

6 6 5 4 10 4 5 6 6 7 9

8 6 2 11 0 3

7 6 6 5 4 12

3 2 2 13

Using technology

5 Wal, a personal fitness trainer, keeps a monthly record of the PBs (personal best times) for his clients.

One popular routine is performing the following three exercises:

• 20 step-ups

• 10 burpees

• 10 squats.

Here is a list of PBs, in seconds, for Wal’s clients when doing this routine one October.

94 63 103 84 98 89 73 105 85 115

77 96 87 107 64 90 88 102 91 78

99 119 82 76 82 71 83 80 92 117

Enter these 30 times into a graphics calculator and construct a histogram using interval widths of 10,

starting with 60 seconds.

Note: Refer to the PDF in the More Resources section of the Interactive Textbook, which has

instructions for graphing grouped data using a graphics calculator.
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The missing data

Gregory is a marine biologist and is collecting and analysing data regarding shark and dolphin numbers

in a particular area of the Great Barrier Reef.

He collects data for 14 consecutive days, but unfortunately two pieces of data (D1 and D2) are lost due

to a computer glitch as shown in the table below.

Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Sharks 15 12 4 D1 15 11 19 5 1 10 12 6 24 11

Dolphins 4 7 2 3 2 6 4 2 D2 4 7 2 4 6

Present a report for the following tasks and ensure that you show clear mathematical workings and

explanations where appropriate.

1 Preliminary task

a If Gregory assumes that D1 = 10, find the following:

The mean and median number of sharks recorded, correct to one decimal place where

necessary.

i

The range for the number of sharks recorded over the two weeks.ii

b If Gregory assumes that D2 = 5, find the following:

The mean and median number of dolphins recorded, correct to one decimal place where

necessary.

i

The range for the number of dolphins recorded over the two weeks.ii

c Which set of data for the two species (sharks or dolphins) appears to be more inconsistent

and spread out?

2 Modelling task

Formulate The problem is to determine the possible valves ofD1 andD2 so that Gregory can complete the report

based on the statistics he can remember.

a Write down all the relevant information that will help solve this problem, and illustrate using

diagrams.

Solve
b Gregory seems to remember that the range for the number of dolphins was 7. Determine the

value of D2 assuming Gregory remembers the range correctly.

c From his memory, Gregory thought that the mean number of sharks over the 14 day period

was approximately 12. Based on this value, determine the likely value of D1.

d From his memory, Gregory thought that the mean number of dolphins over the 14-day period

was approximately 5. Based on this value, determine the likely value of D2.

e If the median number of sharks was 11, find the possible value(s) of D1.
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Evaluate

and

verify

If in fact the mean number of dolphins over the 14-day period was 4 after rounding to the

nearest integer, find all possible values of D2.

f

If the mean of the first 7 days was the same as the mean of the next 7 days for the dolphin data

collected, determine the value of D2.

g

Is it possible for the mean of the first 7 days to be the same as the mean of the next 7 days for

the shark data collected? Give reasons.

h

Communicate

Summarise your results, showing the calculations that lead to each possible value of D1 and D2
and decide which values you believe are mostly likely to represent the missing data.

i

3 Extension questions

a Draw a dot plot for each species and decide on a set of likely values for D1 and D2

b Decide if it is possible for the median of either set of data to be anything other than an integer.

If so, determine the values of D1 and D2 to allow this to happen.

c Estimate the probability on any given day the shark numbers exceed 12 at the area of the reef

Gregory is studying?
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652 Chapter 10 Statistics and probability

Simulating candidates
Key technology: Spreadsheets and programming
When selecting more than one item from a group, we are

working with compound or multiple events for which tables

and tree diagrams could be used to list possible outcomes and

their associated probabilities. For more complex problems it may

become too cumbersome to use such techniques to calculate

probabilities. Hence, computer simulations are used to find

suitable approximations.

1 Getting started

Consider a simple selection of two people from a group

of five of which two support the Red (R) political party

and three support the Blue (B) political party. The two

selections are made to fill two key roles on a committee.

Assume at this stage that the same person can hold

both positions and so the experiment is to be run with

replacement.

R/B R R B B B

R (R, R) (R, R) (B, R)

R

B

B

B

a Complete this table above to show all the outcomes for the two committee positions.

b Use your table results to find the following probability of obtaining:

2 Redsi 2 Bluesii
1 Red and 1 Blue in any order.iii

2 Applying an algorithm

The given flowchart simulates the selection of two

people from a group of 5 of which two support the

Red (R) political party and three support the Blue (B)

political party. Two random integers from 1 to 5 are

generated with the numbers 1 and 2 meaning that

a Red is chosen. The number of times two reds are

chosen is represented by i and the number of trials is

represented by n.

i = 0, n = 0

i = i + 1 n = n + 1

Output a, b, i

Is a = 1 or 2

and

b = 1 or 2?

Is n = 5?

No

Yes

a = rand(1,5), b = rand(1,5)

Start

End

No

Yes
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Technology and computational thinking 653

a Run through the algorithm using a random number generator to

generate the values of a and b. Suggestions include

Excel: = RandBetween(1, 5) or CAS: RandInt(1, 5). Complete the

following table for the different n values.

b Why does the algorithm stop after 5 trials?

c Which variable counts how many times there are two Reds? How many

times were two Red candidates selected in your simulation using the

algorithm?

n a b i

1

2

3

4

5

3 Using technology

We will use a spreadsheet to apply the above algorithm simulating the selection of two Red or Blue

candidates with replacement.

a Enter the following formulas into a spreadsheet as shown.

b Explain what the formulas in row 5 do.

c Fill down at cells A5, B5, C5, D5 and E5 to row 24. This should generate results for 20 trials.

d Now fill in the formulas at cells E1 and E2. Explain what you think these formulas do.

e Press Shift F9 to rerun the simulation and note the results in E1 and E2. Keep a record of the

probability of obtaining two Reds (cell E2) for 10 reruns of the simulation and find the average of

these results. Compare this with the theoretical result obtained in part 1bi.

The following spreadsheet is similar to the one above, but this time assumes that selections are made

without replacement. This means that a person from the group of five cannot be chosen for both

positions on the committee.

f Enter this information into a new sheet and fill down the cells A5, B5, C5, D5 and E5 to row 24.

g Compare the probability result (cell E2) in this new spreadsheet with the same result from the

previous spreadsheet. What does this tell you about the probability of obtaining two Reds by

making selections with replacement compared to making selections without replacement?
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654 Chapter 10 Statistics and probability

1 One coin says to another coin: How does my face appear?

Answer these questions for each scenario, then match the letter in bold to the answers

listed below to find the answer to the riddle.

2 coins are tossed 12

times

1 die is tossed 12

times

Choosing one letter from

the word PUZZLES

Pr(HH) = D

Pr(HT or TH) = I

Expected number of TT = R

Expected number of

one or more Tails = T

Pr(5) = A

Pr(greater than 2) = N

Expected number of 6s = S

Pr(Z) = M

Pr(consonant) = O

’

1
2

9 2 3
1
6

2
3

1
4

5
7

2
7

2 Match each description (1–5) with the most suitable diagram (A–E). Note: There is only one

description for each diagram.

1 Don’t own an iPhone

2 Own an iPhone only

3 Own both an iPod and an iPhone

4 Own an iPod or an iPhone or both

5 Own an iPod

A B C

D E

3 In a class of 28, each student owns a cat or a dog or both. If 18 students own cats and

16 students own dogs, how many students own both a cat and a dog?

4 Write down the set of five positive integers that has a mean of 5, a mode of 8 and a range

of 6.

5 A 6-sided die and a 10-sided die are tossed simultaneously. What total sums have the highest

chance of occurring? (A total sum means the sum of the two uppermost faces.)

6 Michael needs to deliver parcels to three places (A, B and C, in order) in the city. This diagram

shows the different ways that he can travel.

Home

Car

Car
A

Train Bi ke Bi ke

Train Train

B C

a Draw a tree diagram showing all the possible combinations of transportation.

b What is the total number of possible outcomes?

c Find the probability that Michael will use a different transport each time.
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Statistics and

probability

The sample space is the list of all 

possible outcomes of an experiment.

For all possible outcomes:

Pr(event) =

E.g. roll a normal six-sided die

Pr(>4) = =

0 ≤ Pr(event) ≤ 1
Pr(not A) = 1 − Pr(A)

2

6

1

3

number of outcomes where event occurs

total number of outcomes

Probability review

Grouped data

The frequency or percentage

frequency of each interval can

be recorded in a histogram.

15

Frequency histogram

10

Intervals

Fr
eq
u
en
cy

205O

30

20

10

0

Two-step experiments

These can be represented by tables or 

tree diagrams. They involve more than 

one step and can occur with or

without replacement.

E.g. a bag contains 2 blue counters

and 1 green, 2 are selected at random.

(I) Table with replacement.

Pr(2 of same colour) = =

5

9

2

6

1

3

b

b

g

b

b

b
g

g

b

Pick 2

bb

bb

bg

bb

bb

bg

b

gb

gb

gg

Sample

space

of 9

outcomes

g

Pr(2 of same colour) =

(II) Tree without replacement

b
g

b
b

bb

Pick 2Pick 1

bg

6

outcomes

bb
bg

gb
gb

Experimental probability/

relative frequency

This is calculated from results of an

experiment or survey.

Experimental  

probability

Expected number

of occurrences

number of times event occurs

total number of trials

= probability × number

of trials

sum of all values

number of values

Summarising data: Measures of centre

Mode is the most common value (there can be

more than one). Two modes means data is

bimodal.

Mean =

Median is the middle value of data that is

ordered.

An outlier is a value that is not near the rest of

the data.

2   4   7   10   12

6 + 10 

2
=

median

odd data set even data set

2   4   6   10   15   18

median

8

Measure of spread

Range = maximum value − minimum value

Pick 1

Stem-and-leaf plots

These display all the data

values using a stem and a leaf.

An ordered back-to-back

stem-and-leaf plot.

Leaf
9 8 7 2

7 4 3 3

5 2 1

7

0

Stem
1

2

3

4

5

Leaf
0

2

3

4

0

3

2

6

5

4

7

9

8

sk
ew

ed

key
3 ⎢5 means 35

sym
m

etrical

=

Venn diagrams and two-way tables

These organise data from two or more 

categories

i.e. 6 in neither category, 7 in both

categories

Pr(A) = =

Pr(B only) = =

12

21

4

7

3

21

1

7

A

Venn diagram

5 7 3
6

B

B

Not B

7

5

3

A Totals

Totals

6

12 9

10

11

21

Not A

Data values can be grouped into

class intervals, e.g. 0−4, 5−9 etc.

and recorded in a frequency table.

Frequency table

Class
interval

0−
5−
10−
15−20

Total

10

20

5

15

50

20

40

10

30

100

Frequency
Percentage
frequency

Data and sampling

A survey can be used to collect information
using a sample or population.
A sample needs to be chosen carefully to be
representative and to avoid bias.

Types of sampling include: simple random,

The type of data can be:

numerical

categorical

discrete
continuous
ordinal
nominal
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656 Chapter 10 Statistics and probability

Chapter checklist
A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook.

✔

10A 1 I can calculate a probability from experiments with equally likely outcomes.

e.g. A letter is chosen from the word COMPLEMENT. Find the probability that the letter is:

a an E b not a vowel c an E or a consonant

10B 2 I can use a Venn diagram to calculate probabilities.

e.g. From a group of 30 tennis players, 16 do a slice backhand, 18 do a top-spin backhand and 6 do

both types of backhand. Illustrate this information in a Venn diagram and

a state the number of tennis players who do a slice backhand only

b find the probability that a randomly selected tennis player does a slice or a top-spin backhand.

10B 3 I can use a two-way table to calculate probabilities.

e.g. From a group of 20 single car owners, 15 have a car which runs on petrol, 7 have a car which

runs on electricity and 4 people have a car which runs on both types of fuel. Illustrate this

information using a two-way table and

a find the number of people who have a car that runs on neither type of fuel

b find the probability that a randomly selected car owner has a car which runs on petrol only.

10C 4 I can construct an array (table) for a two-step experiment with replacement.

e.g. A fair 4-sided die is rolled twice. List all the outcomes (the sum total from the two dice) using a

table and find:

a Pr(a double) b Pr(sum of at least 5) c Pr(sum not equal to 7).

10C 5 I can construct an array (table) for a two-step experiment without

replacement.

e.g. Two letters are chosen from the word KEY, without replacement. Construct a table to list the

sample space and find the probability of:

a obtaining the outcome (K, E) b selecting an E and a Y in any order.

10D 6 I can construct and use a tree diagram to find probabilities for multistage

experiments with replacement.

e.g. Two marbles are selected from a container including 2 clear and 2 coloured marbles. Two

marbles are randomly chosen with replacement. Represent the selections using a tree diagram that

shows all possible outcomes. Find the probability of selecting:

a one clear marble b at least one coloured marble.

10D 7 I can construct and use a tree diagram to find probabilities for multistage

experiments without replacement.

e.g. A box contains 2 dark and 3 white chocolates. Draw a tree diagram to show the outcomes and

probabilities of the selection of two chocolates without replacement. Find the probability of

selecting:

a one white b at least one dark chocolate.

10E 8 I can find an experimental probability and expected number of occurrences.

e.g. 40 people were surveyed regarding their main mode of transport to work. 25 said Public

transport, 10 said Drive and 5 said Walk. Find:

a the experimental probability that a person drives to work

b the expected number of people who use public transport from a group of 1000.
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✔

10E 9 I can classify data.

e.g. Classify the data type from the following surveys.

a The number of Christmas presents received

b The breakfast buffet at a hotel: poor, average, good, excellent

10E 10 I can choose a sampling method.

e.g. Identify the sampling method used in each of these surveys.

a An airline chooses every sixth passenger on a flight

b One hundred students are grouped into year level and then tested on spelling words

10E 11 I can identify bias in a data collection method.

e.g. One hundred people at the airport are surveyed about how often they travel.

This data is used to make conclusions about that city and how often people travel.

Do you think this survey will contain bias? If so, explain why.

10G 12 I can find the mean, median, mode and range of a simple data set.

e.g. For the data sets: 3, 4, 5, 2, 3, 3, 1 and 12, 21, 21, 25, 18, 14 find:

a the mean b median c mode d range

10G 13 I can solve problems associated with data means.

e.g. Hilbert received 78, 59, 66 and 69 on his previous four maths tests. What is his current average and

what does he need to score in his next test to raise his average to 70?

10H 14 I can interpret a common statistical graph.

e.g. This column graph shows how many goals four teams scored in a round of soccer.

G
o

a
ls

Reds Blues

1

0

2

3

4

Greens Blacks

a How many goals did the Blues score?

b What was the mean and median score for the four teams?

c What combined percentage of the goals were scored by the Reds and the Blues?
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658 Chapter 10 Statistics and probability

✔

10H 15 I can decide if a graph may be misleading.

e.g. The following two graphs shows the two-party preferred position of the Labor and Liberal

parties after an election. Which one provides a misleading margin of difference and why?

a

45

50

55

Labor Liberal

(%
)

b

48

52

Labor Liberal

(%
)

10I 16 I can construct a stem-and-leaf plot from a data set and calculate

summary statistics.

e.g. For this data set construct a stem-and-leaf plot and find the mode and median.

26 19 32 42 49 16 35 29 22 25 26 37 15 28

10I 17 I can construct a back-to-back stem-and-leaf plot and compare the two

data sets.

e.g. The total games scores of two tennis teams for a season of 9 matches is recorded as follows.

Team A

31 45 69 40 76 55 49 12 28

Team B

23 34 16 29 27 12 25 29 31

Construct an ordered back-to-back stem-and-leaf plot and compare and comment on the

differences between the performance of the two teams.

10J 18 I can construct and analyse a frequency table and a histogram.

e.g. The age of 20 tagged sea turtles is recorded as follows.

45 63 79 66 38 97 82 44 59 31

58 62 69 53 85 93 85 77 62 41

Organise the data into a frequency table, using class intervals of 10, and include a percentage

frequency column. Construct a frequency histogram and a percentage frequency histogram and

determine the percentage of turtles older than 50 years.
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Short-answer questions

110A Determine the probability of each of the following.

Rolling more than 2 on a normal six-sided diea

Selecting a vowel from the word EDUCATIONb

Selecting a pink or white jelly bean from a packet containing 4 pink, 2 white and 4 black

jelly beans

c

210B From a survey of 50 people, 30 have the newspaper delivered, 25

read it online, 10 do both and 5 do neither.

a Construct a Venn diagram for the survey results.

b How many people only read the newspaper online?

c If one of the 50 people were randomly selected, find:

Pr(have paper delivered and read it online)i

Pr(don’t have it delivered)ii

Pr(only read it online)iii

310B a Copy and complete this two-way table.

A Not A Total

B 16

Not B 8 20

Total 17

b Convert the information into a Venn diagram, as shown.

A B

c Find the following.

Pr(not B)i

Pr(both A and B)ii

number of ‘A only’iii

number in either A or B or both A and Biv

410C A spinner with equal areas of red, green and blue

is spun and a four-sided die numbered 1 to 4 is

rolled.

a Complete a table like the one shown and state

the number of outcomes in the sample space.

Die

1 2 3 4

red (red, 1) (red, 2)

green

S
p
in
n
e
r

blue
b Find the probability that:

the outcome is red and an even numberi

the outcome is blue or green and a 4ii

the outcome does not involve blueiii

510D Libby randomly selects two coins from her pocket without replacement. Her pocket contains

a $1 coin and two 10-cent coins.

a List all the possible combinations using a tree diagram.

b If a chocolate bar costs $1.10, find the probability that she can hand over the two coins to

pay for it.
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660 Chapter 10 Statistics and probability

610E A quality controller records the frequency of the types of chocolates from a sample of

120 off its production line.

Centre Soft Hard Nut

Frequency 50 22 48

a What is the experimental probability of randomly selecting a nut centre?

b In a box of 24 chocolates, how many would be expected to have a non-soft centre?

710F Jody is planning to run a survey asking people in her

year about their current favourite Netflix show.

a Classify the type of data to be collected.

b Identify the sampling method in each of the

following survey methods she is considering.

i Assigning each student a number and

generating some random numbers

ii Surveying every fifth person in the school

canteen queue.

c After planning, Jody surveys everyone in her extension science class, and then will use the

data to make conclusions about her year level. Do you think this survey will contain bias?

If so, explain why.

810G Claudia records the number of emails she receives each weekday for two weeks as follows.

30 31 33 23 29 31 21 15 24 23

Find:

the meana the medianb the modec the ranged

910I Two mobile phone salespeople are both aiming for a promotion to be the new assistant store

manager. The best salesperson over a 15-week period will achieve the promotion. The number

of mobile phones they sold each week is recorded below.

Employee 1: 21 34 40 38 46 36 23 51 35 25 39 19 35 53 45
Employee 2: 37 32 29 41 24 17 28 20 37 48 42 38 17 40 45

a Draw an ordered back-to-back stem-and-leaf plot for the data.

b For each employee, find:

the median number of salesi

the mean number of salesii
c By comparing the two sets of data, state, with reasons, who you think should get the

promotion.

d Describe each employee’s data as approximately symmetrical or skewed.

1010J The data below represents the finish times, in minutes, of 25 competitors in a local car rally

race.
134 147 162 164 145 159 151 143 136 155 163 157 168

171 152 128 144 161 158 136 178 152 167 154 161

a Record the above data in a frequency table in class intervals of 120−, 130− etc. Include

a percentage frequency column.

b Construct a frequency histogram.

c Determine:

the number of competitors that finished in less than 140 minutesi

the percentage of competitors that finished between 130 and 160 minutesii
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Chapter review 661

1110H This column graph shows the value of some of the

boats that were badly damaged in cyclone Yasi in

North Queensland in 2011.

a Find the mean and median boat value.

b Do you think the mean or the median would better

represent the ‘average’ of these boat values? Give a

reason for your answer.
$270

Value of boats, in ’000s

Value of boats damaged in cyclone

Fr
e
q

u
e
n

cy

$110
0

$2900$590

3

2

1

Multiple-choice questions

110A A letter is randomly chosen from the word XYLOPHONE. The probability that it is

an O is:
1

8
A 2

9
B 1

4
C 1

9
D 1

3
E

210B The values of x and y in the two-way table are:

x = 12, y = 8A x = 12, y = 11B

x = 16, y = 4C x = 10, y = 1D

x = 14, y = 6E

A Not A Total

B 5 9

Not B 8 y

Total x 25

310B Which shaded region represents both A and B?i

Which shaded region represents A only?ii

Which shaded region represents A or B or both?iii

Which shaded region represents B and not A?iv

A B
A

A B
B

A BC

A B
D

A B
E

410D A bag contains 2 green balls and 1 red ball. Two balls are randomly selected without replacement.

Using a tree diagram, the probability of selecting one of each colour is:
1

2
A 2

3
B 5

6
C 1

3
D 3

4
E

510E From rolling a biased die, a class finds an experimental probability of 0.3 of rolling a 5.

From 500 rolls of the die, the expected number of 5s would be:

300A 167B 180C 150D 210E

610F The type of data generated by the survey question ‘How long is your arm length?’ is:

a random numberA categorical ordinalB

categorical nominalC numerical discreteD

numerical continuousE

710I i The median of the data in this stem-and-leaf plot is:

74A 71B 86C

65D 70E
ii The range of the data in the stem-and-leaf plot is:

3A 8B 33C

86D 14E

Stem Leaf

5 3 5 8

6 1 4 7

7 0 2 4 7 9

8 2 6 6

7 | 4 means 74
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810G If Jacob achieved scores of 12, 9, 7 and 12 on his last four language vocabulary tests, what

score must he get on the fifth test to have a mean of 11?

16A 14B 11C 13D 15E

910J This frequency histogram shows the times of finishers in a fun

run. The percentage of competitors that finished in better than

40 minutes was:

55%A 85%B 50%C

62.5%D 60%E

4035 4530 50

20

30

10

0

40

Time (min)

Fr
e
q

u
e
n

cy

Extended-response question

1 The local Sunday market has a number of fundraising activities.

a For $1 you can spin a spinner numbered 1–5 twice. If you spin two even numbers you

receive $2 (your dollar back plus an extra dollar), if you spin two odd numbers you

receive your dollar back and for any other result you lose your dollar.

Complete the table shown to list the sample space.

First spin

1 2 3 4 5

1 (1, 1) (2, 1)

2

3

4

S
e
c
o
n
d
s
p
in

5

i

What is the probability of losing your dollar (i.e. spinning one odd and one even

number)?

ii

What is the probability of making a dollar profit (i.e. spinning two even numbers)?iii

In 50 attempts, how many times would you expect to lose your dollar?iv

If you start with $100 and have 100 attempts, how much money would you expect

to end up with?

v

b Forty-five people were surveyed as they walked through the market as to whether they

bought a sausage and/or a drink from the sausage sizzle. Twenty-five people bought a

sausage and 30 people bought a drink, with 15 buying both.

Construct a Venn diagram to represent this information.i

How many people bought neither a drink nor a sausage?ii

How many people bought a sausage only?iii

If a person was randomly selected from the 45, what is the probability they bought a

drink but not a sausage?

iv

Find Pr(didn’t buy a sausage).v
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Chapter review 663

2 The delay time (in minutes) of the flight departure of the same evening flight of two rival airlines

was recorded over 30 consecutive days. The data is shown below.

Airline A 2 11 6 14 18 1 7 4 12 14 9 2 13 4 19

13 17 3 52 24 19 12 14 0 7 13 18 1 23 8

Airline B 6 12 9 22 2 15 10 5 10 19 5 12 7 11 18

21 15 10 4 10 7 18 1 18 8 25 4 22 19 26

a Copy and complete this ordered back-to-back stem-and-leaf plot for

the data. Use 2 lines for each stem, starting with ‘0’ for leaves 0 − 4,

and then ‘0*’ for leaves 5 − 9 etc.

b Does the data for airline A appear to have any outliers (numbers not

near the majority of data elements)?

c By removing any outliers listed in part b, find the following for each

airline, rounding to one decimal place where necessary.

the mediani

the meanii

d Airline A reports that half its flights for that month had a delay time of

less than 10 minutes. Is this claim correct? Explain.

Airline A Airline B

0

0*

1

1*

2

2*

3

3*

4

4*

5

1 | 2 means 12

1* | 5 means 15
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11
Introduction to
quadratic equations
and graphs

Essential mathematics: why understanding quadratic
equations and their graphs is important

Quadratic equations and their graphs, known as parabolas, have practical applications in various
fields.

In golf club design, engineers use quadratic equations to model the ball’s flight path, adjusting
the club’s angle and weight for better performance. Drivers hit far and low, fairway woods balance
distance and control, hybrids are versatile, irons vary in height and distance, wedges are for short,
high shots, and putters focus on accuracy. Each club suits different shots!

Meteor showers occur when Earth passes through the debris left by a comet. Astronomers use
quadratic equations to model the paths of these debris particles. By understanding these parabolic
paths, they can predict when and where meteor showers will occur.

Engineers also use quadratic equations to calculate the curves and slopes of roller coasters,
ensuring the rides are both thrilling and safe. For example, the path of a roller coaster’s hill can be
modelled by a parabola, helping designers determine the height and speed of the ride.
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In this chapter

11AQuadratic equations

11B Solving ax2 + bx = 0 and x2 = d

11C Solving x2 + bx + c = 0

11DUsing quadratic equations to
solve problems

11E The parabola

11F Sketching y = ax2 with dilations
and reflections

11G Sketching translations of y = x2

11H Sketching parabolas using

intercept form

Australian Curriculum 9.0

ALGEBRA

Simplify algebraic expressions, expand
binomial products and factorise monic
quadratic expressions (AC9M9A02)

Identify and graph quadratic functions,
solve quadratic equations graphically
and numerically, and solve monic
quadratic equations with integer roots
algebraically, using graphing software
and digital tools as appropriate
(AC9M9A04)

Use mathematical modelling to solve
applied problems involving change
including financial contexts; formulate
problems, choosing to use either linear
or quadratic functions; interpret
solutions in terms of the situation;
evaluate the model and report methods
and findings (AC9M9A05)

Experiment with the effects of the
variation of parameters on graphs of
related functions, using digital tools,
making connections between graphical
and algebraic representations, and
generalising emerging patterns
(AC9M9A06)

© ACARA

Online resources

A host of additional online resources
are included as part of your Interactive
Textbook, including HOTmaths content,
video demonstrations of all worked
examples, auto-marked quizzes and
much more.
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666 Chapter 11 Introduction to quadratic equations and graphs

1 Evaluate the following by substituting each of the four values of x into each expression

in parts a–d.

x = 0i

x = 2ii

x = −1iii

x = −3iv

x2a 2x2 − 3xb −x2 + 3c x2 + 2x − 1d

2 Does x = 1 satisfy the following equations? Substitute to find out.

x2 − 4x + 3 = 0a

x2 − 2x = 0b

1 − x2 = 0c

3 Solve the following for x.

2x = 0a x − 3 = 0b

x + 5 = 0c 2x + 6 = 0d

3x − 12 = 0e 3x − 4 = 0f

4 Rearrange the following to produce 0 on the right-hand side.

a2 = 2aa a2 = 3a − 1b

5 State the highest common factor of the following pairs of terms.

4x and 2xya x2 and 2xb

3x and 9x2c 2x2 and 4xd

4x2 and 36e 5x2 and 20f

6 Expand these expressions.

2(x − 3)a x(2 − x)b

(x + 1)(x − 2)c (x − 3)(x − 4)d

(x + 2)(x − 2)e (x − 5)(x + 5)f

7 Complete these tables of values for y given the x-value and the rule relating x and y.

y = x2 − 4

x −3 −2 −1 0 1 2 3

y

a

y = (x + 2)2

x −3 −2 −1 0 1 2 3

y

b

8 Give the x-coordinate of the point halfway between the following pairs of points.

a (0, 0) and (10, 0)

b (2, 0) and (4, 0)

c (−1, 0) and (3, 0)

d (3, 0) and (8, 0)
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11A Quadratic equations 667

11A 11A Quadratic equations
Learning intentions

• To be able to identify a quadratic equation

• To know how to write a quadratic equation in standard form

• To understand the Null Factor Law

• To be able to apply the Null Factor Law to solve an equation in factorised form

Key vocabulary: quadratic equation, standard form, Null Factor Law, product

Quadratic equations are commonplace in theoretical and practical

applications of mathematics. They are used to solve problems

in geometry and measurement as well as in number theory and

physics. The path that a projectile takes while flying through the

air, for example, can be analysed using quadratic equations.

A quadratic equation can be written in the form

ax2 + bx + c = 0 where a, b and c are constants and a ¢ 0.

Examples include x2 − 2x + 1 = 0, 5x2 − 3 = 0 and

−0.2x2 + 4x = 0. Unlike linear equations which have a single

solution, quadratic equations can have zero, one or two solutions.

For example, x = 2 and x = −1 are solutions to the quadratic

equation x2 − x− 2 = 0 since 22 − 2 − 2 = 0 and (−1)2 − (−1)− 2 = 0.

One method for finding the solutions to quadratic equations

involves the use of the Null Factor Law where each factor of a

factorised quadratic expression is equated to zero.

Quadratic equations are widely used in

many areas of work including: sports

scientists analysing the trajectory of a

javelin or discus, electronic engineers

finding currents and voltages, and

financial analysts modelling future

revenue and profit.

Lesson starter: Exploring the Null Factor Law

x = 1 is not a solution to the quadratic equation x2 − x − 12 = 0 since 12 − 1 − 12 ¢ 0.

• Use trial and error to find at least one of the two numbers that are solutions to x2 − x − 12 = 0.

• Rewrite the equation in factorised form.

x2 − x − 12 = 0 becomes ( ) ( ) = 0

• Now repeat the first task above to find solutions to the equation using the factorised form.

• Was the factorised form easier to work with? Discuss.

Key ideas

A quadratic equation can be written in the form ax2 + bx + c = 0.

• This is called standard form.

• a, b and c are constants and a ¢ 0.

The Null Factor Law states that if the product of two numbers is zero, then either or both of the

two numbers is zero.

• If p × q = 0 then p = 0 or q = 0.

• If (x + 1) (x − 3) = 0 then x + 1 = 0 (so x = −1) or x − 3 = 0 (so x = 3).

• x + 1 and x − 3 are the linear factors of x2 − 2x − 3, which factorises to (x + 1) (x − 3).
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668 Chapter 11 Introduction to quadratic equations and graphs

Exercise 11A

Understanding 1–3 2, 3

1 Evaluate these quadratic expressions by substituting the x-value given in the brackets.

x2 − 5 (x = 1)a x2 + 2x (x = −1)b 3x2 − x + 2 (x = 5)c

2 Decide if the following equations are quadratics (yes or no).

1 − 2x = 0a x2 + 3x + 1 = 0b x2 − 1 = 0c

x3 + x2 − 2 = 0d x5 + 1 − x = 0e x + 2 = 4x2f

3 Solve these linear equations.

x − 1 = 0a x + 3 = 0b 2x + 4 = 0c

Fluency 4–5(½), 6, 8(½) 4–5(½), 7, 8(½)

Example 1 Writing in standard form

Write these quadratic equations in standard form: ax2 + bx + c = 0, a > 0.

x2 = 2x + 7a 2(x2 − 3x) = 5b 2x − 7 = −3x2c

Solution Explanation

a x2 = 2x + 7

x2 − 2x − 7 = 0

We require the form ax2 + bx + c = 0. Subtract 2x and 7

from both sides to move all terms to the left-hand side.

b 2(x2 − 3x) = 5

2x2 − 6x = 5

2x2 − 6x − 5 = 0

First expand brackets then subtract 5 from both sides.

c 2x − 7 = −3x2

3x2 + 2x − 7 = 0

Add 3x2 to both sides, to make the x2 coefficient positive.

Now you try

Write these quadratic equations in standard form: ax2 + bx + c = 0, a > 0.

x2 = 3x + 5a 2
�

x2 + 4x
�

= 7b 3x − 4 = −2x2c

4 Write these quadratic equations in standard form: ax2 + bx + c = 0, a > 0.

Hint for Q4: Aim to have a

positive a value on one side

x2 = 7x + 2a x2 − 5x = −2b

x2 = 4x − 1c 3
�

x2 − 2x
�

= 4d

2
�

x2 + x
�

+ 1 = 0e 3
�

x2 − x
�

= −4f

4 = −3x2g 3x = x2 − 1h
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11A Quadratic equations 669

Example 2 Testing for a solution

Substitute the given x-value into the equation and say whether or not it is a solution.

x2 + x − 6 = 0 (x = 2)a 2x2 + 5x − 3 = 0 (x = −4)b

Solution Explanation

a x2 + x − 6 = 22 + 2 − 6

= 6 − 6

= 0

Â x = 2 is a solution

Substitute x = 2 into the equation to see if the

left-hand side equals zero.

x = 2 satisfies the equation, so x = 2 is a

solution.

b 2x2 + 5x − 3 = 2 (−4)2 + 5 (−4) − 3

= 2 × 16 + (−20) − 3

= 32 − 20 − 3

= 9

Â x = −4 is not a solution

Substitute x = −4. Recall that (−4)2 = 16 and

5 × (−4) = −20.

The equation is not satisfied since it is ¢ 0,

so x = −4 is not a solution.

Now you try

Substitute the given x-value into the equation and say whether or not it is a solution.

x2 + x − 3 = 0 (x = 1)a 3x2 + 4x − 15 = 0 (x = −3)b

5 Substitute the given x-value into the quadratic equation and

say whether or not it is a solution.

Hint for Q5: If when

substituted the equation is

true then the x value is a

solution

x2 − 1 = 0 (x = 1)a x2 − 25 = 0 (x = 5)b

x2 − 4 = 0 (x = 1)c 2x2 + 1 = 0 (x = 0)d

x2 − 9 = 0 (x = −3)e x2 − x − 12 = 0 (x = 5)f

x2 + 2x + 1 = 0 (x = −1)g 2x2 − x + 3 = 0 (x = −1)h

6 Substitute x = −2 and x = 5 into the equation x2 − 3x − 10 = 0. What do you notice?

7 Substitute x = −3 and x = 4 into the equation x2 − x − 12 = 0. What do you notice?

Example 3 Using the Null Factor Law

Use the Null Factor Law to solve these equations.

x(x + 2) = 0a (x − 1) (x + 5) = 0b

Solution Explanation

a x(x + 2) = 0

x = 0 or x + 2 = 0

x = 0 or x = −2

The factors are x and (x + 2). Solve each linear factor

equal to zero.

Check each solution by substituting into the original

equation.

Continued on next page
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670 Chapter 11 Introduction to quadratic equations and graphs

b (x − 1) (x + 5) = 0

x − 1 = 0 or x + 5 = 0

x = 1 or x = −5

Solve each factor (x − 1) and (x + 5) equal

to zero.

Check your solutions using substitution.

Now you try

Use the Null Factor Law to solve these equations.

x(x + 5) = 0a (x + 2)(x − 3) = 0b

8 Use the Null Factor Law to solve these equations.

Hint for Q8: If 3x = 0 then x = 0

x(x + 1) = 0a x(x + 5) = 0b

x(x − 2) = 0c x(x − 7) = 0d

3x(x − 1) = 0e 2x(x + 5) = 0f

(x + 1)(x − 3) = 0g (x − 4)(x + 2) = 0h

(x + 7)(x − 3) = 0i (x − 5)(x + 4) = 0j

(x + 7)(x − 6) = 0k (x + 12)(x − 9) = 0l

Problem-solving and reasoning 9–11(½) 9–11(½), 12, 13

Example 4 Using the null factor law to find fractional solutions

Use the Null Factor Law to solve.

(2x − 1)(5x + 3) = 0

Solution Explanation

(2x − 1)(5x + 3) = 0

2x − 1 = 0 or 5x + 3 = 0

2x = 1 or 5x = −3

x = 1
2
or x = −3

5

The two factors are (2x − 1) and (5x + 3).

Each one results in a two-step linear equation.

Check your solutions using substitution.

Now you try

Use the Null Factor Law to solve.

(3x − 2)(2x + 5) = 0

9 Use the Null Factor Law to solve these equations.

(2x − 1)(x + 2) = 0a (x + 2)(3x − 1) = 0b (5x + 2)(x + 4) = 0c

(x − 1)(3x − 1) = 0d (x + 5)(7x + 2) = 0e (3x − 2)(5x + 1) = 0f

(11x − 7)(2x − 13) = 0g (4x + 9)(2x − 7) = 0h (3x − 4)(7x + 1) = 0i

10 Find the numbers which satisfy the given condition.

Hint for Q10: The product of x

and 5 is x × 5 or 5x

The product of x and a number 3 more than x is zero.a

The product of x and a number 7 less than x is zero.b

The product of a number 1 less than x and a number 4 more

than x is zero.

c

The product of a number 1 less than twice x and 6 more

than x is zero.

d

11A
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11A Quadratic equations 671

11 These quadratic equations have two integer solutions between −5 and 5. Use trial and error to

find them.

x2 − x − 2 = 0a x2 − 4x + 3 = 0b

x2 − 4x = 0c x2 + 3x = 0d

x2 + 3x − 4 = 0e x2 − 16 = 0f

12 Consider the quadratic equation (x + 2)2 = 0.

a Write the equation in the form ( )( ) = 0.

b Use the Null Factor Law to find the solutions to the equation. What do you notice?

c Now solve these quadratic equations.

(x + 3)2 = 0i (x − 5)2 = 0ii

13 Consider the equation 3(x − 1)(x + 2) = 0.

a First divide both sides of the equation by 3. Write down the new equation.

b Solve the equation using the Null Factor Law.

c Compare the given original equation with the equation found in part a. Explain why the solutions

are the same.

d Solve these equations.

7(x + 2)(x − 3) = 0i 11x(x + 2) = 0ii

Polynomials — 14, 15

14 Polynomials are sums of integer powers of x. They are given names according to the highest power of

x in the polynomial expression.

Example Polynomial name

2 Constant

2x + 1 Linear

x2 − 2x + 5 Quadratic

x3 − x2 + 6x − 1 Cubic

7x4 + x3 + 2x − x + 4 Quartic

4x5 − x + 1 Quintic

Name these polynomial equations.

3x − 1 = 0a x2 + 2 = 0b

x5 − x4 + 3 = 0c 5 − 2x + x3 = 0d

3x − 2x4 + x2 = 0e 5 − x5 = x4 + xf

15 Solve these polynomial equations using the Null Factor Law, to find the three solutions.

(x + 1) (x − 3) (x + 2) = 0a

(x − 2) (x − 5) (x + 11) = 0b
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672 Chapter 11 Introduction to quadratic equations and graphs

1B 11B Solving ax2 + bx = 0 and x2 = d
Learning intentions

• To know the steps required to solve a quadratic equation

• To be able to factorise a quadratic equation in order to apply the Null Factor Law

• To be able to �nd the solutions of quadratic equations involving common factors or perfect squares

Key vocabulary: Null Factor Law, factorise, perfect square

When using the Null Factor Law, we notice that equations must first be expressed as a product of two

factors. Hence, any equation not in this form must first be factorised. Two types of quadratic equations are

studied here. The first is of the form ax2 + bx = 0, where x is a common factor, and the second is of the

form x2 = d.

Aerospace engineers use quadratic

equations, such as for the trajectory of

a rocket launching a communications

satellite. An object launched vertically

with velocity, u, moving under gravity,

with acceleration, g, reaches a maximum

height, h, where u2 = 2gh.

Lesson starter: Which factorisation technique?

These two equations may look similar but they are not the same: x2 − 9x = 0 and x2 − 9 = 0.

• Discuss how you could factorise each expression on the left-hand side of the equations.

• How does the factorised form help to solve the equations? What are the solutions? Are the solutions

the same for both equations?

• By rearranging x2 − 9 = 0 into x2 = 9, can you explain how to find the two solutions you found above?

Key ideas

When solving an equation of the form ax2 + bx = 0, 2x2 − 8x = 0

factorise by taking out common factors including x. 2x(x − 4) = 0

2x = 0 or x − 4 = 0

x = 0 or x = 4

When solving an equation of the form ax2 = d, divide 5x2 = 20

both sides by a and then take the square root of each side. x2 = 4

x = 2 or x = −2

x2 = d2 could also be rearranged to x2 − d2 = 0 and then x2 − 4 = 0

factorised as a difference of two squares. (x + 2)(x − 2) = 0

x = −2 or x = 2
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11B Solving ax2 + bx = 0 and x2 = d 673

Exercise 11B

Understanding 1–4 1-4

1 State the highest common factor of these pairs of terms.

16x and 24a x2 and 2xb 3x2 and 6xc

2 Factorise these expressions fully by first taking out the highest common factor.

Hint for Q2: Answer format for

part a will be x( ).

x2 − 3xa 6x2 + 4xb

4x − 16x2c 2x2 − 8d

3 Use the Null Factor Law to state the solutions to these equations.

x(x − 3) = 0a 4x(x + 1) = 0b

4 Explain why x = 3 and x = −3 are solutions to x2 = 9.

Fluency 5(½), 7,8(½) 5–8(½)

Example 5 Solving quadratic equations of the form ax2 + bx = 0

Solve x2 + 4x = 0.

Solution Explanation

x2 + 4x = 0

x (x + 4) = 0

x = 0 or x + 4 = 0

x = 0 or x = −4

Factorise by taking out the common factor x.

Using the Null Factor Law, set each factor, x and (x + 4), equal to 0.

Solve for x.

Check your solutions using substitution.

Now you try

Solve x2 + 6x = 0

5 Solve these equations.

Hint for Q5: First factorise by

taking out x.

x2 + 3x = 0a x2 + 7x = 0b

x2 + 4x = 0c x2 − 5x = 0d

x2 − 8x = 0e x2 − 2x = 0f

x2 + 1
3
x = 0g x2 − 1

2
x = 0h

6 Solve these equations by first taking out the highest

common factor.

Hint for Q6: Take out the

highest common factor.

2x2 − 6x = 0a 3x2 − 12x = 0b

4x2 + 20x = 0c 6x2 − 18x = 0d

−5x2 + 15x = 0e −2x2 − 8x = 0f
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674 Chapter 11 Introduction to quadratic equations and graphs

Example 6 Solving ax2 = bx

Solve 2x2 = 8x.

Solution Explanation

2x2 = 8x

2x2 − 8x = 0

2x(x − 4) = 0

2x = 0 or x − 4 = 0

x = 0 or x = 4

Make the right-hand side equal to zero by

subtracting 8x from both sides.

Factorise by taking out the common factor of

2x and apply the Null Factor Law to solve.

For 2 × x = 0, x must equal 0.

Now you try

Solve 3x2 = 15x.

7 Solve the following equations by first rearranging into standard form.

Hint for Q7: First make a zero

on the right hand side

x2 = 3xa 5x2 = 10xb

4x2 = 16xc 3x2 = −9xd

2x2 = −8xe 7x2 = −21xf

Example 7 Solving equations of the form x2 = d

Solve x2 = 16.

Solution Explanation

x2 = 16

x = 4 or x = −4

As this is a perfect square, take the square root

of both sides.

x = 4 or −4 since 42 = 16 and (−4)2 = 16.

Alternative method:

x2 = 16

x2 − 16 = 0

(x + 4)(x − 4) = 0

x + 4 = 0 or x − 4 = 0

x = −4 or x = 4

Rearrange into standard form.

Factorise using a2 − b2 = (a + b) (a − b) then use

the Null Factor Law to find the solutions.

Now you try

Solve x2 = 49.

8 Solve the following equations.

x2 = 9a

x2 = 36b

x2 = 25c

x2 − 144 = 0d

x2 − 81 = 0e

x2 − 400 = 0f

11B
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11B Solving ax2 + bx = 0 and x2 = d 675

Problem-solving and reasoning 9(½), 10, 11 9(½), 11, 12

Example 8 Solving ax2 = d

Solve 3x2 = 18

Solution Explanation

3x2 = 18

x2 = 6

x =
√
6 or x = −

√
6

Alternative method:

3x2 = 18

3x2 − 18 = 0

3(x2 − 6) = 0

3(x +
√
6)(x −

√
6) = 0

x +
√
6 = 0 or x −

√
6 = 0

x = −
√
6 or x =

√
6

Divide both sides by 3 and then take the square

root of each side.

As 6 is not a square number leave answers in

exact form as
√
6 and −

√
6.

Alternatively, express in standard form and then

note the common factor of 3.

Treat x2 − 6 = x2 −
�√
6

�2

as a difference of

squares.

Apply the Null Factor Law and solve for x.

Now you try

Solve 2x2 = 14

9 Solve each of the following equations by first noting the common factor.

Hint for Q9: If x2 = 5,

x =
√
5 or −

√
5

7x2 = 28a 5x2 = 45b

2x2 = 50c 6x2 = 24d

2x2 = 12e 3x2 = 15f

5x2 − 35 = 0g 8x2 − 24 = 0h

10 Write an equation and solve it to find the number.

a The square of the number is 7 times the same number.

b The difference between the square of a number and 64 is zero.

c 3 times the square of a number is equal to −12 times the number.

11 Consider the equation x2 + 4 = 0.

a Explain why it cannot be written in the form (x + 2)(x − 2) = 0.

b Are there any solutions to the equation x2 + 4 = 0? Why/Why not?

12 Solve these equations by first rearranging where necessary.

a 4 = x2

b −x2 + 25 = 0

c −x2 = −100

d −3x2 = 21x

e −5x2 + 35x = 0

f 1 − x2 = 0
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676 Chapter 11 Introduction to quadratic equations and graphs

More quadratic equation forms — 13–14(½)

13 Remove brackets or fractions to help solve these equations.

x − 4
x
= 0a 3

x2
= 3b

5
�

x2 + 1
�

= 3x2 + 7c x(x − 3) = 2x2 + 4xd

14 Note, for example, that 4x2 = 9 becomes x2 = 9
4
and then x = 3

2
or x = −3

2
, since

�

9

4
=
3

2
.

Now solve these equations.

9x2 = 16a 25x2 = 36b

4 = 100x2c 81 − 25x2 = 0d

Using a CAS calculator 11B: Solving quadratic equations
This activity is in the Interactive Textbook in the form of a printable PDF.

11B
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11C Solving x2 + bx + c = 0 677

11C 11C Solving x2 + bx + c = 0
Learning intentions

• To be able to solve quadratic equations involving monic trinomials

• To understand that trinomials that factorise to perfect squares will have only one solution

Key vocabulary: monic quadratic trinomial

Earlier in Chapter 9 we learnt to factorise quadratic trinomials with three terms. For example, x2 + 5x + 6

factorises to (x + 2) (x + 3). This means that the Null Factor Law can be used to solve equations of the form

x2 + bx + c = 0.

Mechanical engineers design industrial

ventilation systems and can solve

quadratic equations to calculate

dimensions. For a duct with a rectangular

cross-section area 1500 cm2, a possible

equation is: x(x − 20) = 1500, i.e.

x2 − 20x − 1500 = 0.

Lesson starter: Remembering how to factorise quadratic trinomials

First expand these quadratics using the distributive law.

Distributive law: (a + b)(c + d) = ac + ad + bc + bd

• (x + 1)(x + 2)

• (x − 3)(x + 4)

• (x − 5)(x − 2)

Now factorise these expressions.

• x2 + 5x + 6

• x2 − x − 12

• x2 − 8x + 7

Discuss your method for finding the factors of each quadratic above.

Key ideas

Solve quadratics of the form x2 + bx + c = 0 x2 − 3x − 28 = 0 −7 × 4 = −28

by factorising the quadratic trinomial. (x − 7)(x + 4) = 0 and −7 + 4 = −3

• Ask ‘What factors of c add to give b?’ x − 7 = 0 or x + 4 = 0

• Then use the Null Factor Law. x = 7 or x = −4

Equations involving perfect squares will give x2 − 6x + 9 = 0

only one solution. (x − 3)(x − 3) = 0

x − 3 = 0

x2 + bx + c is called a monic quadratic since the x = 3

coefficient of x2 is 1.
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678 Chapter 11 Introduction to quadratic equations and graphs

Exercise 11C

Understanding 1–3 1–3

1 Decide which two factors of the first number add to give the second number.

6, 5a 10,−7b −5, 4c −12,−1d

2 Factorise each of the following.

x2 + 12x + 35a x2 + 4x − 45b x2 − 10x + 16c

3 State the missing components to complete the working to solve each equation.

x2 + 9x + 20 = 0

(x + 5)( ) = 0

x + 5 = 0 or = 0

x = or x =

a x2 − 2x − 24 = 0

(x − 6)( ) = 0

x − 6 = 0 or = 0

x = or x =

b

Fluency 4–6(½) 4–6(½)

Example 9 Solving equations involving quadratic trinomials with b > 0 and c > 0

Solve x2 + 7x + 12 = 0.

Solution Explanation

x2 + 7x + 12 = 0

(x + 3)(x + 4) = 0

x + 3 = 0 or x + 4 = 0

x = −3 or x = −4

Factors of 12 which add to 7 are 3 and 4.

3 × 4 = 12, 3 + 4 = 7

Use the Null Factor Law to solve the equation.

Now you try

Solve x2 + 6x + 8 = 0.

4 Solve these quadratic equations.

Hint for Q4: First factorise by

asking what factors of c add

to give b

x2 + 8x + 12 = 0a x2 + 11x + 24 = 0b

x2 + 7x + 10 = 0c x2 + 10x + 24 = 0d

x2 + 9x + 18 = 0e x2 + 4x + 3 = 0f

Example 10 Solving x2 + bx + c = 0 if b and/or c < 0

Solve these quadratic equations.

x2 − 2x − 8 = 0a x2 − 8x + 15 = 0b

Solution Explanation

a x2 − 2x − 8 = 0

(x − 4) (x + 2) = 0

x − 4 = 0 or x + 2 = 0

x = 4 or x = −2

Factors of −8 which add to −2 are −4 and 2.

−4 × 2 = −8,−4 + 2 = −2

Solve using the Null Factor Law.
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11C Solving x2 + bx + c = 0 679

b x2 − 8x + 15 = 0

(x − 5)(x − 3) = 0

x − 5 = 0 or x − 3 = 0

x = 5 or x = 3

The factors of 15 must add to give −8.

−5 × (−3) = 15 and −5 + (−3) = −8, so −5 and

−3 are the two numbers.

Now you try

Solve the quadratic equations

x2 − 3x − 10 = 0a x2 − 8x + 12 = 0b

5 Solve these quadratic equations.

x2 − 12x + 32 = 0a x2 − 9x + 18 = 0b x2 − 10x + 21 = 0c

x2 − 2x − 15 = 0d x2 − 6x − 16 = 0e x2 − 4x − 45 = 0f

x2 − 10x + 24 = 0g x2 − x − 42 = 0h x2 + 5x − 84 = 0i

Example 11 Solving with perfect squares

Solve x2 − 8x + 16 = 0.

Solution Explanation

x2 − 8x + 16 = 0

(x − 4)(x − 4) = 0

x − 4 = 0

x = 4

Factors of 16 which add to −8 are −4 and −4.

(x − 4)(x − 4) = (x − 4)2 is a perfect square so

there is only one solution.

Now you try

Solve x2 − 10x + 25 = 0.

6 Solve these quadratic equations which include perfect squares.

Hint for Q6: Both factors should

be the same.

x2 + 6x + 9 = 0a x2 + 4x + 4 = 0b

x2 + 14x + 49 = 0c x2 + 24x + 144 = 0d

x2 − 10x + 25 = 0e x2 − 16x + 64 = 0f

x2 − 12x + 36 = 0g x2 − 18x + 81 = 0h

Problem-solving and reasoning 7(½), 8, 9 7(½), 9–11

Example 12 Solving with trinomials not in standard form

Solve x2 = x + 6.

Solution Explanation

x2 = x + 6

x2 − x − 6 = 0

(x − 3)(x + 2) = 0

x − 3 = 0 or x + 2 = 0

x = 3 or x = −2

First make the right-hand side equal zero by

subtracting x and 6 from both sides. This is

now in standard form. (When rearranging to

standard form, keep the x2 term positive.)

Factors of −6 which add to −1 are −3 and 2.
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680 Chapter 11 Introduction to quadratic equations and graphs

Now you try

Solve x2 = 3x + 40

7 Solve these quadratic equations by first rearranging to standard form.

Hint for Q7: First get a zero on

one side.

x2 = 3x + 10a x2 = 7x − 10b

x2 = 6x − 9c x2 = 4 − 3xd

14 − 5x = x2e x2 + 16 = 8xf

x2 − 12 = −4xg 6 − x2 = 5xh

15 = 8x − x2i 16 − 6x = x2j

−6x = x2 + 8k −x2 − 7x = −18l

8 The temperature in °C inside a room at a scientific

base in Antarctica after 10 a.m. is given by the

expression t2 − 9t + 8 where t is in hours. Find the

times in the day when the temperature is 0°C.

9 Write down a quadratic equation in standard form which has the following solutions.

x = 1 and x = 2a x = 3 and x = −2b x = −4 and x = 1c

x = −3 and x = 10d x = 5 onlye x = −11 onlyf

10 Consider this equation and solution. x2 − x − 12 = −6

a Explain what is wrong with the solution. (x − 4) (x + 3) = −6

b Find the correct solutions to the equation. x − 4 = −6 or x + 3 = −6

x = −2 or x = −9

11 Explain why x2 − 2x + 1 = 0 only has one solution.

Solving non-monics where a is a common a factor — 12(½)

12 Solve these equations by taking out a common factor as the first factorising step.

2x2 − 2x − 12 = 0a 3x2 + 24x + 45 = 0b 4x2 − 24x − 64 = 0c

4x2 − 20x + 24 = 0d 2x2 − 8x + 8 = 0e 3x2 + 6x + 3 = 0f

7x2 − 70x + 175 = 0g 2x2 + 12x = −18h 5x2 = 35 − 30xi

11C
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11D Using quadratic equations to solve problems 681

11D 11D Using quadratic equations to solve problems
Learning intentions

• To be able to form an equation from a word problem using a variable for the unknown

• To be able to recognise a quadratic equation and apply the appropriate steps to solve

• To understand that solutions will need to be checked for validity in the context of the problem

Key vocabulary: variable, product

When using mathematics to solve problems, we often arrive at a quadratic equation. In solving the quadratic

equation we obtain the solutions to the problem. Setting up an equation and then interpreting the solution

are important parts of the problem-solving process.

When dividing up land for new suburbs, surveyors apply area

formulas which form quadratic equations when dimensions

are expressed using the same variable. Surveyors re-arrange the

quadratic to equal zero and solve it for the unknown variable.

Lesson starter: Solving for the unknown number

The product of a positive number and 6 more than the same number is 16.

• Using x as the unknown number, write an equation describing the given condition.

• Solve your equation for x.

• Are both solutions feasible (allowed)?

• Discuss how this method compares with the method of trial and error.

Key ideas

When using quadratic equations to solve problems, follow these steps.

• Define your variable.

- Write ‘Let x be…’ e.g. Let x be the width in cm.

• Use your variable to define any other quantity, e.g. length = x + 7.

• Write an equation relating the facts given in the question.

• Solve your equation using the Null Factor Law.

• Check that your solutions are feasible.

- Some problems may not allow solutions that are negative numbers or fractions.

• Answer the original question in words and check that your answer seems reasonable.
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682 Chapter 11 Introduction to quadratic equations and graphs

Exercise 11D

Understanding 1, 2 1, 2

1 Solve these equations for x by first expanding and producing a zero on the right-hand side.

x(x + 3) = 18a x(x − 1) = 20b (x − 1)(x + 4) = 6c

2 This rectangle has an area of 8 cm2 and a length that is 2 cm more than its width.

x cm

(x + 2) cm

8 cm2

a Using length × width = area, give an equation.

b Solve your equation by expanding and subtracting 8 from both sides. Then use the Null Factor Law.

c Which of your two solutions is feasible for the width of the rectangle?

d State the dimensions (width and length) of the rectangle.

Fluency 3, 4, 6, 7 3, 5, 6, 7

Example 13 Solving a problem involving a product

The product of a number and one more than the same number is 56. Write an equation and solve to

find the two possible solutions.

Solution Explanation

Let x be the number

x(x + 1) = 56

x2 + x − 56 = 0

(x − 7)(x + 8) = 0

x − 7 = 0 or x + 8 = 0

x = 7 or x = −8

The number could be 7 or −8

First define your variable.

Set up your equation, expand and rearrange.

Factorise your monic quadratic, use the Null

Factor Law to solve.

State your answer.

Now you try

The product of a number and 3 more than the same number is 40. Write an equation and solve to find

the two possible solutions.

3 The product of a number and 2 more than the same number is 48.

Write an equation and solve to find the two possible solutions.

Hint for Q3: The product of x

and x + 2 is x(x + 2)
4 The product of a number and 7 less than the same number is 60.

Write an equation and solve to find the two possible solutions.

5 The product of a number and 13 less than the same number is 30. Write an equation and solve to

find the two possible solutions.
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11D Using quadratic equations to solve problems 683

Example 14 Solving area problems with quadratic equations

The length of a book is 4 cm more than its width and the area of the face of the book is 320 cm2.

Find the dimensions of the face of the book.

Solution Explanation

Let x cm be the width of the book face.

Length = (x + 4) cm

Area:

x(x + 4) = 320

x2 + 4x − 320 = 0

(x + 20)(x − 16) = 0

x + 20 = 0 or x − 16 = 0

x = −20 or x = 16

Â x = 16 since x > 0

Â width = 16 cm and length = 20 cm

Define a variable for width then write the length

in terms of the width.

Write an equation to suit the given situation.

Expand, then subtract 320 from both sides.

Factorise the quadratic trinomial.

Solve using the Null Factor Law, but note that a

width of −20 cm is not feasible.

Finish by writing the dimensions − width and

length − as required.

Length = x + 4 = 16 + 4 = 20 cm

Now you try

The length of a rectangular jigsaw puzzle is 12 cm more than its width and the area of the jigsaw is

640 cm2. Find the dimensions of the jigsaw puzzle.

6 The length of a rectangular magazine is 8 cm more than its width and

the area of the magazine is 240 cm2. Find the dimensions of

the magazine. Hint for Q6: the width is x cm

then the length is (x + 8) cm.

7 The length of a rectangular brochure is 5 cmmore than its width and the area of the face of the brochure

is 36 cm2. Find the dimensions of the face of the brochure.

Problem-solving and reasoning 8, 9, 11 8–10, 12

8 The length of a small rectangular kindergarten play area is 20 metres less than its width and the area is

69m2. Find the dimensions of the play area.
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684 Chapter 11 Introduction to quadratic equations and graphs

9 An isosceles triangle has height (h) equal to half its base length. Find the value of h if

the area is 25 square units.
h

10 Use Pythagoras’ theorem to find the value of x in these right-angled triangles.

Hint for Q10: Recall c2 = a2 + b2

so 52 = x2 + (x + 1)2 in part a.

5

x + 1

x
a x

5x + 1

b

7

x − 1

x

c

11 The equation for the area of this rectangle is x2 + 2x − 48 = 0, which has solutions

x = −8 and x = 6. Which solution do you ignore and why?
x cm

(x + 2) cm

48 cm2

12 The product of an integer and one less than the same integer is 6. The equation for this is x2 −x−6 = 0.

How many different solutions are possible and why?

L-shape problems — 13, 14

13 A square of side length 10 metres has a square of side length x metres removed

from one corner.

Write an expression for the area remaining after the square of side length x

metres is removed. (Hint: Use subtraction.)

a

Find the value of x if the area remaining is 64m2.b

x m

10 m

14 A rectangular farm shed (3m by 5m) is to be extended to form an ‘L’ shape as

shown.

Write an expression for the total area of the extended farm shed.a

Find the value of x if the total area is to be 99m2.b

x m

3 m

x m

5 m

11D
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Progress quiz 685

111A Write these quadratic equations in standard form.

x2 − 3x = 8a 3(x2 − 2) = 4xb 2(x2 − 5) = 2x − 7c

211A Substitute the given x-value into the equation and say whether or not it is a solution.

x2 − x − 6 = 0 (x = 2)a x2 − x − 6 = 0 (x = −2)b

311A Use the Null Factor Law to solve these equations.

x(x − 7) = 0a (x − 5)(x + 2) = 0b

(3x − 1)(4x − 3) = 0c 2(x − 4)(x − 3)d

411B Solve the following equations.

x2 + 11x = 0a 3x2 − 18x = 0b

−2x2 − 10x = 0c 5x2 = 20xd

511B Solve these equations.

x2 = 49a x2 − 1 = 0b

3x2 = 12c 7x2 − 63 = 0d

611C Solve these quadratic equations.

x2 + 11x + 24 = 0a

x2 − 15x + 36 = 0b

x2 − 2x − 35 = 0c

711C Solve these quadratic equations.

x2 + 8x + 16 = 0a

x2 − 14x + 49 = 0b

x2 − 24 = 5xc

811D A rectangular lawn is 3m longer than it is wide and

has an area of 54m2. Write an equation and solve it to

find the dimensions of this lawn.

911D The product of a number and 5 more than the same number is 84. Write an equation and

solve to find the two possible values of the number.

1011C Write down a quadratic equation in standard form which has the following solutions.

a x = 3 and x = 2

b x = 6 and x = −1

c x = −3 only
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686 Chapter 11 Introduction to quadratic equations and graphs

1E 11E The parabola
Learning intentions

• To know that a quadratic relation produces a graph called a parabola

• To know the key features of a parabola including symmetry and the turning point

• To understand that a parabola can have a minimum or maximum turning point

• To be able to identify the key features of a parabola from a graph

• To be able to plot a parabola from a rule by creating a table of values and plotting points

Key vocabulary: Parabola, minimum, maximum, axis of symmetry, turning point

Relations that have rules in which the highest power of x is 2, such as y = x2, y = 2x2−3 and y = 3x2 +2x−4,

are called quadratics and their graphs are called parabolas. Parabolic shapes can be seen inmanymodern-day

objects or situations such as the arches of bridges, the paths of projectiles and the surfaces of reflectors.

When hitting a ball, tennis players,

cricketers and golfers can vary the force

and launching angle, hence modifying

the direction, maximum height and range

of the ball’s parabolic flight path.

Lesson starter: Finding features

A quadratic is given by the equation y = x2 − 2x − 3. Complete these tasks

to discover its graphical features.

• Use the rule to complete this table of values.

x −2 −1 0 1 2 3 4

y

• Plot your points on a copy of the axes shown at right and join them to

form a smooth curve.

• Describe these features:

− minimum turning point

− axis of symmetry

− coordinates of the y-intercept

− coordinates of the x-intercepts

2

3

1

−2

−3

−4

−1−2 −1 2 31 4
O

4

5

y

x
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11E The parabola 687

Key ideas

The graph of a quadratic relation is called a parabola.
Its basic shape is shown on the right.

• The basic quadratic rule is y = x2.

The general equation of a quadratic is y = ax2 + bx + c.

A parabola is symmetrical about a line called the axis
of symmetry and it has one turning point (a vertex),

which may be a maximum or a minimum.

Axis of

symmetry

Vertex (minimum

turning point)

Vertex (maximum

turning point)

Axis of

symmetry

Here is an example of a parabola with equation

y = x2 − 4x + 3, showing all the key features.

2

3

1

−1−1 2 31 4
O

y

x

Turning

point (2, −1)

Axis of symmetry: x = 2

x-intercepts

y-intercept

Exercise 11E

Understanding 1, 2 1, 2

1 Choose a word from this list to complete each sentence.

lowest, parabola, vertex, highest, intercepts, zero

a A maximum turning point is the point on the graph.

b The graph of a quadratic is called a .

c The x- are the points where the graph cuts the x-axis.

d The axis of symmetry is a vertical line passing through the .

e A minimum turning point is the point on the graph.

f The y-intercept is at x equals .

2 State the equation of a vertical line (e.g. x = 2) that passes through these points.

a (3, 0)

b (1, 5)

c (−2, 4)
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688 Chapter 11 Introduction to quadratic equations and graphs

Fluency 3(½), 4, 5 3(½), 4, 6

Example 15 Identifying the features of a parabola

For this graph state the:

equation of the axis of symmetrya

type of turning pointb

coordinates of the turning pointc

coordinates of the x-interceptsd

coordinates of the y-intercept.e

O
1

3

4

y

x
−1−2−3−4−5−6

2

1

5

−3

−2

−4

−5

−1

Solution Explanation

a x = −3

b Maximum turning point

c Turning point is (−3, 5)

d x-intercepts: (−5, 0) and (−1, 0)

e y-intercept: (0,−5)

Graph is symmetrical about the vertical line

x = −3. Graph has its highest y-coordinate at the

turning point, so it is a maximum point.

Highest point: turning point = (−3, 5)

O
1

3

4

y

x

−1−2−3−4−5−6

2

1

5

Axis of symmetry: x = −3

y-intercept
−3

−2

−4

−5

−1

x-intercepts

11E
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11E The parabola 689

Now you try

For this graph state the:

equation of the axis of symmetrya

type of turning pointb

coordinates of the turning pointc

coordinates of the x-interceptsd

coordinates of the y-intercept.e
1 2 3 4 5 6 7 8 9 10

2

4

6

−2

−4

−6

−8

−10

−12

−14

−16

−18

−20

−1−2 0 x

y

3 For each of the following graphs, state:
Hint for Q3: The rule for the equation

of the axis of symmetry is x = h

where h is the x-value of the

turning point.

the equation of the axis of symmetryi

the type of turning point (maximum or minimum)ii

the coordinates of the turning pointiii

the coordinates of the x-interceptsiv

the coordinates of the y-intercept.v

2

3

1

−1 2 31 4O

y

x

a

−2

−3

−1−2 −1

−4

21O

y

x

b

2

3

1

−1−1 1

y

x
O

c

2

3

1

−1−2 −1 21O

4

y

x

d

2

3

4

1

−1 2 31 4O

y

x

e

2
3

1

−1
−2−3 −1−4 21O

4
5
6
7

y

x

f
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690 Chapter 11 Introduction to quadratic equations and graphs

O

y

x

g

−2

−3

−1−2 −1

−4

21O

y

x

h y

O
x

−1

2
3

1

−1
−2
−3
−4
−5

2 31 4 5

4

i

2

3

1

−1 2 31 4 5O

4

y

x

j

2

1

−1−1 1O

y

x

k

−2

−3

−1−2−3−4 −1

−4

−5

O

y

x

l

The cross-section of a satellite dish is parabolic.

Example 16 Plotting a parabola

Use the quadratic rule y = x2 − 4 to complete these tasks.

a Complete this table of values. x −3 −2 −1 0 1 2 3

y

b Draw a set of axes using a scale that suits the numbers in your table. Then plot the points to form

a parabola.

c State these features.

Type of turning pointi

Axis of symmetryii

Coordinates of the turning pointiii

The coordinates of the y-interceptiv

The coordinates of the x-intercepts.v

11E
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11E The parabola 691

Solution Explanation

a
x −3 −2 −1 0 1 2 3

y 5 0 −3 −4 −3 0 5

Substitute each x-value into the

rule to find each y-value:

e.g.x = −3, y = (−3)2 − 4

= 9 − 4

= 5

b

−4

−2

2

4

6

−4 −2 42O

y

x

Plot each coordinate pair and join to

form a smooth curve.

c Minimum turning pointi

x = 0 is the axis of symmetryii

Turning point (0,−4)iii

y-intercept: (0,−4)iv

x-intercepts: (−2, 0) and (2, 0)v

The turning point at (0,−4) has

the lowest y-coordinate for the

entire graph. The vertical line x = 0

divides the graph like a mirror line.

The y-intercept is at x = 0. The

x-intercepts are at y = 0 on the

x-axis.

Now you try

Use the quadratic rule y = x2 − 9 to complete these tasks.

a Complete this table of values. x −3 −2 −1 0 1 2 3

y

b Draw a set of axes using a scale that suits the numbers in your table. Then plot the points to

form a parabola.

c State these features.

Type of turning pointi Axis of symmetryii

Coordinates of the turning pointiii The coordinates of the y-interceptiv

The coordinates of the x-intercepts.v

4 Use the quadratic rule y = x2 − 1 to complete these tasks.

a Complete the table of values.

x −2 −1 0 1 2

y

b Draw a set of axes using a scale that suits the numbers in your table. Then plot the points to

form a parabola.

c State these features.

Type of turning pointi

Axis of symmetryii

Coordinates of the turning pointiii

The coordinates of the y-interceptiv

The coordinates of the x-interceptsv
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692 Chapter 11 Introduction to quadratic equations and graphs

5 Use the quadratic rule y = x2 + 2x − 3 to complete these tasks.

a Complete the table of values.

x −4 −3 −2 −1 0 1 2

y

b Draw a set of axes using a scale that suits the numbers in your table. Then plot the points to form

a parabola.

c State these features.

Type of turning pointi

Axis of symmetryii

Coordinates of the turning pointiii

The coordinates of the y-interceptiv

The coordinates of the x-interceptsv

6 Use the quadratic rule y = 9 − x2 to complete these tasks.

a Complete the table of values.

x −3 −2 −1 0 1 2 3

y

b Draw a set of axes using a scale that suits the numbers in your table. Then plot the points to form

a parabola.

c State these features.

Type of turning pointi Axis of symmetryii

Coordinates of the turning pointiii The coordinates of the y-interceptiv

The coordinates of the x-interceptsv

Problem-solving and reasoning 7–9 8–12

7 This graph shows the height of a cricket ball, y metres, as a function of

time t seconds.

a At what times is the ball at a height of 9m?i

Why are there two different times?ii

b At what time is the ball at its greatest height?i

What is the greatest height the ball reaches?ii

After how many seconds does it hit the ground?iii
4

6

8

10

12

2

2 31 4 5
O

y

t

8 The graph gives the height, hm, at time t seconds, of a rocket which is

fired up in the air.

a From what height is the rocket launched?

b What is the approximate maximum height that the rocket reaches?

c For how long is the rocket in the air?

d What is the difference in time for when the rocket is going up and

when it is going down?

40

60

80

100

120

140

160

20

2 31 4 50

h

t

11E

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



11E The parabola 693

9 A parabola has x-intercepts at (−2, 0) and (4, 0). The y-coordinate of the turning point is −3.

a What is the equation of its axis of symmetry?

b What are the coordinates of the turning point?

10 Write the rule for these parabolas. Use trial and error to help and check your rule by substituting a

known point.

2

1

−1−2 −1 21
O

y

x

a

−2

−3

−1−2 −1

−4

21
O

y

x

b

1

−1−1 1
O

y

x

c

1

−1−1 1
O

y

x

d

−2 −1 1
O

y

x

e

−2

−3

−1−1

−4

−5

−6

2 31 4
O

y

x

f

11 Is it possible to draw a parabola with the following properties? If yes, draw an example.

Two x-interceptsa One x-interceptb

No x-interceptsc No y-interceptd

12 a Mal calculates the y-value for x = 2 using y = −x2 + 2x and gets y = 8. Explain his error.

b Mai calculates the y-value for x = −3 using y = x − x2 and gets y = 6. Explain her error.
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694 Chapter 11 Introduction to quadratic equations and graphs

Solving quadratic equations with parabolas — 13, 14

13 This graph shows the parabola for y = x2 − 4.

a For what values of x is y = 0?

b For what value of x is y = −4?

c How many values of x give a y-value which is:

greater than −4?i

equal to −4?ii

less than −4?iii

−2

−3

−1−2 −1

−4

21
O

y

x

14 This table corresponds to the rule y = x2 − 2x.

a Use this table to solve these equations

0 = x2 − 2xi 3 = x2 − 2xii

x −1 0 1 2 3 4

y 3 0 −1 0 3 8

b How many solutions would there be to the equation 8 = x2 − 2x? Why?

c How many solutions would there be to the equation −1 = x2 − 2x? Why?

d How many solutions would there be to the equation −2 = x2 − 2x? Why?

Using a CAS calculator 11E: Sketching parabolas
This activity is in the Interactive Textbook in the form of a printable PDF.

11E
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11F Sketching y = ax2 with dilations and reflections 695

11F 11F Sketching y = ax2 with dilations and
reflections

Learning intentions

• To understand the effect of the value and sign of a in the rule y = ax2 on the shape of the graph and key features

• To know which values of a make the parabola appear narrower or wider than y = x2

• To know which values of a cause the parabola to be upright or inverted

Key vocabulary: dilation, re&ection, upright (concave up), inverted (concave down).

In geometry we know that shapes can be transformed by applying reflections, rotations, translations and

dilations (enlargement). The same types of transformations can also be applied to graphs, including parabolas.

Altering the value of a in y = ax2 causes both dilations and reflections.

Suspension bridges have supporting cables that form parabolic curves, such as those on this

New York bridge. Engineers model such parabolas with quadratic equations that are then used

to calculate the vertical support heights.

Lesson starter: What is the effect of a?

This table and graph show a number of examples of y = ax2 with varying values of a. They could also be

produced using technology.

x −2 −1 0 1 2

y = x2 4 1 0 1 4

y = 2x2 8 2 0 2 8

y = 1
2
x2 2

1
2

0 1
2

2

y = x2 −4 −1 0 −1 −4 O

y

x

y = 2x2 y = x2

y = −x2

1 2 3 4−3 −2 −1−4

y =    x21

2

• Discuss how the different values of a affect the y-values in the table.

• Discuss how the different values of a affect the shape of the graph.

• How would the graphs of the following rules compare to the graphs shown above?

y = 3x2a y = 1
4
x2b y = −1

2
x2c
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696 Chapter 11 Introduction to quadratic equations and graphs

Key ideas

The most basic parabola is the graph of y = x2. It can be

graphed quickly using the five key points shown.

(0, 0)

(1, 1)(−1, 1)

(−2, 4) (2, 4)

y

x
O

If you know these five points, you can use them to draw many other parabolas.

The equation y = ax2 describes a family of parabolas including y = x2, y = −x2, y = 2x2,

y = −2x2 etc. They contain the following features:

• the vertex (or turning point) is (0, 0)

• the axis of symmetry is x = 0

• if a > 0 the graph is upright (or concave up) and has a minimum turning point

• if a < 0 the graph is inverted (or concave down) and has a maximum turning point.

For y = ax2, if a > 1 or a < −1:

the graph appears narrower than the graph of either y = x2

or y = −x2. For example: y = 2x2 or y = −2x2

1

1

2

3

4

2 3 4−3

−3

−2

−2

−1
−1

−4

−4

O

y

x

y = 2x2 y = x2

y = −x2

y = −2x2

For y = ax2, if −1 < a < 1:

the graph appears wider than the graph of either y = x2 or

y = −x2. For example: y = 1
2
x2 or y = −1

2
x2

O

y

x

y = x2

y = −x2

y = −    x21

2

y =    x21

2

1

1

2

3

4

2 3 4−3

−3

−2

−2

−1
−1

−4

−4

For y = 2x2 we say that the graph of y = x2 is dilation from the x-axis by a factor of 2.

For y = −x2 we say that the graph of y = x2 is reflection in the x-axis.

11F
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11F Sketching y = ax2 with dilations and reflections 697

Exercise 11F

Understanding 1, 2 1, 2

1 Shown here are the graphs of y = x2, y = 3x2, y = 1
2
x2, y = −x2,

y = −3x2 and y = −1
2
x2.

a State the rules of the three graphs which have a minimum

turning point.

b State the rules of the three graphs which have a maximum

turning point.

c What are the coordinates of the turning point for all the

graphs?

d What is the equation of the axis of symmetry for all the

graphs?

e State the rule of the graph which is:

upright (concave up) and narrower than y = x2i

upright (concave up) and wider than y = x2ii

inverted (concave down) and narrower than y = −x2iii

inverted (concave down) and wider than y = −x2.iv

f State the rule of the graph which is:

a reflection of y = x2 in the x-axisi

a reflection of y = 3x2 in the x-axisii

a reflection of y = −1
2
x2 in the x-axis.iii

2

3

1

−2

−3

−1−2−3 −1−4

−4

2 31 4
O

4

y

x

y = 3x2

y = −x2

y = x2

y = −3x2

y = −   x21

2

y =    x21

2

2 Select the word positive or negative to suit each sentence.

a The graph of y = ax2 will be upright (concave up) with a minimum turning point if a is .

b The graph of y = ax2 will be inverted (concave down) with a maximum turning point if a is .

Fluency 3–5 3–5

Example 17 Comparing graphs of y = ax2, a > 0

Complete the following for y = x2, y = 2x2 and y = 1
2
x2.

a Draw up and complete a table of values for −2 � x � 2.

b Plot their graphs on the same set of axes.

c Write down the equation of the axis of symmetry and the coordinates of the turning point.

d Does the graph of y = 2x2 appear wider or narrower than the graph of y = x2?i

Does the graph of y = 1
2
x2 appear wider or narrower than the graph of y = x2?ii

Continued on next page
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698 Chapter 11 Introduction to quadratic equations and graphs

Solution Explanation

a y = x2

x −2 −1 0 1 2

y 4 1 0 1 4

y = 2x2

x −2 −1 0 1 2

y 8 2 0 2 8

y = 1
2
x2

x −2 −1 0 1 2

y 2
1
2

0
1
2

2

Substitute each x-value into y = x2,

y = 2x2 and y = 1
2
x2.

e.g. for y = 2x2, if x = 2,

y = 2(2)2

= 2(4)

= 8

If x = −1, y = 2(−1)2

= 2(1)

= 2

b

2

4

6

8

–4 –3 –1–1–2 1 2 3 4O

y

x

y = 2x2

y = x2
3

1

5

7
y =    x21

2

Plot the points for each graph using the

coordinates from the tables and join them with

a smooth curve.

c Axis of symmetry: y-axis (x = 0)

Turning point: minimum at (0, 0)

Look at graphs to see symmetry about the y-axis

and a minimum turning point at the origin.

d i The graph of y = 2x2 appears narrower

than the graph of y = x2.

ii The graph of y = 1
2
x2 appears wider than

the graph of y = x2.

For each value of x, 2x2 is twice that of x2;

hence, the graph (y-values) of y = 2x2 rises more

quickly.

For each value of x, 1
2
x2 is half that of x2; hence,

the graph of y = 1
2
x2 rises more slowly.

Now you try

Complete the following for y = x2, y = 4x2 and y = 1
4
x2.

a Draw up and complete a table of values for −2 � x � 2.

b Plot their graphs on the same set of axes.

c Write down the equation of the axis of symmetry and the coordinates of the turning point.

d Does the graph of y = 4x2 appear wider or narrower than the graph of y = x2?i

Does the graph of y = 1
4
x2 appear wider or narrower than the graph of y = x2?ii

11F
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11F Sketching y = ax2 with dilations and reflections 699

3 Complete the following for y = x2, y = 3x2 and y = 1
3
x2.

Draw up and complete a table of values for −2 � x � 2.a

Plot their graphs on the same set of axes.b

Write down the equation of the axis of symmetry and the coordinates of the turning point.c

d Does the graph of y = 3x2 appear wider or narrower than the graph of y = x2?i

Does the graph of y = 1
3
x2 appear wider or narrower than the graph of y = x2?ii

4 For the equations given below, complete these tasks.

Draw up and complete a table of values for −2 � x � 2.i

Plot the graphs of the equations on the same set of axes.ii

Write down the coordinates of the turning point and the equation of the axis of symmetry.iii

Determine whether the graphs of the equations each appear wider or narrower than the

graph of y = x2.

iv

y = 6x2a y = 5x2b y = 1
6
x2c y = 1

5
x2d

Example 18 Comparing graphs of y = ax2, a < 0

Complete the following for y = −x2, y = −3x2 and y = −1
2
x2.

a Draw up and complete a table of values for −2 � x � 2.

b Plot their graphs on the same set of axes.

c Write down the the equation of the axis of symmetry and the coordinates of the turning point.

d Does the graph of y = −3x2 appear wider or narrower than the graph of y = −x2?i

Does the graph of y = −1
2
x2 appear wider or narrower than the graph of y = −x2?ii

Solution Explanation

a y = −x2

x −2 −1 0 1 2

y −4 −1 0 −1 −4

y = −3x2

x −2 −1 0 1 2

y −12 −3 0 −3 −12

y = −1
2
x2

x −2 −1 0 1 2

y −2 −
1
2

0 −
1
2

−2

Substitute each x-value into

y = −x2, y = −3x2 and y = −1
2
x2.

e.g. for y = −3x2, if x = 2,

y = −3 (2)2

= −3 (4)

= −12

If x = −1, y = −3(−1)2

= −3(1)

= −3

Continued on next page
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700 Chapter 11 Introduction to quadratic equations and graphs

b

−4

−6

−2−2−3 −1−4

−8

−10

−12

2 31 4O

y

x

y = −   x21
2

y = −3x2

y = −x2

Plot the coordinates for each graph from the

tables and join them with a smooth curve.

c Axis of symmetry: y-axis (x = 0)

Turning point: maximum at (0, 0)

Graphs are symmetrical about the y-axis with a

maximum turning point at the origin.

d The graph of y = −3x2 appears

narrower than the graph of y = −x2.

i

The graph of y = −1
2
x2 appears wider

than the graph of y = −x2.

ii

For each value of x,−3x2 is three times that of

−x2; hence, the graph of

y = −3x2 gets larger in the negative direction

more quickly.

For each value of x,−1
2
x2 is half that of −x2.

Now you try

Complete the following for y = −x2, y = −4x2 and y = −1
4
x2.

i Draw up and complete a table of values for −2 � x � 2.

ii Plot their graphs on the same set of axes.

iii Write down the equation of the axis of symmetry and the coordinates of the turning point.

iv Does the graph of y = −4x2 appear wider or narrower than the graph of y = −x2?a

Does the graph of y = −1
4
x2 appear wider or narrower than the graph of y = −x2?b

5 For the equations given below, complete these

tasks.

Draw up and complete a table of values for

−2 � x � 2.

i

Plot the graphs of the equations on the same set

of axes.

ii

List the key features for each graph, such as the

axis of symmetry, turning point, x-intercept

and y-intercept.

iii

Determine whether the graphs of the equations

each appear wider or narrower than the graph

of y = −x2.

iv

y = −2x2a y = −3x2b y = −1
2
x2c y = −1

3
x2d

11F
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11F Sketching y = ax2 with dilations and reflections 701

Problem-solving and reasoning 6–8 6–9

6 Here are eight quadratics of the form y = ax2.

y = 6x2A y = −7x2B y = 4x2C y = 1
9
x2D

y = x
2

7
E y = 0.3x2F y = −4.8x2G y = −0.5x2H

a Which rule would give a graph which is upright (concave up) and the narrowest?

b Which rule would give a graph which is inverted (concave down) and the widest?

7 Match each of the following parabolas with the appropriate equation from the list below. Do a mental

check by substituting the coordinates of a known point.

y = 3x2a y = −x2b y = 5x2c y = 1
2
x2d y = −5x2e y = 2x2f

2

1

4

5

3

−1−2 −1 21
O

y

x

A

2

1

4

3

−1−2 −1 21
O

y

x

B

−2

−3

−1−2 −1

−4

21O

y

x

C

2

4

3

−1−2 −1 21
O

y

x

1

D

1

0.5

−1 1
O

y

x

E

−2

−3

−1−2 −1

−4

−5

21
O

y

x

F

8 The graph of y = ax2 is reflected in the x-axis and dilated from the x-axis by a given factor. Does it

matter which transformation is completed first? Explain.

9 The rule of the form y = ax2 models the shape of the parabolic cables of the Golden Gate Bridge. If

the cable is centred at (0, 0) and the top of the right pylon has the coordinates (492, 67), find a possible

equation that describes this shape. The numbers given are in metres.
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702 Chapter 11 Introduction to quadratic equations and graphs

Describing dilations and reflections — 10, 11

10 The graph of y = −2x2 can be obtained from y = x2 by conducting

these transformations:

• reflection in the x-axis

• dilation by a factor of 2 from the x-axis.

In the same way as above, describe the two transformations

which take:

y = x2 to y = −3x2a

y = x2 to y = −6x2b

y = x2 to y = −1
2
x2c

y = −x2 to y = 2x2d

y = −x2 to y = 3x2e

y = −x2 to y = 1
3
x2f

2

3

1

Dilation
−2

−3

−1
−2−3 −1−4

−4

2 31 4O

4

y

x

y = x2

y = –x2

y = −2x2

11 Write the rule for the graph after each set of transformations.

a The graph of y = x2 is reflected in the x-axis then dilated by a factor of 4 from the x-axis.

b The graph of y = −x2 is reflected in the x-axis then dilated by a factor of 1
3
from the x-axis.

c The graph of y = 2x2 is reflected in the x-axis then dilated by a factor of 2 from the x-axis.

d The graph of y = 1
3
x2 is reflected in the x-axis then dilated by a factor of 4 from the x-axis.

11F
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11G Sketching translations of y = x2 703

11G 11G Sketching translations of y = x2

Learning intentions

• To understand what it means for a graph to be translated

• To know what causes a graph to be translated vertically and horizontally

• To understand the turning point form of a quadratic equation

• To be able to sketch a graph of a quadratic equation expressed in turning point form, labelling the turning point and

y-intercept

Key vocabulary: translation, turning point

As well as reflection and dilation, there

is a third type of transformation called

translation. Translation involves a shift of

every point on the graph horizontally and/or

vertically. Unlike reflections and dilations,

a translation alters the coordinates of the

turning point. The shape of the curve is

unchanged, but its position in relation to the

origin is altered.

Manufacturers employ mathematicians to develop profit equations,

which are quadratics when sales and profit per item are linear

relations of the selling price. As the selling price increases, profit

increases to the parabola’s maximum point and then decreases.

Lesson starter: Which way: Left, right, up or down?

This table and graph shows the quadratics

y = x2, y = (x − 2)2, y = (x + 1)2, y = x2 − 4

and y = x2 + 2. The table could also be

produced using technology.

x −3 −2 −1 0 1 2 3

y = x 2 9 4 1 0 1 4 9

y = (x − 2)2 25 16 9 4 1 0 1

y = (x + 1)2 4 1 0 1 4 9 16

y = x 2 − 4 5 0 −3 −4 −3 0 5

y = x 2 + 2 11 6 3 2 3 6 11

• Discuss what effect the different numbers in the rules

had on the y-values in the table.

• Also discuss what effect the numbers in the rules have

on each graph. How are the coordinates of the turning

point changed?

• What conclusions could you draw on the effect

of h in the rule y = (x − h)2?

• What conclusions could you draw on the effect

of k in the rule y = x2 + k?

• What if the rule was y = −x2 + 2 or y = − (x + 1)2?

Describe how the graphs would look.

10

15

5

−5−2−3 −1−4 2 31 4
O

20

25

y

x
y = (x − 2)2

y = x2
− 4

y = x2
+ 2

y = x2

y = (x + 1)2
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704 Chapter 11 Introduction to quadratic equations and graphs

Key ideas

A translation of a graph involves a shift of every point horizontally and/or vertically.

Vertical translations: y = x2 + k

• If k > 0, the graph is translated k units up (red curve).

• If k < 0, the graph is translated k units down (green curve).

• The turning point is (0, k) for all curves.

• The axis of symmetry is the line x = 0 for all curves.

• The y-intercept is (0, k) for all curves.

2

1

4

3

−1−2 −1 21
O

y

y = x2 + 1

x

y = x2 − 1

y = x2

Horizontal translations: y = (x − h)2

If h > 0, the graph is translated h

units to the right.

• If h < 0, the graph is translated h

units to the left.

•

2

3

1

−1−2 −1 2 31
O

4

5

y

x

y = x2

y = (x − 1)2
2

3

1

−1−2−3 −1 21
O

4

y

x

y = x2

y = (x + 1)2

• The turning point is (h, 0) in both cases.

• The axis of symmetry is the line x = h in both cases.

• The y-intercept is
�

0, h2
�

in both cases.

The turning point form of a quadratic is given by:

a > 0 upright (concave up) graph

a < 0 graph inverted (concave down)

y = a(x − h)2 
+ k

Translates the graph left or right:

h > 0

h < 0

Translates the graph up or down

k > 0 k < 0

Axis of symmetry: x = h Turning point

(h, k)

y

x
h

k

O

To sketch a graph of a quadratic equation in turning point form,

follow these steps.

• Draw and label a set of axes.

• Identify important points including the turning point and

y-intercept.

• Sketch the curve connecting the key points and making the curve

symmetrical.

y y = (x − 2)2 − 3

x

(2, −3)

1

O

11G
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11G Sketching translations of y = x2 705

Exercise 11G

Understanding 1–3 1–3

1 This diagram shows the graphs of y = x2, y = −x2, y = (x + 2)2 and y = −(x − 3)2.

a State the coordinates of the turning point of the

graph of:

y = (x + 2)2i y = − (x − 3)2ii

b Compared to the graph of y = x2, which way

has the graph of y = (x + 2)2 been translated (left

or right)?

c Compared to the graph of y = −x2 which way has

the graph of y = −(x − 3)2 been translated (left or right)?

y

x

−9

4

−2 3O

y = (x + 2)2 y = x2

y = −x2

y = −(x − 3)2
2 This diagram shows the graphs of y = x2, y = −x2, y = x2 − 3

and y = −x2 + 2.

a State the coordinates of the turning point of the graph of:

y = x2 − 3i y = −x2 + 2ii

b Compared to the graph of y = x2, which way has the graph

of y = x2 − 3 been translated (up or down)?

c Compared to the graph of y = −x2, which way has the graph

of y = −x2 + 2 been translated (up or down)?

−3

2

O

y

x

y = −x2 + 2

y = x2 − 3y = x2

y = −x2

3 Substitute x = 0 to find the coordinates of the y-intercept

for these rules.

y = x2 + 3a y = −x2 − 4b

y = − (x − 2)2c y = (x + 5)2d

Fluency 4–5(½), 6 4–5(½), 6

Example 19 Sketching with vertical translations

Sketch the graphs of these rules showing the y-intercept and the coordinates of the turning point.

y = x2 + 2a y = −x2 − 1b

Solution Explanation

a y = x2 + 2

Turning point is (0, 2).

y-intercept (x = 0) : y = (0)2 + 2 = 2

Â(0, 2)

y

x

(0, 2)

O

For y = x2 + k, k = 2, so the graph of y = x2 is

translated 2 units up.

The point (0, 0) shifts to (0, 2).

Continued on next page
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706 Chapter 11 Introduction to quadratic equations and graphs

b y = −x2 − 1

Turning point is (0,−1).

y-intercept (x = 0) : y = − (0)2 − 1 = −1

Â(0,−1)

y

(0, −1)
x

O

The graph of y = −x2 is a reflection of the graph

of y = x2 in the x-axis.

For y = −x2 + k, k = −1 so the graph of y = −x2

is translated down 1 unit.

Now you try

Sketch the graphs of these rules showing the y-intercept and the coordinates of the turning point.

y = x2 + 4a y = −x2 − 2b

4 Sketch the graphs of these rules showing the y-intercept and

the coordinates of the turning point.

Hint for Q4: These involve

vertical translations.

a y = x2 + 1

b y = x2 + 3

c y = x2 − 2

d y = −x2 + 4

e y = −x2 + 1

f y = −x2 − 5

Example 20 Sketching with horizontal translations

Sketch the graphs of these rules showing the y-intercept and the coordinates of the turning point.

y = (x − 3)2a

y = − (x + 2)2b

Solution Explanation

a y = (x − 3)2

Turning point is (3, 0).

y-intercept (x = 0) : y = (0 − 3)2

= (−3)2

= 9

Â(0, 9)

x

y

(3, 0)

9

O

For y = (x − h)2 , h = 3, so the graph of y = x2 is

translated 3 units to the right.

The y-intercept is found by substituting x = 0 into the

rule.

11G
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11G Sketching translations of y = x2 707

b y = −(x + 2)2

Turning point is (−2, 0).

y-intercept (x = 0) : y = −(0 + 2)2

= −(2)2

= −4

Â(0,−4)
y

x

−4

(−2, 0)

O

For y = − (x − h)2 , h = −2 since

− (x − (−2))2 = − (x + 2)2. So the graph of

y = −x2 is translated 2 units to the left.

The y-intercept is found by substituting x = 0.

The negative sign in front means the graph is

inverted.

Now you try

Sketch the graphs of these rules showing the y-intercept and the coordinates of the turning point.

y = (x − 1)2a

y = − (x + 3)2b

5 Sketch the graphs of these rules showing the y-intercept

and the coordinates of the turning point.

Hint for Q5: Shift right for

say (x − 2)2 and left for say

(x + 3)2.

y = (x − 2)2a y = (x − 4)2b

y = (x + 3)2c y = − (x − 3)2d

y = − (x + 6)2e y = − (x + 2)2f

6 The below diagram shows the graphs of y = x2, y = −x2, y = − (x − 2)2 + 3 and y = (x + 1)2 − 1.

a State the coordinates of the turning point of the graph of:

y = − (x − 2)2 + 3i

y = (x + 1)2 − 1ii

b State the missing words and numbers.

Compared to the graph of y = x2, the graph of

y = (x + 1)2 − 1 has to be translated unit

to the and unit .

i

Compared to the graph of y = −x2, the graph of

y = − (x − 2)2 + 3 has to be translated units

to the and units .

ii

(2, 3)

(−1, −1) −1
O

y

x

y = −(x − 2)2
+ 3

y = (x + 1)2
− 1

y = x2

y = −x2
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708 Chapter 11 Introduction to quadratic equations and graphs

Problem-solving and reasoning 7(½), 8 7(½), 8–10

Example 21 Sketching with combined translations

Sketch these graphs showing the y-intercept and the coordinates of the turning point.

y = (x − 2)2 − 1a

y = − (x + 3)2 + 2b

Solution Explanation

a y = (x − 2)2 − 1

Turning point is (2,−1).

y-intercept (x = 0) : y = (0 − 2)2 − 1

= 4 − 1

= 3

Â(0, 3)

y

x

−7

3(−3, 2)

O

For y = (x − h)2 + k, h = 2 and k = −1, so the graph of

y = x2 is shifted 2 to the right and 1 down.

Substitute x = 0 for the y-intercept.

First, position the coordinates of the turning point

and y-intercept, then join to form the curve.

b y = − (x + 3)2 + 2

Turning point is (−3, 2).

y-intercept (x = 0) : y = −(0 + 3)2 + 2

= −9 + 2

= −7

Â(0,−7)

y

x

−7

3(−3, 2)

O

For y = −(x − h)2 + k, h = −3 and k = 2, so the graph

of y = x2 is shifted 3 to the left and 2 up.

First, position the coordinates of the turning point

and y-intercept then join to form the curve.

Now you try

Sketch these graphs showing the y-intercept and the coordinates of the turning point.

y = (x − 3)2 − 2a y = − (x + 2)2 + 1b

11G
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11G Sketching translations of y = x2 709

7 Sketch each graph showing the y-intercept and the coordinates of the turning point.

Hint for Q7: For y = (x − h)2 + k

then the turning point is (h, k)

y = (x − 3)2 + 2a y = (x − 1)2 − 1b

y = (x + 2)2 − 3c y = (x + 1)2 + 7d

y = − (x − 2)2 + 1e y = − (x − 5)2 + 3f

y = − (x + 3)2 − 4g y = − (x + 1)2 − 5h

y = − (x − 3)2 − 6i

8 Match each parabola with the appropriate equation from the list below.

y = x2a y = (x + 2)2b y = x2 − 4c

y = −x2 − 3d y = (x − 2)2e y = x2 + 4f

y = 4 − x2g y = (x + 3)2h y = (x − 5)2i

y = x2 + 3j y = − (x + 3)2k y = −x2 + 3l

4

2

−2

−4

−4 −2 42
O

y

x

A

4

2

−2

−4

−4 −2 42
O

y

x

B

3

−3

−6

−2−3 −1 2 31O

y

x

C

2

3

1

−2−3 −1−4 O

4

y

x

D

−3−6 O

9

y

x

E

−3−6 O
x

−9

yF

4

6

2

−4 −2 42O

8

x

yG

−6

−9

−3−2 −1

−12

21O
x

yH

6

9

3

−2 −1 21O

12

y

x

I

2

3

1

−2 −1 21O

4

y

x

J

2

3

1

2 31 4O

4

y

x

K

5O 10

25

y

x

L
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710 Chapter 11 Introduction to quadratic equations and graphs

9 Write the rule for each graph in the turning point form: y = (x − h)2 + k.

O

(1, 1)

2

y

x

a

(−2, 2)

6

y

x
O

b

(−1, −3)

−2

x

y

O

c

y

x

(1, 4)

3

O

d

−6

(2, −2)

y

x
O

e y

x

(−2, 4)

O

f

10 A quadratic has the rule y = a (x − h)2 + k.

a What are the coordinates of the turning point?

b Write an expression for the y-coordinate of the y-intercept.

The hike track — 11

11 A bike track can be modelled approximately by combining two different quadratic equations.

The first part of the bike path can be modelled by the equation y = − (x − 2)2 + 9 for −2 � x � 5.

The second part of the bike track can be modelled by the equation y = (x − 7)2 − 4 for 5 � x � 10.

a Find the turning point of the graph of each quadratic equation.

b Sketch each graph on the same set of axes. On your sketch of the bike path you need to show the

coordinates of the start and finish of the track and where it crosses the x-axis.

11G
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11H Sketching parabolas using intercept form 711

11H 11H Sketching parabolas using intercept form
Learning Intentions

• To understand how a parabola can have 0, 1 or 2 x-intercepts

• To be able to �nd the x-intercepts of a quadratic graph by solving an equation using the Null Factor Law

• To know how to use symmetry and the x-intercepts to help locate the turning point

• To be able to sketch a quadratic graph in expanded form using factorisation

Key vocabulary: intercept form, Null Factor Law

So far we have sketched parabolas using rules of the form y = a (x − h)2 + k where the coordinates of the

turning point can be determined directly from the rule. An alternative method for sketching parabolas uses

the factorised form of the quadratic rule and the Null Factor Law to find the x-intercepts. The turning point

can be found by considering the axis of symmetry, which sits halfway between the two x-intercepts.

Parallel lines reflected from a parabola, and parallel light or radio

waves reflected from a parabolic dish, meet at a focal point above

the vertex. Scientists use CSIRO’s six radio telescopes, with parabolic

dishes, to research objects in outer space.

Lesson starter: From x-intercepts to turning point

This graph has the rule y = x2 − 2x − 3 but all its important features are not shown.

Find the features by discussing these questions.

• Can the quadratic rule be factorised?

• What is the value of y at the x-intercepts?

• How can the factorised form of the rule help to find the x-intercepts?

• How does the x-coordinate of the turning point relate to the x-intercepts?

• Discuss how the y-coordinate of the turning point can be found.

• Finish by finding the y-intercept.

y

x
?

?

?

?

y = x2
− 2x − 3

O
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712 Chapter 11 Introduction to quadratic equations and graphs

Key ideas

All parabolas have one y-intercept and can have zero, one or two x-intercepts.
Zero x-intercepts One x-intercept

y

x
O

y

x
O

x
O

y

y

x
O

Two x-intercepts

x
O

y

x
O

y

x-intercepts can be found by substituting y = 0 and using the Null Factor

Law.

If the graph has two x-intercepts (at x = a and x = b), the turning point

can be found by:

• calculating the x-coordinate of the turning point, which is the

midpoint of a and b; that is, x = a + b
2

• calculating the y-coordinate of the turning point by substituting the

x-coordinate into the rule for the quadratic.
y = (x − a)(x − b)

x-intercepts : 0 = (x − a)(x − b)

x − a = 0 or x − b = 0

x = a or x = b

y

x
ba

x =    a + b
2

O

Exercise 11H

Understanding 1–3 1–3

1 Factorise these quadratics.

x2 + 2xa x2 − 3xb x2 − 9c

x2 − 49d x2 − x − 12e x2 − 4x + 4f

2 For these factorised quadratics, use the Null Factor Law to solve for x, then find the x-value halfway

between the two values.

0 = (x − 2) (x + 2)a 0 = (x + 1) (x + 5)b

0 = (x − 1) (x + 3)c 0 = (x − 2) (x + 3)d

3 Use substitution to find the y-coordinate of the turning point of these quadratics. The

x-coordinate of the turning point is given.

y = x2 − 4, x = 0a y = x2 − 6x, x = 3b y = x2 + 4x + 3, x = −2c

11H
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11H Sketching parabolas using intercept form 713

Fluency 4–6(½) 4–6(½)

Example 22 Finding intercepts of quadratic graphs

For each of the following quadratic relations, find:

the coordinates of the x-interceptsi

the coordinates of the y-intercept.ii

a y = x(x + 1)

b y = 2(x + 2)(x − 3)

Solution Explanation

a i x-intercepts (let y = 0):

x(x + 1) = 0

x = 0 or x + 1 = 0

x = 0 or x = −1

Â(0, 0) and (−1, 0)

ii y-intercept (let x = 0):

y = 0(0 + 1)

y = 0

Â(0, 0)

Let y = 0 to find the x-intercepts.

Apply the Null Factor Law to set each factor equal to

0 and solve.

Let x = 0 to find the y-intercept.

b i y = 2(x + 2)(x − 3) has two

x-intercepts.

x-intercepts (let y = 0):

2(x + 2)(x − 3) = 0

x + 2 = 0 or x − 3 = 0

x = −2 or x = 3

Â(−2, 0) and (3, 0)

ii y-intercept (let x = 0):

y = 2(0 + 2)(0 − 3)

y = 2(2)(−3)

y = −12

Â(0,−12)

There are two different factors.

Let y = 0 to find the x-intercepts. Set each factor equal to

0 and solve.

Let x = 0 to find the y-intercept.

Now you try

For each of the following quadratic relations, find:
the coordinates of the x-interceptsi

the coordinates of the y-intercept.ii

a y = x(x + 5)

b y = 3(x + 1)(x − 4)
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714 Chapter 11 Introduction to quadratic equations and graphs

4 For each of the following quadratic relations, find:

Hint for Q4: Use the Null Factor

Law to find the x-intercepts.

the coordinates of the x-interceptsi

the coordinates of the y-intercept.ii

y = x(x + 7)a y = x(x + 3)b

y = x(x + 4)c y = (x − 4)(x + 2)d

y = (x + 2)(x − 5)e y = (x − 7)(x + 3)f

y = 2(x + 3)(x − 1)g y = 3(x + 4)(x + 1)h

y = (2 − x)(3 − x)i

Example 23 Sketching using intercept form

Consider the quadratic relation y = x2 − 2x.

Find the coordinates of the y-intercept.a Factorise the relation.b

Find the coordinates of the x-intercepts.c Find the axis of symmetry.d

Find the turning point.e Sketch the graph clearly showing all the key

features.

f

Solution Explanation

a y-intercept (let x = 0): y = 0

Â(0, 0)

b y = x2 − 2x

= x(x − 2)

c x-intercepts (let y = 0):

0 = x(x − 2)

x = 0 or x − 2 = 0

x = 0 or x = 2

Â(0, 0) and (2, 0)

Let x = 0 to find the y-intercept.

y = 0 since 02 − 2(0) = 0.

Take out the common factor of x.

Let y = 0 to find the x-intercepts. Set each factor equal to

0 and solve.

d Axis of symmetry: x = 0 + 2
2

Âx = 1

e Turning point occurs when x = 1.

When x = 1, y = (1)2 − 2(1)

y = −1

Â there is a minimum turning

point at (1,−1).

f

(1, −1)
2O

y

x

The axis of symmetry is halfway between the

x-intercepts.

Substitute x = 1 into y = x2 − 2x to find the

y-coordinate.

The coefficient of x2 is positive, therefore the basic shape

is .

Sketch the graph, labelling the key features found above.

11H
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11H Sketching parabolas using intercept form 715

Now you try

Consider the quadratic relation y = x2 − 4x.

Find the coordinates of the y-intercept.a

Factorise the relation.b

Find the coordinates of the x-intercepts.c

Find the axis of symmetry.d

Find the turning point.e

Sketch the graph clearly showing all the key features.f

Hint for Q5: First factorise before

finding the x-intercepts.

5 Consider each of the following quadratic relations.

Find the coordinates of the y-intercept.i

Factorise the relation.ii

Find the coordinates of the x-intercepts.iii

Find the axis of symmetry.iv

Find the turning point.v

Sketch the graph clearly showing all the key features.vi

y = x2 − 5xa

y = x2 + xb

y = x2 − 3xc

y = 2x + x2d

y = 5x + x2e

y = 3x − x2f

y = −x2 − 8xg

y = −2x − x2h

y = −x2 + xi

Example 24 Sketching a quadratic trinomial

Consider the quadratic relation y = x2 + 2x − 8.

Find the coordinates of the y-intercept.a

Factorise the relation.b

Find the coordinates of the x-intercepts.c

Find the axis of symmetry.d

Find the turning point.e

Sketch the graph clearly showing all the key features.f

Solution Explanation

a y-intercept (let x = 0): y = −8

Â(0,−8)

b y = x2 + 2x − 8

= (x + 4)(x − 2)

c x-intercepts (let y = 0):

0 = (x + 4)(x − 2)

x + 4 = 0 or x − 2 = 0

x = −4 or x = 2

Â(−4, 0) and (2, 0)

Let x = 0 to find the y-intercept.

Factorise the quadratic trinomial:

4 × (−2) = −8 and 4 + (−2) = 2.

Let y = 0 to find the x-intercepts.

Use the factorised form to solve, applying the Null

Factor Law.

Continued on next page
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716 Chapter 11 Introduction to quadratic equations and graphs

d Axis of symmetry: x = − 4 + 2
2

Âx = −1

e Turning point occurs when x = −1.

When x = −1, y = (−1)2 + 2(−1) − 8

y = −9

Â there is a minimum turning point at

(−1,−9).

f

−4 2
O

y

x

(−1, −9)
−8

The axis of symmetry is halfway between the

x-intercepts.

Substitute x = −1 into y = x2 + 2x − 8 to find the

y-coordinate. y = 1 − 2 − 8

x = −1 and y = −9

The coefficient of x2 is positive, therefore the

basic shape is .

Sketch the graph showing the key features.

Now you try

Consider the quadratic relation y = x2 − 4x − 12.

Find the coordinates of the y-intercept.a Factorise the relation.b

Find the coordinates of the x-intercepts.c Find the axis of symmetry.d

Find the turning point.e Sketch the graph clearly showing all the key

features.

f

6 Consider each of the following quadratic relations.

Find the coordinates of the y-intercept.i Factorise the relation.ii

Find the coordinates of the x-intercepts.iii Find the axis of symmetry.iv

Find the turning point.v Sketch each graph clearly showing all the key

features.

vi

y = x2 − 3x + 2a y = x2 − 4x + 3b y = x2 + 2x − 3c

y = x2 + 4x + 4d y = x2 + 2x + 1e y = x2 + 2x − 8f

Problem-solving and reasoning 7–9 7, 9, 10

7 State the missing number (?) in these quadratic graphs.

3O?

y

x

a

−2 O ?

y

x

b

6

y

x

−4
(?, −4)

O

c

11H
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11H Sketching parabolas using intercept form 717

y

x

(−2, 3)

? O

d y

x

(−3, −4)

? O
−2

−1

e

−2 O

(2, 5)

?

y

x

f

8 The path of a golf ball is given by the rule y = 30x−x2, where y is the height in metres above the ground

and x is the horizontal distance in metres. Find:

a how far the ball travels horizontally

b how high the ball reaches mid-flight.

9 A test rocket is fired and follows a path described by y = 0.1x (200 − x). The height is y metres above

ground and x is the horizontal distance in metres.

a How far does the rocket travel horizontally?

b How high does the rocket reach mid-flight?

10 Explain why the coordinates of the x-intercept and the turning point for y = (x − 2)2 are the same.

Mixing it up — 11

11 For each of the following mixed quadratic relations,

sketch the graph, clearly showing the x- and

y-intercepts and the turning point.

y = x2 − 1a

y = 9 − x2b

y = x2 + 5xc

y = 2x2 − 6xd

y = 4x2 − 8xe

y = x2 − 3x − 4f

y = x2 + x − 12g

y = x2 + 2x + 1h

y = x2 − 6x + 9i

Design structures, such as this building at LAX

airport, can be modelled on a set of axes.
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718 Chapter 11 Introduction to quadratic equations and graphs

Land along the side of rivers is usually owned

by the government and is sometimes called

Crown land. Farmers can often lease this land

to graze their sheep or cattle.

A farmer has a permit to fence off a

rectangular area of land alongside the river.

She has 400m of fencing available and does

not need to fence along the river. She wants to

maximise the area of land for her stock using

this fixed amount of fencing.

Fencing Crown land

Width

River

Crown land

Length

1 a Find the length of the rectangular area when the width is:

50mi 120mii 180miii
b Find the area of the land when the width is:

50mi 120mii 180miii
c Which width from part b above gave the largest area? Explain why the area decreases for

small and large values for the width.

2 a Using x metres to represent the width, write an expression for the length showing working.

b Write an expression for the area of the land in terms of x.

c Use your area expression from part b to find the area of the land when x is:

20i 80ii 160iii

3 a Using your expression from part b above, sketch a graph of Area (A) versus x. You should

find the following to help complete the graph.

y-intercepti x-interceptsii

axis of symmetryiii turning pointiv
b What value of x gives the maximum area of land for grazing? Explain your choice and give

the dimensions of the rectangular area of land.

c What do you notice about the width and the length when the area is a maximum?

d See if the same is true if the farmer had 600m of fencing instead. Show your expressions and

graph.

Using technology

4 a Use graphing software like Desmos to graph your rule from part 2b.

b Zoom to confirm your answers to some of the above questions.
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Bridge support arch
Parabolic shapes are often used as bridge arches due to their self-supporting properties. Using the

coordinates (0, 0) for one side of a bridge arch, a model for a bridge parabolic curve is given by

y = kx (a − x) where:

• y metres is the vertical distance above water level

• x metres is the horizontal distance from the left-hand side

• a and k are positive numbers.

Present a report for the following tasks and ensure that you show clear mathematical workings and

explanations where appropriate.

1 Preliminary task

a If k = 0.5 and a = 30:

i construct the rule connecting y and x

ii sketch a graph representing the bridge arch by firstly finding the x-intercepts

iii determine the maximum height of the arch.

b Repeat part a for k = 0.2 and a = 50.

2 Modelling task

Formulatea The problem is to determine a rule of a new bridge design which clears a river of a certain width

and has a maximum arch height of less than or equal to 40 metres. Write down all the relevant

information that will help solve this problem with the aid of a rough sketch.

b Construct the rule connecting y and x using the following values for a and k.

i a = 50 and k = 0.1

ii a = 70 and k = 0.02
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720 Chapter 11 Introduction to quadratic equations and graphs

Solve
c If a = 50 and k = 0.1, sketch a graph of the bridge arch by locating and labelling the following:

x-interceptsi

turning point.ii

d Decide if an arch that is designed using a = 50 and k = 0.1 meets the requirement that the

maximum height is to be less than or equal to 40 metres.

e If a = 70 and k = 0.02, sketch a graph of the bridge arch by locating and labelling the following:

x-interceptsi turning point.ii

f Decide if an arch that is designed using a = 70 and k = 0.02 meets the requirement that the

maximum height is to be less than or equal to 40 metres.

Evaluate

and

verify

g Choose your own values of a and k so that a bridge that spans a 60 metre-wide river has a

maximum arch height of less than 40 metres. Justify your choice by showing your calculations

and a graph.

h Choose your own values of a and k so that a bridge that spans a 60 metre-wide river has a

maximum arch height of exactly 40 metres. Justify your choice by showing your calculations and

a graph.

Communicate

i Summarise your results and describe any key findings.

3 Extension question

The rule for k in terms of a is k =
160

a2
if the maximum height of the arch is to be 40 metres.

a Use the rule for k to determine the value of k if the width of the river is 100m.

b Use the rule for k to determine the width of the river, correct to one decimal place,

if k = 0.3.
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Technology and computational thinking 721

Modelling the bridge
Key technology: Graphing

A parabola is a graph of a quadratic relation and is a shape that appears in many natural settings but

also in building and design. For example, the path of an object though the air can be modelled using a

parabola. They can also be seen in complex engineering structures including self-supporting arches and

bridges.

1 Getting started

We will start by considering the key features of the graphs of the following parabolas.

y = x2i y = −2x2ii

y = (x + 2)2 − 4iii y = −1
2
(x − 1)2 + 3iv

For each parabola state the:

a coordinates of the turning point

b equation of the axis of symmetry

c coordinates of the y-intercept.

2 Using technology

We will explore the effect of the pronumerals a, h and k in y = a(x − h)2 + k by using a graphing package

like Desmos.

a Set up a page using the four rules y = ax2, y = x2 + k, y = (x − h)2 and y = a(x − h)2 + k adding

sliders for a, h and k.

b Drag the sliders for the three pronumerals and describe the effect of changing each value on

the graph.

c Drag the sliders to find a parabola which has a maximum turning point at (2, 4) and a

y-intercept of (0,−2).
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722 Chapter 11 Introduction to quadratic equations and graphs

3 Applying an algorithm
The Sydney Harbour Bridge contains two key arches which are central to its design and construction

with the lower arch being the one considered here.

For the lower arch use the following approximate measurements.

• Total arch width from ground to ground, 500m

• Maximum height above ground level, 110m

a By taking the left point of the arch as (0, 0), state the coordinates of the:

turning pointi x-intercepts.ii

b Using your graphing package with the sliders, find a parabola which passes through the points

found in part a above. Follow these steps.

• Step 1: Choose values for h and k to ensure the graph passes through the correct

turning point.

• Step 2: Adjust the scale for the slider for a using a smaller increment.

• Step 3: Drag the slider so that the graph passes near the correct x-intercepts

• Step 4: If required repeat from Step 2 until the graph passes through the correct intercepts

with a high degree of accuracy.

c Write down your rule which models the lower arch of the Sydney Harbour Bridge.
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Puzzles and games 723

1 a What do you notice about the sum of these numbers?

1 + 3i

1 + 3 + 5ii

1 + 3 + 5 + 7iii

1 + 3 + 5 + 7 + 9iv
b Find the sum of the first 100 odd integers.

2 Solve these equations.

a 6x2 = 35 − 11x

b 2

x2
= 1 −

1

x

c
√
x − 1 = 2

x − 1

3 The height of a projectile (in metres) above the ground is given by the expression t (14 − t) where

time t is in seconds. For how long is the projectile at a height of above 40m?

4 Find the quadratic rule that relates the number of balls to the term number (n) in the pattern

below.

n = 1 n = 2 n = 3

If there are 66 balls in the pattern, what term number is it?

5 Find the value of x in this diagram.

x

x2

1

6 a A right-angled triangle’s shortest side is of length x, the hypotenuse is 9 units

longer than the shortest side and the other side is 1 unit longer than the shortest

side. Find the side lengths of the triangle.

b The area of a right-angled triangle is 60 square units and the lengths of the two shorter sides

differ by 7 units. Find the length of the hypotenuse.

7 Given a > 0, for what values of k does y = a (x − h)2 + k have:

two x-intercepts?a one x-intercept?b no x-intercepts?c
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724 Chapter 11 Introduction to quadratic equations and graphs

Turning point form

y = a(x − h)2 
+ k

turning point (h, k)

e.g. y = 2(x + 1)2 + 3

TP: (−1, 3)

y-int: x = 0, y = 2(0 + 1)2 + 3

= 2(1)2 + 3
= 5
∴ (0, 5)

a > 1 or a < −1:

graph appears narrower than

y = x2 or y = −x 2

e.g.

−1 < a < 1:

graph appears wider

than y = x2 or y = −x 2

Applications
Substitute x = 3 into rule:

Set up equation.

Solve using NuII Factor Law.

Check answer makes sense.

Answer the question in words.

Parabola

Basic form y = x2

Turning point form

y = a (x − h)2 + k

y-intercept

minimum

turning point

x = h (axis of symmetry)

x-intercepts

(can have

0, 1 or 2)

(h, k)

y = x2
y = 3x2

Solving quadratic equations

   Rewrite equation in standard form:

   i.e. ax 2
+ bx + c = 0

   Factorise

   Apply Null Factor Law:

   If p ×q = 0, p = 0 or q = 0. 

   Solve remaining equation:

   e.g. x 2
+ 5x = 0

x (x + 5) = 0

x = 0 or x + 5 = 0

x = 0 or x = −5

   e.g. x 2
− 12 = 4x

x 2
− 4x − 12 = 0

(x − 6)(x + 2) = 0

x − 6 = 0 or x + 2 = 0

x = 6 or x = −2

Sketching y ax 2 bx c 

Find x- and y-intercepts and turning 

point then sketch.

e.g. y = x 2
− 6x + 5

y-int: x = 0, y = 02
− 6(0) + 5

= 5

x-int: y = 0, 0 = x2
− 6x + 5

0 = (x − 1)(x – 5)

x − 1 = 0 or x − 5 = 0

x = 1 or x = 5

Turning point: halfway between the

x-intercepts:

Introduction to

quadratic equations

and graphs

1 + 5

2
x = = 3

y = 32
− 6(3) + 5

= −4

(3, −4) minimum

turning point

5

51O

y

x

Translation

y = x2 
+ k k > 0, graph shifts up k units

k < 0, graph shifts down k units

y = (x − h)2 h > 0, graph shifts h units right

h < 0, graph shift h units left

e.g. y = x2 
+ 2

y = (x − 3)2

y

x

y

x
y

y

x

x

2

3

Standard form

A quadratic is of

the form

y = ax2
+ bx + c, a ≠ 0

(3, −4)

y = x21

2

y = −x2

+ +=

y = ax2

a < x-axis

y

x

Dilation and reflection

   If x

   root both sides so x = 4

   or x = –4.

= 16, square2
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Chapter checklist
A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook.

✔

11A 1 I can write a quadratic equation in standard form.

e.g. Write x(x − 3) = 6 in standard form.

11A 2 I can determine if a value is a solution of an equation.

e.g. Use substitution to determine if x = −2 is a solution of 2x2 + 3x − 2 = 0.

11A 3 I can use the Null Factor Law to solve an equation.

e.g. Use the Null Factor Law to solve (x + 2)(x − 5) = 0.

11B 4 I can solve a quadratic equation with a common factor.

e.g. Solve 2x2 − 10x = 0.

11B 5 I can solve a quadratic equation of the form ax2 = d

e.g. Solve 6x2 = 24.

11C 6 I can solve equations involving quadratic trinomials.

e.g. Solve x2 − 3x − 70 = 0.

11C 7 I can solve quadratic equations not in standard form.

e.g. Solve x2 = 9x − 20.

11D 8 I can set up and solve a quadratic equation from a word problem.

e.g. The length of a rectangular postcard is 5 cm more than its width and the area of the

postcard is 84 cm2. Find the dimensions of the postcard.

11E 9 I can identify the key features of a parabola.

e.g. Consider this graph.

1 2 3

1

2

−1

−2

−3

−4

−1−2 0 x

y

State:

the equation of the axis of symmetryi

the type and coordinates of the turning pointii

the x- and y-intercept coordinates.iii

11E 10 I can plot a parabola from a table of values.

e.g. For y = x2 − 4x + 4, fill in the table of values and plot the points on a set of axes to form a parabola.

x −3 −2 −1 0 1 2 3

y
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726 Chapter 11 Introduction to quadratic equations and graphs

✔

11E 11 I can compare graphs of y = ax2, a > 0

e.g. Sketch y = x2, y = 3x2 and y = 1
3
x2 by first completing the table of values below.

x −2 −1 0 1 2

y = x2

y = 3x2

y = 1
3
x2

State the turning point of each graph and whether the graphs of y = 3x2 and y = 1
3
x2 are wider or

narrower than the graph of y = x2.

11F 12 I can compare graphs of y = ax2, a < 0

e.g. Sketch y = −x2, y = −4x2 and y = −1
4
x2 by first completing the table of values below.

x −2 −1 0 1 2

y = −x2

y = −4x2

y = −1
4
x2

State the turning point of each graph and whether the graphs of y = −4x2 and y = −1
4
x2 are wider or

narrower than the graph of y = −x2.

11G 13 I can sketch parabolas with vertical translations.

e.g. Sketch y = x2 + 3 showing the y-intercept and turning point.

11G 14 I can sketch parabolas with horizontal translations.

e.g. Sketch y = −(x + 1)2 showing the y-intercept and turning point.

11G 15 I can sketch parabolas with combined translations.

e.g. Sketch y = (x − 1)2 − 3 showing the y-intercept and turning point.

11H 16 I can sketch parabolas using intercept form.

e.g. For the quadratic relation y = x2 − 6x, find the x- and y-intercepts and the turning point and sketch

its graph, labelling key features.

11H 17 I can sketch a quadratic trinomial.

e.g. For the quadratic relation y = x2 − 4x − 12, find the x- and y-intercepts and the turning point and

sketch its graph, labelling key features.
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Short-answer questions

111E Consider the quadratic y = x2 − 2x − 3.

Complete this table of values for the equation.

x −3 −2 −1 0 1 2 3

y

a

Plot the points in part a on a Cartesian plane and join in a smooth curve.b

211A Use the Null Factor Law to solve the following equations.

x(x + 2) = 0a

3x(x − 4) = 0b

(x + 3)(x − 7) = 0c

(x − 2)(2x + 4) = 0d

(x + 1)(5x − 2) = 0e

(2x − 1)(3x − 4) = 0f

311B/C Solve the following quadratic equations by first factorising.

x2 + 3x = 0a 2x2 − 8x = 0b

x2 = 25c x2 = 81d

5x2 = 20e 3x2 − 30 = 0f

x2 + 10x + 21 = 0g x2 − 3x − 40 = 0h

x2 − 8x + 16 = 0i

411C Write the following quadratic equations in standard form and solve for x.

x2 = 5xa 3x2 = 18xb

x2 + 12 = −8xc 2x + 15 = x2d

x2 + 15 = 8xe 4 − x2 = 3xf

511D Set up and solve a quadratic equation to determine the value of x that gives the specified

area of the shapes below.

x + 2

A = 80 units2

x

a

2x + 4

x + 3
A = 30 units2

b
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611E For the following graphs state:

the axis of symmetryi the turning point and its type.ii

2

3

1

−1

−2

2 31 4 5
O

y

x

a

2

3

1

−1−2−3 −1 21
O

4

y

x

b

711F/G Match the following quadratic rules with their graphs.

y = x2 − 4, y = 2x2, y = (x + 1)2 , y = (x − 3)2 , y = −x2 + 2

O

y

x
2

1−1
−1−2−3 2 3

4
6
8

a

2

1

1−1 O

y

x

b

1

−1
O

y

x

c

3 4 5 621−1O

10

8

6

4

2

y

x

d

−2

−3

−4

−1−1 1 2−2
O

y

x

e

811G Sketch the following graphs labelling the turning point and y-intercept.

y = x2 + 2a y = −x2 − 5b

y = (x + 2)2c y = − (x − 3)2d

y = (x − 1)2 + 3e y = 2 (x + 2)2 − 4f

911H Sketch the following graphs labelling the y-intercept, turning point and x-intercepts.

y = x2 − 8x + 12a

y = x2 + 10x + 16b

y = x2 + 2x − 15c

y = x2 + 4x − 5d
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Multiple-choice questions

111A (1, 3) is a point on a curve with which equation?

y = x2A y = (x − 3)2B y = x2 + 2x − 3C

y = x2 + 2D y = 6 − x2E

211A The solution(s) to 2x (x − 3) = 0 is/are:

x = −3A x = 0 or x = 3B x = 2 or x = 3C

x = 0 or x = −3D x = 0E

311A The quadratic equation x2 = 7x − 12 in standard form is:

x2 − 7x − 12 = 0A −x2 + 7x + 12 = 0B x2 − 7x + 12 = 0C

x2 + 7x − 12 = 0D x2 + 7x + 12 = 0E

411B The solution(s) to x (x + 2) = 2x + 9 is/are:

x = −3 or x = 3A x = 0 or x = −2B x = 3C

x = 9 or x = −1D x = 9 or x = 0E

The following applies to Questions 5 and 6.

The height, h metres, of a toy rocket above the ground t seconds after launch is given by h = 6t − t2.

511D The rocket returns to ground level after:

5 secondsA 3 secondsB 12 secondsC

6 secondsD 8 secondsE

611H The rocket reaches its maximum height after:

6 secondsA

3 secondsB

10 secondsC

4 secondsD

9 secondsE

711G The turning point of y = (x − 2)2 − 4 is:

a maximum at (2, 4)A

a minimum at (−2, 4)B

a maximum at (−2, 4)C

a minimum at (−2,−4)D

a minimum at (2,−4)E

811G The transformation of the graph of y = x2 to y = x2 − 2 is described by:

a translation of 2 units to the leftA

a translation of 2 units to the rightB

a translation of 2 units downC

a translation of 2 units upD

a translation of 2 units right and 2 units downE
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911F Compared to y = x2, the narrowest graph is:

y = 5x2A y = 0.2x2B y = 2x2C

y = 1
2
x2D y = 3.5x2E

1011G The graph of y = − (x − 3)2 is:

−3

O

y

x

A

−9

3O

y

x

B

3

O

y

x

C

−3 O

9

y

x

D

O
1

y

x
−3

−9

E

Extended-response questions

1 A sail of a yacht is in the shape of a right-angled triangle. It has a base length of 2x metres

and its height is 5 metres more than half its base.

a Write an expression for the height of the sail.

b Give an expression for the area of the sail in expanded form.

c If the area of the sail is 14m2, find the value of x.

d Hence, state the dimensions of the sail.
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2 Connor and Sam are playing in the park with toy rockets they have made. They launch their

rockets at the same time to see whose is better.

a The path of Sam’s rocket is modelled by the equation h = 12t − 2t2, where h is the height of the

rocket in metres after t seconds.

Find the coordinates of the axis intercepts.i

Find the turning point.ii

Sketch a graph of the height of Sam’s rocket over time.iii

b The path of Connor’s rocket is modelled by the equation h = − (t − 4)2 + 16, where h is the

height of the rocket in metres after t seconds.

Find the h-intercept coordinates (i.e. t = 0).i

State the turning point.ii

Use the answers from parts b i and ii to state the coordinates of the two t-intercepts.iii

Sketch a graph of the height of Connor’s rocket over time.iv
c Whose rocket was in the air for longer?i

Whose rocket reached the greater height and by how much?ii

How high was Sam’s rocket when Connor’s rocket was at its maximum height?iii
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732 Semester review 2

Measurement
Short-answer questions

1 A digital scale records the weight of a parcel to be 6.4 kg.
a If the reading is mistakenly recorded as 6.0 kg, what is the percentage error?
b What is the lower and upper limit of accuracy of the true recording?

2 Find the area of these basic shapes.

11 cm

4 cm

a 6 cm

4 cm

b
3.2 m

8.1 m

c

3 Find the circumference and area of these circles, correct to two decimal places.

4 m
a

20 cm

b

4.2 cm

c

4 Find the area of each of the figures below. Round to two decimal places where necessary.

9 cm

5 cm

a

7 m

3 m

5 m

b

6 m

4 m

c
3 cm

3 cm

8 cm

d

5 Find the surface area of these solid objects. Round to two decimal places
where necessary.

4 m

5 m
10 m

a

4 m

6 m

12 m

5 m
b 1.5 m

1.2 m

c

6 Find the volume of these solids. Round to two decimal places for part c.

2 m

3 m

a

4 m

3 m

7 m

b

8 cm

2 cm

c
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Multiple-choice questions

1 The perimeter and area of this triangle, respectively, are:

48 cm, 24 m2A 68 cm, 80 cm2B

24 cm, 24 cm2C 24 cm, 12 cm3D

24 cm, 48 cm2E

10 cm

8 cm

6 cm

2 The circumference and area for this circle, correct to two decimal places,
respectively, are:

37.70 m, 18.85 m2A 9.42 m, 56.55 m2B

18.85 m, 28.27 m2C 18.85 m, 18.85 m2D

9.42 m, 28.27 m2E

3 m

3 420 cm2 is equal to:

4.2 m2A 0.42 m2B 42 000 m2C 0.042 m2D 0.0042 m2E

4 The perimeter and area of the figure shown,
respectively, are:

20.2 m, 22.42 m2A 24.8 m, 22.42 m2B

24.8 m, 25.15 m2C 20.2 m, 25.15 m2D

21.6 m, 24.63 m2E

7.1 m

3.9 m

5.3 m

5 The volume of the cylinder shown is closest to:

703.7 cm3A 351.9 cm3B

2814.9 cm3C 452.4 cm3D

1105.8 cm3E

14 cm

8 cm

Extended-response questions

A pond is to be built inside a rectangular garden, as shown.

a Find the area of the pond, correct to two decimal places.

b What is the area of the garden, not including the pond?

c The pond is to be surrounded by a low wall that costs $50 per metre.
What will it cost to build this wall? Round to the nearest dollar.

4 m
9 m

10 m

Garden

Garden

Pond
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734 Semester review 2

Indices
Short-answer questions

1 Use index laws to simplify the following.

5p2q × 3pqa
9a6b3

18a4b2
b (−3x4y2)2 × 6xy2c −3x0 + (5x)0d

2 Write each of the following using positive indices and then write as a basic numeral.
3

4−2
a 4 × 10−3b

3 Write these numbers as basic numerals.
2.4 × 103a 1.08 × 106b 7.1 × 10−3c 2.06 × 10−5d

4 Write these numbers using scientific notation.
60 300a 2 700 000b 0.004c 0.000703d

5 Convert these numbers to the units given in brackets. Write your answer using scientific
notation using three significant figures.
30.71 g (kg)a 4236 tonnes (kg)b

3.4 hours (seconds)c 235 seconds (years)d

Multiple-choice questions

1 3a2b3 × 4ab2 is equivalent to:

12a2b6A 7a3b5B 12a3b5C 12a4b5D 7a2b6E

2 (2x5 )
3

is equivalent to:

6x3

5
A 8x3

125
B 2x3

5
C 2x4

15
D 2x3

125
E

3 4−2 can be expressed as:

1

4−2
A 1

8
B −16C 1

16
D −8E

4 3 × 10−4 written with positive indices is:

−3 × 104A 1

3 × 104
B −3

104
C 1

3 × 10−4
D 3

104
E

5 0.00371 in scientific notation is:

0.371 × 10−3A 3.7 × 10−2B 3.71 × 10−3C 3.71 × 103D 371 × 103E

Extended-response question

The average human body contains about 74 billion cells.
(Note: 1 billion = 1 thousand million)

a Write this number of cells:
as a basic numerali

using scientific notationii

b If the population of a particular city is 2.521 × 106,
how many human cells are there in the city?
Give your answer using scientific notation correct to
three significant figures.

c If the average human weighs 64.5 kilograms, what is the average mass of one cell in grams?
Give your answer using scientific notation correct to three significant figures.
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Geometry
Short-answer questions

1 State the angle sums for these shapes.
Trianglea

Quadrilateralb

Pentagonc

Heptagond

Octagone

Decagonf

2 Find the value of each pronumeral in the following.

x°
20°

a

40°

x°b

40°
a°

b°

c

110°

a° b°

d

x°

y°
70°

100°

e
x°

y°

82°

113°

f

120°
150°

160° 80°

x°

g
a°a°

a°a°

a° a°

a° a°

h

3 The two given triangles are similar.
Are they congruent? Give a reason.a

Write a congruence statement.b

Which side on ?ABC corresponds to side
DE on ?DEF?

c
10 cm

4 cm

A

C

B

10 cm
4 cm

E

F

D

4 For the given pair of triangles (not to scale):
give a reason (SSS, SAS, AAA or RHS) why they
are similar

a

find the scale factorb
2 m

110°
5 m

10 m

110°
4 m

5 For this pair of triangles:
give a reason why the two triangles are similara

find the value of xb 1815

12
3

x
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736 Semester review 2

Multiple-choice questions

1 The supplementary angle to 55° is:

55°A 35°B 125°C 135°D 70°E

2 A quadrilateral with all four sides equal and opposite sides parallel is best described by a:

parallelogramA rhombusB rectangleC

trapeziumD kiteE

3 The size of the interior angle in a regular pentagon with angle sum 540° is:

108°A 120°B 96°C 28°D 115°E

4 The test that proves congruence in these two triangles is:

SASA RHSB AAAC

SSSD AASE

5 What is the scale factor that enlarges shape 1 to shape 2 in
these similar figures, and what is the value of x?

2 and x = 8A 2.5 and x = 7.5B

3.33 and x = 13.33C 2.5 and x = 12.5D

2 and x = 6E

Shape 1

4

5
3

Shape 2
x

10

Extended-response question

A vertical wall is being supported by a piece of timber that
touches the ground 10 metres from the base of the wall.
A vertical metal support 4.5 m high is placed under
the timber support 4 m from the wall.

a Give a reason why ?ABD |||?ECD.
b What is the length DC?
c What is the scale factor for the two triangles formed by

the timber and support?
d Find how far the timber reaches up the wall.
e How far above the ground is the point halfway along the timber support?

Wall
Timber

4.5 m

10 m
4 m

CD B

A

E

Algebraic techniques
Short-answer questions

1 Expand these expressions.
−3(x + 2)a x (1 − x)b (x + 1)(x − 1)c

(x − 4)2d (5x − 2)(5x + 2)e (3x − 4)2f

(4x − 1)(2x + 3)g 5x − 3(x − 1)h (2 − x)2i

2 Simplify these expressions.
−3x × 2yxa 7a × 6ab2b 4ab ÷ (8b)c

−6x2y ÷ (xy2)d a2b ÷ (ab2)e 2xy ÷ (4xy2)f

3 Find the area of the following shapes in expanded form.

x + 3

x − 3

a x + 2b 3x − 4

2x − 3

c
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Semester review 2 737

4 Factorise the following.
3x − 12a −7x − 14b 5x2 + 2xc 14x2 − 21xd

5 Factorise the following.
x2 − 9a 25 − 4y2b

x2 − 6x + 3x − 18c 3x2 − 10 + 6x − 5xd

6 Factorise the following quadratic trinomials.
x2 + 9x + 20a x2 + 2x − 8b x2 − x − 56c 2x2 − 4x − 48d

7 Simplify these expressions.
5x2

3
× 9

10x
a x − 1

2
× 3

2(x − 1)
b 4x − 8

x − 2
c

−6x2 − x
6x + 1

d 4x
3
÷ 8x
9

e 3(x − 2)
5a

÷ x(x − 2)
15a2

f

8 Simplify these algebraic fractions.
x
3
−
x
4

a 5x
4
+ 7x
5

b x + 1
2
+ x
5

c 2x − 1
5

+ x + 2
3

d

Multiple-choice questions

1 −3(x − 4) is equal to:

−3x + 7A −3x + 4B −3x − 4C −3x − 12D −3x + 12E

2 The expanded form of (x + 4)(3x − 2) is:

3x2 + 12x − 8A 4x2 + 14x − 8B 3x2 + 12x − 10C

3x2 − 8D 3x2 + 10x − 8E

3 (2x − 1)2 expands to:

4x2 − 4x + 1A 2x2 − 2x − 1B 2x2 − 4x + 1C 4x2 − 2x + 1D 4x2 − 1E

4 2x − 6
2

simplifies to:

2x − 3A x − 3B 2x − 4C x − 6D x − 4E

5 x + 1
3
+ x
4
simplifies to:

7x + 1
12

A 7x + 4
7

B 5x + 4
7

C 7x + 4
12

D 5x − 3
8

E

Extended-response question

A rectangular room that is 10 metres long and 8 metres wide has a rectangular rug in the
middle of it that leaves a border, x metres wide, all the way around it as shown.

10 m

Rug

x m

x m
8 m

a Write expressions for the length and the width of the rug.
b Write an expression for the area of the rug in expanded form.
c What is the area of the rug when x = 1?
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738 Semester review 2

Statistics and probability
Short-answer questions

1 Identify the sampling method used in each of these surveys.
a Employees are selected from each department in a workplace and surveyed on their job

satisfaction.
b Every tenth customer on a store is surveyed regarding their thoughts on customer service

in the store.

2 In a survey of 30 people, 18 people drink coffee during the day, 14 people drink tea and
8 people drink both. Let C be the set of people who drink coffee and T the set of people
who drink tea.

a Construct a Venn diagram for the survey results.
b Find:

the number who drink either coffee or tea or bothi

the number who do not drink teaii
c If one of the 30 people was randomly selected, find:

Pr(drinks neither coffee nor tea)i

Pr(C only)ii

3 A coin and a four-sided die are tossed.

a Draw a table to show the sample space.
b How many outcomes are in the sample space?
c What is the probability of tossing T4?
d What is the probability of tossing tails and an odd number?

4 A spinner has equal areas for the colours blue, orange and yellow. It is spun twice.

a Draw a tree diagram and list the outcomes.
b Find the probability of orange then blue.
c Find the probability that both outcomes are the same colour.
d Find the probability that blue and yellow show in any order.

5 Two ice creams are randomly selected without replacement from a box containing one
vanilla (V), two strawberry (S) and one chocolate (C) flavoured ice creams.
a Draw a tree diagram to show each of the possible outcomes.
b What is the probability of selecting:

a vanilla and a strawberry flavoured ice cream?i

two strawberry flavoured ice creams?ii

no vanilla-flavoured ice creams?iii

6 The data below shows the number of aces served by a player in each of their grand slam
tennis matches for the year.

15 22 11 17 25 25 12 31 26 18 32 11 25 32 13 10

a Classify the data as either numerical continuous or numerical discrete.
b Construct a stem-and-leaf plot for the data.
c From the stem-and-leaf plot, find the mode and median number of aces.
d Is the data symmetrical or skewed?
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Semester review 2 739

7 The frequency table shows the number of visitors, in
intervals of 50, to a theme park each day in April.

a Complete the frequency table shown. Round to
one decimal place where necessary.

b Construct a frequency histogram.
c i On how many days were there fewer than 100

visitors?

ii What percentage of days had between 50 and
199 visitors?

Class Percentage

interval Frequency frequency

0− 2

50− 4

100− 5

150− 9

200−

250− 3

Total 30

Multiple-choice questions

1 The probability of rolling a number less than five on a normal six-sided die is:

1

3
A 4B 1

2
C 2

3
D 3E

2 From the two-way table, Pr(both A and B) is:

1

5
A

4B

9

20
C

1

4
D

16E

A Not A Total

B 7

Not B 5

Total 11 20

3 In a bag of 40 marbles, 28 are blue.

a The probability of selecting a blue marble is:

0.28A 0.4B 0.7C 0.54D 0.75E

b If a marble is selected 50 times with replacement, the number of blue marbles you would
expect to select is:

28A 38B 70C 35D 40E

4 The median, mean and range of the data set
12 3 1 6 10 1 5 18 11 15

are respectively:

5.5, 8.2, 1 − 18 B 8, 8.2, 17 C 5.5, 8, 17 D 8, 8.2, 1 − 18 E 8, 74.5, 18A

5 The median of this stem-and-leaf plot is:

55A 67B 7C

69D 4E

Stem Leaf

5 1 3 5 5 5 5

6 2 4 5 6 7 7 9

7 1 3 4 8 9

8 3 4

9 1 2 6

5 | 1 means 51
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740 Semester review 2

Extended-response question

A game at the school fair involves randomly
selecting a green ball and a red ball, each
numbered 1, 2 or 3.

a List the outcomes in a table.
b What is the probability of getting an odd

and an even number?
c Participants win $1 when they draw

each ball showing the same number.
What is the probability of winning $1?i

If someone wins six times, how many games are they likely to have played?ii

d The ages of those playing the game in the first hour are recorded and are shown below.
12 16 7 24 28 9 11 17 18 18 37 9 40 16 32 42 14

Approximately 50% of the participants are below what age?i

If this data is used as a model for the 120 participants throughout the day, how many
would be expected to be aged less than 30?

ii

Introduction to quadratic equations and graphs
Short-answer questions

1 Solve the following quadratic equations.
(x + 5) (x − 3) = 0a (2x − 1) (3x + 5) = 0b

4x2 + 8x = 0c 5x2 = 45d

x2 − 9x + 14 = 0e 8x = −x2 − 16f

2 The length of a rectangular swimming pool is xm and its width is 7m less than its length. If
the area occupied by the pool is 120m2, solve an appropriate equation to find the dimensions
of the pool.

3 Sketch the following graphs showing the y-intercept and turning point, and state the
transformations that have taken place from the graph of y = x2.

y = x2 + 3a y = − (x + 4)2b y = (x − 2)2 + 5c

4 Consider the quadratic relation y = x2 − 4x − 12.
a Find the coordinates of the y-intercept.
b Factorise the relation and find the coordinates of the x-intercepts.
c Find the coordinates of the turning point.
d Sketch the graph.

Multiple-choice questions

1 The solution(s) to 3x (x + 5) = 0 is/are:
x = −5A x = 0 or x = −5B x = 3 or x = 5C

x = 5D x = 0 or x = 5E

2 x2 = 3x − 2 is the same as the equation:
x2 + 3x − 2 = 0A x2 − 3x + 2 = 0B x2 − 3x − 2 = 0C

−x2 + 3x + 2 = 0D x2 + 3x + 2 = 0E

3 The incorrect statement about the graph of y = 2x2 is:
A the graph is the shape of a parabola
B the point (−2, 8) is on the graph
C its turning point is at (0, 0)
D it has a minimum turning point
E the graph is wider than the graph of y = x2
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4 The type and coordinates of the turning point of the graph of y = − (x + 3)2 + 2 are:
A a minimum at (3, 2)
B a maximum at (3, 2)
C a maximum at (−3, 2)
D a minimum at (−3, 2)
E a minimum at (3, −2)

5 The graph shown has the equation:
A y = 4x2

B y = x2 + 4
C y = (x + 2)2

D y = x2 + 2
E y = (x − 2)2

4

2O

y

x

Extended-response question

The flight path of a soccer ball kicked upwards from the ground is given by the equation
y = 120x − 20x2, where y is the height of the ball above the ground in centimetres

at any time x seconds.

a Find the x-intercepts to determine when the ball lands on the ground.

b Find the coordinates of the turning point and state:
i the maximum height reached by the ball
ii after how many seconds the ball reaches this maximum height.

c At what times was the ball at a height of 160 cm?

d Sketch a graph of the path of the ball until it returns to the ground.
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742 Glossary

A

Absolute value A positive value ignoring a
negative sign

Acute angle Between 0 and 90 degrees

Adjacent (side) In a right-angled triangle, the
side adjacent to (next to) the unknown angle

Algebraic fraction A fraction including
pronumerals

Algorithm A sequence of steps that, when
followed, lead to the solution of a problem

Alternate angles A pair of angles lying on
opposite sides of a transversal but inside two
other lines

Angle The difference in direction between two
lines

Angle of depression The angle of your line
of sight from the horizontal when looking down
at an object

Angle of elevation The angle of your line of
sight from the horizontal when looking up at an
object

Angle sum The total measure of the angles in
a plane figure

Area A measure of surface in square units

Array A rectangular table for listing outcomes

Average The central value of a data set

Axis of symmetry A vertical line that divides
a parabola into two symmetrical halves

B

Back-to-back stem-and-leaf plot A visual
representation of two sets of data that groups
the scores and lists them in order horizontally on
either side of the stem

Base A number or pronumeral that is being
raised to a power

Best buy A cost per unit which represents the
best value

Bias A tendancy which influences the outcome

Bimodal A data set with two modes

Binomial An expression with two terms

Binomial product The product of two
binomial expressions

C

Capacity The amount of liquid a container can
hold

Cartesian plane A plane on which every
point is related to a pair of numbers called
coordinates

Categorical data Data which can be sorted
into groups/categories

Chance The probability of an event occurring

Circle A simple round shape with a centre and
radius

Circumference The curved boundary of a
circle

Radius

Diameter

Circu
mference

Class interval A numerical interval for
grouped data

Coefficient A numeral multiplied by a
pronumeral

Cointerior angles A pair of angles lying
between two lines on the same side of a
transversal

Column graph A graph that uses columns to
compare data in categories

Commission The proportion of a sales
amount earned by an employee

Common factor A number/expression which
divides into two or more expressions

Complement A set of outcomes containing
the elements that are not in another given set

Complementary angles Angles that sum to
90 degrees

Composite shape A complex shape made up
of two or more basic shapes

Congruence statement A statement linking
the vertices of congruent figures

Congruent figures Figures that are exactly
the same size and shape

Constant term The part of an equation or
expression without any pronumerals

Convex (polygon) A polygon with all interior
angles less than 180 degrees

Coordinate pair (coordinates) An ordered
pair written in the form (x, y) that states the
location of a point on the Cartesian plane

Corresponding angles A pair of angles
sitting in similar positions after a transversal cuts
two or more lines

Corresponding sides Sides that are in the
same position in two or more shapes

Cosine The ratio of the length of the adjacent
side to the length of the hypotenuse

Cost price The price at which goods have
been bought by a retailer

Critical digit The digit that determines
whether you round the previous digit up or down
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Glossary 743

Cross-section The plane figure formed
when you slice a solid figure parallel to one of its
surfaces

Cube (number) The product of a number
multiplied by itself twice

Cylinder A solid with a uniform circular
cross-section

D

Decimal A number expressed using a
system of counting based on the number ten:
Three-fifths as a decimal is 0.6

Decimal places The number of digits to the
right of the decimal point

Deductions Amounts of money taken from
gross income

Denominator Parts in the whole. The part of a
fraction that sits below the dividing line.

Dependent variable The value that changes
in response to changes made in the independent
variable

Diagonal A line segment across a shape
joining two vertices

Diameter A line passing through the centre of
a circle with its end points on the circumference

Difference of two squares When one
square term is subtracted from another

Dilation A stretch in a given direction

Direct proportion The relationship between
two quantities that increase or decrease at the
same rate

y

x

Origin

Gradient = rate

Discount An amount subtracted from a price

Distributive law Adding numbers in brackets,
then multiplying the total, gives the same answer
as multiplying each number in the brackets
separately first, then adding the products

Dot plot A statistical graph which uses dots
piled vertically to illustrate frequency

Double time A pay rate of overtime that is 2
times the normal hourly rate

E

Endpoints The coordinates of the points at the
end of an interval

Enlargement A transformation that changes
the size of a figure without changing its shape

Equation A statement that two expressions
have the same value

Equilateral triangle A triangle with three
equal sides and all angles 60 degrees

Equivalent equations Two equations that
produce the same solution

Equivalent fractions Fractions with the
same value

Error The difference between the measured
value and the actual value

Estimate An Approximation of the actual
value

Evaluate To work out the numerical value

Event Outcomes resulting from an experiment

Expand Remove grouping symbols (such as
brackets)

Expanded form An expression without
brackets

Expected number of occurrences The
expected number of favourable outcomes from
an experiment

Experiment A situation involving chance or
probability trials

Experimental probability Probability based
on measuring the outcomes of trials

Exponent A number that shows how many
times another number (the base) is to be
multiplied by itself. Also called the Index or
power.

Expression A collection of mathematical
terms containing no equals sign

Exterior angle The angle formed between the
extended side and the adjacent side of a polygon

F

Factor A number or expression that divides in
without a remainder

Factorise To write an expression as a product

Favourable outcome An outcome that is
desired from an experiment

Formula A rule for finding the value of one
quantity given the values of others

Fraction A number that results from dividing
one whole number by another

Frequency table A table summarising data
by showing all possible scores from lowest to
highest in one column, and the frequency of
each score in another column

G

Gradient The steepness of a straight line or
interval
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744 Glossary

Gradient–intercept form The equation of a
straight line, written with y as the subject of the
equation

run
(0, c) rise

y = mx + c

y

x

rise
run

m =

Gross income Total income before any
deductions are made

Grouping in pairs A strategy for factorising
by first grouping in pairs and factorising each pair

H

Highest common factor (HCF) The largest
number/expression which divides into two or
more expressions

Histogram A special type of column graph
with no gaps between the columns

Horizontal Parallel to the ground, at right
angles to the vertical

Hypotenuse The longest side of a right-angled
triangle

a

b

cHypotenuse

I

Image The resulting figure after a
transformation

Improper fraction A fraction where the
numerator is larger than or equal to the
denominator

Income tax An amount paid to the
government by people earning an income

Independent variable The value that is
deliberately controlled when collecting data

Index The number of times a factor is repeated
under multiplication

Index form A method of writing numbers that
are multiplied by themselves

Inequality An equation that includes a
<,�, > or �

Integer A number in the infinite set
{…,−3,−2,−1, 0, 1, 2, 3,…}

Intercept form A rule in factorised form

Inverse Opposite in relation to something. The
inverse of addition is subtraction.

Inverse cosine The angle of which the cosine
ratio is given

Inverse sine The angle of which the sine ratio
is given

Inverse tangent The angle of which the
tangent ratio is given

Invented (concave down) Curving
downwards

Irrational number A real number that cannot
be expressed as a fraction

Isosceles triangle A triangle with a pair of
equal sides and a pair of equal angles

K

Kite A quadrilateral with two pairs of adjacent
equal sides

L

Length A measure of distance

Like terms Terms with the exact same
pronumerals including powers

Limits of accuracy The smallest and largest
possible values that a measurement could be

Line A continuous set of points without
breadth or thickness

Line segment A section of a straight line

Linear relation A set of ordered pairs that
give a straight line

Litres (L) A unit of capacity where
1 L = 1000 mL = 1000 cubic centimetres

Long-run proportion The experimental
probability for a sufficiently large number of trails

Loss The amount of money lost by selling
something for less than its cost

Lowest common denominator (LCD) The
lowest common multiple of the denominators of
a set of fractions

M

Mark-up An amount added by the retailer to
the cost price of goods

Maximum The largest value

Mean ( x̄) The average value of the scores in a
set of data

Median The middle score (or mean of two
middle scores) when a set of data is arranged in
order

Midpoint The point on a line segment that is
an equal distance from each of the end points of
the segment
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Glossary 745

Millilitres (mL) A unit of capacity where
1 L = 1000 mL

Minimum The smallest value

Mixed number A combination of a whole
number and a fraction

Mode The most frequently occurring value in a
set of data

Monic quadratic trinomial A quadratic
expression with the coefficient of the squared
term equal to 1

N

Negative To be less than zero

Net A diagram showing how the plane faces of
a solid are joined to each other

Net income Income that remains after
deductions have been made

Non-convex (polygon) A polygon with at
least one reflex angle

Null Factor Law If p × q = 0 then p = 0 or
q = 0

Numerator Parts of the whole. The part of a
fraction that sits above the dividing line.

Numerical data Data which are numbers

O

Obtuse angles Between 90 and 180 degrees

Opposite (side) In a right-angled triangle, the
side opposite the unknown angle

H
O

A

θ

Origin The point (0, 0) where the x- and y-axes
of the Cartesian plane intersect

Outcome One of the possibilities resulting
from a chance experiment

Outlier Any value that is much larger or much
smaller than the rest of the data in a set

Overtime Time worked in addition to normal
working hours

P

Parabola A smooth U-shaped curve which is
the graph of a quadratic relation

Parallel Lines that are side by side and always
have the same distance between them

Parallelogram A quadrilateral with two pairs
of parallel sides

Per annum (p.a.) Annually; that is, per year

Percentage A number expressed as a part
of 100

Percentage error An error expressed as a
percentage

Percentage frequency histogram A
special type of histogram that shows the
frequencies of the data as percentages of the
total

Perfect square An algebraic expression that
can be written as a single square

Perimeter The total distance (length) around
the outside of a figure

Perpendicular To be at right angles (90
degrees)

Pi A special number (3.14159….) which
connects a circle’s radius with its circumference
and area

Pie chart A circular graph showing sectors
which represent statistical categories

Polygon A two-dimensional shape where three
or more straight lines are joined together to form
a closed figure

Population The complete group to be
investigated

Positive To be greater than zero

Power An expression that includes an index

Prime A number with two factors

Principal An amount of money invested in or
loaned to a person or organisation

Prism A solid with a uniform cross-section and
the remaining sides parallelograms

Probability A measure of the likelihood that
an event will occur

Product Involving multiplication

Profit The amount of money made by selling
something for more than its cost

Pronumeral A letter or symbol used to
represent a number (also called a variable)

Proper fraction A fraction where the
numerator is smaller than the denominator

Pythagoras’ theorem In a right-angled
triangle, the square of the hypotenuse is equal to
the sum of the squares on the other two sides

Q

Quadrant A quarter circle or one quarter of a
Cartesian plane

Quadratic equation An equation involving a
quadratic expression

Quadratic relation An equation or rule with
a squared term but no term with a higher power

Quadrilateral A four-sided plane figure with
straight sides
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746 Glossary

R

Radius The distance from the centre of a circle
to its outside edge

Random sampling Where each member of
the population has an equal chance of being
selected

Range The difference between the highest
score and the lowest score in a set of data

Rate The number of units of one quantity for
each single unit of another quantity

Ratio A way of comparing quantities of the
same unit, separated by a colon

Rational number A real number that can be
expressed as a fraction

Real numbers Any positive or negative
number or zero

Reciprocal An inverted fraction

Rectangle A parallelogram with two pairs of
equal sides and all angles 90 degrees

Recurring decimal A decimal with an infinite
repeating pattern

Reflection A mirror image over a given
reflection line

Reflex angle Between 180 and 360 degrees

Regular polygon A polygon with all sides
equal and all angles equal

Repayment An amount paid to a financial
institution at regular intervals to repay a loan,
with interest included

Retainer A set weekly or monthly fee paid to
an employee

Revolution 360 degrees

Rhombus A parallelogram with four equal
sides

Right-angled Containing an angle of 90°

Right prism A solid with a uniform
cross-section, and remaining sides are rectangles

Rise The change in value in the vertical
direction

Run The change in value in the horizontal
direction from left to right

S

Salary A fixed agreed yearly amount that an
employee earns

Sample A selection from the population

Sample space The list of all the possible
outcomes of an event

Scale factor The number by which you
multiply each side length to enlarge or reduce the
size of a shape

Scalene triangle A triangle with three
different side lengths

Scientific notation A method used to
express very large and very small numbers

Sector A portion of a circle formed by an arc
and two radii

Selling price The price for which a retailer
sells goods to a buyer

Semicircle Half a circle

Significant figure A digit that indicates how
accurate a number is

Similar figures Figures of the same shape but
not the same size

Simple interest The percentage rate per year
that is paid on a loan or investment amount

Sine The ratio of the length of the opposite
side to the length of the hypotenuse

Skewed data Scores in a set of data that are
unevenly distributed around either side of the
mean and the median

Solid A three-dimensional shape with volume

Solution The answer

Solution set A group of numbers which are
the solution to an equation or inequality

Solve To find the answer

Square (geometry) A parallelogram with four
equal sides and all angles 90 degrees

Square (number) A number multiplied by
itself

Square root The number that when squared
produces the number under the square root sign

Standard form (equation) An equation with
a zero on one side

Straight angle 180 degrees

Stem-and-leaf plot A visual representation of
data that groups the scores in a set of data and
lists them in order horizontally

Stratified sampling Where members of the
population are divided into subgroups before
being surveyed

Subject The pronumeral that is alone on the
left hand side (LHS) in an equation or formula

Substitute To replace pronumerals with
numerical values

Substitution To replace a pronumeral with a
number

Supplementary angles Angles that sum to
180 degrees

Surd An irrational number expressed using a
radical sign (root)

Survey A set of questions or other activity
designed to collect data

Symmetrical data A distribution of data that
is balanced on either side of the mean and the
median
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Glossary 747

Systematic sampling Where members
of the population are selected at regular time
intervals

T

Tangent The ratio of the length of the opposite
side to the length of the adjacent side

Taxable income Gross income minus tax
deductions

Term A combination of numbers and
pronumerals connected with only multiplication
and division

Time and a half A pay rate of overtime that is
1.5 times the normal hourly rate

Total surface area The number of square
units needed to cover the outside of a solid

Translation A shift in a particular direction

Transpose To rearrange a formula to make a
different variable the subject

Transversal A line that cuts two or more lines

Trapezium A quadrilateral with at least one
pair of parallel sides

Tree diagram A diagram used to show all the
possibilities when several different options are
available

Triangle A three-sided shape

Trigonometric ratio The ratios that
relate the sides and angles of right-angled
triangles

Turning point The point at which a curve
changes direction

Two-step experiment A multi-stage
experiment involving two steps

Two-way table A table used to organise,
display and compare two sets of outcomes

U

Uniform With a constant cross-section

Unitary method A way of solving a problem
by reducing one of the units to 1

Upright (concave up) Curving upwards

V

Variable An unknown, which can take on any
value

Venn diagram A diagram using overlapping
circles to organise and show two or more sets of
outcomes

Vertical Such that the top is directly
above the bottom, at right angles to the
horizontal

Vertically opposite Equal angles opposite at
a point formed by intersecting lines

Volume The amount of three-dimensional
space inside an object

W

Wage Earnings paid to an employee based on
an hourly rate

With replacement Selecting items and
replacing them before the next selection

Without replacement Selecting items and
not replacing them before the next selection

X

x-axis The horizontal axis of the Cartesian
plane

x-coordinate The first coordinate of an
ordered pair, describing the horizontal position
from the origin

x-intercept The point at which a line or curve
cuts the x-axis

Y

y-axis The vertical axis of the Cartesian plane

y-coordinate The second coordinate of an
ordered pair, describing the vertical position from
the origin

y-intercept The point at which a line or curve
cuts the y-axis
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Answers

Chapter 1

Warm-up quiz

1 Addition: a Sum, b Total, i Add, l More than
Subtraction: c Less than, g Take away, h Difference, k Minus
Multiplication: d Lots of, e Product, j Times
Division: f Into,m Quotient

2 a 4 b 32 c 4 d 52

e 74 f 5 g 9 h 40

3 a 56 b 100 c 0 d 133

e 63 f 80 g 1020 h 53

4 a −12 b −3 c 3 d 0

e −1 f −1 g 0 h −12
5 a 3 b 3 c − d +
6 a 26 073 260 b 26 073 300

c 26 073 000 d 26 000 000

7 a 50 b 5 c 5000

d
5

10
e

5

100
f

5

1000

8 a 2.654, 2.645, 2.564, 2.465

b 0.654, 0.564, 0.456, 0.0456

9 a 7.99 b 10.11 c 7.11

10 a 1.4 b 0.06 c 3.68

d 16.38 e 3.7 f 180

11 a 34.5 b 374 000

c 0.03754 d 0.000037754

12 a 6 b 12 c 30 d 1

13 a 15 b 12 c 10

14 a
5

7
b 1 1

4
c 8 d

3

8

1A

Now you try

Example 1

a −3 b −10

Example 2

4

Example 3

−8

Exercise 1A

1 a iii b v c iv d i e ii

2 a iv b ii c v d i e iii

3 a T b T c F

4 a −2 b 2 c −3 d 4 e −4
f −5 g −2 h 0 i −6

5 a 3 b 2 c 1 d 0 e −1
f −9 g −1 h −17 i −10 j 9

k −2 l 11 m −7 n −18 o −1
6 a 5 b 20 c −20 d 0 e −7

f 6 g −24 h 5 i −15
7 a 4 b −4 c −4 d −9

e −32 f −38 g −189 h −24
i −18 j 0 k −805 l −57
m −167 n 142 o −804

8 a −2 b 4 c 13 d 9 e 24

f 0 g −28 h −81 i 180 j 2

k −3 l 240 m 755 n 94 o 10

9 a −27 b −3 c 10 d 26

e 0 f −24 g −91 h 125

10 a 2 b 11 c −3
d −1 e −7 f 11

11 a −8 b 4 c 13

d 124 e −19 f 0

g −22 h 98 i −26
12 −12°C
13 a −8 6 −4

2 −2 −6

0 −10 4

b Example answer (other answers are possible):

2 −13 8

5 −1 −7

−10 11 −4

c 5 −2 7 3

0 10 −3 6

−1 4 2 8

9 1 7 −4

1B

Now you try

Example 4

a 32 b −35

Example 5

a 64 b −27

Example 6

a −5 b 4

Example 7

12

748

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



A
n
s
w
e
r
s

749

Exercise 1B

1 a Positive b Negative

c Positive d Negative

e Negative

2 a Negative b Negative

c Negative d Positive

e Positive f Positive

3 a T b F c T

4 a −48 b −20 c −72 d 72

e 45 f −90 g −600 h 81

i −144 j −143 k −143 l −34
m 72 n 90 o −108

5 a 36 b 64 c 144 d 9 e 100

f 169 g −8 h −1 i −64
6 a −9 b 6 c 10 d −10 e 3

f 5 g 2 h −1 i −8 j 25

k −104 l 5 m −37 n −214 o 13

7 a 16 b −26 c −12 d −14 e −20
f −28 g −72 h −8 i −90 j 10

k −24 l −18 m 9 n −26
8 a 7 b −32 c −20 d −4 e −1

f 6 g −9 h −5 i −15
9 −5 and 2
10 a 12 and −12 b 8 and −8 c 100 and −100

11 Two negatives with × and ÷ produce a positive.
12 a Positive b Positive c Negative

d Positive e Negative f Positive

13 a −2 b −38 c −8 d 27

e 1 f 24 g 21 h 0

1C
1C

Now you try

Example 8
a 107.39 b 0.03 c 2.80

Example 9

a 3500 b 1800 c 0.0023

Example 10

10, reasonable as real answer is 9.5

Exercise 1C

1 a 3 b 1 c 2 d 0

2 a 2 b 4 c 1 d 4

3 a Down b Up c Up

4 a 32 100 b 432 c 5.89

d 0.443 e 0.00197

5 a 17.96 b 11.08 c 72.99

d 47.86 e 63.93 f 23.81

g 804.53 h 500.57 i 821.27

j 5810.25 k 1005.00 l 2650.00

6 a 2400 b 35 000 c 0.060

d 34 e 110 000 f 0.0025

g 2.1 h 0.71 i 4700

j 59 000 k 0.46 l 1.1

7 a 1.46, 1.5 b 0.09, 0.094

c 23.71, 24 d 0.01, 0.0078

e 100.47, 100

8 a 7 b 73 c 130 d 36 200

9 a 30 000 b 200 c 0.05 d 0.0006

e 5000 f 900 g 0.9 h 0.0003 i 1

10 a 3600, 3693 b 760, 759.4

c 4000, 4127.16 d 3000, 3523.78

e 0, 0.72216 f 4, 0.716245

g 0.12, 0.1186 h 0.02, 0.02254

i 0.2, 0.2

11 a A: 54.3, B: 53.8, 0.5 b A: 54.28, B: 53.79, 0.49

c A: 54, B: 54, 0 d A: 50, B: 50, 0

12 0.143 tonnes
13 As magnesium in this case would be zero if rounded to two decimal

places rather than two significant figures

14 2.14999 is closer to 2.1 correct to one decimal place,Â round down

15 a i 8 ii 1 iii 8
b 0.1428571428571

c i 4 ii 2 iii 8
16 Teacher to check

1D

Now you try

Example 11

5

8
, 0.32 and −

√
25 are rational numbers

Example 12

a 3 2
5

b
9

4

Example 13

2.3125

Example 14

0.41
.
6

Example 15

a
9

20
b 3 9

40

Example 16

4

9
> 5

12

Exercise 1D

1 a T b F c T d T

2 a Proper b Mixed number

c Improper d Proper

3 a
7

10
b

3

10
c

23

100
d

9

100

4 a, b, c, d, e, f, g, i, k

5 a i 2 2
5

ii 2 5
6

iii 5 3
4

iv 1 1
8

b i
16

5
ii
44

7
iii
24

5
iv
83

8

6 a 2.75 b 0.35 c 3.4 d 1.875

e 2.625 f 3.8 g 2.3125 h 0.25

7 a 0.27 b 0.
.
7 c 1.285714

d 0.58
.
3 e 1.

.
1 f 3.8

.
3

g 7.2
.
6 h 2.63

8 a
7

20
b

3

50
c 3 7

10
d
14

25

e 1 7
100

f
3

40
g 3 8

25
h 7 3

8

i 2 1
200

j 10 11
250

k 6 9
20

l 2 101
1000

9 a
5

6
b
13

20
c

7

10
d

5

12

e
7

16
f
11

14
g
19

30
h
11

27

10 a
9

20
b

3

20
c
32

45
d
23

75

11 a
11

6
,
7

3
b
2

5
,
2

15
c
11

12
, 1 d

5

7
,
11

14
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12 Weather forecast

13 a
3

5
b
5

9
c

8

13
d
23

31

14 a 31, 32 b 36, 37, 38,…, 55 c 4, 5

15 a
8

9
b 1 2

9

c
81

99
= 9

11
d 3 43

99

1E

Now you try

Example 17

a 1 1
7

b
2

5

Example 18

19

21

Example 19

a 4 3
8

b
8

15

Exercise 1E

1 a 12 b 6 c 15

d 49 e 15 f 35

2 a T b F

3 a
3

10
+ 4

10
= 7

10
b
4

8
−
3

8
= 1
8

c 1 2
4
+ 1
4
= 1 3

4

4 a 6 b 63 c 30

d 8 e 33 f 60

5 a
3

5
b
5

8
c

7

10
d
4

7

e
5

17
f
1

5
g
10

6
= 1 2

3
h
10

8
= 1 1

4

i
7

5
= 1 2

5
j 1 4

5
k 2 1

3
l
1

2

m
2

5
n 4 1

2
o 1 2

5
p 6 1

2

6 a
5

8
b
1

3
c
1

2
d
1

2

e
9

10
f

7

12
g

7

10
h

3

20

i
11

24
j 1 1

6
k 1 8

21
l
17

24

m
11

36
n
4

7
o

19

100
p
19

90

7 a 3 5
6

b
7

12
c 2 4

5
d 2 7

12

e 6 3
4

f 3 5
6

g
1

8
h 1 5

12

i 1 7
10

j
11

12
k 4 7

10
l 1 7

12

8
7

8
tonnes

9 5 29
56
tonnes

10 a 4 19
20
litres b 33

11
1

20

12
5

6
, problem is the use of negatives in the method, since

1

3
< 1
2

13 a i
1

8
+ 3
4

ii
2

3
−

5

12
iii
5

6
−
1

2

b
1

2
+ 2
3
+ 5
6
= 2

Progress quiz

1 a −8 b −14 c 25

d 8 e 4 f −3
2 a 42 b −60 c −8

d 8 e −64 f 81

3 a −9 b 19 c −7
4 a i 24.19 ii −6.14 iii 7.60

b i 3.3 ii 240 iii 7900 iv 0.0079

5 a 100, 121 b 89.8, 93.17302

6 a 0.625 b 3.32 c 0.58
.
3 d 2.63

7 a
4

5
b

9

25
c

1

250
d 4 41

200

8
3

8
,
5

12
,
11

24

9 a
5

8
b

2

21
c 3 11

20
d 1 9

20

10 3 7
12

1F

Now you try

Example 20

a
12

35
b

5

18

Example 21

4 1
5

Example 22

a
3

2
or 1 1

2
b
9

5
or 1 4

5

1E

Exercise 1F

1 a T b F c T

2 a 12 b 4 c 12 d 180

3 a
4

3
b 7 c

1

6
d
3

5

4 a
3

20
b

4

15
c
15

28
d
1

6

e
1

20
f

2

27
g
10

17
h
3

7

i
2

5
j
2

3
k
2

5
l
4

5

m
3

4
n
2

3
o
2

9
p

3

16

5 a
1

2
b 1 1

4
c 2 1

10
d 2 e 4 1

5

f
6

7
g 6 1

4
h 4 i 2 11

12
j 6

6 a
20

21
b 1 1

8
c
45

56
d
27

28

e 1 1
3

f 1 1
2

g 6 h
7

8

i 18 j 9 k
1

10
l

4

27

7 a 3 1
3

b 4 c
1

6

d 1 1
2

e
7

8
f 27
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8 a $10 b $3.50 c $6
d $18 e $6400 f 90c

9 a
2

7
b

8

15
c 16

10
3

12
hour = 15 minutes

11 160 km
12 90 minutes each
13 a i 0.5 ii 0.2 iii 0.16129…

iv 0.
.
6 v −1

b 3.39

c 25

d Numbers greater than zero but less than one

e 1

f 0

1G

Now you try

Example 23

5 : 3

Example 24

a 25 : 16 b 26 : 15

Example 25

7 : 40

Example 26

$350

Exercise 1G

1 a No b Yes c Yes d No

2 a 1 : 3 1 : 4
b 2 : 3 2 : 5
c 1 : 2 1 : 3

3 a 5 : 1 b 1 : 2 c 2 : 1
d 10 : 1 e 5 : 16

4 a 1 : 5 b 2 : 5 c 4 : 5 d 1 : 10
e 5 : 6 f 1 : 3 g 3 : 1 h 2 : 3
i 4 : 3 j 4 : 1 k 1 : 2 l 3 : 1
m 5 : 14 n 1 : 2 : 4 o 3 : 6 : 2

5 a 1 : 2 b 3 : 41 c 5 : 32
d 1 : 3 e 1 : 5 f 10 : 3
g 40 : 1 h 1500 : 1 i 20 : 7

6 a 3 : 4 b 8 : 3 c 9 : 20
d 45 : 28 e 3 : 14 f 22 : 39

7 a 1 : 10 b 1 : 5 c 2 : 3 d 7 : 8
e 25 : 4 f 1 : 4 g 1 : 4 h 24 : 5
i 4 : 20 : 5 j 4 : 3 : 10 k 5 : 72 l 3 : 10 : 40

8 a $100, $400 b $16, $20
c 24 kg, 64 kg d $56, $40
e $200, $300 f 750 g, 1250 g

g $70, $30 h $300, $300
i $14, $49, $7 j 336 g, 84 g

9 126 g

10 120
11 $3000, $1200, $1800 respectively
12 108 L
13 Amy : $2400, Belinda : $3600, Candice : $1200, Diane : $4800
14 a i 100 mL ii 200 mL

b i 250 mL ii 270 mL

c i 300 mL ii 1 : 4
d i 1 : 3 ii 7 : 19 iii 26 : 97 iv 21 : 52
e Jug 3 and 4

1H

Now you try

Example 27

a $30/h b 1200 revs/min

Example 28

a 60 km/h b 4 hours 10 minutes

Example 29

The 3 L is cheaper

Exercise 1H

1 a 60 km/h b $84/h c 60 km/h

2 a $4 b $3 c $2.50
3 a 10 m/s b 60 km/h c 14 km/h

4 B

5 a $28/h b $50/h c 6 kg/min

d $7/kg e 4 runs/over f 89 pts/game

g 19 cm/y h 14 m/s i 92 beats/min

j 8 mL/s

6 a 70 km/h b 15 km/h c 4 km/h

d 54 km/h e 80 km/h

7 a 13 hours b 16 hours 15 minutes

8 a 3 kg deal b Red delicious

c 2.4 L d 0.7 GB

9 C

10 a 55 km b 16 1
2
km c 5 1

2
km

11 a Coffee A: $3.60, coffee B: $3.90. Therefore, coffee A is the best buy.

b Pasta A: $1.25, pasta B: $0.94. Therefore, pasta B is the best buy.

c Cereal A: $0.37, cereal B: $0.40. Therefore, cereal A is the best buy.

12 a 40 sheep/h b 220 sheep

c 25 hours

13 a 1 080 000 000 km/h b 36 000 000 km

c 8 5
18
min

14 a Time in hours 0 1 2 3 4 5 6 7 8

Distance in km 0 20 40 60 80 100 120 140 160

b 20 km/h

c, e

160

180

200

140

80

60

100

120

40

20

O 4

Time (hours)

D
is

ta
n
ce

 (
km

)

3 5 6 7 821

d Straight line, speed was constant

1G

Maths@Work: Cooks and chefs

1 a 3 : 4 b 9 egg whites

c 5 egg whites d 20 servings

e 216 g f 45 g
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2 a 3 loaves b 6 cartons c 3 : 5
d 1350 grams e 6 : 5
f Recipe for 1 large loaf of banana bread:

3 cups of plain flour

11/2 cups sugar
1 teaspoon of bicarb of soda

375 grams of melted butter

3 eggs

3 1
3
mashed bananas

3 a i 2 : 1 ii 1 : 25 iii 2 : 1
b 8 eggs

c 2 1
2
cups

4 3.5

5 a i 150 mL oil ii 2.5 cups flour

iii 250 g chocolate
b i 4 eggs ii 8 tablespoons apple sauce

iii 640 g brown sugar

Puzzles and games

1 1 + 2 + 3 + 4 + 5 + 6 + 7 + (8 × 9) = 100
2 48 ways

3
1. 2. 3.

9 2 5 3

4. 5. 6.

3 5 5 6

7. 8. 9.

9 9 2 4

10.

1 2 8 0

4 a i 1 + 2 + 3 = 6 ii 28 (1 + 2 + 4 + 7 + 14 = 28)
b i 1 2 3 4 5 6

�

�

���

�

���

�����

�

���

�����

�������

�

���

�����

�������

���������

�

���

�����

�������

���������

�����������

1 3 6 10 15 21

ii 28, 36

c i 0, 1, 1, 2, 3, 5, 8, 13, 21, 34

ii −21, 13,−8, 5,−3, 2,−1, 1, 0, 1,…,Â −21,−8,−3,−1

Checklist Answers

1 a −10 b −10
2 −5
3 10

4 a 28 b −8
5 a 16 b −125
6 −11
7 a 32.24 b 3.71 c 1.50

8 a 7800 b 0.038

9 1000 − 500 × 0.05 = 975 calculator = 1040.688

10 rational are: 1.4,
√
36,−

3

5

11 a 3 3
5

b
17

7

12 a 2.875 b 0.
.
3
.
6

13 a
9

25
b
443

200

14
7

9
> 11
15

15 a
5

17
b 2 3

4

16
43

30
= 1 13

30

17 a
55

12
= 4 7

12
b
19

21

18 a
5

24
b
4

9

19 a
7

6

20 1 5
7

21 a 5 : 4 b 10 : 7 c 25 : 18
22 4 : 25
23 $180
24 a 60 L/h b 72 strokes/min

25 60 km/h there and 2 hours 24 minutes return trip
26 7 Litre is best buy

Short-answer questions

1 a 8 b −45 c 270

d −64 e 6 f 8

2 a 21.5 b 29 100 c 0.153 d 0.00241

3 a 14.98 b 0.71 c 2.00

4 a 2.125 b 0.8
.
3 c 1.857142

5 a
3

4
b 1 3

5
c 2 11

20

6 a
4

3
b
5

1
= 5 c

1

8
d
7

9

7 a
1

2
b 2 1

6
c

7

24

d 2 e 3 3
4

f 2 19
28

8 a 5 : 2 b 16 : 9 c 75 : 14
9 a 50, 30 b 25, 55 c 10, 20, 50

10 a Store A: $2.25/kg; store B: $2.58/kg. Store A is the best buy.
b Store A: 444 g/$; store B: 388 g/$

11 $132, $198, $330
12 a 32 b 7 c 192

d $14.80 e 82.5

13 a 156 km/h b 36 km/h

14 $6000

Multiple-choice questions

1 D 2 B 3 C 4 A 5 E

6 E 7 D 8 E 9 C 10 B
11 C 12 C

Extended-response questions

1 a 12 b 10 adults, 18 children c 5 : 9
2 a 85.6 km/h b 14 hours

c 61.1 km/h d 611 km

Chapter 2

Warm-up quiz

1 a
3

25
b
1

5
c

7

20

d
3

4
e
3

5
f
1

2

2 a 99 b 58 c 90

d 122 e 8 f 150

3 a 55% b
3

4
c 98%

4 a 61 b 9 c 37

d 121 e 1 f 75, 4
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5 Fraction Decimal Percentage

1

100
0.01 1%

1

10
0.1 10%

1

4
0.25 25%

1

2
0.5 50%

3

4
0.75 75%

6 a 10 g b 7 km c $45
d $800 e 50 c f 9 c

7 a $100 b 60 m c $1.50
d $67.80 e 6 days f 3 days

8 a 100 b 10 c 20 d 3 e 4

9 2100 km

10 25% of 100

11 a 7 b 365 c 52 d 12

12 a 14 b 6 c 12.5

2A

2A

Now you try

Example 1

a 55% b
1

8

Example 2

a 23% b 0.48

Example 3

25%

Exercise 2A

1 a multiply b divide

c multiply d divide

2
% 10% 20% 25% 50% 75% 33 1

3
% 66 2

3
%

Fraction
1

10

1

5

1

4

1

2

3

4

1

3

2

3

Decimal 0.1 0.2 0.25 0.5 0.75 0.
.
3 0.

.
6

3 a 25% b 50% c 100% d 40%

4 Sarah, 79% > 38
50

= 76%

5 a 20% b 80% c 80% d 30%

e 25% f 12 1
2
% g 75% h 60%

i 56% j 35% k 9% l 7 1
2
%

6 a
19

100
b

23

100
c

99

100
d

1

20

e
11

50
f

9

20
g
37

50
h
3

4

i
1

40
j

69

400
k

1

100
l 1 1

4

7 a 78% b 95% c 65% d 48%
e 75% f 142% g 7% h 30%
i 3% j 104% k 12% l 12.25%

8 a 0.12 b 0.83 c 0.57 d 0.88

e 0.99 f 1.0 g 1.2 h 0.05

9 a 2.5% b 10% c 5% d 5%
e 20% f 20% g 200% h 75%

10

Sport

Number of

students

who chose

sport

Fraction

of the

total

Percentage

of the

total

Swimming 44
22

75
29 1

3
%

Golf 12
2

25
8%

Volleyball 58
29

75
38 2

3
%

Cricket 36
6

25
24%

Total 150 1 100%

11 31.5%
12 16 2

3
%

13 6 1
4
%

14 Yes, 2.8% fat content

15 Answers will vary.

2B

Now you try

Example 4

$10.80

Example 5

$500

Exercise 2B

1 a True b False c False d True

2 a 12 b 9 c 6

3 a $400 b $750
4 a 2 b 10 c 8 d 7.5

e 57.6 f 34 g 1230 h 42

i 450 j 33 k 198 l 1.5

5 a $36 b $210 c 48 kg

d 30 km e 15 apples f 350 m

g 250 people h 200 cars i $49
6 a $120 b $700 c $300 d $7

e $0.20 f $450 g $800 h $360
7 a $540 b $600 c $508

d $1250 e $120 f $40
8 a $5.80 b $4.20 c $0.46

d $0.50 e $44 f $40
9 64

10 a Divide by 10. b Divide by 2.

c Divide by 2 and then 2 again (or just 4).

11 48 kg
12 15 students

13
10

100
× 24 = 24

100
× 10; can multiply in any order

14 x = 2, y = 24

15 a 72 b
10

11
c 280%

d 3 1
4

e 150%

2A

2C

Now you try

Example 6

$156
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Example 7

$54.40

Example 8

a 40% b 16.0%

Example 9

$8.85

Exercise 2C

1 a 1.4 b 1.26 c 60% d 21%

2 a 0.8 b 0.27 c 6% d 69%

3 a 25% b 200%

4 a 61.6 b 1176 c 112 d 934.5

e 207 f 540 g 12 h 196

5 a 76 b 540 c 22.5 d 616

e 7360 f 337.5 g 17

h 8910 i 0 j 9850

6 20%

7 a Original

amount

New

amount Increase

Percentage

change

40 60 20 50%

12 16 4 33 1
3
%

100 125 25 25%

24 30 6 25%

88 100 12 13.6%

b Original

amount

New

amount Decrease

Percentage

change

90 81 9 10%

100 78 22 22%

20 15 5 25%

24 18 6 25%

150 50 100 66 2
3
%

8 a $3 b $80 c $200
d $500 e $12 500

9 $1785
10 $84 634.25
11 24 534 cars
12 50%
13 28%
14 $21.50
15 $10.91
16 a $900 b $990

c As 10% of 1000 = 100 but 10% of 900 = 90
17 a $594 b $3235.65

c $189 d $61.48
18 a 79.86 g b $97 240.50

c $336 199.68 d 7.10 cm

2D

Now you try

Example 10

$1488

Example 11

$52

Example 12

a $13.50 b 37.5%

Example 13

$220

Exercise 2D

1 a C b D c A d B

2 $3 profit, $2.50 loss, $65.95 loss, $1180 profit
3 40.95, 179.95, 799.95, 8995

4 28, 7.25, 199, 2037

5

Item

Cost

price %mark-up

Selling

price

Jeans $60 28% $76.80

Toaster $40 80% $72

Car $22 000 45% $31 900

Can of drink $1.20 140% $2.88

Loaf of bread $1.80 85% $3.33

Handbag $80 70% $136

Tablet $320 35% $432

6

Item

Cost

price % discount

Selling

price

Camera $900 15% $765

Car $24 000 20% $19 200

Bike $600 25% $450

Shoes $195 30% $136.50

Blu-ray player $245 50% $122.50

Electric razor $129 20% $103.20

Lawn mower $880 5% $836

7 a Cost price ($) Selling price ($) Profit ($) Profit (%)
10 15 5 50%

24 30 6 25%

100 150 50 50%

250 255 5 2%

17.50 20 2.50 14.29%

b Cost price ($) Selling price ($) Loss ($) Loss (%)
10 8 2 20%

16 12 4 25%

100 80 20 20%

34 19 15 44.12%

95 80.75 14.25 15%

8 a $5.50 b $200 c $1500 d $125
9 a i $2 ii 20%

b i $5 ii 25%

c i $16.80 ii 14%

d i $2450 ii 175%

10 $1001.25
11 42.3%
12 $613.33
13 a $400 b $900 c $765 d No

14 a $350 000
b i 71.4% ii 157.1% iii 114.3%
c 25%

2D

2E

Now you try

Example 14

a $1484.62 b Ben c $58 500

Example 15

a $36 b $48 c $720
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Example 16

$8500

Exercise 2E

1 a C b D c B d A

2 a $25.40 b $101.60 c $482.60
3 a $36 b $48
4 a $11 406.25 b $2632.21 c $375
5 a $1115.38 b $29.35/h, therefore less c $17 264
6 a $41 080 b $3423.33 c $19.75
7 Employee Hourly rate Hours worked Income

Adam $20.40 8 $163.20

Betty $15.50 8 1
2

$131.75

Ceanna $19.70 15 $295.50

David $24.30 38 $923.40

Edward $57.85 42 $2429.70

Francis $30 27 $810

George $35.20 7.25 $255.20

8 a $262.80 b $379.60
c $584 d $876
e $817.60 f $1284.80

9

Person

Weekly

retainer

Rate of

commission

Commission

earned

Weekly

wage

Andrew $0 12% on $7000 $840 $840

Byron $160 8% on $600 $48 $208

Cindy $300 5% on $680 $34 $334

Deanne $260 5% on $40 000 $2000 $2260

Elizabeth $500 8% on $5600 $448 $948

Faruq $900 2% on $110 000 $2200 $3100

Gary $1000 1.5% on $45 000 $675 $1675

10 a 7 b 18 c 33

11 $29 per hour
12 $24.40 per hour
13 $490
14 $5010
15 $1678.10
16 a $751.64 b $151.64 c 7 hours

Progress quiz

1 a
8

25
b 0.07 c 23%

d 12.5% e 35% f
9

200

2 a 10% b 80% c 12.5%
3 a 16 km b $42

c 60 g d $21
4 a $400 b $300 c $750
5 a 90.2 b 237.6

c 93.5 d 235

6 a 20% b 14.9%
7 775

8 a $1392 b $100.80
9 61.3%
10 a $220 b $65
11 a $1425

b $400.40
c $188.75
d $620

2F

Now you try

Example 17

a $4712 b 24% c $64 712

Example 18

$13 288

2F

Exercise 2F

1 Gross income Deductions Net income

$5600 $450 $5150

$87 000 $28 000 $59 000

$50 000 $6700 $43 300

2 $1405
3 $25 000
4 a Nil b $3008 c $14 788
5 a i $40 035 ii 17.0%

b i $53 905.80 ii 20.1%
c i $41 218.20 ii 15%
d i $30 052.56 ii 22.2%

6 a $1830 b $8043
c $12 617.50 d $23 772.80

7 a $19 656 b $53 144
8 a $0 b $1888 c $14 788

d $39 058 e $56 138 f $416 138
9 $67 400
10 a $51 200 b $6148

c $45 052 d $1732.77
11 $302.85
12 a $45 001 − $135 000 b $47 373
13 a $81 120 b $15 124

c $65 996 d $2538.31
14 a $166 960 b $43 113.20

c $123 846.80 d $4763.34
15 $1112.52

2G

Now you try

Example 19

$400

Example 20

$618.75

Example 21

Interest = $570

Total = $5570

Exercise 2G

1 a $12 000 b 6% p.a. c 3.5 years

2 a $1120 b $2800 c $5600
3 a $3000 b $3600 c $416
4 a $300 b $900 c $1600

d $3150 e $1196.25
5 $2700, $17 700
6 a $52.50 b $100 c $40

d $264.38 e $1027.40
7 $1980, $23 980
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8 a $840 $7840

b $840 $2340

c $1500 $41 500

d $4550 $74 550

e $200 $2200

9 $2560
10 a $3600 b $18 000 c $38 000
11 Choice 2
12 a $645 b $194 c $129

d $19 e $55 148 f $12 320
g $2580 h $58 050 i $129 000

13 a i $12 ii $31 iii $10
b i $335 ii $500 iii $235

2H

Now you try

Example 22

2.5 years or 2 years 6 months

Example 23

5% p.a.

Example 24

a $16 800 b $51 800 c $719.44

Exercise 2H

1 a 2 years b 4 years c 50 years d 2 1
2
years

2 5 years

3 $2400
4 $450
5 3 years

6 4 1
2
years

7 18 months

8 a 6.25% b 2% c 6.5%
d 5.5% e 21% f 3.5%

9

Interest

Total amount to

be repaid

Monthly

repayment

$5250 $10 250 $170.83

$10 500 $24 500 $408.33

$2400 $12 400 $258.33

$44 000 $99 000 $825

$525 000 $775 000 $2152.78

10 $2083.33
11 a $14 400 b $240
12 10%
13 a $P b 12.5%

c i 20 years ii 40 years iii Double

14 a Final amount = $732.05 b $232.05
15 a $5743.27

b $5743.27, same as final answer in part a.
c Increases the amount by 5% five times, giving the same result

d 5.5%

Maths@Work: Facebook cake-decorating business

1 $294
2 a 8 cm b 10 cm c 23 cm d 25 cm

3 21%
4 a White: 5 kg at $40; Red: 2.5 kg at $36.95; Blue: 500g at $7.95

b $1.55/100g
c When a specific quantity was required and any extra would be

wasted

5 a $231 b 49% c 290%, 480%, 350%, 330%
d $26/h; $44/h; $32/h; $30/h

6 a $427
b Birthday – choc fudge mud; Birthday – caramel mud; Birthday –

choc Jaffa

c $47/h wedding cake 3 tiers; $46/h wedding cake 2 tiers; $43/h
child’s theme birthday cake

d The higher rate of pay for these cakes is due to their complexity

requiring a higher level of skill for baking and decorating.

Puzzles and games

1
S A G R O S S W H K L O M

A P E R C E N T A G E C O

L A R C O M M I S S I O N

A S E R V I N T E R E S T

R T Y H E T S L O S S T H

Y E F O R T N I G H T I L

W S M O T A X A T I O N Y

E I O L I D I D N P Y I E

K M N Q M O N T R N I S C

E P Y U E D I S C O U N T

M L R E P A Y M E N T A H

D E D U C T I O N S I X L

2 EARTH, AIR, FIRE, WATER

Checklist Answers

1 a 17.5% b 37.5%

2 a 30% b 0.72

3 15%

4 $26.25
5 $600
6 a $89.60 b $36.80
7 15.6%

8 1300

9 $1320
10 62.5%
11 $125
12 a $44.53 b $82 368
13 $672
14 $3032
15 $4104
16 tax = $15 548 net = $62 452
17 $17 788
18 interest = $480, Amount = $4480
19 $945
20 18 months (1.5 years)
21 $880

Short-answers questions

1 Decimal Fraction Percentage

0.6
3

5
60%

0.
.
3

1

3
33 1

3
%

0.0325
13

400
3 1
4
%

0.75
3

4
75%

1.2 1 1
5

120%
2 2 200%
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2 a $77.50 b 1.65

3 a 150 b 25

4 a 72 b 1.17 c 20%
5 12.5 kg

6 $1800
7 $4375
8 a $25 b 16 2

3
%

9 a $38.50 b $14.30
10 $50 592
11 $525
12 3 years
13 $33 138

Multiple-choice questions

1 C 2 C 3 B 4 D 5 C

6 C 7 C 8 A 9 C 10 E

Extended-response questions

1 a $231
b $651
c i $63 ii $34.65

2 a $25.68 b $38.52 c $154.08
d 6.5 e $46 547.31 f $558.57

CH3

Chapter 3

Warm-up quiz

1 a 3x b 4ab c 10x d 21b

2 a 8 b 7 c 12

d 6 e 9 f 14

3 a x + 3 b ab c 2y − 3 d
x + 2
3

4 a −18 b −28 c 40 d 3

e 3 f −5 g −4 h −8
5 a 3x b 6y + 5 c 8x

d 17y e 10a + 9a2 f 5xy − 7y

6 a 6a b −21xy c 4b d
3m

2

7 a 2x + 6 b 3a − 15 c 8x + 4
8 a 1 b −2 c 5 d −6
9 b, c

10 a 9 b 10 c 4 d 21

3A

Now you try

Example 1

a 4

b i −2 ii 6

c 5

Example 2

a g + 5 b $4x c
600

y
mL

Example 3

a y + 7 b 2x − 6 c
m + n
3

d
√
a + b

Example 4

a 24 b −13 c 33

Exercise 3A

1 a expression b constant term

c pronumeral d coefficient

e terms

2 a 7y b −2x c ab

d
y

2
e
x

y
f
2

a

3 a 5 b 8 c 14 d 4

4 a Yes b No c Yes d No

5 a i 3 ii 2 iii 3
b i 2 ii −3 iii 0
c i 3 ii 7 iii −4

d i 4 ii
1

2
iii −1

6 a i 4 + r ii t + 2 iii x + y + z
b i $6P ii $10n iii $2D iv $(5P + 2D)

c
500

C

7 a 2 + x b ab + y c x − 5 d 2y − 7

e 3x f 3p g 2x + 4 h
x + y
5

i 4x − 10 j 1 − 3x k
3 + y
2

l
1

2
(x + 1)

m (m + n)2 n m2 + n2

8 a 20 b 25 c 15 d 0 e 6

f 5 g 28 h −96 i 5

9 a 60 m2 b Length = 12 + x, width = 5 − y
c 17 + x − y

10 a $26 b $50 c No d 12 hours

11 a 18 square units b 1, 2, 3, 4, 5

12 a
A

20
b
3A

20
c
nA

20

13 a i P = 2x + 2y ii A = xy
b i P = 4p ii A = p2

c i P = 6 + x + y ii A = 3x
14 a i No ii No

b i 3x + 1 or 3(x + 1)

ii 5 + x
3
or
5 + x
3

iii
1

2
(x + y) or 1

2
x + y

c Answers may vary.

i The sum of 2 and x is multiplied by 4.

ii 3 is added to a half of x.

iii A third of the sum of m and n

iv 7 more than 5 lots of x

v The sum of x and y is divided by 2.

vi The sum of b and a half of a

3B

Now you try

Example 5

a 5m and 2m are like terms

b 7y and −y are like terms

4xz and zx are like terms

Example 6

a 8t b 4y + 3

Example 7

a 6a + 13b b 3st + 4s c 5x2y − 6xy
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Exercise 3B

1 a like b coefficients

c pronumeral/variable d 1

2 a Y b N c N

d Y e Y f N

3 a, c, d, f

4 a 4y and 2y, 3xy and 7xy b 3x and 7x

c 7ab and −3ab, 2a and 5a d 2a2 and −3a2, 4a and a

e 3x2y and 7yx2 f 5ab2 and 4ab2, 3ab and 7ba

5 a 10a b 7n c 8y d 11x

e 4ab f 8mn g 7y + 8 h 3x + 5
i 4m + 2 j 12ab + 3a k 7xy + 4y l 3bc − 4

6 a 5a + 9b b 6x + 5y c 5xy + 4x
d 4t + 6 e 11x + 4 f 7mn − 1

g 5ab − a h 0 i 10ac − 9c

j 3xy2 k 3m2n l 7x2y − 4xy

m 4x2 − 3x n 4a2b − 3ab o 7pq2 − 8pq

7 a x + y b 4x + 2y
8 a 4x + 2y b 12s c 30x

d 5x + 4 e 6x + 16 f 12a + 4b + 4
9 8x metres

10 a 4t b 9x c 2x d 7a

e 5n f 4pq g 2xy h 3b

11 a 3a + 7b b 4 units each

c a d 2a − b

3C

Now you try

Example 8

a 20x b −18mp

Example 9

a
x

3
b
9q

2

Example 10

a 42a2b b 5y

Exercise 3C

1 a 7xy b 6 c 20x d 2

2 a T b T c F

d F e F f T

3 a 10m b 12b c 15p d 6x

e 18pr f 16mn g −14xy h −15mn
i −12cd j 30ab k −24rs l −40jk

4 a 4b b
a

3
c
2ab

3

d
m

2
e
x

4
f
5s

3

g 3 h
9q

2
i
x

2

j 6b k
7m

3
l

2

5x

5 a 24n2 b −3q2 c 10s2

d 21a2b e −15mn2 f 18gh2

g 3b h 5x i
m

2

j
1

4y
k
3ab

5
l 3pq

6 a
4x

y
b
m

3
c
2a

b
d
10x

y
e 8n

f 5b g 5 h 6xy i
p2

2
j 2ab

7 a 12ab b 4x2 c 10xy d 6x2

8 2x

9 a 4n b 7y c 9y

d 5ab e 14x f 10y

g 12a h 8x2y i 10x2

10 a i 3x2 m2 ii 5x metres

b i 7500 m2 ii 250 m

11 a 4b b 2ab c b

3D

Now you try

Example 11

a 4x + 8 b 6x − 60

Example 12

a −3x − 21 b −5x + 45

Example 13

a 5a + 20b b 15y2 − 12y

Example 14

a 7x + 6 b 18 − 2y

Exercise 3D

1 a i 5x ii 10

b 5x + 10
c x + 2
d 5(x + 2)
e 5x + 10

2 term, multiplied, inside

3 C

4 a 3, 3, 15 b −4,−4,−4x, 8
5 a 2x + 6 b 5x + 60 c 2x + 14

d 7x + 63 e 3x − 21 f 6x − 66

g 5x − 45 h 10x − 10 i 6 + 3x
j 21 + 7x k 28 − 4x l 40 − 5x

6 a −3x − 6 b −2x − 22
c −5x + 15 d −6x + 36
e −8 + 4x f −39 − 13x
g −72 − 8x h −300 + 300x

7 a 2a + 2b b 5a + 10b
c 6m + 3y d 16x − 40

e −12x − 15 f 4x2 − 8xy

g 2t2 − 3t h 3a2 + 4a
i 2d2 − 5d j 6b2 − 10b

k 8x2 + 2x l 5y − 15y2

8 a 2x + 11 b 6x + 22 c 5x + 6
d 3x + 10 e 4x − 5 f 2x + 1
g 8 − 3x h 21 − 5x i −1 − 2x
j −3x k 3 − x l 6 − 3x

9 a 4x + 4y b 8x + 4 c 2x − 2

10 a 2x + 2 b 8x − 12

c 6x2 + 2x d 6x + 15
11 2x + 120
12 a 2x + 12 b x2 − 4x

c −3x − 12 d −7x + 49
e 5x + 10 + 4 = 5x + 14 f 5−2x + 14 = 19 − 2x

13 a x − 10 000 b 0.2(x − 10 000) = 0.2x − 2000
14 a 5x + 12 b 4x + 6 c 11x + 7

d 17x − 7 e x − 7 f 2x − 4

g 3x2 + 10x h 5x − 3 + x2

15 a 2x2 + 4x b x2 + 2x + 6
c 20 + 8x − x2

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



A
n
s
w
e
r
s

759

3E

Now you try

Example 15

a x = 5 b x = 3

Example 16

a x = −2 b x = − 4
5

Exercise 3E

1 c, d

2 a 6 b 8 c 4

3 a 2x = 6 b 3x = 21 c x = 9
4 a Subtract 9 from both sides.

b Add 1 to both sides.

c Divide both sides by 3.

5 a x = 4 b a = 1 c m = 4 d x = 4
e n = 2 f x = −4 g b = 3 h y = 7
i a = 4 j b = 8 k x = −1 l y = 2

6 a x = −3 b x = −1 c x = −2 d x = −8
e x = 2 f x = 2 g x = 2 h x = 6

7 a x = 3
2

b x = 3
5

c x = 10
11

d x = 1
2

e x = − 1
3

f x = 4
5

8 a x + 8 = 34, x = 26 b x − 7 = 21, x = 28
c 2x + 4 = 10, x = 3 d 3x − 4 = 11, x = 5
e 3x − 4 = 20, x = 8 f 25 − 2x = 7, x = 9

9 a Added 2 on the right hand side rather than subtracting 2.

b Multiplied the right hand side by 2 in the last step rather than

dividing by 2.

c The negative was dropped, −x = 7 so x = −7.
d Needed to subtract 3 from both sides before dividing both sides by 2.

10 a x = 5 b x = −9 c x = −2
11 a 10 s b 8 s

3F

Now you try

Example 17

a x = 8 b x = 30

Example 18

x = 17

3E

Exercise 3F

1 a 5 b
3

4
c 2x

2 a 20 b 24 c 11 d 15

3 C

4 a iv, add 1 to both sides

b iii, multiply both sides by 4

c i, multiply both sides by 3

d ii, multiply both sides by 2

5 a x = 15 b y = 14 c y = 10 d x = 4
e x = 8 f x = 2 g b = 12 h t = −6
i a = −6 j y = 30 k x = 15 l s = 4
m x = 12 n m = −4 o y = −35

6 a x = 11 b x = 6 c y = 2 d b = 0
e y = 20 f t = 39 g k = 57 h x = 70
i x = −10 j b = −24 k y = −22 l y = 1

7 a t = 3 b m = 40 c y = −2

d x = 19 e y = −6 f t = − 3
4

8 a
x

3
= 12, x = 36 b

2x

5
= 4, x = 10

c
x

2
− 4 = 10, x = 28 d

x + 3
4

= 6, x = 21

e
7x

3
= 8, x = 24

7
f
x

3
+ 5 = 16, x = 33

9 21

10 a Needed to × 3 before − 2, x + 2 = 21, x = 19

b Need to + 4 before × 3, x
3
= 6, x = 18

11 a x = 12 b x = 12 c x = −4
d b = 6 e x = 5 f m = 5
g y = −1 h t = −7 i x = −3

12 a x = 9 b x = 36 c x = −7
d x = 8 e x = 5 f x = −10

13 No, order does not matter for × or ÷. By dividing by 7 first you deal with
smaller numbers, since 7 is a factor of 14.

Progress quiz

1 a 4 b −3 c 8

2 a $3d b
$500

x
c 3y − 4 d 2(m + n)

3 a −1 b −8 c 12

4 a 12x b 7b c 9a + 5
d 8xy − 4x e 3a + 10b f 6mn − 3n

g 2xy2 − 2xy h 2a2b + 7ab2 i −2m2n − 2mn2

5 a 24b b 24ac c −20xy

d 28ab2 e
x

4
f
3y

4

g
3xy

2
h 8x i

5ab

2

6 a 3x + 15 b 4y − 4 c −2x − 10
d −5a + 10 e 12x − 30y f 12m2 + 3mn

7 a 6x − 8 b −4x − 4 c 2 − 2x

8 a x = 3 b x = 4 c x = −9 d x = − 3
5

9 a x = 28 b x = 48 c x = 27 d x = −22

10 a 3x + 5 = 32, number is 9 b
x − 3

4
= 5, number is 23

3G

Now you try

Example 19

x = 11
3
or 3 2

3

Example 20

x = 5

Exercise 3G

1 a 3 × x + 3 × 7 = 25

3x + 21 = 25
b 4 × 2x + 4 × (−1) = 15

8x − 4 = 15
2 a x + 2 = 3 b x − 3 = 5 c x + 6 = −4
3 a 4x − 12 b 2x − 15 c −2x + 8

4 a x = 5
2
or 2 1

2
b a = 3

5
c m = 19

3
or 6 1

3

d y = 47
5
or 9 2

5
e p = 35

4
or 8 3

4
f k = 19

2
or 9 1

2

g b = − 1
4

h m = − 11
2
or −5 1

2

i x = − 4
5

j a = 1

14
k x = 19

6
or 3 1

6

l n = 2
3

m x = − 1

10
n y = − 1

6
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5 a x = 1 b x = 2 c x = 2 d x = 12
e x = 3 f x = 1 2

3
g x = −5 h x = −1

6 a x = 1 b x = 2 c x = 1 d x = 9
e x = −4 f x = 1

7 a 3(x + 1) = 4, x = 1
3

b 2(x − 2) = 19, x = 11 1
2

c 2(x + 3) = 7, x = 1
2

d 3(x − 4) = 8, x = 6 2
3

e 2(3x − 2) = 5, x = 1 1
2

f 3(2x + 5) = 10, x = − 5
6

8 $5/hour
9 a x = 5 b x = 5

c Dividing both sides by 3 is faster because 9 ÷ 3 is a whole number
10 a x = 4 1

3
b x = 4 1

3
c Expanding the brackets is easier because 7 ÷ 3 gives a fraction answer

11 a No b No c Yes, 4(x + 1) = 20
d Yes, 2(x − 4) + 3x + 1 = 13
e Yes, 3x + 2 + 2(x − 5) = 12
f Yes, 2x − 3 − 3(x − 1) = −4

3H

Now you try

Example 21

a x = 4 b x = 3

Example 22

a x = 4 b x = 2

Example 23

a x = −4 b x = 8

Exercise 3H

1 a Left b Left c Right d Right

2 a Subtract 3x from both sides.

b Subtract 5x from both sides.

c Add x to both sides.

d Add 2x to both sides.

3 a 2x = 6 b 2x − 3 = 1 c 5x = 1
d 4 = 8 + 6x

4 a x = 4 b x = 3 c x = 3 d x = 7
e x = −3 f x = −2 g x = 2 h x = 4
i x = 6 j x = 2

5 a x = 8 b a = 3 c m = 8 d x = 4
e x = 5 f x = 3 g x = 1 h y = 2
i m = 3 j x = 3 k b = −1 l m = −3

6 a x = 7 b a = 5 c y = 2 d x = −14
e b = −16 f m = 3 g a = 19 h x = −3

i x = −13 j n = 14 k a = 2 l x = 5
2

7 a 2x = 3x − 4, x = 4 b 2x + 4 = 5x, x = 1 1
3

c 3x + 10 = 5x, x = 5 d 3x + 2 = 5x − 6, x = 4
e 2x − 1 = 3x + 5, x = −6 f 2x + 4 = 13 − x, x = 3

8 Mardy is 8 years old.

9 a x = 4 b x = 4
c Method a: don’t have to deal with negatives

10 a 48 b 38 c 26 d 48

3I

Now you try

Example 24

5

Example 25

5 hours

Example 26

Max kicked 4 goals and Tim 7 goals

Exercise 3I

1 a iii b iv c i d ii

2 ii, v, iv, i, iii

3 age, x + 4, x + 4, 2x, 30, 15, Bernard is 15 and Sam is 19.

4 a 7 b 5 c 21 d 8 e 2

5 a Let d be the number of days the car is rented for.

b 50 + 40d = 290 c d = 6
d The car was rented for 6 days

6 48 items

7 a Let e be the number of goals for Emma. b e + 8
c e + e + 8 = 28 d e = 10
e Emma scored 10 goals, Leonie scored 18 goals

8 a Let w be the width in centimetres. b Length = 4w
c 2w + 2(4w) = 560 d w = 56
e Length = 224 cm, width = 56 cm

9 Benita $360, Adele $640

10 Andrew $102.50, Brenda $175, Cammi $122.50
11 Walked 10 km, ran 20 km
12 15 and 45
13 Rectangle L = 55 m,W = 50 m. Triangle side = 70 m
14 a 27, 28, 29

b i x, x + 2, x + 4 ii 4, 6, 8

15 a T = 8x + 7200 b 300 c R = 24x
d x = 350 e 3825

3J

Now you try

Example 27

a

0
x

1 2 3 4 5−1

b
x

0 1−4 −3 −2 −1

c
x

0 1 2−4 −3 −2 −1

Example 28

a x < 11
b x < −1

Example 29

a a � −9

b a � −
7

2

Exercise 3J

1 a 3 > 2 b −1 < 4 c −7 < −3 d 5 > −50
2 a C b A c B

3 a

1 2 3
x

0

b

4
x

5321

c

0
x

1 2−3 −2 −1

d

2
x

310−1
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e
x

2 430 1

f

0
x

1 2 3 4 5 6 7−3 −2 −1

4 a x < 3 b b > 5 c y > 6 d x � 3

e t > −5 f y � −10 g m < 6 h a � 1 1
2

i x < 1 j x < 1
3

5 a x < 4 b n � −1 c x �
3

5

d a � 4 e x � −6 f x � 10

g x < −6 h t � −2 i m > −4 5
6

6 a x � 16 b x � −9 c x � 20

d x < 11 e x > −2 2
3

f x � −2

7 a x < 1 b a < −8 c x � −2

d x < 2 1
2

e y < −3 1
5

f x < − 4
7

8 a x � 2 1
2

b t > − 3
5

c y �
3

8

d a < 1 1
5

e m � 6 f b < 5 1
2

9 less than 18

10 less than 13 cm
11 399 km
12 a x < 3 b x < 3

c Reverse the inequality sign when dividing by a negative number.

13 a x < −13 b x � −3 c x > 4
7

d x ≤ 13

5
e x > 10

17
f x �

3

4

g x > b − c
a

h x �
ac

b
i x < c

a
− b

3K

Now you try

Example 30

a 7 b 8

Example 31

a A = 3 b r = 3.2

Example 32

a a = v − u
t

b v =

�

2E

m

Exercise 3K

1 Answers will vary, e.g.A = lw,A = 1
2
bh,A = pr2…

2 a A b D c M d A

3 a x = b
a

b x = cd

c x = ab + d d x = c2

4 a 21 b 24 c 2 d 6

e 452.39 f 33.51 g 25.06 h 14.95

i 249.86 j 80

5 a F = 36 b w = 5 c t = 7.5
d v = 25 e r = 3.91 f a = 20

6 a d = C
p

b x = d − a
b

c n = p
m
− x or

p −mx

m
d r = 100I

Pt

e v =
√
PR f h = A

2pr

g r =

�

V

ph
h A = (4C − B)2

i a =
√
c2 − b2 j b = a2 − c

7 a 88.89 km/h

b i d = st ii 285 km

8 a 35 m/s b 2 s

9 a Decrease b 3988 L c 417 min

10 a i 212°F ii 100.4°F
b i −10°C ii 36.7°C

11 a 73 b 7 c 40.025

Maths@Work: Plumber

1 a 6.3 L b 7.88 L c 18.75 L

d 15 L

2 a i 98.1 kPa ii 196.2 kPa

iii 294.3 kPa iv 392.4 kPa

b h = P

9.81

i 2.51 m ii 2.46 m iii 1.38 m iv 2.84 m

3 a 150 mm b 357 mm

c 150 mm d 333 mm

4 The number of drain pipes for a house

House

Total roof

catchment

area m2

Decimal

number of

downpipes

Whole number

of downpipes

i 131 2.79 3

ii 147 3.27 4

iii 180.5 3.92 4

iv 257 5.47 6

3K
Puzzles and games

1 x = 3

4 9 2

3 5 7

8 1 6

2 5x2 − xy

3 WORD

4 Eric is 18 years old now.

5 1st leg = 54 km, 2nd leg = 27 km, 3rd leg = 18 km, 4th leg = 54 km
6 $140

7 a x = 12
5

b x = 23
2

Chapter checklist

1 a 3 b −5 c 6

2 a $15n b 3x − 4 c
y2

4

3 a 19 b −23
4 4x,−5x and 3xy, yx

5 a 8a − 4 b 3xy + 10y
6 a 20st b −24xy2

7 a
5x

4
b
2b

3

8 a 4x + 20 b −3x + 18 c 6x2 − 2xy

9 a 3x + 2 b 3 − 2x

10 a x = 6 b x = −7
3

11 a x = 12 b x = 30
12 x = 23

13 x = 7
9

14 x = 5
2

15 x = 2
16 a x = 5 b x = 2
17 x = −2
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18 2x + 8 = 30, x = 11
19 15 + 12n = 51, n = 3
20 x + (x + 140) = 370 Trey earns $115 and Toni earns $255
21

−4 −3 −2 −1 4 53210
22 x > −4
23 a A = 35 b h = 4.2
24 u =

√
v2 − 2as

Short-answer questions

1 a x + y b 7m c $3m d
n − 3

4

2 a 11 b 7 c 12 d 8

e −11

3 a 8n b 6xy c 4a d
xy

3

4 a 7b b 4x + 3 c 3p + 2q
d 2m − 3mn + n

5 a 2x + 14 b −6x − 15 c 6x2 − 8x

d −10a + 8a2 e 4x + 13 f 3x − 7

6 a x = 9 b x = 2 c x = −3 d x = −9
7 a x = 10 b x = 8 c x = 26 d x = 6

8 a 2n + 3 = 21, n = 9 b
l − 5

3
= 7, l = 26

c
x

4
− 5 = 0, x = 20

9 a x = 5 b x = 11
6
or 1 5

6

10 a x = 4 b x = 2 c x = 1 d x = −5
11 $260

12 a

0
x

1 2−1−2−3

b

7
x

8 94 5 6

c

−2
x

−1 0 1−5 −4 −3

d

−2
x

−1 0 1−5 −4 −3

e

4
x

5 6 7 8 91 2 3

f

0

x

1 2 3 4−2 −1

13 a x < 12 b m > −1 c y ≥ −6
d x < 17 e a > 4 f x ≥ 2

14 a E = 60 b a = 5 c h = 10

15 a x = v
2 − u2

2a
b I =

�

P

R

Multiple-choice questions

1 C 2 C 3 D 4 C 5 D 6 A

7 B 8 B 9 B 10 B 11 A 12 D

Extended-response questions

1 a i $85 ii $110
b i Let h be the number of hours of hire. ii 60 + 25h = 210

iii 6 hours

2 a h = A
10

b 10 m

c 17 m

Chapter 4

Warm-up quiz

1 a 5 cm b 13 m c 41 mm

2 a 9 b 49 c 20 d 45

3 a 0.4568 b 0.3457 c 0.0456 d 0.2800

4 a 4.23 b 5.68 c 76.90 d 23.90

5 a 5.92 b 15.36 c 4.86 d 8.09

6 a x = 64 b x = 28 c x = 108
d x = 60 e x = 50 f x = 55

7 a x = 2 b x = 3 c x = 12 d x = 6
e x = 12 f x = 30 g x = 28 h x = 182

8 a x = 0.6 b x = 0.6 c x = 2.1 d x = 0.5
9 a x = 2 b x = 4 c x = 5 d x = 13

CH4

4A

Now you try

Example 1

x2 + z2 = y2 or y2 = x2 + z2

Example 2

102 + 242 = 262

Exercise 4A

1 hypotenuse, triangle

2 a c b x c u

3 a False b True c True d False

4 a a2 + b2 = c2 b d2 + e2 = f 2

c x2 + y2 = z2 d s2 + t2 = v2

e f 2 + g2 = e2 f a2 + b2 = x2

5 a 32 + 42 = 52 b 82 + 152 = 172

c 92 + 122 = 152 d 52 + 122 = 132

e 92 + 402 = 412 f 2.52 + 62 = 6.52

6 a a2 + b2 = x2 b a2 + b2 = d2

c d2 + h2 = x2

7 a b c a2 b2 a2 + b2 c2

3 4 5 9 16 25 25

6 8 10 36 64 100 100

8 15 17 64 225 289 289

a The last two columns

b i 13 ii 20

c i 25 ii 110

8 a No

b No, a2 + b2 = c2 should be true for a right-angled triangle.
9 a Yes b No c No d Yes

e No f Yes

10/11 {(3, 4, 5), (6, 8, 10), (9, 12, 15), (12, 16, 20),
(15, 20, 25), (18, 24, 30), (21, 28, 35), (24, 32, 40),
(27, 36, 45), (30, 40, 50), (33, 44, 55), (36, 48, 60),
(39, 52, 65), (42, 56, 70), (45, 60, 75), (48, 64, 80),
(51, 68, 85), (54, 72, 90), (57, 76, 95)}, {(5, 12, 13),
(10, 24, 26), (15, 36, 39), (20, 48, 52), (25, 60, 65),
(30, 72, 78), (35, 84, 91)}, {(7, 24, 25), (14, 48, 50),
(21, 72, 75)}, {(8, 15, 17), (16, 30, 34), (24, 45, 51),
(32, 60, 68), (40, 75, 85)}, {(9, 40, 41), (18, 80, 82)},
{(11, 60, 61)}, {(20, 21, 29), (40, 42, 58), (60, 63, 87)},
{(12, 35, 37), (24, 70, 74)}, {(28, 45, 53)},
{(33, 56, 65)}, {(16, 63, 65)}, {(48, 55, 73)}, {(13, 84, 85)},
{(36, 77, 85)}, {(39, 80, 89)}, {(65, 72, 97)};
50 Pythagorean triples
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4B

Now you try

Example 3

c = 5

Example 4

6.61

Example 5
√
53

Exercise 4B

1 a 17 b 50 c
√
8

2 a c2 = 32 + 52 b c2 = 22 + 72

3 a, f

4 a c = 6.7 b c = 6.3 c c =
√
22 d c =

√
34

5 a c = 10 b c = 13 c c = 17 d c = 15
e c = 25 f c = 41 g c = 50 h c = 30
i c = 25

6 a 4.47 b 3.16 c 15.62 d 11.35

e 7.07 f 0.15

7 a
√
5 b

√
58 c

√
34 d

√
37

e
√
109 f

√
353

8 4.4 m

9 495 m

10 2.4 m
11 a 8.61 m b 5.24 m c 13.21 cm

d 0.19 m e 17.07 mm f 10.93 cm

12 250 m
13 42 units
14 5.83 m
15 a 77.78 cm b 1.39 m c Reduce by 7.5 cm

4C

Now you try

Example 6

a = 7

Example 7

x = 6.08

Example 8

x =

�

25

2
or

5√
2

Exercise 4C

1 a subtract b 16 c 11

2 a T b F c T d F

3 a 4 b 24 c 8

4 a 16 b 24 c 6 d 21

e 60 f 27

5 a 8.66 b 11.31 c 5.11 d 17.55

e 7.19 f 0.74

6 5.3 m

7 14.2 m

8 49 cm

9 1.86 m

10 a Ë2 b Ë8 c

�

1

2

11 a Ë187 b Ë567 c 40

4D

Now you try

Example 9

a

28 m

17 m

?

b 22.25 m

Example 10

The cable is 32.02 m long

Exercise 4D

1 B

2 a B, III b C, I c A, II

3 a

40 m25 m

?

b 31.22 m

4 7.07 cm

5 a 6.4 m b 5.7 cm c 6.3 m d 6.0 m

6 3.0 m

7 142.9 m

8 3823 mm

9 1060 m

10 466.18 m
11 a 27 m b 118.3 m

4B

4E

Now you try

Example 11

A O

H

θ

Example 12

a cos h = 7
9

b sin h = 6
7

c tan h = 8
5

Exercise 4E

1 a 13 m b 5 m c 12 m

2 a hypotenuse b opposite c adjacent d opposite

e hypotenuse f adjacent

3 a

H

A

O

θ

b

HA

O

θ
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c

HA

A

O

θ

d

H

A

O

θ

e

H

AO

θ

f

H
A

O

θ

g

H

A
O

θ

h

H
A

O

θ

4 a sin h = 4
7

b tan h = 5
4

c cos h = 3
5

d sin h = 2
3

e tan h = 1 f cos h = 2
3

g tan h = 11
12

h cos h = 1
2

i tan h = 5
3

5 a sin h = 3
5

cos h = 4
5

tan h = 3
4

b sin h = 12
13

cos h = 5

13
tan h = 12

5

c sin h = 12
13

cos h = 5

13
tan h = 12

5

6 a i
5

13
ii

5

13
iii The same

b i
12

13
ii
12

13
iii The same

c i
5

12
ii

5

12
iii The same

7 a
3

5
b
4

5
c
3

4

8
3

4

9 a 5 b 4 c 3 d 3 e 4

10 a
4

5
b
3

5
c
3

5
d
3

4
e
4

5
f
4

3

11 a

15
17

θ

b 8

c sin h = 15
17
, cos h = 8

17
, tan h = 15

8

12 a i
1

2
ii

√
3

2
iii

1√
3

iv

√
3

2

v
1

2
vi
√
3

b i They are equal. ii They are equal.

13 b i 0.766 ii 0.643 iii 0.839 iv 0.766

v 1.192 vi 0.643

c sin 40° = cos 50°, sin 50° = cos 40°, tan 50° = 1

tan 40°

tan 40° = 1

tan 50°

4F

4F

Now you try

Example 13

a 0.34 b 0.79 c 2.36

Example 14

3.83

Example 15

a 1.69 b 5.03 c 8.48

Exercise 4F

1 a A b O c H

2 a sin b tan c cos

3 B

4 a 0.34 b 0.80 c 2.05 d 0.73

e 0.10 f 0.25 g 0.46 h 0.24

5 a 3.06 b 18.94 c 5.03

d 0.91 e 1.71 f 9.00

g 2.36 h 4.79 i 7.60

6 a 5.95 b 0.39 c 13.38 d 3.83

e 8.40 f 1.36 g 29.00 h 1.62

i 40.10 j 4.23 k 14.72 l 13.42

m 17.62 n 5.48

7 10.39 m

8 1.12 m

9 44.99 m

10 10.11 m
11 a 65° b 2.113 c 2.113

12 a 20.95 m b 10 cm

Progress quiz

1 a x2 + y2 = z2 b r2 + s2 = t2

c 52 + 122 = 132

2 a 15 b
√
73 c 7.2

3 a a = 10 b b = 6.32
4 2.2 m

5 3.46 m

6 3.3 m

7 a sin h = 4
7

b tan h = 5
9

c cos h = 6

11

8 a 8.19 b 5.96

9 2.6 m

4G

Now you try

Example 16

x = 3.58

Example 17

x = 5.85

Example 18

x = 4.45, y = 10.95
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Exercise 4G

1 a cos h = 7

x
b sin h = 10

x
c tan h = 2.3

x

2 C

3 a cos 25° b tan 65° c
6

sin 72°
4 a 4.10 b 6.81 c 37.88

d 0.98 e 12.80 f 14.43

g 9.52 h 114.83 i 22.05

5 a 13.45 b 16.50 c 57.90 d 26.33

e 15.53 f 38.12 g 9.15 h 32.56

i 21.75 j 49.81 k 47.02 l 28.70

6 40 m

7 3848 m

8 a x = 7.5, y = 6.4 b a = 7.5, b = 10.3
c a = 6.7, b = 7.8 d x = 9.5, y = 12.4
e x = 12.4, y = 9.2 f x = 21.1, y = 18.8

9 a 27 m b 104 m

10 a B as student B did not use an approximation in their working out.

b Use your calculator and do not round sin 31° during working.
11 a 23.7 m b 124.9 m

4H

Now you try

Example 19

28°

Example 20

48.19°

Example 21

25°

Exercise 4H

1 a sin h = 8
9

b sin h = 5
7

c cos h = 14
23

d tan h = 15
26

2 a 11.54 b 64.53 c 68.20

3 a
1

2
b 0.6 c tan −1

�

5

4

�

4 a 30° b 60° c 45° d 30°
e 45° f 30° g 90° h 50°
i 90° j 55° k 0° l 70°

5 a 34.85° b 19.47° c 64.16°
d 75.52° e 36.87° f 38.94°
g 30.96° h 57.99° i 85.24°

6 a 43° b 31° c 41° d 16° e 55°
f 50° g 49° h 41° i 34°

7 17°
8 23.13°

9 a
1

2

b 50°
c 45° = tan −1(1)
d 0.707

10 25.4°
11 26.6°
12 45°
13 a 18° b 27° c 45°

d 5.67 m e up to 90°

4I

Now you try

Example 22

29 m

Example 23

16°

Exercise 4I

1 a i B

A
θ

ii B

A

α

b Yes, h = a, alternate angles are equal on parallel lines.
2 C

3 a 22° b 22°
4 a = 65, b = 25
5 16 m

6 157 m

7 38 m

8 90 m

9 37°
10 6°
11 10°
12 a 6° b 210 m

13 4634 mm
14 Yes, by 244.8 m
15 a i 47.5 km ii 16.25 km

b No

c Yes

4H

Maths@Work: Carpenter

1 a 450 mm b 2400 mm c 9010 mm

d 2700 mm e 46 000 mm

2

45°

45°
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3 Diagrams are not to scale.

a 770 mm by 1040 mm

650 mm

400 mm

400 mmLHS

120 mm

120 mm

770 mm 

Top

Front

Back

1
0
4
0
 m

m

120 mm

Base RHS

b 2430 mm by 1540 mm

Top

Back

Base

2100 mm 330 mm

RHS

LHS

6
5
0
 m

m
3
3
0
 m

m
5
6
0
 m

m

1
5
4
0
 m

m

2430 mm 

4 a BC = 72 mm b BC = 106 mm
c AB = 187 mm d AB = 364 mm

5 1370 tiles

6 170 m2

7 Location Volume of rain in litres

Strahan, TAS 232 713

Melbourne, VIC 94 860

Port Lincoln, SA 77 724

Perth, WA 111 384

Newcastle, NSW 183 600

Tully, QLD 628 065

Alice Springs, NT 37 179

Puzzles and games

1 44

2 a Answer will vary b a2, b2, c2

c a2 + b2 = c2

3 a A diagonal of the square b
√
2 cm c 63.7%

4 Round peg square hole

5 171 cm

Chapter checklist

1 a y2 = x2 + w2 b 52 = 32 + 42

2 a c = 15 b c = 7.16
3 c2 = 92 + 22, c =

√
85

4 a = 6.63

5
7√
2

6
√
8 = 2.83 m (2 decimal places)

7
√
116 = 10.77 m (2 decimal places)

8 H

O A

θ

9 a sin h = 4
9

b tan h = 6
7

10 0.70
11 8.48
12 9.43
13 y = 17.01, x = 13.76
14 a h = 51° b 25°
15 66°
16 6.88 m ¥ 7 m (nearest metre)

17

5 m

3 m

θ

h = 31°

Short-answer questions

1 a x2 + y2 = z2 b s2 + t2 = u2 c e2 + f 2 = d2

2 a 10 b 25 c 13 d 37

e 7.21 f 7.07

3 a 3.32 b 7.55 c 9.95

4 4.49 m

5 a 13 cm b 13.93 cm

6 19 m

7 a 0.64 b 2.25 c 0.72

8 a sin h b tan h c cos h
9 a 11.33 b 4.88 c 48.02

d 10.31 e 50.71° f 60°
10 28.01 m
11 25 m
12 177.91 m
13 63.2 m

Multiple-choice questions

1 A 2 B 3 A 4 C 5 B 6 C

7 D 8 C 9 A 10 B

Extended-response questions

1 a

100 m

12°

12°

b 470 m c 3° d 1530 m

2 a 2.15 m b 0.95 m c 3.05 m
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Chapter 5

Warm-up quiz

1

2

3

1

−2

−3

−1
−2

(−2, 4)

(3, 1)

(5, −3)

(0, 0)

−3 −1 2 31 4 5

4

y

x

2 a 1 b −1 c −3 d −4
3 a x = 5 b x = −2 c x = −3 d x = 4

e x = −2 f x = 4
4 a 3 b −4 c 4 d −3
5 x −2 −1 0 1 2

a y 1 2 3 4 5

b y −5 −3 −1 1 3

6 a False b True c True d False

7 a 7 b 6.5 c 3 d −5
8 a 5 b 4 c 5 d 3

9 a 4 b 5 c 7 d 3

5A

Now you try

Example 1

a x −2 −1 0 1 2

y −8 −5 −2 1 4

b x −2 −1 0 1 2

y 8 6 4 2 0

Example 2

a x −3 −2 −1 0 1 2 3

y −5 −4 −3 −2 −1 0 1

2

4

−3 −2 −1 2 31
−2

−4

−6

x

y

O

b x −3 −2 −1 0 1 2 3

y 13 10 7 4 1 −2 −5

2

4

6

8

10

12

14

−3 −2 −1 2 31
−2

−4

−6

x

y

O

Example 3

a Yes b No

CH5

Exercise 5A

1 a

1

2
(−1, 2)

Origin

Coordinate
pair

x-axis

y-axis3

−3 −2 −1 321
−1

−2

−3

x

y

O

b i x-coordinate ii y-coordinate
iii right, down

2 a

1

2

3

4

−4 −3 −2 −1 432

i(3, 1)

ii(−4, −2)

iii(0, 2)iv(−1, 2)

1
−1

−2

−3

−4

x

y

O

b A(4, 1), B(2, 0),C(0,−3),D(−2, 2), E(−2,−4), F(3,−4)
3 C

4 A, C

5 a x −2 −1 0 1 2 3

y 0 1 2 3 4 5

b x −2 −1 0 1 2

y −1 1 3 5 7

c x −2 −1 0 1 2

y 4 2 0 −2 −4
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d x −2 −1 0 1 2 3

y 5 2 −1 −4 −7 −10

6 a x −3 −2 −1 0 1 2 3

y −4 −3 −2 −1 0 1 2

b x −3 −2 −1 0 1 2 3

y 0 1 2 3 4 5 6

c x −3 −2 −1 0 1 2 3

y −9 −7 −5 −3 −1 1 3

a y = x − 1 b y = x + 3 c y = 2x − 3

4

6

8

10

2

−4

−6

−8

−10

−2
−4 −2 42

y

b
c

a

x

d x −3 −2 −1 0 1 2 3

y 9 6 3 0 −3 −6 −9

e y −3 −2 −1 0 1 2 3

y 5 3 1 −1 −3 −5 −7

f x −3 −2 −1 0 1 2 3

y 7 6 5 4 3 2 1

d y = −3x e y = −2x − 1 f y = −x + 4

4

6

2

−4

−6

−8

−10

−2
−2−3 −1 2 31 4

8

10

y

e

f

d

x

7 a No b Yes c No

8 a Yes b Yes c No

9 a y = x + 2 b y = 2x c y = 2x + 1
d y = 3x − 1 e y = x − 2

10 y = 3x
11 a iv b iii c i d ii

12 a y = 2x + 7 b y = 20 − x c y = 2x − 1

d y = 1
2
x + 1 e y = −3x + 4 f y = 5x + 4

5B

Now you try

Example 4

a x-intercept is (−1, 0), y-intercept is (0, 2)
b x-intercept is (3, 0), y-intercept is (0, 2)

Example 5

a (0, 5) b (0, 3)

Example 6

a (2, 0) b (−3, 0)

Exercise 5B

1 a x-axis b x-coordinate c x-intercept

2 a A(1, 0), D(−2, 0), H(3, 0) b B(0, 3), E(0,−1)
3 a y = 0 b x = 0
4 a (1, 0), (0, 1) b (−2, 0), (0, 2)

c (4, 0), (0, 8) d (−5, 0), (0, 10)
e (2, 0), (0, 3) f (7, 0), (0,−3)
g (−11, 0), (0, 5) h (−2, 0), (0,−5)

5 a (0, 5) b (0, 1) c (0,−7) d (0,−3)
e (0, 2) f (0,−4) g (0,−2) h (0, 10)
i (0, 11) j (0, 3) k (0, 2) l (0, 6)
m (0,−3) n (0,−1) o (0,−3) p (0, 3)

6 a (−6, 0) b (4, 0) c (4, 0) d (−2, 0)
e (−4, 0) f (3, 0) g (7, 0) h (2, 0)
i (4, 0) j (6, 0) k (1, 0) l (−3, 0)

7 a

�

1

2
, 0

�

, (0,−1) b (4, 0), (0,−2)

c (12, 0), (0, 4) d (2 1
3
, 0), (0, 3 1

2
)

8 a 100 m b 20 s

9 a 20 minutes b 80 litres

10 When you substitute x = 0 into the rule, y = 3 × (0) = 0. It means the
graph passes through the origin.

11 a A = −60 b She makes a loss of $60.

c 30 badges

d She then starts to make a profit from her stall.

e

10

20

30

40

40 50302010
−10

−20

−30

−40

−50

−60

b

A

O
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5C

Now you try

Example 7

3

4

y

O
x

Example 8

4

y

O−2

x 5C

Exercise 5C

1 a 2 b 0 c 0

2 a (0, 3) b (0,−4)
3 a (−2, 0) b (2, 0)

4 a

x

y

3

−2

O

b

4

2

y

x
O

c

x

y

O
−3

6

d

x

y

O 1

3

5 a

2

2
O

y

x

b

5

5

y

x
O

c

−3

3

y

x
O

d

−2

2

y

x
O

e

2

4

y

x
O

f

3

−9

y

x
O

g

2

−4

y

x
O

h

2

3

y

x
O

i

2

y

x

−3

O

j

−4

12

y

x
O
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k

−5

2

y

x
O

l

−21

3

O

y

x

6 a

−1

3

y

x
O

b

−1

2

y

x
O

c

−5

5

y

x
O

d

−6

−6

y

x
O

e

−2

−1

y

x
O

f

−6

−2

y

x
O

g

x

y

2

4

O

h

−3

1.5

y

x
O

i

1

1

y

x
O

j

1

O

y

x
1

2

7 a 8 m

b 4 seconds

c

8

4

d

t
O

8 a

3

2

y

x
O

b

2

8

y

x
O

c y

x

1

2

1

2

O

9 a For 0.5 across, graph moves 1 down.

b For 1.5 across, graph moves one up.

10 a x + y = 4 b x + y = 2
c x − y = 3 d x − y = −1

5D

Now you try

Example 9

a

1

2

−1

−2

y

O−2 −1 1 2

x

y = − 1

b

1

2

−1

−2

y

O 1 2 3

x

x = 3

c

1

3

2

−1

−2

y

O 1−1−2 2 3

x

x = 0
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Example 10

1

2

3

4

−1

−2

−3

−4

y

O 1 2−1−2 3

(1, 4)

x

y = 4x

Example 11

a x = 1 b y = 2

5D

Exercise 5D

1 a Horizontal b Horizontal c Vertical

d Horizontal e Vertical f Vertical

2 a ii, iv b i, iii

3 a i 2 ii −3
b i 3 ii −2

4 b, e, f

5 a y

x
2

b y

x
5

c y

x

4

d y

x
1

e y

x
−3

f y

x
−2

g y

x

−1

h y

x

−3

6 a

1

2

(1, 2)

y

x

b

1

5 (1, 5)

y

x

c

1

6
(1, 6)

y

x

d

1

1 (1, 1)

y

x

e

1

−4 (1, −4)

y

x

f

1

−3 (1, −3)

y

x

g

1

−2 (1, −2)

y

x

h

1
−1 (1, −1)

y

x

i

1

1

y

x

(1,    )1
2

1
2

O
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7 y

x

g e k

l

c

f

b

d

j

a

i

i

h

2

3

1

−2

−3

−1
−2−3 −1−4

−4

2 3 41

4

2 3

8 a y = −2 b y = 4 c x = −2
d x = 5 e y = 1.5 f x = −6.7

9 a y = 3 b x = 5 c x = −2 d y = 0
10 a y = 250 b y = −45
11 a y = 2x b y = 3x

c y = −x d y = −3x
12 a A = 15 square units b A = 68 square units
13 a i y = 1 or y = −5 ii y = 0 or y = −4

iii y = 3 1
2
or y = −7 1

2
b i y = 1 or y = −5 ii y = 7 or y = −11

iii y = 9 1
2
or y = −13 1

2

5E

Now you try

Example 12

a Zero b Positive, 2 c Undefined

d Negative, −
2

5

Example 13

a m = 2 b m = − 8
5

Exercise 5E

1 a i 2 ii 4

b i 2 ii 1

c i 1 ii 3

d i 3 ii −3
e i 1 ii −3
f i 4 ii −1

2 a Zero b Negative

c Positive d Undefined

3 a Positive, 1 b Positive, 2 c Zero

d Zero e Negative, −
2

3
f Negative −

3

4

g Undefined h Undefined i Positive,
1

2

j Positive, 3 k Positive, 2 l Negative, −4

4 A 1 B −2 C 1

D
1

2
E −2 F 3

5 a 2 b −1 c −2 d 1

e 2 f −2 g −1 h
1

2

i
3

2
j −

5

2
k
1

3
l
5

2

6 a −
1

20
b 17.5 or

35

2
c −

1

5
d 7.5 or

15

2

7 40 metres

8 90 metres

9 a 6 b 1 c 0 d −4

10 a i −1 ii −3
b (4.5, 0)
c i (6, 0) ii (1.5, 0) iii (2.4, 0)

5F

Now you try

Example 14

V = 2t

Example 15

a 50 L/min

b

2000

1500

V
o
lu

m
e 

(l
in

es
)

Time (mins)

(50, 2500)
2500

1000

500

V

O
5010 20 30 40

t

c i 50 ii V = 50t
d i 1000 L ii 40 mins

Exercise 5F

1 a No b Yes c Yes d No

2 a 60 km/h b 9 m/s c 5 L/min

d $1.50/L e $30/h f 3°C/min
3 a i 10 km ii 20 km iii 30 km

b 10 km/h

c 10

d They are the same.

4 a d = 60t b g = 2t c C = 1.5n
d P = 20t

5 a 100 L/h

b

300

200

100

V

O 321

t

c i 100 ii V = 100t
d i 150 L ii 2 h

6 a 25 km/h

b

100

75

50

25

d

O 4321

t

c i 25 ii d = 25t
d i 62.5 km ii 1.6 h

7 a 100 km/h b 7 cm/s

c 2.5 cm/min d 49 mm/min

8 Sally

9 The panther

10 a 10.2 L b 72.25 L c 800 km
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11 a A = 12w
b

w

A

(4, 48)

10

20

30

40

50

4321O

c Yes, the rule for the graph is in the form y = mx.

12 a
1

2
b
1

4
c
3

4

d 1 min 20 s or 1 1
3
min

13 1.2 h or 1 h 12 min

5G

Now you try

Example 16

a Gradient = 3, y-intercept = −2
b Gradient = −1, y-intercept = 0

Example 17

a y = −3x + 5 b y = −2x + 3

Example 18

a Gradient = 3, y-intercept = −2

1

−2

1 (1, 1)

y

x
O

b Gradient = −5
4
, y-intercept = 1

4

−4

1

(−4, 4)

y

x
O

Example 19

y = − 2
3
x + 4

Gradient = − 2
3
= −2

3

y-intercept = 4

x

y

2

1

(3, 2)

2 3

4

O

Exercise 5G

1 a gradient b y-intercept c subject

2 a iii b i c ii d iv

3 a i (2, 6) ii (3, 1)
b i (1, 1) ii (3,−5)

4 a 3, 5 b 1, 4 c 2, −1

5 a Gradient = 3, y-intercept = (0,−4)
b Gradient = −5, y-intercept = (0,−2)
c Gradient = −2, y-intercept = (0, 3)

d Gradient = 1
3
, y-intercept = (0, 4)

e Gradient = −4, y-intercept = (0, 0)
f Gradient = 2, y-intercept = (0, 0)
g Gradient = 2.3, y-intercept = (0, 0)
h Gradient = −0.7, y-intercept = (0, 0)
i Gradient = 1, y-intercept = (0, 0)

6 a y = −3x + 4 b y = −2x + 7
c y = 3x + 2 d y = 2x + 7
e y = 5x − 3 f y = −2x + 4

g y = − 3
2
x + 3 h y = 2x − 5

2

i y = 5
3
x + 2

5G

7 a m = 1, y-int = (0,−2)

−2

(1, −1)

O

y

x

b m = 2, y-int = (0, 1)

x

y

(1, 3)

1

3

1O

c m = 3, y-int = (0, 2)

x

y

(1, 5)

2

5

1O

d m = 1
2
, y-int = (0, 2)

x

y

1

2

3

4

2

(2, 3)

O
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e m = −3, y-int = (0, 3)

3

O
1

y

x

f m = 3
2
, y-int = (0, 1)

O

1

y

x

(2, 4)

g m = 2, y-int = (0, 0)

x

y

1

2 (1, 2)

1
O

h m = −4
3
, y-int = (0, 0)

O

y

x

(3, −4)−4

3

i m = −2
3
, y-int = (0, 0)

x

y

−2

3

(3, −2)

O

8 a m = −1, y-int = (0, 4)

O

4

1

(1, 3)

y

x

b m = 1, y-int = (0, 6)

x

y

1

6
7

(1, 7)

O

c m = −2, y-int = (0, 3)

x

y

1

2

3

1

(1, 1)

O

d m = −1
2
, y-int = (0, 4)

y

x
O

1

1

2

3

4

2

(2, 3)

e m = −2
3
, y-int = (0, 2)

x

y

(3, 0)

O

1

2

3

f m = −4
3
, y-int = (0, 4) y

x

3

4
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g m = 1
2
, y-int = (0,−2)

x

y

(2, − 1)

O

− 2

1 2

h m = 2
3
, y-int = (0,−2)

O
3

−2

y

x

i m = 3
4
, y-int = (0,−3) y

x

4

−3

O

j m = −1
4
, y-int = (0, 0) y

x

(4, −1)

O
–1

4

k m = 1
5
, y-int = (0, 0) y

x

(5, 1)

O

1

5

l m = 4, y-int = (0, 0)

x

y

4

1

(1, 4)

O

9 a Gradient = 4,V-intercept = (0, 2)

t

V

2

4

6

8

1 432

(1, 6)

O

b Gradient is the rate the water level is increasing (the rate of rain fall

in mL/h); the V-intercept is the amount of water in the gauge before
the storm.

10 Yes, she loses the bet. 6 needs to be divided by 2 also to give 2x + 3.
11 c, d, f
12 a y = 2x + 2, y-intercept is (0, 2) b Expand brackets

13 a y = 2x + 3 b y = −x + 2

c y = 2x + 3 d y = 1
2
x + 3

e y = 1
2
x + 3 1

2
CH5

P&Q
Progress quiz

1 a i x −3 −2 −1 0 1 2 3

y −7 −4 −1 2 5 8 11

ii

4

6

8

10

12

2

−4

−6

−8

−2
−2−3 −1 2 31

O

y

x
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b i x −3 −2 −1 0 1 2 3

y 10 8 6 4 2 0 −2

ii

4

6

8

10

12

2

−4

−2
−2−3 −1 2 31

y

x
O

2 a No b Yes

3 a (1, 0) and (0,−2) b (3, 0) and (0,−5)
4 a i y-int = (0, 6) ii x-int = (−2, 0)

iii

6

−2
O

y

x

b i y-int = (0,−8) ii x-int = (−4, 0)

iii

−8

−4 O
x

y

c i y-int = (0,−2) ii x-int = (5, 0)

iii

−2

5O

y

x

5 a 10 km b 20 min

c

10

20

t (min)

d (km)

O

6 a

5
O

y

x

b

O

y

x

−2

c

O

y

x

x = 0

7

O
x

y
a

b

(1, −1)

(1, 6)6

2

y = −x

y = 6x

8 a m = 1
b m = 0

c m = −3
2

d Undefined

e i m = 2 ii m = 7
3

iii m = −5 iv m = 0
9 a d = 50t b E = 16t c r = 8o
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10 a 60 L/min

b

300

200

100

O
43

Time (min)

V
o
lu

m
e 

(l
it
re

s)

521

c i 60 ii V = 60t
d i 120 L ii 3.5 min

11 a Gradient = 2, y-intercept = (0,−3)
b Gradient = −4, y-intercept = (0, 1)

c Gradient = 1
2
, y-intercept = (0, 0)

d Gradient = 2, y-intercept = (0, 3)
e Gradient = 2, y-intercept = (0, 4)

12 a Gradient = 3, y-intercept = (0,−2)

y

x

1

(1, 1)

−2

1

O

b Gradient = −1
2
, y-intercept = (0, 3)

y

x

2

(2, 2)
2
3

O

c Gradient = −3
2
, y-intercept = (0, 4)

y

x

2

(2, 1)

4

1

O

5H

5H

Now you try

Example 20

y = 2x + 6

Example 21

y = 2x − 5

Exercise 5H

1 gradient, y-intercept, point

2 a y = 2x + 5 b y = 4x − 1

c y = −2x + 5 d y = −x − 1
2

3 C

4 a 1 b 3 c 5

5 a y = 2x + 6 b y = x + 2
c y = −4x − 4 d y = 2x − 2
e y = 8x + 8 f y = −x + 4
g y = −2x + 6

6 a y = 3
4
x + 3 b y = − 3

4
x + 3

c y = − 5
4
x + 3 d y = 3

2
x + 4

e y = 3
5
x f y = − 1

3
x − 1

7 a y = 3x + 5 b y = −2x − 1
c y = −3x + 8 d y = x − 3
e y = −3x + 3 f y = 5x − 1
g y = −x + 8 h y = −3x + 6
i y = −2x + 2 j y = −4x − 9

8 y = 5x + 1
9 (2.5, 0)
10 a y = 35x + 80 b After 12 weeks

11 a i 2 ii y = 2x + 2
b i −4 ii y = −4x + 11
c i −1 ii y = −x + 3
d i 1 ii y = x − 4

12 a y = −20x + 120 b 120 L

13 a y = 2x − 3
b (1.5, 0), (0,−3)
c The x-intercept is when the temperature reaches 0°C and the
y-intercept represents the temperature at midnight.

5I

Now you try

Example 22

a (4, 5) b (−2, 2.5)

Example 23

6.71

Exercise 5I

1 a 8 b 1 c −3 d 5.5

2 a 5 b 10 c 5.1 d 6.7

3 a i 3 ii 4

b i 2 ii 7

4 a (3, 3) b (2, 2) c (1, 5)
d (4, 1) e (−1, 3) f (−1,−1)
g (1.5, 1.5) h (2.5, 2) i (0.5, 3)
j (−1.5,−2.5) k (−3,−8.5) l (0.5,−2.5)

5 a 5.10 b 2.83 c 5.39 d 4.47

e 3.61 f 2.83 g 8.94 h 7.21

i 6.71

6 (−1, 5.5) and (5, 0.5)
7 B(8, 0),A(−6, 5),A(−6, 9)
8 a (−3, 1) b (1,−4) c (8, 3)
9 a 12.8 b 24.2

10 a (3, 5), (3,−1), (0, 2), (6, 2) are the obvious points
b A circle
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11 a
1

3

b
1

3

c i (1, 1) ii (−2,−0.5) iii (2, 1.5)

5J

Now you try

Example 24

a C = 60 + 30n b

240

180

(6, 240)
300

120

60

C

O
6

n

c $150 d 5 hours

Exercise 5J

1 B

2 a i $1200 ii $1500 iii $2200
b A = 1000 + 100n

3 a i dependent ii independent

b i Volume ii Height iii Amount of money

4 a W = 20x + 400 b

1200

800

(40, 1200)

400

W

O
40

x

c $640 d 30

5 a C = 50n + 40 b $240 c $640
6 a C = 25n + 500

b

2000

1500

(100, 3000)

2500

3000

1000

500

C

O
100

n

c $1500 d 70

7 a C = 120t + 300
b

1200

(10, 1500)

900

1500

600

300

C

O
10

t

c $1020 d 3 h

8 a F = 18t + 12 b 3 min

9 a V = 4000 − 20t b 2200 L

c 200 min d 175 min

10 a 80 km/h

b Rate changes; i.e. new gradient = 70, d = 50 + 70t
11 a i 20 m/s ii 350 m iii 17.5 s

b Increasing altitude (i.e. rising) at rate of 20 m/s

12 a d = 65t
b and e

t

d

(b)
(e)

100

200

300

1 4 5 632

(5, 325)

O

c 350 km

d 4 h and 40 min (4 2
3
hours)

f i 2.5 h ii 162.5 km

Maths@Work: Trading in foreign currencies

1

x (input) y (output)

Linear

equation Points

i EUR AUD y = 1.5687x (0, 0)(10, 15.687)

ii GBP AUD y = 2.0306x (0, 0)(10, 20.306)

iii USD CNY y = 6.5181x (0, 0)(10, 65.181)

iv EUR GBP y = 0.7725x (0, 0)(10, 7.725)

v AUD EUR y = 0.6375x (0, 0)(10, 6.375)

vi AUD USD y = 0.7158x (0, 0)(10, 7.185)

vii AUD SGD y = 1.0038x (0, 0)(10, 10.038)

viii AUD NZD y = 1.0753x (0, 0)(10, 10.753)

2 a i

5

10

15

20

y (AUD)

y = 1.5687x

x (EUR)
O 5 10 15

(10, 15.687)
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ii

5

10

15

20

y (AUD)

y = 2.0306x

x (GBP)

5 10 15

(10, 20.306)

O

iii

20

40

60

y (CNY)

y = 6.5181x

x (USD)
O 5 10 15

(10, 65.181)

iv

5

10

15

20

y (GBP)

y = 0.7725x

x (EUR)
O 5 10 15

(10, 7.725)

CH5

P&G

b The exchange rate is the gradient of each graph

c

5

5O 10

10

y

x (AUD)

(10, 6.375)

(10, 10.038)

(10, 10.753)
viii

vii

vi

v

AUD exchange rates

(10, 7.158)

d The slope of the line increases as the exchange rate increases.

3 a See figure at bottom of page.
b y = 0.6235x + 79.691; x is the date in May; y is the Japanese
exchange rate for 1 Australian dollar on that date.

c The gradient tells us that the exchange rate is increasing by 0.6235

Japanese yen per day in May.

d 85.926 Japanese yen

e 133565.25 Japanese yen

f Exchange rates can vary at any time and don’t necessarily follow a

trend line.

Puzzles and games

1 101

2 602

3 20 days

4 (0.5, 5.5), diagonals intersect at their midpoint
5 Length AB = length AC =

√
17

6 31 hours

Chapter checklist

1 x −2 −1 0 1 2

y 5 3 1 −1 −3

2 a no b yes

3 a x-intercept (1, 0) y-intercept (0, 4)
b x-intercept (−2, 0) y-intercept (0, 4)

4 a y-intercept (0,−4) b y-intercept (0,−4)

3a

O

80

80.5

81

81.5

82

82.5

83

JP
Y

 f
ro

m
 1

 A
U

D

AUD to Japanese yen

y = 0.6235x + 79.691

83.5

84

84.5

85

1 2 3

May dates

4 5 6 7 8 9

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



780

5 a x-intercept

�

4

3
, 0

�

b x-intercept (5, 0)

6

2
(0, 2)

(7, 0)

3

1

−1−5 5 10O

4

5

y

x

7

2

3

1

(0, –9)

(3, 0)

−1

−2

−3

−4

−5

−6

−7

−8

−9

−10

−2−3−4−5 −1 1 2 3 4 5O

4

5

y

x

8 a

(0, –2)

3

4

5

1

2

−1

−2

−3

−4

−5

−3−4−5 −1−2 3 4 521O

y

x

b

3

4

5

1

2

−1

−2

−3

−4

−5

−3−4−5 −1−2 3 4 521O

y

x
(5, 0)

c

3

4

5

1

2

−1

−2

−3

−4

−5

−3−4−5 −1−2 3 4 521O

y

x
(0, 0)

9

3

4

5

1

2

−1

−2

−3

−4

−5

−3−4−5 −1−2 3 4 521O

y

x

(1, 5)

10 a y = 2 b x = −1
11 a undefined b −3

12 gradient m = 4
3

13 d = 60t
14 a

O 40 80

200

400
(40, 400)

600

t

V

b 10 L/min and V = 10t c 25 minutes

15 m = 3 y-int (0,−2)
16 a y = −3x + 4 b y = −3x + 6
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17 a y = 4x − 3 m = 4 y-int (0,−3)

3

4

5

1

2

−1

−2

−3

−4

−5

−3−4−5 −1−2 3 4 521O

y

x
(0.75, 0)

(0, –3)

b y = 10 − 3x
2

m = − 3
2
y-int (0, 5)

3

4

5

1

2

−1

−2

−3

−4

−5

−3−4−5 −1−2 3 4 521O

y

x

(0, 5)

(3   , 0)1
3

18 y = 2x − 6
19 y = 2x − 8

20 M

�

3,
5

2

�

21 distance = 6.40
22 a C = 200 + 80t

b

0 5 10

200

400

600

800

(6, 680)

t

C

c 2.5 hours

CH5

S&Q

Short-answer questions

1 x −2 −1 0 1 2 3

y −7 −5 −3 −1 1 3

x

y

321−2 −1

1

2

3

4

−3

−7

−1
O

2 a (−2, 0) and (0, 4) b (3, 0) and (0,−2)
3 a

2

3

1

−2

−3

−1
−2

(0, −4)

(2, 0)

−3 −1−4−5

−4

−5

2 31 4 5

4

5

y

x

b

2

3

1

−1
−2

(0, 9)

(−3, 0)

−3 −1−4−5 2 31 4 5

4

5

6

7

8

9

10

y

x
O
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c

2

3

1

−2

−3

−1
−2

(0, 5)

−3 −1

−4

−5

2 31 4

4

5

y

x

(2.5, 0)

O

d

2

3

1

−2

−3

−1
−2

(0, 4)

(4, 0)

−3 −1−4−5

−4

−5

2 31 4 5

4

5

y

x
O

e

2

3

1

−2

−3

−1
−2

(0, 2)

(4, 0)

−3 −1−4−5

−4

−5

2 31 4 5

4

5

y

x
O

f

2

3

1

−2

−3

−1
−2

(0, −5) 

−1

−4

−5

2 31

y

x

(2.5, 0)

O

g

2

3

1

−2

−3

−1
−2

(0, −7)

(3.5, 0)

−3 −1−4−5

−4

−5

−6

−7

2 31 4 5

y

x
O

h

2

3

1

−2

−3

−1
−2

(0, 2)

(−4, 0)

−3 −1−4−5−6

−4

2 31

4

y

x
O

CH5

P&G4 a Zero b Zero c Undefined

2

3

1

−2

−3

−1
−2−3 −1−4−5

−4

−5

2 31 4 5

4

5

a

b

c

x

y

O

d Undefined e Positive f Negative

2

3

1

−2

−3

−1
−2−3 −1

−4

−5

2 31

(1, 3)

(1, −2)

4 5 6 7

4

5

y

d
e

f

x
O
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5 a 2 b −3

6 a 2 b −1 c 2 d
−10

3

7 a 2000 L/h b

8000

7000

4000

3000

5000

6000

2000

1000

V

4321

t
O

c V = 2000t d 2.5 hours

8 a Gradient = 2, y-intercept = (0, 3)

2

3

1

−1
−2−3 −1−4−5 2 31 4 5

4

5

6

7

8

y

y = 2x + 3

(1, 5)

x
O

b Gradient = −3, y-intercept = (0, 7)

2

3

1

−1
−2−3 −1−4−5 2 31 4 5

4 (1, 4)

5

6

7

8

y

y = −3x + 7

x
O

9 a y = −2x + 6, gradient = −2, y-intercept = (0, 6)

b y = − 1
2
x + 2, gradient = −1

2
, y-intercept = (0, 2)

10 a y = 2x − 2 b y = −3x + 6
c y = 3x − 2

11 a y = 3x + 1 b y = −2x + 3
12 a M(4, 6), 5.66 b M(7.5, 4.5), 7.07

c M(0, 4), 7.21 d M(−3, 2.5), 9.85

SR1

Multiple-choice questions

1 D 2 C 3 D 4 D 5 A

6 D 7 B 8 B 9 A 10 C

Extended-response questions

1 a C = 50t + 100 b

350

200

(5, 350)

150

250

300

100

50

43 5 t

C

21O

c $300 d 2 1
2
hours

2 a

42

3 t

d

O

b 42 km c 3 hours d −14 e 14 km/h

Semester review 1

Reviewing number

Short-answer questions

1 a
8

2
= 2 b

10

10
= 1 c 2 3

4
d
7

9

2 a
3

8
b 1 4

5

3 a 4.126 b 21.002 c 0.010

4 a $160, $640 b $320, $480 c $700, $100
5 a 5 : 3 b 55 km/h c 24 mL/h

6 181.3 km

7 5 kg

Multiple-choice questions

1 B 2 D 3 D 4 C 5 C

Extended-response question

a 24 km

b i 14 km ii 2 p.m.

Financial mathematics

Short-answer questions

1 a 60% b 31.25% c 10% d 25%
2 a $9.60 b $765 c $11
3 a 84 m b $50.76
4 4 h 48 min

5 $892
6 $67 484
7 a $72 b $872

Multiple-choice questions

1 B 2 D 3 A 4 D 5 A
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Extended-response question

a $17 500 b $23 520
c 9 years d 27%

Expressions and equations

Short-answer questions

1 a −2x + 7y b −15mn c
y

3

2 a x = 6 b x = 9 c m = 3
8

d a = 3 e x > −2 f x � −3

3 a 2m + 1 = 15 b $7
4 a 155 b 18

Multiple-choice questions

1 D 2 E 3 A 4 C 5 C

Extended-response question

a p + 12
b p + (p + 12) = 38; i.e. 2p + 12 = 38
c Michael scored 13 points and Chris 25 points

Pythagoras’ theorem and trigonometry

Short-answer questions

1 a 6.3 b 15.1 c 9.9 d 6.3

2 a 8.1 b 11.2 c 4.2

d 1.5 e 53.1° f 29.5°
3 a 19.21 m b 38.7°
4 a x = 13 b y = 14.72

Multiple-choice questions

1 B 2 A 3 A 4 C 5 A

Extended-response question

a 17.75 m b 14.3° c 18.8 m

Linear relationships

Short-answer questions

1 a

321
x

y

−6

−4

−2
O

b

8642
x

y

6

2

4

O

c

321

x

y

3

2

1

4 (1, 4)

O

d

321–1
–1

y

x

3

2

1

4

O

2 a
2

3
b −3 c −2 d

4

3

3 a y = −3x + 6 b y = 3x − 1
4 a (3, 6) and 10 units

b

�

1

2
, 3

�

and 5 units

Multiple-choice questions

1 C 2 D 3 A 4 B 5 A

Extended-response question

a 12 kg/h

b S = 180 − 12t
c

15
t

S

180

O

d 15 hours

e i P = 40 + 25h ii $415

Chapter 6

Warm-up quiz

1 a 4 cm2 b 6 m2 c 8 cm2

2 a 8 cm b 10 m c 18 cm

3 a 3 b 6 c 27

4 a Cylinder b Circle

5 a 23 b 48 c 2.7

d 5.2134 e 50 f 72.16

6 7

7 a 30 mm b 2000 cm c 1600 m

d 2.3 cm e 3.167 km f 0.72 m

g 20 km h 30 m i 0.0756 km

8 a 30 cm2 b 4 m2 c 49 km2

d 3 m2 e 24 cm2 f 66 m2

9 C = 31.42 m,A = 78.54 m2

6A

Now you try

Example 1

a 10% b 6%

Example 2

a 57.5 g and 58.5 g b 575 g and 585 g

Exercise 6A

1 a 1 cm b 0.5° C c 0.25 L

2 a 23 g b 1.78 L c 41.1 s

3 a $20 b 25%

4 a yes b yes c no

d yes e no

5 a 10% b 5% c 4% d 12.5%

6 a 5% b 6% c 6.25% d 3.75%

7 a 25.45 g and 25.55 g b 509 g and 511 g

8 a 14.5 g and 15.5 g b 435 g and 465 g
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9 a 35.5 cm, 36.5 cm

b 102.5 m, 103.5 m

c 3.15 mm, 3.25 mm

d 6.75min, 6.85min

e 45.235 hours, 45.245 hours

f 83.505 g, 83.515 g

g 3.1055 kg, 3.1065 kg

h 0.03565 L, 0.03575 L

i 0.015 mL, 0.025 mL

10 a 1.505 L and 1.515 L b 15.05 L and 15.15 L

11 13.9%
12 15 g
13 172.5 cm or 174.3 cm

14 a 22.975 km b 0.54%

15 a 60.6% b 2.9% c Answers will vary

6B

Now you try

Example 3

a 240 cm b 42 cm

Example 4

a 9 cm b 6 mm

Example 5

33.71 m

Exercise 6B

1 × 1000

÷ 1000

km m

× 100

÷ 100

cm

× 10

÷ 10

mm

2 add

3 a 7 b 26 c 2.1

4 a 50 mm b 410 mm c 280 cm

d 40 cm e 4600 m f 900 m

g 52.1 cm h 3.6 cm i 2.4 m

j 0.837 m k 7 km l 2.17 km

5 825 cm, 2.25 cm

6 a 15 mm b 31 m c 86 cm

d 12 m e 27 cm f 24 mm

g 18 km h 10 m i 42 cm

7 a x = 4 b x = 2.2 c x = 14
8 a a = 3, b = 6 b a = 12, b = 4 c a = 6.2, b = 2
9 a 90 cm b 80 cm c 170 cm

d 30.57 m e 25.5 cm f 15.4 km

10 108 m
11 a 8000 mm b 110 m c 1 cm

d 20 mm e 0.284 km f 62.743 km

12 a 86 cm b 13.6 m c 40.4 cm

13 88 cm
14 a i 96 cm ii 104 cm iii 120 cm

b P = 4(20 + 2x) or P = 80 + 8x
c 109.6 cm

6C

Now you try

Example 6

23.88 m

Example 7

20.11 km

Example 8

10.71 cm

Exercise 6C

1 a Radius b Diameter c Circumference

2 a 2.8 cm b 96 mm

3 a C = 2pr b C = pd

4 a
1

4
b
1

2
c
3

4

5 a 50.27 m b 87.96 cm c 31.42 m

d 6.91 m e 45.24 cm f 101.79 mm

6 a 31.42 m b 78.54 cm c 9.42 mm

d 12.57 km e 5.65 mm f 23.25 m

7 a 12.56 m b 62.8 cm c 22 mm d 44 m

8 a 10.28 m b 51.42 cm c 14.28 m

d 10.00 cm e 20.05 m f 106.73 km

9 28.27 m

10 4.1 m
11 a 12.57 cm b 102.83 mm c 41.06 m

12 a 188.50 cm

b i 376.99 cm ii 1979.20 cm

c 531

6B

6D

Now you try

Example 9

a 3.2 m2 b 400 000 m2

Example 10

a 36 m2 b 6.25 m2 c 60 cm2

Example 11

a 56 cm2 b 15 m2

Exercise 6D

1 a 100 b 10 000 c 1 000 000

2 a 6 b 16 c 12

d 1 e 12 f 153

3 a Rectangle b Rhombus/kite c Triangle

d Trapezium e Parallelogram f Square

4 a 200 mm2 b 40 mm2 c 5 cm2

d 3.1 cm2 e 21 000 cm2 f 2000 cm2

g 21 m2 h 0.37 m2 i 1000 m2

j 4 300 000 m2 k 3.2 km2 l 0.0394 km2

5 a 24 m2 b 10.5 cm2 c 20 km2

d 25.2 m2 e 15 m2 f 36.8 m2

6 a 21 mm2 b 12 cm2 c 17 cm2

d 63 m2 e 6.205 m2 f 15.19 km2

7 500 000 m2

8 0.175 km2

9 a 12.25 cm2 b 3.04 m2 c 0.09 cm2

d 6.5 mm2 e 18 cm2 f 2.4613 cm2

10 0.51 m2

11 a 1.5 × 1010(15 000 000 000) cm2 b 5 mm2

c 0.075 m2

12 a i 1.5 m ii 1.5 m

b 78 m2

c Yes

6E

Now you try

Example 12

0.50 m2
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Example 13

25.13 cm2

Exercise 6E

1 a 4.1 m b 7.5 m c 3.8 cm

2 C

3 a
1

4
b
1

2
c
3

4

4 a 12.57 m2 b 113.10 cm2 c 254.47 km2

d 60.82 mm2 e 415.48 km2 f 45 238.93 cm2

5 a 314.16 cm2 b 60.82 m2 c 17.35 cm2

6 a 21.23 m2 b 216.51 km2 c 196.07 cm2

7 a 12.57 m2 b 157.08 cm2 c 84.82 m2

8 177 cm2

9 a 2 m b 12.57 m2 c 3.43 m2 d 21.5%
10 12.89%
11 a 1.8 cm b 6.1 m c 2 km

12 31%

6F

Now you try

Example 14

P = 32 m
A = 64 m2

Example 15

P = 142.83 cm
A = 171.68 cm2

Exercise 6F

1 a Semicircle and rectangle

b Triangle and semicircle c Rhombus and parallelogram

2 a
1

2
b
1

4
c
3

4
d
1

4

3 a 4 cm2 b 3.14 cm2 c 7.14 cm2

4 a 46 m, 97 m2 b 34 m, 76 m2

c 40 m, 90 m2 d 18.28 m, 22.28 m2

e 19.42 m, 26.14 m2 f 85.42 mm, 326.37 mm2

5 a P = 14.28 m,A = 3.43 m2

b P = 35.71 m,A = 10.73 m2

c P = 41.13 km,A = 27.47 km2

6 a 108 m2 b 33 cm2 c 98 m2

d 300 m2 e 16 cm2 f 22.5 m2

7 189.27 m2

8 68.67 cm2

9 a 90 cm2 b 15 m2 c 9 m2

d 7.51 cm2 e 7.95 m2 f 180.03 cm2

g 8.74 mm2 h 21.99 cm2 i 23.83 mm2

10 a 17 cm2 b 3.5 cm2 c 21.74 cm2

11 a 37.70 m, 92.55 m2 b 20.57 mm, 16 mm2

c 18.00 cm, 11.61 cm2 d 12.57 m, 6.28 m2

e 25.71 cm, 23.14 cm2 f 33.56 m, 83.90 m2

6G

Now you try

Example 16

A = 90 cm2

Example 17

A = 336 mm2

Exercise 6G

1 a 6 b 6 c 5

2 a

Cube

b

Rectangular prism

c

Triangular prism

3 a A = 2 × (8 × 7) + 2 × (8 × 3) + 2 × (7 × 3)

= 112 + 48 + 42

= 202 m2

b A = 2 × 1
2
× 4 × 3 + 5 × 7 + 4 × 7 + 3 × 7

= 12 + 35 + 28 + 21

= 96 cm2

4 a 52 m2 b 242 cm2 c 76 m2

d 192 cm2 e 68.16 m2 f 85.76 m2

5 a 96 cm2 b 240 m2 c 199.8 cm2 d 238 cm2

6 6 m2

7 14.54 m2

8 34 000 cm2

9 a 44.4 m2 b 4.44 L

10 a [6, 10, 14, 18, 22, 26, 30, 34, 38] b S = 4n + 2
c 402

11 a 39 mm2 b 224 cm2 c 9.01 m2

Progress quiz

1 20%

2 25.35 cm and 25.45 cm

3 a 21 cm b 42 m

4 a 25.13 cm b 31.42 m

5 a 8.24 m b 300 mm c 1240 m

d 36 000 cm2 e 45 000 mm2 f 0.0832 m2

6 a 45 cm2 b 40 m2 c 40 mm2 d 20 cm2
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7 a 153.9 mm2 b 176.7 cm2

8 a 46.3 cm b 127.2 cm2

9 a i 33.4 cm ii 64.3 cm2

b i 26 m ii 30 m2

10 a 392 cm2 b 360 cm2

6H

Now you try

Example 18

175.93 m2

Example 19

56.27 m2

Exercise 6H

1 a 2prh b 2pr2

2 a 25.13 m

b 18.85 mm

c 26.39 cm

3 a

4.1

4.1

26

11

b

31.4

5

32

Radius
5

5

4 a 22 cm by 10 cm

b 12.57 cm by 8 cm

c 50.27 m by 5 m

5 a 25.13 m2 b 471.24 cm2 c 50.27 m2

6 a 44.0 cm2 b 603.2 cm2 c 113.1 m2

7 a 251.33 cm2 b 207.35 mm2 c 24.13 m2

8 395.84 cm2

9 a 54.56 m2 b 218.23 m2 c 63.98 cm2

d 71.91 cm2 e 270.80 m2 f 313.65 km2

10 7539.82 cm2

11 Half cylinder is more than half surface area as it includes new
rectangular surface.

12 a 18 849.556 cm2

b i 1.88 m2 ii 37.70 m2

c 239

6I

Now you try

Example 20

a 600 mm3 b 4.52 m3

Example 21

40 m3

Example 22

15 mm3

6H

Exercise 6I

1 a Square b Triangle c Rectangle

d Trapezium e Hexagon f Triangle

2 a

, 6 cm

b

, 10 cm

c , 2 m d
, 5 mm

e , 14 cm f , 10 m

3 a 10 b 100 c 1000 d 1 000 000

e 1 000 000 000 f 1000 g 1000 h 1

4 a 3000 mm3 b 300 mm3 c 2 cm3 d 1000 cm3

e 8 700 000 cm3 f 0.0059 m3 g 10 000 m3

h 0.0000217 km3 i 0.43 m3

5 a 3000 mL b 200 L c 3.5 L

d 21 mL e 37 kL f 42.9 mL

g 2 mL h 2000 cm3 i 1000 L

6 a 8 cm3 b 84 m3 c 21 mm3

7 a 16 cm3 b 42.875 m3 c 15 cm3

8 a 4 cm3 b 10.5 m3 c 11.96 cm3

d 29 cm3 e 14.88 m3 f 8.1351 cm3

9 a 75 m3 b 30 cm3 c 1.25 cm3

10 1.6 L
11 Yes, the tank only holds 20 L
12 a 8 L b 0.36 L c 0.48 L

13 a 55 m2 b 825 000 L

14 a Answers will vary b
1

3
c Answers will vary

6J

Now you try

Example 23

a 1696.46 cm3 b 22 167.08 mm3

Example 24

14 litres

Exercise 6J

1 a 12.57 cm2 b 8.04 m2

c 78.54 cm2 d 2.54 km2
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2 a 2 L b 4.3 mL c 3700 cm3

d 1000 L e 38 m3 f 200 mL

3 a r = 4 m, h = 10 m b r = 2.6 cm, h = 11.1 cm
c r = 2.9 m, h = 12.8 m d r = 9 m, h = 23 m
e r = 5.8 cm, h = 15.1 cm
f r = 10.65 cm, h = 10.4 cm

4 a 226.19 cm3 b 18.85 m3 c 137.44 m3

d 100.53 cm3 e 8.48 m3 f 68.05 m3

5 a 18 L b 503 L c 20 L d 2 L

6 a 1.571 m3 b 1571 L

7 Cylinder by 131 cm3

8 a 25.133 m3 b 25 133 L

9 37 699 L

10 Answers will vary. Require h = 2pr.
11 a 502.65 cm3 b 1.02 m3

c 294.52 m3 d 35 342.92 m3

e 47.12 cm3 f 1017.88 cm3

Maths@Work: Vegetable and fruit growers

1 a i 0.89 ML ii 60 ML iii 800 ML iv 380 ML

v 190 000 mL

b i 9000 m3 ii 1200 m3 iii 120 000 m3

iv 980 m3 v 12 000 000 m3

2 a 720 m3 b 400 m3

c 1280 m3 d 10 000 m3

e 38 400 m3

3 a 95 058 L; 95 kL b 29 452 L; 29 kL

4

Plant

Percentage

moisture used by

plant

Plant

watering

depth in mm

Onions 4% 16

Carrots 5% 30

Tomatoes 4% 48

Apple trees 6% 90

Banana trees 11% 66

5

Plant

Area of

irrigation

in m2

Litres of

water per

plant per

irrigation

Litres of

water per

100 trees

Apple trees 0.1385 12 1247

Banana trees 0.3217 21 2123

Puzzles and games

1 a 35 b 19

2 8

3 314 m

4 163.4 m2

5 7.1 cm

6 11

7 100 L

Chapter checklist

1 23.1%

2 6.65 kg to 6.75 kg

3 a 92 mm b 610 m

4 a 21 m b 36 cm

5 15.71 m

6 20.57 cm

7 a 532 mm2 b 72.8 mm2

8 56 m2

9 46 cm2

10 201.06 cm2

11 38.48 m2

12 P = 35.42 cm A = 74.14 cm2

13 180 cm2

14 108 m2

15 439.82 cm2

16 135.96 m2

17 a 3000 cm3 b 640 cm3

18 120 m3

19 180 cm3

20 282.74 cm3

21 9 L

Short-answer questions

1 a 380 cm b 1270 m c 4.8 cm d 2.73 cm2

e 52 000 cm2 f 10 000 cm3 g 53.1 cm3 h 3.1 L

i 43 mL j 2830 L k 4 L l 1000 L

2 a 4% b 40%

3 a 14 m b 51 mm c 16.2 cm

4 a 4 cm2 b 1122 mm2 c 30.34 mm2

d 7.5 m2 e 15 cm2 f 3 cm2

5 a 2.5 m2 b 37.4 m2

6 a A = 28.27 cm2, P = 18.85 cm
b A = 1.57 m2, P = 5.14 m
c A = 2.36 cm2, P = 6.71 cm

7 a P = 22.28 m,A = 30.28 m2

b P = 45.56 cm,A = 128.54 cm2

8 a 46 cm2 b 114 m2

9 a 659.73 mm2 b 207.35 m2

10 a 30 cm3 b 54 m3

c 31.42 mm3 d 60 m3

Multiple-choice questions

1 E 2 B 3 C 4 E 5 B 6 A

7 D 8 B 9 E 10 C 11 E

Extended-response questions

1 a 135 cm3

b 174 cm2

c $43.50
d i Yes, by £119 cm3 ii Yes, by £52 cm2

2 a 5.17 m b $65 c 1.59 m2, claim is correct

Chapter 7

Warm-up quiz

1 36

2×

4 9

2

×

× ×3 3

36 = 2 × 2 × 3 × 3

2 a 24, 1, 12, 2, 8, 3, 6, 4 b 45, 1, 15, 3, 9, 5

c 2, 3 d 3, 5

3 a 73 b 52 23 c 32 d 41 or 4

4 a 23 b 26 c 25

5 a 25 b 100 c 1 d 5 e 1

6 a 3 × 2 × 2 = 12 b 4 × 3 × 3 = 36
c 5 × 2 × 2 × 2 = 40 d 3 × 10 × 10 × 10 × 10 = 30 000

7 a 34 b 212 c 32

8 a 0.003 b 0.04 c 0.000 002 d 0.0008

9 a 3.73 b 24.62 c 18.37 d 4.40

10 a Tens b Thousandths c Millions d Tenths

11 a 5 b 4 c 2 d 4
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12 a 38 b 2310 c 0.172

d 0.0018 e 1000 f 10 000

7A

Now you try

Example 1

a 6 × 6 × 6 b b × b × b × b
c mn × mn d 3 × x × x × y

Example 2

a 8 b −27 c
9

25

Example 3

a 93 b 2a2 c 112b3

Example 4

a

�

5

7

�4

b

�

2

5

�2

×
�

4

7

�3

Example 5

a 73x3y2 b 2372m3s2 c 34a4b4

Example 6

22 × 3 × 5

Example 7

a 36 b −
8

27
c 33

Exercise 7A

1 a expanded b index c power

d base e index, power or exponent

f prime g prime factors

2 a 25 b 8 c 27 d 16

3 a 3 b −7 c
2

3
d w

4 a 3 b 7 c 4 d 13

5 a 2, 3 b 3, 5 c 2, 3, 5 d 7, 11

6 a 4 × 4 × 4 b 7 × 7 × 7 × 7
c 3 × 3 × 3 × 3 × 3 d 5 × 5 × 5
e a × a × a × a f b × b × b
g x × x × x h xp × xp × xp × xp × xp × xp
i 5a × 5a × 5a × 5a j 3y × 3y × 3y
k 4 × x × x × y × y × y × y × y
l pq × pq
m −3 × s × s × s × t × t
n 6 × x × x × x × y × y × y × y × y
o 5 × yz × yz × yz × yz × yz × yz
p 4 × ab × ab × ab

7 a 36 b 16 c 243 d 12

e −8 f −1 g 81 h 25

i
8

27
j

9

16
k

1

216
l
25

4

m −
8

27
n

81

256
o

1

16
p −

3125

32

8 a 33 b 86 c y2 d 3x3

e 4c5 f 53d2 g x2y3 h 73b2

9 a

�

2

3

�4

b

�

3

5

�5

c

�

4

7

�2

×
�

1

5

�4

d

�

7x

9

�2

×
�

y

4

�3

10 a 33x3y2 b (3x)2(2y)2 or 3222x2y2

c (4d)2(2e)2 or 4222d2e2 d (6by)3 or 63b33y3

e (3pq)4 or 34p4q4 f (7mn)3 or 73m3n3

11 a 2 × 5 b 23 c 24 × 32

d 3 × 52 e 3 × 72 f 22 × 53

12 a 3 × 3 × a × a × a = 32a3

b 5 × 5 × k × k × k = 52k3

c
2

7
× 2
7
× 2
7
=
�

2

7

�3

d 3p2q = 3 × p × p × q
e (abc)1 = a × b × c
f 4ab2 = −2 × (−2) × a × b × b

13 a 36 b −216 c 1 d −
8

27

e −18 f 15 g −36 h 216

14 a 4 b 8 c 5

d 2 e −4 f −2

g
1

2
h 4 i 1

15 a

Time in minutes Number of bacteria

Number in

index form

0 1 20

1 1 × 2 = 2 21

2 2 × 2 = 4 22

3 2 × 2 × 2 = 8 23

4 2 × 2 × 2 × 2 = 16 24

5 2 × 2 × 2 × 2 × 2 = 32 25

6 2 × 2 × 2 × 2 × 2 × 2
= 64 26

7 2 × 2 × 2 × 2 × 2 × 2 ×
2 = 128 27

8 2 × 2 × 2 × 2 × 2 × 2 ×
2 × 2 = 256 28

9 2 × 2 × 2 × 2 × 2 × 2 ×
2 × 2 × 2 = 512 29

10 2 × 2 × 2 × 2 × 2 × 2 ×
2 × 2 × 2 × 2 = 1024 210

b i 2 min ii 4 min iii 6 min
c 224 = 16 777 216 cells

7A

7B

Now you try

Example 8

a 211 b 76 c 118 d 59

Example 9

a a8 b m3n7

Example 10

y6

Example 11

a 20a5 b 4b5 c
3

4
x2y = 3x

2y

4

Example 12

a a b 6m2n2

Exercise 7B

1 a multiply, base, add

b divide, base, subtract
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2 a 3 × 3 × 3 × 3 × 3 × 3 = 36

b k × k × k × k × k = k5

3 a
5 × 5 ×  51 ×  51 ×  51

 51 ×  51 ×  51
= 52

b
a × a × a × a ×  a

1
 a
1

 a
1 ×  a

1
= a4

4 a 65+7 = 612 b a13+2 = a15

c 512−4 = 58 d m16−2 = m14

5 a 27 b 59 c 76 d 810

e 38 f 614 g 33 h 65

i 53 j 10 k 93 l (−2)2

6 a x7 b a9 c t8 d y5

e d3 f y7 g b8 h q11

i a5m4 j k5p3 k x6y8 l m7e4

7 a a2 b x3 c q10 d d

e b5 f d5 g a7 h y8

8 a 7x7y5 b 3x9y4 c 5x4y9

d 4x2y5z e 15m5 f 8e6f 4

g 20c7d2 h 18y2z7 i 3m

j 7x3 k 5y2 l 3a

m 3m5 n
w

5
o
a

5

p
x4

9
q
4x6y3

3
r
3st2

7

s
4mn

3
t 5x

9 a b6 b y6 c c7 d x

e t f p6 g d6 h x10

i 4x2y3 j 6b2g

10 a
m5

n5
b
x4

y2
c a3b3 d

6a5

c7

e 6f 6 f 12x4b2

11 a 12 b 8 c 3 d 3

e 1 f 18 g 12 h 11

i 4 j 15 k 2 l 39

12 a 72 = 49 b 10 c 132 = 169
d 23 = 8 e 101 f 2002 = 40 000
g 7 × 31 = 217 h 3 × 502 = 7500
i −4 × 103 = −4000

13 a i 10a10 ii 9m8 iii 150m5 iv 60x6y5

b i 4am ii 6xy2

7C

7C

Now you try

Example 13

a a21 b 2b8

Example 14

a 1 b 2 c 3

Example 15

a17

Example 16

a2

Example 17

3

2

Exercise 7C

1 a multiply b 1

2 a 16, 8, 4, 2, 1 b 64, 16, 4, 1

3 a 42 × 42 × 42 = (4 × 4) × (4 × 4) × (4 × 4) = 46

b 123 × 123 = (12 × 12 × 12) × (12 × 12 × 12) = 126

c x4 × x4 = (x × x × x × x) × (x × x × x × x) = x8

d a2 × a2 × a2 × a2 × a2

= (a × a) × (a × a) × (a × a) × (a × a) × (a × a) = a10

4 a 1 b 1 c 1 d 1

e 1 f 1 g 1 h 1

5 a y12 b m18 c x10 d b12

e 36 f 415 g 330 h 710

i 5m16 j 4q28 k −3c10 l 2j24

6 a 1 b 1 c 1 d 1

e 1 f 1 g 1 h 1

i 5 j −3 k 4 l −6
m 1 n 3 o 4 p 0

7 a 47 b 39 c x d y13 e b14

f a10 g d24 h y16 i z25

8 a b6 b x5 c y6 d 72 e 4

f 38 g 1 h y3 i h2

9 a 2 b 10x c 3x8

d
d2e

2
e
2m6n

5
f
a12

8

10 5 ways: (a16)1 = a16, (a1)16 = a16, (a2)8 = a16, (a8)2 = a16,
(a4)4 = a16

11 a 4 × 5 not 4 + 5, a20

b Power of 2 only applies to x4 and 4 × 2 not 4 + 2, 3x8

c Power zero applies to whole bracket, 1

12 a i 400 ii 6400 iii 100
b i 800 ii 12 800 iii 102 400
c 13 years

7D

Now you try

Example 18

a 64x3 b 16y16

Example 19

a
a2

b2
b
27a3

b6

Example 20

a 16a4b2 b 6a12b8

Example 21

−
27x6

8y3z9

Example 22

a 18a2b4 b x

Exercise 7D

1 a am × bm b
am

bm

2 a ab × ab × ab × ab
= a × a × a × a × b × b × b × b

= a4 × b4

b
x

6
× x
6
× x
6

= x × x × x
6 × 6 × 6

= x
3

63
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3 a x5y5 b 23m3 c a4b4c4 d
53

k3

e
a5

m5
f
24

34
= 16
81

4 a 6a2b2

b 4x3y3

c 7 × 22m2 = 7 × 4 × m2 = 28m2

d 4 × 32a2b2 = 4 × 9a2b2 = 36a2b2

5 a 8x3 b 25y2 c 64a3 d 9r2

e 81b4 f 343r3 g 16h8 h 625c8

i 27a6 j 49p8 k 25m6 l 9y20

6 a
p3

q3
b
x4

y4
c
64

y3
d
625

p8

e
4

r6
f
s6

49
g
49

x6
h
w8

100

i
a6

125
j
m8

16
k
32m5

n5
l
8a6

27

7 a 32x15y10 b 9p6q12 c 2x6y2

d 1 e −27w9y3 f −4p8q2r2

g 25s14t2 h 8x12y3z9 i 24a3b6

8 a
27n9

8m12
b
16r4

n4
c

9f 2

64g10
d
25w8y2

4x6

e
9x2

4y6g10
f
27k3m9

64n21
g −

25w8y2

4z2x6
h

9x4y6

4a10b6

9 a 9ab2 b 27ab6 c −12a8b8

d 54x6y9 e −64b6c15d3 f 8a4

g 9a5 h −40a15b3 i 160m15p5t10

j
−27x6

125a15b9
k a11bc5 l x11y2z

10 a i 8 ii 125

b N = t
3

8

c i 27 ii 8

d i 8 ii 2

7E

Now you try

Example 23

a
1

64
b

7

24

Example 24

a 103 b 5 × 94

Example 25

7

52
= 7

25

Example 26

3

100
= 0.03

Example 27

a
1

32
b 54 c

25

16

7E

Exercise 7E

1 a
1

22
b

1

32
c

1

53
d

1

33

2 a
Index form 34 33 32 31

Whole

number

or fraction

81 27 9 3

Index form 30 3−1 3−2 3−3

Whole number

or fraction
1

1

3

1

9
= 1

32
1

27
= 1

33

b
Index form 104 103 102 101

Whole number

or fraction
10 000 1000 100 10

Index form 100 10−1 10−2 10−3

Whole number

or fraction
1

1

10

1

100
= 1

102
1

1000
= 1

103

3 a 10−4 = 1

104
b 3−2 = 1

32
c 7−3 = 1

73

4 a
1

3−4
= 34 b

1

7−6
= 76 c

1

8−3
= 83

5 a
1

52
b

1

74
c

1

83
d

1

35

e
1

92
f

1

103

6 a
3

24
b

5

43
c

7

56
d

2

34
e

4

35

f
9

52
g

8

73
h

6

56
i

1

42

7 a 24 b 32 c 43 d 65

e 53 f 85 g 73 h 94

8 a 6 × 43 b 5 × 82 c 4 × 75 d 3 × 25

e 12 × 54 f 6 × 103 g 7 × 94 h 7 × 106

9 a
6

25
b
2

9
c

4

125
d
6

7

e
1

250
f
1

5
g

5

16
h
4

5
i
1

9

10 a
2

1000
= 0.002 b

5

100
= 0.05

c
7

10
= 0.7 d

3

10 000
= 0.0003

e
5

10 000
= 0.0005 f

8

100 000
= 0.00008

g
2

1 000 000
= 0.000002

h
4

100 000 000
= 0.00000004

11 a
1

5
b
1

9
c

1

25
d −

1

200

e
1

2
f

1

36
g
1

8
h 8

i 16 j 64 k
64

9
l
27

64

12 a Negative power only applies to x,
2

x2

b 5 = 51 has a positive power, 5a−4

c
2

3−2b−2
= 2 × 32 × b2 = 18b2

13 a 1.95 g b 3 486 784.401t
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Progress quiz

1 a b × b × b × b b 2 × x × x × y × y × y
c 3x × 3x × 3x d 4 × 4 × 4 = 64
e −5 × (−5) × (−5) × (−5) = 625

f
3

5
× 3
5
× 3
5
= 27

125

2 a 52y4 b

�

2

3

�3

×
�

5

7

�2

c 43a2b4

3 a 45 = 32 × 5 b 120 = 23 × 3 × 5

4 a −27 b
1

16
c 48

5 a 47 b 94 c x8

d a5b5 e y6 f 3a3

g 12m3n7 h
x3y2

2
i −2ab

6 a x8 b 5y9 c 1 d 1

e −1 f 5

7 a 12mn3 b
x2

6
c
2a2

3

8 a 4x2 b 16m12 c
x8

81

d −32a3b6 e
27a6

125
f
4a4c2

49b6

9 a
2y2

x3
b
27x2

32

10 a
1

52
b

3

44

c 32 d 5 × 23

11 a
1

81
b
5

4
c 96

d 0.0006 e
125

64

7F

Now you try

Example 28

7.1 × 104

Example 29

2.75 × 10−5

Example 30

24 000

Example 31

0.0094

Exercise 7F

1
Scientific

notation

Power of 10

expanded

Basic

numeral

5 × 103 5 × 1000 5000

3 × 104 3 × 10 000 30 000

2 × 105 2 × 100 000 200 000

7 × 102 7 × 100 700

7 × 104 7 × 10 000 70 000

4 × 105 4 × 100 000 400 000

2 Scientific

notation

Positive

power Fraction

Basic

numeral

2 × 10−4 2

104
2

10 000
0.0002

3 × 10−2 3

102
3

100
0.03

5 × 10−3 5

103
5

1000
0.005

7 × 10−6 7

106
7

1 000 000
0.000007

9 × 10−3 9

103
9

1000
0.009

8 × 10−2 8

102
8

100
0.08

3 a 10 000 b 1000 c 100 000 d 1000

e 100 000 f 10 000

4 a Positive b Negative c Positive d Negative

5 a 4 × 104 b 2.3 × 1012 c 1.6 × 1010 d 7.2 × 106

e 3.5 × 103 f 8.8 × 106 g 5.2 × 103 h 3 × 106

i 2.1 × 104

6 a 3 × 10−6 b 4 × 10−4 c 8.76 × 10−3

d 7.3 × 10−10 e 3 × 10−5 f 1.25 × 10−10

g 8.09 × 10−9 h 2.4 × 10−8 i 3.45 × 10−5

7 a 6 × 103 b 7.2 × 105 c 3.245 × 102

d 7.86903 × 103 e 8.45912 × 103 f 2 × 10−1

g 3.28 × 10−4 h 9.87 × 10−3 i 1 × 10−5

j 4.601 × 108 k 1.7467 × 104 l 1.28 × 102

8 a 57 000 b 3 600 000 c 430 000 000

d 32 100 000 e 423 000 f 90 400 000 000

g 197 000 000 h 709 i 635 700

9 a 0.00012 b 0.0000046 c 0.0000000008

d 0.0000352 e 0.3678 f 0.000000123

g 0.00009 h 0.05 i 0.4

10 a 6 × 1024 kg b 4 × 107 m
c 1 × 10−10 m d 1.5 × 108 km
e 6.67 × 10−11 Nm2/kg2 f 1.5 × 10−4 s
g 4.5 × 109 years

11 a 4 600 000 000 km b 8 000 000 000 000 organisms

c 384 000 km d 0.0038 m

e 0.00000000000001 m f 720 000 people

12 a 1.62 × 109 km b 2.126 × 10−2 g
13 a 3.2 × 104 b 4.1 × 106 c 1.3 × 104 d 9.2 × 101

e 6.1 × 10−2 f 4.24 g 2 × 10−5 h 4 × 10−6

7F

7G

Now you try

Example 32

a 4 b 2 c 3

Example 33

a 4.72 × 105 b 3.25 × 10−4

Example 34

9.942 × 107

Example 35

1.653 × 10−2

Exercise 7G

1 a i 300 ii 32 700 iii 18 400
b i 0.1 ii 0.2 iii 21.0
c i 268 000 ii 38 000 iii 4 061 000
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2 42, 0.0071

3 a 57 260, 57 300, 57 000, 60 000

b 0.003661, 0.00366, 0.0037, 0.004

4 a Yes b No c No

d No e Yes f Yes

5 a 3 b 4 c 5 d 2

e 3 f 2 g 3 h 3

i 3 j 4 k 3 l 3

6 a 2.42 × 105 b 1.71 × 105 c 2.83 × 103 d 3.25 × 106

e 3.43 × 10−4 f 6.86 × 10−3 g 1.46 × 10−2 h 1.03 × 10−3

i 2.34 × 101 j 3.26 × 102 k 1.96 × 101 l 1.72 × 10−1

7 a 4.78 × 104 b 2.2 × 104 c 4.833 × 106

d 3.7 × 101 e 9.95 × 101 f 1.443 × 10−2

g 2 × 10−3 h 9 × 10−2 i 1 × 10−4

8 a 2.441 × 10−4 b 2.107 × 10−6

c −4.824 × 1015 d 4.550 × 10−5

e 1.917 × 1012 f 1.995 × 108

g 3.843 × 102 h 1.804 × 10−11

i 1.524 × 108 j 3.325 × 1015

k 4.067 × 103 l −9.077 × 10−1

9 a 9.3574 × 101 b 2.1893 × 105 c 8.6000 × 105

d 8.6288 × 10−2 e 2.2985 × 1015 f 3.5741 × 1028

g 6.4000 × 107 h 1.2333 × 109 i 1.8293

j 5.4459 × 10−1

10 1.98 × 1030 kg
11 1.39 × 106 km
12 2421 × 103, 24.2 × 105, 2.41 × 106, 0.239 × 107, 0.02 × 108

13 a 4.26 × 106 b 9.1 × 10−3 c 5.04 × 1011

d 1.931 × 10−1 e 2.1 × 106 f 6.14 × 10−11

14 a 5.400 46 × 1012

b i 1.08 × 1013 ii 4.32 × 1013

Maths@Work: Lab technician

1 a 1 × 102lm3 b 4 × 103lm3

c 1.3 × 102lm3 d 1 × 103lm3 e 6 × 105lm3

2 a 0.00012 m b 1.2 × 10−4 m
3 a 2 × 10−9 g b 1 × 10−6 g c 3 g

4 a 45 000 000 000 000 cells b 29 000 000 000 000 cells

5 a 5.7 × 103 years b 4.5 × 109 years
c 1.57 × 107 years d 1.5 × 10−4 seconds

6 a 2.08 × 106 days b 1.64 × 1012 days c 5.73 × 109 days
7 Just under 15.7 hours

8 a 4.00 × 10−3 g b 1.05 × 103 g

9
1

2
,
1

22
,
1

23
,
1

24
,
1

25
,
1

26
,
1

27
,
1

28
,
1

29
,
1

210
g

2−1, 2−2, 2−3, 2−4, 2−5, 2−6, 2−7, 2−8, 2−9, 2−10 g

10 a Quantity remaining in mg

Radioactive

isotope

After

1 half-

life

After

2 half-

lives

After

4 half-

lives

After

10 half-

lives

Hydrogen-3 4.0000 2.0000 0.5000 0.0078

Carbon-11 32.0640 16.0320 4.0080 0.0626

Sodium-24 12.3650 6.1825 1.5456 0.0242

Iron-59 3.9300 1.9650 0.4913 0.0077

Radium-226 2.1250 1.0625 0.2656 0.0042

b Total time

Radioactive

isotope

For

2 half-

lives

For

4 half-

lives

For

6 half-

lives

For

10 half-

lives

Hydrogen-3 24.64 49.28 73.92 123.2

Carbon-11 40.6 81.2 121.8 203

Sodium-24 29.902 59.804 89.706 149.51

Iron-59 88.99 177.98 266.97 444.95

Radium-226 3200 6400 9600 16000

CH7

M@W

Puzzles and games

1 EXPONENTIAL

2 a 108 = 100 000 000 b 1005 = 10 000 000 000

4 4a × (3m)3 ×
�

a

6m

�2

= 3a3m

5 Pile Height Value

1 2 mm $0.10

5 3.2 cm $1.60

10 1.024 m $51.20

15 32.77 m $1638.40

20 1.05 km $52 428.80

25 33.55 km $1 677 721.60

30 1073.74 km $53 687 091.20

6 14th day

7 a 1.84 × 1011 tonnes
b $50 729 000 000 000 or more than 50 trillion dollars

Chapter checklist

1 a 8a3b3 b
4

49

2 a

�

7

9

�4

b 2a3b2

3 2 × 2 × 23 = 22 × 23

4 a −216 b
9

121

5 a 47 b 74

6 a a10 b 27x5

7 y4

8
3ab

2

9 4

10 5x18

11 a 1 b
7a2

2

12 a 8a12 b
16b8

a12

13 a −x4y6 b a2b4

14 a
4

x2
b 5 × 23 = 40

15 a
5

8
b

1

25

16 a 4900 b 0.00000301

17 a 2.7 × 104 b 3.75 × 10−5

18 a 9.14 × 106 b 3.20 × 10−4

19 8.750 × 10−1 or 0.8750

Short-answer questions

1 a 34 b 2x3y2 c 3a2b2 d

�

3

5

�3

×
�

1

7

�2

2 a 32 × 5 b 22 × 3 × 52

3 a x10 b 12a5b6c c 24m7n4

d a9 e x3y2 f
a2b2

2

4 a m6 b 9a8 c −32a10b5

d 3b e 2 f
a6

27

5 a
1

23
b

3

45
c

6

103

d 42 e 6 × 53 f 2 × 105

6 a k6 b 6a2m c 4a10

d h16 e
a6b2

5
f 45p4q2

7 0.0012, 35.4 × 10−3, 3.22 × 10−1, 0.4, 0.007 × 102, 2.35
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8 a 324 b 172 500 c 0.2753

d 0.00149

9 a 2.25 × 107 people b 9.63 × 106 km2

c 3.34 × 10−9 s d 2.94 × 10−7 m
10 a 2.19 × 105 h b 3.6 × 107 months

c 4.3 × 105 kg d 5 × 106 g

Multiple-choice questions

1 D 2 B 3 E 4 C 5 D 6 B

7 D 8 C 9 C 10 E

Extended-response questions

1 a 1.2 × 1055 kg2 b 4.3 × 10−5 m/s

2 a i 5.79 × 107 km ii 1.50 × 108 km
iii 7.78 × 108 km iv 1.43 × 109 km

b i 2.41 × 10−1 ii 1.88 iii 2.95 × 101

c i 4.87 × 1024 kg ii 6.42 × 1023 kg
iii 1.90 × 1030 kg

8A

Chapter 8

Warm-up quiz

1 a Obtuse b Acute c Reflex

d Right e Straight f Revolution

2 a 35 b 142 c 260

3 a Isosceles b Equilateral c Scalene

4 a Obtuse b Acute c Right

5 a 60° b 75° each c 50°
6 a Parallelogram, rectangle, kite

b Parallelogram, rectangle, square, rhombus

c Square, rectangle

7 a a = 60 b b = 110 c a = 60, b = 120
8 a Pentagon b Parallelogram c Trapezium

8A

Now you try

Example 1

a 106° b 16°

Example 2

a Obtuse scalene, a = 35 b Right isosceles, b = 45
c Acute scalene, c = 65

Example 3

a b = 55 b a = 40

Exercise 8A

1 a right b 180° c revolution

d Obtuse e Acute f 180° g 90°
h Supplementary i 180° j equal

2 a Isosceles triangle b Obtuse-angled triangle

c Equilateral triangle d Isosceles triangle

e Acute-angled triangle f Scalene triangle

g Right-angled triangle h Right-angled isosceles triangle

3 a 50° b 90° c 101°
d 202° e 180° f 360°

4 a i 125° ii 35°
b i 149° ii 59°
c i 106° ii 16°
d i 170° ii 80°

e i 91° ii 1°
f i 158° ii 68°
g i 142° ii 52°
h i 115° ii 25°
i i 133° ii 43°
j i 103° ii 13°

5 a a = 63 b a = 71 c a = 38
d a = 147 e a = 233 f a = 33

6 a Obtuse isosceles, a = 40
b Acute scalene, b = 30 c Right-angled scalene, c = 90
d Equilateral, d = 60 e Obtuse isosceles, e = 100
f Right-angled isosceles, f = 45
g Obtuse scalene, g = 100 h Equilateral, h = 60
i Obtuse isosceles, i = 120 j Obtuse isosceles, j = 35
k Right-angled scalene, k = 90
l Acute scalene, l = 70

7 a i ÒBAC ii Obtuse iii 120°
b i ÒPRQ ii Acute iii 30°
c i ÒXYZ ii Reflex iii 315°
d i ÒSRT ii Straight angle iii 180°
e i ÒROB ii Obtuse iii 103°
f i ÒAOB ii Right iii 90°

8 a s = 120 b t = 20
c r = 70 d a = 60, x = 120
e a = 100, b = 140 f c = 115, d = 65
g x = 56 h x = 155

9 AO = BO (radii)

DAOB is isoceles, 2 sides equal,ÒAOB = 116°
ÒOAB = 32°, base angles of isosceles triangle

10 a 360° b 90° c 60°
d 90° e 432° f 6°
g 720° h 8640°

11 a 90° b 150° c 15°
d 165° e 157.5° f 80°
g 177.5° h 171°

8A

8B

Now you try

Example 4

a No. The two cointerior angles are not supplementary.

b Yes. The alternate angles are equal.

c Yes. The corresponding angles are equal.

Example 5

a a = 59 (supplementary) b = 59 (alternate)
b a = 128 (cointerior) b = 128 (vertically opposite)

Exercise 8B

1 a Corresponding b Alternate

c Cointerior d Alternate

e Cointerior f Corresponding

2 a equal b equal c supplementary

3 a No, alternate angles are not equal.

b Yes, corresponding angles are equal.

c Yes, alternate angles are equal.

d No, cointerior angles don’t add to 180°.
e Yes, cointerior angles add to 180°.
f Yes, corresponding angles are equal.

g No, corresponding angles are not equal.

h No, alternate angles are not equal.

i No, cointerior angles do not add to 180°.
4 a x = 125, alternate angles in || lines

b y = 110, cointerior angles in || lines
c r = 80, corresponding angles in || lines
d s = 66, alternate angles in || lines
e v = 106, corresponding angles in || lines
f q = 116, cointerior angles in || lines
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5 a a = 60, b = 120 b c = 95, d = 95
c e = 100, f = 100, g = 100 d a = 110, b = 70
e a = 100, b = 80, c = 80
f e = 140, f = 140, d = 140

6 a = 40, b = 140, c = 40, d = 40, e = 140
7 a x = 70, y = 40 b t = 58, z = 122

c u = 110, v = 50,w = 50 d x = 118
e x = 295 f x = 79

8 a 56 b 120 c 265

9 a 105° b 105° c 56°
d 105° e 90° f 85°

8C

Now you try

Example 6

a Parallelograms including rhombus, rectangle and square

b Kite

Example 7

x = 80

Example 8

a m = 40 b n = 104

8C

Exercise 8C

1 Parallelogram, rhombus, rectangle, square, kite, trapezium

2 a Yes b No c Yes d Yes e No

3 a parallel b right c trapezium d equal

4 a Parallelogram, rectangle, kite b Rectangle, square

c Square, rectangle d Square, rhombus, kite

e Trapezium

f Parallelogram, rhombus, kite, trapezium

5 a 115 b 159 c 30

d 121 e 140 f 220

6 a a = 110 b x = 70 c b = 54
d a = 33 e y = 63 f a = 109

7 a Yes b No c Yes d No

8 60°
9 A parallelogram has opposite sides parallel and equal and rectangles,

squares and rhombi have these properties (and more) and are therefore

all parallelograms.

10 a 110 b 55 c 120

11 a 255 b 80 c 115

d 37 e 28 f 111

8D

Now you try

Example 9

S = 900°
a = 250

Example 10

a = 144

Exercise 8D

1 a hexagon b regular

c non-convex d S = (n − 2) × 180°
2 a 5 b 7 c 4 d 11 e 9 f 12

3 a 720° b 1080° c 1620° d 900°
4 a Convex quadrilateral b Non-convex hexagon

c Non-convex heptagon d Non-convex decagon

5 a 140 b 100 c 100 d 120

6 a 110 b 150 c 210

d 130 e 25 f 285

7 a 90° b 108° c 140°
d 120° e 128.57° f 135°

8 a 16 b 25 c 102

9 a Yes b Yes

10 a 105 b 240 c 85 d 150

11 a i No ii Yes iii No
b i One ii Two iii Five
c (n − 3)

8E

Now you try

Example 11

a RHS b SSS c SAS d AAS

Example 12

a x = 11, y = 5 b a = 71, b = 38

Exercise 8E

1 a i Y ii X iii Z
b i XY ii XZ iii YZ
c i ÒA ii ÒB iii ÒC

2 a size b DSTU c SAS, RHS, AAS

3 a DABC Ã DFGH b DDEF Ã DSTU
4 a SAS b AAS c RHS d SAS

e SSS f RHS g AAS h SSS

5 a x = 3, y = 4 b x = 2, y = 6
c a = 105, b = 40 d a = 65, b = 85
e x = 2.5, b = 29 f a = 142, x = 9.21, b = 7
g y = 4.2, a = 28 h a = 6.5, b = 60

6 a A and C b RHS

7 a DABC Ã DSTU , RHS b DDEF Ã DGHI , SSS
c DABC Ã DDEF , SAS d DABC Ã DGHI , AAS

8 It is SAS; the hypotenuse is not given.

9 No − they can all be different sizes, one might have all sides 2 cm and

another all sides 5 cm.

10 a SSS b Equal

11 DPBR Ã DFDE

DLMN Ã DKIJ

DFGH Ã DBCD

DMNO Ã DRQP

Progress quiz

1 a 27° b 117°
2 a Right-angled scalene, a = 55

b Acute-angled isosceles, b = 40
c Obtuse-angled scalene, c = 154

3 a Alternate angles are not equal.

b Cointerior angles are not supplementary.

4 a a = 55 (supplementary angles), b = 55 (corresponding angles in
parallel lines)

b a = 65 (cointerior angles in parallel lines), b = 65 (vertically opposite)
c a = 40 (alternate angles in parallel lines and angle sum of a triangle)

5 a a = 100 b Parallelogram, b = 58
c Kite, c = 80

6 a S = 720, a = 109 b S = 540, a = 108
7 a SAS b SSS

8 x = 6, y = 40

8F

Now you try

Example 13

a 2.5 b 40 c 13

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



796

Example 14

a

A B

A'

B'

C'

C

b

A' A

B'

B

C

C'

8D

Exercise 8F

1 a image b shape c ||| or £
2 a ÒF b ÒD c GH d AE e 2

3 a OAÌ is double OA b OBÌ is double OB

c OCÌ is double OC d 2 e Yes

4 a OAÌ is a quarter of OA b ODÌ is a quarter of OD

c
1

4
d Yes

5 a i 2 ii 14 iii 10
b i 1.5 ii 10.5 iii 8
c i 1.5 ii 45 iii 24
d i 2.5 ii 1 iii 1.4
e i 2.5 ii 0.6 iii 2
f i 1.75 ii 3.5 iii 3

6 a AÌBÌCÌ should have sides
1

3
that of ABC.

b AÌBÌCÌshould have sides double that of ABC.

7 b i AÌBÌCÌDÌ should have sides lengths
1

2
that of ABCD

ii AÌBÌCÌDÌ should have side lengths 1.5 times that of ABCD

8 a Yes b 8 cm c 25 cm

9 3.7 cm

10 a i 2 ii (0, 0)

b i
1

2
ii (0, 0)

c i
1

2
ii (3, 0)

d i 3 ii (1, 0)
11 a All angles of any square equal 90°, with only 1 side length.

b All angles in any equilateral triangle equal 60°, with only 1 side
length.

c The ratio of the length to the width may vary between different

rectangles.

d 2 isosceles triangles do not have to have equal angles.

12 a 12.7 cm b 3 cm c 3 m

13 a 100 000 cm = 1 km b 24 cm

8G

Now you try

Example 15

a SAS b AAA c SSS d RHS

Example 16

a AAA b 2.5 c 4.8

8G

Exercise 8G

1 a SAS, AAA, and RHS b shape, size

c triangle d similar

2 a E b C c DF

d BC e ÒA f ÒE
3 a AAA b RHS c SSS d SAS

e RHS f AAA g SAS h SSS

4 a DABC ||| DGHI b DABC ||| DMNO
c DABC ||| DADE d DHFG ||| DHJI
e DADC ||| DAEB f DABD ||| DECD

5 2.5

6 a AAA b 1.5 c 12

7 a RHS b 2.5 c 8

8 2 m

9 a DDEF b DDEF c DABC d DDEF
10 a i AAA ii 6.5

b i AAA ii 10

c i AAA ii 24

11 ÒACB = 25°, AAA
12 a Triangle Original Image 1 2 3

Length scale factor 1 2 3 4

Area 4 16 36 64

Area scale factor 1 4 9 16

b Area scale factor = (length scale factor)2

c i 100 ii 400 iii 10 000

8H

Now you try

Example 17

a AAA b 10 m

Exercise 8H

1 a Two b AAA c 2 d 12

2 ÒC
3 a ÒACB and ÒECD

b ÒBAC = ÒDEC and ÒCBA = ÒCDE
4 a 3 b 3.6 m

5 a AAA b 40 m

6 6 m

7 a AAA b 7.5 m

8 a To create two similar triangles

b AAA c 24 m

9 7.2 m

10 20 m
11 a i 3.6 m ii 9 m iii 2.7 m

b i 5.4 m ii 6.3 m

c i 4 m ii 6 m

12
55

6

13 a 3

b i BD = 25
3

ii AC = 4 iii AB = 20
3

Maths@Work: Animator

2 a
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b

3 12 pairs of congruent triangles; 2 pairs of similar triangles

4 30° clockwise; 60° clockwise; 20° clockwise
5 Answers will vary.

CH9

Puzzles and games

1

2 110

3 10

4 11

5 Base of altitudes (an altitude is a line through a vertex that meets the

opposite side at right angles)

6 b i
l

2
ii
l

4
iii

l

128

c i
3

4
ii

9

16
iii

243

1024

d Zero

Chapter checklist

1 Complement = 90° − 25° = 65° Supplement = 180° − 25° = 155°
2 Right angled isosceles triangle a = 45, b = 135
3 a = 113, supplementary angles
b = 113, corresponding angles in 11 lines
c = 11, vertically opposite angles
d = 67, corresponding angles in 11 lines

4 The co-interior angles are not supplementary (they do not add to

180 degrees) so the lines are not parallel.

5 Rhombus, square and kite have diagonals that intersect at 90 degrees.

6 a = 50
7 a = 30
8 S = 900, a = 285
9 135° (6 × 180° ÷ 8)
10 DABC Ã DMON (SAS)

11 a = 9, x = 20

12 SF = 1.5, x = 6, y = 4
3

13

C

AA B

C

B

C´

A´ B´

14 2 sides in proportion and the included angle equal (SAS similarity)
15 x = 8.75
16 a All angles equal b 16 m

Short-answer questions

1 a a = 142 b b = 40 c c = 120
2 a Acute-angled isosceles, x = 50, y = 80

b Right-angled, x = 25
c Obtuse-angled scalene, x = 30, y = 110

3 a No – corresponding angles are not equal.

b Yes – cointerior angles are supplementary.

c Yes – alternate angles are equal.

4 a a = 60, b = 120, c = 120 b a = 40, b = 80
c a = 99, b = 20

5 a Square, rectangle b Square, rhombus, kite

c Parallelogram, rectangle, kite

6 a a = 70, b = 110 b x = 115
c x = 15

7 a x = 95 b a = 120 c x = 135
8 a SSS, x = 60 b Not congruent

c RHS, x = 12 d AAS, x = 9
9 For image DAÌBÌCÌ,OAÌ = 3OA,OBÌ = 3OB,OCÌ = 3OC
10 a Yes, SAS b Yes, AAA

c Not similar d Yes, RHS

11 a 3.5 b 4 c 18

12 a 3 b 4.8 m

Multiple-choice questions

1 D 2 A 3 B 4 D 5 C 6 D

7 E 8 B 9 D 10 A

Extended-response questions

1 a Isosceles, right-angled

b a = 40, angle sum in isosceles triangle

b = 70, angles in parallel lines
c = 120, angle sum of a quadrilateral

d = 25, supplementary angles
e = 65, angle sum of a triangle

2 a ÒECD
b ÒABC = ÒEDC (given 90°)
ÒACB = ÒECD (vertically opposite)

Â DABC ||| DEDC (AAA)

c 19.8 m

Chapter 9

Warm-up quiz

1 a 4 b 6 c −2 d −7
2 a 5 b 2 c 1 d −6
3 a −10 b 16 c 11 d −100

e 2 f 48 g −20 h −70
4 a 2x + 6 b 3a − 15 c 12x − 8xy

d 3 − 6b

5 a 2 b 6 c 2x d 3y

e 5x f ab

6 a 2(a + 3) b 3(x + 4y)
c 5x(x − 3) d 2m(2 − 3n)

7 a
5

7
b −

1

9
c
7

6
d −

1

8

8 a
8

15
b
1

2
c
1

3
d 1

e 2 f
3

2
g
9

8
h

7

12

9 a 3x + 2 b x + 4 c −10 − 3x
10 x(x + 2), x2 + 2x
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9A

Now you try

Example 1

a 2m − n b −2x2y − xy

Example 2

a −15xy2 b
a

2

Example 3

a −3x − 6 b 6x2 − 4x

Exercise 9A

1 a i $11x ii 50n cents

b i x + y ii b + g
c $(50 + 60n)

2 a 5 b −2 c −7 d No

e −10 f 6

3 a 5 + 2x b 4a − 7 c y2 − 1

d xz e a2 + b2 f
√
x + 8

4 a −a b 11x c 8ab d −4xy
e a − 1 f 2x − 4y g 6x − 4y h 2ab

i −4a2b − 3 j −3xy k 12ar2 l st2 − st

5 a 15x b 14a c −8xy d −42a2

e −3ab2 f −12a2b2 g 2x h 7

i 3 j 2a k
10

a
l 4x

m ab n
3a

c
o

1

3y

6 a 3x + 6 b 8 + 2x c −3x − 12
d −6x − 6 e −2x + 6 f −x2 − x
g −6y + 9y2 h −7a2 + 7ab i 2x + 1
j 4 − x k 3 − 4x l 2x + 6
m 4x − 9 n −17x − 3 o 13x − 40 p 3x − 11

7 a i 2a + 2b or 2(a + b) ii ab
b i 4x ii x2

c i a + b + c ii
1

2
ab

8 a 4 b 24 c −1 d 10

e 13 f −8 g
25

2
h 1

i −2 j 35 k −12 l
√
13

9 a i $260 ii $820
b 100 + 80n

10 a 2x2 − x b x2 + 6x c x2 + x + 2

11 a −3x + 3 b
a

2
c
2

a
d 9

12 a i $120 ii $600
b i $140 ii $540
c $60n.
d $(40 + 50n)
e 4 hours

9A

9B

Now you try

Example 4

x2 + 11x + 18

Example 5

a x2 − 3x − 18 b 3x2 − 14x + 8 c 18x2 − 9x − 20

Exercise 9B

1 a x2, 2x, 3x, 6 b x2 + 3x + 2x + 6 = x2 + 5x + 6

2 a 2x2, 2x, 3x, 3

b (2x + 3)(x + 1) = 2x2 + 2x + 3x + 3

= 2x2 + 5x + 3
3 a x2 + 5x + x + 5 = x2 + 6x + 5

b x2 + 2x − 3x − 6 = x2 − x − 6
c 21x2 + 6x − 14x − 4 = 21x2 − 8x − 4
d 12x2 − 16x − 3x + 4 = 12x2 − 19x + 4

4 a x2 + 7x + 10 b b2 + 7b + 12
c t2 + 15t + 56 d p2 + 12p + 36
e x2 + 15x + 54 f d2 + 19d + 60
g a2 + 8a + 7 h y2 + 12y + 20
i m2 + 16m + 48

5 a x2 − x − 12 b x2 + 3x − 10
c x2 − 4x − 32 d x2 − 4x − 12

e x2 + 9x − 10 f x2 + 2x − 63
g x2 + 5x − 14 h x2 − 3x + 2
i x2 − 9x + 20 j 8x2 + 26x + 15
k 6x2 + 7x + 2 l 15x2 + 17x + 4
m 6x2 + x − 15 n 24x2 + 23x − 12
o 6x2 − x − 2 p 10x2 − 31x − 14

q 6x2 + 5x − 6 r 16x2 − 16x − 5

s 18x2 − 27x + 10 t 15x2 − 11x + 2
u 21x2 − 37x + 12

6 a i x + 10 ii x + 7
b x2 + 17x + 70
c 108 m2

7 a x2 + 9x + 20
b i 56 m2 ii 36 m2

8 a i 2x + 3 ii 2x + 2
b 4x2 + 10x + 6
c 20 m2

9 a 3 b 2 c 6, 6 d 2, 18

e 2, 6 f 3, 15

10 a a2 + ac + ab + bc b a2 + ac − ab − bc
c ab + bc − a2 − ac d 2x2 − 3xy − 2y2

e 2a2 − ab − b2 f 6x2 + xy − y2

11 a 2x2 b 2x2 − 30x + 100
12 a i 15 − 2x ii 10 − 2x

b 150 − 50x + 4x2

c 66 m2

d x = 2.5

9C

Now you try

Example 6

a x2 + 16x + 64 b x2 − 10x + 25

Example 7

25x2 − 30x + 9

9C

Exercise 9C

1 a x2, 3x, 3x, 9 b x2 + 6x + 9
c (x + 3)(x + 3) = x2 + 3x + 3x + 9

= x2 + 6x + 9
2 a +4x + 16 = x2 + 8x + 16 b +5x + 25 = x2 + 10x + 25

c −2x + 4 = x2 − 4x + 4 d −7x + 49 = x2 − 14x + 49
3 a i x2 + 6x + 9 ii x2 + 22x + 121

b i x2 − 4x + 4 ii x2 − 18x + 81
4 a x2 + 2x + 1 b x2 + 6x + 9

c x2 + 4x + 4 d x2 + 10x + 25
e x2 + 8x + 16 f x2 + 18x + 81
g x2 + 14x + 49 h x2 + 20x + 100
i x2 − 4x + 4 j x2 − 12x + 36
k x2 − 2x + 1 l x2 − 6x + 9
m x2 − 18x + 81 n x2 − 14x + 49
o x2 − 8x + 16 p x2 − 24x + 144
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5 a 4x2 + 4x + 1 b 4x2 + 20x + 25
c 9x2 + 12x + 4 d 9x2 + 6x + 1
e 25x2 + 20x + 4 f 16x2 + 24x + 9
g 49 + 28x + 4x2 h 25 + 30x + 9x2

i 4x2 − 12x + 9 j 9x2 − 6x + 1
k 16x2 − 40x + 25 l 4x2 − 36x + 81

6 a 9 − 6x + x2 b 25 − 10x + x2

c 1 − 2x + x2 d 36 − 12x + x2

e 121 − 22x + x2 f 16 − 8x + x2

g 49 − 14x + x2 h 144 − 24x + x2

i 64 − 32x + 4x2 j 4 − 12x + 9x2

k 81 − 36x + 4x2 l 100 − 80x + 16x2

7 a x + 12
b x2 + 24x + 144
c i 196 m2 ii 289 m2

8 a 10 − x

b x2 − 20x + 100
c i 64 cm2 ii 16 cm2

d x = 5
9 a 20 − 2x

b (20 − 2x)(20 − 2x) = 400 − 80x + 4x2

c 196 cm2

d 588 cm3

10 a a2 − b2

b i (a − b)2 = a2 − 2ab + b2

ii b(a − b) = ab − b2 iii b(a − b) = ab − b2

c Yes, a2 − 2ab + b2 + ab − b2 + ab − b2 = a2 − b2

11 a a + b
b (a + b)(a + b) = a2 + 2ab + b2

c a − b

d (a − b)(a − b) = a2 − 2ab + b2

e 4ab

f ab so, yes, four courts’ area is 4ab

9D

Now you try

Example 8

a x2 − 25 b x2 − 225

Example 9

144x2 − 25y2

Exercise 9D

1 Because −ax + ax = 0
2 a Single b Difference c Difference

d Single

3 a +4x − 16, x2 − 16
b +2x − 2x − 1, 4x2 − 1

4 a x2 − 1 b x2 − 9 c x2 − 64

d x2 − 16 e x2 − 144 f x2 − 121

g x2 − 81 h x2 − 25 i x2 − 36

j 25 − x2 k 4 − x2 l 49 − x2

5 a 9x2 − 4 b 25x2 − 16

c 16x2 − 9 d 49x2 − 9y2

e 81x2 − 25y2 f 121x2 − y2

g 64x2 − 4y2 h 100x2 − 81y2

i 49x2 − 25y2 j 36x2 − 121y2

k 64x2 − 9y2 l 81x2 − 16y2

6 a 899 b 1599 c 624 d 2499

e 396 f 391 g 875 h 2484

7 a i x2 ii x2 − 4
b No, they differ by 4.

8 a x2 − 1

b No, area of rectangle is 1 square unit less.

9 a i x2 ii x + 3 iii x − 3
b x2 − 9

c No, 9 m2 less

9E

Now you try

Example 10

a 5b b 7xy

Example 11

a 5(3a + 4) b 2x(x − 3)

Example 12

−11a(1 + 2a)

Exercise 9E

1 a 4 b 10 c 5 d 6

2 a x b x c a d 2a

e −2y f −3x
3 a i 6 ii 3x iii 6x

b iii

4 a 2x b 6a c 2 d 4

e 3 f 1 g 3x h 3n

i 2y j 2x k 2xy l 5ab

5 a 7(x + 1) b 3(x + 1) c 4(x − 1)
d 5(x − 1) e 4(1 + 2y) f 5(2 + a)
g 3(1 − 3b) h 2(3 − x) i 3(4a + b)
j 6(m + n) k 2(5x − 4y) l 4(a − 5b)
m x(x + 2) n a(a − 4) o y(y − 7)
p x(1 − x) q 3p(p + 1) r 8x(1 − x)
s 4b(b + 3) t 2y(3 − 5y)

6 a −4(2x + 1) b −2(2x + 1)
c −5(2x + y) d −7(a + 2b)
e −3(3x + 4) f −2(3y + 4)
g −5(2x + 3y) h −4(m + 5n)
i −3x(x + 6) j −4x(2x + 3)
k −2y(8y + 3) l −5a(a + 2)

7 a 3 b y c a

d 5x e −7 f −12a
8 a 4(x + 2) b 2(x + 3)

c 10(x + 2) d 2(x + 7)
e 2(2x + 3) f 2(x + 7)

9 4x

10 a t(5 − t)
b i 0 m ii 6 m iii 4 m
c 5 s

11 a 63 b 72 c −20
d −70 e 69 f 189

12 a 3(a2 + 3a + 4) b z(5z − 10 + y)
c x(x − 2y + xy) d 2b(2y − 1 + 3b)
e −4y(3x + 2z + 5xz) f ab(3 + 4b + 6a)

13 a (x + 3)(4 + x) b (x + 1)(3 + x)
c (m − 3)(7 +m) d (x − 7)(x + 2)
e (a + 4)(8 − a) f (x + 1)(5 − x)
g (y + 3)(y − 2) h (x + 2)(a − x)
i (2t + 5)(t + 3) j (5m − 2)(m + 4)
k (4y − 1)(y − 1) l (7 − 3x)(1 + x)

9D

Progress quiz

1 a 8x − 6y b 7ab2 − ab c 20a2b d
y

3

2 a 3x − 12 b 6y2 + 10y c 3 − 6x

3 a x2 + 10x + 24 b x2 + x − 6
c 2x2 + 5x − 12 d 6x2 − 19x + 10

4 a x2 + 12x + 36 b x2 − 16x + 64
c 9x2 + 42x + 49 d 25 − 10x + x2

5 a (2x2 − 5x − 3) units2 b (9x2 − 6x + 1) m2

6 a x2 − 100 b x2 − 1 c 9x2 − 4 d 16x2 − 25y2

7 2x + 2
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8 a 4 b 3a

c 5ab d 3x

9 a 6(x + 2) b 5(3y − 4)
c 4a(2b + 5) d 2x(2x − 1)
e −5(2x + 1) f −2x(2x + 5)

10 a 2(4x + 3) b 6(x + 2)

9F

Now you try

Example 13

a (x + 4)(x − 4) b (7 + y)(7 − y)

Example 14

a (2a + 3)(2a − 3) b (5a + b)(5a − b)

Example 15

3(a + 3)(a − 3)

Exercise 9F

1 a x2 − 4 b x2 − 49 c 9x2 − y2

2 a 3 b 11 c 5b d 7y

3 a (x + 4)(x − 4)
b x2 − (12)2 = (x + 12)(x − 12)
c (4x)2 − (1)2 = (4x + 1)(4x − 1)
d (3a)2 − (2b)2 = (3a + 2b)(3a − 2b)

4 a (x + 3)(x − 3) b (y + 5)(y − 5)
c (y + 1)(y − 1) d (x + 8)(x − 8)
e (x + 4)(x − 4) f (b + 7)(b − 7)
g (a + 9)(a − 9) h (x + y)(x − y)
i (a + b)(a − b) j (4 + a)(4 − a)
k (5 + x)(5 − x) l (1 + b)(1 − b)
m (6 + y)(6 − y) n (11 + b)(11 − b)
o (x + 20)(x − 20) p (30 + y)(30 − y)

5 a (2x + 5)(2x − 5) b (3x + 7)(3x − 7)
c (5b + 2)(5b − 2) d (2m + 11)(2m − 11)
e (10y + 3)(10y − 3) f (9a + 2)(9a − 2)
g (1 + 2x)(1 − 2x) h (5 + 8b)(5 − 8b)
i (4 + 3y)(4 − 3y) j (6x + y)(6x − y)
k (2x + 5y)(2x − 5y) l (8a + 7b)(8a − 7b)
m (2p + 5q)(2p − 5q) n (9m + 2n)(9m − 2n)
o (5a + 7b)(5a − 7b) p (10a + 3b)(10a − 3b)

6 a 3(x + 6)(x − 6) b 10(a + 1)(a − 1)
c 6(x + 2)(x − 2) d 4(y + 4)(y − 4)
e 2(7 + x)(7 − x) f 8(2 +m)(2 −m)
g 5(xy + 1)(xy − 1) h 3(1 + xy)(1 − xy)
i 7(3 + ab)(3 − ab)

7 a 4(3 + t)(3 − t)
b i 36 m ii 20 m

c 3 seconds

8 a (x + 3)(x − 3) b (4x + 11)(4x − 11)
c (2 + 5a)(2 − 5a) d (x + y)(x − y)

9 a Factorise each binomial:

(4x + 2)(4x − 2) = 2(2x + 1)2(2x − 1)
= 4(2x + 1)(2x − 1)

b Take out common factor of 4.

10 a (x + 8)(x + 2) b (x + 5)(x + 1)
c (x + 14)(x + 6) d (x + 2)(x − 8)
e (x − 6)(x − 8) f (x + 3)(x − 9)

11 a i x2 ii (30 + x)(30 − x)
b i 500 cm2 ii 675 cm2

9G

Now you try

Example 16

(x + 4)(x + 2)

Example 17

(x + 2)(x − 3)

Example 18

(x − 5)(2x + 3)

Exercise 9G

1 a 2x − 2 b −5 + 5a
c a2 + 5a d 4y − y2

e ax + x + 2a + 2 f bx − 2b − 3x + 6
2 a 2 + x b 5 − x c a + 1 d 1 − a

3 a (x − 3)(x − 2) b (x + 4)(x + 3)
c (2x + 1)(3 − x) d (3x − 2)(4 − x)

4 a (x + 3)(x + 2) b (x + 4)(x + 3)
c (x + 7)(x + 2) d (x − 6)(x + 4)
e (x − 4)(x + 6) f (x − 3)(x + 10)

5 a (x + 4)(x − 3) b (x + 2)(x − 6)
c (x + 2)(x − 18) d (x + 3)(x − 14)
e (x + 4)(x − 18) f (x − 2)(x − a)

6 a (x − b)(x + 1) b (x − c)(x + 1)
c (x + b)(x + 1) d (x + c)(x − 1)
e (x + a)(x − 1) f (x − b)(x − 1)

7 a (x − 7)(2x + 1) b (x + 5)(x + 2)
c (x + 3)(2x − 1) d (1 − 2x)(3x + 4)
e (x − 5)(11 + a) f (3 − 2x)(4y − 1)
g (n + 2)(3m − 1) h (3 − r)(5p + 8)

8 a (x + 2)(x + 5) b (x + 3)(x + 5)
c (x + 4)(x + 6) d (x − 3)(x + 2)
e (x + 6)(x − 2) f (x − 9)(x − 2)

9 a (3a + 5c)(b + d) b (4b − 7c)(a + d)
c (y − 4z)(2x + 3w) d (s − 2)(5r + t)
e (x + 3y)(4x − 3) f (2b − a)(a − c)

10 Answers may vary.
11 a Method 1: a(x + 7) − 3(x + 7) = (x + 7)(a − 3)

Method 2: x(a − 3) + 7(a − 3) = (a − 3)(x + 7)
b i (x − 3)(b + 2) ii (x + 2)(y − 4)

iii (2m + 3)(2m − 5n) iv (2 − n)(m − 3)
v (1 − 2b)(4a + 3b) vi (3a − 1)(b + 4c)

9H

Now you try

Example 19

(x + 2)(x + 7)

Example 20

(x + 6)(x − 2)

Example 21

(x − 3)(x − 4)

Example 22

3(x + 3)(x − 5)
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Exercise 9H

1 a x2 + 9x + 14 b x2 + 14x + 33
c x2 + 7x − 60 d x2 − 8x + 12

2 a 3, 2 b 12, 1 c 4, 5

d 5,−3 e −6, 5 f −9, −2
3 a (x + 6)(x + 2) b (x + 9)(x + 1)

c (x + 7)(x + 1) d (x + 14)(x + 1)
e (x + 3)(x + 4) f (x + 8)(x + 2)
g (x + 5)(x + 3) h (x + 4)(x + 5)
i (x + 8)(x + 3)

4 a (x + 4)(x − 1) b (x + 2)(x − 1)
c (x + 5)(x − 1) d (x + 7)(x − 2)
e (x + 5)(x − 3) f (x + 10)(x − 2)
g (x − 6)(x + 3) h (x − 9)(x + 2)
i (x − 4)(x + 3)

5 a (x − 5)(x − 1) b (x − 1)(x − 1)
c (x − 1)(x − 4) d (x − 8)(x − 1)
e (x − 2)(x − 2) f (x − 6)(x − 2)
g (x − 9)(x − 2) h (x − 7)(x − 3)
i (x − 3)(x − 2)

6 a (x − 8)(x + 1) b (x − 4)(x + 1)
c (x − 6)(x + 1) d (x − 8)(x + 2)
e (x − 6)(x + 4) f (x − 5)(x + 3)
g (x − 4)(x + 3) h (x − 12)(x + 1)
i (x − 6)(x + 2)

7 a 2(x + 4)(x + 1) b 2(x + 10)(x + 1)
c 3(x + 2)(x + 4) d 2(x + 10)(x − 3)
e 2(x − 9)(x + 2) f 4(x − 1)(x − 1)
g 2(x − 2)(x + 3) h 6(x − 6)(x + 1)
i 5(x − 4)(x − 2) j 3(x − 5)(x − 6)
k 2(x − 5)(x + 2) l 3(x − 4)(x + 3)

8 a 6x b 6x or 10x c x, 4x, 11x

d x, 4x, 11x e 9x, 11x, 19x f 9x, 11x, 19x

g 0x, 6x, 15x h 0x, 24x

9 a (x + 4)2 b (x + 5)2

c (x + 15)2 d (x − 1)2

e (x − 7)2 f (x − 13)2

g 2(x + 1)2 h 5(x − 3)2

i −3(x − 6)2

10 a i x(x + 2) ii x2 + 2x − 15
iii (x + 5)(x − 3)

b i 105 m2 ii 48 m2

9I

Now you try

Example 23

a
−ab

2
b −(x + 7) or −x − 7

Example 24

a a − 6 b −7

Example 25

a 6a b 2

Example 26

a
−3x

2
b

2

15

Exercise 9I

1 a 2 b 2x c 2(x + 2) d 2(x − 1)

2 a
3

2
b
3

4
c

2

7x

d
4a2

5
e
1

7
f

1

6x

3 a
8

9
b
7

6
c
3

2

d
1

4
e 6 f 1

4 a
x

2
b
x

2
c
−ab

3
d
a

2b

e x − 1 f −2(2x + 1) g
−1

3
h
a

10

i 3 j −2 k
1

2
l
−2

3

m x − 4 n 2(x − 1) o −2(x + 2) p −1

5 a x + 2 b x − 3 c x − 4 d
1

x + 1

e
−1

2x + 3
f

a

3a − 2
g 2 h 7

i −5 j −2 k 6 l −5

6 a 1 b
1

2
c
6a

5
d

3

2a

e
7xy

3
f
5x

6
g 4 h 5

i
9

2
j
x + 1
4

k 1 l
x + 6

2(x + 7)

7 a
7x

6
b
2x

3
c
−21

8
d
−a2

2

e 6 f
4

3
g 11 h

−3

2

8 a x + 1 b −(x + 2) c
3

2
d x(x + 2)

9 a 4 b 5 c −18 d 15

e −34 f 14

10 a x + 3 b 2x − 1 c −5(x − 3) d
−1

3(x − 4)

11 a −1 b −1 c
−4

3
d 2

e
−1

x − 2
f −4(x − 6)

9J

Now you try

Example 27

a
7a

10
b
5x

24

Example 28

7x − 17

12

9I

Exercise 9J

1 a 24 b 15 c 143 d 36

2 a
5

6
b
17

20
c
13

8
d

7

10

e −
2

15
f

1

12

3 a 4x b 21x c 3

d 2 e 8 f 90

4 a
3x

12
+ 8x
12

= 11x
12

b
25x

35
−
14x

35
= 11x
35

5 a 15 b 14 c 8

d 6 e 10

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



802

6 a
9x

14
b
2x

5
c
x

8
d
14x

45

e
y

56
f
13a

22
g
2b

9
h
m

6

i
11m

12
j
15a

28
k
x

2
l −

20p

63

m −
5b

18
n
61y

40
o
13x

35

7 a
7x + 11
10

b
7x

12
c
15a − 51

56

d
11y + 9
30

e
13m + 28

40
f
5x − 13

24

g
11b − 6

24
h
7x

6
i
7y − 8

14

j
5t − 4

16
k
34 − 10x

21
l
8m − 9

12

8 a
4x

8
+ 6x
8
= 10x

8
= 5x
4

b
2x

4
+ 3x
4
= 5x
4

c Using denominator 8 does not give answer in simplified form and

requires extra steps. Preferable to use actual LCD.

9 a Didn’t make a common denominator and subtracted denominators,
7x

15

b Didn’t use brackets: 2(x + 1) = 2x + 2, 7x + 2
10

10 a
11

2x
b

1

3x
c −

3

4x
d
14

9x

11 a −
43x

30
b
5x

12
c
13x

24

d
43x − 5

60
e
23x − 35

42
f
29x + 28

40

12 a
x

3
b
x

8
c
x

2

d
x

5
e
8x

9
f
x

4

Maths@Work: Automotive technology

1 a TSA = 2lw + 2wh + 2hl

= 2(lw + wh + hl)
b TSA = ah + bh + ch + ab
c TSA = 2pr2 + 2prh

TSA = 2pr(r + h)
d
TSA = pd2

2
+ pdh

TSA = pd
�

d

2
+ h
�

2 i c ii a

iii b iv d

3 a Area of cross-section = pR2
− pr2

= p(R2
− r2)

= p

�

D2

22
−
d2

22

�

= p
4
(D2

− d2)

= p
4
(D + d)(D − d)

b i 76p mm2 ii 31p mm2

iii
p
2
cm2 iv 3p cm2

4

Pipe material

Area of

cross-section

in cm2
Length

in cm

Weight

in g

Weight

in kg

Poly pipe a 3.77 100 360.03 0.36

Poly pipe b 11.50 100 1098.08 1.10

Poly pipe c 141.37 100 13500.99 13.50

Copper pipe a 0.35 100 308.94 0.31

Copper pipe b 0.31 100 273.84 0.27

Copper pipe c 1.54 100 1376.21 1.38

Steel pipe a 2.89 100 2268.86 2.27

Steel pipe b 8.64 100 6781.91 6.78

Steel pipe c 25.13 100 19729.20 19.73

a Copper pipe c = 1.38 kg/m; steel pipe b = 6.78 kg/m
Steel pipe b is 5.4 kg/m heavier than copper pipe c.

b 3.5 m of poly pipe a = 1.26 kg; 3.5 m of steel pipe a = 7.94 kg
3.5 m of steel pipe a is 6.68 kg heavier than 3.5 m of poly pipe a.

c 2.75 m of poly pipe c = 37.13 kg; 5 m of steel pipe c = 98.65 kg.
5 m of steel pipe c is 61.52 kg heavier than 2.75 m of poly pipe c.

Puzzles and games

1 RECIPROCAL

2 a 4x2 − 80x + 400 b x = 5

3 a n2 b n(n + 1) c
1

2
n(n + 1)

4 a
x + 10
12

b
− 11x − 2

15

5 a 48, 49 b 33, 35 c 12, 15

6 Ryan

Chapter checklist

1 a 2a2 − ab + 1 b −x2y − xy
2 35

3 a 14a2b b
y

3

4 a −3x + 6 b −8a2 + 10a
5 a 2x2 − x − 15 b 6x2 − 29x + 35
6 a x2 + 14x + 49 b 16x2 − 24x + 9
7 a x2 − 16 b 9x2 − 25

8 HCF = 6xy
9 a 5(a + 3) b 11x(x − 3y) c −7m(2n + 1)
10 a (x + 10)(x − 10) b (2a − 3)(2a + 3)
11 (x + 6)(x − 3)
12 (x − 3)(2x + 3)
13 (x + 7)(x − 3)
14 2(x + 3)(x − 3) and 3(x − 4)(x − 3)

15
2(x − 2)
x − 2

= 2

16
3

2

17
1

4

18 a
x

10
b
11x − 29

12

Short-answer questions

1 a 6x2 b −18ab2 c
b

2
d −4x

2 a 3x − 12 b −2x − 12 c −x2 + x d −8x2 + 12x
3 a 7x − 1 b 5ab c −3a2b d 8x2 − xy

4 a x2 + x − 12 b x2 − 9x + 14
c 6x2 − 5x − 6 d 3x2 + x − 4

5 a x2 + 6x + 9 b x2 − 8x + 16
c 9x2 − 12x + 4 d x2 − 25

e 49 − x2 f 121x2 − 16
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6 a 4(a + 3b) b x(x + 1)
c 3x(2 − 3x) d −3(1 + 3x)

7 a (x + 10)(x − 10) b (5x + y)(5x − y)
c (7 + 3x)(7 − 3x) d 3(x + 4)(x − 4)

8 a (x − 3)(x + 6) b (2x + 5)(2x − 1)
c (x − 4)(3 + 2b)

9 a (x + 3)(x + 5) b (x − 6)(x + 3)
c (x − 6)(x − 1) d 3(x + 7)(x − 2)

10 a
x − 1

2
b x + 1 c x + 4

d
−(x + 3)

2
e
2

3
f 2(x − 1)

11 a
1

4
b
a

2
c
x − 4

2

d
2a

3
e 4 f

2

5

12 a
11x

12
b −

x

24
c
a

4

d
5x − 2

6
e
10x − 5

12
f
7x + 5
24

Multiple-choice questions

1 E 2 C 3 B 4 B 5 C

6 A 7 E 8 D 9 C 10 B
11 A 12 E 13 E

Extended-response questions

1 a (x + 3) m
b i No change

ii (x2 − 1) m2, 1 square metre less in area

c i 3 m2 ii x = 4
2 a 400 m2

b i L =W = (20 + 2x)m ii (4x2 + 80x + 400) m2

c 4x(x + 20) m2

d x = 5

Chapter 10

Warm-up quiz

1 a 0.1 b 0.25 c 0.3 d 0.85 e 0.237

2 a
1

2
b
1

3
c
2

3
d 1 e 0

f
1

12
g
1

2
h
18

29
i
2

3
j
2

7

3 a 1, 2, 3, 4, 5 or 6

b i 3 ii 2 iii 3 iv 5 v 5 vi 3
4 a 5 b 7 c 6 d 7 e 4 f 6

5 a 8 b 20 c
3

20

6 a 9

b 6

c 5

d 5

e 12

f i
2

9
ii
7

9
iii
5

9

CH10

10A

Now you try

Example 1

a {1, 2, 3} b
1

3
c
1

2
d
1

2
e
5

6

Example 2

a
1

10
b

7

10
c
2

5

d
3

5
e

9

10
f
1

2

Exercise 10A

1 a sample space b event c probability

d impossible, certain e even f complement

2 a i
1

4
ii 0.25 iii 25%

b

0.5 0.6 0.7 0.8 0.9

x

0 0.1 0.2 0.3

0.25

0.4 1.0

3

P
e
rc
e
n
ta
g
e

D
e
c
im

a
l

F
ra
c
ti
o
n

Number line

a 50% 0.5
1

2
1

x

0 0.5

b 25% 0.25
1

4
1

x

0 0.50.25 0.75

c 75% 0.75
3

4
1

x

0 0.50.25 0.75

d 20% 0.2
1

5
1

x

0 0.2 0.4 0.6 0.8

4 0.15,
2

9
, 1 in 4, 0.28,

1

3
,
2

5
,
3

7
, 2 in 3, 0.7, 0.9

5 a i {1, 2, 3, 4, 5, 6, 7} ii
1

7
iii
6

7
iv
2

7
v
6

7

b i {2, 6, 7} ii
1

2
iii
1

2
iv
1

2
v 1

c i {1, 2, 3} ii
2

3
iii
1

3
iv
5

6
v
5

6

d i {1, 2, 3} ii
1

3
iii
2

3
iv
2

3
v
2

3

e i {1, 2, 3, 4} ii
1

7
iii
6

7
iv
3

7
v
5

7

f i {2} ii 1 iii 0 iv 1 v 1

6 a
1

2
b
3

8
c
1

6
d
1

4
e 1 f 0

7 a
1

2
b
5

8
c
5

6
d
3

4
e 0 f 1

8 a
1

8
b
7

8

9 a
1

8
b
1

4
c
3

8
d
3

8
e
5

8

f 1 g 0 h
1

4
i
3

4
j
3

4

10 a {Hayley, Alisa, Rocco, Stuart}

b i
1

4
ii
1

2
iii
1

2

11 a
1

52
b

1

13
c

1

26
d
1

2

e
2

13
f
12

13
g
23

26
h
25

26

12 a
1

6
b
1

6
c
5

6
d
1

3
e
2

3

f 1 g
1

3
h
1

2
i
5

6
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13 a
2

11
b

9

11
c

4

11
d

7

11

e
7

11
f

3

11
g

7

11
h

4

11

14 a 31 min

b
3

31

c i
4

31
ii

4

31
iii
20

31

iv
5

31
v

8

31
vi
11

31

10B

Now you try

Example 3

a

L

11 14 18

7

S

b i 43 ii 25 iii 18

c i
7

25
ii

7

50
iii
11

50

Example 4

a Natural Not Natural Total

Artificial 20 25 45

Not artificial 45 10 55

Total 65 35 100

b i 55 ii 10

c i
13

20
ii

9

20
iii

9

10

Exercise 10B

1 a 26

b i 10 ii 14 iii 5 iv 9

v 4 vi 7 vii 19
c i 12 ii 17

2 a 22 b 12 c 10

d 39 e 13 f 1

3 a B b D c A d C

4 a A Not A Total

B 7 8 15

Not B 3 1 4

Total 10 9 19

b A Not A Total

B 2 5 7

Not B 9 4 13

Total 11 9 20

5 a
Phone

19 3 6

2

iPad

b i 28 ii 21 iii 6

c i
1

10
ii

1

15
iii
19

30

6 i Not A: diagram T ii A or B: diagram R

iii A and B: diagram U iv B: diagram P

v B only: diagram Q vi Neither A nor B: diagram S

7 a i
2

5
ii
1

3
iii

7

15

iv
1

15
v
13

15
vi

2

15

b i
3

7
ii
12

35
iii
13

35

iv
3

35
v
34

35
vi

1

35

8 a Cream Not cream Total

Ice cream 5 20 25

Not ice cream 16 9 25

Total 21 29 50

b i 29 ii 9

c i
21

50
ii

8

25
iii
41

50

9 a A Not A Total

B 3 1 4

Not B 2 2 4

Total 5 3 8

i
5

8
ii
3

8
iii
3

8
iv
3

4
v
1

8
vi
1

4

b A Not A Total

B 11 4 15

Not B 6 5 11

Total 17 9 26

i
17

26
ii

9

26
iii
11

26
iv
21

26
v

2

13
vi

5

26

10 a A Not A Total

B 2 6 8

Not B 3 1 4

Total 5 7 12

A

3 2 6

1

B

b A Not A Total

B 3 4 7

Not B 9 4 13

Total 12 8 20

A

9 3 4

4

B

11 a
Rents car

1 5 8

3

Rents house

b 5 c
1

17
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12 a Tank water No tank water Total

Tap water 12 36 48

No tap water 11 41 52

Total 23 77 100

b 12 c
9

25
d

59

100

13 a

Skiing

12 4 7

0

Snowboarding

b 23 c
11

23
d

4

16
= 1
4

e
4

11

14 a
3

10
b
1

3

15
Males

38 17 13

32

Doctors

a 32 b 45 c 70 d 38 e 13

f 13 g 62

10C

Now you try

Example 5

a 1 2 3 4 5 6 7 8

H H1 H2 H3 H4 H5 H6 H7 H8

T T1 T2 T3 T4 T5 T6 T7 T8

b 16 c
1

16
d

3

16

Example 6

a 3 5 6

3 × (3, 5) (3, 6)
5 (5, 3) × (5, 6)
6 (6, 3) (6, 5) ×

b
1

6
c
1

3

10C

Exercise 10C

1 B Y E

H HB HY HE

I IB IY IE

2 a 1 2 3 4

H H1 H2 H3 H4

T T1 T2 T3 T4

b 8 outcomes in the sample space c
1

8
d
1

8

3 a 10 b H2, H4, T2, T4 c
2

5

d T1, T3, T5 e
3

10

4 a
1

4
b HH, TT c

1

2

5 a 1 2 3 4 5 6

H H1 H2 H3 H4 H5 H6

T T1 T2 T3 T4 T5 T6

b 12 c
1

12
d
1

4

6 a R I D E

L LR LI LD LE

I IR II ID IE

N NR NI ND NE

E ER EI ED EE

b 16 c
1

16
d

1

16

e
1

4
f
1

4
g
1

8

7 a R P B

R RR RP RB

P PR PP PB

G GR GP GB

B BR BP BB

b
1

12
c

1

12
d
1

6
e
1

4

8 a Sum 1 2 3 4 5 6

1 2 3 4 5 6 7

2 3 4 5 6 7 8

3 4 5 6 7 8 9

4 5 6 7 8 9 10

5 6 7 8 9 10 11

6 7 8 9 10 11 12

36 outcomes b
1

9

c
1

2
d 7 e 2 and 12

9 a Y W B B B

W WY WW WB WB WB

O OY OW OB OB OB

O OY OW OB OB OB

b
2

15
c

1

15
d

2

15

e
1

5
f

1

15

10 a D O G

D X (O, D) (G, D)
O (D, O) X (G, O)
G (D, G) (O, G) X

b
1

6
c
2

3

11 a 1st

1 2 3 4

1 X (2, 1) (3, 1) (4, 1)
2 (1, 2) X (3, 2) (4, 2)2nd
3 (1, 3) (2, 3) X (4, 3)
4 (1, 4) (2, 4) (3, 4) X
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b i
1

12
ii

1

12

c i
1

6
ii
5

6
iii
1

6
iv
1

2

12 a
1

8
b
1

3

10D

Now you try

Example 7

a Toss 2

1
2

3

Toss 1 Outcomes

4

1

2

3

4

1
2

3

4
1
2

3

4
1
2

3

4

11
12

13

14
21
22

23

24
31
32

33

34
41
42

43

44

b 16

c i
1

16
ii
3

8
iii
15

16

Example 8

a

R

R

B

R R

R B

R R

R B

B R

B R

R

B

R

B

R

R

Sock 1 Sock 2 Outcomes

b i
1

3
ii
2

3
iii 1

Exercise 10D

1 a A b B

2 a i replacement ii 3

b

S

K

Y

Letter 1 Letter 2 Outcomes

SS

SK

SY

KS

KK

KY

YS

YK

YY

S

Y

K

S

Y

K

S

Y

K

3 a i Without replacement ii 2

b

T

W

O

TW

TO

W

O

WT

WO

T

O

OT

OW

T

W

Letter 1 Letter 2 Outcomes

4 a

H

T

H

OutcomesToss 2Toss 1

H H

H T

T H

T T

T

H

T

b 4

c i
1

4
ii
1

2
iii
3

4
iv
3

4

5 a

1

2

3

1

2

3

1, 1

1, 2

1, 3

2, 1

2, 2

2, 3

1

2

3

3, 1

3, 2

3, 3

1

2

3

Spin 1 Spin 2 Outcomes

b
1

9
c
1

9
d
2

9

e
1

3
f
1

3

6 a

D

E

Person 2Person 1

E

F

F

D

F

D

E

Outcomes

DE

DF

ED

EF

FD

FE

b i
1

3
ii
2

3
iii 1
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7 a

R

B

Sock 2Sock 1 Outcomes

Y

RR

RB

RY

RR

RB

RY

BR

BY

BR

YR

YB

YR

R

R

B

Y

R

B

Y

R

R

Y

R

R

B

b i
1

3
ii
1

6
iii
1

6
iv
5

6

8 a

H

T

H

T

H
H
T

HHH
HHT

HTH
HTT

THH
THT

TTH
TTT

H
T

H
T

H
T

T

Coin 2Coin 1 Coin 3 Outcomes

b
1

8
c
1

8
d
3

8

e Getting exactly 2 tails

9 a
3

5
b
2

5
c

7

10

10 a
1

9
b

7

18
c
1

2
d
1

6
e
1

9
f
1

9

g
7

18
h 0 i

2

3
j
17

18

10E

Now you try

Example 9

a
4

5
or 0.8 b 40

Example 10

a
5

24
b 200

Exercise 10E

1 a Experimental b Theoretical c Theoretical

d Experimental e Expected

2 a
9

10
b
4

5
c
5

9

3 a
2

5
b 40

4 a 5 b 10 c 50 d 4

5 a
35

90
= 7

18
b 1050

6 a 0.6

b i 60 ii 120 iii 360

7 a
7

8

b i 350 ii 4375 iii 35

8 a
1

15
b
2

5
c
11

60

9 a B :
5

20
= 0.25 C : 30

100
= 0.3

b C as it is a larger sample size

10 0.41, from the 100 throws as the more times an experiment is carried

out the closer the experimental probability becomes to the

actual/theoretical probability

11 a 20 b 40 c 60 d 40

12 a 20

b i
1

4
ii

7

20

c i 25 ii 20 iii 45
13 a i 0.52 ii 0.48 iii 0.78

b 78

c
1

2
,
1

4
,
1

4

1
2

3

14 a
Shaded area

Total area
= 0.225,Â 100 shots ¥ 23

b
1

10
× 100 = 10

c
150 − 32

150
× 100 ¥ 79

d
225p − 25p

225p
× 100 ¥ 89

10E
Progress quiz

1 a {1, 2, 4, 5, 7}

b i
1

3
ii
2

3
iii
1

2
iv
5

6

2 a
1

8
b
1

4
c
3

4
d
1

4
e
1

2

3 a A Not A Total

B 4 5 9

Not B 4 7 11

Total 8 12 20

b i
2

5
ii
1

5
iii
1

4
iv
13

20

4 a
Class

3 5 7

5

Run

b i 8 ii 15 iii 3

c i
1

4
ii
1

4
iii

7

20

d Run Not run Total

Class 5 3 8

Not class 7 5 12

Total 12 8 20

5 a 1 2 3 4

H H1 H2 H3 H4

T T1 T2 T3 T4

b 8

c i
1

8
ii
3

8
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6 a 1st choice

B E E

B × (E, B) (E, B)
2nd

E (B, E) × (E, E)
choice

E (B, E) (E, E) ×

b
1

3
c
2

3

7 a

R

B

O

B

R

O

B

R

O

RB

RO

BR

BO

OR

OB

OutcomesLolly 1 Lolly 2

b i
1

3
ii
2

3

8 a
3

5
b 240

10F

Now you try

Example 11

a Numerical discrete b Categorical nominal

c Numerical continuous d Categorical ordinal

Example 12

a i Stratified ii Systematic

iii Simple random
b Yes. Wasram’s team-mates at the soccer club are unlikely to represent
the views of the wider community.

Exercise 10F

1 a Survey b Bias

c Population d Sample

2 a Categorical b Numerical

3 a Stratified b Simple random c Systematic

4 a Numerical b Categorical

c Categorical d Numerical

5 a Categorical nominal b Categorical ordinal

c Numerical continuous d Numerical discrete

6 a Categorical nominal b Numerical continuous

c Categorical ordinal d Numerical discrete

7 a i Simple random ii Stratified

iii Systematic
b Yes. Only the people who are confident in answering the questions

will raise their hand.

8 a i Systematic ii Stratified

iii Simple random
b Yes. There is a good chance that more water birds are in that area.

9 Sales (3), Administration (7)
10 Length: Numerical continuous
Weight: Numerical continuous

Favourite food: Categorical nominal

Number of toys: Numerical discrete

Type of scratching post: Categorical ordinal

11 a Expand his sample to include other member of the class

b Survey other vets in the practice too

c Consider the price of bread in other types of shops

d Survey other students not in the extension program

12 The data might be only relevant if sorted into age groups
13 Answers may vary

10G

Now you try

Example 13

a i 5 ii 4 iii 7 iv 6

b i 0.75 ii 0.5 iii 0 iv 9

Example 14

a 87 b 97

Exercise 10G

1 a mean

b i 7.8 ii 9.9

2 a common (or frequent)

b i 2 ii 10

3 a middle

b i 5 ii 8

4 a range

b i 21 ii 22

5 a outlier

b i 36 ii 3

6 Mean Median Mode Range

a 6 7 8 7

b 8 6 5, 10 13

c 6 6 2 10

d 11 12 none 13

e 4 3.5 2.1 6.2

f 5 4.5 none 9.7

g 3 3.5 −3 12

h 0 2 3 11

7 a Outlier = 33, mean = 12, median = 7.5
b Outlier = 2, mean = 35.2, median = 42
c Outlier = −1.1, mean = 1.075, median = 1.4
d Outlier = −4, mean = −49, median = −59

8 a Yes b No

c No d Yes

9 a 12 b 5.5

c 6 d Bimodal; 4, 7

10 a 24.67 s

b 24.8 s

11 a $1 700 000
b ($354 500 and $324 000) drops $30 500

c ($570 667 and $344 800) drops $225 867

12 a 15 b 26

13 a 90 b 60

14 a 76.75

b i 71.4, B+ ii 75, B+ iii 80.2, A
c 81.4, he cannot get an A+

d i 43 ii 93

10H

Now you try

Example 15

a i 125 ii 200 iii 175
b 75

c 144°

Exercise 10H

1 Mean, range

2 A skewed, B symmetrical

3 A, the gap looks larger because the vertical scale does not start at zero.
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4 a 17 b 3, 5, 6, 6, 7, 8, 8, 8, 9, 9, 9, 9, 9, 10, 10, 10, 10

c 8 d 9 e 7

f Skewed g
12

17

5 a 25 b 30 cm c 173 cm

d 170 cm e 168.88 cm

f 186 cm

6 a 44% b 6600/year c 18/day
d 9.5/day e 108°

7 a 1.42 m b 0847, 8 : 47 a.m. c 1 hour 21 minutes

d 31 cm or 0.31 m e 11 hours 55 minutes

8 a 41 years b 24 years

c 16 years d 10 years, 14.5%
9 a 18°C

b 43 mm

c 5°C
d 47 mm

e January, February, March, December

f February, March, May

g August, September

h 9°C
10 a 45 m b 25 m c 20 m d 69 m

e 35 m − 14 m = 21 m more

11 a Channel 15, 27; channel 16, 24; channel 17, 26; channel 18, 24

b Graph A

c Graph B

d The scale on graph A starts at 23 but the scale on graph B starts

at 0.

e Graph A is misleading as the scale expands the difference in column

heights.

12 a Energy and Yum-crunch equal, Chunky, Sunshine

b No, it was equal to Energy.

c The Yum-crunch column has wider dimensions, a different colour

and the cereal name on the column.

d All columns should be the same width, same colour and either all or

none have the name.

13 a Rugby

b Rugby, soccer, basketball, cricket, tennis

c Rugby: 700 000; Soccer: 600 000

d Cricket, 800 000

e Cricket, rugby, soccer, basketball and tennis equal

f The length of each row is misleading because the ball sizes are

not equal.

g Each picture should be an equal size.

14 a 10

b $560 000, $560 000, $750 000, $750 000, $750 000,
$750 000, $870 000, $870 000, $870 000, $2 300 000

c $903 000
d $750 000
e Mean

f 9 out of 10 house prices are less than the mean of $903 000.

g The median is a better measure of ‘average’ as it is the middle value.

The mean is increased by one very large value.

15 a

400

300

500

600

200

100

0

10 50

TV screen size in inches

V
ie

w
in

g
 d

is
ta

n
ce

 i
n
 c

m

40 60 703020

Best TV viewing distances

Maximum viewing distance (cm)

Minimum viewing distance (cm)

b 26 inch, 30 inch, 34 inch

c 42 inch, 47 inch, 50 inch, 55 inch, 60 inch, 65 inch

10I

Now you try

Example 16

a Stem Leaf

0 9

1 1 3 6

2 1 4 6 9 9

3 4 5 7

4 2 6

5 0 2

3 | 5 means 35
b 29

c 29

d Almost symmetrical

Example 17

a Class A Class B

0 3

9 9 7 5 1 1 2 3 4 6 8

9 4 1 2 0

6 1 3

2 | 4 means 24 pages

b The number of pages read by class A is between 15 and 36 while for

class B it is between 11 and 20 except for a lower value of 3.

In general class A is reading more.

10I
Exercise 10I

1 a 3.5, 3.7, 4.1, 4.3, 4.8

b 52, 60, 61, 67, 73, 75

2 a 9

b i 8 min ii 35 min

c 21 min

d 21 min

3 a 26

b i 0 mm ii 6 mm

c i 21 mm ii 24 mm

d i 8 mm ii 15 mm

e Skewed

f Symmetrical

4 a i Stem Leaf

1 9 9

2 3 4 6 6 8 8 8

3 2 2 3 5

4 1

5 4

2 | 3 means 23

ii 28 iii 28 iv Skewed

b i Stem Leaf

1 5 5

2 1 3 3 3 6

3 0 1 1 3 4 5 5 7 9

4 2 2 5 5 5 8

5 0 0 1

4 | 2 means 42

ii 35 iii 23, 45 iv Almost symmetrical
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c i Stem Leaf

32 0

33 3 7 8

34 3 4 5 5 7 8 9

35 2 2 4 5 8

36 1 3 5

37 0

34 | 3 means 34.3

ii 34.85 iii 34.5, 35.2 iv Almost symmetrical

d i Stem Leaf

15 7 8 9 9 9 9

16 1 4 7 7 7

17 3 5 7 7

18 5 5 7 9

19 3 8

20 0 2

17 | 7 means 177

ii 173 iii 159 iv Skewed

5 a Stem Leaf

0 5 6 6 8 8 9

1 0 1 1 2 2 2 4 4 5 6 7

2 0 1 2

1 | 2 means 12

b 9 c 12

6 a i Set A Set B

9 3 2 3 1

8 7 6 5 3 3 0 0 4 0 1 3 4 4 6 7 8 8 9 9

4 4 3 5 1 3

3 | 2 means 32

ii Set A has values spread between 32 and 54 while set B has

most of its values between 40 and 53 with an outlier at 31.

b i Set A Set B

8 7 4 3 0 1 1 1 2 3 6 6 9 9

9 9 7 6 4 1 2 3 5 8 9

6 5 3 1 2 1 5 6

9 9 6 4 3 2 3 3 4 9

7 3 1 4 3 7 8

7 3 2 5 2 3 7

2 1 6 1 2

8 3 8 3 8

1 9

4 | 1 means 4.1

ii Set A and B are similar. Set A has values between 0.3 and

9.1 and set B has values between 0.1 and 8.8. Both sets

have many small numbers and fewer large numbers.

7 a Collingwood St Kilda

8 3 6 6 8 8

8 7 2 1 0 7 8

9 9 8 2 0 8 0 0 2 2 3 4 7 8

8 7 5 1 9 0 4

4 3 3 3 10 6 9

9 8 5 11 1 3 7 8

7 12 2 5 6

13 8

10 | 6 means 106

b Collingwood 33 1
3
% St Kilda 41 2

3
%

c Collingwood is almost symmetrical data. St Kilda is not symmetrical.

d Collingwood results seem to be consistent. St Kilda has groups of

similar scores and, while less consistent, that team has higher

scores.

8 a 16.1 s

b 2.3 s

c Yes, 0.05 s lower

9 a Battery lifetime

Brand A Brand B

3 7 2 3 4

7 5 6 8 9 9

4 2 8 0 1 3

9 8 7 5 8

4 4 3 2 1 0 9 0 1 2 3 4

9 9 8 7 6 5 5 9 5 6 8 8

8 | 3 represents 8.3 hours

b Brand A, 12; brand B, 8

c Brand A consistently performs better than brand B.

10 a 52

b 17.8

11 a 48%
b 15%
c In general, birth weights of babies are lower for mothers who smoke.

10J

Now you try

Example 18

a Class interval Frequency Percentage frequency

10− 3 25

20− 2 16 2
3

30− 2 16 2
3

40− 2 16 2
3

50–60 3 25

Total 12 100

b

30 40 50 602010

2

1

0

3

Car sales

Fr
e
q

u
e
n

cy

c 3 d 25%

Exercise 10J

1 a class interval b frequency

c histogram d percentage frequency

2 a 20 b 20

3 a 3 b 360 000−370 000

4 a 2

b 20

c i 30% ii 65%
5 a Class Frequency Percentage frequency

0− 23 46

10− 10 20

20− 6 12

30− 7 14

40− 4 8

50 100
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b

8

4

0

16

12

20

24

Ice creams sold

Fr
e
q

u
e
n

cy

3020 40100 50

c i 33 ii 11

d 34%
6 a

Class Frequency Percentage frequency

50− 8 13 1
3

60− 14 23 1
3

70− 9 15

80− 25 41 2
3

90− 4 6 2
3

60 100

b

50 60 70 80 90 100

8

4

0

16

12

20

24

28

Exam mark

Fr
e
q

u
e
n

cy

c i 22 ii 63 1
3
%

7 a Number of goals Frequency

0 − 2 1

3 − 5 8

6 − 8 7

9 − 11 7

12 − 14 7

30

b

96 123 510

6

4

8

10

2

0

Fr
e
q

u
e
n

cy

Number of goals

c 9 d 7

8 a Symmetrical data b Skewed data

9 a a = 15 b = 2 c = 30 d = 40 e = 20 f = 100
b a = 50 b = 28 c = 12 d = 40 e = 100

10 85.5%

11 a i 20% ii 55% iii 80%
iv 75% v 50%

b i 30 ii 45

c i 2 ii 22

12 a Student A

b Make the intervals for their groups of data smaller so that the graph

conveys more information.

13 a Minimum wage: $204; maximum wage: $940

b i Weekly wages ($) Frequency

200− 2

300− 7

400− 6

500− 6

600− 11

700− 11

800− 5

900− 2

Total 50

ii

1000900800700600500400300200

5

0

10

15

Weekly wages  ($)

Fr
e
q

u
e
n

cy

c i Weekly wages Frequency

200− 9

400− 12

600− 22

800− 7

Total 50

ii

600400 800200 1000

10

15

5

0

20

25

Weekly wages ($)

Fr
e
q

u
e
n

cy

d More intervals shows greater detail. Since first graph has each pair

of intervals quite similar, these two graphs are quite similar.

10J

Maths@Work: Personal trainer

1 a 88 bpm b 84 bpm

c 98 bpm d 119 bpm

2 a Yes b No c Yes d No

e Yes

3 Mean 94.6 bpm, mode 90 bpm, median 93.5 bpm, range 35 bpm

4 Mean 105.8 bpm, mode 98 bpm, median 104.5 bpm, range 59 bpm

The data has a higher mean, median and mode, and is more

spread out (range is much higher).
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5 Graph should look like the following.

10

6

Fr
e
q

u
e
n

cy

Time in seconds

Personal best times for �tness routine

4

50 60 70 80 90 100 110 120 130

2

0

8

Puzzles and games

1 IT’S RANDOM

2 1 − C, 2 − B, 3 − E, 4 − D, 5 − A

3 6 own both cat and a dog

4 2, 3, 4, 8, 8

5 7, 8, 9, 10 and 11

6 a

Train

Car

Bike

Train

Bike

Train

Bike
Car
Train
Bike
Car
Train

Bike
Car
Train
Bike
Car
Train

To A To B To C

T B B
T B C
T B T
T T B
T T C
T T T

C B B
C B C
C B T
C T B
C T C
C T T

Outcomes

b 12 c
1

4

Chapter checklist

1 a
1

5
b

7

10
c

9

10

2

10

2

BH S

6 12

a 10 b
14

15

3 Petrol No petrol totals

Electric 4 3 7

No electric 11 2 13

Totals 15 5 20

a 2 b
11

20

4 1 2 3 4

1 2 3 4 5

2 3 4 5 6

3 4 5 6 7

4 5 6 7 8

a
1

4
b
5

8
c
7

8

5 K E Y

K K , E K , Y

E E, K E, Y

Y Y , K Y , E

a
1

6
b
1

3

6

Clear

Clear Clear, Clear

Clear, Clear

Clear, Coloured

Clear, Coloured

Clear, Clear

Clear, Clear

Clear, Coloured

Clear, Coloured

Coloured, Clear

Coloured, Clear

Coloured, Coloured

Coloured, Coloured

Coloured, Clear

Coloured, Clear

Coloured, Coloured

Coloured, Coloured

Clear

Clear

Clear

Clear

Clear

Clear

Clear

Clear

Coloured

Coloured

Coloured

Coloured

Coloured

Coloured

Coloured

Coloured

Coloured

Coloured

Outcomes

a
1

2
b
3

4

7

D

D

W

W

W

D

W

W

W

D

D

W

W

D

D

W

W

D

D

W

W

D

W

W

W

D, D
D, W

D, W

D, W

D, D
D, W

D, W

D, W

W, D

W, D

W, W

W, W

W, D

W, D

W, W

W, W

W, D

W, D

W, W

W, W

Outcomes

a
3

5
b

7

10

8 a
1

4
b 625

9 a Numerical discrete b Categorical ordinal

10 a Systematic b Stratifled

11 Yes, as data collected at the airports is likely to be biased towards
airline travel.

12 Set 1 : mean = 3, mode = 3, median = 3, range = 4
Set 2 : mean = 18.5, mode = 21, median = 19.5, range = 13

13 Current mean = 68, new score = 78
14 a 4 b 2.5 c 70%

15 b: It has an incorrect scale on the vertical axis.
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16 Stem Leaf

1 5 6 9

2 2 5 6 6 8 9

3 2 5 7

4 2 9

2 | 5 means 25 Mode = 26 Median = 27

17 Team A Team B

2 1 2 6

8 2 3 5 7 9 9

1 3 1 4

9 5 0 4

5 5

9 6

6 7

2 | 3 means 23

Team A: mean 45, median 45, range 64

Team B: mean 25.1, median 27, range 25

Team B is more conslstent than team A

18 Class interval frequency Percentage frequency

30− 2 10

40− 3 15

50− 3 15

60− 5 25

70− 2 10

80− 3 15

90− 2 10

Total 20 100

6

5

4

3

2

1

0
30 40 50 60

Class

F
re

q
u

en
cy

%
 F

re
q

u
en

cy

70 80 90 100

15

10

5

25

20

Percentage of turtles older than 50 years = 75%

CH10

S&Q

Short-answer questions

1 a
2

3
b
5

9
c
3

5

2 a
Delivered

20 10 15

5

Online

b 15

c i
1

5
ii
2

5
iii

3

10

3 a A Not A Total

B 9 16 25

Not B 8 12 20

Total 17 28 45

b
A

8 9 16

12

B

c i
4

9
ii
1

5
iii 8 iv 33

4 a 12 outcomes

1 2 3 4

red (red, 1) (red, 2) (red, 3) (red, 4)
green (green, 1) (green, 2) (green, 3) (green, 4)
blue (blue, 1) (blue, 2) (blue, 3) (blue, 4)

b i
1

6
ii
1

6
iii
2

3

5 a

$1

10c

$1

Coin 2Coin 1

10c

10c

10c

10c

$1

10c

($1, 10c)

($1, 10c)

(10c, $1)

(10c, 10c)

(10c, $1)

(10c, 10c)

Outcomes

b
2

3

6 a
48

120
= 2
5

b 14

7 a Categorical nominal b i Simple random ii systematic
c Yes, her extension science class may have different interests

to others in the year level.

8 a 26 b 26.5 c 23, 31 d 18

9 a Employee 1 Employee 2

9 1 7 7

5 3 1 2 0 4 8 9

9 8 6 5 5 4 3 2 7 7 8

6 5 0 4 0 1 2 5 8

3 1 5

2 | 4 means 24

b i Employee 1 : 36, employee 2 : 37

ii Employee 1 : 36, employee 2 : 33

c Employee 1; they have a higher mean and more sales at the

high end.

d Employee 1 approximately symmetrical, employee 2 skewed

10 a Class interval Frequency Percentage frequency

120− 1 4

130− 3 12

140− 4 16

150− 8 32

160− 7 28

170− 2 8

Total 25 100
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b

140130 150120 170160 180

6

4

8

2

0

Interval (min)

Finish times in car rally

Fr
e
q

u
e
n

cy

c i 4 ii 60%
11 a Mean = $760 000

Median = $590 000
b The median is better because the mean has been inflated by the

outlier of $2 900 000.

Multiple-choice questions

1 B

2 A

3 i A ii B iii D iv C

4 B

5 D

6 E

7 i B ii C

8 E

9 C

Extended-response questions

1 a i 1st spin

1 2 3 4 5

1 (1, 1) (2, 1) (3, 1) (4, 1) (5, 1)
2 (1, 2) (2, 2) (3, 2) (4, 2) (5, 2)
3 (1, 3) (2, 3) (3, 3) (4, 3) (5, 3)
4 (1, 4) (2, 4) (3, 4) (4, 4) (5, 4)2

n
d
sp
in

5 (1, 5) (2, 5) (3, 5) (4, 5) (5, 5)

ii
12

25
iii

4

25
iv 24 v $68

b i
Sausage

10 15 15

5

Drink
ii 5

iii 10 iv
1

3
v
4

9

2 a Airline A Airline B

4 4 3 2 2 1 1 0 0 1 2 4 4

9 8 7 7 6 0* 5 5 6 7 7 8 9

4 4 4 3 3 3 2 2 1 1 0 0 0 0 1 2 2

9 9 8 8 7 1* 5 5 8 8 8 9 9

4 3 2 1 2 2

2* 5 6

3

3*

4

4*

2 5

1 | 2 means 12 1* | 5 means 15
b Yes, 52 min

c i Airline A: 12, airline B: 10.5

ii Airline A: 10.6, airline B: 12.4

d No, the median time is 12 min so half the flights have less than 12

min delay.

Chapter 11

Warm-up quiz

1 a i 0 ii 4 iii 1 iv 9

b i 0 ii 2 iii 5 iv 27

c i 3 ii −1 iii 2 iv −6
d i −1 ii 7 iii −2 iv 2

2 a Yes b No c Yes

3 a 0 b 3 c −5

d −3 e 4 f
4

3

4 a a2 − 2a = 0 b a2 − 3a + 1 = 0
5 a 2x b x c 3x

d 2x e 4 f 5

6 a 2x − 6 b 2x − x2 c x2 − x − 2

d x2 − 7x + 12 e x2 − 4 f x2 − 25

7 a x −3 −2 −1 0 1 2 3

y 5 0 −3 −4 −3 0 5

b x −3 −2 −1 0 1 2 3

y 1 0 1 4 9 16 25

8 a x = 5 b x = 3 c x = 1 d x = 5.5

11A

Now you try

Example 1

a x2 − 3x − 5 = 0 b 2x2 + 8x − 7 = 0
c 2x2 + 3x − 4 = 0

Example 2

a Not a solution b Is a solution

Example 3

a x = 0, −5 b x = −2, 3

Example 4

x = 2
3
, −

5

2

Exercise 11A

1 a −4 b −1 c 72

2 a No b Yes c Yes

d No e No f Yes

3 a 1 b −3 c −2
4 a x2 − 7x − 2 = 0 b x2 − 5x + 2 = 0
c x2 − 4x + 1 = 0 d 3x2 − 6x − 4 = 0
e 2x2 + 2x + 1 = 0 f 3x2 − 3x + 4 = 0
g 3x2 + 4 = 0 h x2 − 3x − 1 = 0

5 a Yes b Yes c No d No

e Yes f No g Yes h No

6 Both are solutions

7 Both are solutions

8 a 0,−1 b 0,−5 c 0, 2 d 0, 7

e 0, 1 f 0,−5 g −1, 3 h 4,−2

i −7, 3 j 5,−4 k −7, 6 l −12, 9

9 a
1

2
,−2 b −2,

1

3
c −

2

5
,−4
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d 1,
1

3
e −5,−

2

7
f
2

3
,−

1

5

g
7

11
,
13

2
h −

9

4
,
7

2
i
4

3
,−

1

7

10 a 0,−3 b 0, 7 c 1,−4 d
1

2
,−6

11 a −1, 2 b 1, 3 c 0, 4 d 0,−3

e −4, 1 f −4, 4
12 a (x + 2)(x + 2) = 0
b Both solutions are the same, x = −2
c i −3 ii 5

13 a (x − 1)(x + 2) = 0 b x = 1, x = −2
c Multiplying by a constant doesn’t change a zero value.

d i −2, 3 ii 0,−2

14 a Linear b Quadratic c Quintic

d Cubic e Quartic f Quintic

15 a −2,−1, 3 b −11, 2, 5

11B

Now you try

Example 5

x = 0,−6

Example 6

x = 0, 5

Example 7

x = −7, 7

Example 8

x = −
√
7,
√
7

11B

Exercise 11B

1 a 8 b x c 3x

2 a x(x − 3) b 2x(3x + 2)
c 4x(1 − 4x) d 2(x − 2)(x + 2)

3 a x = 0, x = 3 b x = 0, x = −1
4 32 = 3 × 3 = 9 and (−3)2 = −3 × (−3) = 9
5 a x = 0, x = −3 b x = 0, x = −7

c x = 0, x = −4 d x = 0, x = 5
e x = 0, x = 8 f x = 0, x = 2

g x = 0, x = − 1
3

h x = 0, x = 1
2

6 a x = 0, x = 3 b x = 0, x = 4
c x = 0, x = −5 d x = 0, x = 3
e x = 0, x = 3 f x = 0, x = −4

7 a x = 0, x = 3 b x = 0, x = 2
c x = 0, x = 4 d x = 0, x = −3
e x = 0, x = −4 f x = 0, x = −3

8 a x = 3, x = −3 b x = 6, x = −6
c x = 5, x = −5 d x = 12, x = −12
e x = 9, x = −9 f x = 20, x = −20

9 a x = 2, x = −2 b x = 3, x = −3
c x = 5, x = −5 d x = 2, x = −2
e x =

√
6, x = −

√
6 f x =

√
5, x = −

√
5

g x =
√
7, x = −

√
7 h x =

√
3, x = −

√
3

10 a 0 or 7 b 8 or −8 c 0 or −4

11 a (x + 2)(x − 2) = x2 − 4 not x2 + 4
b No, x2 � 0, so x2 + 4 � 4

12 a x = 2, x = −2 b x = 5, x = −5
c x = 10, x = −10 d x = 0, x = −7
e x = 0, x = 7 f x = −1, x = 1

13 a x = −2, x = 2 b x = −1, x = 1
c x = −1, x = 1 d x = 0, x = −7

14 a x = − 4
3
, x = 4

3
b x = − 6

5
, x = 6

5

c x = − 1
5
, x = 1

5
d x = − 9

5
, x = 9

5

11C

Now you try

Example 9

x = −2,−4

Example 10

a x = 5,−2 b x = 6, 2

Example 11

x = 5

Example 12

x = 8,−5

Exercise 11C

1 a 3, 2 b −5,−2 c 5,−1 d −4, 3
2 a (x + 5)(x + 7) b (x + 9)(x − 5)

c (x − 2)(x − 8)
3 a (x + 5)(x + 4) = 0, x + 5 = 0 or x + 4 = 0, x = −5 or x = −4

b (x − 6)(x + 4) = 0, x − 6 = 0 or x + 4 = 0, x = 6 or x = −4
4 a −6,−2 b −8,−3 c −5,−2 d −4,−6

e −6,−3 f −3,−1
5 a 4, 8 b 3, 6 c 3, 7 d −3, 5

e −2, 8 f −5, 9 g 4, 6 h −6, 7
i −12, 7

6 a −3 b −2 c −7 d −12 e 5

f 8 g 6 h 9

7 a −2, 5 b 2, 5 c 3 d −4, 1
e −7, 2 f 4 g −6, 2 h −6, 1
i 3, 5 j −8, 2 k −4,−2 l −9, 2

8 11 am, 6 pm

9 a x2 − 3x + 2 = 0 b x2 − x − 6 = 0
c x2 + 3x − 4 = 0 d x2 − 7x − 30 = 0
e x2 − 10x + 25 = 0 f x2 + 22x + 121 = 0

10 a Equation is not written in standard form x2 + bx + c = 0 so cannot
apply Null Factor Law in this form.

b x = −2, x = 3
11 It is a perfect square: (x − 1)(x − 1), (x − 1)2 = 0, x = 1
12 a −2, 3 b −5,−3 c −2, 8 d 2, 3 e 2

f −1 g 5 h −3 i −7, 1

11D

Now you try

Example 13

−8 or 5

Example 14

Width = 20 cm and length = 32 cm

Exercise 11D

1 a −6, 3 b 5,−4 c 2,−5

2 a x(x + 2) = 8 b 2,−4

c 2,width > 0 d l = 4 cm,w = 2 cm
3 −8, 6
4 −5, 12
5 −2, 15
6 l = 20 cm,w = 12 cm
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7 l = 9 cm,w = 4 cm
8 l = 3 m,w = 23 m
9 h = 5
10 a x = 3 (−4 not valid)

b x = 12 c x = 25
11 −8 not valid because dimensions must be > 0
12 x = −2 or x = 3; both valid as both are integers
13 a A = 100 − x2 b x = 6
14 a A = x2 + 5x + 15 b x = 7

Progress quiz

1 a x2 − 3x − 8 = 0
b 3x2 − 4x − 6 = 0
c 2x2 − 2x − 3 = 0

2 a x = 2 is not a solution b x = −2 is a solution
3 a x = 0 or x = 7 b x = 5 or x = −2

c x = 1
3
or x = 3

4
d x = 4 or x = 3

4 a x = 0 or x = −11 b x = 0 or x = 6
c x = 0 or x = −5 d x = 0 or x = 4

5 a x = 7 or x = −7 b x = 1 or x = −1
c x = 2 or x = −2 d x = 3 or x = −3

6 a x = −3 or x = −8 b x = 3 or x = 12
c x = −5 or x = 7

7 a x = −4 b x = 7 c x = −3 or x = 8
8 Length 9 m; width 6 m

9 Number is −12 or 7

10 a x2 − 5x + 6 = 0
b x2 − 5x − 6 = 0
c x2 + 6x + 9 = 0

11E

Now you try

Example 15

a x = 4
b Maximum

c (4, 6)
d (2, 0), (6, 0)
e (0,−18)

Example 16

a x −3 −2 −1 0 1 2 3

y 0 −5 −8 −9 −8 −5 0

b

O

y

x
–3

–6

–9

–1–2–3 1 2 3

c i Minimum ii x = 0 iii (0,−9)
iv (0,−9) v (−3, 0) and (3, 0)

Exercise 11E

1 a highest b parabola c intercepts

d vertex e lowest f zero

2 a x = 3 b x = 1 c x = −2

3
i ii iii iv v

a x = 2 minimum (2,−1) (1, 0), (3, 0) (0, 3)

b x = 0 minimum (0,−4) (−2, 0), (2, 0) (0,−4)

c x = 0 maximum (0, 3) (−1, 0), (1, 0) (0, 3)

d x = 0 maximum (0, 4) (−2, 0), (2, 0) (0, 4)

e x = 2 minimum (2, 1) none (0, 4)

f x = −1 maximum (−1, 7) (−4, 0), (2, 0) (0, 6)

g x = 0 minimum (0, 0) (0, 0) (0, 0)

h x = 0 minimum (0,−4) (−2, 0), (2, 0) (0,−4)

i x = 3 maximum (3, 4) (1, 0), (5, 0) (0,−5)

j x = 3 minimum
�

3,−
1

2

�

(2, 0), (4, 0) (0, 4)

k x = 0 maximum (0, 2) (−1, 0), (1, 0) (0, 2)

l x = −2 maximum (−2,−1) none (0,−4)

4 a y = x2 − 1

x −2 −1 0 1 2

y 3 0 −1 0 3

b, c

1

2

3

−2

−1−2−3 −1 2 31O

4

y

x

x-intercept

Axis of

symmetry

x = 0

y-intercept

Minimum turning point

(0, –1)

(0, –1)

(–1, 0) x-intercept (1, 0)

5 a y = x2 + 2x − 3

x −4 −3 −2 −1 0 1 2

y 5 0 −3 −4 −3 0 5

b, c

4

2

−4

−2−2−3 −1 2 31

y

x

x-intercept

(–3, 0)

Minimum turning point

(−1, −4)

x-intercept

y-intercept

Axis of

symmetry

x = −1
O

(1, 0)

(0, –3)

6 a y = 9 − x2

x −3 −2 −1 0 1 2 3

y 0 5 8 9 8 5 0

b, c

4

2

6

−2

−1−2−3 −1 2 31

8

10

y

x

y-intercept

Maximum turning point

(0, 9)

x-intercept x-intercept

Axis of

symmetry

x = 0

O(–3, 0) (3, 0)

7 a i 1 s, 3 s

ii One time is on the way up, the other is on the way down

b i 2 s ii 12 m iii 4 s
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8 a 100 m b 155 m c 5 s

d Journey takes 1 s longer to go down to the ground

9 a x = 1 b (1,−3)
10 a y = x2

b y = x2 − 4
c y = 1 − x2

d y = x2 − 2x + 1
e y = −x2 − 2x
f y = x2 − 3x − 4

11 a Yes

Two x-intercepts
b Yes

One x-intercept
c Yes

Zero x-intercepts
d No

12 a −22 = −1 × 22 = −4. It is not (−2)2 = 4, so correct solution is
y = −22 + 2 × 2 = −4 + 4 = 0

b −(−3)2 = −1 × 9 = −9. It is not −(−3)2 = +9, so correct solution is
y = −3 − (−3)2 = −3 − 9 = −12

13 a x = −2, x = 2
b x = 0
c i Infinite ii One iii None

14 a i x = 0, x = 2 ii x = −1, x = 3
b Two; a parabola is symmetrical

c One; this is the minimum turning point

d None; −1 is the minimum y-value so there are no values of y less

than −1

11F

Now you try

Example 17

a
x −2 −1 0 1 2

y = x2 4 1 0 1 4

y = 4x2 16 4 0 4 16

y = 1
4
x2 1

1

4
0

1

4
1

b

16

1 2

4

8

12

O

y

x
−1−2

y = 4x2

y = x2

y = 
4
1

x2

c Axis of symmetry: x = 0, turning point (0, 0)
d i Narrower

ii Wider

Example 18

a
x −2 −1 0 1 2

y = −x2 −4 −1 0 −1 −4

y = −4x2 −16 −4 0 −4 −16

y = − 1
4
x2 −1 −

1

4
0 −

1

4
−1

b y

x
−1−2 1 2

y = −x2

1
4y =      x2−

−16

−4

−8

−12

O

y = −4x2

c Axis of symmetry: x = 0, turning point (0, 0)
d i Narrower ii Wider

11F

Exercise 11F

1 a y = 3x2, y = x2, y = 1
2
x2

b y = −3x2, y = −x2, y = − 1
2
x2

c (0, 0) d x = 0

e i y = 3x2 ii y = 1
2
x2

iii y = −3x2 iv y = − 1
2
x2

f i y = −x2 ii y = −3x2

iii y = 1
2
x2

2 a positive

b negative

3 a
x −2 −1 0 1 2

y = x2 4 1 0 1 4

y = 3x2 12 3 0 3 12

y = 1
3
x2

4

3

1

3
0

1

3

4

3

b

1

−1−2 −1 21O

4

8

12

y = 3x2

y = x2

x

y

y =   x21
3

c For all three graphs, the turning point is a minimum at (0, 0) and the
axis of symmetry is x = 0.

d i Narrower ii Wider
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4 a i x −2 −1 0 1 2

y 24 6 0 6 24

ii

1

4

8

12

16

20

24

−2 −1 21

y = 5x2

y = 6x2

x

y =   x21
5

y =   x21
6

y

O

iii Axis of symmetry: x = 0; turning point: (0, 0)
iv Narrower

b i
x −2 −1 0 1 2

y 20 5 0 5 20

ii See part b.
iii Axis of symmetry: x = 0; turning point: (0, 0)
iv Narrower

c i
x −2 −1 0 1 2

y
2

3

1

6
0

1

6

2

3

ii See part a.
iii Axis of symmetry: x = 0; turning point: (0, 0)
iv Wider

d i
x −2 −1 0 1 2

y
4

5

1

5
0

1

5

4

5

ii See part a.
iii Axis of symmetry: x = 0; turning point: (0, 0)
iv Wider

5 a i
x −2 −1 0 1 2

y −8 −2 0 −2 −8

ii

−12

−8

−4

y = −3x2

y = −2x2

x

y = −  x21
3

y = −  x21
2

y

iii Axis of symmetry: x = 0; turning point: (0, 0); x- and
y-intercept: (0, 0)

iv Narrower

b i
x −2 −1 0 1 2

y −12 −3 0 −3 −12

ii See part a.
iii Axis of symmetry: x = 0; turning point: (0, 0); x- and

y-intercept: (0, 0)
iv Narrower

c i
x −2 −1 0 1 2

y −2 −
1

2
0 −

1

2
−2

ii See part a.
iii Axis of symmetry: x = 0; turning point: (0, 0); x- and

y-intercept: (0, 0)
iv Wider

d i
x −2 −1 0 1 2

y −
4

3
−
1

3
0 −

1

3
−
4

3

ii See part a.
iii Axis of symmetry: x = 0; turning point: (0, 0); x- and

y-intercept: (0, 0)
iv Wider

6 a A b H

7 a D b C c A

d E e F f B

8 No, because both transformations are multiplying to ‘a’ and

multiplication is commutative: bc = cb

9 y = 67

242 064
x2

10 a Reflection in the x-axis, dilation by a factor of 3 from the x-axis

b Reflection in the x-axis, dilation by a factor of 6 from the x-axis

c Reflection in the x-axis, dilation by a factor of
1

2
from the x-axis

d Reflection in the x-axis, dilation by a factor of 2 from the x-axis

e Reflection in the x-axis, dilation by a factor of 3 from the x-axis

f Reflection in the x-axis, dilation by a factor of
1

3
from the x-axis

11 a y = −4x2 b y = 1
3
x2

c y = −4x2 d y = − 4
3
x2
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11G

Now you try

Example 19

a y

x

(0, 4)

O

b y

x
(0, −2)

Example 20

a y

x
(1, 0)

1

O

b y

x
O

(−3, 0)

−9

Example 21

a b

y = − (x + 2)2 + 1  

y = (x − 3)2 − 2 

(−2, 1)

(3, −2)

7

−3

y

x

11G

Exercise 11G

1 a i (−2, 0) ii (3, 0)
b Left c Right

2 a i (0,−3) ii (0, 2)
b Down c Up

3 a (0, 3) b (0,−4) c (0,−4) d (0, 25)
4 a y = x2 + 1 b y = x2 + 3

c y = x2 − 2

2

−2

−2 −1 21O

4

6
y-intercept

Minimum turning point

(0, 3)

y-intercept

Minimum turning point

(0, 1)

y-intercept

Minimum turning point

(0, −2)

y

x

b

a

c

d y = −x2 + 4 e y = −x2 + 1
f y = −x2 − 5

y-intercept

Maximum turning point

(0, 4)
y-intercept

Maximum turning point

(0, 1)

y-intercept

Maximum turning point

(0, –5)

5

−5

−2−3 −1

−10

2 31O

y

x

d

e

f

5 a y = (x − 2)2 b y = (x − 4)2

c y = (x + 3)2

5

−5

−5−10 5O 10

10

15

20

y

x

Minimum 

turning point

(−3, 0)

Minimum 

turning point

(2, 0)

Minimum turning point

(4, 0)

y-intercept = (0, 16)

y-intercept = (0, 9)

y-intercept = (0, 4)

c ba

d y = −(x − 3)2 e y = −(x + 6)2

f y = −(x + 2)2

10

−10

−20

−30

−40

−5−10 5O 10

y

x

Maximum

turning point

(−6, 0)

Maximum 

turning point

(−2, 0) Maximum 

turning point

(3, 0)

y-intercept = (0, −4)

y-intercept = (0, −9)

y-intercept = (0, −36)

e

f d

6 a i (2, 3) ii (−1,−1)
b i one, left, one, down ii two, right, three, up

7 a y = (x − 3)2 + 2

10

15

5

−10

−5−2−4 2O 4 6

20

y

x

Minimum 

turning point

(3, 2)

y-intercept = (0, 11)
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b y = (x − 1)2 − 1

5

−10

−5−4−6 −2 4 62O

20

15

10

y

x

Minimum 

turning point

(1, −1)

y-intercept = (0, 0)

c y = (x + 2)2 − 3

5

−10

−5−2−4 2O

10

y

x

Minimum 

turning point

(−2, −3)

y-intercept = (0, 1)

d y = (x + 1)2 + 7

10

15

5

−10

−5−2−4 2O 4

20

y

x

Minimum 

turning point

(−1, 7)
y-intercept = (0, 8)

e y = −(x − 2)2 + 1

10

5

−10

−15

−20

−5−2−4 2O 4

y

x

Maximum

turning point

(2, 1)

y-intercept = (0, −3)

f y = −(x − 5)2 + 3

10

5

−10

−15

−20

−25

−5−4−6−8−10 −2 4 62O 8 10

y

x

Maximum

turning point

(5, 3)

y-intercept = (0, −22)

g y = −(x + 3)2 − 4

5

−10

−15

−5−2−4−6 2O 4

y

x

Maximum 

turning point

(−3, −4)

y-intercept = (0, −13)

h y = −(x + 1)2 − 5

5

−10

−15

−5−2−4−6 2 4

y

x

Maximum 

turning point

(−1, −5)

y-intercept = (0, −6)

i y = −(x − 3)2 − 6

5

−10

−15

−20

−5−2−4 2O 4 6 8

y

x

Maximum

turning point

(3, −6)

y-intercept = (0, −15)

8 a J b D c B d H e K

f G g A h E i L j I

k F l C

9 a y = (x − 1)2 + 1 b y = (x + 2)2 + 2
c y = (x + 1)2 − 3 d y = −(x − 1)2 + 4
e y = −(x − 2)2 − 2 f y = −(x + 2)2 + 4

10 a (h, k) b y = ah2 + k
11 a y = −(x − 2)2 + 9, turning point (2, 9)

y = (x − 7)2 − 4, turning point (7,−4)
b

5

−7

−2 −1 2

(−2, −7)

(7, −4)

(2, 9)

(–1, 0) (5, 0) (9, 0)

(10, 5)

31O 4 5 6 7 8 9 10

9

y

x

11H

Now you try

Example 22

a i (0, 0), (−5, 0) ii (0, 0)
b i (−1, 0), (4, 0) ii (0,−12)

Example 23

a (0, 0) b y = x(x − 4) c (0, 0), (4, 0)
d x = 2 e (2,−4)
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f

O

y

x4

(2, −4)

Example 24

a (0,−12) b y = (x − 6)(x + 2)
c (6, 0), (−2, 0) d x = 2 e (2,−16)

f y

x
6

(2, −16)

−12

−2 O

11H

Exercise 11H

1 a x(x + 2) b x(x − 3)
c (x + 3)(x − 3) d (x + 7)(x − 7)
e (x − 4)(x + 3) f (x − 2)(x − 2) = (x − 2)2

2 a 0 b −3 c −1 d −0.5
3 a −4 b −9 c −1
4 a i (0, 0), (−7, 0) ii (0, 0)

b i (0, 0), (−3, 0) ii (0, 0)
c i (0, 0), (−4, 0) ii (0, 0)
d i (4, 0), (−2, 0) ii (0,−8)
e i (−2, 0), (5, 0) ii (0,−10)
f i (−3, 0), (7, 0) ii (0,−21)
g i (−3, 0), (1, 0) ii (0,−6)
h i (−4, 0), (−1, 0) ii (0, 12)
i i (2, 0), (3, 0) ii (0, 6)

5 a y = x(x − 5)

5

−5

−2−4

−10

2 4 6
y-intercept

x-intercept

(0, 0) Minimum turning point

(2.5, −6.25)

8

y

x

x-intercept

(5, 0)

Axis of

symmetry

x = 2.5
O

b y = x(x + 1)

4

2

−4

−2

−6

−2 −1−3−4 21 3

y

x

Minimum

turning point

(−0.5, −0.25)

y-intercept

x-intercept

(0, 0)

x-intercept

(−1, 0)

Axis of 

symmetry

x = −0.5
O

c y = x(x − 3)

2

4

−4

−6

−2−2 2 4 6

y

x

Minimum

turning point

(1.5, −2.25)

y-intercept

x-intercept

(0, 0)

x-intercept

(3, 0)

Axis of 

symmetry x = 1.5

O

d y = x(2 + x)

5

10

−5

−2−3−4 21 3
y-intercept

x-intercept

(0, 0)

Minimum

turning point

(−1, −1)

y

x

x-intercept

(−2, 0)

Axis of

symmetry

x = −1

O

e y = x(5 + x)

5

−5

−2−4−6−8

−10

2 4

y-intercept

x-intercept

(0, 0)Minimum

turning point

(−2.5, −6.25)

y

x

x-intercept

(−5, 0)

Axis of

symmetry

x = −2.5 O

f y = x(3 − x)

5

−5

−2

−10

2 4 6
y-intercept

x-intercept

(0, 0)

Maximum

turning point

(1.5, 2.25)

y

x

x-intercept

(3, 0)Axis of

symmetry

x = 1.5

O

g y = −x(x + 8)

5

10

15

20

−5

−5−10 5 10

y-intercept

x-intercept

(0, 0)

Maximum

turning point

(−4, 16)

y

x

x-intercept

(−8, 0)

Axis of

symmetry

x = −4

O
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h y = −x(2 + x)

5

−5

−2−3 −1−4

−10

2 31

y-intercept

x-intercept

(0, 0)

Maximum

turning point

(−1, 1)

y

x

x-intercept

(−2, 0)

Axis of

symmetry

x = −1

O

i y = −x(x − 1)

2

−2

−2−3 −1

−4

−6

2 3 41

y-intercept

x-intercept

(0, 0)

Maximum

turning point

(0.5, 0.25)

y

x

x-intercept

(1, 0)

Axis of

symmetry

x = 0.5

O

6 a y = (x − 2)(x − 1)

2

3

4

1

−2

−1

−3

−2 −1 2 3 41O

Minimum

turning point

(1.5, −0.25)

y

x

x-intercept

(1, 0)
x-intercept

(2, 0)

y-intercept

(0, 2)

Axis of

symmetry

x = 1.5

b y = (x − 3)(x − 1)

2

4

6

−2

−4

−2 2 4O 6

Minimum

turning point

(2, −1)

y

x

x-intercept

(3, 0)

x-intercept

(1, 0)

y-intercept

(0, 3)

Axis of

symmetry

x = 2

c y = (x + 3)(x − 1)

5

−5

−10

−2−4 2O 4

Minimum

turning point

(−1, −4)

y

x

x-intercept

(1, 0)

y-intercept

(0, −3)

x-intercept

(−3, 0)

Axis of

symmetry

x = −1

d y = (x + 2)2

4

6

2

8

−4

−2−2 −1−3−4−5 21O

Minimum

turning point

x-intercept

(−2, 0)

y

x

y-intercept

(0, 4)

Axis of

symmetry

x = −2

e y = (x + 1)2

2

4

−2

−2 −1−3 21
Minimum

turning point

x-intercept

( −1, 0)

y

x

y-intercept

(0, 1)

Axis of

symmetry

x = −1

f y = (x + 4)(x − 2)

5

−5

−10

−2 −1−3−4−5 21O

Turning point

 minimum

(−1, −9)

y

x

y-intercept

(0, –8)

x-intercept

(2, 0)

x-intercept

(−4, 0)

Axis of

symmetry

x = –1

7 a −3 b 2 c 3

d −4 e −5 f 6

8 a 30 m b 225 m

9 a 200 m b 1000 m

10 There is only one x-intercept so this must be the turning point.
11 a y = x2 − 1

2

−2

−4

−2−4 2O 4

4

6

y

x

y-intercept

Minimum

turning point

(0, −1)

x-intercept

(−1, 0)

x-intercept

(1, 0)

Essential Mathematics Core for the Australian Curriculum          ISBN 978-1-009-59380-9                 © Greenwood et al. 2025 

Year 9        

 

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

   Cambridge University Press 



A
n
s
w
e
r
s

823

b y = 9 − x2

5

10

−5

−2−4

−10

2O 4

y-intercept

Maximum

turning point

(0, 9)

y

x

x-intercept

(3, 0)

x-intercept

(−3, 0)   

c y = x2 + 5x

4

6

2

−4

−6

−2−2−4−6

−8

2O

y-intercept

x-intercept

(0, 0)

y

x

Minimum

turning point

(−2.5, −6.25)

x-intercept

(−5, 0)

d y = 2x2 − 6x

2

3

1

−2

−3

−1

−4

−5

−2 −1 21 3

4

5

y

x

Minimum

turning point

(1.5, −4.5)

y-intercept

x-intercept

(0, 0)

x-intercept

(3, 0)

e y = 4x2 − 8x

4

2

−4

−6

−2−2 −1 2 31O

Minimum

turning point

(1, −4)

y-intercept

x-intercept

(0, 0)

y

x

x-intercept

(2, 0)

f y = x2 − 3x − 4

5

−5

−10

−2 20 4 6

Minimum

turning point

(1.5, −6.25)

y

x

x-intercept

(4, 0)

y-intercept

(0, −4)

x-intercept

(−1, 0)

g y = x2 + x − 12

−15

5

−10

−5−2−4−6

−20

2O 4

x-intercept

(3, 0)

Minimum

turning point

(−0.5, −12.25)

y

x

x-intercept

(−4, 0)

y-intercept

(0, −12)

h y = x2 + 2x + 1

2

4

6

8

−2−2−3 −1−4 2 31O 4

Minimum

turning point

x-intercept

(−1, 0)

y

x

y-intercept

(0, 1)

i y = x2 − 6x + 9

5

10

−5

−2 2O 4 6

Minimum

turning point

x-intercept

(3, 0)

y

x

y-intercept

(0, 9)

CH11

M@W
Maths@Work: Fencing Crown land

1 a i 300m ii 160m iii 40m
b i 15 000m2 ii 19 200m2 iii 7200m2

c when the width is 120m gives the largest area. Small and large

values at the width result in very thin rectangles, resulting in a small

area.

2 a L = 400 − 2x
b A = x(400 − 2x)
c i 7200m2 ii 19 200m2 iii 12 800m2

3 a i (0, 0)
ii (0, 0) and (200, 0)
iii x = 100
iv (100, 20 000) 10000

20000

O 50

(0, 0)

(100, 20000)

(200, 0)

100 150 200
x

A

b x = 100
This is the turning point of the graph.

Maximum area = 20 000m2

c width = 100m, Length = 200m, the length is double the width.
d A = x(600 − 2x)
Yes, the length is

double the width for

the maximum area.

10000

20000

30000

40000

50000

O 50 100

(0, 0)

(150, 45000)

150 250200 300 350
x

A

(300, 0)

4

10000

20000

A

x
O 50

(0, 0)

(100, 20000)

100 150 200

(200, 0)
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Puzzles and games

1 a They are square numbers.

b 1002 = 10 000

2 a
5

3
, −

7

2
b 2,−1 c 2

2
3 + 1

3 6 seconds

4
n(n + 1)

2
; n = 11

5 x = 2
6 a 20 units, 21 units, 29 units

b 17 units

7 a k < 0 b k = 0 c k > 0

Chapter checklist

1 x2 − 3x − 6 = 0
2 Yes, x = −2 is a solution
3 x = −2 or x = 5
4 x = 0 or x = 5
5 x = ±2
6 x = 10 or x = −7
7 x = 4 or x = 5
8 Width = 7 cm, length = 12 cm
9 i x = 1

ii Minimum turning point (1,−4)
iii x-intercepts: (−1, 0) and (3, 0); y-intercept: (0,−3)

10 x −3 −2 −1 0 1 2 3

y 25 16 9 4 1 0 1

4

−5

−5

2 10

10

x

y

O

11 x −2 −1 0 1 2

y = x2 4 1 0 1 4

y = 3x2 12 3 0 3 12

y = 1
3
x2 1 1

3

1

3
0

1

3
1 1
3

5

−5−10

−5

5 10

10

x

y

O

3x2 x2
1
3
x2

Turning point of each graph: minimum at (0, 0)
The graph of y = 3x2 appears narrower than the graph of y = x2

The graph of y = 1
3
x2 appears wider than the graph of y = x2

12 x −2 −1 0 1 2

y = −x2 −4 −1 0 −1 −4

y = −4x2 −16 −4 0 −4 −16

y = − 1
4
x2 −1 −

1

4
0 −

1

4
−1

O

−5

−5−10

−10

5 10

5

x

y

–4x2 x2 – x21
4

Turning point of each graph: maximum at (0, 0)
The graph of y = −4x2 appears narrower than the graph of y = −x2

The graph of y = − 1
4
x2 appears wider than the graph of y = −x2

13

O

5

−5

−5−10

−10

5 10

10

x

y

y-intercept

Local minimum

(0, 3)

14

O

5

−5

−5−10

−10

5

10

x

y

y-intercept
(0, –1)

Local maximum
(–1, 0)

10

15

O

5

−5

−5−10

−10

5 10

10

x

y

y-intercept
(0, –2) Local minimum

(1, –3)
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16 x-intercepts: (0, 0) and (6, 0)
y-intercept: (0, 0)
turning point: (3,−9)

O

5

−5

−5−10

−10

5 10

10

x

y

x-intercept
(6, 0)

y-intercept
(0, 0)

Local minimum
(3, –9)

17 x-intercepts: (−2, 0) and (6, 0)
y-intercept: (0,−12)
turning point: (2,−16)

5

−5

−5−10−15

−10

−15

5 10 15

10

15

O

y-intercept

(0, –12)

Local minimum

(2, –16)

x-intercept

(6, 0)

x-intercept

(–2, 0)

y

x
CH11

S&Q

Short-answer questions

1 a y = x2 − 2x − 3

x −3 −2 −1 0 1 2 3

y 12 5 0 −3 −4 −3 0

b

6

9

3

12

15

−2−3 −1
−3 2 31
O

4

y

x

2 a 0,−2 b 0, 4 c −3, 7 d 2,−2

e −1,
2

5
f
1

2
,
4

3

3 a 0,−3 b 0, 4 c −5, 5
d −9, 9 e −2, 2 f −

√
10,
√
10

g −3, −7 h −5, 8 i 4

4 a x2 − 5x = 0; x = 0, 5
b 3x2 − 18x = 0; x = 0, 6
c x2 + 8x + 12 = 0; x = −6,−2
d x2 − 2x − 15 = 0; x = −3, 5
e x2 − 8x + 15 = 0; x = 3, 5
f x2 + 3x − 4 = 0; x = −4, 1

5 a x2 + 2x − 80 = 0; x = 8 units
b x2 + 5x − 24 = 0; x = 3 units

6 a i x = 3 ii minimum (3,−2)
b i x = −1 ii maximum (−1, 3)

7 a y = 2x2 b y = −x2 + 2
c y = (x + 1)2 d y = (x − 3)2

e y = x2 − 4
8 a y = x2 + 2

4

6

2

−2−3 −1
−2 2 31O

y

x

y-intercept

Minimum

turning point

(0, 2)

b y = −x2 − 5

2

−2−3−4 −1
−2

−4

−6

−8

−10

2 31O 4

y

x

y-intercept

Maximum

turning point

(0, −5)

c y = (x + 2)2

2

4

6

8

−2−3−4−5−6 −1
−2 210

y

x

Minimum

turning point

(−2, 0)
y-intercept

(0, 4)

d y = −(x − 3)2

2

−2 −1
−2

−4

−6

−8

−10

−12

2 31O 4 5 6 7 8

y

x

Maximum

turning point

(3, 0)

y-intercept

(0, −9)

e y = (x − 1)2 + 3

2

4

6

8

10

−2−3 −1
−2 2 3 4 5 61

y

x

Minimum

turning point

(1, 3)

y-intercept
(0, 4)
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f y = 2(x + 2)2 − 4

5

−2−3−4−5 −1

−5

21O

y

x

Minimum

turning point

(−2, −4)

y-intercept

(0, 4)

9 a y = x2 − 8x + 12

5

10

−2−3 −1

−5

−10

2 3 4 5 6 7 81O

y

x

Minimum

turning point

(4, −4)

y-intercept

x-intercept

x-intercept

(2, 0)

(0, 12)

(6, 0)

b y = x2 + 10x + 16

10

5

15

20

−2−3− 4−5−6−7−8−9−10 −1
−5

−10

−15

21O

y

x

Minimum

turning point

(−5, −9)

y-interceptx-intercept x-intercept
(−2, 0)

(0, 16)

(−8, 0)

c y = x2 + 2x − 15

10

5

−2−3−4−5−6−7−8 −1
−5

− 10

−15

−20

2 3 4 51O

y

x

Minimum

turning point

(−1, −16)

y-intercept

x-intercept

x-intercept
(3, 0)

(0, −15)

(−5, 0)

d y = x2 + 4x − 5

10

5

−2−3−4−5−6−7−8 −1
−5

−10

−15

2 31

y

x

Minimum

turning point

(−2, −9)

y-intercept

x-intercept x-intercept

(0, −5)

(1, 0)(−5, 0)

Multiple-choice questions

1 D 2 B 3 C 4 A 5 D

6 B 7 E 8 C 9 A 10 B

Extended-response questions

1 a x + 5 b A = x2 + 5x
c x = 2 (x = −7 not valid as x > 0)
d Base = 4 m, height = 7 m

2 a i (0, 0), (6, 0) ii Maximum at (3, 18)
iii

10

15

20

5

−2 −1 2 3 4 5 6 7
t

h

1

b i (0, 0)
ii (4, 16)
iii (0, 0), (8, 0)
iv

10

15

20

5

−2 −1 2 3 4 5 6 7 8 9 10
t

h

1

c i Connor’s rocket, 8 s

ii Sam’s rocket, 2 m higher

iii 16 m, the same height

Semester review 2

Measurement

Short-answer questions

1 a 6.25% b 6.35 kg, 6.45 kg

2 a 22 cm2 b 12 cm2 c 25.92 m2

3 a 25.13 m, 50.27 m2 b 62.83 cm, 314.16 cm2

c 13.19 cm, 13.85 cm2

4 a 54.82 cm2 b 26 m2 c 24.57 m2 d 36 cm2

5 a 220 m2 b 216 m2 c 25.45 m2

6 a 12 m3 b 42 m3 c 100.53 cm3

Multiple-choice questions

1 C 2 C 3 D 4 C 5 A

Extended-response question

a 12.57 m2

b 77.43 m2

c $628

Indices

Short-answer questions

1 a 15p3q2 b
a2b

2
c 54x9y6 d −2

2 a 3 × 42 = 48 b
4

103
= 0.004

3 a 2400 b 1 080 000

c 0.0071 d 0.0000206

4 a 6.03 × 104 b 2.7 × 106

c 4 × 10−3 d 7.03 × 10−4

5 a 3.07 × 10−2 kg b 4.24 × 106 kg
c 1.22 × 104 s d 7.45 × 10−6 years

Multiple-choice questions

1 C 2 B 3 D 4 E 5 C
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Extended-response question

a i 74 000 000 000 ii 7.4 × 1010

b 1.87 × 1017

c 8.72 × 10−7

Geometry

Short-answer questions

1 a 180° b 360° c 540°
d 900° e 1080° f 1440°

2 a x = 70 b x = 70 c a = 100, b = 140
d a = 70, b = 110 e x = 100, y = 110
f x = 67, y = 98 g x = 120
h a = 135

3 a Yes, RHS b DABC Ã DDEF
c AB

4 a SAS b 2

5 a AAA b 2.4

Multiple-choice questions

1 C 2 B 3 A 4 E 5 B

Extended-response question

a AAA b 6 m c
5

3
= 1.

.
6 d 7.5 m

e 3.75 m

SR2

Algebraic techniques

Short-answer questions

1 a −3x − 6 b x − x2 c x2 − 1

d x2 − 8x + 16 e 25x2 − 4

f 9x2 − 24x + 16 g 8x2 + 10x − 3
h 2x + 3 i 4 − 4x + x2

2 a −6x2y b 42a2b2 c
a

2
d
−6x

y

e
a

b
f

1

2y

3 a x2 − 9 b x2 + 4x + 4
c 6x2 − 17x + 12

4 a 3(x − 4) b −7(x + 2)
c x(5x + 2) d 7x(2x − 3)

5 a (x + 3)(x − 3) b (5 + 2y)(5 − 2y)
c (x − 6)(x + 3) d (x + 2)(3x − 5)

6 a (x + 4)(x + 5) b (x + 4)(x − 2)
c (x − 8)(x + 7) d 2(x − 6)(x + 4)

7 a
3x

2
b
3

4
c 4 d −x

e
3

2
f
9a

x

8 a
x

12
b
53x

20
c
7x + 5
10

d
11x + 7
15

Multiple-choice questions

1 E 2 E 3 A 4 B 5 D

Extended-response question

a 10 − 2x and 8 − 2x

b (10 − 2x)(8 − 2x) = 80 − 36x + 4x2

c 48 m2

Statistics and probability

Short-answer questions

1 a Stratified b Systematic

2 a
C

10 8 6

6

T

b i 24 ii 16

c i
1

5
ii
1

3

3 a 1 2 3 4

H H1 H2 H3 H4

T T1 T2 T3 T4

b 8 c
1

8
d
1

4

4 a

B

O

Y

First
spin

Second
spin

Outcomes

B B

B O

B Y

O B

O O

O Y

Y B

Y O

Y Y

B

Y

O

B

Y

O

B

Y

O

b
1

9
c
1

3
d
2

9

5 a

V

S

S

C

Outcomes

S

C

S

(V, S)

(V, S)

(V, C)

V

C

S

(S, V)

(S, S)

(S, C)

V

C

S

(S, V)

(S, S)

(S, C)

V

S

S

(C, V)

(C, S)

(C, S)

b i
1

3
ii
1

6
iii
1

2

6 a Numerical

b Stem Leaf

1 0 1 1 2 3 5 7 8

2 2 5 5 5 6

3 1 2 2

1 | 3 means 13 aces
c Mode = 25, median = 20
d Skewed
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7 a Class interval Frequency Percentage frequency

0− 2 6.7

50− 4 13.3

100− 5 16.7

150− 9 30

200− 7 23.3

250− 3 10

Total 30 100

b

150100 200500

0

300250

6

4

8

10

2

Number of visitors

Number of visitors
each day in April

Fr
e
q

u
e
n

cy

c i 6 ii 60%

Multiple-choice questions

1 D

2 A

3 a C b D

4 B

5 B

Extended-response question

a Red

1 2 3

Green

1 (1, 1) (1, 2) (1, 3)
Green 2 (2, 1) (2, 2) (2, 3)

3 (3, 1) (3, 2) (3, 3)

b
4

9

c i
1

3
ii 18

d i 17 years ii 92

Introduction to quadratic equations and graphs

Short-answer questions

1 a x = −5 or x = 3 b x = 1
2
or x −

5

3

c x = 0 or x = −2 d x = −3 or x = 3
e x = 2 or x = 7 f x = −4

2 15 m by 8 m

3 a translated 3 units up

3

O

y

x

b Reflected in the x-axis and translated 4 units left

O

y

x
−4

−16

c Translated 2 units right and 5 units up

(2, 5)

O

y

x

9

2

5

4 a (0,−12) b (−2, 0), (6, 0)
c (2,−16) d

O

y

x
−2

−12

(2, −16)

6

Multiple-choice questions

1 B 2 B 3 E 4 C 5 E

Extended-response question

a (0, 0) and (6, 0), lands after 6 seconds.
b i 180 cm ii 3 seconds

c After 2 seconds and 4 seconds

d

x
O

y

180

63
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