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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

e 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.

e 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.

e 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.
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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.

e The left column (lightest shade) shows the questions in the Building working program.
e 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 Building  Progressing
gradients that have been carefully integrated

into the exercises. A gradient runs through [ Understanding I+ .

the overall structure of each exercise — where (Fluency | aso068 [EG@RET
there’s an increasing level of sophistication

required as a student progresses through [ Problem-solving and reasoning | o0 |[SERGEN
the proficiency strands and then on to the

‘Gold Star’ question(s) — but also within each * ( | - 12

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.

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:

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

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

e 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:

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

e 10(1): complete half of the parts from question e 2-4A()5): complete half of the parts of questions 2, 3 and 4
10(@,c e, ... orb,d,f, ...)

e 4(15), 5: complete half of the parts of question 4 e —:complete none of the questions in this section.

and all parts of question 5

Xi

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
Year 8 Photocopying is restricted under law and this material must not be transferred to another party.



Xii

PRINT TEXTBOOK FEATURES

1

10

11

12

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.

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)

In this chapter: an overview of the chapter contents
NEW Quick reference: Multiplication, prime number, fraction wall and divisibility rules tables at the back of the book

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

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

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.

Learning intentions: sets out what a student will be expected to learn in the lesson
Lesson starter: an activity, which can often be done in groups, to start the lesson
Key ideas: summarises the knowledge and skills for the section

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.

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

38 Simplitying algebraic.

ﬂ Example 5 Collecting like terms

simplify the following.

a da+5a+3

b 3x+2y+5x =3y

¢ Sw2g-2yg+n?

ble o find a shortest path through a network
Jary: waighted graph, shortest path

Solution Explanation
A weighted graph is a network @ da+Sa+3=9a+3 Collect like terms (4a and Sa) and add
where each edge s labelled with coefficients

a number. These numbers could
represent the cost to transport
goods between points, the
voltages in an electrical circuit or
distances between towns on a
‘map. In this section we will focus
on networks including distances,
namely, shortest path problems.

It is common in network theory

to try to minimise the distances
between two points. An example is
abus network where we might be
interested in stopping at a range
of points across a town using the
minimum possible distance.

= Collect like terms in x (3 + 5 = 8) and
¥(2=3=~1). Note: -1y is written as ~.

Collect like terms. In xy, the negative belongs
t0 23y In 12, recall that xy? is 1xy?

try
simplify the following
a Tx+dve2
b 2a+4b+3a-2b
C dmn+ 3mPn = mnt 2mn

Simplify the following by collecting like terms.
+10

3x-S+dy
x4 3y x
8a+4b-3a-6b

3de +3de + 2de + 4de?

© Lesson starter: Village di
This simplified map shows the distance, in kilometres, between five villages 5

()

=3kl
g =S + 4~ fr

Almore (4), Bellan (B), Coldstom (C), Denont (D) and Elimono (E). c
* Find the total distance between Denont and Elimono if Y/
travelling via:
~ Bellan and Coldstrom N G Example 6 Multiplying algebraic terms
~ Bellan and Almore.

* Find the shortest path from Denont to Elimono and state this minimum Simplify the following.

distance 0 a 2ax7d
* If the distance from Denont to Bellan was instead 4 km, would this P b =3mx $mn

change your mind when finding the minimum distance between

3y e 207 - n +arly

vilages Denont and Elimono? Discuss. Solution Explanation
a 2axTd=2xTxaxd Multply coefficients and collect the prorumaials:
Key ideas = 14ad 2xaxTxd=2x d.
. Multiplication can be done in any order.
. .Awilgmed graphis ;‘gvaph w\m‘numberslaua(hed (ulea(h of the edges O . e i =/,
‘These numbers could represent for example, costs, volumes, times or distances. o B e nes
® A shortest path problem involves finding a walk through a network which provides = rinim: -n
distance Now you try

simplify the following
a 4xxsw
b ~2ax 6ac
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Essential Mathematics Core for the Australian Curriculum
Year 8

Guide to this resource

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 and then Fluency, with the first question always linked to

the first worked example in the lesson

Understanding 1 «w R

tde edgo is called the
1% & calked the

o of 3 Crcke sy
b torsadius

TR Lo 9

Fluency 1 o R
[0 ] ramote 7 Fining i craumisrmce o e N

Find the croumrerence of these crdes 10 two decmal places,

Expanation
et e foemudi ewniog T radus, -
Subeteuts = 2
-1257m 0 2dp) R ot a1 bwe Becmal places
Comd Imching dametss.

= w25}
=0 3mm 0 2d.0) s 1w decmid plicen
Now you try

Find the chaumdsnence of these chdes 10 two dscimal places

Ran

=
) Y

D

Building playground equipment

A i o Nigh SChook 508115 hav (a50d S0 MO0 0 3 VoM COmITLALY SV pIORCL
The: students ek te 35¢ The Counc # Thoy Can ATErowe the RN FangInd sauperent i the
ocal prk,

Prese o report for the flowing d3sks and arsure that you show ciaer mathematical workngs
emlaation and degrams where agprEnste

Modelling

1 Preliminary task

Caterine ¥ 3 oress, rourding the answery mel pls
3 Cakulste the area of 0 crde wim demeter 1.5 m

B Datirssiea the woa of Ho felowing trlanghes. In part B yoru wil nése 10 azply Pthagoras
0o 10 cUato e UGS et

0am|

Hiem N »im
& Ostrwmie the total srfce e 1 o and m' ol a cdndrea befmnong beam vwth radus
12.¢m wnd beogth 2 m

2 Modelling task

o Yoo are o prepove 2 proposal 40 two IMprovesnents to the parkS playground equipmene
Ity & s ol ko COC

fwnting of s ok o

i childhan Gin use a6 Stigs, e

ourdibe

The prutéem 1 to delenming the volume of concrete and paint needad and 10 find ot f the cost of
e DIt b5 Wit 3 busget of S200

2 With the ad of dlagrams, weits down Al the relevant mathemarncal fomulas ot ave nssded
late:

' wuiume ot sirface e of 4 cybnder
e i of e e Tange

Concrete cybnders
b Mine conoete cybnders of radus 20 m e
to S cortnucted haknig sbove-ground
hesghts ot
15cm, %
&em, 3

Each cyinder o &
round for seatibte

Copry the fobowng table w110 m exed speeeshent and enter fonmds ino the shaded s

Foeme oty 1o Numbesone decamal place. Use pil for artarng =

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
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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

25 HOTmaths resources: a huge catered library of widgets, 29
HOTsheets and walkthroughs seamlessly blended with 25
the digital textbook

26 Desmos graphing calculator, scientific calculator and .
geometry tool are always available to open within every S

Vikthrough 2

lesson

27  Scorcher: the popular competitive game

Quizz

13 03992133 4 M € arE 2303 Eatre o 123 S0
Bt et o sy 8 12 e ks

28 Worked example videos: every worked example is
linked to a high-quality video demonstration, supporting
both in-class learning and the flipped classroom

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

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 pjagnostic 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

SRR ] ———" p————

35 NEW powerPoint lesson summaries contain the e o e

Bich pour @iflicudty 1t

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

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

Rnwstis by st — o ) $A-D

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 are provided in printable worksheet
versions
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In this chapter

1A Adding and subtracting
positive integers
(Consolidating)

1B Multiplying and dividing
positive integers
(Consolidating)

1C Squares, cubes and other
powers

1D Number properties

1E Divisibility and prime
factorisation

1F Negative integers
(Consolidating)

1G Adding and subtracting
negative integers

1H Multiplying and dividing
negative integers

11  Order of operations and
substitution

Australian Curriculum 9.0

NUMBER

Use the 4 operations with integers and
with rational numbers, choosing and
using efficient strategies and digital
tools where appropriate (AC9M8NO04)

Use mathematical modelling to solve
practical problems involving rational
numbers and percentages, including
financial contexts; formulate problems,
choosing efficient calculation strategies
and using digital tools where
appropriate; interpret and
communicate solutions in terms of the
situation, reviewing the appropriateness
of the model (ACOMS8NO5)

© ACARA

N/

Online resources 'ﬁ

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 Computation with integers

Decide if the following expressions relate to A addition (+) S subtraction (=)
M multiplication (x) or D division (+).

a Total sum
d 10 less than 13
g The product

Complete these additions.
a 12+7
d 146+213

Complete these subtractions.
a 12-8
d 12-6-6

Complete these multiplications.
a 9x4
d 15x5

Complete these divisions.
a 28+4
d 72+12

a List the first 5 multiples of 6.
List the first 4 multiples of 9.
¢ What is the lowest common

(=2

a List all the factors of 12.
List all the factors of 15.

(=

b Difference
e 5groups of 3
h The quotient

b 50+19
e 15+19+23

b 50-28
e 784-163

b 5x8
e 121

b 99+3
€ 3)453

multiple (LCM) of 6 and 9?

¢ What is the highest common factor (HCF) of 12 and 15?

c
f
i

10 more than 7
How many 3sin 18
Increase by 6

42 +31
123
+ 39

47 -29
336
—289

12 x 11
338

18+ 6
7)364

Prime numbers have exactly two factors. Of the first 15 positive integers (listed below), list the
numbers which are prime. Write your primes in ascending (increasing) order. The first prime

is circled.
1 @ 3 456 7 89

10 11 12 13 14 15

Answer the following as true (T) or false (F).

a 2+3x4=2+12
c 5—-2)x7=3x7
e 9x@B+5=9%8

Essential Mathematics Core for the Australian Curriculum

Year 8

b 10-8+2=10-4

d 9x3+5=9x%8

f 12+3x4=1

ISBN 978-1-009-593-724
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Warm-up quiz 5

10 State the missing numbers for each part in this table.

a 2x2=[] Vi=2

b | 3x3=[] V9=[]

c | 4x4=[] Vie=[_]

d | 6x6=[] V36=[]

e | 9x9=[| ij=9

f 10x 10 =[] N/[j=10
CIx[]=49 | V4 =[]
[(x[]=144 | V144=[]

11 What are the next two numbers in each of these patterns?

a 3,21, ,
b 2,0,-2 _,
C _9,_101_111 N

12 Use this number line to help find the answer.

L
-

-
T~ T T T T T T T

54-3-2-1 0123 4 5

2-5
0-3
—4+6
-2+7

o0 T o
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6 Chapter 1 Computation with integers

1A Adding and subtracting positive
integers

e To understand the commutative law for addition.

e To be able to use the mental strategies of partitioning, compensating and doubling to calculate a sum or difference
of whole numbers mentally.

e To be able to use the addition and subtraction algorithms to find the sum and difference of whole numbers.
Key vocabulary: sum, difference, algorithm, commutative law, compensating, doubling, counting on

The number system that we use today is called the Hindu—Arabic or decimal system. It uses the digits
0,1,2,3,4,5,6,7,8 and 9.

The value of each digit depends on its place in the number, so, for example, the 4 in 3407 has a place
value of 400. Whole numbers include 0 (zero) and the counting (natural) numbers 1, 2, 3, 4, ... The Counting
numbers 1,2, 3,4, ... are called positive integers. We can add or subtract whole numbers to find sums and
differences.

O Lesson starter: Sum and difference

Use a guess-and-check method to try to find a pair of numbers described by these sentences.

e The sum of two numbers is 41 and their difference is 11.
e The sum of two numbers is 41 and their difference is 1.

Describe the meaning of the words ‘sum’ and ‘difference’. Discuss how you found the pair of numbers
in each case.

® You can add in any order.
e.g. 7+35=5+7

9+3+1=9+1+3
e This is called the commutative law for addition.

® You cannot subtract in any order.
eg.7-5#5-17

® |If the numbers are large, write numbers in columns and use known algorithms to calculate the

answer.
431 724
+895 -172
1326 152
[ Understanding | 1-3 3
1 Match each of the questions in the left-hand column (a, b, ¢ and d) to the working out in the right-hand
column (I, I, 11, V).
a The total of 156, 94 and 6 I 2491
+ 945
b Take 856 away from 2491 Il 2491 — 856
¢ 945 more than 2491 M 156+94+6
d 945 less 863 IV 945
— 863
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1A Adding and subtracting positive integers 7

2 Write each of the following using an addition (+) or a subtraction (=) sign instead of the words. Do not
work out the answer.

a 26plus17 b 43 take away 9

¢ 134 minus 23 d 451 add 50

e The sum of 19 and 29 f The sum of 111 and 236

g The difference between 59 and 43 h The difference between 339 and 298
i 36 more than 8 j 142 more than 421

k 32 less than 49 I 120 less than 251

3 Describe these sums and differences as true (T) or false (F)?

a 15+6=6+15 b 29-6=6-29 ¢ 95+0=095
d 81-81=0 e 15+6+4=15+10 f 4l—6+4=41-10
[ Fluency | 4709 4-7(%)

Evaluate this difference and these sums mentally.

347 -39 125 +127 28+13
Solution Explanation
347 — 39 =308 347-39=347-40+1  This method is called compensating.
=307+1
=308
125+ 127 =252 125+127=2x125+2  This method is called doubling.
=250+2
=252
28 +13=41 28+13=28+12+1 This method is called counting on.
=40+1
=41
Now you try
Evaluate this difference and these sums mentally.
194 — 99 2204219 53+18
4 Complete these sums. o
a 21+5 b 3+14 ¢ 17+13 d 298+2 5
.
e 35+11 f 16+19 g 21+5 h 6+18 0
. Hint for Q4 and Q5:
5 Complete these differences. Do these without a calculator
a 5-2 b 16-4 c 16-14 d 21-21 or algorithm.
e 16-3 f 45-13 g 52-12 h 52-14
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8 Chapter 1 Computation with integers

6 Evaluate these sums and differences mentally.

a 94-62 b 146+241 c 1494 - 351 d 36+19
e 138+25 f 251-35 g 99-20 h 441 -50
i 3504351 j 115+114 k 80—-41 I 320-159

Use an algorithm to find this sum and difference.

938 141
+ 217 — 86
Solution Explanation
9138 8 +7 =15 (carry the 1 to the tens column)
+217 1+3+1=5
1155 9+2=11
113411 Borrow from the tens column then subtract
~86 6 from 11. Now borrow from the hundreds
55 column and then subtract 8 from 13.
Now you try
Use an algorithm to find this sum and difference.
862 362
+219 - 76

7 Use an algorithm to find these sums and differences.

a 128 b 94 ¢ 9014 d 814
+ 46 +337 + 927 +1439
+ 421 + 326 Hint for Q7: Carry the 1 for
- - sums larger than 9 and
e 94 f 421 g 1726 h 14072 borrow ‘ten’ for subtraction.
—36 — 204 - 1699 - 328
i 428 J 1004 k 3017 I 10024
+314 + 2407 — 2942 - 936
+ 107 + 9116
+ 29 +1049%4

{ Problem-solving and reasoning

8 A racing bike's odometer shows 21432 km at the start of
a race and 22 110 km at the end of the race. How far was
the race?
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1A Adding and subtracting positive integers 9

9 Kristian has $246 more than Sally. David has $56 less than Sally. If Sally has $492, how much do Kristian
and David each have?

10 Callum walks 15 km on Monday and 3 km more each day. How many kilometres does Callum walk on
Thursday?

11 The sum of two numbers is 39 and their difference is 5. What is the larger number?

= 12
12 a Write the digit missing from these sums and differences.
i 2 3 7 i 4 9 iii 4 9 3 iv 1 [] 4
+ 4 [] + 3 8 + 2 1 4 + 9 2
27 9 8 [] T[] 7 56
v 3 8 vi 1 2 8 vii 3] 4 viii 2 5 1
-1 9 - 8 [ -1 6 2 - 1[] 4
1 ] 39 1 4 2 8 7

b Find the missing digits in these sums and differences.

i 2 3 [ i ] 3 [ i ] 3 7
+[] 9 4 + [] 2 + 4 9 []
6 [] 1 2 1 9 T[] 2
iv [] 3 v 3] 2 vi 2 []J[] 5
- 2 9 - [ 3 [ - 6 8 []
6 [] 1 0 4 3 1 B8

¢ The sides of a magic triangle all sum to the same total.
i Show how it is possible to arrange all the digits from 1 to 9 so that each side adds to 17.

il Show how it is possible to arrange the same digits to a different total. How many different
totals can you find?

17 17

17
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10

Chapter 1 Computation with integers

1B Multiplying and dividing positive

integers

To understand the commutative and distributive law for multiplication.
To be able to use mental strategies to calculate simple products and quotients.
To be able to use the multiplication and division algorithms to find the product and quotient of whole numbers.

Key vocabulary: product, quotient, remainder, distributive law, commutative law

Multiplying and dividing are two key operations in mathematics and are useful in many practical situations
such as finding the cost of 9 tickets at $109 each or the number of trucks needed to carry 280 tonnes
of coal.

° Lesson starter: Multiplication or division?

In solving many problems it is important to know whether multiplication or division should be used.
Decide if the following situations require the use of multiplication or division. Discuss them in a group
or with a partner.

The number of cookies 4 people can get if a packet of 32 cookies is shared equally between them.
The cost of paving 30 square metres of courtyard at a cost of $41 per square metre.

The number of sheets of paper in 4000 boxes of 5 reams each (1 ream is 500 sheets).

The number of hours | can afford a plumber at $75 per hour if | have a fixed budget of $1650.

Make up your own situation that requires the use of multiplication and another for division.

® A product is the result of multiplication.

® Multiplication can be done:

* mentally ® using an algorithm
e.g.6x5=30 e.g. 217
X 26
1302 <217 %6
4340 «—217 x 20
5642 «—1302 + 4340

You can multiply numbers in any order.
e.g.6x5=30and 5x 6=30
e This is the commutative law for multiplication.

The distributive law is helpful when multiplying.
e.9.5x34=5%x30+4)

=5%x30+5x%x4
=150+20
=170
Using division results in finding a quotient and a remainder.

e.g. 38 +11=3and 5remainder ©or 38+11 =3%

dividend divisor “quotient
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® Division can be done:

* mentally
e.g.56+8=7

Exercise 1B

1B Multiplying and dividing positive integers 11

e using an algorithm
732
7)51°2'4

[ Understanding | 1-3 3

1 Match each of the questions to the working out on the right.
a The product of 9 and 6 I 15x%x12
b 36 divided by 12 I 15+5
¢ 15lots of 12 ln 9x6
d The quotient when 15 is divided by 5 IV 15+12
e Divide 12 into 15 V 36+12

2 Use your knowledge of the multiplication tables to answer the following.
a 5x8 b 11x9 c 6x7 d 9x8
e 11x6 f 12x11 g 8x4 h 7x9 Hint for Q2: You
; . ; . . . should know most of
i 100+10 i 88+8 k 121 =11 I 144 =12 CCaT G
m 56 +7 n 33+3 0 65+5 p 78+6

3 Are these simple equations true (T) or false (F)?
a 4x13=13x4 b 2x7x9=7%x9x%x2
c 6+3=3+6 d 60+20=30+10
e 14+2+7=7+2+14 f S1x7=0GB0xD+{Ax7)
g 79%x13=@80x13)—(1x13) h 93+3=090+3)+3+3)

[ Fluency () 4-7(%)
Use a mental strategy to evaluate the following.

5x 160 7 % 89 5%x43x2

Solution Explanation
5 x 160 = 800 To multiply by 5 you can multiply by 10

then halve the result. 160 x 10 = 1600,
1600 + 2 = 800
7% 89 =623 890=90—-1..7x89=7x90—-7x1
=630 — 7=623
(this is the distributive law)

5x43x2=430

Essential Mathematics Core for the Australian Curriculum
Year 8
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12 Chapter 1 Computation with integers

BED ou vou oy

Use a mental strategy to evaluate the following.

7% 110 4 x 51 2x36x%5
4 Use a mental strategy to evaluate the following.
a 15x3 b 18x4 c 6x5x2 s
d 7x20 e 16x4 f 99x7
Hint for Q4: Do these
g 79%x3 h 42x5 i 5x13x2 ( mentally.
] 2x26x5 k 4x35 I 17x4
m 17 x 1000 n 136 x100 0 59x7
p 119%x6 q 9x51 r 6x6l
s 4x252 t 998 x6

Use a mental strategy to evaluate the following.

464 =~ 4 480 +5+2
Solution Explanation
464 +4 =116 To divide by 4 you can divide by 2 twice.

464 +~ 4 =464 + 2 + 2 (+ 2 is the same as
halving the number)

=232+2
=116
480 +5+2=48 Dividing by 5 and then by 2 is the same as
dividing by 10.
480 + 10 =48
Now you try
Use a mental strategy to evaluate the following.
672 + 8 114+ 6
5 Use a mental strategy to evaluate the following.
a 64+2 b 64+4 " !
c 640+4 d 492+ 4 P
e 370+2+5 f 1980+5=+2 Hint for @5: Choose one of the
mental strategies described
g 128+8 h 252+4 above.
i 123+3 i 508 +4
k 96+6 I 1016 +8
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1B Multiplying and dividing positive integers

Use an algorithm to evaluate the following.

412 938 + 13
X 25
Solution Explanation
412 412 x 5=2060 and 412 x 20 = 8240
% 25 Add these two products to get the final
2060 answer.
8240
10300
72 rem 2
13)9 378 93 + 13 =7 and 2 remainder

28 + 13 =2 and 2 remainder

50938 + 13 =72 and 2 remainder. We write remainders as fractions 72 -

L13=722 13
938+ 13="72 03
Now you try
Use an algorithm to evaluate the following.
137 354 + 7
x 12
6 Use an algorithm to evaluate the following.
a 67 b 129
X 9 X 4
Hint for Q6: Use the setting out
c 294 d 1004 described in Example 5.
x 13 x_ 90
e 690 f 96
x 14 x 12
g 58 h 163
X 24 X 52

7 Use the short division algorithm to evaluate the following. Write your answer using fractions if there is

a remainder.
a 3J85 b 7)214
C 10/4167 d 15207
e 615084 f 31236
g 12]2520 h 1278892
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14 Chapter 1 Computation with integers

[ Problem-solving and reasoning | &0 _

8 A university student earns $550 for 20 hours of work. What is the student’s pay rate per hour?

9 Packets of biscuits are purchased by a supermarket
in boxes of 12. The supermarket orders 220 boxes
and sells 89 boxes in one day. How many boxes are
left? How many packets of biscuits remain in the
supermarket?

0,

il AT e

10 Riley buys a fridge which he can pay for by the
following options.

A 9 payments of $183
B $1559 up front

Which option is cheaper and by how much?

11 The shovel of a giant excavator can move 6 tonnes of rock in each load. How many loads are
needed to shift 750 tonnes of rock?

12 Tom saves $362 a week. How much will he save in 52 weeks?

13 A child ticket to a theatre is $7 and an adult ticket is $12.
a Find the cost of 2 adult and 3 child tickets.
b Find the cost of 1 adult and 5 child tickets.
¢ Gen spends exactly $90 to buy child tickets and adult tickets. Find the maximum number of tickets
that Gen could purchase.
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1C Squares, cubes and other powers

1C Squares, cubes and other powers

e To understand the meaning of an expression written in the form 4" in terms of repeated multiplication of a.
e To be able to find the square, square root, cube and cube root of certain small whole numbers.

Key vocabulary: base, index, power, index notation, expanded form, product, square, square root,
cube, cube root

In mathematics there are many ways to abbreviate expressions.
Using repeated addition, 4 + 4 +4 + 4 + 4 can be written as 5 x 4 using multiplication.
Using repeated multiplication, 3 x 3 x 3 x 3 can be written as 3* using index notation.

We read 3% as “3 to the power of 4”.

o Lesson starter: Square numbers

Can you explain why we call the numbers 1,4,9 and 16 L] 00 IO 0o
square numbers? DD DDD DDDD
Draw diagrams for the next two square numbers. 10000 000
Use centicubes to build the first three cube numbers. Write CI0I000]

down the next cube number.

® Index notation

index or power expanded form
3 3*=3%x3%x3x%x3

base

The base of 3 shows the factor that is repeating in multiplication, and the power or index is the
number of times it appears.

® The square of a number is written ¢ and it means a X a.
e.g. 52 means 5 x 5 (we say 5 squared, the square of 5, or 5 to the power of 2)

® The opposite of squaring is finding the square root of a number. The symbol ~/ means
square root.
eg.v/9=3as32=9
e The square root of a number is always positive or zero.

® The cube of anumberaisa® =axaxa.

e.g. 53 =5x5x 5 (we say 5 cubed, or, 5 to the power of 3)

® The opposite of cubing is taking the cube root of a number. The symbol for cube root is v/ .
eg. v8=2as23=2x2x2=38
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Chapter 1 Computation with integers

[ Understanding | 14 3,4

1 Write each of the following using index notation.
a 2x2 b 4x4 c 5x5
d Sx5x5 e 6X6xX6x%6 f 7x7x7

2 Match each expression in words to an expression in symbols, given on the right. F\}\\
a The square of 10 IRVATS N
b The cube of 1 I J1 Hint for 2: The cube of 2 is
22 =2x2x2=8.
¢ The square of 12 n 1
d The square root of 1 IV 102
e The cube root of 1 v 13

f The square root of 16 Vi o122

3 Copy and complete.
a 3¥=3x3= b 72= = c 112= =

4 Copy and complete.
a 22=2x2x2= b 5°= = c 10°= =

[ Fluency | s5om) 6-9(%)

Write each product using index notation.

8x8x8 TXTXTXTXTXT
Solution Explanation
§x8x8=8> The number 8 appears 3 times. We write 8 to

the power of 3.

TXxTxTxTxTxT="1° The 7 appears 6 times. We write 7 to the
power of 6.
Now you try
Write each product using index notation.
6X6x6x%6 2X2X2X2X2xX2x%2

5 Write each of the following products using index notation.

a 7x7x7 b 10x10x10x10 c 8x8
d 4x4x4 € 2X2X2xXx2x2x2x2 f 6X6X6X6X6X6%X6
g 12x12 h 5X5x5x5x5x%x5 i 6
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Write 5% in expanded form.

Solution
54=5%x5%x5x%x5

54 =625

Now you try
Write 2° in expanded form.

6 \Write each index notation in expanded form.

a 8 h 34
d 4¢ e 28

1C Squares, cubes and other powers 17

Find the value of 5.

Explanation

The power of 4 tells us that the number 5
appears 4 times.
54=5x5x5x%5

54=5%x5x5x%5
=25%5x5
=125%5
=625

Find the value of 2°.

c 92 n

7 Find the value of the following by first writing them in expanded form.

a 23 h 24
d 104 e 53

Evaluate the following.

62 V381

Solution
6>=6x6
=36

V81=9

23 =2%x2x2
=8

V64 =4

Now you try
Evaluate the following.

92 V144

Essential Mathematics Core for the Australian Curriculum
Year 8

f o112 Hint for Q6: 5 x 5 x 5 is the
expanded form of 53.
c 3?
fo14
23 /64
Explanation

Find the product of 6 with itself.

92=9%x9=8150+/81=9

In general x3 = x x x x x.

B =4x4x4=6450 v64=4

33 J343
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18
8 Evaluate these squares and square roots.

Chapter 1 Computation with integers

a 42 b 10°

d 152 e 1007

g 25 h V49

i /900 k /1600
9 Evaluate these cubes and cube roots.

a 23 b 43

e 6° f 10°

i V125 i 512

f Problem-solving and reasoning

10 Decide which of the following is larger.
a 2%0r3? b 2%or3?

11 Copy and complete.
a If132=169, then /169 =[ |

¢ IfV/625=25, then 252 =[]
e If V1331 =11, then 113 =[]

12 Given 5x 5x 5 x4 x4 is written as 53 x 42
each of the following in index form.

a 6X6xXTxTxTx17
c 3x3x8x8

e 12x12x4x4x%x4

13 Write each of the following in index form.
mXxXmXm

axaxaxaxa
nXnXnXnXnXnXn
PXPXPXPXPXPXPXPXPXp
PXPXPXgXq

axaxaxaxbxb

axXxaxbxbxbxb

> Qe = o0 o 0 T 9

XXXXXXXXY

Essential Mathematics Core for the Australian Curriculum
Year 8

ISBN 978-1-009-593-724
Photocopying is restricted under law and this material must not be transferred to another party.

c 132
2
f 20 Hint for Q8: 32 = 9 and
i V121 V9=3.
I V256
c 73 d 53
g 27 h J8
k J729 I /1000000
| on [
¢ 25or52
b If 152 =225, then v/225 =[]
d 1f 93 =729, then /729 =[]

(the different bases of 5 and 4 are kept separate), write

b S5x5x5x5x2x%x2
d 11 x9x9%x9x%x9
f 2Xx2Xx2x2%x2x%x2x3x3x%x3

13

Remember, different bases are kept separate.

Hint for Q13:

axaxbxbxb
@ x b
———

@b’

© Greenwood et al. 2025 Cambridge University Press



1D Number properties 19

1D Number properties

e To understand that a prime number has exactly two factors and a composite number has more than two factors.
e To be able to find the lowest common multiple (LCM) of two numbers.
e To be able to find the highest common factor (HCF) of two numbers.

Key vocabulary: counting numbers, multiple, factor, lowest common multiple (LCM), highest common factor (HCF),
prime numbers, composite numbers

Simple properties of numbers are at the heart of more complex mathematics and associated problems. Prime
numbers for example form the basis of our online banking encryption codes as it is very difficult to find the
prime factors of large numbers.

O Lesson starter: How many in 60 seconds?
In 60 seconds, write down as many numbers as you can that fit each description.

e Multiples of 7
e Factors of 144
®  Prime numbers

Compare your lists with the results of the class. What is the largest prime number that the class
came up with?

® A multiple of a number is obtained by multiplying the number by the counting numbers
1,2,3,...
e.g. Multiples of 9 include 9, 18, 27, 36, 45, ... (think of your multiplication tables).

® The lowest common multiple (LCM) is the smallest multiple of two or more numbers that is
common.
e.g. Multiples of 3 are 3,6,9, 12, @ 18, ...

Multiples of 5 are 5, 10, (15), 20,25, ...
The LCM of 3 and 5 is therefore 15.

® A factor of a number has a remainder of zero when divided into the given number.
e.g. 11 is a factor of 77 since 77 + 11 = 7 with 0 remainder.

® The highest common factor (HCF) is the largest factor of two or more numbers that is common.
* Factors of 24 are 1,2,3,4,6,8,(12), 24.

* Factors of 36 are 1,2,3,4,6,9,(12), 18, 36.
e The HCF of 24 and 36 is therefore 12.
® Prime numbers have only two factors: the number itself and 1.

e 2,13 and 61 are examples of prime numbers.
* 1 is not considered to be a prime number. (It has only one factor.)

@ Composite numbers have more than two factors.
® 6,20 and 57 are examples of composite numbers.
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20 Chapter 1 Computation with integers

[ Understanding I 1-4 3,4
1 Write down the factors of each number.
a 4 b 6 c 12 d 15 e 20
2 Write down the next term (multiple) in each of these patterns.
a 2,4,68, b 3,60912, ¢ 5,10,15,20,25
d 7,14,21, e 612,18, f 11,22,33,44,

3 The factors of 16 are 1, 2, 4, 8, 16.

The factorsof 24 are 1,2, 3,4, 6, 8, 12, 24.
The factorsof 18 are 1, 2, 3,6, 9, 18.

The factors of 30 are 1, 2, 3, 5, 6, 10, 15, 30.
The factorsof 8 are 1, 2, 4, 8.

el
_‘;.p)

b,

Using the information given in the table, write down the HCF of each
pair of numbers.

a l6and 24 b 24 and 30 ¢ 18 and 30 d 16and38 is the Highest
e 24and 18 f 8and24 g l6and 18 h 18 and 8 ComMoniFactor

Hint for Q3: HCF

4  Use the first six multiples of the numbers given to find the LCM of each
pair of numbers.

Number Multiples
2 2,4,6,8,10,12
4 4,8,12,16,20,24
3 3,6,9,12,15,18
5 5,10, 15,20, 25, 30
6 6,12,18,24,30,36 Hint for Q4: LCM
is the Lowest
a 2and4 b 4and3 ¢ 3and6 Common Multiple.
d 4and6 e 4and>5s f 5andé6
[ Fluency | 5.67-80%) 5,6, 7-8(1%)

Decide whether each of the following is a prime number or a composite number.

29 63
Solution Explanation
29 is a prime number 29 has only 2 factors — 1 and 29. It is a prime
number.
63 is a composite number 63 has factors 1,3,7,9, 21, 63

Now you try
Decide whether each of the following is a prime number or a composite number.
39 53
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5 Decide whether each of the following numbers is prime

or composite.

a 7 b 12 c 27
e 105 f 28 g 15
i 31 j 37 k 49

6 Choose the prime numbers from the following list:
1,2,3,4,5,6,7,8,9,10,11, 12,13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30.

Find the LCM of 6 and 8.

Solution
Multiples of 6 are:
6,12,18, 24,30, ...
Multiples of 8 are:
8,16,24,32,40, ...
The LCM is 24.

Now you try
Find the LCM of 4 and 10.

7 Find the LCM of these pairs of numbers.

a 2,3 b 5,9
c 8,12 d 4,8
e 25,50 f 4,18
g 8,60 h 12,20
i 5,7 i 10,15
k 4,12 I 12,18

Find the HCF of 36 and 48.

Solution

Factors of 36 are:
1,2,3,4,6,9,12, 18, 36
Factors of 48 are:
1,2,3,4,6,8,12, 16, 24, 48
The HCF is 12.

Now you try
Find the HCF of 24 and 32.

8 Find the HCF of these pairs of numbers.

a 6,8 b 18,9
d 24,30 e 7,13
g 72,36 h 108,64
i 612 k 8,24

1D Number properties 21

Hint for Q5: Primes have exactly two

d 69 factors, composites have more than

h 11 two factors.

I 99 _—
N
£y

Explanation

First, list some multiples of 6 and 8.

Continue the lists until there is at least one in
common.

Choose the smallest number that is common to
both lists.

Explanation
First, list factors of 36 and 48.

Choose the largest number that is common to
both lists.

16,24
19,31
6,4

15,25

—_—— -
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22 Chapter 1 Computation with integers

[ Problem-solving and reasoning | o+ [einiz )

9 Find:

a thelLCMof8,12and6
b thel LCMof7,3and 5

¢ the HCF of 20,15 and 10
d the HCF of 32, 60 and 48

10 A teacher has 64 students to divide into equal groups of greater than 2 with no remainder. In how
many ways can this be done?

11 Below are the numbers 1 to 100.
List all the prime numbers. How many numbers are prime numbers?

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50
51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 70
71 72 73 74 75 76 77 78 79 80
81 82 83 84 &5 86 87 88 &9 90
91 92 93 94 95 96 97 98 99 100

12 Three sets of traffic lights (A, B and C) all turn red at 9:00 am exactly. Light set A turns red every
2 minutes, light set B turns red every 3 minutes and light set C turns red every 5 minutes.
How long does it take for all three lights to turn red again at the same time?
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1D Number properties 23

= 13,14

13 Goldbach’s conjecture is a famous mathematical statement that says that every even number greater
than two can be written as the sum of two prime numbers.

The even numbers 4, 6 and 8 have been written as the sum of two primes.

Show how the even numbers 10 to 30 can be written as the sum of two primes. Some can be done in
more than one way.

4=242 ~ N
5 &
6=3+3 4 ‘j) 5 ?
8=3+5 St s’
10 =
12 =
55} i

f e f ;
20 =
2=
24 = ~ . .
79 23 29

£ o = 'Yy,

14 =

16 =

28 = . .

30 = The first ten prime numbers.

18 =

14 o .

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Even numbers greater than 4

Number of ways of expressing
as the sum of two primes

W
1

(]
L]
L]
L]
L[]
L]

A graph illustrating Goldbach’s conjecture up to and including 50 is obtained by plotting
the number of ways of expressing even numbers greater than 4 as the sum of two primes.

14 Twin primes are pairs of prime numbers that differ by 2. It has been suggested that there are infinitely
many twin primes. Use the table of primes you created in Question 11 of this exercise and list the pairs
of twin primes less than 100.
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Chapter 1 Computation with integers

1E Divisibility and prime factorisation

e To be able to write a number as a product of prime factors.
e To be able to construct a factor tree.
¢ To be able to use the divisibility tests for single-digit factors other than 7.

e To understand how the lowest common multiple and highest common factor of two numbers can be found using
their prime factor form.

Key vocabulary: prime number, factor tree, highest common factor (HCF), lowest common multiple (LCM), divisibility
tests, prime factorisation

Every whole number greater than 1 can be
written as a product of prime numbers, e.g.

6=3x2and20=2x2x5.
Sy
Writing numbers as a product of prime numbers ‘ /U N e
—~ :

can help to simplify expressions and determine = « \\
other properties of numbers or pairs of numbers. 7 O

° Lesson starter: Remembering = ]
divisibility tests © \

To test if a number is divisible by 2, we simply 3
need to see if the number is even or odd. All

even numbers are divisible by 2. As a class, @

can you describe divisibility tests for any of the

following?

Divisible by 3

Divisible by 4 A factor tree can be used to see how a number can be broken
Divisible by 5 down into its prime factors.

Divisible by 6
Divisible by 8
Divisible by 9
Divisible by 10

Key ideas

® A factor tree is an illustrated breakdown of a number into its prime factors. 12

® Prime factorisation uses a factor tree, or similar, to write a number as a product /\
of its prime factors. 4 3
e.g. 12=2x2x 3 or 22 x 3 (using indices) /\

® The highest common factor (HCF) can be found using prime factors. @ ©
The HCF = All common primes raised to the smallest power.
eg. 12=22x3 20=22x5 .. HCF=2%or4.

® The lowest common multiple (LCM) can be found using prime factors.
The LCM = All different primes raised to the highest power.
eg.12=2>x3 20=22x5 .~ LCM=2>x3x5=60
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1E Divisibility and prime factorisation 25

Divisibility tests
A number is:

divisible by 2 if it is even (ends with the digit 0, 2,4, 6 or 8), e.g. 24
divisible by 3 if the sum of all the digits is divisible by 3

e.g. 162 where 1 + 6+ 2 =9, which is divisible by 3

divisible by 4 if the number formed by the last two digits is divisible by 4
e.g. 148 where 48 is divisible by 4

divisible by 5 if the last digitisa 0 or 5

e.g. 145 or 2090

divisible by 6 if it is divisible by both 2 and 3

e.g. 456 where 6 is even and 4 + 5+ 6 = 15, which is divisible by 3
divisible by 8 if the number formed from the last 3 digits is divisible by 8, or if the last three
digits are 000

e.g. 2112 where 112 is divisible by 8 and 2000 which ends in 000
divisible by 9 if the sum of all the digits are divisible by 9

e.g. 3843 where 3+ 8 +4 + 3 = 18 which is divisible by 9

divisible by 10 if the last digit is a 0

e.g. 4230

There is no simple test for 7.

[ Understanding 1,2 2

1 Give the missing numbers in these factor trees.

a

20 b 18
/\ /\
4 O O 9
/\ /\
2 O 3 O

2 Give the missing word or number. A number is divisible by:

a 5if the last digit is 0 or

b 2 if the last digit is

c
d

e

10 if the last digit is

8 if the number formed by the last digits is divisible by 8.
6 if it is divisible by both 2 and

3 if the sum of the digits is divisible by

9 if the of the digits is divisible by 9.

4 if the number formed by the last digits is divisible by 4.
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26 Chapter 1 Computation with integers

[ Fluency

| 3-504,6,7 [4-504),6,7,8(4)

Use a factor tree to write 300 as a product of prime factors.

Solution
K
30 10
©) /10\6) @
® ©
300=2%x2x3%x5x%5
=22x3x52
Now you try

Explanation

First, divide 300 into the product of any two
factors.

Choose the easiest pair.

300 =30 x 10.

Continue dividing numbers into two factors
until the factors are prime.

Circle the prime factors.
Write the factors in ascending order.

Use index notation (powers) to abbreviate your
answer.

Use a factor tree to write 224 as a product of prime factors.

3 Copy and complete these factor trees to help write the prime factor form of the given numbers.

a 36 b 270
2 2
2 .. 3 .
............ 3
36=22x%..... 3/\
270 =2 X ...... X eevne
42 10 27 14
O OO o O OO o
O O O O
420 = 378 =
4 Use a factor tree to find the prime factor form of these numbers.
a 20 c 40 d 90
e 280 g 360 h 660

Essential Mathematics Core for the Australian Curriculum
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1E Divisibility and prime factorisation 27

Use divisibility tests to decide if the number 627 is divisible by 2, 3,4, 5,6, 8 or 9.

Solution Explanation
Not divisible by 2 since 7 is odd. The last digit needs to be even.

Divisible by 3 since 6+2+7 =15 and The sum of all the digits needs to be divisible by 3.
this is divisible by 3.

Not divisible by 4 as 27 is not divisible ~ The number formed from the last two digits needs to
by 4. be divisible by 4.

Not divisible by 5 as the last digit is not  The last digit needs to be a 0 or 5.
alors.

Not divisible by 6 as it is not divisible The number needs to be divisible by both 2 and 3.

by 2.

Not divisible by 8 as the last 3 digits The number formed from the last three digits needs to
together are not divisible by 8. be divisible by 8.

Not divisible by 9as 6+2+7 =15 The sum of all the digits needs to be divisible by 9.

which is not divisible by 9.

Now you try
Use divisibility tests to decide if the number 342 is divisible by 2, 3,4, 5,6, 8 or 9.

5 Use divisibility tests to decide if these numbers are divisible by 2, 3,4, 5,6, 8 or 9.
a 51 b 126 c 248
d 387 e 315 f 517
Hint for Q5: Do the seven tests
g 894 h 3107 (on each number.

Find the LCM and HCF of 105 and 90, using prime factorisation.

Solution Explanation
105=3x5x%x7 First, express each number in prime factor form.
90=2%x32x%5 Note that 3 and 5 are common primes.
LCM =2x32x5x%x7 For the LCM include all the different primes,
- 630 raising the common primes to their highest
power.
HCF=3x5 For the HCF include only the common primes
- 15 raised to the smallest power.

105 and 90 both have one 3 and one 5.

Now you try
Find the LCM and HCF of 18 and 42, using prime factorisation.
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28 Chapter 1 Computation with integers

_1E_J8

7

8

Copy and complete this table of LCMs and HCFs.

Number 1 Number 2 LCM HCF
a | 48=2x3 30=2x3x5
b | 250=2x53 900 =22 x 32 x 52
cC | 54=2x33 96=2°x3
d | 245=5x7? 350=2x5>x7
e 198=2x32x11 | 693=32x7x11

Find the highest common prime factors of these pairs of numbers.

a 10,45 b 42,72 c 24,80 d 539,525
Find the LCM and the HCF of these pairs of numbers, using prime factorisation.

a 10,12 b 14,28 c 1524 d 12,15

e 20,28 f 13,30 g 42,9 h 270,420

[ Problem-solving and reasoning | ¢ 9w

9

10

11

What is the smallest number that can be divided, without giving a remainder, by all of the following
four numbers?
a 2,3,4and 6 b 2,6,8and9 ¢ 2,5 15and6

Nana Magoo’s two grandchildren love to visit her. Lachlan visits her every
8 days while Bryce visits every 18 days. They both visited her last Monday.
How many days will it be from that visit before they both visit her on the
same day again?

Hint for Q10: You
might like to make a
list to help you here!

= 11

Use the divisibility rules given to you at the start of this section to find the missing digit for each of
the following. In some cases there might be more than one digit that works. In these cases, list all
the possible answers.

2[ ]6if the number is divisible by 3 (remember to list all possible answers).
1[ ]35if the number is divisible by 9.

4 |3 if the number is divisible by 3.

4 ]3if the number is divisible by 3 and 9.

276 [ ]if the number is divisible by 2.

276 [ ] if the number is divisible by 2 and 5.

- 0 Q O T D
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Progress quiz 29

1 Evaluate these sums and these differences mentally.
a 55+38 b 215+219 ¢ 146-25 d 770 -249

2 Use an algorithm to find these sums and these differences.

a 785 b 68 c 513 d 8139
+438 +215 - 3718 = 964
+187
+ 11

3 Use a mental strategy to evaluate the following.
a 5x36x2 b 4x79 c 342 +3 d 600 +4

4 Use an algorithm to evaluate the following.
a 72 b 3720+ 12
x 31

5 Write each product in index notation.

a TxTxTxT
bh 5x5x2x2x2
c IxIxlIxIxlxlx1lxl

6 Evaluate the following.

a 52 b 26 c /100 d 27

7 Find the LCM of these pairs of numbers.
a 4,6 b 9,15

8 Find the HCF of these pairs of numbers.
a 20,35 b 11,17 c 48,72

9 Use a factor tree to write 240 as a product of prime factors.

10 Use divisibility tests to decide if 72 is divisible by 2, 3,4, 5, 6, 8, or 9.

11 Find the LCM and HCF of 40 and 110, using prime factorisation.
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Chapter 1 Computation with integers

1F Negative integers

To understand that integers can be negative, zero or positive.

To understand how to use a number line to add or subtract positive integers.
To be able to add a positive integer to a negative integer.

To be able to subtract a positive integer from a positive or negative integer.

Key vocabulary: integer, positive number, negative number, number line

The Indian mathematician Brahmagupta set out rules for negative numbers in the 7th century.

O Lesson starter: A negative world °C

Describe how to use negative numbers in these situations.
6°C below zero =
A loss of $4200 =
150 m below sea level
A turn of 90° anticlockwise =
The solution to the equation x +5 =3

Can you describe another situation in which you might make use of =
negative numbers?

Today, negative numbers are used in science, engineering and business. They help us describe opposites
such as left and right, up and down, profit and loss, and temperatures above and below freezing.

Negative number are
used to describe
temperatures below
freezing (i.e. below 0° C).

il
TR e T

@ Negative numbers are numbers less than zero.

® Theintegersare...,—4,-3,-2,-1,0,1,2,3,4 ...

e These include positive integers (natural numbers), zero and negative integers.
e These are illustrated clearly on a number line.

- L
T T T T T T T _

-4 3 -2-1 0 1 2 3 4

< _—
Zero N
negative numbers positive numbers
Values decrease as you move to the Values increase as you move to the right
left along the number line along the number line
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1F Negative integers 31

Adding or subtracting a positive integer can result in a positive or negative number.
e Adding a positive integer +3 +3
eg. 2+3=5 VN SNV
~4+3=-1 B

S5 20133456
e Subtracting a positive integer
eg.1-3=-2

5=3=2

[ Understanding l

1 Write down the number suggested by:
a 2 above zero b 5 above zero

d 10 below zero e 1 below zero

1-4 3,4

¢ 3 below zero

2 Copy the number line below and mark (with a dot) the integers =3, -1, 1,3 and 5.

<
By T T T

-4 3 -2-1 0 1 2 3 4 5

L
>

3 Write the symbol < (less than) or > (greater than) to make these statements true.

a5 -1 b -3 4 c -10_ 3 d -1 -2
e —20 —24 f —-62 -5l g2 -99 h -61 62
4 What is the final temperature?
a 10°Cis reduced by 12°C b 32°Cis reduced by 33°C
¢ —11°Cisincreased by 2°C d —4°Cis increased by 7°C
[ Fluency | 57 5-7(%4), 8

Evaluate the following.

-5+2 -1+4
Solution Explanation
—5+2=-3 +2
< ./\/\ L
6 -5-4-3-2-10 1
-14+4=3 +4
B NN _
IEEEEREERE
Now you try
Evaluate the following.
-7+4

~4+12
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n 5 Evaluate the following.

a —1+2
c —-10+11
e —20+35
g —-7+2
i —-206+19
k —-10+15
m -7+3
0o —-6+9

Evaluate the following.
3-7

Solution

3-7=-4

-2-3=-5

Now you try
Evaluate the following.
13-20

6 Evaluate the following.

a 4-5
0-26
6—-8
-4 -7
-14-15
-11-6
-15-5
&8—4

©c 3 X Tae o o

7 Evaluate the following.

a -9+6
e —7-7
i -9-10
m 100 - 101

b
f
j

n

Chapter 1 Computation with integers

-9-6
-7+0
-9+10
=50 -50

bom3HT Hint for Q5: Start
d —4+12 with the left number
f -6+4 and move right on
h -15+8 the number line.
j —38+24
I -2+9
n -7+7
p —-6+1
-2-3
Explanation 7
- F O O W W W W _
54 -3-2-101 2 3 4
-3
B F o oW, .
QIR i i g

-8 —-17

10-15
14 - 31
10-9
-11-20
—10-100
0-12
3-12
—-8—-4

T S —m Y o - a T

-12+12
15-14
9-15
-5+25

o Xx Q@ O

8 Work from left to right to evaluate the following.

a —3+4-8+6

b 0-10+19-1 c

Essential Mathematics Core for the Australian Curriculum
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Hint for Q6: Start

with the left number
and move left on
the number line.

~12-12
1516
~20+ 10
~9+40

9-18+61—-53
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1F Negative integers 33

[ Problem-solving and reasoning | o000, 11 [H00E, 1112

9 Write the sum (e.g. =3 +4 = 1) or difference (e.g. 1 — 5 = —4) to match these number lines.

a W, b 2
<« T T T T T > <777 T T T >
-3-2-1 0 1 2 -10-9 -8 -7 -6 -5
c VTV d A

- L. - L.
-« T T T T - <« v

-2-1 0 1 2 3 45 -20 -19 =18 -17 —-16 -15 —-14

10 Write the missing number.
a -1+ =5 b  +30=26 c
e 5—-  =-10 f _ —-17=-12 g

11 In a high-rise building there are 8 floors above
ground level and 6 floors below ground level.
A lift starts at the 2nd floor and moves 4 floors up,
then 7 floors down before moving down a
further 3 floors.

At what floor does the lift finish?

12 On Monday Milly borrows $35 from a friend.
On Tuesday she pays her friend $40. On Friday
she borrows $42 and pays back $30 that night.
How much does Milly owe her friend then?

= 13,14

13 a Complete Suzanne’s account for the week shown. A credit is an addition (+) and a debit is a
subtraction (-).

Spending and earning Credit (+) Debit (-) Balance
opening balance $500
pays 1 week’s rent of $375 375

earns $80 babysitting

receives $100 from her parents for her birthday
buys a pair of jeans for $90

buys a top for $45

pays her monthly mobile phone bill $49

gives $25 to charity

b How much would Suzanne need to deposit (credit) into her account so that she can pay the rent for
the next week?

14 Find what integer needs to be added or subtracted to each so that the end result is always zero.

a —6 =0 b -8 =0
c 16 =0 d 10-7 =0
e —-9+7 =0 f -9-7-2 =0
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34 Chapter 1 Computation with integers

1G Adding and subtracting negative integers

¢ To understand that adding a negative number is the same as subtracting its opposite.
e To understand that subtracting a negative number is the same as adding its opposite.
¢ To be able to add or subtract negative integers.

Key vocabulary: integer, positive number, negative number, opposite
If (#) represents +1 and (=) represents —1 then (+) (-) added together has a value of zero.
Using these symbols, 5+ (—2) = 3 could be illustrated as the addition of 2 (=), leaving a balance of 3.

OO O 0000 600

+ = =
®® © HOO ®
5 (-2) 0 3
So 5+ (=2) is the same as 5 — 2.
Also 5 = (=2) =7 could be illustrated first as 5 (+) and 2 @ together then subtracting the 2 @

OO, O | GO0 | O | 00O®
®® OO HOHO®O © HOHO®
5 (0) 5 (-2) 7
So 5—(=2) is the same as 5+ 2.

When adding or subtracting negative integers we follow the rules set out by the above two illustrations,
as well as the patterns below.

Q Lesson starter: Looking at patterns for adding and subtracting
negative numbers

Copy and complete.

A 6+4 10 B 6-4 2
6+3 9 6-3
6+2 6-2 4
6+1 6-1
6+0 6-0
6+ (-1) — sameas6-1=>5 6—(-1) — sameas6+1=
6+ (-2) 5 same as6| |2 = 6-(-2) > sameas| |
6+ (-3) - same as6[ |3 = 6—(-3) L sameas| |
6+ (—4) 5 same as6| |4 = 6—(—4) L, sameas| |
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1G Adding and subtracting negative integers 35

® The opposite of a number differs by a factor of —1.
e.g. The opposite of 7 is =7 and the opposite of =12 is 12.

® Adding a negative number is the same as subtracting its opposite.
e.g.2+(-3)=2-3=-1 two opposite signs give a subtraction/minus
—4+(-7=-4-7=-11

® Subtracting a negative number is the same as adding its opposite.
eg.2—-(-5=2+5=7 two like signs give an addition/plus
—-6—(—4)=-6+4=-2

[ Understanding I 1-3 3
1 —3and 3 are opposites. Write down the opposites of these numbers.
a -6 b 10 c 38 d —46
e -32 f 88 g 673 h -349
2 Write the words ‘add’ or ‘subtract’ to suit each sentence.
a To add a negative number, its opposite.
b To subtract a negative number, its opposite.
3 Are the following statements true (T) or false (F)?
a 5+(-2)=5+2 b 3+(-4)=3-4 cC —6+(-4)=—6-4
d —-1+(-3)=1-3 e 8—-(—3)=8+3 f 2-(-3)=2-3
g 3-(-1)=3+1 h —=7-(=5)=-7+5 i —6-(-3)=6+3

(Fiuency | eon TN
a Example 17 Adding negative numbers

Evaluate the following.

a 10+ (=3) h =3+(-5)

Solution Explanation

a 10+(-3)=10-3 Adding —3 is the same as subtracting 3.
=7 FP W

; [+]and [=]=[—]

6 7 8 9 10 11
b -3+(-5=-3-5 Adding =5 is the same as subtracting 5.
=-8 F W W W W

< ...:andE|:E|

9 8 765432

Now you try
Evaluate the following.
a 24+ b —-13+(-5)
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36 Chapter 1 Computation with integers

m 4 Evaluate the following.

a 6+(—2) b 4+(-1) c 7+(—12) d 20+ (=5
e 2+(-4) f 26+ (-40) g —3+(-6) h —16+(=5) Hint for Q4: To add a
i —18+(-20) ] —36+(-50) k —83+(-22) I =120+ (-10) negative, subtract
its opposite.
m 7+ (—8) n -9+(-12) 0 6+(—12) p —6+(—12)
q —-8+(-9%) r 5+(-95 s =70+ (-15) t —-100+(-6)
Evaluate the following.
4-(-2) =11 - (=6)
Solution Explanation
4—-(-2)=4+2 Subtracting —2 is the same as adding 2.
=6 NN
<_I_:_I_I_I_> EI and EI =

34 5 6 7

11 -(-6)=-11+6 Subtracting —6 is the same as adding 6.
- =5 NNV TN

=< — >E|andE|=

1-10 -9 -8 —7 —6 -5 —4

—1|2—1
Now you try

Evaluate the following.
9-(-12) -32 - (—4)

5 Evaluate the following.

a 2-(-3) b 4-(-4 c 15-(-6)
d 24-(-14) e 59-(-13) f 147 - (-320)
Hint for Q5: To
g -5-(-3) h —-8—-(-10) i —-13-(-16) subtract a negative,
. add its opposite.
i —10-(-42) k —-88—(-31) I —125-(-5)
m 60— (-5) n —60-(-95) 0o —-12-(-12)
p —-10-(-18) q 41-(-41) ro 48 —(-52)
s —46-(-98) t —-170 - (-12)
6 Evaluate the following mixed problems.
a 46-50 b 46+ (—50) c 9-12
d 9+(-12) e —8+6 f —8—(—6)
g 81-15 h 81+(-15) i 7+(=7)
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1G Adding and subtracting negative integers 37

[ Problem-solving and reasoning |

7 Anice cube is removed from a freezer at —25°C and placed into
a glass of juice at 7°C. What is the difference between the two
temperatures?

8 Kelvin owes the bank $450000. What must he deposit into his account to only owe $270 000?

9 State the missing number in each of the following.
a —6+[ |=0 b 7-[]=0 c —-18-[]=0
10 An addition fact like 2+ 3 =5 can be used to generate two subtraction facts: 5—2=3and 5-3=2.
a Write two subtraction facts that can be generated from 4 + 6 = 10.
b Write two subtraction facts that can be generated from 7+ (-2) = 5.
¢ Explain why 5 — (=6) = 11 by using an addition fact involving 5, =6 and 11.

11 Ifa=-5and b = -3, find the value of: §
a a+(=3) b a-(-2) ¢ b-(-4) :

d a+b e a—b f b—a i
Hint for Q11: Replace the

12 Write down the missing number. s\;‘:;‘:&e;i'r:]’;)gﬁtsrt:;‘r’e’geems

a 4+ ]=1 b 6+ ]=0 6g.a=—2

c 2+ |=-1 d [ J+(-8)=2 then a + (=5)

=-2+(-5

e []+(-5)=-3 i [J+(=3)=—17 R

g 12-[ =14 h 8- =12 tq /

i —-1-[]=29 i [ ]-¢n=2

k []-(-2=-4 I [ ]—(-436)=501

— 13,14

13 Place the integers from —3 to 2 in this magic triangle so that each side adds to

the given number.

a -3 b 0
14 A magic square has each row, column and diagonals adding to the same magic sum.

Complete these magic squares.

a 1 b T-12

0|-2|-4 -15
—-11|-18
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Chapter 1 Computation with integers

1H Multiplying and dividing negative
integers

e To understand that the product or quotient of two integers will be positive if the two integers have the same sign.
e To understand that the product or quotient of two integers will be negative if the two integers have opposite signs.
e To be able to use order of operations with integers.

Key vocabulary: sign, integer, positive integer, negative integer, product, quotient, order of operations
As a repeated addition, the product 3 x (=2) can be written as =2+ (=2)+(=2) = —6. So 3 x (—=2) = —6 and,
since a x b = b x a for all numbers a and b, then =2 x 3 is also equal to —6.

For division we can write the product 3 x 2 =6 as a quotient 6 + 2 = 3.

So, if 3 x (=2)=-6then =6 + (=2) = 3.

Also if =2 x 3 =-6then —6 + 3 =-2.

The quotient of two negative numbers results in a positive number, and the product or quotient of two
numbers of opposite sign is a negative number.

Also, 6 + (=2) = —3 can also be rearranged to —3 x (=2) = 6. So the product of two negative numbers is
a positive number.

O Lesson starter: Seeing the pattern

e Write the missing numbers in these tables. You should create a pattern in the third column.

3 5 15 3 -5 =15
2 5 2 =5 =10
1 5 1 -5
0 5 0 =5
-1 5 -1 =5
-2 5 -2 -5
-3 5 -3 =5
e Write the missing numbers in these sentences. Use the tables above to help.
a 3x5=__ sol5+5=___ b -3x5=__  so-15+5=___
c 3x(5=__ so-15+(5=___ d -3x(-5=__ sol5+(-5=___

@ The product or quotient of two integers of the same sign is a positive integer.
e Positive x Positive = Positive
e Positive + Positive = Positive
¢ Negative x Negative = Positive
¢ Negative + Negative = Positive

® The product or quotient of two integers of opposite signs is a negative integer.
* Positive x Negative = Negative
* Positive + Negative = Negative
¢ Negative x Positive = Negative
¢ Negative + Positive = Negative
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[ Understanding l 1-3 3
1 Choose the correct words to complete each sentence.
a The product (x) or quotient (+) of two numbers of the signis a integer.
b The product (x) or quotient (+) of two numbers of the signis a integer.

2 Without finding the answer to these products, decide if the answer would be positive or negative.

a 109x4 b -76x5 ¢ 15x(-9)
d —-6x(-13) e 89x104 f —-74%x38
g —94x(=5) h 80x(=7) i —37x-3
3 Without finding the answer to these quotients, decide if the answer would be positive or negative.
a 16+2 b 24+ (-3) c 78+ (-2
d -56+2 e —81+9 f =99+ (-11)
[ Fluency | 46m) 4-1(%)

Evaluate the following.

3% (=7) —4x(~12)
Solution Explanation
3Ix(=7)=-21 The product of two numbers of opposite sign is negative.

[Hx[=]=[=]

-4 x(—12)=48 —4 and —12 are both negative and so the product will be positive.

EIxEl=M

Now you try
Evaluate the following.
—4x6 =7 x(—11)

4 Evaluate the following.

a 4x (=5 b 6x(-9) c —4x10 d —-11x9
e —2x(-3) f -6x7 g —-9x8 h -11x(-9)
i 20x(-2) i —-l6x4 k =5x(=7) I 8x(—4)
m —10 x (=6) n 44 x(-1) 0 9x(-1D p —-5x12
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40 Chapter 1 Computation with integers

Evaluate the following.

—-63+7 —121 + (—11)
Solution Explanation
-63+7=-9 The two numbers are of opposite signs so the answer will be negative.

=+E-E]

—121 + (=11)=11 =121 and —11 are both negative so the quotient will be positive.

=+ E1-E]

Now you try
Evaluate the following.
72 + (—8)

5 Evaluate the following.
a —-10+2
d -120+4
g 6+(-2) —6+(-2)
o —24+(=3) —45+5
m —66 + (—6) n -5+(-95
p —8+(-1

6 Decide if the answer to the following is —2.
a 8+(-2)
c —-10+5

-38+19
32 +(—16)

x = o T

e —2x1

—45 + (-9)

c —60+15
f —-6+2

i —12+6

I =45+ (-9)
0o —8+1

b -1x(-2)
d —-16+8
f -2x0

7 If (=2)> = =2 x =2 =4, find the value of the following.

a (=5)?
c (-7)?
e (97

b (-6)2
d (-8)2
f (-10)?

f Problem-solving and reasoning

8 Write the missing number.
a _ x3=-9

c _ xX(-4)=-28
e —-19x =57
g  +6=-42

i —-150+_ =5

| ee SN

_ x(=7=35
-3x_ =-18
_ +(-9)=8
85+ =-17

=5 = o T
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9 Will (=2)3 give a positive or negative answer? Explain why.

10 Insert x and/or + signs to make these equations true.
a 2 3 (-6=1

b 10 (-5 (-2)=25
¢ 6 (-6)__20=-20
d -14_ (-7 (-2=-1

11 The product of two numbers is —24 and their sum is —5. What are the two numbers?

* f Bracket placements — 12(%%2)
12 Insert brackets in these statements to make them true.
a —2+1x3=-3 b —10+3-(-2)=-2
c —8+(-1)+5=-2 d —1-4x2+(=3)=5
e 4+(-2)+10+(-7=-2 f 20+2-8x(-3)=38
g 1-(-7)x3x2=44 h 4+(=5)+5x(=2)=—6

J

GC" OF -
5_031- ._;:120
0= =g
0= Sy
WE =
= = 60
10WE =
=40

mlun‘

nEIEL
==L
n=1=020
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Chapter 1 Computation with integers

11 Order of operations and substitution

e To understand the rules for order of operations

e To be able to evaluate numerical expressions using the order of operations

e To be able to substitute integers for pronumerals in order to evaluate expressions
Key vocabulary: Order of operations, brackets, evaluate, substitute

An expression such as a+ 2 x b can be evaluated
if we know the values of a and b. The expression
includes the operations addition (listed first) and
multiplication; however, by convention, we know
that multiplication is done before the addition. In
this section we will deal with order of operations,
using both positive and negative integers.

55/ ‘li,f/,/i/i 77
5 AR T
55 //ﬂ/NN'IJVHIr

Expansion joints prevent bridges from bucking in hot weather.
Engineers apply the order of operations after substituting values
for the bridge length, Lm, temperatures, t°C to T°C, and a given
a value into the expansion length formula: / = aL(T - ).

O Lesson starter: Bracket placement
s it possible, by inserting brackets, to make 3 x 5—2+6 =15 true?
Insert a pair of brackets to make the equation correct.

Try making up your own similar problem.

® The rules for order of operations are: 10x(7-4)+2
e Deal with operations inside brackets first. 1st
e Deal with powers.
e Do multiplication and division next, working from left to right. Ind 3
e Do addition and subtraction last, working from left to right.
e 3rd
32
® Expressions can be evaluated by substituting numbers for the given pronumerals. 2+32+9
For example: If a= -2 and b = =3, then a+ 5b = —2+5 x (-3) ‘lst
=-2+(-15) 9

=-17

e Remember, for example, that 56 means 5 x b and %’ means a + 3.
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1l Order of operations and substitution 43

[ Understanding | 1-3 2,3
1 By following the order of operations, describe the operation that needs to be done first.
a 2+3x9 b 10-2+2 c 1x3+5
d 6x(O-06) e (12+6)+2

2 Decide if both sides of these simple statements are equal.
a 2+3)-1=2+3-1

b G+(=2)-(1D=3+(=2)-(D
C S5XR2+(3)=5x2+(-3)
d —8x2—(=1)=—-8x(2—(-1))
e —10+2-4=-10+2-4)
f —2x3+8+(=2) =(=2x3)+ (8 +(=2))
3 State the missing numbers to complete the working for these substitutions.
a a+2b (a=-3,b=4% b 3x@@—5b) (a=55b=-1)
a+2b=-3+2x4 3x(@=b)=3x(5-(-1)
=_____ + =3x____
[ Fluency | 4904 4-10(%)

Evaluate the following.
10+5x%x3
15—=(7-3)
20+ (2% (5-13))

Solution Explanation
10+5x3=10+15 Multiplication (x) is done BEFORE addition (+). 5x 3 =15
=25
15-(7-3)=15-4 Brackets need to be done first (7 — 3) = 4. Then do the
=11 subtraction 15 — 4.
20+ (2% (5-3)) Start with the innermost brackets (5 — 3).
=20+ (2x2) Finish working with the brackets - we follow the order of

operations within the brackets (2 x 2).

=20+4 Then the division 20 = 4.

=5

Now you try

Evaluate the following.
17-8+4
10x (15-9)
27+(B %9 -06))
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44 Chapter 1 Computation with integers

n 4 Find the answers to each of the following.

a 12+5x%2
10x2+6
9-2)x4
28+ (2% 7)
120 +200 + 5
12 + (18 + 6)
55+11%5
240+ 10x 2
100 -25+5

2 0 3 X Tae o o

5 Evaluate.
a 56—-4x6

c 150-7x(10—-3x2)
e 7+30=(10+(7-9))

Evaluate the following.
5-6x%x(—2)

Solution
5-6x(=2)=5-(-12)
=17

21+0GB-(-2)=-21+7
=-3

2x102+5=2x%x100+5
=200=15
=40

Now you try
Evaluate the following.
12-15+(-3)

24-6x3
15+3-2
18— (12 -38)
56—5x 10
88 x2+8
16-18+9
55-25+5
58+ 100 + 20
24 -9)x 3

- — o - o =

= T =

b 96+4+3x6
d 12x(13-8)x (24— 18)
f o13-(6-(5-3)x3-1

=21 +(5-(-2) 2%x10%2+5

Explanation

Do the multiplication before the addition and
remember that 5 — (=12) =5+ 12.

Deal with brackets first and remember that
5-(-2)=5+2.

Deal with powers before other operations.
(Note: 2 x 10% # 202

(=3 =5 % (7+(=4) 4x32+2

6 Evaluate the following. Remember to use the normal order of operations.

a —2x3x5
d -3+ +7%x(-2)
g 20—-10+ (-5 x2

Essential Mathematics Core for the Australian Curriculum

Year 8

b -6-2x3 c 4-8x(-1)
e 6x(=2)— 10+ (-5 f 4+8x(=2) + (-16)
h 0x(=3) +2x(-30) i 35-10+(-2)+0
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1l Order of operations and substitution

7 Use order of operations to evaluate the following.

a 3x(2-4 b (7-(-1)x3 c (—8+(-2)) + (-9
d 40+8—-(-2)+3 e 0x(3B38—(—4) x(—-6) f -6x(-1+3)+ (-4
g ((2)+D)x@=(-3) h (-6—4) + (50 + (—10)) i —2x@8-7x(-2)

8 Use order of operations to evaluate the following.

a 5x22+10
b 7+32x2
42 _
c (6 43) X (=2) Hint for Q8: Muttiplication and
d (8+1°) +(-3) division is calculated before addition
e 72 _ 32 and subtraction.
f 33:9+1

Substitute the given integers to evaluate the expressions.
a—3bwitha=-2and b=-4
(a+b)+ (=5 witha=-7and b=2
@ —-b>witha=-2and b=-3

Solution Explanation
a—3b=-2-3x(-4) Substitute @ = =2 and b = —4 and then evaluate,
=-2-(-12) noting that =2 — (—=12) = -2+ 12.
==2+12
=10
(a+b) + (=5 =(-7+2) + (-5 Substitute @ = =7 and b = 2 and then deal with
=-5+(=5) the brackets before the division.
=1
@ - b3 =(=2)2% - (=3) Use brackets when substituting into expressions
=4 - (-27) with powers.
=4+27 (-2)2=-2x(-2)=4
= Sl (=3 =-3x(=3)x (-3)=-27
Now you try

Substitute the given integers to evaluate the expressions.
4a+bwitha=-3and b=—4
a+ b + (-2)witha=-10and b=-6
@ —b>witha=-2and h=-3
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Chapter 1 Computation with integers

n 9 Evaluate these expressions usinga=-2and b =1.

10

a a+b

a—>b

2a—b

b—a

a—4b

3b—2a
bx(2+a)
a-b)
2b+a)— (b—2a)

- oQaQ 0 o 0T

Evaluate these expressions using @ =-3 and b = 5.
a a+b?

b -5
c br-a
d b+a

[

11

12

13

14

Problem-solving and reasoning | 11-13 _

True (T) or false (F)?
549=5+3x%x3
10+2x7=12+7
1I8—6+5=12+5
Ix5x6=15%x6
120+ 6x2=20x%x2
5+3)x9=8x%x9

- D0 Q0O T o

Insert operation symbols (+, —, X, +) between the numbers to make each of the following
statements true.

a s 4 9=0

b 5 4 9=11

c 5 4 9=4]

Insert brackets in these statements to make them true.
—-2+1x3=-3

—10+3-(=2) =2

—8+(-1)+5=-2

-1-4x2+(-3) =5

—4+(=2) + 10+(-7) =-2

20+2—-8x(-3) =38

- D0 Q0O T o

Evaluate the following.
3% (=2)?

-2 x (-2)?

-16 = (-2)°
-4+425

7-416

—26+ /27
—44+2x%x 8

-8+ /—64+1
-3x(=2>+4

- o Q = 00 Qo 0 T 9D
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11 Order of operations and substitution 47

15 Write each of the following situations into mathematical symbols and numbers, and then calculate.
a Murray receives four dollars from his Mum and seven dollars from his Dad as pocket money each
week for 12 weeks. How much money does he have at the end of the 12 weeks?
b A raffle prize consists of $5000 cash and 6 shopping vouchers each worth $500. What is the total
value of the raffle prize?

¢ Sally has fifty dollars. She buys four pens at two dollars each and eight exercise books at three dollars
each. How much change does Sally get?

16 Can you make the first 10 counting numbers (1,2,3,4,5,6,7,8,9 and 10) using only the four digits
1,2,3 and 4 (once each), brackets and any of the four operations?
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Chapter 1 Computation with integers

Retailer of loungeroom furniture

A furniture retailer needs many skills

including being a good communicator and a
successful salesperson. They need to apply the
mathematics of money management to stock
orders, delivery costs, insurance and pay rates.
It is important that they know their products
and have options for clients. A successful
retailer relates to customers in a confident,
friendly, cheerful and helpful manner.

1 A loungeroom furniture business advertises that all lounges are reduced by $250. What is the sale
price on the following lounges currently in stock?
a 2-seater leather lounge marked at $2340.

2.5-seater leather lounge with chaise marked at $2599.

3-seater + 2-seater sofa set marked at $2099.

2-seater recliner lounge in fabric marked at $2249.

7-seater corner lounge in fabric marked at $4130.

O Q0T

2 Floor stock is a term describing furniture that has been displayed in the showroom for customers
to try out. It is often discounted for a quick sale and is usually available for immediate delivery.

Complete the table below to find the savings on each of these lounges and other available
products from the wholesale centre.

Model Original price Floor stock price Savings
Recliner 3-piece $4499 $2250
Corner suite $3299 $1999
2.5-seater leather chaise $2295 $1999
Outdoor sofa $1120 $895
Occasional chair $369 $149

3 The models on display are available in either leather or fabric.
a Find out the difference in the prices of each lounge suite in leather compared with fabric.
b On average, how much more does the retailer charge for the leather models?

Model Leather Fabric Difference in price
ER 2 + chaise $2099 $1499
DW 3450 R $2350 $1890
Ebony 3 + 2 $3495 $2599
Recliner and console 3 $1149 $799
Victa EL + 1 $3297 $2599
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Maths@Work: Retailer of loungeroom furniture 49

4 Jen and Brad decide to buy a grey Boston Chaise lounge suite. They investigate their options from two
different outlets to find the best overall price including delivery.
Which is the best buy and by how much?

Option 1: Custom Sofas Option 2: Leisure Lounges
Leather lounge $1999 Lounge — grey leather $2199
Upgrade on colour of leather to Delivery $70

grey $160

Delivery $100

Using technology

5 A lounge suite business, Luxury Lounges, uses a spreadsheet for orders.

Hint for Q5:
a Copy the follgwing Excel spread§heet. Format all the number cells *  Toincrease a price by 25%,
to Number with 0 d.p. and all price and cost cells to Currency multiply it by 1.25.
with 0 d.p. e To fill formulas down a
. ) column, drag the *fill handle’
b If leather furniture costs 25% more than fabric, enter formulas down.
into the "Price in leather” column to calculate these prices. See the Cell G3 formula
hint box for extra clues. K =03*D3 +E3*F3 j

¢ Enter formulas in column G to calculate ‘Cost of furniture’ and the
‘Total cost of order’. Costs will be $0 until the numbers of items are
entered from part d.

A B C D E F G
1 Luxury Lounges
Cavalogus . . Pricein Numberin Pricein Numberin Cost of
Iitem Furniture description " 4 &

> fabric fabric leather leather  furniture

number |
3 021-A  Cayman corner lounge with chaise 52859

021-D Sophi'e 3-piece cream lounge with $1390
4 4 recliners
- 021-G  Tuscan red L-shaped sofa set $2190
2

_— ‘Sapphire blue lounge with 2-seater | —
6 sofa and ottoman

Onyx home theatre entertainment

054-F . y $2675
! lounge with 4 recliners
8 079-L  Mandarin orange recliner chair 5548
g 078-M  Zara 2-seater sofa $1099
10 079-R  Corfu outdoor corner suite $1563
1 Total cost of order

d Use your spreadsheet to calculate the total cost of each of the following orders.

Catalogue item number 021-A | 021-D | 021-G | 054-B | 054-F | 079-L | 079-M | 079-R
March order Fabric 2 1 1 2 1
Leather 3 1 2 4 1 1
June order Fabric 1 2 2 3
Leather 1 2 1 1 1 2
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Selling garden gnomes

Wilbur buys garden gnomes from a local supplier and sells them for a profit. There are three sizes
of gnomes:
Type Cost price Selling price
Small $5 $8
Medium §7 $11
Large $10 $15

Wilbur sets up a balance sheet to keep track of his expenditure and revenue. The following incomplete
example shows four transactions starting from an initial balance of $0. Negative numbers are used to
indicate money leaving his account, and positive numbers are used for money entering his account.

Transaction

Unit price Effect on balance Balance (initially $0)

Purchase 20 small $5 -$100 -$100
Sell 4 medium $11 +$44 —$56
Purchase 10 large $10 —$100 -$156
Sell 6 small $8

Present a report for the following tasks and ensure that you show clear mathematical workings,
explanations and diagrams where appropriate.

1 Preliminary task

a Explain why the balance after the first transaction on the balance sheet is —$100.
b Explain why the balance after the second transaction on the balance sheet is —$56.

¢ The table above has two missing numbers.
I What is the effect on Wilbur’s balance when he sells 6 small gnomes?
i What is the new balance after he sells these gnomes?

d If Wilbur purchases a further 12 medium garden gnomes from the supplier determine the
balance at the end of this transaction.

ISBN 978-1-009-593-724
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2 Modelling task

a The problem is to determine sales targets so that Wilbur will be in profit (with a positive balance) Formulate
at the end of a month. Write down all the relevant information that will help solve this problem.

b Draw up an empty balance sheet using the same headings as the example above. Allow 7 rows
for transactions but leave all the rows blank so that a fresh set of transactions can be made. You
can assume his initial balance is $0.

For part of one particular month Wilbur started with no gnomes of any size and makes the following Solve
garden gnome purchases and sales.

Purchases 30 small

Purchases 25 medium

Sells 9 small

Purchases 15 large

Sells 15 medium

Sells 6 small

Sells 3 large

¢ Enter these transactions into your balance sheet and calculate the balance after each
transaction.

d State the final balance after the above transactions are completed.

e Decide how many gnomes of each type are remaining in Wilbur’s stock at the end of the month.

f By considering the balance position from part d above determine one combination of sales using E"::‘:‘e

any gnomes in the remaining stock that means that Wilbur will make a profit greater than $200 verity
in the month. Justify your answer with appropriate calculations.

g Summarise your results and describe any key findings. Communicate

3 Extension questions

a How much profit does Wilbur make when buying and selling each size of gnome?

b Wilbur wants to make a monthly profit as close to $200 as possible. Choose a combination of
gnomes that he can buy and sell to achieve this. Justify your choice with working.

¢ Is it possible to achieve a balance equal to $200 exactly? Justify your answer with working.
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Chapter 1 Computation with integers

Integer tug of war

Key technology: Programming and spreadsheets

In a game of tug of war, a rope is pulled in opposite directions by two teams. The centre of the rope
is marked by a ribbon and starts at position zero. The winning team will move the ribbon a given
distance in their direction. In this activity, we will use a number line to record the position of the
ribbon where one team is pulling in the positive direction and the other in the negative direction. The
winner is the team to move the ribbon past a particular point.

1 Getting started

Let's play a game of tug of war with two teams of equal ability. Team Pos tries to pull to the right
on this number line and Team Neg tries to pull to the left. We will assume that either team can
successfully move up to 3 units in their direction on any given 3-second interval.

Team Neg<«—— ——> Team Pos

-
>

el
-« T T T T T T T

-5-4-3-2-1 01 2 3 4 5

a Use a random number generator to generate a move up to 3 units left or right: Suggestions:
e Spreadsheet: =RANDBETWEEN (-3, 3)
e CAS: RandInt (=3, 3)

b Continue to create random moves left or right with your random number generator and add your
results into this table. (Your numbers inserted into row 3 onwards will be different from the sample
shown here.)

Random number Position of ribbon

Start 0
=2 -2
1 -1
2 1

¢ Assume that if the ribbon reaches —5 or 5 then Team Neg or Team Pos wins. Continue adding to
your table until the position of the ribbon is at either =5 or 5. Which team has won your tug of
war?

2 Applying an algorithm

a Study this flow chart which describes an algorithm for playing the tug of war game outlined in
part 1 above. Describe what you think the variables i, a and b represent.

b Complete this table showing the values of i, @ and b through each pass of the loop using your

random number generator to calculate the value of a each time. Keep going until 5 reaches =5 or
Sori=10.

Pass i a b
1
2

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
Year 8 Photocopying is restricted under law and this material must not be transferred to another party.




3 Using technology

We will use a spreadsheet to simulate the playing of the above tug of war game but this time the ribbon
needs to be pulled through to —10 or +10 for one of the teams to win.

a Enter the following into a spreadsheet.

A4 A B
Integer tug of war

Pass Balance point

0 0

1
2
3
4
5
6 =AS5+1 =BS+RANDBETWEEN(-33)

Fill down at cells A6, B6, C6, D6 and E6 up to and including row 25. This will mean that 20 passes

have taken place.

Enter the formula in cell E1. What do you think this formula does?
Press Function F9 to run another game of tug of war. Repeat for a total of 10 games and record
how many times Team Pos wins, Team Neg wins or there is a Draw.

Technology and computational thinking

Isi=10?

Pos wins

= D E
Result =IF{C25="Continue","Draw","Win")
Status Pos win? Neg win?
Start
=IF(OR(B6>=10,86<=-10,C5="Stop"),"Stop","Continue”) =IF(OR(B6>=10,05="Pos wins"),"Pos wins","") =IF(OR(B6<=-10,E5="Neg wins"),"Neg wins","")
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54 Chapter 1 Computation with integers

1

Hey, do you know what a wisecracker is?

A —6-4 R -8—(-2) I —-17+10 Y -17-6
E 8-10 M -6-7-4 S 20-7 K 16— (-6)
0 6-(-4) C 46+(—6)—8 V 12+(-3)-6 T —13-7-6+8

Complete the sums above to unlock the puzzle code.

| -10 ] [3] 2] -6] -23]

| B3] -17 | -10 | -6 | -18 |

[32 10| 10] 2] -7]-2|

What explosive event was in the year 1000 CE?

Answer the following multiplications and divisions to work out the puzzle code. Write your answer
on another sheet of paper.

K -3x4 N 8+—4

A -1x6 s =%

C 100+ -5 U -9x-7

L —8x—6 ¢ 1

W 40+8x-2 D —2x2

H 4x-4 0 —-12+5

R (-10)2 P (—4)?

E 0x-5 V -5x—4

M —16+ -8 F(-3)2

I 24+8 T -3x-2x-4
[-20 [ -16 [ 3] 2] -6 | [-4]0]20]0][48]-7]16]6]
| 5|63 2|16]-7|-10]-4]0[100] |-24][-16]3]6 ]|

EDEIEI [ [=16]0]

[2]-6]-2]63][9]-6]-20]-24][63]100]0 |

-7 ]9] [9]3]100[0|-10]-7][100]|-12]6 |

3 Using the symbols +, —, X, +, make as many sums as you can that have —5 as their answer.
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Chapter summary 19)

Addition and subtraction Multiplication and division
13
247 89412 \ ><1 fg 59
— — 6
+108 368 835 5 167 71416
355 574 1670 10 x 167 416 +7=59

2505835+1670  and 3 remainder

Whole numbers

Negative number operations 0,1,2,3, ...
4—(3)=4+3 i < Mental strategies
4+(3)=4-3 ® 156 +79=156+80—1=235
Multlpllcatlon and division 045 +47=45+45+2=92
H x =& 03x22=3x20+3x2=66
El x B =[H ©4%88=2x176=352
[+ x =[] e 164+4=82+2=41
B x [ =[HE €297 +3=(300+3)—(3+3)=99
+ [H =
£+ [El=
+ [ =
-+ H=0E
Order of operations
Substitution ) e Brackets, x and + then + and —
a=-2,b=5,¢c=-4 10x (=3)+7
20—ab=2x(-4) - (-2)x 5 =-30+7
=-8-(-10) =-23
-2 -
| use brackets with negatives y
Lowest Common Multiple
Primes (two factors) . LCM
Properties Multiples of 3: 3, 6,9,12 ...
Multiples of 4: 4, 8,12 ...
2,3,5,7,11, 13 ... - LCM =12
I Composite Highest Common Factor
Prime factorisation more than HCF
two factors Factors of 8: 1,2, 4, 8
/72\ 4.6,8,12 Factors of 28: 1, 2, 4, 7, 14, 28
_ 97312 .. HCF =4
3 36 72=2°x%x3
2 18 Divisibility
Powers and indices -
2/\9 . o2 Last digit even.
A IX9Ix9Ix9=9 3 Sum of digits divisible by 3.
303 o 4 Number from last 2 digits
divisible by 4.
e 5 LastdigitOor 5.
f ¢ 6 Divisible by 2 and 3.
Squares and cubes o 8 Number from last 3 digits
42-16. 16=4 divisible by 8 or ends in 000.
3_ 355 _ * 9 Sum of digits divisible by 9.
3°=27, 27 =3 o 10 Last digit 0.
\
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Chapter checklist <

Year 8

Chapter 1 Computation with integers

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

1

| can use mental addition and subtraction techniques effectively
e.g. Evaluate the following mentally:

a 347 -39 b 125+127

| can use the addition algorithm with whole numbers
e.g. Use an algorithm to find this sum.

938
+ 217

| can use the subtraction algorithm with whole numbers
e.g. Use an algorithm to find this difference.

141
— 86

| can use mental multiplication and division techniques effectively
e.g. Find the following mentally:

a 5x160 b 464 + 4

| can use the multiplication algorithm with whole numbers
e.g. Use an algorithm to evaluate 412 x 25.

| can use the division algorithm with whole numbers
e.g. Use an algorithm to evaluate 938 + 13.

| can write products using index notation
e.g. Write 8 x 8 x 8 using index notation.

| can convert from index notation to expanded notation
e.g. Write 5% in expanded form.

9 | can find the square and cube of whole numbers

e.g. Find:
a 6 b 23

10 | can find the square root and cube root of certain small whole numbers
e.g. Find:
a /81 b 64

11 | can classify a number as prime or composite (or neither)
e.g. Decide whether each of the following is prime or composite:
a 29 b 63

12 | can find the lowest common multiple (LCM) of two whole numbers
e.g. Find the LCM of: 6 and 8

13 | can find the highest common factor (HCF) of two whole numbers
e.g. Find the HCF of: 36 and 48
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14 | can write a number as the product of prime factors using a factor tree
e.g. Write 300 as a product of prime factors.

15 | can use divisibility tests to determine if a number is divisible
by 2,3,4,5,6,8 or9
e.g. Decide whether 627 is divisible by 2, 3,4, 5, 6, 8 or 9.

16 | can find the lowest common multiple (LCM) and highest common factor
(HCF) of two whole numbers using prime factorisation
e.g. Find the LCM and HCF of the following using prime factorisation:
105 and 90

17 | can add a positive integer to a negative integer
e.g. Evaluate:

a —5+2 b -1+4

18 | can subtract a positive integer from another integer
e.g. Evaluate:
a3-7 b 2-3

1811493y J3ydeyy <

19 | can add negative integers to another integer
e.g. Evaluate:

a 10+ (=3) b =3+(-5)

20 | can subtract negative integers from another integer
e.g. Evaluate:

ad4-(-2) b —11-(=6)

21 | can find the product of integers
e.g. Evaluate:

a3x(-7) b —-4x(-12)

22 | can find the quotient of integers
e.g. Evaluate:
a —63+7 b —121 + (—11)

23 | can use order of operations with integers
e.g. Evaluate —7 + 6 x (=5).

24 | can use order of operations to evaluate numerical expressions
e.g. Evaluate the following.
a 10+5x3 b —20+22-1

25 | can use order of operations to evaluate numerical expressions involving
grouping symbols
e.g. Evaluate the following.
a (7+2)x5-6 b 10+7-2)—-(-1
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Short-answer questions

M) 1 Use a mental strategy to evaluate the following.

a 324+173 b 592 -180

c 89+40 d 135-68

e 55+57 f 280-141

g 1001 +998 h 10000 — 4325

2 Use a mental strategy to find these sums and differences.
a 392 b 1031 c 147 d 3970

+ 147 + 999 — 86 — 896

3 Use a mental strategy for these products and quotients.

Chapter review

a 2x17x5 b 3x99
c 8x42 d 141x3
e 164+4 f 357+3
g 618+6 h 1005 +5

4 Find these products and quotients using setting out.

a 139 b 507 C 3)843 d 7/854
x 12 X 42

5 Find the remainder when 673 is divided by these numbers.
a s b 3 c 7 d 9

6 Write using powers.
a 6x6x6
b 8x8x8x8
C 2X2X5%x5x5x%x5

7 Evaluate.

a /81 b V121 c 72 d 202
e 27 f Jo64 g 5° h 103

Find all the factors of 60.

Find all the multiples of 7 between 110 and 150.
Find all the prime numbers between 30 and 60.
Find the LCM of 8 and 6.

Find the HCF of 24 and 30.

C QO 0 T o
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Write these numbers in prime factor form. You may wish to use a factor tree.
a 36 b 84 c 198

Use divisibility tests to decide if these numbers are divisible by 2, 3,4, 5,6, 8 or 9.
a 84 b 155 c 124 d 621

ydey)

Write the numbers 20 and 38 in prime factor form and then use this to help find the following.
a LCM of 20 and 38

b HCF of 20 and 38

MOIADJ 1O

Evaluate.

a —-6+9 b -24+19

c 5-13 d -7-24

e —-62-14 f —-194-136

g —-111+110 h —-328+426

Evaluate.

a 5+(3 b —-2+(-6) c —29+ (-39 d 162+ (—201)
e 10-(-6) f —-20-(-32) g —-39-(-19) h 37— (=55
Evaluate.

a —5x2 b —-11x(-8) c Ix (-7 d —100 x (=2)
e —10+(=5) f 48+ (-16) g —-32+8 h =81+ (=27
Copy and complete.

a 12= b (-1)?=

c 22= d (-2)%=

e 3= f (=3)?=

Evaluate using the order of operations.
a 2+3x(-2)

b -3+ (11+(-8))
¢ —2x3+10+(=5)
d —20+10—4x(=7)

Substitute @ = =2, b =3 and ¢ = —5 and evaluate these expressions.
a ab+c

b &*-b
¢ ac—b

d a+b+c
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Multiple-choice questions

B 1 400+ 5x2is the same as:
A 400 =10 B 80x2 C 16 D 400+-2x5 E 1600

2 The sum and difference of 97 and 49 are:
146 and 58
246 and 48
136 and 58
146 and 48
147 and 58

moow>

3 561 is exactly divisible by:
A S B 2 C 3 D 9 E 10

4 89 x 5 is the same as:
90 x 4
0x5-1x5

89 x10x2
178 x 10

450

Chapter review

moow>

5 2X2x2x2x5x%x5is:
24 x 52
2X4+5%2

24 452

107

1000

moow>

6 The LCMof22x3x5and2x7is:
2

22x3x5x%x7

2x3x5x%x7

232 x3%x5x%x7

7

moow >

—15+12 - 3 equals:
A O B 3 C -30 D -6 E 6

-6+ (—4) is the same as:
A -6-4 B —-6+4 C -4+6 D 6+4 E 6-4

If 18% = 324, then +/324 equals:
A 162 B 102976 C 18 D 9 E 324

If a=-2, b=3and c=—1 then a* + bc equals:
A 0 B -1 C 1 D 7 E -7
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Extended-response questions

1 A monthly bank account shows deposits as positive numbers and purchases and withdrawals
(P + W) as negative numbers.

Chapter review 61

ydey)

bill amount is $138 as in the table above.

Details P+W Deposits Balance

Opening balance - - $250

Water bill -$138 - a

Cash withdrawal | —$320 - b (D

Deposit - ¢ $115 -

Supermarket d - -$160

Deposit — $400 e -
a Find the values of @, b, ¢, d and e. m
b If the water bill amount was $150, what would be the new value for letter e? S.
¢ What would the final deposit need to be if the value for e was $0? Assume the original water m

2 Two teams compete at a club games night. Team A has 30 players while team B has 42 players.
How many players are there in total?

a

b
c
d

Write both 30 and 42 in prime factor form.
Find the LCM and HCF of the number of players representing the two teams.

Teams are asked to divide into groups with equal numbers of players. What is the largest group
size possible if team A and team B must have groups of the same size?

Essential Mathematics Core for the Australian Curriculum

Year 8
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In this chapter

2A Angles at a point

2B Parallel lines
2C Triangles
2D Quadrilaterals

2E Polygons *

2F Solids *

2G Three dimensional coordinate
systems

Australian Curriculum 9.0

SPACE

Establish properties of quadrilaterals
using congruent triangles and angle
properties, and solve related problems
explaining reasoning (ACOM8SP02)

Describe the position and location of
objects in 3 dimensions in different
ways, including using a
three-dimensional coordinate system
with the use of dynamic geometric
software and other digital tools

(AC9MB8SP03)
© ACARA

R i
Online resources '\ﬁ

A host of additional online resources
are included as part of your Interactive
e Textbook, including HOTmaths content,
video demonstrations of all worked
examples, auto-marked quizzes and
much more.
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64 Chapter 2 Angle relationships and properties of geometrical figures

1 Name these objects. Choose from: A line AB B segment 4B C point 4 D angle ABC.

e '/é b *A L A d A
A . .
C

2 Choose a correct angle name from A ZDEF B £STU C ZABC for each given diagram.
a cC b D c T
B
E
A
F S U
3 Name these angles as A acute B right C obtuse D straight E reflex F revolution.

a 360° b 90° ¢ 37°
d 149° e 180° f 301°

4 Name the triangle that fits the description. Choose from A scalene B isosceles C equilateral D acute
E right F obtuse. Draw an example of each triangle to help.
a One obtuse angle b 2 equal length sides ¢ All angles acute
d 3 different side lengths e 3 equal 60° angles f one right angle

5 Name the six special quadrilaterals with four sides. Choose from A circle B square C parallelogram
D /ine E triangle F rectangle G rhombus H hexagon | kite J trapezium K tetrahedron.

6 Find the value of @ in these diagrams.
a b c

Ui 220°

7 This diagram includes a pair of parallel lines and a third line
(transversal).
a What is the value of a?
b Which pronumerals (b, ¢, d, e, f or g) are equal to a? List in
alphabetical order.
¢ Which pronumerals (b, ¢, d, e, f or g) are equal to 507 List in
alphabetical order.

8 Find the value of x in these shapes, using the given angle sum.

a Angle sum =180° b Angle sum = 360°
xO
o 70°
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2A Angles at a point 65

2A Angles at a point

e To be able to classify angles as acute, right, obtuse, straight, reflex or a revolution.

e To be able to name angles in relation to other angles, for instance, naming the angle vertically opposite to
a given angle.

¢ To be able to determine the angles at a point using angle properties.
* To be able to relate compass bearings to angles.

Key vocabulary: acute, right, obtuse, straight, reflex, revolution, complementary, supplementary,
vertically opposite, perpendicular, compass bearing

Euclid is
From three simple objects — point, line and plane — considered
we can develop all the elements of geometry, by many as

the 'father

just as the Greek mathematician Euclid did about
2300 years ago.

We can start by looking at the angles formed

of geometry’
having written
about it around

when lines meet at a point. 300 BCE.
O Lesson starter: How many angles?
When two lines cross, different angles are formed, ' '1:1:(':1..11'3.
like in this example.
* |Is there another 60° angle? Why?
* What is the size of one of the obtuse angles? How
did you work this out? 60°
e Are there any straight angles in the diagram?
e Are there any reflex angles in the diagram?
e What is a revolution angle?
Key ideas
® The angle at right could be named £ABC, ZCBA, £B or ABC and has size b°. A
® Types of angles BT b°
Acute (0 — 90°) Right (90°) Obtuse (90 — 180°) C
Straight (180°) Reflex (180° — 360°) Revolution (360°)
Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
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Chapter 2 Angle relationships and properties of geometrical figures

® Special pairs of angles at a point include:

e Complementary angles e Supplementary angles e Vertically opposite
(add up to 90°) (add up to 180°) angles (equal)

. ia+b=180 S
b ao a a

Angles in a revolution add up to 360°.

+b=90
b/ ¢
aO

Two lines are perpendicular if they intersect at right angles (90°).

® Eight point compass bearing
* Bearings are usually measured clockwise from north. (360°) N (0°)

A 5
(3150) NW NE (45 )

(270°) W = > E (90°)

(225°)SW | SE(135°)

S (180°)
Exercise 2A
[ Understanding I 1-4 3,4
1 Write the missing word. Choose from: equal, supplementary, complementary and perpendicular.
a Angles that add to 90° are called angles.
b Angles that add to 180° are called angles.

¢ If two lines meet at right angles (90°), then they are said to be
d Vertically opposite angles are

1

2 What type of angle are the following?
a 27° b 317° ¢ 180°
d 90° e 360° f 139°

Hint for Q1: Choose
from: acute, right, obtuse,
straight, reflex or revolution.
3 Complete these sentences for this diagram.

a b°andc° are angles.

b «°and e° are angles.

¢ a° b° c° d°ande® form a
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Year 8 Photocopying is restricted under law and this material must not be transferred to another party.




4 Estimate the size of these angles.
a ZAOB
b z40C
¢ Reflex ZAOE

2A Angles at a point

[ Fluency

| seras INEHENN

G Example 1 Naming angles

Name an angle which is:

a vertically opposite to ZDOE
b complementary to ZCOB
¢ supplementary to LEOA

Solution
a ZAOB

h ZB0OA

¢ ZDOE (or ZAOB)

Now you try
Name an angle which is:

a vertically opposite to ZPOQ
b complementary to ZMOR
¢ supplementary to ZMOQ

5 Name an angle which is:
a vertically opposite to ZDOE.
b complementary to ZCOB.
¢ supplementary to LEOA.

Essential Mathematics Core for the Australian Curriculum
Year 8

C
B
’ / ¢ '
E
Explanation
Z/DOE and ZAOB are equal and sit opposite
each other.

ZCOB and ZB0OA add to 90°.

Pairs of angles on a straight line are
supplementary (add to 180°).

C
Hint for Q5: Vertically opposite
B angles are opposite and equal.
D Complementary angles add to 90°.
0 Supplementary angles add to 180°.
E A
ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
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68 Chapter 2 Angle relationships and properties of geometrical figures

m Example 2 Finding angles at a point

Determine the value of the pronumerals in these diagrams.

a b° b
! 65°
a
30° /< a°
bO
Solution Explanation
a a+30=90 a® and 30° make a complementary pair of
= @0 angles adding to 90°. Angles in a revolution
b+90 = 360 add to 360°.
b =270
b a+65=180 a® and 65° make a supplementary pair of
a=115 angles adding to 180°. b° is vertically opposite
b= 65 the 65° angle.
Now you try
Determine the value of the pronumerals in these diagrams.

b

6 State the value of the pronumeral (letter) in these diagrams.

a b
aO
45° ho
50°
c d d°
CO
120°
120°
e f fo
£
eO
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2A Angles at a point 69

7 Determine the unknown angles marked in these diagrams.

Hint for Q7: Angles in a right angle

add to 90°. Angles on a straight

d e f line add to 180°. Angles in a
revolution add to 360°.

o\ 146° a .
35° a
»° 30°
50°
g h i
A 1200 130° a°
a a bo
a
130°
120°
8 Give the compass bearing, in degrees, for these directions. g
a West (W) b East (E) ¢ North (N) Hint for @8: Check the
d South (S) e NW f SE Key ideas for help.
g SW h NE

[ Problem-solving and reasoning 910 9,10-11(%),12

9 A round birthday cake is cut into sectors for nine friends (including Jack) at Jack’s birthday party. After
the cake is cut there is no cake remaining. What will be the angle at the centre of the cake for Jack’s
piece if:

a everyone receives an equal share?
b Jack receives twice as much as everyone else? (In parts b, ¢ and d assume his friends have equal

shares of the rest.)
¢ Jack receives four times as much as everyone else?

d Jack receives ten times as much as everyone else?

10 In which direction (e.g. north-east or NE) would you be walking

if you were headed on these compass bearings? L
a 180° b 360° A P
c 270° d 90°
e 45° f 315° (I-Iintfor Q10: \
g 225° h 135° (360°) 1;‘ (©0°)

(270°) W= > E (90°)

Y

S (180°)
\_ J
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70 Chapter 2 Angle relationships and properties of geometrical figures

m 11 Find the value of the pronumerals in these diagrams.

a b c
70¢,
a°
a
d e f
ao
\b% P
T 00 419
a 32° 0
bo

12 Explain, with reasons, what is wrong with these diagrams.

a b c
43°
400 141 260 -

* f Clock geometry — 13,14

13 Here is a clock face with an hour hand (short arrow)
and minute hand (long arrow). The time shown
is 8:20.
a How many degrees does the hour hand turn in:
i 6hours? ii 12 hours?
ili 1 hour? iv 3 hours?
b How many degrees does the minute hand turn in:
i 1hour? ii 30 minutes?
iii 5minutes? iv 20 minutes?

14 What is the angle between the hour hand and minute
hand on a clock at these times?

a 2:30 pm b 5:45am
¢ 1:40 am d 10:20 pm
e 2:35am f 12:05pm
g 4:48 pm h 10:27 am
L AEe
Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press

Year 8 Photocopying is restricted under law and this material must not be transferred to another party.



2B Parallel lines 71

2B Parallel lines

e To understand that parallel lines never intersect and that arrows are used to indicate this on a diagram.
e To be able to use properties of parallel lines to find unknown angles.
Key vocabulary: parallel lines, transversal, corresponding, alternate, cointerior

In simple language, Euclid’s 5th axiom says that
parallel lines do not intersect or meet on a flat
plane.

All sorts of shapes and solids both in the
theoretical and practical worlds can be constructed
using parallel lines. If two lines are parallel and are
cut by a third line called a transversal, special pairs
of angles are created.

O Lesson starter: Are they
parallel?

Here are two diagrams that show a pair of lines
crossed by a third line called a transversal. Two
angles are given.

119°
123° 78°

\ 102°

¢ Do you think that each diagram contains a
pair of parallel lines?

e Can you determine all the other angles in
the diagrams?

e How many different angles are there in
each diagram?

I

All sorts of shapes and solids can be constructed using
parallel lines and transversals.

Key ideas

® A transversal is a line cutting at least two other lines.

® Pairs of angles formed by transversals can be:

e corresponding (in e alternate (on opposite e cointerior (on the same
corresponding positions) sides of the transversal and side of the transversal and
inside the other two lines) inside the other two lines).
a°® /
bO ao aO
bO
corresponding b°
alternate cointerior
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72 Chapter 2 Angle relationships and properties of geometrical figures

® Lines are parallel if they do not intersect.
e Parallel lines are marked with the same number of arrows.

2N\

® If two parallel lines are cut by a transversal:
e the corresponding angles are equal (pairs)

- o

e the alternate angles are equal (2 pairs)

-

e the cointerior angles are supplementary (add up to 180°) (2 pairs)

a® b°
be @

a+b=180 a+b=180

Exercise 2B
[ Understanding | 1-2 2

1 Two parallel lines are cut by a transversal. Write the missing word.
a Corresponding angles are :
b Cointerior angles are :
¢ Alternate angles are . (Hint for Q1: Choose from equal

or supplementary.

2 Name the angle that is: F H g@
corresponding to £LABF D W R
corresponding to ZBCG C /
alternate to ZFBC B / Hi_nt for Q2: Name angles like
alternate to ZCBE / (”"S: ZABCor ZDEF
cointerior to ZHCB A

cointerior to ZEBC
vertically opposite to ZABE
vertically opposite to ZHCB

E G

0 ]Q 00 Qa0 oo

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
Year 8 Photocopying is restricted under law and this material must not be transferred to another party.



2B Parallel lines 73

[ Fluency

| 3, 4-5(%2)

Example 3 Describing related angles in parallel lines

State whether the following marked angles are corresponding, alternate or co-interior. Hence, state

whether they are equal or supplementary.
a b

Solution
a The marked angles are alternate.

Therefore they are equal (a = b).

h The marked angles are co-interior. Therefore
they are supplementary (a + b = 180).

¢ The marked angles are corresponding.

Therefore they are equal (a = b).

Now you try

bO

Explanation

The two angles are inside the parallel lines and
on opposite sides of the transversal, so they are
alternate.

Alternate angles in parallel lines are equal.

The two angles are inside the parallel lines and
on the same side of the transversal, so they are
co-interior.

Co-interior angles in parallel lines are
supplementary, adding to 180°.

The two angles are in corresponding positions
(both to the left of the intersection points).

Corresponding angles in parallel lines are equal.

State whether the following marked angles are corresponding, alternate or co-interior. Hence state

whether they are equal or supplementary.
a b

(o]
b s
a’ a’

Y

/

Essential Mathematics Core for the Australian Curriculum
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74 Chapter 2 Angle relationships and properties of geometrical figures

B 3 State whether the following marked angles are corresponding, alternate or co-interior. Hence, state
whether they are equal or supplementary.

a / R b /\ao c

a Example 4 Working with parallel lines

Find the value of the pronumerals in these diagrams. Give a reason for each answer.
a b c

> 118° 1 (5
/7f'< <

N b’ _—Ths
/

Solution Explanation

a a=7171, alternate angles in parallel lines. Alternate angles in parallel lines are equal.

b b =118, corresponding angles in Corresponding angles in parallel lines are equal.
parallel lines.

¢ ¢=180—115=65, cointerior angles in Cointerior angles in parallel lines add to 180°.
parallel lines.

Now you try

Find the value of the pronumerals in these diagrams. Give a reason for each answer.
a b c

A A
&° /
17 62°
/ bo

Y

59°

Y
)
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2B Parallel lines

4 Find the value of the pronumerals in these diagrams. Give a reason for each answer.

a b c
80° A

)-/ o
/ ¢

)ao/ lk\
] b° \

118° / e°
82° fe

141°

131°

Hint for Q4: Corresponding angles are
equal in parallel lines. Alternate angles
are equal in parallel lines. Cointerior
angles in parallel lines are
supplementary (add to 180°).

m Example 5 Using parallel lines in shapes

Find the value of the pronumerals in this diagram, stating reasons.

be 72°
aO
Solution Explanation
a+72=180 The pairs of angles are cointerior, which are
a=108 supplementary if the lines are parallel.
b+72=180 This shows that opposite angles in a
b =108 parallelogram are equal.

Cointerior angles in parallel lines are supplementary.

Now you try
Find the value of the pronumerals in this diagram, stating reasons.
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76 Chapter 2 Angle relationships and properties of geometrical figures

m 5 Find the value of the pronumerals in these diagrams, stating reasons.

Hint for Q5: Cointerior angles
add to 180°.

[ Problem-solving and reasoning 67 647,89

6 Find the value of the pronumerals in these diagrams, stating reasons.

a b
c d
o b°
4o =80
e f
bo
aO
95°

7 Decide if the following diagrams include a pair of parallel lines. Give a reason for each answer.

a b c
71° -
69° 817 97
93°
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2B Parallel lines 77

8 Find the value of a in these diagrams.

a b
af 40°

70°

Hint for Q8: Extending lines can
make it easier to see this type
of diagram.

\_ )

9 Sometimes parallel lines can be added to a diagram to help find an unknown angle. For example, ZAOB
can be found in this diagram by first drawing the dashed line and finding £A40C (40°) and ZCOB (70°).
So ZAOB =40°+70° = 110°.

C
20°
B
Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press

Year 8 Photocopying is restricted under law and this material must not be transferred to another party.



78 Chapter 2 Angle relationships and properties of geometrical figures

10 A plan for a natural gas plant includes many intersecting pipelines, some of which are parallel.
Help the designers finish the plans by calculating the size of the angles marked q, b, etc.

= 10

-u&f‘wj I} ‘n b
L S AN
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2C Triangles

e To understand that triangles can be classified by their side lengths as scalene, isosceles or equilateral.
e To understand that triangles can be classified by their interior angles as acute, right or obtuse.

e To know that the angle sum of any triangle is 180°.

e To be able to use the angle sum of a triangle to find unknown angles.

e To be able to use the exterior angle theorem to find unknown angles.

Key vocabulary: scalene, isosceles, apex, base, equilateral, acute, right, obtuse, exterior angle, angle sum

A triangle is a shape with three straight sides. The triangle is a very o
rigid shape and this leads to its use in the construction of houses and

bridges. It is one of the most commonly used shapes in design and

construction.

O Lesson starter: lllustrating the angle sum

You can complete this task using a pencil and ruler or using dynamic
geometry software.

e Draw any triangle and measure each interior angle.

e Add all three angles to find the angle sum of your triangle.

e Compare your angle sum with the results of others. What do
you notice?

Triangular shapes are often used

to striking effect in architecture, as
shown by part of the National Gallery
of Canada.

If dynamic geometry is used, drag one of the vertices to alter the interior angles. Now check to see if
your conclusions remain the same.

Key ideas

@ A triangle has: B (vertex)
* 3sides
* 3 vertices (singular: vertex) .
* 3interior angles. side

AL

® Triangles are classified by side lengths:
e Sides with the same number of dashes are of equal length.

Scalene Isosceles Equilateral
) apex
60°
° i X
base
angles 60° 60°
base
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Chapter 2 Angle relationships and properties of geometrical figures

® Triangles are classified by interior angles:
e acute (All angles acute) e right (1 right angle) e obtuse (1 obtuse angle).

N

® The angle sum of a triangle is 180°.

a+b+c=180

@ The exterior angle theorem:
The exterior angle of a triangle is equal
to the sum of the two opposite interior exterior
angles. angle

[ Understanding | -3 2,3

1 Give the common name of a triangle with these properties. Refer to the Key ideas in this section
for help.

a Oneright angle b 2 equal side lengths

¢ All angles acute d All angles 60°

e One obtuse angle f 3 equal side lengths

g 2equal angles h 3 different side lengths

2 State whether these triangles are scalene, isosceles or equilateral.

e A f
A A
A
3 State whether these triangles are acute, right or obtuse.

e
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2C Triangles 81

[ Fluency

Find the value of a in this triangle.

Solution
a+38+92=180
a+130=180
a=50
Now you try

Find the value of a in this triangle.

4 Use the angle sum of a triangle to help find the unknown angle in these

triangles.

| 4560 4-6(%%)

/AN

g 92

Explanation

The angle sum of the three interior angles of a triangle is 180°.
Also 38 +92 =130 and 180 — 130 = 50.

18°
147° P

b3

Hint for Q4: For each one
use a mental strategy or
start with an equation like
a+36+48 = 180.

L '.hi

]
PRET 0 S R s "
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82 Chapter 2 Angle relationships and properties of geometrical figures

©

Find the value of a in these isosceles triangles.

a

aO

35°

Solution
a a+35+35=180
a+70 =180
a=110

h 2a+26=180
2a =154
a="77

Now you try
Find the value of a in these isosceles triangles.

b

50°

Essential Mathematics Core for the Australian Curriculum

ISBN 978-1-009-593-724

Example 7 Working with isosceles triangles

26° >

Explanation

The two base angles in
an isosceles triangle are

equal. 33 33°

The two base angles in an
isosceles triangle are equal.

112°

80°

Hint for Q5: The two
base angles in an
isosceles triangle
are equal.

© Greenwood et al. 2025 Cambridge University Press
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2C Triangles 83

G Example 8 Using the exterior angle theorem

@
MO
a
A B

Find the size of the unknown angle.

Solution Explanation
a+90=161 Use the exterior angle theorem for a triangle.
a=161-90=71 The exterior angle (161°) is equal to the sum of
the two opposite interior angles.
Now you try
Find the size of the unknown angle.
359
115°
/<C{o

6 Find the value of a.

yO
x° a
a=x+y

E—Iint for Q6: A
>

gl

[ Problem-solving and reasoning | s [

7 Decide if it is possible to draw a triangle with the given description. Draw a diagram to support
your answer.

a Right and scalene b Obtuse and equilateral
¢ Right and isosceles d Acute and isosceles
e Acute and equilateral f Obtuse and isosceles
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84 Chapter 2 Angle relationships and properties of geometrical figures

2C
- 8 A triangle is constructed using a circle and two

radius lengths.
a What type of triangle is AAOB and why?

Name two angles that are equal.
Find ZABO if ZBAO is 30°. Hint for Q8a: What can you say
Find ZAOB if ZOAB is 36°. about the lengths 04 and OB?

Find ZABO if ZAOB is 100°. N

9 Find the value of @ in these diagrams.

[1- 20 =T T -

a

Hint for Q9a: What is the size of
each angle in an equilateral
triangle?

e f 50°
160 [ [ >
V >

10 Use your knowledge of parallel lines and triangles to find the unknown angle a.

a b c -
§ 55° v ™
70° 850 ‘ 81° g
a’ & -
’ v

11 To prove that the angle sum of a triangle is 180°, work through these steps with the given diagram.

_q
W
V)]
[
S)
S <}
(=p

Y

Hint for Q11: Think back to the
parallel line rules from
Section 2B.

a Using the pronumerals a, b or ¢, give the value of these angles and state a reason.
i ZABD
ii ZCBE
What is true about the three angles ZABD, ZABC and ZCBE and why?

What do parts a and b above say about the pronumerals a, b and ¢, and what does this say about
the angle sum of the triangle ABC?
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2D Quadrilaterals

e To be able to classify quadrilaterals as parallelograms, rectangles, rhombuses, squares, kites and/or trapezia.
e To know that the angle sum of any quadrilateral is 360°.
e To be able to use the angle sum of a quadrilateral to find unknown angles.
e To understand that properties of angles in parallel lines can be used to find unknown angles in trapezia
and parallelograms.

Key vocabulary: quadrilateral, parallelogram, square, rectangle, rhombus, kite, trapezium, parallel

Shapes with four sides are called quadrilaterals. All quadrilaterals have the same angle sum. Their other
properties depend on such things as pairs of sides of equal length, parallel sides and lengths of diagonals.
All quadrilaterals can be divided into two triangles. Since the six angles inside the two triangles make

up the four angles of the quadrilateral, the angle sum is 2 x 180° = 360°.

Quadrilaterals
of many kinds
are used by
architects.

O Lesson starter: Which quadrilaterals suit?

Name all the different quadrilaterals you can think of that have the properties listed below. There may
be more than one quadrilateral for each property listed. Draw each quadrilateral to illustrate the shape
and its features.

e 4 equal length sides e 1 pair of parallel sides
e 2 pairs of parallel sides e 2 pairs of equal length sides
e Equal length diagonals * 2 pairs of equal opposite angles
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Key ideas

® Quadrilaterals are four-sided shapes.

® Parallelograms are quadrilaterals with two pairs of parallel sides.

Parallelogram
/

® Special parallelograms
Square Rectangle Rhombus
J T J.L _\I\\ T //‘,_ ’

R

Kite Trapezium

® Quadrilaterals with parallel sides include two pairs of
cointerior angles.

a+b=180

[ Understanding | 1-3

1 What are the six special types of quadrilaterals?

2 Write the missing number or word. Choose from: 90°, equal, 360° or two.
a The angle sum of a quadrilateral is :

The side lengths of a rhombus are in length.

A kite has pairs of equal sides.

The diagonals of squares, rhombuses and kites intersect at

(= I -
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3 Answer true (T) or false (F) to these statements. Refer to the diagrams in the Key ideas or accurately
draw your own shapes, including the diagonals.

a Square
i All sides are of equal length.
ii  Diagonals are not equal in length. s Hint for 03 The red dashed
iii All sides are para||e| to each other. 7 N ("nes are the diagonals.
iv Diagonals intersect at right angles. - -
b Rectangle
i Diagonals must intersect at right angles. <l
i All interior angles are 90°.

iii All sides must be of equal length.
iv There are two pairs of parallel sides.

¢ Rhombus
i Allinterior angles must be equal.
i All sides are of equal length.
iii Diagonals intersect at right angles.

d Parallelogram
i There are two pairs of parallel sides of equal length.
ii  Diagonals must be equal in length.
iii Diagonals must intersect at right angles.

e Kite
i There are two pairs of sides of equal length.
ii  There are two pairs of parallel sides.
iii Diagonals intersect at right angles.

f Trapezium
i Diagonals are equal in length.
ii  There are two pairs of parallel sides.
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[ Fluency | a5 [aseat)

a Example 9 Using the angle sum of a quadrilateral

Find the value of the pronumerals in these quadrilaterals.

: 1000 4 ’
115°
Solution Explanation
a a+100+90+115=360 The sum of angles in a quadrilateral is 360°.
a+305 = 360 Use a mental strategy or solve the equation.
a=>55
b x+265+30+25=360 Use the angle sum of a quadrilateral.
x+320 =360
x =40
Now you try
Find the value of the pronumerals in these quadrilaterals.

a L]
110°
0 Hint for Q4:L_is a
90° angle. The angle
70° a°/ 840 sum of a quadrilateral is 360°.
d f
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G Example 10 Working with parallelograms

Find the value of a and 4 in this parallelogram.

Solution Explanation
a+77=180 Two angles inside parallel lines are cointerior

a=103 and therefore add up to 180°.

b=180 =103 = 77 Note that opposite angles in a parallelogram

are equal.
Now you try
Find the value of @ and 4 in this parallelogram. 7.
a
atis 5

Hint for Q5: Opposite angles
in a parallelogram are equal.
Other pairs of angles are

cointerior (add to 180°).

76°

\/
C
‘
‘
e (7

126°

S/

d

[ Problem-solving and reasoning | smmes [ 60

6 Name the special quadrilaterals which have:
a all sides of equal length

one pair of parallel lines

two pairs of equal sides

diagonals meeting at right angles

diagonals of equal length.

O QO T
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90 Chapter 2 Angle relationships and properties of geometrical figures

m 7 Use your knowledge of geometry from the previous sections to find the

values of a.
a
>

Hint for Q7: Angles in a revolution
add to 360°. Angles on a straight
line add to 180°. Vertically
opposite angles are equal.

8 Consider the properties of special quadrilaterals. Decide if the following are true (T) or false (F).

a A square is a type of rectangle. b A rectangle is a type of square.
¢ Asquare is a type of rhombus. d Arectangle is a type of parallelogram.
e A parallelogram is a type of square. f A rhombus is a type of parallelogram.

9 Consider the properties of the given quadrilaterals. Give the values of the
pronumerals.

1

Hint for Q9:
a Akite

b Arhombus
¢ A parallelogram

= 10

10 You can confirm that the angle sum of a quadrilateral is 360° by tearing off the corners of any
cut-out quadrilateral.
a Use a ruler to draw any quadrilateral and then cut it out.
b Tear off the four corners.
¢ Arrange the four pieces so the corners (vertices of quadrilateral) all meet at one point as shown.
What do you notice?
d What does this tell you about the angle sum of the quadrilaterals?
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1 Determine the value of the pronumerals in these diagrams.

a b
bO
115°
&° 28

2 Find the value of the pronumerals in these diagrams.

b
5¢° °

3 Which of the following diagrams have a pair of corresponding angles marked?
H ; , D X
4 Find the value of the pronumerals in these diagrams. Give a reason for each answer.

a b c
a° CO bo
1) 63° 141°
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5 Find the value of the pronumerals in these diagrams, stating reasons.

a b o bo
A68°

A

7 119°

A\
W

6 Use the angle sum of a triangle to help find the unknown angle in these triangles.
a b

135°
X

7 Find the size of the unknown angles.

a A b

aO

o
S
o

8 Find the value of the pronumerals in these quadrilaterals.

b

b

10 Decide if the following are true (T) or false (F).
a All squares are rectangles. b All quadrilaterals are rectangles.
¢ All rectangles are rhombuses.
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2E Polygons

e To know the names of different types of polygons with up to 12 sides.

e To understand what a regular polygon is.

e To be able to find the angle sum of a polygon.

e To be able to use the angle sum of a polygon to find unknown angles.

Key vocabulary: polygon, regular polygon, pentagon, hexagon, heptagon, octagon, nonagon, decagon,
hendecagon, dodecagon

Triangles and quadrilaterals are both examples of polygons.
The word "polygon’ comes from the Greek words poly,
meaning ‘many’, and gonia, meaning ‘angles’. The number
of interior angles equals the number of sides. The angle sum
of each type of polygon depends on this number. In this
section we will explore the rule for the angle sum of a
polygon with n sides.

O Lesson starter: Developing the rule

The following procedure uses the fact that the angle sum of

a triangle is 180°. Complete the table and try to write the » LN,
general rule in the final row. The Pentagon is a famous government office
building in Washington DC, USA.

Shape Number of sides Number of triangles Angle sum
Trlangle > 3 1 1 % 180° = 180°
Quadrilateral 4 ) xI800=
Pentagon ' 5
Hexagon ‘ 6
Heptagon Q 7
Octagon O g
n-sided polygon n ()x180°=___
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Key ideas

® Polygons are shapes with straight sides.

Pentagon
Octagon

Decagon

® Polygons are named according to their number of sides.

Number of sides Name Angle sum
3 Triangle 180°
4 Quadrilateral 360°
5 Pentagon 540°
6 Hexagon 720°
7 Heptagon 900°
8 Octagon 1080°
9 Nonagon 1260°
10 Decagon 1440°
11 Hendecagon 1620°
12 Dodecagon 1800°

® The angle sum S of a polygon with n sides is given by the rule: S = (n — 2) x 180°.

® A regular polygon has sides of equal length and equal interior angles.

O

A regular
octagon

[ Understanding | 1-4 4
1 Name the polygon with the following number of sides.
a7 b 3 c 8 d 9
e 12 f 10 g 4 h 11
2 State the number of sides on these polygons.
a Hexagon b Quadrilateral ¢ Decagon
d Heptagon e Pentagon f Dodecagon

3 Evaluate (n —2) x 180° if:
a n=6 b n=10 c n=22

4 What is the common name given to these polygons?
a Regular quadrilateral
b Regular triangle
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[ Fluency | 5-604),7,805) | 5608,7.8 |
m Example 11 Finding the angle sum

Find the angle sum of a heptagon.

Solution Explanation

S=(n-2)x180° A heptagon has 7 sides so n = 7. Simplify (7 — 2)
= (7—-2) x 180° before multiplying by 180°.
=5x 180°
=900°

Now you try

Find the angle sum of an octagon.

5 Find the angle sum of these polygons. g

a Pentagon n=Y5) b Octagon (n=238) ¢ Decagon (n = 10) : .
d Hexagon e Nonagon f Heptagon [Hlntfor Q5:

Use S=(n —2)x180°

m Example 12 Finding angles in polygons

Find the value of a in this pentagon by using the given angle sum.

Angle sum = 540°

Solution Explanation
a+170+80+90+95 =540 Add all the angles and set this equal to the
a+435 =540 angle sum of 540°. Then simplify and solve for a
a=105 or use a mental strategy.
Now you try

Find the value of a in this hexagon by using the given angle sum.

Angle sum = 720°
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B 6 Find the value of a in these polygons, by using the given angle sum.

a Cc
Hint for Q6: Write an
equation using the
given angle sum, then
Angle sum = 360° Angle sum = 360° find the value of a.
d e f
Angle sum = 540 Angle sum = 720° Angle sum =720°

7 Regular polygons have equal interior angles. Find the size of an interior angle for these regular polygons
with the given angle sum.
a Pentagon (540°) b Decagon (1440°)

Hint for Q7: First
find the angle sum
then divide by the
number of sides.

a Example 13 Finding interior angles of regular polygons

Find the size of an interior angle in a regular octagon by first finding the angle sum.

Solution Explanation
S=m-2)x180° First calculate the angle sum of an octagon
= (8 —2) x 180° usingn=_8and S=(n—2)x 180°

=6 x 180° = 1080°
Interior angle size = 1080 + 8 All 8 angles are equal in size so divide the
= 135° angle sum by 8.
Now you try

Find the size of an interior angle in a regular nonagon by first finding the angle sum.
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8 Find the size of an interior angle in these regular polygons by firstly finding the angle sum. Round the
answer to one decimal place where necessary.

Regular pentagon

Regular heptagon

Regular hexagon

Regular decagon

Regular octagon

Regular hendecagon

[ Problem-solving and reasoning | o0 [emaiciz )

9 Find the value of a in these shapes by firstly finding the angle sum.

- D0 Q0O T o

a b
c d
e ™ ] f
320°
i a’

10 Find the number of sides of a polygon with the given angle sums. Hint for Q10: The angle sum
a 1260° b 2340° c 3420° d 29700° ruleis S = (n —2) x 180°.

11 Find the number of sides of a regular polygon if each interior angle is:
a 120°
b 162°
¢ 147.272727...°

12 Consider a regular polygon with a very large number of sides (n).
a What shape does this polygon look like?
b Is there a limit to the size of a polygon angle sum or does it increase to infinity as n increases?
¢ What size does each interior angle approach as n increases?

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
Year 8 Photocopying is restricted under law and this material must not be transferred to another party.



98

Chapter 2 Angle relationships and properties of geometrical figures

13 Find the value of x in these diagrams.

a b c
Q
Regular hexagon
d e f
xO
Regular pentagon
‘ 7 i | i
74 7 I 1
{ fi i/ i
W g e
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2F Solids

e To be able to name solids using appropriate terminology (e.g. hexagonal prism, square pyramid).
e To be able to count the number of faces, vertices and edges in a solid.

Key vocabulary: polyhedron, prism, pyramid, cross-section, face, vertex (plural: vertices), edge, apex, cylinder,
sphere, cone, cube, hexahedron, cuboid, tetrahedron

A solid is an object that occupies three-dimensional space. The outside surfaces could be flat or curved.
A solid with all flat surfaces is called a polyhedron (plural polyhedra or polyhedrons). The word ‘polyhedron’
comes from the Greek words poly, meaning ‘many’, and hedron, meaning ‘faces’.

The top of this Canary Wharf building in London (left) is a large, complex polyhedron. Polyhedra also occur in
nature, particularly in rock or mineral crystals such as quartz (right).

o Lesson starter: Naming challenge

Solids can be named by their number of faces. Here are two examples.

Hexahedron (6 faces) Octahedron (8 faces)

Name and draw a solid with the following number of faces.

e 7 faces
e 5 faces
e 10 faces

Key ideas

® A polyhedron (plural: polyhedra) is a closed solid with flat surfaces (faces), vertices and edges.
* Polyhedra can be named by their number of faces.

Hexahedron (or rectangular Tetrahedron (or triangular pyramid)
prism or cuboid) edge _ 4 ertices
‘ -6 faces V/ — 4 faces
! — 12 edges
P 9 vertex — 6 edges
= — 8 vertices
\ face
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® Prisms are polyhedra with two identical (congruent) ends. The Hexagonal prism
congruent ends define the cross-section of the prism and also
its name. The other faces are parallelograms. If these faces are &
rectangles, as shown, then the solid is a right prism.

hexagon cross-section

® Pyramids are polyhedra with one face that is the base and all apex
other faces meeting at the same vertex point called the apex.
They are named by the shape of the base.

Square-based
pyramid

square base

® Some solids have curved surfaces. Common examples include:

Cylinder Sphere Cone

® A cube is a hexahedron with six square faces.

poodbos

’

,
4 |
T

® Another name for a rectangular prism is cuboid. It is also a hexahedron.

_______

[ Understanding | 1-3 2,3

1 Write the missing word or number in these sentences. Choose from: congruent, cube, six, seven,
vertices, octagonal, circle, seven.

a A hexahedron has faces.

b The flat face at the base of a cylinder is a

¢ A hexahedron with six square faces is also called a

d A polyhedron has faces, and edges.

e A heptahedron has faces.

f A prism has two ends.

g A pentagonal prism has faces.

h The base of a pyramid has 8 sides. The pyramid is called an pyramid.

2 Name three solids that have curved surfaces.

3 Which of these solids are polyhedra (i.e. have only flat surfaces)?

A Cube B Pyramid C Cone D Sphere
E Cylinder F Rectangular prism G Tetrahedron H Hexahedron
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m Example 14 Counting faces, vertices and edges

State the number of faces, vertices and edges for these solids.
a Octahedron (or Hexagonal prism) b Hexahedron (or Pentagonal pyramid)

— />
=/

Solution Explanation
a 8 faces Faces are the flat surfaces.

12 vertices Vertices are the corners.

18 edges Edges are the lines on the diagram.

h 6 faces There is one pentagonal face and five triangular

6 vertices faces.

10 edges Five vertices are on the base plus one apex.
Five edges are on the base and five meet the
apex.

Now you try
State the number of faces, vertices and edges for these solids.
a Decahedron (Octagonal prism) b Pentahedron (Square-based pyramid)

- I\

e e

4 Count the number of faces, vertices and edges (in that order) on

these polyhedra.
a : b c /
| Hint for Q4: Faces are flat

surfaces, vertices are corners,
and edges are the lines drawn
on the diagram.
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a Example 15 Classifying solids using faces

Classify these solids by considering the number of faces.

a . b [
e ﬂ//
Solution Explanation
a Hexahedron The solid has 6 faces.
b Heptahedron The solid has 7 faces.
¢ Pentahedron The solid has 5 faces.
Now you try

Name the polyhedron that has 8 faces.

5 Name the polyhedron that has the given number of faces. @
a o b 4 c 5 d 7 :
e 9 f 10 g Il h 12 Hint for Q5: Use names such as
pentahedron, hexahedron.
6 How many faces do these polyhedra have?
a Octahedron b Hexahedron ¢ Tetrahedron d Pentahedron
e Heptahedron f Nonahedron g Decahedron h Hendecahedron

a Example 16 Naming prisms

Name these solids as a type of prism.

Solution Explanation

a Rectangular prism The cross-section is a rectangle.
b Hexagonal prism The cross-section is a hexagon.
Now you try

Name this solid as a type of prism.

7
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7 Name these prisms.

a b c .
Il ———
T Pid
! P
-
»
»
Z 1

G Example 177 Naming pyramids

Hint for Q7: Name
using the shape of
the cross-section.

Name this solid as a type of pyramid.

Solution Explanation
Pentagonal pyramid The base is a pentagon.
Now you try

Name this solid as a type of pyramid.

8 Name these pyramids.
<& g
/ Hint for Q8: Name using the
shape of the base.

[ Problem-solving and reasoning 910 [e2

9 Name each of these solids in two different ways.

: "y AT
1 ! 1
1 ! |
1
I I
1 ! 1
-------- o v s
! - 1 - =\
;
:/ y
Hint for Q9: As an example: a
pentagonal pyramid is also a
hexahedron (6 faces).
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m 10 Decide if the following statements are true (T) or false (F). Make drawings to help.
a A tetrahedron is a pyramid.

All solids with curved surfaces are cylinders.

A cube and a rectangular prism are both hexahedrons.

A hexahedron can be a pyramid.

There are no solids with 0 vertices.

There are no polyhedra with 3 surfaces.

All pyramids will have an odd number of faces.

Q -0 Q0T

11 Name each of these solids in three different ways.
a

’

T

12 Investigate if the following statement is true (T) or false (F).
For all pyramids, the number of faces is equal to the number of vertices.

* { Euler’s rule — 13,14

13 a Copy and complete this table.

Number of Number of Number of
Solid faces (F) vertices (V) edges (E) F+V
Cube
Square pyramid
Tetrahedron

b Compare the number of edges (E) with the value F + V' for each polyhedron. What do you notice?

14 a A polyhedron has 16 faces and 12 vertices. How many edges does it have?
A polyhedron has 18 edges and 9 vertices. How many faces does it have?
A polyhedron has 34 faces and 60 edges. How many vertices does it have?

The National Library of Belarus is a rhombicuboctahedron with 8
triangular faces and 18 square faces.
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2G Three-dimensional coordinate systems

e To know that the position of objects in three-dimensional (3D) space can be described using a 3D coordinate system
e To be able to describe the position of an object or a point using a 3D coordinate system

e To be able to solve simple geometry problems in 3D space using coordinates

Key vocabulary: Three-dimensional (3D) space, coordinate system

When we find our way around a
multi-storey carpark or work with

a 3D-printer, we need to consider
three-dimensional space. Two
dimensions are required to define

a space at one level, like zones at
ground level in a car park, but a
third dimension is required to define
spaces above that level.

Three-dimensional
coordinate systems

_ are used in many
different technologies
such as 3D printing.

O Lesson starter: Where might 3D coordinates be useful?

We know that when trying to describe the position of a zone in a car park you might try to remember

three characters. Two characters for the zone on a level like D4 and another character for the level in the

building.

e List two or three other examples where a 3D coordinate system might be used to describe position.

e Choose one of your chosen 3D systems and research how the 3D coordinate system is used to describe
position. Write down three or four dot points to summarise your findings.

® The position of an object in three-dimensional z
(3D) space can be described using a coordinate system i
using three components. 4

® Three axes: x, y, and z are used to define 3D space.
e The origin O has coordinates (0, 0, 0).
e The three axes are all at right angles to each other.

® The position of a cubic unit of space can be described

using grid spaces as shown. Y
® The red cube is this diagram could be described as
(B, ¢, 3).
X
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® A point in three-dimensional space is described using

Chapter 2 Angle relationships and properties of geometrical figures

(x, y, z) coordinates. ghceeeienea
® The point P is this diagram has coordinates (1, 2, 4). o & f
1 - P :
ol P
DO

E 0 1 ! é 3 4

A A
Y A §
3 _____/4/ _____ P Lo
4f LS v
X
[ Understanding | 1,2 1,2

1

Consider this set of two blocks sitting in 3D space below.
a Which of the following describes the position of the square at the base of the blocks?

A (A a) B (A0 C (B,o)
D (bA) E (Co
b Which of the following describes the position of the block which is red?
A (A a2 B (B,c 3) C B,c2
D (A c?2 E (Ac1
¢ How many blocks would be required to build a stack where the block at the top is positioned at
(B, c, 6)?
Z
4
3
2
1
a d
A/ T i
B ___:/7/___:/_/ /// ___/j//
C ----;*---;‘-"7---/—/7
A

2 Consider this 3D coordinate system with point P as shown.

a On the x-y plane, point 4 has coordinates (2, 0). Which of the following is the coordinates
of point 4 in the 3D system?

A (2,0,1) B (2,0,3)
C (2,00 D (0,2,0)
E (0,0,2)
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2G Three-dimensional coordinate systems 107

b What are the 3D coordinates of the following points?

i B i C i P
¢ Pencil the following points onto the given set of axes.
i 4(3,0,0) i BG,3,0) i P(3,3,3)

[ Fluency | = s
G Example 18 Using grid spaces to describe position in 3D space

Each cube in this 3D space can be described using an z

x(A,B,CorD), y(a,b,cord) and z(1, 2, 3 or4) coordinate in i
that order. Give the coordinates of the cubes with the given 4_
colour. 3
a red L |1
b yellow 2
¢ green AT
1 L,_]._ 4
a """ h d
A . Y
B ____/ /// - y
C/ VAR
D/ ] "',7"":7/

Lo
Solution Explanation
a (A, b4 Using the order x, then y then z, we have the

base of the column in the square (A, b) and the
red cube is at level 4 on the z-axis.

h (D,b, 1) The base of the yellow cube is the square
(D, b) and it is at level 1 on the z-axis.

¢ (B,d,2) The green cube has a base square at (B, d) and
is at level 2 on the z-axis.
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Chapter 2 Angle relationships and properties of geometrical figures

Now you try
Each cube in this 3D space can be described using an
x(A,B,CorD), y(a,b,cord) and z(1, 2, 3or4) coordinate
in that order. Give the coordinates of the cubes with the
given colour.

red

yellow

green

o B

5

- -
1
1

cooghoootoooo

3 Each cube in this 3D space can be described using an
x(A,B,CorD), y(a, b,cord) and z(1, 2, 3 or4) coordinate in
that order. Give the coordinates of the cubes with the given
colour.

a red
b yellow
C green

4 Each cube in this 3D space can be described using an
x(A,B,CorD), y(a,b,cord) and z(1, 2, 3 or4) coordinate in that
order. Give the coordinates of the cubes with the given colour.

a red
b yellow
c green
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Write down the coordinates of the

Z

following points shown on this 3D graph. ,ff"""":,"’fc

da A 1/ - :
P 3 r e 0

b B ,,' ’r' E

C C ,.': ....... 2 g', :

i P : P :

o s
E 0 E 1 i 3 4 y
X

Solution Explanation

a (3,0,0 Point 4 is positioned at 3 on the x-axis, 0 on the
y-axis and 0 on the z-axis.

h (3,2,0) Point B is on the x-y plane at point (3, 2) and
has a z-coordinate of 0.

c (0,2,4 Point C is on the y-z plane and so the
x-coordinate is 0.

d (3,2,49 On the rectangular prism shown, point P is
aligned with the number 3 on the x-axis, 2 on
the y-axis and 4 on the z-axis.

Now you try

Write down the coordinates of the following z

points shown on this 3D graph. 4

a A 3 2

b B / ya

c C ,/, 2r // i

d P . P !

Ir :
0 1 2 3 4
2 // // /’
/A L LB
4/ __. oL /
X
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110 Chapter 2 Angle relationships and properties of geometrical figures

m 5 Write down the coordinates of the following points shown on this 3D graph.

>=
5‘

da A D .\s
b B 2;
c C Hint for Q5: Coordinates are
d P listed in the order (x, y, ).
Z
4_
3 'C
/,/2_ /// E
P Jp
i "
: T
1 1
E O il v /l'i /" y
R A S
: // // // : /,
| 7 / ;/
6 Write down the coordinates of the following points shown z
on this 3D graph. 4r
a 4 C
. ) —
b B A A
/, // :
C C // 2',,/ :
d P / 7 |
I/, IIYI_ i
/ J/ |
Lty 0 I 2 3 4 y
h /'I il Vil Al
RV A A
| 4 7 /
i 2 :"“/"’“7‘/'/“7‘/'/“‘//
: 3 : // // // //
: --r- ————/+————/+————/¢
Ay Y. LA
YA B
7 Plot the given points onto this 3D coordinate system. z
a A4((,2,4 M
b B@3,1,2)
c C(0,273) 3
d D401 2
e F (330
f F 4,4,53) 1t
oL 2 3 4y
1
2
3
4
X
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2G Three-dimensional coordinate systems 111

[ Problem-solving and reasoning R _

8 Choose the correct square on the 2D diagram (i, ii, iii or iv) that matches the base of the block from
the 3D diagram.

4 1
- : y
3 [
- 1__:__/' d
2 -
i L:: 2 ’ C
1 i
a b £ d
A /1 L’_i.;‘_l’ /1 ///l yb
E:____,:’_/__ ____// a
C // // // /
A A A A B C D X
D L L/ L/ //’
et
9 Imagine the cube at (A, a, 1) that can only move in three z(Up)
directions: East (x), North (y) or Up (z). How many spaces A
would the cube move in total if it was shifted to the 4
positions with the following coordinates? 3|
a (C,c2 L
b (B, a,3) 2
c (A4 .
d (D,b,2) A,’I'"‘ b _c d >y (North)
e (Cd4) B
f (B,c1
( ) c
D
x(East)

10 A multi-storey carpark has 5 levels and each level is divided into different zones in the same way. The
zones for each level are shown in this diagram. A zone which is in the 4th column (East) and 2nd row
(North) and on the 3rd level is given the coordinates (D, b, 3).

a Give the coordinates of a zone which is: North
i inthe 3rd column East, 2nd row North and on the 4th level. A
il in the 2nd column East, 3rd row North and on the 3rd level. d
C
b
a
» East

0 A B C D
b A caris parked in zone (C, a, 2) and is to move two spaces to the West, three spaces to the North
and up three levels. What are the coordinates of the zone where the car is to be moved?

¢ A caris parked in zone (B, d, 5) and is to move one space to the East, two spaces to the South and
down three levels. What are the coordinates of the zone where the car is to be moved?
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112 Chapter 2 Angle relationships and properties of geometrical figures

B 11 Explain why the position of a drone, for example, needs three coordinates rather than just two
coordinates.

12 A point P can be combined with the origin to form a z
rectangular prism with a certain volume. This diagram 4r
shows the point P producing a rectangular prism with 3l
volume 4 x 3 x 2 = 24 cubic units. Find the volume of the
rectangular prisms formed by the following points. Qpmmmmmmm e 2
a P23 A
b P4,22) o S
¢ P(53,2 o012 B3 4,
d P(7,2,4) P
4-_______________i/
X
— 13

13 A drone is programmed to only move North/South, East/West and up/down in a system using metres

as its units.

a Find the minimum distance the drone will travel if it moves from the origin (0, 0, 0) to the following
points.
i (10,57 ii (20, 35,40) iii (12,29, 18)

b Find the minimum distance the drone will travel if it moves from the point (8, 20, 6) to the following
points.
i (10,28,12) i (2,15,26) i (0,20, 30)

¢ Find the minimum distance the drone will travel if it moves from the point (=2, 16, 21) to the
following points.
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Maths@Work: Jewellery designer 113

Jewellery designer

A designer of jewellery is a creative person
who needs excellent eyesight, a steady hand
and good fine-motor skills for their day-to-day
work. They work with materials such as gold,
silver and gemstones, to create something new
and interesting. Designers need to understand
the chemistry of their materials and the
geometry of design. The angles at which
gemstones such as diamonds are cut can
account for price variation and can even be the | -
difference between a beautiful, sparkling
diamond or one damaged by a chip or crack.

p 4

1 The way that gemstones are cut creates many different designs. The cuts form shapes and angles
which contribute to the brightness, sparkle and value of the gem or diamond. Look at the following
top views and list all the geometrical shapes that you can see in each design.

BomesuIe

a b c
Princess
Magna Cabochon
@ | @) | @
il Standard round Oval

2 Gemstones and diamonds are made from minerals and crystals which naturally form many different
geometrical shapes. Choose the correct name for each solid below from the following list:

Tetrahedron (4 faces), Icosahedron (20 triangular faces), Heptahedron (7 faces), Octahedron (8 faces),
Pentahedron (5 faces), Dodecahedron 12 pentagonal faces).

9 & 4
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Chapter 2 Angle relationships and properties of geometrical figures

Using technology

3 Use geometry software to digitally draw the top view and side view of a diamond-cut design.
You could research diamond-cut designs or choose one from the images below.

7\ N V f

7 | N, /= E

N/ ‘!/“ v A X4 g |
Double English round cut

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
Year 8 Photocopying is restricted under law and this material must not be transferred to another party.



Modelling 115

Ninja warrior logo

At his workshop, Shane is cutting out soft plastic ninja stars to give to people to play on his Ninja Warrior
course.

Shane makes stars which are quadrilaterals with one interior angle greater than 180° like the one shown.
He notices that some of the stars are more popular than others and this seems to depend on the angles
formed at each vertex.

A D
Ninja
star

=
O
o
O
S
Q@

C

Shane works only in multiples of 10 degrees because of the limitation of the equipment that he uses.

Present a report for the following tasks and ensure that you show clear mathematical workings and
explanations where appropriate.

1 Preliminary task

a Shane’s 40-140 Ninja star has acute £ZADC = 40° and obtuse £ABC = 140°.
i With a protractor and a straight-edge/ruler, draw an accurate diagram of a star matching
this description, and mark in the 40° and 140° angles.
ii  Find reflex £ABC.
iii If £ZBAD = 60° find ZBCD.
iv If ZBCD =50° find £ZBAD.

b Shane also has a 50-150 Ninja star which includes acute £ADC = 50° and obtuse
ZABC =150°. Draw an accurate diagram of the star and mark in all the internal angles if:
i  ZBAD =60°.
ii ZBCD=50°.

¢ What do you notice about the 40-140 and 50-150 stars? Explain why they have some
matching angles.
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116 Chapter 2 Angle relationships and properties of geometrical figures

2 Modelling task

Formulate a The problem is to determine all the angles in a range of popular stars so that Shane knows
how to manufacture them. Write and draw all the relevant information that will help solve this
problem, including the rule for the angle sum of a quadrilateral.

Solve b The popular 2x" star has the property where obtuse ZABC =2/ZADC, as shown in the
diagram below.

A D
X

2x

C

i Find all the internal angles if Z£ZADC =70° and ZBAD = 60°. Draw an accurate diagram to
illustrate your star, showing the angle at ZBCD.

i For this type of star Shane knows not to choose ZADC = 40°. Explain why this would not
produce a suitable star. (Hint: Try to draw one, marking in all the angles.)

¢ Another popular type is the ‘2.5x" star, which has the property that obtuse ZABC =2.5£4DC.
i Find all the internal angles if £ZADC = 60° and £BAD = 50°. Draw an accurate diagram to
illustrate your star.
i If Shane only works with multiples of 10° and uses £ADC = 60°, determine the number
of possible stars that he could make.

Eva'u:*e d In the end, Shane decides that the best star is the ‘isosceles star’, which has the property
an

verify that ZBAD = ZBCD. Draw some possible isosceles stars that he could produce, given that it
should contain one interior angle greater than 180° and all angles are multiples of 10°.

Communicate e Summarise your results and describe any key findings.

3 Extension question

a If Shane has the ability to use multiples of 5°, describe some new 2x, 2.5x and isosceles stars
that are now possible to create that were not possible before.

b One type of isosceles star is called the ‘perpendicular star’. It has the segment BC perpendicular
to AD. If the angles at 4 and C are x°, determine the angles at B and D in terms of x for a
perpendicular star.
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3D city model

Key technology: Dynamic geometry

From previous studies, we know that the two-dimensional Cartesian plane allows us to construct and
analyse two-dimensional shapes and graph relationships between two variables. When a third dimension
is added, we can construct and analyse three-dimensional (3D) solids. This is achieved by using a
three-dimensional coordinate system (x, y, z) where all three axes are perpendicular to each other and
intersect at the origin (0, 0, 0). Such 3D coordinates systems are used by engineers and architects to
explore building designs and build city landscapes.

1 Getting started

The 3D coordinate system uses coordinates with three components
(x,y,2). A point P in 3D space will therefore have an x-coordinate, a y-coordinate and a z-coordinate.

a For the point P (3, 4, 3) shown in this set of 3D axes, answer the following.
i State the value of the x-coordinate, y-coordinate and z-coordinate.
ii  What is the height of the point P above the x-y plane?
iii How far is the point P from the x-z plane?
iv How far is the point P from the y-z plane?

A

4_
3=
1==A4=-1P(,4, 3)
o1 213 M

b Use a 3D coordinate system to plot these points.
i (0,24
i (2,53
i 4,1,0)

Bujuiyy jeuoneindwos pue Aojouyoss |
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118 Chapter 2 Angle relationships and properties of geometrical figures

')} 2 Using technology

a Find a 3D dynamic geometry package, like Geogebra 3D, and spend a few moments becoming
familiar with its functions.

b Try constructing a rectangular prism as shown below. This example is shown to be a cube if you
consider the coordinates of the vertices and side lengths.

¢ Label the coordinates of the eight vertices and confirm that they are correct by checking how they
align with the scale on the three axes.

7
G=(2,0,6)6

: ; i B 4 s -
41 C=02,0,0)1 - - | o====memi. e, Sl S
0

3 Applying an algorithm

a We will construct a simple city landscape by adding two or three other rectangular prisms to your
3D graph. Follow this algorithm for each prism.
Step 1: Use the Polygon tool to construct a four-sided polygon on the x-y plane. This is usually
achieved by selecting the tool then clicking at four points on the x-y plane and also at the starting
point again to finish.
Step 2: Use the Prism or Extrude to prism tool to construct a rectangular prism of a certain altitude
of your choice.
Step 3: Adjust the position of your prism (representing buildings) by moving one of the vertices of
the polygon base. Also add gaps between prisms to represent city streets.

b List the coordinates of the vertices of each added building (prism).

Technology and computational think
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Puzzles and games

1 This shape includes 12 matchsticks. (To solve these puzzles all matches remaining = R

must connect to other matches at both ends.)
a Remove 2 matchsticks to form 2 squares.
b Move 3 matchsticks to form 3 squares.

2 a Use 9 matchsticks to form 5 equilateral triangles.
b Use 6 matchsticks to form 4 equilateral triangles.

3 Whoam I?

| was a female mathematician famous for my work and publications on geometry.

Use your answers to the following to unlock the puzzle code.
a b
|
/ 78° A
| > /)

110°
MO

Y

OSN\N°

)
j 4 o i ‘ 53°
—' " | Lo

78 68 60 128 13 128 90 42 96 90 144 53 70

~—_
Y

Y
Y

4 Find the angle between the hour and minute hands on a clock at

these times.
a 11:30 am b 7:45pm
c 6:55pm d 2:34am

28 144 120 36 78

680
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)
L .
©
S
&
-
N
- .
Q
)
Q.
©
=
O

a Ny
Complementary angles

add to 90°
a+25=90

i Vertically opposite angles )

Chapter 2 Angle relationships and properties of geometrical figures

a2° a=65
25°
\ J

Supplementary angles i
add to 180° add to 360°
a+125=180 a+ 240 =360
>1925°/ a=55 a° a=120
aO
240°
|

Angles at

Revolution

Parallel lines
e Corresponding angles

a=40 i
2 20° a |J0ll1t are equal (@ = b)
e Alternate angles
. are equal (a=c)
\ < Lines, shapes e Cointerior angles
and solids are supplementary
s N (@a+d=180)
Triangles b
(Scalene, Isosceles, Equilateral, @
Acute, Right, Obtuse) &
Angle sum = 180°
Scalene Isosceles
ao N\
Polygons
9 S=(n-2)x180°
5 =(5-2)x180°
() ==
a+135=180 2a+50=180 Reqular pentadon
a=145 2a=130 g sty
a=65 a=0-108°
\ J
4 N
[ . ) Quadrilaterals
Exterior angles (Square, Rectangle, Rhombus, Parallelogram,
c=a+b Kite, Trapezium)
Angle sum = 360°
Quadrilateral Para||e|og|'am
b=160 70° 2°
a=120 = -
J
a+315=360 a+70=180
a=45 a=110
\
Solids
Rectangular _______ Triangular prism Square pyramid
prism
(or cuboid or hexahedron) (or pentahedron) (or pentahedron)
[ 7 3D coordinates Z) )
4 41—
3 3
2 2
1
0
X A(2,0,0)
\ J
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A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook.
1 | can name angles in relation to other angles g
e.g. Name an angle which is (a) vertically opposite to £ DOE, (b) complementary to £COB,
and (c) supplementary to ZEOA. -c
C [
5 ¢D
-
)
o 0 A —
D
E (<)
2 | can find angles at a point using complementary, supplementary or vertically -
opposite angles a’
e.g. Determine the value of the pronumerals in this diagram. A
o
b
aO
30°

3 | can find angles using parallel lines and explain my answers using correct
terminology
e.g. Find the value of ¢ in this diagram, giving a reason for your answer.

\ l\/

J
/ﬁ

4 | can use parallel lines to find missing angles in shapes
e.g. Find the value of the pronumerals in this diagram, stating reasons.

b° 72°
aO

5 | can find unknown angles in a triangle using the angle sum
e.g. Find the value of « in this triangle.
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Chapter 2 Angle relationships and properties of geometrical figures

6 | can find unknown angles in isosceles triangles
e.g. Find the value of « in this triangle.
L7
a
26° >
7 | can use the exterior angle theorem
e.g. Find the value of  in this diagram.
. 161°
a
8 | can use the angle sum of a quadrilateral to find unknown angles
e.g. Find the value of the pronumerals in these quadrilaterals.
a o b
100° &
115°
9 | can find unknown angles in quadrilaterals with parallel lines
e.g. Find the value of @ and 5 in this parallelogram.
10 | can find the angle sum of a polygon
e.g. Find the angle sum of a heptagon.
11 | can use the angle sum of a polygon to find unknown angles
e.g. Given that pentagons have an angle sum of 540°, find the value of « in this diagram.
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Chapter checklist

12

I can find the size of each interior angle in a regular polygon
e.g. Find the size of an interior angle in a regular octagon by first finding the angle sum.

13

| can count the faces, vertices and edges of a solid
e.g. State the number of faces, vertices and edges for the solid shown.

14

| can classify solids by their number of faces
e.g. Classify this solid by considering how many faces it has.

] ~

\_J

15

| can name prisms by considering their cross-section
e.g. Name this solid as a type of prism.

16

| can name pyramids by considering their base
e.g. Name this solid as a type of pyramid.
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124 Chapter 2 Angle relationships and properties of geometrical figures

17 | can use grid spaces to describe a position in 3D space.
e.g. Using the given coordinate system, give the coordinates of the red cube.

X

r

w Az

o D L

2 i

[ ) 3

D o ;
u 1 a ,_};—;*0 . d >y
B . A _/_;_/Z_ 7
afud C

= 1 D

= ’

(i)

18 | can describe a point in three-dimensional space using an (x, y, z) coordinate
system.
e.g. What are the coordinates of the points 4, B, C and P?

N
!

2
A /B
3
¥
X
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Short-answer questions

I 1 Find the value of a in these simple diagrams.
a b

aO
40° 2

ydey)

9 120°

P
;
/g

MOIADJ 1O

29°

I 2 These diagrams include parallel lines. Find the value of a.
a b

81°
g4 a°

e \

103°

i

(=1
T

51°

I 3 Decide if these diagrams include a pair of parallel lines. Give reasons.
a b c

> 69° |
/ . 40“6 >
69°

120°

&

X
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Chapter review

Year 8

Q0T

Chapter 2 Angle relationships and properties of geometrical figures

1D 4 Give a name for each triangle and find the value of a.

b A

>

71°

I 6 Name the quadrilateral(s) which have:

all sides equal in length

one pair of parallel lines

two pairs of equal length sides
diagonals intersecting at right angles
equal length diagonals.

I 7 Find the value of a and b in these quadrilaterals.

b
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3D 38 Find the angle sum of these polygons using S = (1 — 2) x 180°.
a Heptagon
b Nonagon
¢ Dodecagon

B 9 Find the size of an interior angle of these regular polygons by firstly finding the angle sum.
a Regular pentagon
b Regular dodecagon

ydey)

B 10 Name the polyhedron that has:
a 6 faces
b 10 faces
¢ 11 faces

MOIADJ 1O

I 11 What type of prism or pyramid are these solids?

a . b c
| T %

I 13 Give the coordinates of the following points.

Z
a 4
b B
c C
d D
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Chapter 2 Angle relationships and properties of geometrical figures

Multiple-choice questions

I3 1 Whatis the name given to two angles that add up to 90°?
A Right

Supplementary

Revolutionary

Complementary

Vertically opposite

moow

2 Two angles on a straight line add to:
A 180° B 90° C 45°
D 270° E 360°

K

3 The value of a in this diagram is equal to:
A 45 B 122 C 241 119°
D 119 E 61 a°

4 A pair of alternate angles in parallel lines:
A are not equal B are vertically opposite
C are equal D are complementary
E are supplementary

5 The rule for the angle sum S of a polygon with n sides is:

A S=nx180° B Sxn=180° C S=m-1)x180°
D S=m-2)x180° E S=m+2)x180°
6 The compass bearing for north-east is:
A 90° B 45° C 305°
D 60° E 180°

7 The name given to an eleven-sided polygon is:
A heptagon B elevenagon C decagon
D dodecagon E hendecagon

8 The angle sum (using S = (n — 2) x 180°) of a hexagon is:
A 720° B 540° C 900°
D 1080° E 360°

9 The size of one interior angle of a regular hexagon is:
A 135° B 180° C 120°
D 720° E 108°

How many edges does a rectangular prism have?

A 10 B 4 C 6
D 12 E 8
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Extended-response questions

1 This regular polygon has 9 sides.
a Find the angle sum using S = (n — 2) x 180°.

b Find the size of its interior angles correct to the nearest

degree.

¢ Find the size of its exterior angles correct to the nearest

degree.
d The polygon is used to form the ends of a prism.
For this prism find the number of:

i faces
ii vertices
iii edges.

2 A modern house plan is shown here.

a List the names of at least three different polygons that you see.

b Find the values of the pronumerals a — f.

[T 7 °
dO
bO
29°

o

110°

eO

] o 20°

Hints:
a is an angle inside a rectangle

¢ is alternate to 29° inside parallel lines

Try f without a hint!

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724

For b, first find the angle next to 4 inside the small triangle

d is inside a hexagon, so first use S = (n —2) x 180°
e is outside a quadrilateral (angle sum is 360°) and angles in a revolution add to 360°
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interior angle

<— exterior angle
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80°

40°
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In this chapter

3A Equivalent fractions (Consolidating)
3B Operations with fractions

3C Operations with negative fractions *

3D Understanding decimals
(Consolidating)

3E Operations with decimals

3F Terminating, recurring and rounding
decimals

3G Converting fractions, decimals and
percentages

3H Finding a percentage and expressing as
a percentage

31 Decreasing and increasing by a
percentage

3) Calculating percentage change *

3K Solving percentage problems using the
unitary method

Australian Curriculum 9.0

NUMBER

Recognise irrational numbers in applied
contexts, including square roots and &
(ACOMBNO1)

Recognise terminating and recurring decimals,
using digital tools as appropriate (AC9M8NO03)

Use the 4 operations with integers and with
rational numbers, choosing and using efficient
strategies and digital tools where appropriate
(AC9MBNO04)

Use mathematical modelling to solve practical
problems involving rational numbers and
percentages, including financial contexts;
formulate problems, choosing efficient
calculation strategies and using digital tools
where appropriate; interpret and communicate
solutions in terms of the situation, reviewing the
appropriateness of the model (ACOM8NO5)

© ACARA

N2

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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10

1

Chapter 3 Fractions, decimals and percentages

Match the following words to the types of fractions:
A whole number B improper fraction C proper fraction D mixed numeral

2 2 10 7
a 15 b 7 c 2 d 4
How many quarters are in:
a 1 whole? b 2 wholes? ¢ Swholes?
Complete the following.
a 1l=|;| b 21:@ c 12=2 d 1§:|;|
2 2 4 4 3 W 5 5
Fill in the blanks.
a 3_15 p 3L ¢ 2.1 g 20 _L
4 ] 6 2 3 6 100 5
e 3L p 3L g 1.3 p LU
10 100 5 100 20 [] 25 100
What fraction is shaded?
a b
Match the fractions on the left-hand side to their decimal form on the right.
1
a 5 A 3.75
1
b 100 B 0.25
c o C 0.0l
20 ’
d 33 D 05
1 .
e 1 E 0.15
i .
Find:
1,1 1 11
a 5ty b 0.5+§ c 3 13
d 03+0.2+0.1 e 242 f 05x%x6
Write as i simple fractions ii decimals.
a 10% b 25% c 50% d 75%
Find 10% of:
a $50 b $66 ¢ 8km d 6900 m
Find:
a 25% of 40 b 75% of 24 ¢ 90% of $1
Copy and complete the following table.
; 3 2
Fraction 1 5 2
Decimal 0.2 0.99 1.6
Percentage 15% 100%
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3A Equivalent fractions 133

3A Equivalent fractions

e To understand what equivalent fractions are.
e To understand that fractions have a numerical value, and two distinct fractions can have the same numerical value,

ike 3 6
like 3 and 10
e To be able to simplify fractions.
Key vocabulary: fraction, numerator, denominator, equivalent, simplify, simplest form

Fractions are made when whole numbers are broken into parts.
This diagram shows the parts of a fraction.

4 —> numerator: parts taken from the whole
7 — denominator: number of equal parts
the whole is broken into

Think ‘u’ for ‘up the top” and ‘d’ for ‘"down the bottom.

(—4 parts selected
"

Numerator —— 4
Denominator — 7
Rural properties are

A\The whole is divided into 7 parts.
broken up into paddocks.

There are 7 equal parts in the whole and 4 of them are shaded. The paddocks are a

Equivalent fractions are fractions that represent equal portions of a whole fractional proportion of
the property as a whole.

amount and so are equal in value. The skill of generating equivalent fractions is  Farmers can use this

needed whenever you add or subtract fractions with different denominators. design to diversify their
crops.
8 _2_1
16~ 4 2
;’V‘_/

These equivalent fractions
have the same value.

Fractions are very important whenever we measure or compare. Chefs use them when baking.
Builders use them when mixing concrete. A musician can even use fractions when composing music.

o Lesson starter: Know your terminology

It is important to know and understand key terms associated with the Hint for lesson starter:
study of fractions.
As a class give a definition or example of each of the following key terms.

e Numerator e Equivalent fraction mixed - improper
numeral  fraction
e Improper fraction e Multiple
* Lowest common multiple (LCM) e Lowest common denominator /I §
e Denominator * Proper fraction
. Hint for lesson starter:

*  Mixed numeral * Factor 7 < numerator
e Highest common factor (HCF) 3 <— denominator

This is an improper fraction.

Do you know why?
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134 Chapter 3 Fractions, decimals and percentages
Key ideas

® Equivalent fractions are equal in value. They mark the same place on a number line.

e.qg., % and % are equivalent fractions.

P equivalent
0 1 2 3 4 3
5 5 5 5 5 5
0o 1 2 3 4 S5 |6/ 7 & 9 10
10 10 10 10 10 10 10 10 10 10 10

® Equivalent fractions are made by multiplying or dividing the numerator and denominator by the
same number.

208 AL A
e.g.z><§:§ 2 1_0 g B 2
7 35 2{/7

X5 +3

® A fraction can be cancelled down (simplified) if the top (numerator) and bottom (denominator)
have a common factor, other than one.

Hint for Key ideas: 6 is the

12 2 HCF of 12 and 18. ¢ ‘cancels’
18 3 0
\_{ to 1 because 6 ~ 6 = 1.

® The simplest form of a fraction is when the numerator and denominator have no common factors

other than one.
e Two fractions are equivalent if they have the same simplest form.

[ Understanding I 1-4 3,4
1 Fill in the missing numbers to complete the following strings of equivalent fractions.
a X3 b X2 X2 X2 ;
@\ TN T N N
4
3 = % = JAN - = % = 2_|:8| = % Hint for Q1: Remember always
3 A 7\_/ N AN A X or + the top and the bottom
Yg%/( <2 <2 X2 by the same number!
so_25_ 10 LJ_1 0 1.2 3 4
100 D_D_IO_D S_D_D_D
2 Which of these two fractions is equivalent to %; % or 32
3 Which of the following fractions can be cancelled down (simplified)?
3 10 8 5 3
A 7 B 12 ¢ 6 D 9 E 9
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3A Equivalent fractions 135

4  Are the following statements true (T) or false (F)?

a land éll are equivalent fractions.

2
b % and % are equivalent fractions.
¢ The fraction g is written in its simplest form.
can be simplified to 2

14
d 3
2

21

11

1 : :
€ 39 and ) and [gare all equivalent fractions.

f %can be simplified to %

[ Fluency | 5904 6-0(%)

Rewrite the following fractions with a denominator of 40.

3 1 36
5 2 120
Solution Explanation
3_24 x8  Multiply the numerator and denominator by 8.
5 40 PN
3 _ 0
5 740
N7
x8
%: % x20 Multiply both numerator and denominator by 20.
RN
r_0
3%
%20
36 _ 12 . i
20 = 20 +3  Divide both numerator and denominator by 3.
VR
36 _ 0
120 ~ 40
N
<3
Now you try
Rewrite the following fractions with a denominator of 32.
3 1 8
8 4 64

5 Write the missing number in these fractions with a denominator of 24.

[]
&

S B N N e 3\
3 2 8 24 2 24 12 24
Hint for Q5: Multiply
5_|:| f 5_|:| 3_|:| h 7_|:| or divide top and
e 6 24 1~ 24 9 4724 824 bottom by the same
number.
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136 Chapter 3 Fractions, decimals and percentages

m 6 \Write the missing number in these fractions with a denominator of 30.

, 1 U p 2. o 5 U g 3.4
53 6 30 10 30 1 30
o 2.1 ;2 L g 5_ b o150 _LJ
3 30 60 30 2 30 300 30
7 Find the missing value to make equivalent fractions.
, 1L p 1211 c 2.4 g 31
5 10 5 100 5 W 4 40
s 2_12 (36 g 1L w90 L
3 [] 2 [] 10 2 100 10
2 114 K 1oL , u U
5 15 9 ] 14 W 3 10
m 4 n 880 o 3 - ) 1.2
3 21 5 H 12 60 11 H
Write the following fractions in simplest form.
8 25
20 15
Solution Explanation
+4 The HCF of 8 and 20 is 4.
TN
2§ _ Z Both the numerator and the denominator are
OYS divided by the HCF of 4.
+5 The HCF of 25 and 15 is 5.
VN
%—5 =3 Both the numerator and the denominator are
S divided by the HCF of 5.
%3
Now you try
Write the following fractions in simplest form.
10 40
24 25

8 Write the following fractions in simplest form.

2 3 8 14
4 bg ¢ 10 9%
3 4 10 15
: ? f 8 : 12 ' 18 Hint for Q8: Divid
inttor Qo: Diviae
i % i é—(z) k %—g | % by the HCF of the
s » 170 Y numerator and
LTl &4 12V o4 denominator.
M9 " 20 ° 100 P g
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3A Equivalent fractions

@ 9 Many calculators give the simplified fraction after you press ‘=". Use a calculator to simplify

these fractions.

36 b 16

4 20 12

—_
wn
(@)

14 28 32
56 45 ¢ 23 f

W
—_—
[\

[ Problem-solving and reasoning | on [T

10 Each diagram below shows a fraction of the whole. Write each shaded fraction in more than one way.

a b

c d

11 a Thomas ate éll of a 250 gram block of chocolate. Mary ate % of her 250 gram block. Who ate the

most chocolate?

b A pizza is cut into eight equal pieces. Sian ate 2 slices of pizza, Callum had 4 slices. What fraction

of the pizza is left?

12 Write down four fractions that when simplified equal %

13 Bozzo the Clown, shown below, is holding five balloons with fractions on them. Which balloon is the

odd one out?

14 In these diagrams assume that the sides are divided evenly. Find the fraction that is shaded.

a

=

Essential Mathematics Core for the Australian Curriculum
Year 8
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Chapter 3 Fractions, decimals and percentages

3B Operations with fractions

e To be able to add and subtract fractions by first finding the lowest common multiple (LCM) of the denominators.
e To be able to multiply and divide fractions.
e To be able to perform the four operations on mixed numerals, converting to improper fractions as required.

Key vocabulary: lowest common multiple (LCM), lowest common denominator (LCD), reciprocal, numerator,
denominator, mixed numeral, improper fraction

This section reviews the different techniques involved in adding, subtracting, multiplying and
dividing fractions.

Proper fractions, improper fractions and mixed numerals will be considered for each of the four
mathematical operations.

O Lesson starter: Shading fractions

In pairs, draw and shade this grid to help work out the following fraction questions.

1.1 7 _1 1
273 * 1273 2

of

N [—

What rules do you know for adding, subtracting, multiplying and dividing fractions?

Key ideas

® Adding and subtracting fractions
e To add or subtract fractions, convert to the same denominator.
When the denominators are the same, just add or subtract the numerators.

e.g.

8 8

* The lowest common multiple (LCM) of the denominators is used if the denominators are
different. This is called the lowest common denominator (LCD).

5 4 1
8

1,1_3,2
eg.5+t3=cte
_3
6
® Multiplying fractions eq 1lx4_3.4
e Convert to improper fractions (if needed) 9-12%7732%7
e Multiply the numerators together 3 % 4
e Multiply the denominators together %7
e Simplify your answer 12
T 14
_6
7
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3B Operations with fractions

® Dividing fractions

e To divide by a fraction, remember to flip the fraction after There are 2 quarters
the division sign upside down, then multiply. in one half.
1.1_1.4
€9.32747271
=2

% upside down to become g is called taking its reciprocal.

Exercise 3B

[ Understanding | 14 4

® To flip a fraction

1 a Which two operations require the denominators to be the same before proceeding?
b Which two operations do not require the denominators to be the same before proceeding?

2 State the lowest common denominator for the following pairs of fractions.

1.3 2.5 1.7 5. 13
4 5%y b 5*3 ¢ 25710 ¢ 373
3 Rewrite the following equations and fill in the empty boxes.
2.1 79 4.3 5.2
4 3%y b 37T ¢ 13%3 ¢ 7+3
_s LI o L3 s
12 12 16 16 775 7T—2
11 O O 15 DQ
W 16 35 ] g\?\\?
4 State the reciprocal of the following fractions. ,,2‘57\
a 2 b 3 c 3 1 d 1 1 Hint for Q4: Reciprocal means
8 2 4 11 to turn upside down. Convert
mixed numerals to improper
fractions first!
f Fluency | 5-7(%2), 8,9(Y2) | 5-1(2), 8, 9('2), 10(*2)
Evaluate.
3.4 5.3
573 374
Solution Explanation
%+% =1 The denominators are the same so simply add
the numerators.
12 Three fifths plus four fifths equals seven fifths.
S The final answer can be written as a mixed numeral.
Continued on next page
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140 Chapter 3 Fractions, decimals and percentages

5.3_20_9
3 4 12 12
_11
12
Now you try
Evaluate.
7_5
6 6
5 Evaluate.
1.1
4 3%3
1_7
d 10 10
5,7
9 8*%%
3.4
S TR
Evaluate.
5,93
38+24
Solution
5.,53_29
38+24_-8+
:%4—
:5—1:
8
1_45_5_1
22 16_2
_15_
6
:é:
6
Now you try
Evaluate.
1.4
23+15

Essential Mathematics Core for the Australian Curriculum

Year 8

Lowest common multiple of 3 and 4 is 12.
Write equivalent fractions with a LCD of 12.
S5_5x4 3_3x%3

3 3x4"4 4x3

The denominators are now the same, so subtract the

numerators.
3.7
8"%

7_1 &
fi
f 7_2 Hint for Q5: Convert to a common

9 9 denominator if required.

i 342
' 4TS
BRI

18 6

1_¢5
2 2 ! 6

Explanation

Convert mixed numerals to improper fractions.
The lowest common multiple of 8 and 4 is 8.
Write equivalent fractions with LCD.

Add numerators together, denominator
remains the same. Convert the answer back to
a mixed numeral if required.

Convert mixed numerals to improper fractions.
The lowest common multiple of 2 and 6 is 6.
Write equivalent fractions with LCD.

Subtract numerators and simplify the answer.
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3B Operations with fractions 141

6 Evaluate. Write final answers as mixed numerals.

1,3 2,51 i
a 37+ 17 b 7§+2§ /]
c 3% -1 % d § S 71 Hint for Q6: You can add the

11 11 wholes first if you prefer.
3242323424243
e 54141 fo172+41 874 8 4
36 7 2 Z545,6
T 838
1_53 2_53 s, ll_¢3
9 63723 h 45728 . =5+ =63 Yy,
Evaluate.
2.3 813
577 517
Solution Explanation
% X % = % i 3 Multiply the numerators together.
Multiply the denominators together.
= 3—65 The answer is in simplest form.
8 13- 81 i i 3_7
s x 1 1=7s X W Use improper fractions, 14 =7
14 Cancel any numerator with any denominator.
-5 Multiply the numerators 2 x 7 = 14
54 Multiply the denominators 5 x 1 =5
s
Now you try
Evaluate.
63 93l
773 2733

7 Evaluate. g
3.1
4 5%y b ,

2.5
9%7
7.6 5.8 Hint for Q7: Look to cancel first
¢ 5%3 d 379 (if possible.
4 3 12, 5
® 978 RTIT;
12, 2 24,5
9 9%5 h 53 =
o ;\j ﬁ'.
8 Evaluate. m
a 23x14 b 3241
4 3 773 Hint for @8: Convert to improper
1 3 1 1 (fractions first.
c 46 X3 3 d 10§ X3 3
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142 Chapter 3 Fractions, decimals and percentages

Evaluate.
2.3 1.1
£+ 3 24 : 13
Solution Explanation
2.3_2.7 - - - »
S+ =ZX= Change =+ sign to a x sign and flip the divisor.
5 7 53 .
Multiply by the reciprocal.
_14 Proceed as for multiplication.
15 Multiply numerators together and multiply
denominators together.
2% +1 % = % + % Convert mixed numerals to improper fractions.
Change =+ sign to a x sign and flip the divisor.
= % x% Multiply by the reciprocal. The reciprocal of
4.3
Jis=.
_27_ lu 374
16 16 Multiply and simplify.
Now you try
Evaluate.
4.3 2.1
5°7 65 ' 12

9 Evaluate the following. *
2 = b L2 c + =

1 8 .11 11 .5
573 375 7772 373
e §_§ ¢ m_l é_i h 2_2 Hint_for09: .
477 573 g 57170 35763 Multiply by the reciprocal.
2eB RS
9 5 973
10 Evaluate the following.
4 2 1 1
a l=-+1% b 3Z+8=
7 3 S 3 ( Hint for Q10: Convert to
| 2 2; l improper fractions first.
c 3§ : 27 d 64 : 26

[ Problem-solving and reasoning | o [z

11 There are 30 students in Miss Mac’s maths class. Find out how many students there are in each of the
following groups.

1 of the class had brown hair.

a
3
b %of the class came to school by bus.
c %of the class spoke English at home.
d 11—0 of the class liked maths.
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3B Operations with fractions 143

12 Max and Tanya are painting a large wall together, which is split equally into two halves. Max paints the
left half of the wall at the same time as Tanya paints the right half. Max has painted % of his half and

Tanya has painted % of her half.

a What fraction of the overall wall has max painted? Calculate % X % to find this.

b What fraction of the overall wall has Tanya painted?

— 13
@ 13 Use a calculator to find the answers to the following.
a % X ‘l‘ =+ 1 %
b 1%+4%—%
R
d (1 %+ 2%) x ‘g‘
e What is the lowest common denominator for:
Lrleledp
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144 Chapter 3 Fractions, decimals and percentages

3C Operations with negative fractions

e To understand that the techniques for adding, subtracting, multiplying and dividing positive fractions also apply to
negative fractions

e To understand that the rules for positive and negative integers also apply to fractions
e To be able to add, subtract, multiply and divide negative fractions and mixed numerals
Key vocabulary: negative, LCM, LCD, reciprocal, numerator, denominator, mixed numeral, improper fraction

The English mathematician named John Wallis (1616—-1703) invented a number line that displayed
numbers extending in both the positive and negative directions.

So, just as we can have negative integers, we can also have negative fractions. In fact, each positive
fraction has an opposite (negative) fraction. Two examples are highlighted on the number line below:

-«
-

L
T T T T T T T -

322 2 -1 -

D[ —

1
2

O Lesson starter: Where do you end up?

A
Y

You are given a starting point and a set of instructions to follow. You must determine where the finishing
point is. The first set of instructions reviews the addition and subtraction of integers. The other two sets
involve the addition and subtraction of positive and negative fractions.

e Starting pointis 1. Add 3, subtract 5, add —2, subtract —4, subtract 3.
Finishing point = |

e Starting point is 0. Subtract §, add % add — ‘—5‘ subtract % subtract —

DN |Ww

Finishing point =| |

1 1 1
=, subtract T3 add G

. 1 3 1 B
e Starting point Is 5. Subtrath, add 3 subtract >

Finishing point =[]

® The techniques for +, —, X, + positive fractions also apply to negative fractions.
® The arithmetic rules we observed for integers (Chapter 1) also apply to fractions.

® Subtracting a larger positive fraction from a smaller positive fraction will result in a negative fraction.
1_2_3_10__7
For example: 573775 15° 7

® Adding a negative fraction is equivalent to subtracting its opposite.
A (C1\ 1o ()11
For example: >t ( 3> =5 <+ 3) 573

® Subtracting a negative fraction is equivalent to adding its opposite.

A (11, (L) 1,1
Forexample.z (3)—2+<+3> 513
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3C Operations with negative fractions 145

® The product or quotient of two fractions of the same sign (positive or negative) is a positive fraction.

. Product:%x%:% or —%x<—%>:12_5
° Quotient:%+%:% or —%+(—%):%
® The product or quotient of two fractions of the opposite sign (positive and negative) is a negative
fraction.
. Product:%x(—%):—% or —%x%:—%
. Quotient:%+<—%)=—‘l1 or —%+%=_4l1
[ Understanding | 13 2,3
1 Using a number line from —4 to 4, indicate the positions of the following negative and positive fractions.
a —% b 13
c —3% d _%

2 State the missing fractions to complete these sentences.

a Adding <— %) is equivalent to subtracting

o

Adding % is equivalent to subtracting

Subtracting (— 3) is equivalent to adding

5
Subtracting % is equivalent to adding

o

Q

3 State whether the answer for the following expressions will be positive or negative. Do not evaluate
the expressions.

3 (=1 51

e 5X< 3) bmI5X
S.(=3 1. (gl

c 3.< 5) d 21 (83>

Dome Argus is in an inland Antarctic weather station. Summer
temperatures can reach —20%°C and a winter temperature of

X

—82LoC has been recorded. Scientists calculate the difference as:

2
—821— (—203) =-613°C.
2 4 4
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146 Chapter 3 Fractions, decimals and percentages

[ Fluency ) 5-8(%%)

Simplify:
2 S 2_(_4
7 7 3 3
1. (_1 _T_ (32
§+( 4) 3 33)

Solution Explanation

2, (-3)Y_-2_5
5+ ( 7) =573 Adding — |s equivalent to subtractlng 7
__3
7
2_(_4)\_2.4
3 < 3> =313 Subtracting — 3 4is equivalent to addlng 3
_6_
== 2
1 (-1y=1_1 Adding —— is equivalent to subtracting + 1
5 4) 5 4 4 4
_4_5 i
=35~ %0 The LCM of 5 and 4 is 20.
__1 Write equivalent fractions with LCD of 20.
20 Subtract the numerators.
“I_(32Y\__T7,32 ing =32 i ing 32
3 < 3 3> =—3+ 3 3 Subtracting —3 30 equivalent to adding 3 3
= —%+% Convert mixed numeral to improper fraction.
_4_1 Denominators are the same, therefore add
3 3 numerators =7+ 11 = 4.

Now you try
Simplify:

3 (-2) (4
(4 +(2)

4 Simplify

0 5

uﬂ»—
(SN
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5 Simplify:

a §+2

s
6 Slmpllfy )

1, (_1
+ 3

l 3
2 5
_3_ (=5
2 4
_1_(41
5 4
Simplify:
2. (_4
(-9)
Solution
2. (-4\__8
§X< 5) 715
_6.,.(_3\_6,3
5% ( 4) ~5%%
_3.3
=572
-9
10

Now you try
Simplify:

()

7 Simplify:

[

+ (O[S
—~ +

|

(=1 o

-
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[9,1[9%)

~—
«
Bl—
|

/I\

Al
~

O QW
| +
/\/_I\

|
(OB
N A

w|oco R|n
|
/\A

Explanation

Hint for Q6: First
find a common
denominator.

The two fractions are of opposite sign so the

answer is a negative.

The two fractions are of the same sign, so the

answer is a positive.

Cancel where possible, then multiply
numerators and multiply denominators.

_2.8
b =5xqT
5, (-3
¢ -5%(-3)

ISBN 978-1-009-593-724
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Hint for Q7: First
multiply the positive

versions of each
fraction.
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Simplify:
_2. (.3 11,
2. (-2) s
Solution Explanation
_2. . (3y__2,(_-4 i _3)is (-4
5+ ( 4) =-5X ( 3> The reciprocal of ( 4> is ( 3).
= % x%‘ The two fractions are of the same sign so the
3 answer is a positive.
15 The answer should be in simplest form.
— l; = —é l | | l
13 =3 3%3 The reciprocal of 3 is 3
= —g The two numbers are of opposite sign, so the
answer is a negative.
Now you try
Simplify:
2. (-3) s
8 Simplify:
a -2.3 p 1.5 _ _
774 479 Hint for Q8: Flip the
second fraction to
c - 2.(_5 d - 4. (_1 find its reciprocal.
3 4 9 3
_4. _3.
e 7 2 f 5 4
ql. —sl. (-
g 12 = (=2) h 53 : ( 2

f Problem-solving and reasoning

9 Toolapool has an average maximum temperature

of 13%°C and an average minimum temperature

of —3%°C. Average temperature range is
calculated by subtracting the average minimum
temperature from the average maximum
temperature. What is the average temperature
range for Toolapool?
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3C Operations with negative fractions 149

10 Arrange these fractions in increasing order.
31 .5 3 411 141
4" 2" 3" 4" "2'16" 5'710
11 Xaio aims to get, on average, 8 hours of sleep per week night. On Monday night he slept for 6% hours,

on Tuesday night 7% hours, on Wednesday night 5% hours and on Thursday night 8%1 hours.

a State the difference between the amount of sleep Xaio achieved each night and his goal of 8 hours.
Give a negative answer if the amount of sleep is less than 8 hours.

b After four nights, how much is Xaio ahead or behind in terms of his sleep goal?

¢ If Xaio is to exactly meet his weekly goal, how much sleep must he get on Friday night?

12 Maria's mother wants to make 8 curtains that each require 21 metres of material in a standard width,

5
but she only has 16%1 metres. She asks Maria to buy more material. How much more material must

Maria buy?

13 Place an inequality sign (< or >) between the following fraction pairs to make a true statement. (Note:
You can use a number line to decide which value is greater.)

. a0
e 3003 4 -3y
e 2%5—4% f om—ﬁ
. 405 » -40-3

= 14,15

14 It is possible to multiply two negative fractions and obtain a positive integer. For example,

5 2
A positive and a negative fraction multiplying to a negative integer
A positive and a negative fraction adding to a positive integer
A positive and a negative fraction adding to a negative integer
Three negative fractions multiplying to a positive integer

~4y <— §> = 2. For each of the following, give an example or explain why it is impossible.

Q0 T o

15 Do not evaluate the following expressions, just state whether the answer will be positive or negative.

(D<)
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Chapter 3 Fractions, decimals and percentages

3D Understanding decimals

e To understand place value in a decimal.

* To be able to compare two or more decimals to decide which is largest.

e To be able to convert decimals to fractions.

e To be able to convert fractions to decimals, in cases where the denominator’s only prime factors are 2 and/or 5.

Key vocabulary: decimal, decimal point, place value, fraction

Decimals also represent ‘parts of a whole’. They represent fractions with denominators of 10, 100, 1000...
The decimal point is used to separate the whole number and the fraction part.

17 _
3100 3.17

In this section, we review some decimal concepts from Year 7.

O Lesson starter: Decimals around us

In pairs, list at least five places where decimals are used and give a specific example for each one.

Key ideas

® The place value table is extended for decimals.

-~
\S \102\ 101\ \ Decimal /101/102/%03/ 5 Value increasing
point by 10 times for each

place movement

Decimal ——— >
fractions Yalue decreasing

by 10 times for each
place movement

538 5,3 8
794.538 = 7941000 7OO+90+4+E+m+m

® Comparing and ordering decimals.
To compare two decimal numbers with digits in the same place-value columns, compare the
left-most digits first. Continue comparing digits as you move from left to right until you find
two digits that are different.
e.g. Compare 362.581 and 362.549.

362.581
362.549

the 1st digit that is different: 8 > 4
S0 362.581 > 362.549

® Converting decimals to fractions
e Count the number of decimal places used.
e This is the number of zeroes that you must place in the denominator.
e Simplify the fraction if required.

64 _16
e.9.0.64 =156 =25
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3D Understanding decimals

® Converting fractions to decimals
e |f the denominator is a power of 10, simply change the fraction directly to a decimal from your
knowledge of its place value.
239
€.9-7000 = 0.239
¢ |f the denominator is not a power of 10, try to find an equivalent fraction for which the
denominator is a power of 10 and then convert to a decimal.

3_3x5_15 _44;5

€9-30=20x5 100

e |f the above two methods are not suitable, divide the bottom (denominator) into the top
(numerator).

0.125

1
e.g. 8 1'102040 §=0125

[ Understanding l 1-4 3,4
1 Which of the following is the mixed numeral equivalent of 8.17?
1 17 1 17 17
A 87 B Sﬁ (¥ 81—7 D SW E SW
2 Which of the following is the mixed numeral equivalent of 5.75?
75 25 3 15 75
A SE B 5% c 54—1 D 5% E 5—1000
ch deci - 1,5,
3 Which decimal number is equal to 4 + 0" 100"
A 4.015 B 40.15 C 4.15 D 41.5 E 4.105
ch deci | 3,7,
4 Which decimal number is equal to 20 + 0" 000"
A 20.037 B 2.307 C 237 D 20.37 E 20.307
[ Fluency | 59m) 5-10(%)
Which is larger?
57.89342 or 57.89631
Solution Explanation
57.89631 is larger. Write underneath each other.
57.89 (3) 42
57.89 (6) 31
T
1st digit different from left to right 6 > 3
3 . 6
1000 1000
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152 Chapter 3 Fractions, decimals and percentages
m Now you try

Which is larger?
2.14073 or 2.14039

5 Write down the larger decimal in each pair.

a 36.485 37.123
b 21.953 21.864
¢ 0.0372 0.0375

d 421753 4.21809

65.4112 64.8774
9.5281352  9.5281347

b3

Hint for Q5: Compare digits from
left to right.

6 Decide if each of the following statements is true (T) or false (F).

a 2-06

c

e

5

1 _o01

100

0.504 > 0.54

11_ 55 _
20 100‘5'5
d 3.6<0.36
f 0.65<0.645

Convert the following decimals to fractions in their simplest form.

0.725 5.12
Solution Explanation
% = % Three decimal places, therefore three zeroes in denominator.
0.725 = 725 thousandths.
511—20 = 5% Two decimal places, therefore two zeroes in denominator.
0.12 = 12 hundredths.
Now you try
Convert the following decimals to fractions in their simplest form.
0.58 12.65
7 Convert the following decimals to fractions in their simplest form.
a 0.31 b 0.537 ﬁ
¢ 03815 d 0.96
e 335 f 822 Hint for Q7: Don’t forget to
g 268 h 8.512 simpliy.
i 0.052 j 6.125
k 317.06 I 0424
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3D Understanding decimals

Convert the following fractions to decimals.

239 9
100 25
Solution Explanation
239 _ 539 _ . . :
== =2="=239 Convert improper fraction to a mixed numeral.
100 100 ) :
Denominator is a power of 10.
9 _36 _34 9 _9x4 _ 36
25 100 25 25x4 100

Now you try
Convert the following fractions to decimals.

2341 17
1000 40

8 Convert the following fractions to decimals.

17 301 45
4 100 b 7000 ¢ 100
6 67 674
¢ 15 ¢ 100 " 1000
15 el i L
9 100 " 100 ' 10
17 118 41
I 10 K 100 ' 7000
9 Convert the following fractions to decimals.
3 A S 7
4 25 b3 ¢ 32 43
Hint for Q9: Convert to a
11 3 17 29 :
e 10 f 3 g 75 h 15 Genommatorof 10, 100 or 1000.
10 Convert the following mixed numerals to decimals and then place them in

descending order.
252425210
Hint for Q10:
2 descending
3 is going
x down

1

from largest

Qsmallest j
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154 Chapter 3 Fractions, decimals and percentages

[ Problem-solving and reasoning | w2 [

11 The distances from Nam’s locker to his six different classrooms are listed below:
e Locker to room B5 (0.186 km) e Locker to gym (0.316 km)
e Locker toroom Al (0.119 km) e Locker to room C07 (0.198 km)
e Locker to room P9 (0.254 km) e Locker to BW Theatre  (0.257 km)
List Nam’s six classrooms in order, from the closest classroom to the one furthest away from his locker.
12 The Prime Minister's approval rating is 0.35, while the Opposition Leader’s approval rating is %
Which leader is ahead in the popularity polls and by how much?
13 Jerome wishes to dig a hole 1.5 metres
deep.
Michael has dug a hole I%metres deep.
a Whose hole will be the deepest?
b How many centimetres difference is
there in the depth of each hole?
14 Write down a decimal that lies between the pairs of fractions.
12
a 3 and 10
3
b a and 1
c 1 and 3 Hint for Q14: A number line may help
4 4 1 2 3 4
1 7 - 5 5 5 5
d = and _ - T T T T T T T T T T T T T
5 10 0 1 2 3 4 1 3 1
10 10 10 10 2 4
— 15
15 Complete the following magic squares using a mixture of fractions and decimals. 3
a b
2.6 14 08 | 1.8 3.2
5 Hint for Q15: Each row,
column and diagonal add
6 to the same number in
3 3.0 2.0 0.6 each magic square. It's
the MAGIC number!
4.2 2.8
0.2 2.6
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3E Operations with decimals

3E Operations with decimals

e To be able to add and subtract decimals.
e To be able to multiply decimals.

¢ To understand that multiplying and dividing by powers of 10 involves moving the digits left or right of the
decimal point.

e To be able to divide decimals.
Key vocabulary: decimal point, power of 10, divisor, dividend, quotient

This section reviews the different techniques involved in
adding, subtracting, multiplying and dividing decimals.

o Lesson starter: Match the phrases

There are seven different sentence beginnings and
seven different sentence endings below. Your task is to

match each sentence beginning with its correct ending. G%ET
When you have done this, write down the seven correct S
sentences. \ —
Precision electronic measuring instruments give a
decimal read-out.
Sentence beginnings Sentence endings
When adding or subtracting decimals the decimal point moves two places to the right.
When multiplying decimals the decimal point in the quotient goes directly above
the decimal point in the dividend.
When multiplying decimals by 100 make sure you line up the decimal points.
When dividing decimals by decimals the number of decimal places in the question must
equal the number of decimal places in the answer.
When multiplying decimals the decimal point moves two places to the left.
When dividing by 100 start by ignoring the decimal points.
When dividing decimals by a whole number we start by changing the question so that the divisor
is a whole number.

® Adding and subtracting decimals
e Ensure digits are correctly aligned in similar place-value columns.
e Ensure the decimal points are lined up directly under one another.
37.56+5.231 37.560 v 37.56 X

+5.231 5.231

® Multiplying and dividing decimals by powers of 10
e When multiplying, the decimal point moves to the right the same number of places as there
are zeroes in the multiplier.

e.g. 13.753 x 100 = 1375.3 13753

Multiply by 10 twice.
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156 Chapter 3 Fractions, decimals and percentages

e When dividing, the decimal point moves to the left the same number of places as there are
zeroes in the divisor.
e.g. 586.92 + 10 = 58.692 586'92

Divide by 10 once.

® Multiplying decimals
e Initially ignore the decimal points and multiply the wholes.
e Place the decimal point into the answer using the rule:
‘The number of decimal places in the answer must equal the total number of decimal places in
the question.’

e.g 5.73x8.6 —> 5;2 — > 5.73%8.6 = 49.278
29778 (3 decimal places in question, 3 decimal places in

answer)

® Dividing decimals
The decimal point in the quotient goes directly above the decimal point in the dividend.
e.g.56.34 + 3 18.78 «<— Quotient (answer)
Divisor —>3)56.34 <— Dividend
We avoid dividing decimals by other decimals. Instead we change the divisor into a whole number.
Whatever change we make to the divisor we must also make to the dividend, so it is equivalent to
multiplying by 1 and the value of the question is not changed.

We avoid —> 27.354 + 0.02 27334007 = 2735.4 = 2
Preferring to do —>2735.4 + 2

[ Understanding | 1-4 3,4

1 Which of the following is the correct set-up for the following addition problem?
5.386 + 53.86 + 538.6

A 5.386 B 5.386 C 5.386 D 538+53+5
53.86 53.860 53.86 +0.386+0.86 + 0.6
+538.6 +538.600 +538.6

2 The correct answer to the problem 2.731 + 1000 is:

A 2731 B 27.31 C 2.731 Hint for 3E Understanding: The
D 0.02731 E 0.002731 Key ideas section answers all
these questions.
3 If 56 x 37 = 2072, the correct answer to the problem 5.6 x 3.7 is:
A 207.2 B 2072 C 20.72
D 2.072 E 0.2072

4 Which of the following divisions would provide the same answer as the division question
62.5314 + 0.03?
A 625314 +3 B 6253.14+3 C 0.625314 +3 D 6253143
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3E Operations with decimals 157

[ Fluency | 5904 5-9(%2), 10
Calculate.
23.07+9.8 9.7-2.86
Solution Explanation
23.07 Line up the decimal points. Fill in any zeroes
+9.80 then add vertically.
32.87
89.16710 Align decimal points directly under one another
— 9 86 and fill in missing decimal places with zeroes.

Carry out subtraction following the same

6. 84 procedure as for subtraction of whole
numbers.
Now you try
Calculate.
1.05+12.96 3.2-1.74
5 Calculate the following. \\
a 56+1.2 b 84+21 ¢ 18.6+3.3
d 49+53 e 8.1+8.2 f 93+3.9
g 23.57+39.14 h 64.28+213.71 i 5.623+18.34 Hint for Q5: Align digits
. in matching place-val
6 Calculate the following. leﬁs.mg place-valle
a 56-1.2 b 84-21 c 18.6—-33
d 79-38 e 156-95 f 104-64

g 3852-2411 h 76.74-53.62 i 123.8-39.21

Calculate.
9.753 + 100 27.58 x 10000
Solution Explanation
9.753 + 100 = 0.09753 Dividing by 100 (2 zeroes), therefore the
decimal point must move two places to the
left. Additional zeroes are inserted as necessary.
09,753
27.58 x 10000 = 275 800 Multiplying by 10000 (4 zeroes), therefore
the decimal point must move four places to
the right. Additional zeroes are inserted as
necessary.
Y'Yy
27.5800.
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158 Chapter 3 Fractions, decimals and percentages

E Now you try

Calculate.
64.3 + 1000
7 Calculate.
a 9.61x10 b 9.61 x 100
d 194 -+10 e 194 +100
g 27.4x1000 h 1.6x1000
] 0.08155 % 1000 k 7.5+10

Calculate 25.7 x 0.3.

Solution
5757
X 3

771
25.7x0.3="7.71

Now you try
Calculate 4.5 x 1.6.

8 Calculate.
a 08x7 b 0.8x0.7 c 15x0.1
e 154x2 f 1.2x0.3 g 08x04
i 15x02 j 245x0.2 k 09x%x9
Calculate.
35.756 - 4
64.137 + 0.03
Solution
8.939
8939
4)35.371536
21379
64.137 +0.03 3m
=6413.7+3
=2137.9
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0.431 x 100
Hint for Q7: Move
¢ 15.463 x 1000 left or right by the
f 274+10 number of zeroes.
i 36.5173 x 100
I 3.812+100

Explanation

Perform multiplication ignoring the decimal
point. (257 x 3 =771)

There are two decimal places in the question, so
two decimal places in the answer.

d 04x0.3
h 0.8x0.04
I 12%x12 (Hint_ for 08 First ignore the
decimal point.
Explanation

Carry out division, remembering that the
decimal point in the answer is placed directly
above the decimal point in the dividend.

Instead of dividing by 0.03, multiply both the
divisor and the dividend by 100, to get a whole
number, 3.

(Move each decimal point two places to

the right.) Carry out the division question
6413.7 + 3.

© Greenwood et al. 2025 Cambridge University Press



Now you try
Calculate.

1.72 + 8

9 Calculate.

a
C

e

g

24.54 +2
0.0485 =5
133.44 =+ 12
2.58124 + 8

3E Operations with decimals

342 +0.6

= = o T

17.64 +3
347.55 +7
4912.6 = 11
17.31 =5

10 Complete these divisions by filling in the missing numbers.

a

156 +0.3=156+3=] |

d 459+003=4590+] |=[ ] e 0484+04=[ |+4=]|

f Problem-solving and reasoning

| 11

b 124+002=1240-2=[] ¢ 1506+02=[ |+2=[]

11 The heights of Mrs Buchanan'’s five grandchildren are 1.34 m, 1.92m, 0.7 m, 1.5 m, and 1.66 m.

If the grandchildren laid down in a row, head to toe, how long would the row be?

e S (O e S

12 Look closely at the table of canteen prices below.

Canteen prices

pie $2.80 chips $1.70 juice $3.40
cola $3.20 chocolate $2.20 sandwich $2.60
sauce $0.60 apple $0.50 milk $1.85

a Find the cost of each person’s lunch.

b Who had the most change from $20?

Vaughn Charlotte Reece

1 pie 1 sandwich 1 pie

1 sauce 1 chocolate 2 colas

1 apple 1 juice 1 sandwich
2 milks 1 pkt chips

13 An alternative method for multiplying decimals is to convert them to fractions and then multiply them.

For example, 0.3 x 1.2 ==

3
10

2_3
*136=10

to multiply the following decimals.

a
b
c

Essential Mathematics Core for the Australian Curriculum

Year 8

0.3x0.7
0.1 x3.07
0.2x0.05

12_36
10 100’
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160 Chapter 3 Fractions, decimals and percentages

— 14

14 Answer each of the 12 questions below to unlock the code and find out how Samal answers
Sally’s question.

Hey Samal, do you
know why they teach
us decimals?

20.7 12.2 4.4 4.4 0.3
12.2 4.75 14.4 12.2 3.2 160
24.2 0.3 12.2 4.75 1.32 160 12.2
12.2 4.75 160 17.97 0.3 20.7 0.72 12.2
I 0 H E
324175 1.5x0.2 47.5+10 96+ 0.6
A T N B
1.2x12 15.8-3.6 0.9x0.8 59+ 18.3
W P S G
9.6+3 18.57-0.6 9-4.6 1.2+0.12
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3F Terminating, recurring and rounding decimals

3F Terminating, recurring and
rounding decimals

e To understand the different notations for recurring decimals (involving dots and dashes)

e To be able to convert a fraction to a terminating decimal using division.

e To be able to convert a fraction to a recurring decimal using division.

e To be able to round decimals to a given number of decimal places by first finding the critical digit.
Key vocabulary: terminating decimal, recurring decimal (or repeating decimal), rounding

Not all fractions convert to the same type of decimal.

For example:
%: 1+2=0.5 (only has one decimal place)
%: 1 +3=0.33333... (keeps going and going)
%= 1 +7=0.142857 142857... (the pattern repeats)

Decimals that stop (or terminate) are known as terminating decimals, whereas decimals that continue
on forever with some form of pattern are known as repeating or recurring decimals.

Q Lesson starter: Decimal patterns

Use a calculator to perform these divisions. Can you see a pattern?

=1+9=0.1111......

Ol Ol O O~

B
9

® A terminating decimal has a fixed number of decimal places (i.e. it terminates).

Without your calculator, write down = and g as decimals. What do we call these types of decimals?

0.6 25 <— Terminating decimal
e.g. % =5+8=10.625 8i5.50 2040 (3 decimal places only)

® A recurring decimal (or repeating decimal) keeps going and the decimal places repeat.
0.333.. <— Recurring decimal

=1+3=0.333... 3i1.‘0‘0‘0‘0

® A convention is to use dots placed above the digits to show the start and finish of a repeating cycle
of digits. . o
e.g.0.55555...=0.5 and 0.3412412412... =0.3412

W —

e.qg.

® Another convention is to use a horizontal line placed above the digits to show the repeating cycle
of digits. B .
e.g. 0.55555...=0.5 and 0.3412412412... =0.3412
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162 Chapter 3 Fractions, decimals and percentages

Rounding decimals

Decimals can be written with fewer decimal places by rounding.

To round we must look at the digit immediately after the number of places we want. (It's the
critical digit!)

critical =/ 0 1

digit

round down
the number

round up
the number

-« L
- >

74 741 742 743 7.44 745 7.46 7.47 748 7.49 7.5
\_/—V—\/W—V

B —_—

These values are These values are

closer to 7.4 and closer to 7.5 and
round to 7.4. round to 7.5.

[ Understanding 1-4 3,4
1 State whether the following are terminating decimals (T).or recurring decimals (R).
a 547 b 3.15415 c 8.6 d 7.1834
e 0.333 f 0.534 g 0.5615 h 0.32727...

2 For each line given, which circled decimal is the decimal in the triangle closest to?

a

c

3 Express the following recurring decimals using the convention of dots or a bar to indicate the start and
finish of the repeating cycle.

a

-~ 00 Q0T

0.33333... s
6.21212121... :

8.5764444... ( Hint for Q3: Write 0.7555... as

2.135635635... 0.75.
11.2857328573...
0.003523523...

4 Write down the ‘critical’ digit (the digit immediately after the rounding digit) for each of the following.

a
b
c
d

3.5724 (rounding to 3 decimal places)

15.89154 (rounding to 1 decimal place)
0.004571 (rounding to 4 decimal places)
5432.726 (rounding to 2 decimal places)
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3F Terminating, recurring and rounding decimals

[ Fluency

| son  ESEEAN

m Example 17 Writing terminating decimals

Convert the following fractions to decimals.

1 1
a 7] b 3
Solution Explanation

1 0.2 5

a 1:0.25 4)1.7020
Write 1 as 1.00.
Divide the bottom (denominator) into the top (numerator).

7 0.8 75
b g =0.875 8)7. 70 60 40
Write 7 as 7.000.
Divide the bottom (denominator) into the top (numerator).
Now you try
Convert the following fractions to decimals.
4 7
a 3 b i

5 Convert the following fractions to decimals.

a b

f

N— W
Dk W

LG

=
o

—_

—_

8 20 a
1 h 9 Hint for Q5: These are all
25 50 terminating decimals.

G Example 18 Writing recurring decimals

Express the following fractions as recurring decimals.

2
© 3

Solution

2_ o
a 3—0.6

b 3%:3.714285 or 3.714285

Now you try

b 3

ANV

Explanation
0. 6 6...

3)2.20°02%0
This pattern continues, it is a repeating decimal.

0.7 142857.
7)5.°0 1030200400 !
This pattern continues.

Express the following fractions as recurring decimals.

7
15

Essential Mathematics Core for the Australian Curriculum
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164 Chapter 3 Fractions, decimals and percentages

m 6 Express the following fractions as recurring decimals.

1 5
S 7

¢ % a3

e 3 il Hint for Q6: Remember to
7 6 use the repeating notation.
4 W16 0.444...=04.

93 7

Round 14.258 to 1 decimal place.
Round 0.671 to 2 decimal places.

Solution Explanation

14.3 14.2(5)8 rounded to 1 decimal place — look at next digit
(5). Critical digit is 5. Round up 14.258 = 14.3.

0.67 0.67(1) rounded to 2 decimal places — look at the next
digit (1). Critical digit is 1. Round down 0.671 = 0.67.

Now you try

Round 24.9349 to 2 decimal places.
Round 0.048561 to 3 decimal places.

7 Round each of the following decimals to 1 decimal place.

a 057 b 0.83 c 149
d 8.16 e 947 f 8.33
g 1.487 h 3.444 i 0.333 Hint for Q7: The first decimal

place is also called the tenths

8 Write each of the following decimals correct to 2 decimal places column.

(the nearest hundredth).

a 0.783 b 0.666 c 1478
d 0.893 e 15488 f 9.035
g 94163 h 8.7499 i 1.7891

9 a Choose the correct answer to each of the following.
i Is7.9closerto 7 or8?
i Is7.99 closer to 7.9 or 8.0?
iii 15 4.96 closer to 4.9 or 5.0?

b Round the following to 1 decimal place.
i 496 i 8.941 i 5.999

[ Problem-solving and reasoning | won [z

@ 10 Find out how your calculator rounds. Use it to round each of the following decimals to the number of
decimal places given in the brackets.
a 0.76581 (3) b 94582 (1) c 69701 (1) d 21.513426 (4)
e 09457 (2) f 17.26 (0) g 85974 (2) h 8.10552 (3)
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3F Terminating, recurring and rounding decimals

Simone and Greer are two very good junior sprinters. Simone ran 100 m in 12.83 seconds, while Greer
ran it in 12.77 seconds.

a Who came first, and by how much?

b Round each time to one decimal place. Can you still decide who came first?

12 Petrol is sold at 147.9 cents per litre. Find, correct to the nearest cent, the cost of:

a

b
c
d

1 litre

5 litres
12 litres
39.7 litres

= 13

13 There are some numbers when written as a decimal neither terminate nor recur. One such set of numbers
are called surds, which include a v/ sign, e.g. v/2.

a Write +/2 correct to 7 decimal places using a calculator.
b Find some other surds and write them correct to 3 decimal places.
¢ Other non-surd numbers which do not terminate or recur include pi and phi. Research these numbers
and write a brief report about why they are important.
Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
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Chapter 3 Fractions, decimals and percentages

Write the following fractions in simplest form.

4 6 16 45
? 10 b3 ¢ 2 d 75
Evaluate.

S5, 8 7_3 1,57 2_51
a 11+11 b 3 4 c 2 +310 d 43 22
Evaluate.

2 3 3.3 3.5 1.5
4 3%3 L AT d Ig+13
Evaluate.

Z_ [ % 1.1 1 .(_1 H2_17
a3(3) b 773 c12+<2) d 252
Evaluate.

—

2..(-3 _6. 14 8. (_4 (-1
a9><<4) b 7><2 c3.<9> d 12.<4>

Convert the following decimals to fractions in their simplest form.
a 035 b 525 c 12.8 d 456.14
Convert the following fractions to decimals.
7 36 17 9
710 " 100 ¢ 5 97
Calculate.
a 95+123 b 578+12.915 c 35.8-236 d 76.813 —56.685
Calculate.
a 6.5734 x 1000 b 12.754 + 10000 ¢ 0.6x0.9 d 4523x0.5
e 23845+5 f 84.561 +0.03

Convert the following fractions to decimals, expressing your answers as recurring
decimals if necessary.

3 5 5 11
Round each of the following decimals to two decimal places.
a 0.789 b 0415 c 26.14812 d 379.01099
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3G Converting fractions, decimals and percentages

3G Converting fractions, decimals
and percentages

e To understand that a percentage (%) is a number out of 100.
e To be able to convert percentages to fractions and decimals.
e To be able to convert fractions and decimals to percentages.
Key vocabulary: percentage, per cent, fraction, decimal

A percentage is a particular fraction where the denominator is always 100.

Per cent is Latin for ‘out of 100’.

7% =7 per cent =7 out of 100 = ﬁ =0.07

People use percentages every day in banking, sales and school tests.

O Lesson starter: Estimating percentages

g U00UeG

Creamy Lime Orange Cola Lemon Milkshake Raspberry Chocolate
soda

e List the drinks in order from the most to the least amount left in the glass.
e Estimate the percentage of drink remaining in each of the glasses shown above.
e Discuss your estimates with a partner.

® A per cent sign (%) means ‘out of one hundred'.

_23
23% =100
@ Percentages can be converted to fractions and decimals.
35 _ ]
35% — 100 = 30 (fraction)

35% — 35 + 100 = 0.35 (decimal)

® Fractions and decimals can be converted to percentages.

% or 0.25 as a percentage — % x 100 =25 and 0.25 x 100 = 25
so1=025=25%

4

Common percentages and their equivalent fractions are shown in the table below.
It is helpful to know these.

i 1 1 1 1 1 2 L
Fraction 3 3 i s 3 3 i 1
Decimal 0.5 0.3 0.25 0.2 0.125 0.6 0.75 1
Percentage | 50% | 33 % % | 25% | 20% 12% b 66% % | 75% | 100%
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168 Chapter 3 Fractions, decimals and percentages

[ Understanding | 14 4
1 The fraction equivalent of 27% is:
A % B % C 2700 D %5 '
Hint for Q1: Remember if you see
a % sign it means ‘out of 100’.
2 The decimal equivalent of 37% is:
A 0.037 B 0.37 C 3.7 D 37.00
- 47 ..
3 The percentage equivalent of 100 15"
A 047% B 4.7% C 47% D 470%

4 Copy and complete the table or discuss as a group.

Fraction Fraction Decimal Per cent Per cent
shaded in words in figures in words in figures
a 13 thirteen hundredths
100
b 0.45
c seventy per cent
d 99%
Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
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3G Converting fractions, decimals and percentages 169

[ Fluency | sa 80800
m Example 20 Converting percentages to fractions and decimals

Write 72% as:

a asimple fraction b adecimal
Solution Explanation
a 72% = % Change % sign to a denominator of 100.
_18x4 Cancel the highest common factor of 4
25 x4 to simplify.
_18
25
b 72% =172 + 100 To change a % to a decimal, divide by 100.
=0.72
Now you try
Write 65% as:
a asimple fraction b adecimal

5 Write these percentages as simple fractions.

a 39% b 11%
c 17% d 99%
e 20% f70% Hint for Q5: Write each number
g 75% h 55% out of 100.
6 \Write these percentages as decimals. g
a 39% b 11% c 17% d 99% :
e 20% i 70% g 75% h55% Hint for Q6: Move the decimal
i 7% i 1% k 10% I 47% point two places to the left.

G Example 21 Converting fractions and decimals to percentages

Write the following as percentages.

4 3

a s b 3 ¢ 0.81
Solution Explanation
a %‘x 100 = 80 Multiply by 100 to express as a percentage

So %‘: 80%
b %x 100 = % - 37% Multiply the fraction by 100.

Simplify 300 + 8 = 37 remainder 4
S0 3=371%

Continued on next page
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170 Chapter 3 Fractions, decimals and percentages

0.81 x 100 = 81 Multiply the decimal by 100.
50 0.81 =81% Do %
Now you try
Write the following as percentages.
23 5
5 6 0.473

7 Write these fractions as percentages.

s 49 3 4 =
100 " To0 ¢ 3 43 )
25 20 20 50 C—nm for Q7: Multiply by 100
47 -1 5 2 and simplify.
) I3 K3 '3
8 Write these decimals as percentages.
a 0.16 b 0.79 c 0.83 d 097
e 0.03 f 0.33 g 091 h 0.09
i 0.56 j 022 k 1.00 I 1.01
[ Problem-solving and reasoning | a0 e
9 a If % =20%, what does % equal as a percentage? *
b If % =12.5%, what does % equal as a percentage? '
Hint for Q9: What can we
c If % =33 % %, what does % equal as a percentage? I G2 T 47
10 Complete the following conversion tables involving common fractions, decimals and percentages.
a b
Fraction Decimal % Fraction Decimal %
‘ll 20%
2 40%
4
3 60%
4
4 80%
4
100%
c
. 3 1
Fraction 10 3
Decimal 0.15
% 90%
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3G Converting fractions, decimals and percentages

11 The Sharks hockey team has won 13 out of 17 games for the season to date. The team still has three
games to play. What is the smallest and the largest percentage of games the Sharks could win for
the season?

12 Copy and complete this table. Can you see a connection?

Cents per 100 cents Cents in the dollar Percentage
5 cents $0.05
10 cents
$0.09
17%
25%
$0.70
90%
75 cents
100 cents
$2

Essential Mathematics Core for the Australian Curriculum

Year 8

ISBN 978-1-009-593-724
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B

Hint for Q12:
One dollar equals 100 cents.
One century is 100 years.
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Chapter 3 Fractions, decimals and percentages

3H Finding a percentage and expressing as
a percentage

e To be able to express one quantity as a percentage of another.
e To be able to convert units in order to express one quantity as a percentage of another.
e To be able to find a certain percentage of a quantity.

Key vocabulary: percentage, fraction, units

Percentages are useful when comparing discounts, interest rates and even marks in a test.

For example, Huen's report card could be written as marks out of each total or in percentages.

French test % French test 70%
German test 3‘5‘ German test 72%

In this section we look at expressing a number as a percentage of another number as well as finding a
percentage of an amount.
>lIJr

SURLIIEEGS 2 IS S

E\IERY'IlI-lING E

Shops often display discounted prices as a percentage of the original price.
Calculating the new price helps determine if the discount offers a significant
saving.

° Lesson starter: What percentage has passed?
Answer the following questions.

What percentage of your day has passed?

What percentage of the current month has passed?

What percentage of the current season has passed?

What percentage of your school year has passed?

What percentage of your school education has passed?

If you live to an average age, what percentage of your life has passed?
When you turned 5, what percentage of your life was one year?
When you are 40, what percentage of your life will one year be?
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3H Finding a percentage and expressing as a percentage

® To express one quantity as a percentage of another:
1 Write the quantities as a fraction. (The ‘whole’ amount is always the denominator.)
2 Multiply this fraction by 100.
e.g. Express a test score of 14 out of 20 as a percentage.

égxloo_l%x”%ﬁ 70 14 < part of the whole

14 % < whole amount
So 5~ =70%

20
® To find a certain percentage of a quantity:
1 Express the required percentage as a fraction. (You can also use decimals.)
2 Change the ‘of' to a multiplication sign.
3 Express the number as a fraction.
4 Follow the rules for multiplication of fractions.
e.g. Find 20% of 80.

20  80_ 200 80 _
20% of 80 = 20 x 50 =0 " L =16

[ Understanding | 1-4 3,4

1 The correct working line to express 42 as a percentage of 65 is:

42 65 100 42
A 100><65 B 42><100 C 42><65 D 65><100

2 The correct working line to find 42% of 65 is:

42 65
A 100 x 65 B 42 x 100 Hint for Q2: The number
100 4 with the per cent sign is
C Vel X 65 D 65 x 100 written with the 100 in the

denominator.

3 What is the percentage for:
a ascore of 20 out of 40?
b ascore of 0 out of 10?
¢ ascore of 50 out of 50?

4 Copy and complete the following sentences.

a Finding 1% of a quantity is the same as dividing the quantity by
Finding 10% of a quantity is the same as dividing the quantity by
Finding 20% of a quantity is the same as dividing the quantity by
Finding 50% of a quantity is the same as dividing the quantity by
Finding 25% of a quantity is the same as dividing the quantity by

O QO T
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Chapter 3 Fractions, decimals and percentages

[ Fluency

Express 34 out of 40 as a percentage.

Solution

34,100 _ 17  160°

4071 2007 1
17,5
=17
=85

34 _
So 40—85%
Now you try

Express 13 out of 20 as a percentage.

5 Express each of the following as a percentage.

a 20 out of 25
d 17 out of 25
g 7outofl10

j 32outof 40

b

€
h
k

13 out of 20
12 out of 20
12 out of 30

54 out of 90

Express 60 cents as a percentage of $5.

Solution
60 100 _ 60
500 1 5
=12
60 _
So 300~ 12%

So 60 cents is 12% of $5.

Now you try

Express 700 g as a percentage of 4 kg.

6 Express:

a 40c as a percentage of $8.

-~ 00 Q0T

Essential Mathematics Core for the Australian Curriculum
Year 8

50c as a percentage of $2.

3 mm as a percentage of 6 cm.
400 m as a percentage of 1.6 km.
200 g as a percentage of 5 kg.
200 m as a percentage of 8 km.

ISBN 978-1-009-593-724

Explanation

| 502).6,7,80%) | 5-804)

Write as a fraction, with the first quantity as
the numerator and second quantity as the
denominator. Multiply by 100.

Cancel and simplify.

39 out of 50
49 out of 50
15 out of 20
18 out of 24

—_—— -

Explanation

(Hint for Q5: Multiply by 100.

Units need to be the same.

Convert $5 to 500 cents.
Write quantities as a fraction and multiply
by 100. Cancel and simplify.

© Greenwood et al. 2025

Hint for Q6: Remember:
1 km = 1000 m

1cm=10mm
1 kg =1000g
$1 =100 cents
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3H Finding a percentage and expressing as a percentage

7 Express each quantity as a percentage of the total.
a 28 laps of a 50 lap race completed.

Saved $450 towards a $600 guitar.

172 fans in a train carriage of 200 people.

Level 7 completed of a 28 level video game.

36 students absent out of 90 total.

21 km mark of a 42 km marathon.

- Do Q0T

Find 25% of 48.

Solution Explanation
25% of 48 = % X % Write the percentage as a fraction over 100.
‘Of" means multiply.
148
=4%x7 =12 Cancel and simplify.
Now you try
Find 7% of 50.
8 Find: ‘\\ ?}l
a 50% of 36 b 10% of 80 ¢ 30% of 500 P
d 9% of 200 e 20% of 40 f 20% of 60
g 75% of 80 h 25% of 88 i 50% of 25 Hint fog(()JS: 5306% of
i 5% of 60 k 5% of 6000 I 1% of 720 36 =150 %71
[ Problem-solving and reasoning | ova, 1011 [Tepaniniiz )
9 Find:
a 10% of $750 g@
b 5% of 2 km : vg
¢ 30% of 150 kg ' : N
d 20% of 90 minutes Hint for Q9: You may like to change Hint for Q9: Remember to
e 10% of 5 litres the units in the question to make put the units in your
259 of one hour it easier to work with. 3% of e M Gl
g 50% of $6.50 1 km = 3% of 1000 metres.
h 2% of $8
i 7% of § kg

10 Copy and complete the table of sporting choices.

Sport Number of students Fraction of total Percentage
Tennis 40

Golf 30

AFL 70

NRL 50

Swimming 10

Total 200 1 100%
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176 Chapter 3 Fractions, decimals and percentages

m 11 Calculators make working with percentages easier. Use a
calculator to answer these questions.

a
b
c
d
e
f

12 Find:

a

b

Find 8% of $8.40.
Find 13% of 2 km.

Find 7%% of $500.

Find 24% of 1 hour.

Find 31.5% of $45 960.

4% of a class of 25 students are away with the flu.
How many students are at school?

49.5% of babies born at the local hospital are girls. Of
the 200 born in the month, how many were boys?
Sean pays 42% of his $86 400 income in tax. How
much is left after he pays his tax?

33%% of 15 litres of orange juice.

662 % of 3000 marbles. ( Hint for Q12: 3319 = 1

3 3773

12%% of a $64 pair of jeans.

37.5% of 120 donuts.

13 Most banks require a 10% deposit before lending you any money. Ashlee and Matt have 7% of
the $450 000 their home costs.

a How much do Ashlee and Matt have as their deposit?
b How much do the banks need them to have?
¢ How much more do they need to save?
d If they get a government grant of $14 000, will they have the 10% needed?
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3l Decreasing and increasing by a percentage

3l Decreasing and increasing by a percentage

e To be able to find the new value if an amount is increased or decreased by a percentage.

e To understand that percentage mark-ups and discounts correspond to increasing and decreasing a price
by a percentage.

e To understand that GST represents a 10% mark-up.

Key vocabulary: reduction, discount, mark-up, profit, loss, selling price, cost price

Percentages are used every day, often when dealing with money. In the world of finance, calculations and
percentage increases and decreases are commonplace.
The original amount of something can be thought of as 100%.

O Lesson starter: What does it mean?

In pairs, answer the following:

What does it mean to buy a pair of shoes ‘on sale’?
What does it mean if the sale is '20% off'?

What does it mean to ‘pay the marked price’?
What does it mean to buy an item on sale?

Is $10 off better than 10% off? Discuss. =~ -
When would you pay more than the original price? e ——— 3660 -
What current sales are being advertised in today’s paper? divide up a circle.

® To increase by a given percentage:
e find the percentage of the amount
e add this amount to the original.

® To decrease by a given percentage:
e find the percentage of the amount
e subtract this amount from the original.

® Key words:
e Decrease: reduction, discount, sale, percentage off, loss
® Increase: mark-up, profit
e Selling price = cost price + profit or cost price — loss
e GST: Goods and Services Tax (In Australia this is a 10% mark-up.)

[ Understanding l 1-3 3

1 Decide if each of these shows an increase or a decrease.
a Mark’s $1650 return airfare to Los Angeles was reduced by 10%.
b Sonya made 15% profit when she sold her house.
¢ The shop discounted all of its computers by 10%.
d Thomas received a pay rise of 5% on his wage of $570 per week.
e Ataxof 15% is added to the cost of everything in the United Kingdom.

2 Add or subtract these percentages.
a 100% +20% b 100% + 15% c 100% — 10% d 100% — 15%
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178 Chapter 3 Fractions, decimals and percentages
m 3 Calculate the new price when:

a

b
c
d

an item marked at $15 is discounted by $3.
an item marked at $25.99 is marked up by $8.
an item marked at $17 is reduced by $2.50.
an item marked at $180 is increased by $45.

[ Fluency | 4-6044), 7, 80%), 9 | 4-5(t2), 8(%2), 10

Find the new value when $160 is increased by 40%.

Solution Explanation
_ 40 160 _
40% of 160 = —— x —= = $64 Calculate 40% of $160.
1007 1 L
. Cancel and simplify.
New price = $160 + $64 New price = original price + increase
=$224
Now you try

Find the new value when $85 is increased by 30%.

4 Find the new value when:

a

c
e
g

$400 is increased by 10%.
$250 is increased by 10%.
$500 is increased by 1%.
$84 is increased by 25%.

$240 is increased by 10%.
$700 is increased by 20%.
$800 is increased by 25%. Hint for Q4: Add the increase to
$90 is increased by 50%. the original amount.

= = Qo T

Find the new value when $63 is decreased by 20%.

Solution Explanation
20% of $63 = 20 x 63 —$12.60 Calculate 20% of $63.
100" 1 o
. Cancel and simplify.
New price = $63 — $12.60 New price = original price — decrease
=$50.40
Now you try

Find the new value when $120 is decreased by 15%.

5 Find the new value when:

a $400 is decreased by 10%. b $240 is decreased by 10%.
¢ $250 is decreased by 10%. d $90 is decreased by 20%.
e $200 is decreased by 15%. f $840 is decreased by 25%.
g $1000 is decreased by 50%. h $60 is decreased by 15%.
6 a Find 8% of $2500.
b Increase $2500 by 8%.
¢ Decrease $2500 by 8%.
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3l Decreasing and increasing by a percentage

Find the cost of an $860 television that has been discounted by 25%.

Solution Explanation
Discount = 25% of $860 Calculate 25% discount.
Cancel and simplify.

=25 o @ - $215 pliy.

100
Selling price = $860 — $215 Selling price = cost price — discount

= §$645

Now you try

Find the cost of a $450 table that has been discounted by 40%.

7 Find the cost of the following.
a A $600 television that has been discounted by 20%.
b A $150 lipstick that has been reduced by 15%.
¢ A $52 jumper that has depreciated by 25%.

8 Calculate the selling prices of the following items if they are to be reduced by 25%.
a $16thongs b $32 sunhat ¢ $50 sunglasses
d $85 bathers e $130 boogie board f $6.60 surfboard wax

Find the cost of a microwave oven that was originally $250 then marked up by 12%.

Solution Explanation
Mark-up = 12% of $250 Calculate 12% of $250.
12 250 Cancel and simplify.
=100 % =$30
Selling price = $250 + $30 Selling price = cost price + mark-up
= §$280

Now you try
Find the cost of a toaster that was originally $64 then marked up by 15%.

9 Find the cost of the following.
a An $80 framed Pink poster that has been marked up by 30%.
b A $14 meal that has been increased by 10%.
¢ A $420 stereo that has been marked up by 50%.

10 Calculate the selling prices of the following items if they need to have
10% GST added to them.

a $35 T-shirt b $75 backpack Hint for Q10: R b
¢ $42 massage d $83 fishing rod ST adaTcrensesthapics
O S0 massaoe t $149.99 cricket bat GST adds/increases the price

of an item.
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mf Problem-solving and reasoning ] n o2

@ 11 Answer the following problems involving percentages.
a Anne’s annual salary was $86 000. Her new salary is 5% more. What is Anne’s new salary?
b The state government increases the cost of a $9.60 train trip by 5%. What is the new fare?
¢ A car worth $47 000 dropped in value by 20% during the year. What is the car now worth?
d The 10% GST needs to be added to the cost of a meal. What does a $74 meal cost once the
GST is added in?
Tax of 40% reduces Saul’s wage of $1600. WWhat amount does Saul receive?
f Sally makes a 24% profit on her house. She paid $500 000. \What did she sell it for?

D

12 Two shops advertise the same bike. Both have a recommended retail
price of $1800. Shop one offers a 10% discount. Shop two offers
$200 off all bikes.

a How much discount does shop one offer on this bike? Hint for Q12: Find the
. price of each bike at shop
b Hovy much do you pay for the bike at each shop? one and two before
¢ Which shop would you recommend and why? answering part d.
d If the same deal applies to each of the following AL

by your answers?

bikes, would you still buy it from the same shop?
i $2000 bike i $2200 bike

= 13

13 The word depreciation is used when the value of an item, such as a car, boat or a set of golf clubs,
reduces in value each year.
a Rick’s set of golf clubs worth $2000 depreciates at a rate of $250 a year.
i Copy and complete the table showing how the value of the clubs changes over time.

End of year 0 1 2 3 4 5 6 7 8
Value ($) 2000 1750

ii  Draw up a set of axes (like those shown below) and graph the values shown in the table.

2000
1500
1000

500

Value ($)

L.
T T T T T Eal

00 12345678
Year
iii What shape is your graph?
iv After how many years is the value of the clubs zero?

@ b Rick’s wife has a set of golf clubs, also valued at $2000, which depreciate at 1249

2
each year.
i Complete a similar table showing how the value of her clubs changes. ﬁ
End of year 0 1 2 3 4

Hint for Q13: Use a calculator
to help you find the values in
this table!

Value ($) 2000 1750 1531.25
il Will her clubs ever be worthless?
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3J Calculating percentage change

¢ To understand that profit and loss represent the difference between the selling price and cost price of an item.
e To be able to calculate the percentage change (increase or decrease) when prices are increased or decreased.

Key vocabulary: percentage change, percentage profit, percentage loss, profit, loss, selling price, cost price
When selling something, everyone likes to make a profit. This is when you sell it for more than you
paid for it.

Unfortunately, people often do the opposite and make a loss.

The percentage change depends on what the item is originally worth. For example:

Car bought for $1000 Car bought for $16 000
Car sold for $200 Car sold for $15200

=

Loss $800, percentage loss 80% Loss $800, percentage loss 5%

O Lesson starter: Hang on!

Hang on! | thought the

j . So how much did
I saved $20 on my jeans W mu i sign said 25% off.

They were $100. you pay?

Discuss how you could check if the correct price for the jeans had been paid.

@ Profit = selling price — cost price
® Loss = cost price — selling price

® Calculating a percentage change involves the technique of expressing one quantity as a percentage
of another (see Section 3G).
change
original value
profit
original value

e Percentage change = x 100

e Percentage profit = 100

e Percentage loss = ___loss ___ 09
original value
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[ Understanding | 14 4

1 Decide whether each of the following represents a profit or a loss.
a b c

bought = $250 000 bought = $795 bought = $1200
sold = $280 000 sold = $210 sold = $500

bought = $1.40

bought = $2000 sold = $3.20
sold = $4500
2 Calculate the profit made in each of the following situations. ?F\D
a Cost price = $14, Sale price = $21

b Cost price = $75, Sale price = $103
Hint for Q2:

¢ Cost price = $25.50, Sale price = $28.95 (Profit=selling price — cost price.

d Cost price = $499, Sale price = $935

3 Calculate the loss made in each of the following situations.
a Cost price = $22, Sale price = $9
b Cost price = $92, Sale price = $47
¢ Cost price = $71.10, Sale price = $45.20
d Cost price = $1121, Sale price = $874

4 Which of the following is the correct formula for working out
percentage change?
change

A %change = —————=——
original value
original value
B %change = onginal value . o
change
C % change = change x 100%
change
D %change = __CNange__ . 100
original value
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[ Fluency | 5.602,7,8 | 560,89

Calculate the percentage profit when $25 becomes $32.

Solution Explanation
Profit = $7 This is percentage profit because it was sold for
more than the original $25.
%Profit = & x 100 Profit = $32 — $25 |
Percentage profit = ——Profit 1009
=28% original value

Now you try
Calculate the percentage profit when a second-hand toy purchased for $36 is sold for $45.

5 Find the percentage profit when:

a $20 becomes $36 b $10 becomes $13

¢ $40 becomes $50 d $25 becomes $30 Hint for 05:9% change
e §$12 becomes $20 f  $8 becomes §11 _ change 100

g $10 becomes $15 h $6 becomes $12 original =1

Calculate the percentage loss when $60 becomes $48.

Solution Explanation
Loss = $12 This is percentage loss because it was sold for
less than the original $60.
%|.0ss = % X @ Loss = $60 — $48
Percentage loss = ——1955 5 100
=20% original value
Now you try

Calculate the percentage loss when a $140 chair is sold for $84.

6 Find the percentage loss when:

a $40 becomes $30 b $25 becomes $21

¢ $6 becomes $3 d $8 becomes $2 Hint for Q6: % loss
e $12 becomes $8 f  $10 becomes $9 _ _loss . 100
g h original = 1

$25 becomes $20 $20 becomes $18

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
Year 8 Photocopying is restricted under law and this material must not be transferred to another party.



184
3J

7 Copy and complete the tables below.

Chapter 3 Fractions, decimals and percentages

Ross buys a ticket to a concert for $125, but is later unable to go. He sells it to his friend for $75.

Calculate the percentage loss Ross made.

Solution

Loss = $125 — $75 = $50

50 ., 100

% L0oss = == X ——

Ross made a 40% loss on the concert ticket.

125
=40%

Now you try

After 5 years an oil painting’s value increases from $2000 to $4500. Calculate the percentage increase
in its value during this time.

a

Explanation

Loss = Cost price — Selling price

Percentage loss =

Cost price ($) Selling price ($) Profit ($) % profit
4 5
10 12
24 30
100 127
Cost price ($) Selling price ($) Loss ($) % loss
10 7
16 12
50 47
100 93

8 Find the percentage change (increase or decrease) when:
15 kg becomes 18 kg.
¢ 4 kg becomes 24 kg.

a

b
d

9 Find the percentage change in population when:
a atown of 4000 becomes a town of 5000.

b a city of 750000 becomes a city of 900 000.

¢ a country of 5000000 becomes a country of 12000 000.

18 kg becomes 15 kg.
12 kg becomes 30 kg.

f Problem-solving and reasoning

10

11

Essential Mathematics Core for the Australian Curriculum
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Hint for Q7: %profit
profit

= — X% 100
cost price

Hint for Q7: %loss

=_loss__, 100
cost price

Gari buys a ticket to a concert for $90, but is unable to go. He sells it to his friend for $72. Calculate the
percentage loss Gari made.

Xavier purchased materials for $48 and made a dog kennel.

He later sold the dog kennel for $84.
a Calculate the profit Xavier made.

b Calculate the percentage profit Xavier made.

Year 8
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12 Gemma purchased a $400 foal, which she later sold
for $720.
a Calculate the profit Gemma made.
b Calculate the percentage profit Gemma made.

13 Lee-Sen purchased a $5000 car, which she later sold
for $2800.

Calculate the loss Lee-Sen made.

Calculate the percentage loss Lee-Sen made.
What should Lee-Sen sell the car for to make a
10% profit?

Annual growth rate (%)

* f Growth rate for Australia

3J Calculating percentage change 185

Place March 2016 Change in the past 12 months % change
NSW 7704300 103200
VIC 6039100 114900
QLD 4827000 61800
WA 2613700 29800
SA 1706 500 9700
TAS 518500 2200
ACT 395200 5000
NT 244000 1000
AUSTRALIA 24048 300 327600

Population growth in Australia, 1950-2000

1970 1975 1980
Year

O T T T T T
1950 1955 1960 1965

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724
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The Australian Bureau of Statistics tracks the population growth of the country and of each individual
state and territory.
a Copy and complete the table below, rounding the % change to one decimal place.

b 4

Hint for Q14: Use a
calculator to help you
with this question.

b Research the current growth rate of Australia and one other country of your choice.
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186 Chapter 3 Fractions, decimals and percentages

3K Solving percentage problems using
the unitary method

To understand that the unitary method involves finding the value of ‘one unit’ as an intermediate step.
To be able to use the unitary method to find a quantity when only a percentage is known.
To be able to use the unitary method to find a new percentage when a different percentage is known.

To be able to apply the unitary method to find the original price when a price has been increased or decreased by
a percentage.

Key vocabulary: unitary method, percentage, discount, sale price, original price
You probably did problems like this in primary school: ‘If five apples cost
$6, what is the cost of 7 apples?”

With questions like this, we find the cost of one apple first.

This is helpful in percentages as well. Once we know what 1% is
worth, we can find any percentage amount. This is called the unitary
method.

If 5 apples cost $6 then one apple
costs $1.20.

O Lesson starter: Using the unitary method

Four tickets to a concert cost $100. What does one ticket cost? How much will three tickets cost?

Ten workers can dig 40 holes in an hour. How many can one worker dig in an hour? How many holes
can seven workers dig in an hour?

Six pizzas cost $54. What does one pizza cost? How much would ten pizzas cost?

If eight pairs of socks cost $64, how much would 11 pairs of socks cost?

Five passionfruit cost $2.00. How much will nine passionfruit cost?

If a worker travels 55 km in 5 trips from home to the worksite, how far will they travel in 7 trips?

® The unitary method involves finding the value of ‘one unit’ and then using this information
to answer the question.

When dealing with percentages, finding ‘one unit’ means finding one per cent (1%).

Once the value of 1% of an amount is known, it can be multiplied to find the value of any
desired percentage.

[ Understanding I 1-4 3,4

1 What do you divide by to go from 8% to 1%?
What do you divide by to go from 25% to 1%?
What do you multiply by to go from 1% to 100%?

d What do you multiply by to go from 1% to 50%?

o T o

2 If 1% of an amount is $3, what is:
a 2% of the amount? b 10% of the amount? ¢ 100% of the amount?
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3K Solving percentage problems using the unitary method 187

3 If 1% of an amount is $8, what is:
a 10% of the amount? b 100% of the amount?

4 Copy and complete:
If 4% of an amount = $16

then 1% of an amount =[ |
and 100% of an amount =[ |

[ Fluency | 56704 5(0%), 70%)

If 8% of an amount of money is $48, what is the full amount of money?

Solution Explanation
o8 C 8% of amount is $48 D .8 Rgmember to fi.nd 1% first.
1% of amount is $6 Divide by 8 to find the value of 1% (48 + 8 = 6).
x 100 C 100% of amount is $600 D x 100
Full amount of money is $600. Multiply by 100 to find the value of 100%

(6 x 100 = 600).

Now you try
If 15% of an amount is $45, what is the full amount?

RG>
AR ¥
S £

5 Calculate the full amount of money for each of the following.
a 3% of an amount of money is $27. .
5% of an amount of money is $40. (

7

Hint for Q5: First find the value

12% of an amount of money is $132. -

60% of an amount of money is $300.
8% of an amount of money is $44.
6% of an amount of money is $15.

- Do QO T

If 11% of the food bill is $77, how much is 25% of the food bill?

Solution Explanation

+11C 11% of food bill is $77 D*ll Find 1% first.
’ 1% of food bill is $7 ' Divide by 11 to find the value of 1% (77 + 11 = 7).
X254 25% of food bill is $175 x25  Multiply by 25 to find the value of 25% (7 x 25 = 175).

Now you try
If 20% of a salary bonus is $6000, how much is 75% worth?

6 If 4% of the total bill is $12, how much is 30% of the bill?

20% of the bill, if 6% of the total bill is $36. value of 1% of the bill.

<Y)

7 Calculate: (Hint for 6 and Q7: First find the

b 80% of the bill, if 15% of the total bill is $45.
¢ 3% of the bill, if 40% of the total bill is $200.
d 7% of the bill, if 25% of the total bill is $75.
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mf Problem-solving and reasoning | som,10 [epaniosiz )
A pair of shoes has been discounted by 20%. If the sale price was $160, what was the original price
of the shoes?

Solution Explanation

Only paying 80% of original price: 20% discount, so paying (100 — 20)%.
.80% of original price is $160 We pay 80% after the 20% discount.
~.1% of original price is $2 Divide by 80 to find the value of 1% (160 + 80 = 2).
~.100% of original price is $200 Multiply by 100 to find the value of 100%

The original price of the shoes was $200. (2 x 100 = 200).

Now you try

A new bed was discounted by 30%. If the sale price was $294, what was the original price

of the bed?

8 A necklace in a jewellery store has been discounted by 20%.
If the sale price is $240, what was the original price of the necklace?

(Hint for Q8: 100% — 20%

9 Find the original price of the following items.

a A pair of jeans discounted by 40% has a sale price of $30
(you pay 60%).

b A hockey stick discounted by 30% has a sale price of
$105 (you pay 70%).

¢ A second-hand computer discounted by 85% has a sale
price of $90 (you pay 15%).

d A second-hand textbook discounted by 80% has a sale
price of $6.

e A standard rose bush discounted by 15% has a sale price

of $8.50.
f A motorbike discounted by 25% has a sale price of

$1500.

Hint for Q10:
110% =

1% =
10% =

10 Once the GST of 10% is added to a bill, the price is 110%. If the price of
a meal at a cafe, including the GST, is $55, how much GST is paid?

11 A pair of jeans, including 10% GST, comes to $88. What is the cost without the GST?

12 If 22% of an amount is $8540, which of the following would give the value of 1% of the amount?
A $8540 x 100 B $8540 + 100 C $8540 x 22 D $8540 +22

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
Year 8 Photocopying is restricted under law and this material must not be transferred to another party.



3K Solving percentage problems using the unitary method

13 Here are three real-life receipts (with the names of shops changed). GST rate is 10%.
Answer the questions below based on each one.

Superbarn

a

b
c
d

How much was spent at Superbarn?

How many kilograms of tomatoes were bought?

TAX INVOICE GYMEA FRUIT MARKET
SUPERBARN R
DATE 05/07/2011 TUES TIME 11:21
SUPERBARN GYMEA
0.090 KG @ $14.99/kg

Description Tosalls BANANA SUGAR  $1.35
O/E PASO TACO KITS  290GM 6.09 SL MUSHROOM $2.49
TOMATOES LARGE KILO
0.270kg @$4.99/kg 1.35 PISTACCHIO 11 $6.00
WATERMELON SEEDLESS WHOLE
KILO 1.675kg @$2.99/kg 5.01 ROUND $0.01
LETTUCE ICEBERG EACH 249 || reeemeee
*PAS M/MALLOWS 250GM 1.89 TOTAL $9.85
SubTotal $16.83 CASH $9.85
Rounding $0.02 TAX 1 $0.55
TOTAL (Inc GST) $16.85
51 Titemis S SRS
Cash Tendered $20.00
Change Due $3.15
GST Amount $0.17
* Signifies item(s) with GST

Thank you for shopping at Superbarn

X MART

CUSTOMER RECEIPT TAX INVOICE
13/07/11 15:1

*JUNGLE JUMP BALL 6.00
*CR COLOUR SET CARDS 10.00
*CR GLOW STATION 10.00
*STAR OTTOMAN PINK 12.00
*JUNGLE HIDEAWAY 12.00
*LP AIRPORT 29.00

*MY OWN LEAPTOP
2 @35.00 70.00
oo TOTAL 149.00
CASH TENDER 150.00
CHANGE 1.00

* TAXABLE ITEMS

PLEASE RETAIN THIS RECEIPT/TAX
INVOICE AS PROOF OF PURCHASE

WE NOW TRADE
24 HOURS A DAY, 7 DAYS A WEEK

Which item included the GST, and how do you tell by looking at the receipt?
What is the cost of the item if the GST is not included?

Gymea Fruit Market

-0 Q0O T o

What was the cost of bananas per kilogram?
On what date was the purchase made?
What does ROUND mean?

What was the total paid for the items?

How much tax was included in the bill?
What percentage of the bill was the tax?

Xmart

a

[1- 20 =T T -

Essential Mathematics Core for the Australian Curriculum
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How many toys were purchased?

What was the cost of the most expensive item?
Which of the toys attracted GST?

How much GST was paid in total?

What percentage of the total bill was the GST?
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190 Chapter 3 Fractions, decimals and percentages

Owner and manager of a
fruit and vegetable shop

Owning and running your own business
requires hard work and long hours. The skills
you need are varied, from being well organised
and having good communication skills to being
able to manage staff and stock. Perseverance is
also a requirement, as many businesses fail
within their first three years.

X

Skill with numbers is important for the
day-to-day running of a fruit and vegetable
shop to ensure a profit. Stock needs to be
ordered and kept fresh. Enough stock needs to
be sold to cover wages, store rental, delivery
costs and, if possible, also some profit. Prices
must be adjusted for seasonal fluctuations as
well as unexpected costs.

Maths@Work

1 Imagine that you are starting up a fruit and vegetable shop in the town or suburb where you live.
a List some vegetables and fruits that could be supplied from your local markets or farms.
b What costs would your business have, other than buying produce?
¢ What do you think would be the main challenges to successfully running your shop?

2 When ordering or buying produce from markets, prices per kg or per item are usually stated.
Calculate the unit price or cost per kilogram for each of the following.
a 15 kg bag of potatoes costs $14.55

25 kg box of apples costs $34.50

Box of lettuce containing 20 heads of lettuce costs $18

8 kg bag of carrots costs $6.40

20 kg box of navel oranges costs $25.40

O Q0T

3 Fresh produce is generally bought at a wholesale price from suppliers and sold at a higher retail
price to cover costs and provide a profit to the store owner. Find the retail price/kg of the items
below, given the retail price is 250% of the wholesale price. Round to the nearest cent.

a Fresh asparagus wholesale price is $1.42 per kg

Beans wholesale price is $2.18 per kg

Broccoli wholesaling at $2.39 per kg

Apples 2.5 kg bag wholesaling at $1.83

Celery wholesaling at 85 ¢ per kg

O Q0T

4 Find the cost of an individual piece of fruit using the information in this table. Round to the
nearest cent.

Fruit Cost per kg Average number of pieces per kg Cost per piece
a Gala apples $5.00 6
b Red delicious apples $4.99 5
c Bartlett pears $3.99 5
d Apricots $7.95 12
e Peaches $10.99 9
Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
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Maths@Work: Owner and manager of a fruit and vegetable shop

5 Find the cost of the following order L kg of pears at $3.99/kg 2 heads of lettuce at $2.50 each
for a customer. 2

1.2 kg of apples at $5/kg 1 avocado at $3.50
2 kg bag of potatoes at $2.99/kg 2.2 kg of tomatoes at $5.99/kg

6 Compare the cost of 100 g of apples for each option A and B and state which is the better buy.
A A tray of Pink Lady apples with a weight of 600 grams for $2.94, or
B 0.75 kg of loose Pink Lady apples for $3.30.

7 Arestaurant in Daintree, north Queensland, ordered the following exotic fruits from a nearby tropical
fruit shop. Calculate the total cost of this order including a $45 packing and delivery fee.

Quantity Fruit Price S K

12 Dragon fruits $5.49 each

2% kg Lychees $19.90/kg

1 Jackfruit weighing 15.38 kg $3.45/kg

16 Star apple fruits $2.35 each

4 Custard apples $4.55 each

100 g Soursop dried leaves $25 peré—l‘ kg

1900¢ Ice-cream beans $2.54 per 100 ¢

31kg Chocolate pudding fruits $13.99/kg »

3.8 kg Purple Mangosteens $10.99/kg Dragon fruit are very nutritious.

Using technology

8 Many people work overseas and wish to compare living costs. @
Set up the following Excel spreadsheet to convert American /I S
produce prices per Ib (pound) to Australian dollars (AUD) per kg.
We use the letters USD for American currency.

a Use these conversion factors:
* In cell B2 enter 2.2 as there are 2.2 Ib per kg.
e Incell C2enter 0.75 (i.,e. 1 AUD =0.75 USD) or use the
current exchange rate.
e In cell D2 enter the formula = 1/C2. This gives the number
of AUD for USD.
b In column C, multiply the prices in USD/Ib by 2.2 to give USD/kg. Use $ signs to anchor the
B2 cell value as in the Hint.
¢ In column D, convert USD to AUD. Multiply by cell D2 (i.e. the number of AUD for 1 USD).

Hint for Q8:

e Formula cell C7 = B7 % $B$2
e Formula cell D7 = C7 = $D$2
e To fill formulas down a column,
drag down the ‘fill handle’.

A B C D
1 Conversion factors ?lbinlkg 1AUDto? USD | 1USDto ? AUD
2 2.2 |
3
4 Converting USA produce prices to Australian dollars/kg
5 Produce: fruit or vegetable USA prices Australian price
6 UsD perlb | USDperkg AUD per kg
7 Avocado $2.20
8 Bananas $0.86
9 Bok choy $2.18
10 Cauliflower $2.49
11 Granny Smith apples $1.95
12 Mangoes $1.71
13 Oranges - navel $1.37
14 Potatoes $1.24
15 Papaya $1.59 ‘

d Select any five of the above items and compare the converted Australian prices/kg to current
Australian online supermarket prices/kg. What observation can you make? Give some possible
reasons for the difference in prices.
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Remember that: Percentage change =

Chapter 3 Fractions, decimals and percentages

Upsized phone screen

The Samsum phone company is considering making a new upsized phone screen A
compared to one of its smaller models. The smaller model has dimensions
6.3 cm by 11.3 cm.

Market research has indicated that a total increase in screen area of 30% should be enough
to meet the demand in the market. To increase the screen size, however, the length and
the width need to increase by the same percentage, so the length and width are in the
same proportion.

___________

Present a report for the following tasks and ensure that you show clear mathematical
workings, explanations and diagrams where appropriate.

1 Preliminary task

Determine the area of the original Samsum phone screen with a length of 11.3 cm and a width
of 6.3 cm.

Find the length and the width of an upsized phone if the dimensions (length and width) are
increased by 10%.

Find the area of an upsized phone screen if the dimensions are increased by 10%.
What is the change in area between the new and old screens when the dimensions are increased
by 10%?

Find the percentage change in the area of the up-sized phone if the dimensions are increased
by 10%.

change

———=—— x 100%
original value

2 Modelling task

The problem is to determine the percentage increase which should be applied to the length
and width to achieve a 30% increase in area of the phone screen.

Write down all the relevant information that will help solve this problem.

Make an accurate drawing of the original Samsum phone screen with dimensions 6.3 cm by
11.3 cm. On your diagram include an illustration of how the dimensions might be increased.

Solve

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
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Make the following calculations to find the planned, up-sized screen area:

i find the original screen area

i find 30% of this area

iii increase the original screen area by this change to give the new, up-sized screen area.

Calculate the dimensions and screen area of an upsized phone if the original Samsum screen’s
dimensions are increased by the following percentages. Round your answers to three decimal
places.

i 5%

i 15%

i 25%

Determine which of the above percentage dimension increases leads to an increase of more

than 30% in total area. Justify your answer by calculating percentage increases in screen area
for each set of new dimensions that you calculated in part d above.
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Modelling 193

f Examine your results from parts d and e and use trial and error to determine the required E"::‘:‘e
percentage increase in phone dimensions to achieve a 30% increase in area. Answer correct o
to one decimal place. Remember that the length and the width need to increase by the same
percentage.

Communicate

g Summarise your results in a table like the one below and describe any key findings.

Percentage Upsized Upsized Upsized Percentage
increase of length Height screen area increase of
dimensions screen area

5%

15%

25%

3 Extension question

One sales executive at Samsum says that to increase the area by 30% you should increase the
dimensions by 30%. Demonstrate that the sales executive is wrong.

Cambridge University Press
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Chapter 3 Fractions, decimals and percentages

Paying for Australia
Key technology: Spreadsheets

As at 2023, Australia’s total population is about 25.5 million, its total government expenditure is about
$600 billion and the total taxation revenue is about $550 billion. About half of Australia’s government
revenue comes from personal income tax with most people paying tax based on the following tax
table.

Taxable income Tax on this income
0—$18200 Nil
$18201 — $45 000 19 cents for each $1 over $18 200

$45001 — $120 000 $5092 plus 32.5 cents for each $1 over $45 000
$120001 — $180 000 $29 467 plus 37 cents for each $1 over $120 000
$180001 and over $51 667 plus 45 cents for each $1 over $180 000

1 Getting started

For this activity, assume the following facts about Australia.

The current population is 25.5 million, including 20 million adults.
The total government expenditure is $600 billion.

The average personal income tax is $12 500 per adult.

The total revenue from other taxes (not income tax) is $300 billion.

What is the total revenue to the Australian government from personal income tax paid by adult
Australians?

By combining the total personal income tax and other taxes, does Australia earn enough revenue
to pay for its total expenditure? Give reasons.

Use the tax table above to calculate the total tax payable on the following taxable incomes.
(We will ignore the Medicare levy for now.)

i $30000

i $100000

iii $150000
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2 Using technology

The following spreadsheet is a simple balance sheet for the Australian economy using the information
from part 1.

A B C D E F

1 'Paying for Australia Average adult tax paid 12500

2

3 Population increase (%) Other income increase (%) Expenditure increase (%)

4 05 1 1

5

6 Year Population Income tax Other income Expenditure Balance

7 million Sbillions Sbillions Sbillions Shillions
]

9 12023 20 =89*D$1*1000000/1000000000 300 600 =D9+C9-E9

10 |=A9+1 =89"(1+854/100) =D9"(1+D$4/100) =£9%(1+£$4/100)

a Enter all the information into a spreadsheet and answer the following.
i The total revenue from personal income tax is calculated in C9. From which cell does the
formula receive the average tax paid by each adult?
ii  The population increase year by year is currently set at 0.5%. Explain how the formula in cell
B10 uses this information to calculate the correct total figure after the increase.
iii Explain how the formulas in cells D10 and E10 work.

b Fill down at cells A10,B10, C9, D10, E10 and F9 to year 2033. What do you notice about the overall
financial balance over this time?

¢ Change the average amount of income tax paid by Australian adults in cell D1 to $13000. Does
this improve Australia’s balance sheet?

d Let's now assume that the average Australian taxable income is $75 000.
i Use the tax table on the previous page to calculate the average tax paid using this taxable

income.
il Use your result from part d i in your spreadsheet to update cell D1. Does this improve

Australia’s balance sheet?

3 Applying an algorithm

a We will systematically apply this algorithm to explore what average taxable income is needed to
provide Australia with enough tax revenue. Start with 7 = 50 000.

Step 1: Calculate the tax paid by an Australian earning $/.

Step 2: Enter this tax amount into cell D1 of your spreadsheet.

Step 3: Record Australia’s balance at year 2033.

Step 4: Increase I by 5000.

Step 5: Return to Step 1.

b To the nearest $5000, what average taxable income provides Australia with a positive balance at
year 20337

¢ Change the rate of Australia’s population growth in cell B4. Explore how this change affects the
financial balance at year 2033 compared to the original 0.5% rate.

Bujuiyy jeuoneindwos pue Aojouyoss |
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196 Chapter 3 Fractions, decimals and percentages

1 Write down four decimals that when rounded to 2 decimal places give 2.67.

2 Jill has five coins in her pocket: a $2 coin, $1 coin, 50 cent piece, 20 cent piece, and one 10 cent
coin. If Jill chooses just two coins from her pocket without looking at them, or noticing their size or
shape, how many different amounts could she arrive at?

3 Write one half in ten different ways.

4 Complete these magic squares. All rows, columns and the two diagonals add up to
the same total.
a b

4 3
3 3
2 11 1
2
2% 2

5 A tangram consists of seven geometric shapes (tans) as shown on
the right. The tangram puzzle is precisely constructed using vertices,
midpoints and straight edges.

a Write each of the separate tan pieces as a percentage,
a fraction and a decimal amount of the entire puzzle.
b Check your seven tans add up to a total of 100%.
¢ Starting with a square, make a new version of a ‘modern’
tangram puzzle. You must have at least six pieces in your puzzle.
An example of a modern puzzle is shown below.
d Write each of the separate pieces of your new puzzle as
a percentage, a fraction and a decimal amount of the whole puzzle.
e Separate pieces of tangrams can be arranged to make more than
300 creative shapes and designs, some of which are shown.
You may like to research tangrams and attempt to make
some of the images.

3
S

%

&
3

4
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What is a fraction?
A fraction is
part of a @ %
whole.

P numerator (parts from
1% the whole)

4~ denominator

Simplifying fractions
Simplify fractions by
dividing the numerator
and denominator by
their highest common

factor..
8 _4x2_2
20 4x5 5

(parts in the whole)

fractions

1X3+1
3
R
Mixed Improper
1 4

3 3

\_/
L 4+3=1rem1

" Mixed and improper |

Adding or subtracting
fractions

To add or subtract
fractions you should
use the lowest
common
denominator.

Reciprocal
To take the reciprocal
of a proper or
improper fraction is
to turn it upside
down (flip).

Equivalent fractions
e represent the same
amount, they are the
same decimal.

_1_
=5=05

2
4

e create equivalent
fractions by multiplying
or dividing the top
(numerator) and bottom
(denominator) by
the same number.

X3

R

2
5

~_ 7

X3

ale

J

1

; 3
fractions X7

e multiply the »
numerators ——
2X4

e multiply the
denominators

o simplify &

Multiplying fractions
® use proper or improper

e cancel any numerator
with any denominator

) ' Negative fractions .

197

Chapter summary

Atewwns J191dey)

£x(3)
Different signs

Negative answer
11

5 2
—g X (_—g)
Same signs
Positive answer

_u
=%,

e change the +to x

I Negative fractions

$+6h

1
6

—

Subtract Add
opposite opposite
{ '
_5'1 _B 1
=578 =5t

Essential Mathematics Core for the Australian Curriculum

Dividing fractions

e flip the following fraction
(its reciprocal) and multiply.

Negative fractions

ISBN 978-1-009-593-724

2,1

37639
=2x69)

Different signs

Negative answer
12

3
=4

873
Same signs
|
Positive answer

5

=3
_ 42
=12

12

© Greenwood et al. 2025

5+ H43)

=l o
- ﬁ'(_3)

a1 _14i0_ 3
—F X% of 3 15—

3

Reciprocal
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198 Chapter 3 Fractions, decimals and percentages

L .
8 Y
Fractions to decimals Types of decimals
(1) Change denominator to Decimals can terminate (stop).
10, 100 or 1000. 0.5,0.75, 0.125
or (2) Divide the denominator Decimals can repeat/recur.
: into the numerator. 0.3333..=03
m 0.616161...= 0.61
- Multiplying by tens
The decimal point moves
m the same number of Adding and subtracting
# places as the number of When adding and subtracting
Q zeroes. with decimals make sure the
m 6.413 %100 =641.3 decimal points line up.
o e / | \
J1:3+100=0.713 Rounding decimals
Multiplying de.clmals If the digit after the place you want
The number of decimal places is 0, 1,2, 3 or 4, round down; if the
in the question is the same digitis 5, 6, 7, 8 or 9, round up.
Dividing decimals as in the answer.
Multiply both numbers by 0.04 0.3 =0.012
10, 100, 1000 etc. This is
dividing by a whole
number. [ Percentages and decimals e 1
%10 9 Unitary method
12@66 0.45 = 45% ( 4% = )+4
<3 =3 =422 20% =0.2 1% =
__~ 100% = 4 X100
x10 I \ 00% = 2
Percentage change - Percentages Percentages and fractions
Percentage _ __chan 100!  [re—
erﬁgn&e_mqv:l_uexT out of 100 %= %x100
= 60%
s R 35% = 33 D= i
Common conversions 20
3=05=50%
716=0'1 —10% 0f means x
1 i 7%of400
100 2 = 1—0—0 x 400
1=0.25=25%
$=075=75%
1-03=333% %ot Hoper oo
g NEEREE 7% of 20= L x 2 Find the % increase Find the % decrease and
2_06=662% 1007 7 and add to the original. subtract from the original.
3 =14
\. J i
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Chapter checklist 199

A version of this checklist that you can print out and complete can be downloaded from your Interactive Textbook.
1 | can generate equivalent fractions —
e.g. Rewrite % as an equivalent fraction with a denominator of 40. m
2 | can convert a fraction to simplest form =
e.g. Write the fraction B inits simplest form. (q»)
20 -—
3 | can add and subtract fractions, including mixed numerals |
e.g. Simplify: -
a2-3 p32+23
374 g8 ey (4]
4 | can multiply fractions, including mixed numerals x
e.g. Simplify: -
2,3 8,13 P
a 5 X 5 b s x 1 T (7, )
5 | can divide fractions, including mixed numerals
e.g. Simplify:
2.3 1.41
a st b 2 1° 1 3

6 | can add and subtract negative fractions.
implify: 2 — (=4 1,.(-1
e.g.Slmpllfy.§ ( 3> and 5+ ( 4>.

7 | can multiply and divide negative fractions.

implify: =& x (=3 11,
e.g. Simplify: 5><< 4> and 13.3.

8 | can compare decimals
e.g. Compare the following decimals and place the correct inequality sign between them:

57.89342 57.89631

9 | can convert decimals to fractions
e.g. Convert 5.12 to a fraction in its simplest form.

10 | can convert simple fractions to decimals

e.g. Convert 2% to a decimal.

11 | can add and subtract decimals
e.g. Calculate:

a 9.7-2.86 b 2.4+4.24.

12 | can multiply and divide decimals by powers of 10
e.g. Calculate:

a 9.753 = 100 b 27.58 x 10000

13 | can multiply decimals
e.g. Calculate 25.7 x 0.3.
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Year 8

Chapter 3 Fractions, decimals and percentages

14 | can divide decimals
e.g. Calculate 64.137 + 0.03
15 | can convert fractions to terminating decimals
e.g. Write % as a terminating decimal.
16 | can convert fractions to recurring decimals
e.g. Write 3% as a recurring decimal.
17 | can round terminating decimals
e.g. Round 14.258 to 1 decimal place.
18 | can convert percentages to fractions and to decimals
e.g. Write 72% as a simple fraction and as a decimal.
19 | can convert fractions and decimals to percentages
e.g. Convert the following to percentages:
‘o
az b 0.81
20 | can express one quantity as a percentage of another, converting units
if required
e.g. Express:
a 34 out of 40 as a percentage b 60 cents as a percentage of $5
21 | can find a certain percentage of a quantity
e.g. Find 25% of 48.
22 | can find the result when a value is increased by a percentage
e.g. Find the new value when $160 is increased by 40%.
23 | can find the result when a value is decreased by a percentage
e.g. Find the new value when $63 is decreased by 20%.
24 | can calculate the cost of an item after a discount
e.g. Find the cost of an $860 television that has been discounted by 25%.
25 | can calculate the cost of an item after a mark-up
e.g. Find the cost of a $250 microwave oven that has been marked up by 12%.
Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025
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Chapter checklist

26

I can calculate the percentage profit when prices are increased
e.g. Calculate the percentage profit when $25 becomes $32.

27

I can calculate the percentage loss when prices are decreased
e.g. Calculate the percentage loss when $60 becomes $48.

28

I can use the unitary method to find the full amount
e.g. If 8% of an amount is $48, what is the full amount of money?

29

I can use the unitary method to find a new percentage
e.g. If 11% of the food bill was $77, how much is 25% of the food hill?

30

| can use the unitary method to find the original price
e.g. A pair of shoes has been discounted by 20%. If the sale price was $120, what was the original
price of the shoes?
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Chapter review

Chapter 3 Fractions, decimals and percentages

Short-answer questions

BE® 1 Copyand complete.
7 b 22

4 20760 40

2 Simplify.

+

N
Blw ool Bl o

@

—_ o0l o0l

Sl | |
+

ENE

g

Find:

11
a 3-1g b 1

+2

N |—
N |—

Find:
2
a 3 of 6

Find:

1.1
azxg b

I
B

Calculate these divisions.

;l
a6.2 b

W
W=

Evaluate each of the following.

2 1.2

53
D2
¢ 5x< 5>
5. (-1
e 3.( J

BEI 9 Convert these fractions to decimals.
1 1

a 3 b 1
BEI 10 Write these decimals as simple fractions.

a 0.6 b 0.12
BE3 11 Evaluate.

a 12.6+74

c 94-1.2

e 9.6+10.1+3.21

Essential Mathematics Core for the Australian Curriculum
Year 8
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(=1

. 4.4
7= 21
16
D)

5_4
6 6
7.1
1010
1.1
)
3.7
5710

_2l 4.2
10-31 d 3%+1
2 3
2x12 d 2x20
) 1.2
§%5 d 15%5
4.1 1.3
3.1 d 113
_3.1

4%5
3_(_1
4 5
el (41

64+( 13>
3 117
5 ¢ 1000
0.04 d 095
8.59+5.6
10— 5.4
12.4—6.22

© Greenwood et al. 2025 Cambridge University Press



KD

KD
D

3K WAl

Essential Mathematics Core for the Australian Curriculum
Year 8

Evaluate.

a 3x2

c 1.2x4
e 1.5x04
g 9.6x10

Find:

a 12+03

b 18.6+3

c 1422+0.2

Round these decimals to 3 decimal places.
a 0.666...

b 3.579 64

¢ 0.005 496 31

Copy and complete this table of conversions.

= "o T

Chapter review 203

0.3x0.2
0.12x0.4
7.164 x 100
0.06 x 7

ydey)

0.1 0.75

MOIADJ 1O

1
100

A=

W=

CO|—

5% 50%

Find:

a 10% of $50
b 25% of $64
¢ 5% of700g

Express each of the following as a percentage.

a $35 out of $40

b 6 outof 24

¢ $1.50 out of $2

d 16cmoutof4m

a Increase $560 by 10%.
b Decrease $4000 by 15%.

If 6% of an amount is $18, what is the amount?

Toni bought a $194 dress on sale for 20% off.
What did Toni pay for the dress?

Sally earned $84 000 last year. This year she got 5% more. What did Sally earn this year?

ISBN 978-1-009-593-724
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Chapter 3 Fractions, decimals and percentages

Year 8

Multiple-choice questions
BED 1 0.36 expressed as a fraction is:

36 36 3 9 6
Ao ® 100 % " 2 3
1,5 :
gtg s equal to:

6 6 15 6
A o B 16 C o D 3 E 6

When 21.63 is multiplied by 13.006, the number of decimal places in the answer is:
A 2 B 3 C 4 D 5 E 1

2l is the same as:

3
) 7
A 7 B 7 C 3 D 23 E 6
The reciprocal Of% is:
4 1 1 1
A 3 B I C 3 D 15 E 4
Which decimal has the largest value?
A 6.0061 B 6.06 C 6.016 D 6.0006 E 6.007
9.46 x 1000 is:
A 94 600 000 B 9460 C 94 600 D 0.0000946 E 0.0946
75% of 84 is the same as:
A 84—4 X 3
B % x 4
C 84x100+75
p (0.75x84)
100
E 75
If 1% of the total equals 8, then 5% of the total equals:
A 800 B 80 C 40 D 4 E 1.6
$790 increased by 10% gives:
A $79 B $880 C $771 D $869 E 0.79
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Extended-response questions
1 a A $320 statue has the GST (10%) added to the price. What is the final price?

ydey)

MOIADJ 1O

b The price of a $670 stove includes GST. What is the price non-inclusive of GST? Round to the
nearest cent.

¢ In another country the GST is 13.5%. If a coat is priced at $145.28 and this price includes GST,
what is the price excluding GST?

2 The following table shows the value of A$1 (one Australian dollar) in foreign currency.
Genevieve is planning an extended holiday to Asia. She plans on visiting India, Singapore, Phuket
and Hong Kong.

Currency

Indian rupee (INR)
Singapore dollar (SGD)
Thai baht (THB)

Hong Kong dollar (HKD)

a She has decided to change some Australian dollars to each of the above currencies before she
flies out. How much of each currency will she receive if she changes A$500 to each currency?

b If she spent 70% of her Thai baht on hotels, how much Thai baht does she have left to spend?

¢ After visiting Hong Kong, Genevieve has $42 HKD left. What does this convert back to in
Australian dollars?
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In this chapter

4A Length and perimeter
4B Circumference of a circle
—— 4C Area of basic shapes
—— . 4D Area of kites, rhombuses and
b trapeziums
4E Area of a circle
4F Area of sectors and composite
shapes *
4G Volume and capacity
4H Volume of prisms
41 Time
4) Introducing Pythagoras’ theorem
4K Using Pythagoras’ theorem
4L Calculating the length of a shorter side

Australian Curriculum 9.0

MEASUREMENT

Solve problems involving the area and
perimeter of irregular and composite shapes
using appropriate units (ACOM8MO01)

Solve problems involving the volume and
capacity of right prisms using appropriate units
(ACOM8MO02)

Solve problems involving the circumference and
area of a circle using formulas and appropriate
units (ACOM8MO03)

Solve problems involving duration, including
using 12- and 24-hour time across multiple
time zones (ACOM8M04)

Use Pythagoras' theorem to solve problems
involving the side lengths of right-angled
triangles (ACOM8MO06)

NUMBER

Recognise irrational numbers in applied
contexts, including square roots and 7z
(ACOM8NO1)

© ACARA

N/

Online resources “5

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.

i
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|
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208 Chapter 4 Measurement

1 For each of the following shapes, choose the most descriptive name from options A to H.
A triangle B rhombus C square D parallelogram E circle F trapezium G rectangle H kite

b ¢ o0 d
— 1 4 [
e : f \/: g 7 h y
2 Find the perimeter ( dlstance around the outside) of these shapes

a [ [ 6 cm 3m
2.5cm
12 m

.
m

a

w |

3 Evaluate the following.

a %x5x4 b %(2+7)><6 c 32 d 112
4 Convert these measurements to the units shown in the brackets.
a 3m(cm) b 20 cm (mm) ¢ 1.8 km(m)
d 0.25m (cm) e 35 mm (cm) f 4200 m (km)
g 500 cm (m) h 100 mm (m) i 2 minutes (seconds)
i 3L(mb) k 4000 mL (L) I 3000 g (kg)

5 Count squares to find the area of these shapes.
a L b L c ..

6 Find the area of these rectangles and triangles.

Remember: Area (rectangle) = [ x w and Area (triangle) = lbh

2
a [ [] b ] f ] [ ‘ d
3cm |
ul [] T T3¢m 1
10 cm 1 } [] :4 e 8 cm
Ol
8cm
5cm
7 Count cubes to find the volume of this solid.
2cm
2.cm
3cm
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4A Length and perimeter

4A Length and perimeter

e To understand that perimeter is the distance around a shape and is measured in units such as kilometres, metres,
centimetres and millimetres.

e To be able to convert between different metric units of length.

e To be able to find the perimeter of a shape when individual side lengths are known.

e To be able to find an unknown side length of a shape when its perimeter is known.

Key vocabulary: perimeter, length, units, kilometre (km), metre (m), centimetre (cm), millimetre (mm)

Developed in France in the 1790s, the metric system for
measurement includes length units such as millimetre,
centimetre, metre and kilometre.

We use such units to describe, for example, the distance
between two towns, the perimeter of a block of land, the
depth of the ocean or the length of a racetrack.

i &

In F1 racing, the number of laps needed to
complete the race changes depending on the
O Lesson starter: Provide the perimeter length of the circuit.

In this diagram some of the lengths are given. Three students
were asked to find the perimeter.

e Will says that you cannot work out some lengths and so the 6 cm

perimeter cannot be found. [ ]
e Sally says that there is enough information and the answer is
9+12=21cm. |

e Greta says that there is enough information but the answer is 45 mm 7
90+12 =102 cm.

Who is correct? a s

Discuss how each person arrived at their answer.

Key ideas

® The common metric units of length include:
e kilometre (km) 1 km = 1000 m
e metre (m) 1 m=100cm
e centimetre (cm) 1 cm = 10 mm
e millimetre (mm)

x 1000 x 100 x 10
e S RN
km m cm mm
>__ A >_ 5cm

=+ 1000 +100 +10
® Perimeter is the distance around a closed shape.
e All units must be of the same type when calculating 4cm 6 cm
the perimeter.
e Sides with the same type of markings (dashes) are of P=2x5+4+6
equal length. =20 cm
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210 Chapter 4 Measurement

[ Understanding | 1-4 4
1 Write the missing words.
a The commonly used measurement system used today is called the system.
b The common metric units for length include millimetres, , and
2 Evaluate the following. Hint for Q2: Move
a 2x100 b 5.2x1000 c 7.8x10 the decimal point to
d 840+ 100 e 9610+ 10 f 41200 + 1000 the right for > and ,
left for +. A
3 Choose the most appropriate unit of measurement from millimetres (mm), ,,E}@\

metres (m) and kilometres (km) for the following items being measured.
the width of a football ground

the length of a small insect

the distance for a sprinting race

the distance a person drives their car in a week

the height of a building

the distance between lines on a piece of lined paper

- D0 Q0O T o

4 Find the value of x in these diagrams.

a b xm c
xm
xcm 10 cm 14 m
7m 12m
3m
[ Fluency | 5607 5-6(%2), 7
Convert these lengths to the units shown in the brackets.
5.2 ¢cm (mm) 2400 m (km)
Solution Explanation
52cm=52x10 1 cm =10 mm, so multiply by 10.
= 52 mm %10
TN
cm mm
2400 m = 2400 + 1000 1 km = 1000 m, so divide by 1000.
=2.4km
Now you try
Convert these lengths to the units shown in the brackets.
3.61 km (m) 540 cm (m)
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5 Convert these measurements to the units shown in the brackets.

a 3cm(mm) b 6.1 m(cm) ¢ 8.93km(m)
d 3m(cm) e 0.0021 km (m) f 320 mm (cm)
g 19620 m (km) h 38000 cm (m) i 48 mm (cm)
j 0.2cm (mm) k 42cm(m) I 0.4 m(cm)
m 3700 m (km) n 600 m (km) o 0.71 km (m)
p 0.02m(cm)
Find the perimeter of this triangle.
10 m
7m
Solution Explanation
P=2x10+7
=27 m length to add up.
Now you try

Find the perimeter of this kite.

6 Find the perimeter of these shapes.

a b f c
5m 6m + +7m
15“m
8m
d 2.4cm e f
I.1m
4 cm
g h 43 cm i
7.2 mm
2.8 mm

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724

2.3cm
1.7 cm
3cm
5cm

=+ * 7 cm

2cm
5.1m
9.6 m
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4A Length and perimeter

Hint for Q5:

1 km = 1000 m
1 m=100 cm

1cm=10 mm

There are two equal 10 m lengths and one 7 m

Hint for Q6: Sides
with the same

markings have the
same length.

Cambridge University Press
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Chapter 4 Measurement

Find the perimeter of this shape.

4cm

Solution
P=2x3+3)+2x4
=12+8
=20 cm
Now you try

Find the perimeter of this shape.

6 mm

7 mm

7 Find the perimeter of these shapes.
a 10 cm b

=3 cm

Explanation

4cm

6cm

32m

1 km

4cm

f Problem-solving and reasoning

8 Convert these measurements to the units shown in the brackets.

0.0043 m (mm)
0.0204 km (cm)
23098 mm (m)
342000 cm (km
194300 mm (m
10000 mm (km
0.02403 m (mm
994 000 mm (km)
0.00001 km (cm)

<Y)

= -

- - a 00T
=
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1cm

4cm

a0 S

-

Hint for Q8: You will need to
multiply or divide by at least
two factors. e.g. x 100 x 10
or + 1000 + 100.
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4A Length and perimeter

Find the unknown value x in this triangle if the perimeter is 19 cm.

P=19cm
xcm
5cm
Solution Explanation
2x+5=19 2x + 5 makes up the perimeter, which is 19.
v =14 Solve the equation algebraically or use a guess
=7 and check method to find the value of x.

Now you try
Find the unknown value x in this rectangle if the perimeter is 40 cm.

9 Find the unknown value x in these shapes with the given perimeter (P).

a b ﬂ
x m i\../‘
Hint for Q9: Use the given
perimeter to find the value of x.
4m
xm
P=12m
P=10m
c 7 cm d 10 mm
T TXxam
xmm
P=22cm
P =46 mm
e xm f f
1 +xkm
7m
P=39m
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ETY |,

@11

12

@13

Jennifer needs to fence her country house block to keep her dog in.
The block is a rectangle with length 50 m and width 42 m. Fencing
costs $13 per metre. What will be the total cost of fencing?

Gillian can jog 100 metres in 24 seconds. How long will it take her to jog 2 km? Give your answer in
minutes. (There are 60 seconds in one minute.)

When a length is measured in practice, the true length of the object might not be exactly the same as
the reported measurement. For example, if someone says they are 173 cm tall, they might be anywhere
from 172.5cm to 173.5cm. Use this principle to give a range for someone whose height is reported as:
a 153cm b 178cm ¢ 160cm.

A rectangular room is initially estimated to be

4 metres wide and 6 metres long. It is then

measured to the nearest centimetre as 403 cm

by 608 cm. Finally, it is measured to the nearest

millimetre as 4032 mm by 6084 mm.

a Give the perimeters of the room from each of
these three sets of measurements.

b What is the difference, in millimetres, between
the largest and smallest perimeter?

¢  Which is the most accurate value to use for the
perimeter of the room?

— 14
14 Find the perimeter of these shapes. Give your answers in cm.
a L b
10 cm 30 mm 4cm
T Hint for Q14: Check to make
sure the units are all the same.
15 mm
¢ d %
1.1 cm
3m
20 mm
e 10 cm f 12m
9cm
44 m
+20m
7cm
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4B Circumference of a circle 215

4B Circumference of a circle

e To understand that pi (7) is a number that equals the circumference divided by the diameter of any circle.
e To know that pi is approximately 3.14 or 22/7.

¢ To be able to find the circumference of a circle using a calculator.

Key vocabulary: circle, diameter, radius, circumference, pi ()

The distance around the outside of a circle, known
as the circumference, is connected to the diameter
through a special number called pi.

The symbol for pi is 7, and as a decimal,
7 =3.14159.... There is no fraction that represents pi
exactly, which is why we often use calculators when
working with this number.

Pi represents the number of times the diameter of the
circle is needed to circumnavigate the circumference
of the circle.

o Lesson starter: Discovering pi

Here are the diameters and circumferences for three circles, correct to two decimal places. Use a calculator
to work out the value of Circumference + Diameter and put your results in the third column. Add your own
circle measurements by measuring the diameter and circumference of circular objects such as a can or

a wheel.

* What do you notice about the numbers for C + d in the third column?

e Why might the numbers in the third column vary slightly from one set of measurements to another?

e What rule can you write down that links C with d?

Diameter d (mm) Circumference C (mm) C-+d
2.23 7.01
5.94 18.66
20.65 64.87
Add your own Add your own

Key ideas

® Features of a circle:
e Diameter (d) is the distance across the centre of a circle.
e Radius (r) is the distance from the centre of a circle to its outside edge.
Note d = 2r.

® Circumference (C) is the distance around a circle.
e C=2nrrorC=nmd
® Pi(m) = 3.14159 (correct to five decimal places).

e Common approximations include 3.14 and %

e A more precise estimate for pi can be found on most calculators or on the internet.
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216 Chapter 4 Measurement

Exercise 4B

[ Understanding | 1-4 3,4

1 Name the features of the circle shown in the diagram.

2 a Find the diameter of a circle if its radius is:
i 5m i 11cm iii 2.3 mm

b Find the radius of a circle if its diameter is:
i 12cm ii 31 mm ili 0.42m

@ 3 Write down the value of 7 correct to:
a one decimal place
b two decimal places
¢ three decimal places

@ 4 Evaluate the following using a calculator and round to two decimal places.
a mx5 b nx13 C 2Xmx3 d 2xmx37

[ Fluency | 560 5, 6(%)

Find the circumference of this circle correct to two decimal places.
Use a calculator for the value of pi.

Solution Explanation
C=2nr Since r is given, you can use C = 27xr.
=2Xmx3.5
=Tr

=21.99 m(to2d.p.)

Now you try

Find the circumference of this circle correct to two decimal places.
Use a calculator for the value of pi.
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4B Circumference of a circle 217

@ 5 Find the circumference of these circles, correct to two decimal places.
Use a calculator for the value of pi.

b c
Hint for Q5: Use the
39 cm rule C = 27 and
substitute the value
of r.
e f

a ;
2 mm
| @ @
2.1m 0.7 km

Find the circumference of this circle, correct to two decimal places.

@

Solution Explanation
C=nd Substitute d = 4 into the rule C = nd
= x4 or use C =2xar with r=2.
=4r

=12.57cm (to 2 d.p.)

Now you try
Find the circumference of this circle, correct to two decimal places.

@ 6 Find the circumference of these circles, correct to two decimal places.

a b c
Hint for Q6: Use the
rule C = nd and
substitute the value
of d.
d e f
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mf Problem-solving and reasoning | 7-10 9-13

@ 7

@ 8
@ 9
@ 10

@11

@12

13

14

The diameter of the circular face of a metal drum is 80 cm. Find its circumference, correct to the nearest
whole centimetre.

A water tank has a diameter of 3.5 m. Find its circumference, correct to one decimal place.
A wheel of radius 28 cm rolls one full turn. Find how far it rolls, correct to the nearest centimetre.

An athlete trains on a circular track of radius 40 m and jogs 10 laps each day, 5 days a week. How far
does he jog each week? Round the answer to the nearest whole number of metres.

These shapes are semicircles. Find the perimeter of these shapes including the straight edge and round
the answer to two decimal places.

4.8 m

|—>]
12 mm

Hint for Q11: The perimeter is
half of the circumference of a
full circle plus the diameter.

Draw an accurate number line showing the integers 0, 1,2, 3 and 4.

a Label the points 3.14,% and & at their locations on the line.
b Sort the numbers 3.14,%, 7 in ascending order.
¢ When finding the circumference of a circle with a known diameter, you could use 3.14 or % as an

approximate value for z. Which of these values will give you an approximate value that is bigger
then the true circumference? Explain your answer.

Explain why the rule C = 2zr is equivalent to (i.e. the same as) C = zd.
— 14
The box shows 7 correct to 100 decimal places. In 2020 the unofficial world record for the most

number of digits of x recited from memory was held by Akira Haraguchi from Japan. He recited
100000 digits non-stop over a 16%-hour period.

3.1415926535 8979323846 26433832795028841971 6939937510
5820974944 5923078164 0628620899 8628034825 3421170679

Challenge your friends to see who can remember the most number of digits in the decimal
representation of x.

Number of digits memorised Report
10+ A good show
20+ Great effort
35+ Superb
50+ Amazing memory
Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press

Year 8 Photocopying is restricted under law and this material must not be transferred to another party.
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4C Area of basic shapes

e To understand what the area of a two-dimensional shape refers to.

e To be able to convert between different metric units of area, including hectares.

e To be able to find the area of rectangles, parallelograms, triangles and squares.

Key vocabulary: area, perpendicular, rectangle, square, parallelogram, triangle, hectares (ha)

The amount of space on a surface is called area. Area is
measured in square units and the common metric units are
square millimetres (mm?), square centimetres (cm?), square
metres (m?), square kilometres (kmz) and hectares (ha).

The hectare is often used to describe areas of land, since
the square kilometre for such areas is considered to be too
large a unit and the square metre too small. A school football
oval might be about 1 hectare, for example, and a small forest
might be about 100 hectares.

3
® 4

A typical athletics field, including the running
track, is around 1.2 hectares in size.

o Lesson starter: Estimating area

By counting squares, or by using an estimate, you can find the area of a shape. For the following shapes,
find or estimate their area. Explain your method for each one.

Key ideas
® The common metric units
for area include: 1 cm? 1¢cm =10 mm
* square millimetres (mm?) =10 mm x 10 mm 1cm=10 mm
; 2
® square centlmetrezs (cm”) — 100 mm2
® sqguare metres (m“)
e square kilometres (kmz) 12
¢ hectares (ha) m 1 m=100cm
x10002  x1002  x102 = Y em X 100 cm
=1000000 = 10000 =100 =10000 cm —
o —a 1 m=100cm
km?2 m?2 cm? mm?2 5
N~ N N~ 1 km
+10002  +1002  +102 = 1000 m x 1000 m
= 1km=1
— 1000000 = 10000 =100 ) m=1000m
=1000000 m
x 10000
RN —
ha 2 1 ha 1 km =1000 m
N =100 m x 100 m
+10000 ’
=10000 m
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® Area of squares, rectangles, parallelograms and triangles

e Square A=Ix[=[? .
L

e Rectangle A=Ixw=Iw #

1
e Parallelogram A=bXxh=bh —>>—
{ h A
b

* Triangle A=1xbxh="1bh

HES

b
e The dashed line which gives the height is perpendicular (at right angles) to the base.

Exercise 4C
[ Understanding | 18 1,3
1 Convert these area measurements to the units shown in the brackets.
a 2m?(cm?) b 5cm? (mm?) ¢ 400 mm? (cm?)
d 30000cm? (m?2) e 4km? (m?) f 8000000 m?2 (km?2)
2 By considering the given diagrams, answer the questions. l«<—1 cm =10 mm—>
a i How many mm?in 1 cm??

i How many mm? in 4 cm??
iii How many cm? in 300 mm??

] 5. 2 I1cm=
b i How many cm=in 1 m=? 10 mm

i How many cm? in 7 m?? l

i How many m? in 40 000 cm??

1 m=100cm -
(not to scale)

1m2 1 m=100cm

¢ i How many m?in1km?? 1 km = 1000 m
i How many m? in 5 km??
i How many km? in 2500 000 m?? 1km2 |1km=1000m

d i How many m?in 1 ha? 100 m
i How many m?in 3 ha?
iii How many ha in 75000 m?? 1ha  [100m
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4C Area of basic shapes

3 Which length measurements would be used for the base and the height (in that order) to find the area

of these triangles?
a | 5m b 10 cm g
'13m
a 6 Cm> 4
8cm

Hint for Q3: Recall that the
base and height are
perpendicular (at 90°).

[ Fluency | 4709 4-7(%)

Convert these area measurements to the units shown in the brackets.
0.248 m? (cm?)
3100 mm? (cm?)

Solution Explanation
0.248 m? = 0.248 x 10000 1 m? =100? cm? = 10000 cm? %1002
— 2480 cm?2 Multiply since you are changing z/\ )
to a smaller unit. m cm
3100 mm? = 3100 + 100 1 cm? =10 mm? = 100 mm? a2 mm2
_ 51l @i Divide since you are changing \_2/
to a larger unit. +10
Now you try

Convert these area measurements to the units shown in the brackets.
0.43 cm? (mm?)
52500 cm? (m?)

4 Convert these area measurements to the units shown in the brackets.

a 2cm? (mm?) b 7m?2(cm?) ﬁ oF
0.5 km*(m?) 3 ha (m?) _/ I
0.34cm? (mm?) 700 cm? (m?) Hint for Q4:

c d
e f S
) ) 5 5 lcm“=10x 10

g 3090 mm= (m-) h 0.004 km~ (m*) e
i 2000 cm? (m?) i 450000 m2 (km?) 1 m? =100 100

2 2 2 =10000 cm
k 4000 m= (ha) I 3210 mm~* (cm*) 1 km? = 1000 x 1000
m 320000 m? (ha) n 0.0051 m? (cm?) — 1000000 m2
0 0.043 cm? (mm2) p 4802 cm? (m?) \1 ha = ig%golnﬂg j
q 19040 m? (ha) r 2933 m2 (ha) _
s 0.0049 ha (m?) t 0.77 ha (m?)
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Find the area of this rectangle and square.

6cm

Solution
A=1Iw
=0xX2

=12 cm?

Now you try

Find the area of this rectangle and square.

12 cm

4cm

5 Find the areas of these squares and rectangles.

2cm

a I

b

-7cm

Explanation

Write the formula for the area of a rectangle
and substitute /=6 and w = 2.

For a square, multiply the length of a side by
itself to get the area.

: 9

(Hint for Q5: Use A =/ x w or

A=1P.

5cm

2cm
Im

O

12 mm

11 m

v
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Find the area of these parallelograms.

i

25cm
Solution
A =bh
=25%x10
=250 cm?
A=bh
=8x3
=24 m?
Now you try

Find the area of these parallelograms.

"\

20m

@ 6 Find the area of these parallelograms.
a

10m

9cm J\Zcm

Essential Mathematics Core for the Australian Curriculum
Year 8
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8m

Explanation
Use A = bh with b=25and h =10

The height is measured at right angles to

the base.
13 cm AN
“10cm
%

Hint for Q6: Use A = bh
and choose your base and
perpendicular height.

3cm
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Find the area of these triangles.

i ; 5cm
o mi
1 11 cm
13m
Solution Explanation
A :%bh Remember that the height is measured using a
line that is perpendicular to the base.
=21x13x7
=45.5m?
A ==bh The base is 11 cm and the height is 5 cm so use

b=11and h=35.

1
2
%xlle
=27.5cm?

Now you try
Find the area of these triangles.

20 mm

7 Find the area of these triangles.

a ! b 13cm Hint for Q7: Use 4 =1 b/ and
i 7m choose the base and height so they
‘_I are perpendicular (at 90°).
12m
c d
10 cm
7m
18 m
20 cm
e f /(7\@ km
4km
10 km
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b
c

[ Problem-solving and reasoning | 812 _

8 a

A rectangular park has a length of 100 m and an area of 5000 m2. What is its width?
A parallelogram has an area of 26 m? and its base length is 13 m. What is its perpendicular height?
A triangle has an area of 20 cm? and a base of 4 cm. Find its height.

Find the side length of a square if its area is:

a
b

Qo O T o

36 m?2
2.25 cm?

Find the area of a square if its perimeter is 20 m.
Find the area of a square if its perimeter is 16 cm. (

Hint for Q10: First find the side

Find the perimeter of a square if its area is 49 cm?. length of the square.

Find the perimeter of a square if its area is 169 m?.

Paint costs $12 per litre and can only be purchased in a full number of litres. One litre of paint
covers an area of 10 m2. A rectangular wall is 6.5 m long and 3 m high and needs two coats of
paint. What will be the cost of paint for the wall?

12 a

Estimate the area of the following irregular shapes using the grid provided.
i

lmi
Im
ii
lch
Iem

b Explain how the accuracy of your answer would change if the grids above used more squares with
a smaller area (e.g. using cm? for (i) or mm? for (ii)).
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226 Chapter 4 Measurement

13 Aninaccurate measurement can make a big difference when seeking the answer in an area calculation.
@ A square room could be measured as having side length 4 metres, then remeasured in centimetres as
396 cm, then finally measured in millimetres as 3957 mm.
a Find the three areas based on each measurement.

b Calculate the difference in mm? between the largest and smallest area.

14 Use your knowledge of area units to change these measurements to the units shown in the brackets.

a 0.2m?(mm?)
b 0.000043 km? (cm?)
¢ 374000 cm? (km?)
d 10920 mm? (m?)
e 0.0000002 ha (cm?)
f 1000000000 mm?2 (ha)
— 15
@ 15 Find the area of these composite shapes by using addition or subtraction.
a b 9m
>m Hint for Q15: Divide
into two or more
=+ shapes then add or
f subtract.
3m
c 14 cm d 16 cm
i \ / 37 cm
LH- s
3cm
e 10 km f #

6 km <——2 km

(Find the area of the shaded region.)
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4D Area of kites, rhombuses and trapeziums 227

4D Area of kites, rhombuses and trapeziums

e To understand that the area for special quadrilaterals can be determined from the formulas for the area of rectangles
and triangles.
e To be able to find the area of rhombuses, kites and trapezia.

Key vocabulary: area, rhombus, kite, trapezium, diagonals (of a quadrilateral)

We have used formulas to work out the area of rectangles (4 = Iw), squares (4 = /%), parallelograms (A4 = bh)
and triangles (4 = %bh).

In this section, we will develop and use formulas for a set of special quadrilaterals including the rhombus,
kite and trapezium.

O Lesson starter: Develop the rule 4 = %xy

The intersecting diagonals of a rhombus form four identical right-angled triangles.

e By cutting along the diagonals and rearranging the triangles, what other shapes can be formed?

e Using the pronumerals x and y as the length of the diagonals, what are the side lengths of your newly
formed shape?

1

2

e (Can you apply this thinking to the area rule for a kite?

e How does this help to explain the rule 4 = = xy for the area of a rhombus?

Key ideas
® Area of a rhombus and kite y
NI . < >
Area = 5 X diagonal x x diagonal y \ ¥
1 2 y i
orAd= 5Xy \/ / &
@ Area of a trapezium
Area = % x sum of parallel sides x perpendicular height b
I h |’
orA:E(a+b)horA=§(a+b) i
a
Exercise 4D
[ Understanding | 1-3 3
1 Match each formula with a shape.
a A=lw b A=%xy ¢ A=bh d A=%(a+b)h
A B [ O] C /—’—\ D
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228 Chapter 4 Measurement

m 2 Find the value of 4 using these formulas and given values. Substitute the given values into the formulas.
a A=bh(b=2, h=3) b A:%mwxziyzlm

c A:%W+Mhm:2,b:1h:3) d A:%m+mhm=7,b=4h=6)

3 Complete these sentences.
a Lines that are perpendicular meet at degrees.

Hint for Q3: Choose from:

b The two diagonals in a kite or a rhombus are . height, 90, parallel, kite,
rhombus, perpendicular.

¢ To find the area of a trapezium you multiply% by the sum

of the two sides and then multiply by the
d The two special quadrilaterals that have the same area formula using diagonal lengths x and y
are the and the
[ Fluency | 450 4, 5(%)

Find the area of the rhombus and kite.

4& 20 cm

Solution Explanation
A= %xy Use 4 = %xy when the diagonals are given with
x=6and y =4 (or vice versa).
=lx6xa y=4i )
2
=12m?
A= %xy Use the formula 4 = %xy since both diagonals
1 are given. This formula can also be used for a
=5 x10x20 rhombus.
=100 cm?
Now you try
Find the area of the rhombus and kite.
7cm 10m

10 cm
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@ 4 Find the area of these rhombuses and kites.

| | .

. . _1
3cm 59 km Hint for Q4: Recall that 4 = R
for both rhombuses and kites
with x and y as the diagonals.
c d
6.2m 4cm
e f
1.8 mm
[ S —
30 mm
Find the area of this trapezium.
3 mm
'S5 mm
=
11 mm
Solution Explanation
A= %(a+b)h The two parallel sides are 11 mm and 3 mm in

length. The perpendicular height is 5 mm.
“Lear+3)x5

X 14 x5

2

W N N

5 mm

Now you try
Find the area of this trapezium.

12cm |
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4D I

Find the area of these trapeziums.

@ a 7cm b
| 9m
8.cm Hint for 05: 4 = L (a+ by,
i where « and b are the lengths
17 cm of the parallel sides.
4m
c 20 mm d 4cm

50 mm
) 1cm

f Problem-solving and reasoning

@ 6 A flying kite is made from four centre rods all connected
near the middle of the kite as shown. Three of the rods are
30 cm in length and one is 60 cm as shown. What area of
plastic, in square metres, is needed to cover the kite?

f P
!

@ 7 Alandscape gardener charges $20 per square metre of lawn. A lawn area is in the shape of a rhombus
and its diagonals are 8 m and 14.5 m. What would be the cost of laying this lawn?
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4D Area of kites, rhombuses and trapeziums 231

8 These trapeziums have one side at right angles to the two parallel sides. Find the area of each.

a 2.cm b c 13cm
4m 3cm
2cm 10m
10 cm
L1 > 5m
4.cm
9 Would you use the formula 4 = %xy to find the area of this rhombus? Explain.
10 cm
* [ Proving formulas | — 10
10 Copy and complete these proofs to give the formula for the area of a parallelogram, a rhombus and a
trapezium.
a Parallelogram
A4 = length x width I !
— ih |
= % 0 \\
= b
b Rhombus
A =4 triangle areas
=4x % x base x height
—4xl
=4 x 3 X X
¢ Trapezium
A = Area (triangle 1) + Area (triangle 2)
= % x basej x height, +% x base, x height,
_1 1
=5 X X 5% X
= +
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4E Area of a circle

e To be able to find the area of a circle given its radius or diameter.
¢ To understand how to find the area of a semicircle or quadrant by multiplying a circle’s area by % or ‘1—‘

Key vocabulary: circle, pi 7, semicircle, quadrant

Like the circumference of a circle, the area of a circle is
linked to the number pi (7).

One way to consider the area of a circle is to divide
it into sectors, then arrange them into a rectangular
shape. If very thin sectors are used, then the arrangement
will be close to a rectangle with a length that is half the

circumference of the circle, or % x 27r = v and width r.

This leads to the area formula: 4 = length x width L
] ] [N 1

=nr Xr U S S T A S S A A Width
1 1 I

1 v v v v v v v v

= 7r
| N N —

O Lesson starter: Just count squares
To find an estimate for the area of a circle you can count the number of squares.

e Count squares to estimate the area of this circle in cm?.
e Ask your teacher to give you an accurate measure of its area. Who was the

closest?

Key ideas

® The area of a circle is given by the formula 4 = 7.

e The diameter is twice the radius: d = 2r
e Substitute the radius into the formula to find the area.

eg.lf r=2
A=mx2?
=nx4

=12.57 (to 2d.p.)

@ A half circle is called a semicircle.

_1_2
A—2n’r

® A quarter circle is called a quadrant.
12

Azzﬂ'r
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[

1

Understanding l 1-4 4

Write the rule for:
a the circumference of a circle.
b the area of a circle.

@ 2 Use a calculator to evaluate these, correct to two decimal places.

a mx5?

b 7x132
c 7mx3.12
d 7x9.82

3 What fraction of a full circle is shown here?

4 What is the length of the radius in these shapes?

a b c

a (S

2.3 mm

(

Fluency | 560 5, 6(%), 7

Find the area of this circle, correct to two decimal places.

Solution Explanation

Z Use the & button on the calculator and enter

7w x 4% or  x 16.

A=nrr
= x4%
=50.27 cm? (to 2 d.p.)

Now you try
Find the area of this circle, correct to two decimal places.
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m 5 Find the area of these circles, correct to two decimal places.

a b
Hint for Q5:
Substitute the radius
forrin A = mr.

| ‘ | ‘

| | ‘

Find the area of this circle, correct to two decimal places.

Solution Explanation
r=d=+2 First work out the radius as half of the diameter.
=6+2
=3
A=nr? Substitute » = 3 into the rule, then round to two

=Y decimal places.

=28.27m? (to 2d.p.)

Now you try
Find the area of this circle, correct to two decimal places.
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@ 6 Find the area of these circles, correct to two decimal places.

a b c
Hint for Q6: First work out
the radius.

| ‘ | ‘ f ‘

@ 7 Find the area of the circle inside these shapes. Round to two decimal places.

e TN IONE
\__ \_ \_ _

2.8m

[ Problem-solving and reasoning | &0 _

@ 8 A circular pizza tray has a diameter of 30 cm. Calculate its area to the nearest whole number of cm?.

@ 9 A tree trunk is cut to show a circular cross-section of radius 60 cm. Is the area of the cross-section more
than 1 m2? If so, by how much? Round your answer to the nearest whole number of cm?.
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m 10 In this question, you will be finding an upper bound and lower bound for 7.
a Use the diagram to explain why the area of a circle of radius r must be
less than 4+

b Use the diagram to explain why the area of a circle of radius r must be
more than 2r2.

¢ Is the true area of a circle greater than, less than or equal to the average of
the two squares’ areas?

Find the area of this quadrant and semicircle, correct to two decimal places.

5 km
3m
Solution Explanation
A= }l X 71 The area of a quadrant is % the area of a circle
1 5 with the same radius.
=—XJ{TX3
4
=7.07m? (to 2 d.p.)
r= % =25 The radius is half the diameter.
The area of a semicircle is 1 the area of a circle
A= 1 X 711 . . 2
2 with the same radius.
= % X 7T X 2.5%
=9.82 km? (to 2 d.p.)
Now you try

Find the area of this quadrant and semicircle, correct to two decimal places.

G6cm

4.8 m
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4E Area of a circle

F|nd the area of these quadrants and semicircles, correct to two decimal places.

G 16.cm Hint for Q11: The radius is half
the diameter.
d 3.6 mm
8m
10 cm b

Two circular plates have radii 12 cm and 13 ¢cm. Find the difference in their area, correct to two
decimal places.

A square of side length 10 cm has a hole in the middle. The diameter of the hole is 5 cm.
What is the area remaining? Round the answer to the nearest whole number.

Reverse the rule 4 = 7#? to find the radius in these problems.
a If A =10, use your calculator to show that r = 1.78.
b Find the radius of circles with these areas. Round the answer to two decimal places.
i 17m?2 i 4.5km? i 320 mm?
¢ Can you write a rule for rin terms of 4? Check that it works for the circles defined in part b.
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4F Area of sectors and composite shapes

e To know what a sector is
e To understand that a sector’s area can be found by taking a fraction of the area of a circle with the same radius
¢ To be able to find the area of a sector given its radius and the angle at the centre

e To be able to find the area of composite shapes involving sectors

Key vocabulary: sector, composite shape, radii

A slice of pizza or a portion of a round cake cut from the centre forms a shape

called a sector. The area cleaned by a windscreen wiper could also be thought of
as a difference of two sectors with the same angle but different radii. Clearly the
area of a sector depends on its radius, but it also depends on the angle between
the two straight edges.

o Lesson starter: The sector area formula

A computer hard drive disk stores data
on concentric circular tracks that are
divided into track sectors. Each track
sector stores 512 bytes of data and its
area is the difference in area between
two geometric sectors. The engineers
of IBM at the San Jose California
Laboratory are the ones who invented
the hard drive in the year 1953.

Complete this table to develop the rule for finding the area of a sector.

Angle Fraction of area Area rule Diagram
o 180 _ 1 Ly o
180 360=2 A 3 X 1
o ﬂ _ _ 2
90 0= A= xar
° 45 _
45 360
30°
o _ 2
a oo
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Key ideas

® A sector is formed by dividing a circle with two radii.

® A sector's area is determined by calculating a fraction of the area of a circle with the
same radius.

e d
e Fraction is 360
2

e Sectorarea =-% x rr ;

360 Q

r

® The area of a composite shape can be found by adding or subtracting the areas of more
basic shapes.

A=lw +%7z'r2

[ Understanding | 13 2,3

1 Simplify these fractions.

180 b 90
360 360
50 a4
360 360

a

c

2 Evaluate the following using a calculator. Give your answer correct to two decimal places.

a 30y zrx22

360

20 2
b 360><7t><7

¢ 210y 1232

360

bl
7]

3 What fraction of a circle in simplest form is shown by these sectors? \

a b c h "
Hint for Q3: Start with a fraction
' 120° over 360 then simplify.
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[ Fluency

| 4,5-6(1%) 5-6(%2)

Find the area of these sectors correct to two decimal places.

2cm

Solution

A=7%x mr?

360
_120 2
_360><7z><2
1

:gxnx4

=4.19cm? (to2d.p.)

a=360—-70=290

A =% x mr?

360

=290 7% 52

360
=63.27m? (to 2 d.p.)

Now you try

70°

Explanation

First, write the rule for the area of a sector.

Substitute a = 120 and r = 2.

Note that 120 simplifies to 1

360 3

First, calculate the angle inside the sector
and remember that a revolution is 360°. Then
substitute @ =290 and r = 5.

Find the area of these sectors, correct to two decimal places.

’

@

@ 4 Find the area of these sectors, correct to one decimal place.

Essential Mathematics Core for the Australian Curriculum

Year 8

b %
q . o d 2
‘ C—Imt for Q4: Start with 360 X 7Tre.
4m
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4F Area of sectors and composite shapes

@ 5 Find the area of these sectors, correct to two decimal places.
a

b c 2.5¢cm
3 mm 20 mm
V \/

d e f
S.1Im 11.2.cm
18.9m
@ 6 Find the area of these sectors, correct to two decimal places. «?\;_\
a

b U
‘ Hint for Q6: The angle given is
A not the angle inside the sector.
240°—" Om 80

Find the area of this composite shape, correct to the nearest whole 20 mm
number of mm?.

10 mm

Solution Explanation

A=1Ilw- % nr? The area can be found by subtracting the area
of a quadrant from the area of a rectangle.

=20 % 10—}‘><n>< 102
=200 - 257
=121 mm? (to nearest whole number)

Now you try
Find the area of this composite shape, correct to two decimal places.

20 mm
[ | L]

10 mm
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m 7 Find the areas of these composite shapes using addition or subtraction. Round the answer to two
decimal places.

a b c
i 2m §10 cm
T T 3m

5m

L Y.
Y

10 m

f Problem-solving and reasoning 8-10 _

@ 8 A simple bus wiper blade wipes an area over 100° as shown. Find the area
wiped by the blade, correct to two decimal places.
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@ 9 At Buy-by-the-sector Pizza they offer a sector of a 15 cm radius pizza with an angle of 45° or a sector of
a 13 cm radius pizza with an angle of 60°. Which piece gives the bigger area and by how much? Round
the answer to two decimal places.

@ 10 An archway is made up of an inside and outside semicircle as shown. Find the area of the arch, correct
to the nearest whole cm?.

L
60cm 60cm

11 Consider the sector shown.
a Use the dashed lines to explain why the sector’s area is between 50 cm?
and 100 cm?.
b The average of 50 and 100 is 75. How close is the sector’s area to 75 cm??
Answer correct to one decimal place.

12 An exact area measure in terms of 7 might look like 7 x 22 = 4. Find the exact area of these shapes in
terms of z. Simplify your answer.

a b ¢ Find the shaded area.

1 mm
o “
B
2cm
>

3mm

d e f y

3cm
15 km £
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Chapter 4 Measurement

Convert these measurements to the units shown in the brackets.
12 cm (m)

b 585 mm (cm)

¢ 6.2m(mm)

d 2.57 km (m)

(Y

Find the perimeter of these shapes.
a # b

+5cm

58m

8.5cm

5 cm

#1cm

Find the circumference of these circles, correct to two decimal places. Use a calculator for
the value of pi.

a b

Find the perimeter of a mathematics protractor, which is the shape of a semicircle, with a
base of 14 cm. Round the answer to two decimal places.

Convert these area measurements to the units shown in the brackets.

a 7cm? (mm?) b 4500 mm?2 (cm?)
¢ 0.0034 m? (mm2) d 30 km? (ha)
Find the area of the following shapes.
a 3m b  E—
L 15cm
2m
£ |_lcm
[1 ]
13 cm

c 14m d

o
3
"N
)
(@)
3| &
N
3
-~
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Progress quiz

7 Find the area of the following special quadrilaterals.

a >> b
Om/

c 7mm d 8cm

10
24 cm

15 mm

—_—

(O8]
@)
3

\\

[ T

L.
r

30 m

o)
3

k
3
3

8 A parallelogram has an area of 40 m? and its perpendicular height is 8 m. What is the length
of its base?

9 Find the area of these circles, correct to two decimal places.
@ a l b l
10 Find the area of this quadrant and semicircle, correct to two decimal places.

@ a b
85 m AL

11 Find the area of these composite shapes, correct to two decimal places.

@ a b [------- o

/

6cm

6cm

4cm

8cm

\/
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Chapter 4 Measurement

4G Volume and capacity

e To understand that volume is the space occupied by a three-dimensional object.

e To understand that capacity is the volume of fluid or gas that a container can hold.
e To be able to convert between units for volume and capacity.

e To be able to find the volume of rectangular prisms, including cubes.

Key vocabulary: volume, capacity, rectangular prism, cube

Volume is a measure of the space occupied by a three-dimensional object. It is measured in cubic units.
Common metric units for volume given in abbreviated form include mm?3, cm3, m3 and km?>. We also use
mL, L, kL and ML to describe volumes of fluids or gas. The volume of space occupied by a room in a house,
for example, might be calculated in cubic metres (m3), and the capacity of a fuel tanker might be measured
in litres (L) or kilolitres (kL).

The capacity of a fuel tanker could be measured in litres (L) or kilolitres (kL).

O Lesson starter: Why are there 1000 mm?3 in 1 cm3?
Shown here is a 1-cm cube (not to scale) that is also divided up into cubes.

How many 1 mm? blocks sit along one edge?
How many 1 mm? blocks sit on one layer?
How many layers of 1 mm3 blocks make up the full 1 cm3? I.cm=10mm
Now try to explain why there are 1000 mm? in 1 cm?.

How many cm? are in 1 m3? How many m3 are there in 1 km??

Give reasons. 1cm=10mm
1cm =10 mm
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® Volume is measured in cubic units. Common metric units are:

o cubic millimetres (mm?3) x10003 %1003  x103

e cubic centimetres (cm?3) .

e cubic metres (m?) km?3 m3 cm?3 mm?3
e cubic kilometres (km?) :TO(X)/3 :T()o/3 }03/

® Capacity is the volume of fluid or gas that a container can hold. Common metric units are:

o millilitre (mL) x1000  x1000  x1000
o litre (L) I\/IL/\kL/\ L/\mL
* kilolitre (kL) ~ - Y o~
e megalitre (ML) +1000  +1000  +1000

® Some common conversions are:
e ImL=1cm?
e 1L=1000mL=1000cm?
e 1kL=1000L=1m?3

@ Volume of a rectangular prism
e Volume = length x width x height 7" = lwh

i h
/// W
)
® Volume of acube V=P
=1
[ Understanding | 1-3 3
1 State if the following are units for length, area or volume.
a cm b cm? c cm? d mm? e m?
f mm g km? h mm3 i m? j km
2 Count how many cubic units are shown in these cube stacks.
a b c
3 Write the missing number in the following unit conversions.
a 1L=__mL b _ kL=1000L ¢ 1000kL=__ ML
d ImLb=__ cm? e 1000cm3=__ L f lcem’=_ mm?
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m [ Fluency | 46m) 4-6(12)

Find the volume of this rectangular prism.

2m
6m
4m
Solution Explanation
V = Iwh First write the rule and then substitute for the
—6x4x2 length, width and height. Any order will do
_ 48 m? Since 6x4x2=4x6x2=2x4x06etc

Now you try
Find the volume of this rectangular prism.

2m

H 5m

@ 4 Find the volume of these rectangular prisms.
a b

Sm
6m 2m

Hint for Q4: Use V" = hwh or use
4m 4m 13 =11 x Ifor cubes.
Im
c d
: 4
3mm — 1V 4km
e f 2m
f
4 mm 6m
20 mm
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Convert these measurements to the units in the brackets.
0.5L (mL)
6400 kL (ML)
3500 cm? (L)

Solution Explanation
0.5L=0.5x1000 There are 1000 mL in 1 L so multiply by 1000.
=500 mL
6400 kL = 6400 + 1000 1 ML = 1000 kL and ML is the larger unit so
=6.4 ML divide by 1000.
3500 cm?® = 3500 + 1000 1L=1000 mLand 1 mL=1cm3,
=35 so 1 L=1000cm?3.
Now you try
Convert these measurements to the units in the brackets.
750 mL (L)
0.04 kL (L)
0.37 L (cm3)
5 Convert the measurements to the units shown in the brackets. b
a 2L(mL) b 5kL(L) /I .
¢ 0.5ML (kL) d 3000 mL (L)
e 4mL(md) f 50 cm? (mL) Hint for Q5: .
i 1m 1 kL = 1000 L
1 ML = 1000 kL

Find the capacity, in litres, for a container that is a rectangular prism 20 cm long, 10 cm wide and

15 cm high.
Solution Explanation
V = Iwh First calculate the volume of the container
—20%10x 15 in cm3. Then convert to litres using
. 1 L=1000 cm?.
= 3000 cm

3000 + 1000 =3 L

Now you try
A fish tank is 50 cm long, 40 cm wide and 30 cm high. Find the capacity in litres.
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m 6 Find the capacity of these containers, converting your answer to litres.

a b
20 cm
Hint for Q6: First find the volume in
30cm cm-> using V= hwh, then divide by
40 cm 70 cm 1000 to convert to litres.
60 cm
10 cm s
c d )
. 3cm
30 cm 3 am
2cm
¢ 1cm f
9cm
4cm
6cm
8cm
5cm

[ Problem-solving and reasoning | o smez

7 Hereisa I m cube with each edge 100 cm.

100 cm
100 cm
100 cm
a Find its volume in cm?3.
b Complete this statement: 1 m? = cm?
¢ How many cm3 make 1 L?
d Complete this statement: 1 m? = L
8 Find the capacity of these rectangular prisms in litres. ﬁ
a b b f\f‘F
tm 7 m Hint for Q8: First find
2m >m the volume in m3,
thenuse 1 m3 = 1000 L.
3m
4m 06m T Im
1m
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@ 9 An oil tanker has a capacity of 60000 m3.

a What is the ship’s capacity in:
i litres?

i kilolitres?
iii megalitres?

b If the ship leaks oil at a rate of 300 000 litres per day, how
long will it take for all the oil to leak out?

(Hint for Q9: 1 m3 = 1000 L.

@ 10 If 1 kg is the mass of 1 L of water, what is the mass of water in a full container that is a cube with side
length 2 m?

@ 11 Water is being poured into a fish tank at a rate of 2 L every 10 seconds. The tank is 1.2 m long by I m
wide by 80 cm high. How long will it take to fill the tank? Give the answer in minutes.

12 How many cubic containers (with side lengths that are a whole number of centimetres) have a capacity
of less than 1 litre?

= 13

@ 13 You can find the total surface area of solids by adding all the areas of each outside surface. Here
is an example.

2cm f
cm 4cm
3cm
3cm  2am 2cm
2cm
3cm
Total surface area
=2X(BX4)+2xBx2)+2x12x4)
=24+12+16
=52 cm?
Find the surface area of these rectangular prisms.
a ; b ! c i
! I |
| |
- J\ | i
N ! I
: /f” e |
2cm 7 -—- 3cm
; 2cm
82m -
lcm
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4H Volume of prisms

e To understand what a cross-section of a prism is.

e To be able to find the volume of a prism given the area and height of its cross-section.

e To be able to find the volume of a prism by first calculating the area of the cross-section.
Key vocabulary: volume, prism, right prism, cross-section, perpendicular height

We know that for a rectangular prism, its volume ¥ is given by the rule ¥ = Iwh. Length x width (/w) gives
the area of the base 4. So V' = lwh could also be written as V' = Ah.

The rule V' = Ah can also be applied to prisms that have different shapes as their bases. One condition,
however, is that the area of the base must represent the area of the cross-section of the solid. The height /
is measured perpendicular to the cross-section.

Here are some examples of prisms with 4 and 4 marked.

~ The height of a building is
measured perpendicular to
the ground. The hight of
the Gold Coast’s Q1 tower
is 322.5 meters. The Q1
building is currently the
tallest skyscraper in Australia
and the 6th tallest in the
world.

O Lesson starter: Drawing prisms

Try to draw prisms that have the following shapes as their cross-sections.

e Rectangle e Triangle
e Trapezium e Pentagon
e Parallelogram e Kite

The cross-section of a prism should be the same size and shape along the entire length of the prism.
Check this property on your drawings.
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4H Volume of prisms

® A prism is a solid with a constant (uniform) cross-section.
e |ts sides between the two congruent ends are parallelograms.
e Aright prism has rectangular sides between the congruent ends.

® Volume of a prism = Area of cross-section x perpendicular height or V' = 4h.

| Yy

. N
V=Ah
[ Understanding | 13 3
1 What is the name of the shape of the cross-section in these prisms (shaded)?
a | b : Cc 5m
Ll 9cm o
10 cm

2 What is the area of the shaded cross-sections in Question 1? You will need the formulas:

A=lw, A=D andA:%bh.

3 For these solids below:

i state whether or not it is a prism ’s
i ifitisa prism, state the shape of its cross-section. vg
a . b , , |
! Hint for Q3: Prisms must have
P - ! constant cross-sections.
c d
e , f |
! |
; SR :
P 1
4: !
+ !
P 1
2 e
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[ Fluency | 4,5 4,5(%), 6

Find the volume of this prism using V' = Ah.

A=10cm?
! " [3em
Solution Explanation
V=Ah Write the rule and substitute the given
—10x3 values of 4 and &, where 4 is the area of the
30 e’ cross-section.
Now you try

Find the volume of this prism using V' = A4h.

7cm

A=22cm?

@ 4 Find the volume of these solids using V' = Ah.

C|4m

I1m
N A=32mm?
d ! e f 5m
|
|
1
e e | - - — — — — \\
A=2cm?
m
3¢ A=22m?
A=11 mm?2 3mm
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Find the volume of this prism.

Solution

_1
A=5bh

:lx4x2

2

=4 m?

V =A4h
=4x8
=32m?

Now you try
Find the volume of this prism.

3cm

8c
6cm

5 Find the volume of these prisms.

da
10 cm
8cm
C
1 ) 120 cm
7cm
e 3m
6m
5m

Essential Mathematics Core for the Australian Curriculum
Year 8

Explanation

4H Volume of prisms

The cross-section is a triangle, so use 4 = lbh

2

with base 4 m and height 2 m.

Then multiply by 8 using V = Ah, with h = 8.

/7
Hint for Q5: First
3m find the area of the
cross-section then
5m multiply by /.
d
6cm
8 cm
4cm
f
2cm

4cm
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m 6 A rectangular drain pipe has a cross-sectional area of 4 m? and is 10 m long. Find its volume.

A capsule hotel has rows of small rectangular prism shaped bedrooms.

[ Problem-solving and reasoning | 7+ wms

7 These solids have cross-sections which are parallelograms, trapeziums, rhombuses or kites.
Find their volume.

| s
m 12 mm Hint for Q7: First find the
area of the cross-section
6m 11 mm using A = bh
5m

_1
A—2xy
(H 7m d

>

| 4cm

;2m ¢

= 6m
3m 4cm

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
Year 8 Photocopying is restricted under law and this material must not be transferred to another party.



4H Volume of prisms

8 A swimming pool is a prism with a cross-section that is a trapezium.
The pool is being filled at a rate of 1000 litres per hour.
a Find the capacity of the pool in litres.

b How long will it take to fill the pool?

@ 9 Although a cylinder is not a prism, because it has curved sides, the volume of a cylinder can be calculated
using ¥V = Ah where 4 = nr?, so V = nr?h.

A=mr2

Find the volume of these cylinders. Round your answers to two decimal places.

a 10m b 40 mm
Sm
c 20 cm d
/
. | §4 cm
\
e f 10m
14m
7m
3m
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258 Chapter 4 Measurement

4] Time

e To be able to convert between different units of time.

e To be able to convert between times in 24-hour time and am/pm.

e To be able to use a world time zone map to relate times in different locations around the world.
Key vocabulary: time zone, duration, am, pm, longitude

The origin of seconds and minutes dates back to the ancient
Babylonians, who used a base 60 number system. The 24-hour
day dates back to the ancient Egyptians, who described the
day as 12 hours of day and 12 hours of night. Today, we use
am (ante meridiem, which is Latin for ‘before noon’) and pm
(post meridiem, which is Latin for ‘after noon’) to represent
the hours before and after noon (midday).

During the rule of Julius Caesar, the ancient Romans
introduced the Julian calendar, which recognised that the

Earth takes about 365 411 days to orbit the Sun. This gave rise

to the leap year, which includes one extra day (on the 29th of
February) every 4 years.

Julius Caesar was born in 100BC and died 15

March 44 BC.
O Lesson starter: Time quiz

In less than five seconds per question, see if you can write the answers to the following:

How many seconds in a minute?

How many hours in two days?

How many months in a year?

How many seconds in an hour?

Which months have 31 days?

What do BCE (or BC) and CE (or AD) mean on time scales?

® The standard unit of time is the second.

® Units of time include:

e 1 minute (min) = 60 seconds (s) x 24 x 60 X 60
e 1 hour (h) = 60 minutes (min) dayﬁours/_\?ninutes/_\seconds
e 1 day =24 hours (h) ‘-\_21 \80/ \50/
e 1 week =7 days N N N
e 1year =12 months
We use am or pm to describe the 12 hours before and after noon (midday).
24-hour time shows the number of hours and minutes after midnight.
e (0330 is 3:30 am.
e 1121is11:21 am.
e 1530 is 3:30 pm.
e 2247is 10:47 pm.
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4] Time

® The Earth is divided into 24 major time zones (one for each hour) and several minor time zones.
e Twenty-four 15° lines of longitude divide the Earth into its time zones. Time zones also depend
on a country’s borders and how close it is to other countries. (See the world time zone map on
pages 260-261 for details.)
e Time is based on the time in Greenwich, United Kingdom, and this is called Coordinated
Universal Time (UTC) or Greenwich Mean Time (GMT).
e Places east of Greenwich are ahead in time.
e Places west of Greenwich are behind in time.

® Australia has three time zones:

e Eastern Standard Time (EST), which is UTC plus 10 hours.
e Central Standard Time (CST), which is UTC plus 9.5 hours.
e Western Standard Time (WST), which is UTC plus 8 hours.

a

[ Understanding

1 Write the missing number.

a 1 minute= seconds
c hours = 1 day
e 240 seconds = minutes

2 Find the number of:
seconds in 2 minutes
hours in 120 minutes

a

c
e
g

hours in 3 days
weeks in 35 days

- o T

> = ao T

3 What is the time difference between these times?
12:00 noon to 6:30 pm
12:00 midnight to 4:20 pm

a
c

Essential Mathematics Core for the Australian Curriculum

Year 8

b
d

ISBN 978-1-009-593-724

2 hours =

days = 1 week
minutes
March has _ days

minutes in 180 seconds
minutes in 4 hours
days in 48 hours

days in 40 weeks

12:00 midnight to 10:45 am
11:00 am to 3:30 pm
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262 Chapter 4 Measurement

[ Fluency

| 4%), 5, 6(%%), 7, 8 | 4-6(14), 7, 8-9(1%)

Convert these times to the units shown in brackets.

3 days (minutes)

Solution
3 days = 3 x 24 hours
=3 x 24 x 60 min
= 4320 min

30 months = 30 + 12 years

:2% years

Now you try

30 months (years)

Explanation
1 day = 24 hours
1 hour = 60 minutes

There are 12 months in 1 year.

Convert these times to the units shown in brackets.

6.5 min (seconds)

4 Convert these times to the units shown in brackets.
b 48 h (days)

a 2min(s)

21 days (weeks)
10.5 min (s)

90 min (h)

72 h (days)

1 day (min)

-a o 0

=

5 Write the time for these descriptions.

a 4 hours after 2:30 pm
c 3% hours before 10:00 pm

e 6% hours after 11:15 am

750 min (hours)

d 3h(min) Hint for Q4:
240 s (min) 1 min = 60 sec
!1 6 days (h) 1 hr = 60 min
1 week (h) 1 day = 24 hrs
I 3%h (min) 1 week = 7 days

b 10 hours before 7:00 pm
d 7% hours after 9:00 am

f 1% hours before 1:25 pm

Write these times using the system given in brackets.

4:30 pm (24-hour time)

Solution
4:30 pm = 1200 + 0430
= 1630 hours

1945 hours = 7:45 pm

Essential Mathematics Core for the Australian Curriculum
Year 8

1945 hours (am, pm)

Explanation

Since the time is pm, add 12 hours to
0430 hours.

Since the time is after 1200 hours, subtract
12 hours.
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41 Time 263

Now you try
Write these times using the system given in brackets.
10:25 am (24-hour time) 2236 (am, pm)

6 Write these times using the system shown in brackets.
a 1:30 pm (24-hour) 8:15 pm (24-hour)

hours. 6:00 pm is 1800 hours.

b
¢ 10:23 am (24-hour) d 11:59 pm (24-hour)
e 0630 hours (am/pm) f 1300 hours (am/pm)
g 1429 hours (am/pm) h 1938 hours (am/pm) Hint for @6: 6:00 am is 0600
i 2351 hours (am/pm) j 0426 hours (am/pm) hours. 12:00 noon is 1200
|

k 6:47 pm (24-hour) 4:32 am (24-hour)

7 Round these times to the nearest hour.
a 1:32pm b 5:28 am
¢ 1219 hours d 1749 hours

Use the world time zone map (on pages 260-261) to answer the following.
When it is 2:00 pm EST (Eastern Standard Time), find the time in these places.

Adelaide Perth Queensland Phillipines
When it is 9:35 am in Western Australia, find the time in these places.
Alice Springs Tasmania Brisbane China
Solution Explanation
1:30 pm Adelaide is in the Central Standard Time zone,
12:00 noon which is half an hour behind Eastern Standard
2:00 pm Time.

Perth is in the WST zone, 2 hours behind EST.

12:00 noon o
Queensland is in the EST zone.
Phillipines is in the same zone as Western
Australia.
11:05 am Alice Springs uses Central Standard Time, which
11:35am is 1% hours ahead of Western Standard Time.
;1325 am Tasmania uses Eastern Standard Time, which is
09 am 2 hours ahead of Western Standard Time.
Brisbane is in the EST zone, 2 hours ahead
of WST.
China is in the same zone as Western Australia.
Now you try

Use the world time zone map (on pages 260-261) to answer the following.

When it is 8:30 am in Western Australia, find the time in these places.

Sydney Northern Territory Victoria Japan
When it is 2:40 pm EST, find the time in these places.
Perth New Zealand Madagascar France
Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
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Chapter 4 Measurement

Use the world time zone map on pages 260-261 to find the time in the following

places when it is 10:00 am EST (Eastern Standard Time).

a Melbourne b Darwin

¢ Adelaide d Perth ' Hint for Q8: CST is%an hour
e Sydney i Tasmania , behind EST, WST is 2 hours
g China h Papua New Guinea behind EST.

9 Use the world time zone map on pages 260-261 to find the time in these places when it is 3:30 pm
in Perth.
a Melbourne b Phillipines ¢ Sydney
d China e Hobart f Queensland
g Alice Springs h New Zealand i Japan
f Problem-solving and reasoning | 10-13 13-16

10

11

@12
@13

@14

From options A to F, match up the time units with the most appropriate description.
a Single heartbeat A 1 hour

b 40 hours of work B 1 minute

¢ Duration of a university lecture C 1day

d Bank term-deposit D 1 week

e 200-m run E 1 year

f Flight from Australia to the UK F 1second

What is the time difference between these time periods?

a 10:30 am and 1:20 pm b 9:10 am and 3:30 pm ¢ 2:37 pmand 5:21 pm
d 10:42 pmand 7:32 am e 1451 and 2310 hours f 1940 and 0629 hours

Three essays are marked by a teacher. The first takes 4 minutes and 32 seconds to mark, the second
takes 7 minutes and 19 seconds, and the third takes 5 minutes and 37 seconds. What is the total time
taken to complete marking the essays?

An international company wishes to schedule a virtual meeting between workers in Hobart, London

and New York.

a |If the meeting is scheduled for 9 a.m. in Hobart, what time is it in the other two cities?

b If the meeting needs to be between 8 a.m. and 8 p.m. in both London and New York (but not
necessarily Hobart), in what range of times would it occur for the Hobart workers?

¢ Explain why it might be challenging for this virtual meeting to take place.

On a flight to Europe, Janelle spends 8 hours and 36 minutes on the flight from Melbourne to Kuala
Lumpur, Malaysia; 2 hours and 20 minutes at the airport at Kuala Lumpur; and then 12 hours and
19 minutes on a flight to Geneva, Switzerland. What is Janelle's total travel time?

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
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@15

@16

17

18

19

4] Time

A pre-paid phone plan charges 11 cents per 30 seconds. The 11 cents are added to the bill at the
beginning of every 30-second block of time.

a What is the cost of a 70-second call?

b What is the cost of a call that lasts 6 minutes and 20 seconds?

A doctor earns $180 000 working 40 weeks per year, 5 days per week, 10 hours per day. What does the
doctor earn in each of these time periods?

a perday b per hour ¢ per minute d per second (in cents)
— 17-19

Use the world time zone map to find the time in the following places if it is 3:30 pm in Victoria.

a United Kingdom b Libya

¢ Sweden d Perth

e Japan f Central Greenland

g Alice Springs h New Zealand

Use the world time zone map to find the time in the following places if it is 10:00 am UTC in England.

a Spain b Turkey

¢ Tasmania d Darwin

e Argentina f Peru

g Alaska h Portugal

a Explain why you gain time when you travel from Australia to Europe.
b Explain why you lose time when you travel from Germany to Australia.

¢ Explain what happens to the date when you fly from Australia to Canada across the International
Date Line.
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Chapter 4 Measurement

4J Introducing Pythagoras’ theorem

¢ To be able to identify the hypotenuse in a right-angled triangle

¢ To be able to determine if three numbers form a Pythagorean triple

e To be able to use Pythagoras’ theorem to determine if a triangle has a right angle based on its side lengths
Key vocabulary: right-angled triangle, Pythagoras’ theorem, Pythagorean triple, hypotenuse

Pythagoras was a philosopher in ancient Greece who lived in the 6th century Bce. Pythagoras was believed
to provide a proof for the theorem that bears his name, and methods to find Pythagorean triples, which
are sets of three whole numbers that make up the sides of right-angled triangles.

The ancient Babylonians, 1000 years before Pythagoras’ time, and the Egyptians also knew of this
relationship between the sides of a right-angled triangle.

Pythagoras’ theorem states that the square of the hypotenuse (longest side)
of a right-angled triangle is equal to the sum of the squares of the other two

sides. An illustration of the theorem includes squares drawn on the sides of the )
right-angled triangle. The area of the larger square (02) is equal to the sum of ¢ bl B2
the two smaller squares (a? + 5%). ¢

arf

a2

o 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
]
b c
c a c ’—‘
a
-
a b
al|lb|c| a | b |t

Triangle 1
Triangle 2
Triangle 3

e Can you see any relationship between the numbers in the columns for a* and %> and the number in the
column for ¢2?
Can you write down this relationship as an equation?

e Explain how you might use this relationship to calculate the value of ¢ if it was unknown.

Key ideas
@ The hypotenuse
e |t ?s the Ior_wgest siqle of a right-angled triangle. , Hyp c
* |t is opposite the right angle. / %’?llse
b
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4J Introducing Pythagoras’ theorem 267

® Pythagoras’ theorem

e The square of the length of the hypotenuse is the sum of the squares of the lengths of the
other two shorter sides.
o B2+b2=c2or=d?+b?

® APythagorean triple (or triad) is a set of three whole numbers which satisfy Pythagoras’ theorem.

e.g. 3,4, 5 is a Pythagorean triple because 3% + 42 = 52

® A triangle can be classified based on its side lengths «a, b, ¢ (in increasing order) as

e right-angled if ¢? = a? + b?
o acuteif 2 <a?+b?
e obtuse if ¢2 > a? + b?

[ Understanding | 14 2-4

@1
@2

Calculate these squares and sums of squares.
a 3? b 1.5 c 22+47 d 32+72

Decide if these equations are true or false.
a 22+32=42 b 6%+8% =107 c 6>-32=22

3 State the missing words in this sentence.
The is the longest side of a right-angled
4 Which letter represents the length of the hypotenuse in these triangles?
a ‘ ;b b ° /0\
X S t
y
a C
W u
[ Fluency | 5680 6-8(1%)
Decide if the following are Pythagorean triples.
6,8,10 4,5,9
Solution Explanation

a*+b*=6%+82 leta=6,b=8 and ¢ = 10 and check that
=36+ 64 a?+b? = c2.
=100 (=10%)

6,8, 10 is a Pythagorean triple.

A +b*=42+5 a®+b*=4land
=16+25 92 =81s0
=41 (#9?) @+ b* # 2

~.4,5,9 is not a Pythagorean triple.

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press

Year 8

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



268 Chapter 4 Measurement

Now you try

Decide if the following are Pythagorean triples.

4,6,8 3,4,5
5 Decide if the following are Pythagorean triples.
a 3,46
b 4,25
c 512,13
@ 6 Decide if the following are Pythagorean triples.
a 912,15 b 815,17 c 2,56
d 9,40,41 e 10,12,20 f 4,912

@ 7 Check that a® + b? = ¢? for all these right-angled triangles. Write out the statement
(e.g.3? +42 5%) and check that the two sides are equal.

b

N

(9]

40

L 13 €

ik
41

8 c 15
12
15 17 V
f
6

Classify the following triangles as right-angled, acute or obtuse based on their side lengths.

7
4
9
Solution
a=4,b=7,¢=9
2 =92
=81
@+ =4 +7?
=16+49
=65

81 > 65

.. This is an obtuse triangle.

Essential Mathematics Core for the Australian Curriculum
Year 8

Explanation
List the side lengths in ascending order so ¢ is largest.

Calculate ¢2.

Calculate a? + b2.

If 2 > a® + b?, then the triangle has an obtuse angle.
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4J Introducing Pythagoras’ theorem 269

a=6,b=7,c=8 List the side lengths in ascending order.
2 =82 Calculate ¢2.
— 64
P +br=6%+7? Calculate a? + b?.
=36+49
=85
64 <85 If ¢2 < a® + b2, then the triangle has only acute angles.

.. This is an acute triangle.

Now you try
Classify the following triangles as right-angled, acute or obtuse based on their side lengths.

7
10
4: ; 5 6
8
@ 8 Classify the following triangles as right-angled, acute or obtuse based
on their side lengths. Note that the triangles are not drawn to scale.
a b
9 5 4 8 Hint for Q8: Compare ¢ to a2 + b2,
e.g.92 =81and 52 + 72 = 74.
7 6
¢ d 14
6 8
9 10
10
e f
6
15 20
3
5
25
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270 Chapter 4 Measurement

[ Problem-solving and reasoning | omn _

9 Write down an equation using the pronumerals given in these diagrams.
a [ b N>
X b b
] h
d

@ 10 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 ¢ =40, decide if a® + b* = ¢%. (Hint: Draw a diagram of the situation first.)
b Do you think the triangle formed by the mast and the cable is right angled? Give a reason.

11 If the side lengths of a triangle are all multiplied by the same positive number, the angles stay the same.
Use this to explain why there are infinitely many Pythagorean triples.

12 If a® + b = % is true, complete these statements.

a 2-bp=
b ?-d*=
C c=

@ 13 (3,4,5) and (5, 12, 13) are Pythagorean triples since 3% + 4% = 5% and 5% + 12% = 132.
a Find 10 more Pythagorean triples using whole numbers all less than 100.
b Find the total number of Pythagorean triples with whole numbers all less than 100.
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4K Using Pythagoras’ theorem 271

4K Using Pythagoras’ theorem

e To be able to use Pythagoras’ theorem to find the hypotenuse of a right-angled triangle
e To understand what a surd is
e To be able to apply Pythagoras’ theorem to simple worded problems involving an unknown hypotenuse or diagonal

Key vocabulary: surd, hypotenuse

From our understanding of algebra, we know that equations can be solved to find the

value of an unknown. This is also the case for equations derived from Pythagoras’ ? 3
theorem, where, if two of the side lengths of a right-angled triangle are known, then

the third can be found. 4

Soif ¢?=32+42then ¢?=25and ¢=5.
We also notice that if ¢2 =25 then ¢ = /25 =5 (if ¢ > 0).

This use of Pythagoras’ theorem has a wide range
of applications wherever right-angled triangles can be
drawn.

Note that a number using a +~/  sign may not always
result in a whole number. For example, +/3 and +/24
are not whole numbers and neither can be written as a
fraction, so they are irrational numbers. These types of
numbers are called surds and they can be approximated
using rounded decimals.

Marine engineers and builders use Pythagoras’
theorem to calculate the length of a sloping boat
ramp that will be above water at both low and high
tides. Sloping boat ramps are used by fishermen
and by people driving onto car ferries.

O Lesson starter: Correct layout

Three students who are trying to find the value of ¢ in this triangle using 9
Pythagoras’ theorem write their solutions on a board. There are only very

minor differences between each solution and the answer is written rounded

to two decimal places. Which student has all the steps written correctly? Give

reasons why the other two solutions are not laid out correctly.

Student 1 Student 2 Student 3

A =d*+b? =d?+b? c=a*+b?
=42 +9? =42+9? =42+92
=97 =97 =97
=97 ne=+/97 =97
=9.85 =9.85 =9.85

® Using Pythagoras’ theorem
o If 2 =d?+b? then c=va? +b2.
 The final answer may not always result in a whole number. For example, +/3 and +/24 are not
whole numbers.
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® Surds are numbers that have a +/  sign when written in simplest form.
e They are not whole numbers and cannot be written as a fraction, so c

a
they are irrational numbers.
e Written as a decimal, the decimal places would continue forever b —
with no repeated pattern (just like the number 7). Surds are therefore
classified as irrational numbers.
° /2,4/5,24/3 and +/90 are all examples of surds.
® Note:
o Va2+b2#a+b, forexample, V32 +42 £3+4
o Ifc2=k, thenc=+vkifc>0.
[ Understanding | 18 1,3
1 Decide if these numbers written with a +/  simplify to a whole number. Answer Yes or No.
a V9 b V11 c /20 d V121
@ 2 Round these surds correct to two decimal places using a calculator.
a 10 b 26 c /65
@ 3 State the missing parts to complete this working out.
a 2=424p2 b 2=
=52+122 = 9% + 402
JLC = JLC =
[ Fluency | 45604 5-6(1%)
Find the length of the hypotenuse for these right-angled triangles. Round the answer for part b to
two decimal places.
9
6 @
€
8
7
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4K Using Pythagoras’ theorem

Solution Explanation
2 =q? +b? Write the equation for Pythagoras’ theorem and
=62+82 substitute the values for the shorter sides.
=100
~c=+100 Find ¢ by taking the square root.
=10
2 =a? + b? First calculate the value of 7% +92.
=7%2+92
=130
se=4/130 +/130 is a surd, so round the answer as required.
=11.40(to 2d.p.) A calculator can be used to find this answer.
Now you try

Find the length of the hypotenuse for these right-angled triangles. Round the answer for part b to two
decimal places.

@ 4 Find the length of the hypotenuse for these right-angled triangles.

a L b L
c c
5 9

12 12

Hint for Q4: Start by writing
¢2 = 42 + b2 and then put in

the values for ¢ and b.

@ 5 Find the length of the hypotenuse of these right-angled triangles.
a b 24 c L .
¢ 9

4

d e f 60
36
¢ 16 11
I C
12 27
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6 Find the length of the hypotenuse of these right-angled triangles correct to two decimal places.

a 7 b 5 c
C
4
6 7 ¢ L‘Z
C
4
d e f 19
3 1
25
C C
¢ 32
3.5

[ Problem-solving and reasoning | 79

A rectangular wall is to be strengthened by a diagonal brace. The wall is
6 m wide and 3 m high. Find the length of brace required correct to the
nearest cm. -

3m

Solution
& =a?+b?
=32+6°
=45
s.c=4/45

=6.71mor 671 cm (to nearestcm)

Explanation

b=6
Write your answer in a sentence.
The length of the brace is 6.71 metres.

Now you try

A rectangular wall is 5 m wide and 4 m high. Find the length of a diagonal brace correct to the
nearest cm.

7 Arectangular board is to be cut along one of its diagonals. The board is 1 m wide and 3 m high. What
will be the length of the cut, correct to the nearest cm? s

e 1m

Hint for Q7: There is a
right-angle triangle with
a=3andb=1.
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4K Using Pythagoras’ theorem

@ 8 The size of a television screen is determined by its diagonal length. Find the size of a television screen
that is 1.2 m wide and 70 cm high. Round the answer to the nearest cm.

@ 9 Here is a diagram showing the path of a bushwalker from Camp 1 to Camp 2. Find the total distance
rounded to one decimal place.

3km

Camp 1

' 1.5km

)
Camp 2

@ 10 A 20cm straw sits in a cylindrical glass as shown. What length of straw sticks
above the top of the glass? Round the answer to two decimal places.

14 cm
4.cm
11 Explain the error in each set of working. ﬂ
a 2=22+3? b 2=32+42 c 2=22+5 A"
ne=2+3 =72 — 4425 LN
=5 =49 =29 Hint for Q11: Look at the examples
=T ~ /39 to see the correct layout.

= 12

@ 12 An isosceles triangle can be split into two right-angled triangles. Pythagoras’ theorem can be used to
find side lengths.

a Use this method to find ¢ in the triangle shown, with base 6 and height 4.

b Hence, find the perimeter of this isosceles triangle.
¢ Use a similar technique to find the perimeter of the kite shown.
24 cm

-

5cm

16 cm
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4L Calculating the length of a shorter side

¢ To be able to use Pythagoras’ theorem to find the length of a shorter side in a right-angled triangle
e To be able to apply Pythagoras’ theorem to simple worded problems involving an unknown shorter side
Key vocabulary: hypotenuse

We know that if we are given the two shorter sides of a
right-angled triangle we can use Pythagoras' theorem to find
the length of the hypotenuse. Generalising further, we can say
that if given any two sides of a right-angled triangle, we can
use Pythagoras’ theorem to find the length of the third side.

Firefighters can use Pythagoras’ theorem to
find the vertical height that a ladder can reach
up a wall, from knowing the ladder’s length
and its distance to the base of the wall.

° Lesson starter: What’s the setting out?

The triangle shown has a hypotenuse length of 15 and one of the shorter sides is of length 12. Here is the
setting out to find the length of the unknown side a.

Fill in the missing gaps and explain what is happening at each step. a
a>+ b2 =c?
24 2= 2
a2+ = 12 15
a* = ___ (Subtract ___ from both sides) (Hypotenuse)
na=V_

Key ideas

® Pythagoras’ theorem can be used to find the length of the shorter sides of a right-angled triangle
if the length of the hypotenuse and another side are known.

® Use subtraction to make the unknown the subject of the equation.

For example: 24
@ +b?=c?
a® +24% =252 “IJ =
@ +576 =625
a* =49 (Subtract 576 from both sides)
sa=+49
=7

Essential Mathematics Core for the Australian Curriculum
Year 8
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4L Calculating the length of a shorter side 277

[ Understanding | 1,2 1(%), 2
1 Find the value of @ in these equations. (Assume a is a positive number.)
a a*=16 b &?+16=25 c a*+36=100
d o +441 =841 e 10+a%2=19 f 6+a*=31

@ 2 State the missing numbers to complete the following working.

a b b
15
9 7
—|
a
a’ + b = c? a’ + b? = ¢
a2+92:_ 72+92=_
a?+ =225 _ +br=_
= b* =576
soa=N___ Sb=N__
[ Fluency | 3451 4-5(1)

Find the length of the unknown side in this right-angled triangle.

5
a
4
Solution Explanation
a?+b% =2 Write the equation using Pythagoras’ theorem
a2 +42 =52 and substitute the known values.
a*+16 =25 Subtract 16 from both sides. Find a by taking
a>=9 the square root.
sa=4/9
=3
Now you try
Find the length of the unknown side in this right-angled triangle.
] 10
a
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278 Chapter 4 Measurement

a b 12
5

3 Find the length of the unknown side in these right-angled triangles. %

Hint for Q4: For the first
question, start with

a® +92 = 412 and then use
a calculator to help find a.

15

a

@ 4 Find the length of the unknown side in these right-angled triangles.
a a b

9|J a
a1

17

8
c 30 d
a a 11
34 61
@ 5 Find the length of the unknown side in these right-angled triangles, giving the answer correct to two
decimal places.

a 2 b
2 5
3
c d
g 14
22 18
[ O
e f
50
14 100
9

[ Problem-solving and reasoning | o8 _

A 10 m steel brace holds up a concrete wall. The bottom of the
brace is 5 m from the base of the wall. Find the height of the
concrete wall correct to two decimal places. 10m
/ Wall
l«<—5 m—>
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4L Calculating the length of a shorter side

Solution Explanation
Let a metres be the height of the wall. Choose a letter (pronumeral) for the unknown
Rrh =2 height.
a2 +52=102 Substitute into Pythagoras’ theorem.
a®+25=100 Subtract 25 from both sides.

a’ =75

/75 is the exact answer.

Round as required.

na=+75
=8.66 (to 2d.p.)

. . A ded probl i full sent .
The height of the wall is 8.66 metres. MSWER 8 WOTCET ProBIErm LISING & T sEntence

Now you try
A 7 m ladder is placed 3 m from the base of a wall as shown. Find I
the height of the wall correct to two decimal places. I
|
7™/ Bl wan
// B
|
[
<3 m>1

@ 6 A yacht's mast is supported by a 12 m cable attached to its top. On the deck of the yacht, the cable is
8 m from the base of the mast. How tall is the mast? Round the answer to two decimal places.
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7 Acircle’s diameter AC is 15 cm and the chord ABis 9 cm. Angle ABC is 90°.
@ Find the length of the chord BC.

A

B

@ 8 A 14 cm drinking straw just fits into a can as shown. The diameter of the can is 7 cm.
Find the height of the can correct to two decimal places.

7cm

9 To cut directly through a rectangular field from 4 to B, the distance is 100 metres. The path from A4 to
C is 80 metres. Find how much further a person travels by walking 4 — C — B compared to directly

A— B. .
< /rzbw
100 m Hint for Q9: Draw a
L7 right-angled triangle with a
hypotenuse of 100 m and a
el base of 80 m.
A C

10 Describe what is wrong with the second line of working in each step.
a a>+10=24 b a®=25 cC a®+25=36
a’ =34 =5 a+5=6

= 11

@ 11 Recall that (3,4, 5) is called a Pythagorean triple because the numbers 3,4 and 5 satisfy Pythagoras'’
theorem (3% +4% = 52).
a Explain why (6, 8, 10) is also a Pythagorean triple.
Explain why (6, 8, 10) is considered to be in the same family as (3, 4, 5).
List three other Pythagorean triples in the same family as (3,4, 5) and (6, 8, 10).
Find another triple not in the same family as (3, 4, 5), but has all three numbers less than 20.
List five triples that are each the smallest triple of five different families.

[1- 20 =T T -
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Hairdressing is a demanding job that involves
long hours on your feet and high levels of
concentration. Good communication skills are
needed. Being good at maths is also
important. Colour combinations need to be
weighed and mixed in correct volumes, and
temperatures maintained, as well as being able
to manage times. Clients do not like to be kept
waiting or to have their experience rushed due
to scheduling issues.

Maths@Work: Hairdresser

airdresser

1 Tubes of colour are kept in each salon and their volume is usually quoted in cc.
CC means cubic centimetres
ImL=1lcc=1cm?

Convert the following from cubic centimetres (cc) into millilitres (mL).

a 10cc b 20cc ¢ 45cc d 100 cc

e 1000 cc

2 Before it is applied, hair colour is mixed with a chemical called developer. The volume of developer is
twice the volume of the colour. Determine the volume of developer, in cc, that is needed for:

a 10 cc of colour b 30 cc of colour ¢ 50 cc of colour

3 Aclient, Chloe, has thick, long hair. Her salon records show:
Chloe’s July appointment:
® mixed and used 3 amounts of colour
® standard (10 cc) + standard + half of a standard volume

On Chloe’s next visit the hairdresser decided to mix enough colour all in one batch.

a What volume of colour should be used?

b What volume of developer should be used?

¢ What is the total volume of mixture that is applied to Chloe’s hair?

d Chloe books her appointments every 10 weeks on a Friday. Her last appointment was on Friday
the 26th of August. What is the date of her next appointment?

e It takes 15 minutes for the consultation, 45 minutes for applying the colour, 20 minutes for the
wash and 45 minutes for the cut and blow dry. If Chloe’s appointment was for 9.15 am what
time would she expect to finish?

f If the same stylist consults and cuts Chloe’s hair, while another hairdresser applies the colour
and does the wash, how much time between the consultation and the cut is available for the
stylist to work on another client?
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282 Chapter 4 Measurement

4 Happy Hair is a busy salon where Amelia and Layla are the hairdressers. Answer the following
questions about this day’s appointments.

Happy Hair appointment book
Tuesday, March 18

Start times Amelia Layla
9:00 am . . Liam: Men’s haircut
930 am Jessica: Long hair, colour, cut, wash,

i head massage, blow-dry and style Mrs White: short hair, cut and style
10:00 am
10:30 am Ella: Girls’ haircut : :

- o . Mrs Davis: Short hair, colour, cut, wash,
11:00 am Jessica: continued
eye-brows, blow-dry and style

11:30 am Mrs Williams: Short hai h and
12:00 noon st;|se illiams: Short hair, cut, wash an IRIEE
12:30 pm Mrs Davis: continued
1:00 pm Max: Men’s haircut Joel: Boys’ haircut
1:30 pm Lunch ) .
3:00 pm Chelsea: Short haircut and style
2:30 pm .
3:00 pm Mrs Babb: Short hair, colour, cut, wash, Zoe: Braiding
3: 30 pm eye-brows, head massage, blow-dry

: and style Ruby: Deep conditioning and wash
4:00 pm y-Eeep g
4:30 pm
5:00 pm Luke: Boys’ haircut Holly: Half-head of foils and wash
5:30 pm

Amelia
How many customers does Amelia have on this Tuesday? ﬁ'
How long is Jessica’s appointment?

At what times does Jessica start and finish her appointment?
What could Jessica be doing while Amelia cuts Ella’s hair?

If Max was running 10 minutes late, could Amelia still fit him in?
If Gary rang in the morning and wanted a hair trim that same day,
at what times could Amelia fit him in?

Layla

g How many customers does Layla have on this Tuesday?

h At what times does Mrs Davis start and finish her appointment?

i

j

Hint for part c: The times are
start times, e.g. Ella’s haircut
starts at 10:30 am and

finishes by 11 am.

-0 Q0O T QD

How much time is allocated for Zoe's braiding?
If Holly’s foils went overtime by 20 minutes, at what time would Layla finish her appointments?

Using technology

5 For this task, use digital technology such as: a table in Word, an Excel spreadsheet or a day diary from
a digital calendar. Imagine that you are a hairdresser in a hairdressing salon.
a You are to fill in appointment times for your customers, as listed below, who are all coming on one
day. Include the salon’s name, a day and date, your name and the name of each customer.

e Two 2.5-hour appointments for a person with long hair: colour, cut, wash, head massage,
eye-brows, blow-dry and style.
e Four 30-minute appointments for haircuts for two men, a boy and a girl.
e A 90-minute appointment for foils, wash and blow-dry.
b Some digital diaries have the option of attaching extra notes to an entry, e.g. in Excel,

right-click/insert comment. Suggest what other information could be included in a hairdresser’s
digital appointment diary.
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Modelling 283

Carving table legs

Kosta is carving cylindrical table legs out of square 10 cm by 10 cm wooden poles,
each of length 1.2 metres. The cross-section of the pole is shown in this diagram.
He uses a wood lathe to remove the timber outside the circle leaving a timber 10 cm
cylinder of radius » cm and length 1.2 metres.

Present a report for the following tasks and ensure that you show clear 10 cm
mathematical workings and explanations where appropriate. Round measurements
to two decimal places.

Buijjapo

1 Preliminary task

a Write down the formulas required to calculate the volume of
i acube il arectangular prism iii acylinder.

b Convert 1.2 minto cm.

¢ Find the volume of the uncarved 10 cm by 10 cm pole of length 1.2 m, as shown in the
diagram below. Give your answer in cubic centimetres, ensuring you first convert all dimensions
to the same unit.

1.2m

10 cm

d If the radius of the circular cross-sectional

area of the carved pole is 3 cm, find:

i the cross-sectional area of the carved
pole

i the volume of the carved pole

iii  the volume of wood wasted in the
process

iv the percentage of wood wasted in
the process.

2 Modelling task

a The problem is to determine the radius of the carved pole so that no more than 25% of the original Formulate
timber pole is wasted. Write down all the relevant information that will help solve this problem
with the aid of one or more diagrams.

b By first calculating areas, determine the volume of timber wasted if the carved pole is created
using the following radii:
i 2am
i 3cm
iii 4cm.
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284 Chapter 4 Measurement

¢ By calculating the percentage of timber wasted, decide if any of the three radii listed in part b
satisfy the requirement that no more than 25% of the timber can be wasted.

Solve

d If the largest cylinder possible is created, determine the percentage of timber wasted.

Evaluate

and Kosta likes to waste slightly more than the absolute minimum amount of timber because there is a
verity better chance of producing a smoother finish. He therefore aims for a figure closer to 25% timber
wastage.

e Explain why you only need to consider the cross-sectional area of the pole rather than looking
at the entire volume to solve this problem.

f Use trial and error to determine the radius that Kosta should aim for to achieve a 25% timber
wastage correct to as many decimal places as possible.

Communicate

g Summarise your results in a table like the one below.

Trial Radius chosen Volume of the Volume of timber Percentage of

cylindrical leg wasted timber wasted

3 Extension questions

Write an expression for the percentage of timber wasted if the radius of the pole is r cm.

b By using your expression from part a, outline a direct method for finding the radius of the pole
that delivers exactly 25% timber wastage.

¢ Find, correct to three decimal places, the value of r that would result in 50% of the wood
being wasted.
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Technology and computational thinking

Approximating a circle with 2 squares
Key technology: Dynamic geometry and spreadsheets

We know that to find the area of a circle precisely we use the irrational A

number 7, which is an infinitely non-recurring decimal and part of the area

for

squares and Pythagoras’ theorem using the circle’s radius only.

1 Getting started

Co

a
b

C

2

a

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
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mula 4 = 1. The area of a circle can, however, be approximated using

nsider this circle of radius 4 cm and the two squares constructed as shown.

State the side length of the larger square.
Use Pythagoras’ theorem to find the side length of the smaller square 4B.
Find the areas of both squares.

Find the average of the areas of the two squares. This is your approximation to the area of the
circle.

Use the formula for the area of a circle, 4 = 72, and compare this to your approximation found in
part d above.

Repeat parts b to e above using a radius of 5cm.

Using technology

Construct a dynamic circle similar to above using a
dynamic geometry package like Desmos Geometry.
Follow these steps.

e Step 1: Construct a segment AC and centre O / \
as the midpoint.

e Step 2: Construct the circle with centre O and

radius OC.
e Step 3: Construct the perpendicular line BD A 2l C
and the points B and D. 16

e Step 4: Construct the perpendicular lines to
form the larger square.

e Step 5: Construct the smaller and larger squares
using the Polygon tool.

e Step 6: Find the areas of the smaller and larger
squares. B

Find the average of the two areas calculated in your construction above. This is your approximation
to the area of the circle.

Drag one of your starting points 4 or C to alter the size of the circle and change the areas of the
squares. Recalculate the average of the areas of the two squares.

Photocopying is restricted under law and this material must not be transferred to another party.
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Chapter 4 Measurement

3 Applying an algorithm
We note that if the radius of the circle is r, then the side length of the area of the larger square /; is
given by /; = 2r and the smaller square 1, is given by I, = V12 + 2 = v/2r2 = /2r.

a Use these above formulas to set up a spreadsheet to approximate the area of a circle as follows.

| A ! B C
1 |Approximating circles with squares
2 4
3 (Circleradius  Approximation Exact
4 11 =(4*A472+(SQRT(2)*A4)72)/2  =PI()*A472
5 =A4+1

b Fill down at cells A5, B4 and C4. Compare your approximation for the area of the circle with the
more exact values in column C, which uses the 4 = zr? formula.
You can see that your approximation is always less than the exact area. Follow this algorithm to
search for a particular percentage increase that is required to bring the approximation closer to
the exact.

¢ In cell D3, enter a chosen percentage increase and in cell D4, calculate a new approximation using
the given formula. Fill down at cell D4.

d Follow this algorithm to find an accurate percentage increase that gives a precise approximation to

the area of a circle.

e Step 1: Change the percentage increase value in cell D3 to a different value.

e Step 2: Compare the approximate area values in column D to the exact values in columns C.

e Step 3: Decrease the percentage increase value in cell D3 if the approximation is too large or
increase the percentage increase value in cell D3 if the approximation is too small.

e Step 4: Repeat from Step 2 until you have found a percentage increase that makes your area
approximation accurate to two decimal places.

D

% increase
5
=B4*(1+DS3/100)

e Persist with your algorithm above until you have found a percentage increase that makes your area
approximation accurate to 3 or 4 decimal places. Compare your result with a friend.
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Puzzles and games

1 How many cubes are in each solid stack?

2 Estimate the area of these shapes by counting squares.

3 A cube has a capacity of 1 L. What are its dimensions in cm?

4 A fish tank is 60 cm long, 30 cm wide, 40 cm high and contains 70 L of water. Rocks with a volume
of 3000 cm? are placed into the tank. Will the tank overflow?

5 Find the total surface area of this cylinder.

6 What proportion (fraction or percentage) of the semicircle does the full circle occupy?

7 Adcircle just fits inside a square. What percentage of the square is occupied by the circle?

)
N

8 1.8 L of water is poured into this container. What will be the depth of the water?

30 cm

10 cm

20 cm
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-

- . . .
m it Triangle Quadrilaterals
* N em @ —Square A=/2
E 0:: —Rectangle A= Iw
10¢cm 6.cm — Parallelogram A= bh
pR—
P=2x10+2x4 A= 1bh — Rhombus A=%xy
=28.cm 2 -Kite A= Jxy
. =2%6x3 ~Trapezium A= (a+ bh
: = 9cm? b
(7)) Units
o~ 1 km=1000 m [ Uniits R
S 1m=100cm S
m tem=10mm |} XJZQQQ?JQE%QQ .
km® m° cm® mm
# b Tl S S
+1000%+100% +10°
Q Circumference 1ha=10000m? | r \
m C=2xar or nd . Circle

=2x7Tx3 A=rr?
=18.85 m? = x 72
\{ Area —153.94 cm?
Sectors

_0
q Length mesmmmmm|  Measurement A= g5 <Al J2m
' 7 =280 o7 x 22 2805

360
L =9.77m?
p? i f Time
Units
km3, m3, cm3, mm3 1min=60s
X 1000 X 1000 X 1000 1h =60 min
P W 0311is 03:11 am
ML\/ kLvaML ~ 2049 is 08:49 pm
+1000 + 1000+ 1000 Volume
1mL=1cm?
Pythagoras’ theorem P
f Rectangular prism - I -
V= lwh Finding ¢
~10%20x 30 o] 252472 1T
= 6000 cm3 am 74 ﬂs
=6L 30cm - =73 ¢
a+p2=c? N
20 cm
L 10 cm
é N
Finding a shorter side
i Triangular pri :
riangular prism
<L avtaz 17
v=An a2+1=4 2 N
= 7x3x1x2 22=3
=3m3 a=3
1mANGM
- \
S~~__ |2m
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Chapter checklist 289

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

1 | can convert length measurements
e.g. Convert:

a 5.2cmtomm b 2400 m to km.

2 | can find the perimeter of simple shapes
e.g. Find the perimeter of this triangle.

10 m

7m

1811493y J3ydeyy <

3 | can find the perimeter of rectangular shapes
e.g. Find the perimeter of this shape.
| L]

4 cm

3cm

4 | can find unknown side lengths in a shape, given the perimeter
e.g. Find the value of x given that this triangle’s perimeter is 19 cm.

xm

5cm

5 | can find the circumference of a circle using the radius
e.g. Find the circumference, correct to two decimal places, using a calculator for the value of 7.

6 | can find the circumference of a circle using the diameter
e.g. Find the circumference of this circle, correct to two decimal places.
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Year 8

Chapter 4 Measurement

7 | can convert units of area
e.g. Convert:
a 0.248 m? to cm? b 3100 mm? to cm?.
8 | can find the area of rectangles and squares
e.g. Find the area of this shape.
2.cm
6 cm
9 | can find the area of parallelograms and triangles
e.g. Find the area of these shapes.
110 cm i
: 17m
il il
25 cm 13 m
10 | can find the area of rhombuses and kites
e.g. Find the area of this rhombus and kite.
o % '
11 | can find the area of trapeziums
e.g. Find the area of this shape.
3 mm
'S5 mm
|
11 mm
12 | can find circle areas using a radius
e.g. Find the area of a circle that has a radius of 4 cm, correct to two decimal places.
13 | can find circle areas using a diameter
e.g. Find the area of this circle, correct to two decimal places.
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14 | can find the area of semicircles and quadrants D
e.g. Find the area of this quadrant and semicircle, correct to two decimal places.
2im ()
-
3m N
15 | can find the area of sectors. "
e.g. Find the area of this sector, correct to two decimal places. -
)
E =
D
. . ()
16 | can find the area of composite shapes 20 mm x
involving sectors. [ ! -—
e.g. Find the area of this composite shape, correct to the ; - o
nearest whole number of mm?. 10 mm i (7]
0 [

17 | can find the volume of a rectangular prism
e.g. Find the volume of this rectangular prism.

6m o [2m

4m

18 | can convert between units of volume or capacity
e.g. Convert:

a 0.5 L to millilitres b 3500 cm? to litres.

19 | can find the capacity of a rectangular prism
e.g. Find the capacity, in litres, for a container that is a rectangular prism 20 ¢m long, 10 cm wide
and 15 cm high.

20 | can find the volume of a prism using its cross-sectional area
e.g. Find the volume of this prism.

A=10cm?

3cm
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21 | can find the volume of a prism by first calculating its cross-sectional area
e.g. Find the volume of this prism.
22 | can convert between different units of time
e.g. Convert 3 days to minutes.
23 | can convert between 24-hour time and am/pm
e.g. Write:
a 4:30 pm in 24-hour time b 1945 hours in am/pm.
24 | can use time zones
e.g. Use a world time zone map to find the time in China when it is 9:35 am in New South Wales,
Australia.
25 | can decide if three numbers form a Pythagorean triple.
e.g. Decide if 6, 8, 10 is a Pythagorean triple.
26 | can classify a triangle as right-angled, acute or obtuse.
e.g. A triangle has side lengths 4 m, 7 m and 9 m. Decide if it is right-angled, acute or obtuse.
27 | can find the length of the hypotenuse of a right-angled
triangle. 9
e.g. Find the length of ¢ correct to two decimal places.
C
7
28 | can identify the diagonal of a rectangle as the [ ] -1
hypotenuse of a right-angled triangle and find its g}?@e/” 3Im
length. —I/’// .
e.g. Find the length of this diagonal brace, to the nearest - om
centimetre.
29 | can find the length of a shorter side in a right-angled
triangle. > u
e.g. Find the value of a.
4
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Short-answer questions 0

1 Convert these measurements to the units given in the brackets. :

a 2m(mm) b 50000 cm (m)

¢ 320 m (km) d 0.04 km (m) m

e 3cm?(mm?) f 4000 cm? (m?) -5

g 0.01 km* (m?) h 350 mm? (cm?) pr®

i 4000 mL (L) j 3cm’(mm?d)

k 400 cm? (L) I 4300 kL (ML)

2 Find the perimeter/circumference of these shapes. Round the answer to two decimal places where
@ necessary.

a 5m b 6 cm c
3m|:>
| ‘
g h 12m i F
20 mm : 1
| 3m 3cm+

T T 2cm

MOIADJ 1O

3 Find the area of these shapes. Round the answer to two decimal places where necessary.

@ a 5cm b 18 m ” s
6c¢C
11 cm

6 cm
14 km
g h i
10 cm
16 m
j——>|
8m
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BT 4 Find the area of these shapes. Round to two decimal places where necessary.
a b

3cm

2cm

6m

Find the capacity of these rectangular prisms in litres. Recall 1 L = 1000 cm?.

Chapter review

a b c
15 cm " -
45 cm +
30 cm
20 cm
100 cm
10 cm
Find the volume of each prism.
a : b
1 4L 40 cm
/,/‘** SSSS 20 cm
1 LWL
2m 12cm
5m
e A=10cm2 f
y ! 2cm
i _i 4.cm 2cm
T 3cm

An oven is heated from 23°C to 310°C in 18 minutes and 37 seconds. It then cools by 239°C
in 1 hour, 20 minutes and 41 seconds.

a Give the temperature:

i increase

i decrease.

What is the total time taken to heat and cool the oven?

¢ How much longer does it take for the oven to cool down than to heat up?

o
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8 a Whatis the time difference between 4:20 am and 2:37 pm?
b Write 2145 hours in am/pm time.
¢ Write 11:31 pm in 24-hour time.

B 9 Whenitis 4:30 pm in Western Australia, state the time in each of these places.

ydey)

3

a New South Wales b Adelaide
¢ Darwin d China
e Perth f Phillipines
g New Zealand h Tasmania m
i Queensland <
m 10 Use Pythagoras’ theorem to find the length of the hypotenuse in these right-angled triangles. -
@ Round the answer to two decimal places in part c. m
a 8 b 7 (5 <
c ¢ -
6
¢ 24 fD

11 Use Pythagoras’ theorem to find the unknown length in these right-angled triangles. Round the
@ answer to two decimal places in parts b and c.

a 3 b c 20
5
. 23 L‘
17

Multiple-choice questions

BT 1 The perimeter of this rectangle is 20 cm. The unknown value x is:

A 4 B 16 C 5
D 10 E 6 T T4cm

2 A wheel has a diameter of 2 m. Its circumference and area (in that order) are given by:
, m

2n, ®

4r, 4r

2,1

4, 4

moomw>

B 3 The area of this triangle is:

A 275 me j is "
B ssm = 7
C 55m2 11m
D 110m
E 16 m?
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Chapter 4 Measurement

Using & = 3.14, the area of a circular oil slick with radius 100 m is:
7850 m?

314 m?

31400 m?

78.5 m?

628 m?2

moow >

2.5 L is the same as:
250 mL

2500 cm?

1 ML

0.025 kL

25000 mL

moow >

The volume of this rectangular prism is: :
A 60L B 60cm |

C 6m’ D 600 cm? 0 7
E 6000 cm? cm L e

The rule for the area of the trapezium shown is: x
A

=
S

B %(x+y)

2

C D mxy

E

= N— N|—
=
S

—~
=
+
=
=

The volume of a rectangular prism is 48 cm?3. If its width is 4 cm and height 3 cm, its length
would be:
A 3cm B 4cm C 2am D 12cm E 96cm
The diagonals of a rhombus measure 10 cm and 6 cm. Its

area is:

6cm
A 120 cm? B 16 cm?
C 15cm? D 30cm?
E 60 cm?

A square has area 49 m?. lts side length is:
5m

&m

49 m

m

4m

moow>

ISBN 978-1-009-593-724 © Greenwood et al. 2025
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Extended-response questions

@ 1

A rectangular entertaining area is to be tiled. Tile

The tiles are 10 cm square and the entertaining area is 20 m by 8 m. r
A circular pond of diameter 4 m is to be built in the centre. L,

a

b
c
d

Find the total area of the entertaining area in m2. 10 cm
Find the perimeter of the entertaining area.

Find the area of the pond, correct to two decimal places. Entertaining area

Chapter review

Find the area to be tiled (not including the pond area),
correct to two decimal places.

Find the area of one tile in:

i cm?

i m?2

Pond 8m

Find the minimum number of tiles required for the job.
Why might a tiler use more tiles than the minimum number?

2 Find the area of these composite shapes.

a

10 cm b c

5cm

20 m

8 cm

6cm
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~ In this chapter

5A The language of algebra

5B Substitution and equivalence
5C Adding and subtracting terms
5D Multiplying and dividing terms
5E Expanding brackets

5F Factorising expressions *

5G Applying algebra *
5H The index laws

ALGEBRA

Create, expand, factorise, rearrange
and simplify linear expressions, applying
the associative, commutative, identity,
distributive and inverse properties
(AC9MBAO01)

NUMBER

Establish and apply the exponent laws
with positive integer exponents and the
zero exponent, using exponent
notation with numbers (ACOM8NO02)

© 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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10

Evaluate.
a 8+4x6 b 4x5-2x3
c 12-(6+2)+8 d 3(6+4)

Evaluate.

a Thesum of 7 and 10

b The product of 2 and 6
¢ Thesumof 12, 10 and 8
d Half of 24

If [ ]= 10, write the value of:

a [[|+2 b [[|x7 c []-3

Find the value of [ |x[ ]if:
a []=4 b []=2 c []=11

Write an expression for:

a 5 more than x

b 7 less than m

¢ the product of x and y
d half of w

If y=2x+35, find the value of y when x = 10.

Complete the tables using the given rules.
a M=24+3

.03710

Substitute x = 6 and y = 2 into each expression and then evaluate.

a x+y b xy
c 3x—y d 2x+3y

Write down the HCF (highest common factor) of:

d [J+[]

d []=100

a 24 and 36 b 15and 36 ¢ 48 and 96

Evaluate the following
a 3x3x3 b 2¢ c (-1

d 5x22
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5A The language of algebra

e To know the basic terminology of algebra.

e To know how to identify coefficients, terms and constant terms within expressions, including in situations where
coefficients are zero or negative.

e To know how to write expressions from worded descriptions.
Key vocabulary: pronumeral, variable, expression, coefficient, term, constant term, sum, difference, product, quotient

A pronumeral (or variable) is a letter that can represent
any number. For instance, x could represent the number
of goals a particular football player scored last year.

o Lesson starter: Algebra sort

Consider the four expressions x+2, x x2, x —2
and x + 2.

e If you know that x is 10, can you sort the four
expressions from lowest to highest? B lees o Thotadegon :
* Give an example of a value of x that would make The expression 6x + y gives the total number of points

x X 2 less than x + 2. in an AFL game, if x is the number of goals and y is
the number of points.

® In algebra, letters can be used to represent numbers. These letters are called
variables or pronumerals.

® uxbiswritten ab and a = b is written %’

® An expression combines numbers and pronumerals with mathematical operations,
e.g. 3x+2yz and 8 + (3a — 2b) + 41 are expressions.

® A term is part of an expression with only pronumerals, numbers, multiplication and division,
e.g. 9a, 10c¢d and %x are all terms.

A term that does not contain any pronumerals is called a constant term.

A coefficient is the number in front of a pronumeral. If the term is being subtracted, the coefficient
is @ negative number, and if there is no number in front, the coefficient is 1.

e.g. For the expression 3x+y — 7z, the coefficient of x is 3, the coefficient of y is 1 and the coefficient
of z is =7. There are three terms in the expression.

® Mathematical operations.

Words Symbols
sum 1F
difference -
product X
quotient +
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[ Understanding | 1-4 _

1 Find the following values.
a Thesumof3and5 b The product of 2 and 6
¢ The difference between 10 and 7 d Double the value of 5

2 The expression 3a + 2b + 5¢ has three terms.
a List the terms.

b State the coefficient of:

i a i b iii ¢
¢ Write another expression with three terms. @\\
3 The expression 5a+ 7b + ¢ — 3ab + 6 has five terms. Hint for Q3: A constant term
a State the constant term. (has no pronumerals. /Ij
b State the coefficient of:
i a i b i ¢

¢ Write another expression that has five terms.

4 For each of the following expressions, state the coefficient of 5.

a 3a+2b+c b 3a+b+2c Ty——

_ int for Q4: Coefficients are
C 4a+9b+2c+d d 3a=2b+f Gegative if the term is subtracted.
e Sa—-6b+c f 7Ta-b+c

[ Fluency | =7 sem7s
m Example 1 Creating expressions from a description

Write an expression for each of the following.

a Thesumof 3and k b The product of m and 7

¢ 5is added to one half of k& d The sum of a and b is doubled

Solution Explanation

a 3+k The word ‘sum’ means +.

b mx7orTm The word ‘product’ means x.

c %k+5 or§+5 One half of k can bewritten%xk
k

(because ‘of’ means x), or 5 because k is being

divided by two.

d (a+b)x2or2a+b) The values of @ and b are being added and the
result is multiplied by 2. Brackets are required
to multiply the whole result by two and not
just the value of b.
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Now you try
Write an expression for each of the following.
5 more than x The product of 6 and m
4 less than twice y The sum of a and b is tripled

5 Match each of the following worded statements with the correct mathematical expression.

a The sum of x and 7 A 3-x
b 3 less than x B %C
¢ xisdivided by 2 C x-3
d xis tripled D 3x
e xissubtracted from 3 E %‘
f xisdivided by 3 F x+7
6 \Write an expression for each of the following.
a 7 morethany 3 less than x

The product of 4 and p
One third of r is added to 10
The sum of » and twice the value of ¢

¢ Thesumof aand b
e Half of ¢ is subtracted from 4
g The sum of b and ¢ multiplied by 2

> o T

7 Describe each of the following expressions in words.

a 3+x b a+b c 2xk d %
8 Describe each of the following expressions in words.
a 4xbxc b 2a+b c 4-b)x2 d 4-2b

[ Problem-solving and reasoning |

9 Write an expression for:
a the total cost of buying 10 litres of petrol at $x per litre
b the time spent shopping if you spend 4 minutes in the
supermarket and B minutes in the department store
¢ the difference in age between Oliver, who is 22 years old, and
his younger cousin Ben, who is k years old
d the volume of water left in a 50-litre vat after x litres are removed.

Hint for Q9: If petrol
is $2 per litre, then
the cost for 10 litres

10 Marcela buys 7 plants from the local nursery.
a |If the cost is $10 for each plant, what is the
total cost?

b If the cost is $x for each plant, write an
expression for the total cost in dollars.

¢ |If the cost of each plant is decreased by
$3 during a sale, write an expression for:
i the new cost per plant in dollars
i the new total cost in dollars of
the 7 plants.
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m 11 Francine earns $p per week for her job. She works
for 48 weeks each year. Write an expression for the
amount she earns:

a in a fortnight

b in one year (of 48 weeks)

¢ inone year if her wage is increased by $20 per
week after she has already worked 30 weeks in
the year.

12 Tom would like to purchase some DVDs of two television shows.
a Write an expression for the total cost of:
i 4 seasons of Numbers
ii 7 seasons of Proof by Induction
iii 5 seasons of both shows
iv all 7 seasons of both shows if the final price is halved in

a sale.
b If ais 20 and b is 30, what is the maximum number of seasons

he could buy with $200 without getting duplicates?

$ a per season
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5B Substitution and equivalence

¢ To be able to substitute in values to evaluate algebraic expressions.

e To understand what it means for two expressions to be equivalent.

e To understand how the commutative and associative laws for arithmetic can be used to determine equivalence.
e To be able to show that two expressions are not equivalent using substitution.

Key vocabulary: evaluate, substitute, equivalent

Replacing pronumerals with numbers is called substitution.
We can evaluate (find the value of) an expression once we
substitute in numbers.

If two expressions always evaluate to the same number,
they are called equivalent. For instance, 4+ x and x + 4
are equivalent.

Substitute x=3 into 4 + x

Okay!4+x=4+3=7
So it evaluates to 7

O Lesson starter: AFL algebra

In Australian Rules football, the final team score
is given by 6x + y, where x is the number of
goals and y is the number of behinds scored.

e State the scoreif x=3and y =4.

e |f the score is 29, what are the values of x
and y? Try to list all the possibilities.

e If y=9 and the score is a 2-digit number,
what are the possible values of x?

® To evaluate an expression or to substitute values means to replace each pronumeral in an
expression with a number to obtain a final value.
e.g. If a= 3, then we can evaluate the expression 7a + 13:
Ta+13=7x3+13
=21+13

=34

® Two expressions are equivalent if they have equal values regardless of the number that is
substituted for each pronumeral.
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Exercise 5B

[ Understanding | - 4

1 State the value of:
5+43x%x2

a
b 5x3+2
c 17-2x4 Hint for Q1: Brackets first, then
L division and multiplication, then
d 20+5+3 addition and subtraction.
2 If[_]=6, determine the value of each expression.
a [ ]+5 b [[]x2 c [|-3 d []+2
3 Find the value of [ |+ 11 if:
a[]=5 b []=10 c [ |=100 d [ ]=59

4 Fill in the missing words.

Two expressions that are always equal are called

[ Fluency | 5-8,904), 10,11 [6,8,904),10,11
a Example 2 Substituting for a pronumeral

Substitute x = 3 to evaluate 5x.

Solution Explanation
5x=5x%x3 Substitute 3 for x and note that 5x means 5 x x.
=15
Now you try

Substitute b = 5 to evaluate 7 — b.

o

6 a
b
c

What number is obtained when x = 5 is substituted into the expression 3 x x?
What is the result of evaluating 20 — b if b is equal to 12? @
What is the value of 2b if b is equal to 10? a

(Hint for Q5: 26 means 2 x b.

State the value of 4 +2x if x = 5.
State the value of 40 — 2x if x = 5.
Are 4 +2x and 40 — 2x equivalent expressions?

7 Substitute the following values of x into the expression 7x + 2.

a 4 b 5 c 2 d 8
8 |If y=4, find the value of:
a y+3 b 9-y c 3y-—-2 d Sy+3
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G Example 3 Substituting for multiple pronumerals

Substitute x = 3 and y = 6 to evaluate 3x + 2y.

Solution Explanation
3x+2y=3x3+2x%x6 Replace all the pronumerals with their values
—9+12 and remember the order in which to evaluate
_o1 (multiplication before addition).
Now you try

Substitute @ =2 and b =9 to evaluate 12a — 2b.

9 Ifa=4andb =7, evaluate:
a 3a+2 b 26-1 cC a+b d 6+ab
e 3a+b f 2a+3b g b—a h 3b-a

10 Evaluate the expression 2x — 3y when:
a x=10andy=4
b x=4andy=2

G Example 4 Deciding if expressions are equivalent

a2 Are x —3 and 3 — x equivalent expressions?
b Are a+b and b+ a equivalent expressions?

Solution Explanation

a No The two expressions are equal if x = 3 (both equal zero).
Butif x=7thenx-3=4and3—-x=-4.
Because they are not equal for every single value of x, they are not
equivalent.

b Yes Regardless of the values of a and b substituted, the two expressions
are equal. This is because it does not matter the order in which
numbers are added.

Now you try
a Are 2a+ b and 2b + a equivalent expressions?
b Are4x+2 - xand 3x+2 equivalent expressions?

11 For the following, state whether they are equivalent (E) or not (N).
a x+yandy+x

3xxand xx3

Hint for Q11: Try different
4+2xand 2 +4x values to see if the expressions
are always equal.
e % x a and %

b
¢ 4a+band4b+a
d

f 3+6yand32y+1)
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m [ Problem-solving and reasoning | 2 [eE )

12 a A number is substituted for k in the expression 7k and the result is 56. What is the value of k?
b The variable m is chosen so that 4m is a two-digit number and 4 + m is a single-digit number.

List the possible values of m.
13 The expressions ab and a + b are not equivalent. -
a Explain why they are not equivalent.
b Ifa=0and b =0, the two expressions are equal. Hint for Q13: Find values for a
Give an example of another pair of values that make them equal. and b where ab and a + b are

not equal.

¢ Explain why a+2 and a — 2 are not equivalent.
d Willa+2 and a — 2 ever evaluate to the same number?
Why/why not?

* { Substituting with negatives — 14
14 Copy and complete the following table.
X 3 4 2
¥ 8 7 -3
X+y 12 5
x—2y -4 8
Xy 0 12

A vet substitutes values into algebraic formulas to find correct vaccination volumes.
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5C Adding and subtracting terms

e To understand that ‘like terms’ contain exactly the same pronumerals, possibly in a different order.
¢ To be able to decide if two terms are like terms.
e To be able to combine like terms to simplify expressions.

Key vocabulary: term, pronumeral, like terms, sign, simplify

Two terms with the same pronumerals are called like terms, and they can be collected and combined.
For example, 2a + 6a can be simplified to 8a because 2a and 6a are like terms.

The order of the pronumerals does not matter, so 3ab and 5ba are like terms because they both
include @ and b.

O Lesson starter: Like terms
The terms 2abc and 5cab are like terms, and 2abc + 5cab = Tabc.

In a short amount of time, see how many ways you can fill in the boxes: D+D = Tabc.

Can you explain why abc and cab are equivalent?

® Like terms contain exactly the same pronumerals with the same powers; the pronumerals do
not need to be in the same order, e.g. 4ab and 7ba are like terms.

® Like terms can be combined when they are added or subtracted to simplify an expression,
e.g. 3xy+ Sxy = 8xy.
— sign stays with following term
3x+7y+ 3y+x/
=3x-2x+x+7y+3y—-4y
=2x+6y

® A subtraction sign stays in front of a term even when it is moved.

[ Understanding | 14 3,4

1 Fill in the blanks.
a Two terms with exactly the same pronumerals are called

b If two expressions are always equal when evaluated, they are called — expressions.

2 a If x=23, evaluate 5x + 2x.
If x =3, evaluate 7x.
¢ 5x+2xis equivalent to 7x. True or false?

o

3 a If x=3andy=4, evaluate 5x +2y.
If x=3and y =4, evaluate 7xy.
¢ 5x+2yisequivalent to 7xy. True or false?

(=2
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- 4 a List the pronumerals that occur in 3abc. n

b List the pronumerals that occur in 7bca.
¢ Are 3abc and 7bca like terms?

Hint for Q4: Like terms have
the same pronumerals,
possibly in a different order.

[ Fluency | san  [58089 00
a Example 5 Identifying like terms with a single pronumeral

Classify the following pairs as like terms (L) or not like terms (N).

a2 3xand 12x b 5yand7:z

Solution Explanation

alL Both 3x and 12x have the same pronumeral (x) so they are like terms.
b N 5y and 7z have different pronumerals so they are not like terms.

Now you try

Classify the following pairs as like terms (L) or not like terms (N).

a 9aand 4b b 6yand 15y

5 Classify the following pairs as like terms (L) or not like terms (N).
a 5Sxand2x

5x and 2y

3k and 4k

2¢ and 7x

a Example 6 Identifying like terms with multiple pronumerals

Classify the following pairs as like terms (L) or not like terms (N).

(=T I -

a 2ab and 3ba b 4xand 2xy

Solution Explanation

a L They have the same pronumerals (order does not matter).
b N 4x has the pronumeral x.

2xy has the pronumerals x and y.
Since the terms have different pronumerals they are not like terms.

Now you try
Classify the following pairs as like terms (L) or not like terms (N).
a Tab and 4a b 14xy and 3yx
Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press

Year 8 Photocopying is restricted under law and this material must not be transferred to another party.



5C Adding and subtracting terms 311

6 Classify the following pairs as like terms (L) or not like terms (N).

a 4pqg and 3pgq b 2ab and 5bc¢

¢ 7rsand 12sr d Sab and 6a

e T7abc and 2cba f 8xand8xy

g 12ab and 14ba h 8xyzand 9yzx

a Example 7 Simplifying by combining like terms

Simplify the following by combining like terms.

a Tt+2t—3t b 4x+3y+2x+7y ¢ 8b+7Tac—5b+2ca
Solution Explanation
a Tt+2t—3t=6t These are like terms, so they can be combined:
T7+2-3=6.
b 4x+3y+2x+7y Move the like terms next to each other.
=4x+2x+3p+ 7Ty Combine the pairs of like terms.
=6x+ 10y
¢ 8b+T7ac—5b+2ca Move like terms together.
=8b — 5b+Tac+2ca The subtraction sign stays in front of 55 when it
_ is moved.
= 3b+9ac §—5=3and7+2=9
Now you try
Simplify the following by combining like terms.
a 13y-9y b 16a+2b—5a—-b> ¢ Tab—b—6ba+6b

7 Simplify the following by combining like terms.
a 3x+2x b 7a+12a c I5x-6x d 9y-2y
e 4xy+3xy f  16uv — 3uv g 10ab +4ba h 3pg+12pq

8 Simplify the following by combining like terms.

a 7f+2f+8+4 b 10x+3x+5y+3y

¢ 2a+5a+13h-2b d 10a+5b+3a+4b

e 10+5x+2+7x f 10a+3+4b—-2a->

g 10x+31y—y+4x h 1la+4-2a+12a Hint for Q8: Pair up the like terms.
i 2b+4c+3b+5¢ i 3a—-b+db-a 6°‘e¢ab=b“-

k 2gr+3q+4qr+6rq I 12xy — Syx+3x+6x

m 10ab —4b — 6ba+11b n 20kl + 10kl — Tlk + 21

9 For each expression, choose an equivalent expression from the options listed.

a Tx+2x A 10y +3x
b 12y+3x-2y B 9xy
¢ 3x+3y C 9x
d 8y—-2x+6y—x D 3y+3x
e 4xy+5yx E 14y —3x
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312 Chapter 5 Algebraic techniques and index laws

10 Write expressions for the perimeters of the following shapes in simplest form.
a 3x b Tx

[ Problem-solving and reasoning | won [z

ax distance around a shape.

3x ( Hint for Q10: Perimeter = total

Sa—b

3a+3b
da +2b

11 Towels cost $¢ each at a shop.
a John buys 3 towels, Mary buys 6 towels and Naomi buys 4 towels. Write a fully simplified expression
for the total amount spent on towels.
b On another occasion, Chris buys n towels, David buys twice as many as Chris, and Edward buys
3 times as many as David. Write a simplified expression for the total amount they spent on towels.

12 a Make a substitution to prove that 4a + 3b is not equivalent to 7ab.
b Is4a+3b ever equal to 7ab? Try to find some values of a and b to make 4a+ 3b = Tab a true equation.
¢ Is4a+ 3a ever not equal to 7a? Explain your answer.

k[ Filling the blanks — 13

13 The expression 4a + 7b + 6a is equivalent to 10a + 7b.
a Give another way to fill in the blanks to make this statement true:
[ Ja+[ ]b+] Ja=10a+7b
b Assuming the blanks above must be filled by positive integers, how many ways could they be filled
to make a true statement?
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5D Multiplying and dividing terms 313

5D Multiplying and dividing terms

e To understand that the order in which pronumerals are multiplied is not important.
¢ To understand the meaning of x2.

e To be able to multiply terms and simplify the result.

e To be able to divide terms and simplify the result.

Key vocabulary: term, pronumeral, common factor, simplify

Recall that 4ab is shorthand for 4 x a x b. Observing this helps us to see how we can multiply terms.

dabx3c=4xaxbx3xc
=4x3xaxbxc
= 12abc

12ab
9ad

Division is written as a fraction so means (12ab) + (9ad). To simplify a division we look for

common factors.

‘Y xdxb_4b e a
%_% a.a_1foranyvalueofaexcepto,soacancelsto1.

O Lesson starter: Multiple ways

Multiplying 4a x 6b gives you 24ab.

* In how many ways can positive integers fill the blanks in[ ] a x[ | b= 24ab?

e Can you explain why there are more ways to fill in the blanks for[ ] a x| | b = 24ab than
for[ Jax[ | b=25ab?

12abc means 12 X a x b X c.

When multiplying, the order is not important: 2 xax4xb=2x4 xax b.

x2 means x X x.

When dividing, cancel any common factors.

3
For example: 3&‘2 Sl

[ Understanding | 14 4

1 Are the following true (T) or false (F)?
a 3 xacan be written as 3a.

k x 5 can be written as 5k.

2x is short for 2 + x.

4ab could also be written as 4a + b.

g X g can be written as ¢°.

O QO T

2 Which is the correct way to write 3 X a X b x b?
a 3ab b 3ab? c ab’ d 342
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m 3 Simplify these fractions.

12 h 2 c 12 d 1

4 3 15 B 25

4 Write these without multiplication signs.
a 3xxxy b Sxaxbxc c 12xaxbxb d 4xaxcxexe

[ Fluency | soms [0S0
a Example 8 Multiplying terms

Simplify 7a x 2bc x 3d.

Solution Explanation
Tax2bcx3d=TxXax2xbxcx3xd Write the expression with multiplication signs
—TIx2x3xaxbxexd and bring the numbers to the front.

= 42abcd Simplify: 7x2x3=42and ax b x ¢ X d = abed

Now you try
Simplify 3x x 7yz.

5 Simplify the following.

a 7dx9 b S5ax?2 c 3x12x
d 4kx6 e 3x2q f 3xx10y
g dax2bxcd h 3ax10bc x 2d i 4ax6dex?2b

a Example 9 Multiplying terms with repeated pronumerals

Simplify 3xy x 5xz.

Solution Explanation
3xpXS5xz2=3XXXYyXS5XXxXz Write the expression with multiplication signs
=3X5XXXXXYXZ and bring the numbers to the front.

5 Simplify, remembering that x x x = x2.
= 15x“yz
Now you try

Simplify 4a x 7ab.

6 Simplify the following.

a xXxXux b axa ¢ 3dxd d 5dx2dxe
e Txx2yxx f Sxyx2x g 4xyXx2xz h 4abc x 2abd
i 12xyx4x i 9abx2a k 3xyx2xx4y | 2ab x4ax3b

7 Write each expression without a division sign.

a k+4 b x=+5 ‘is
c 2g+5 d 3k+10 H
e S+a fa+b Hint for Q7: ’Z‘ is the same
g x+y h 12+¢ ask + 4.
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G Example 10 Dividing terms

e, 10ab
Simplify She
Solution Explanation
2
}g‘gi — 3%;2 i ; i b Write the numerator and denominator in full,
¢ with multiplication signs. Cancel any common
= g_a factors and remove the multiplication signs.
@
Now you try
e 16x
Simplify 8xy
8 Simplify the following divisions by cancelling any common factors.
Sa b Ix c 10xy d ab
10a 14y 12y 4b
e Txyz f 2 g 4xy h 3abc [Hint for (18:I Car;‘cel numb_t;s and
21yZ 12x Tx 6b pronumerals wnere possible.

[ Problem-solving and reasoning | o0 [e2 )

9 Write a simplified expression for the area of the following shapes. Recall that
rectangle area = width x length.

a 4b b 6x c 2y
2a 4x 9x
. . . ‘ig

10 Simplify the following completely. @\\.

a 2ax3b+5ab b 6gx2r+4qx3r Hint for Q10: You can combine

¢ 10xx2y—3yx6x any like terms.
11 Fill in the missing terms to make the following equivalences true.

_ _ [_ ] _

a 3xx| |xz=6xyz b dax| |=12ab c =7s d %—413

12 Joanne claims that the following three expressions are equivalent: 2?“, % X d, %.

a Is she right? Try different values of a.
b Which two expressions are equivalent?
¢ There are two values of a that make all three expressions equal. State one of them.

* [ Missing coefficients — 13

13 a Simplify 2a x 3b+ 5b x 2a to a single term.
b State another way to fill in the blanks to make the simplification correct:

[Jax[ |b+][ ]bx[ la=16ab
¢ Give an example of an even longer expression that is equivalent to 16ab.
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316 Chapter 5 Algebraic techniques and index laws

5E Expanding brackets

¢ To understand that the distributive law can be used to expand brackets.

¢ To be able to relate the distributive law to the area of rectangles.

¢ To be able to expand brackets using the distributive law.

e To be able to use expansion together with combining like terms to simplify expressions.

Key vocabulary: distributive law, expand, brackets

Two expressions can look different and still be equivalent, like x + x and 2x.

Note that 3 x (7 + @) = 3(7 + a), which is equivalent to 3 groups of 7+ ¢,
S0:
3T7+ay=T+a+T+a+T+a

=21+3a

This means that 3(7 + @) and 21 + 3a are equivalent.

O Lesson starter: Equivalent areas

What is the total area of the rectangle shown below? Try to write two expressions: one with brackets and
the other without brackets.

- W —>

® Expanding brackets involves writing an equivalent expression without brackets:
2a+b)y=a+b+a+bor2a+b)=2xa+2xb

=2a+2b =2a+2b

® To expand brackets, you can use the distributive law, which states that:
(]

a(b+c)=ab+ac

a(b—c)=ab-ac

® The distributive law can be demonstrated by considering rectangle areas: a(b + ¢) = ab + ac

-« h ———> = ¢ >

a axb

|

uxe Area=a(b + ¢) bt o) =abt
Area=ab + ac }a( SIS

Essential Mathematics Core for the Australian Curriculum ISBN 978-1-009-593-724 © Greenwood et al. 2025 Cambridge University Press
Year 8 Photocopying is restricted under law and this material must not be transferred to another party.



5E Expanding brackets

[ Understanding ] = [ s

1 Copy and complete.

2 The rectangle shown has a width of 4 and a length of 5+3 =38. 5 3
a What is the area of the yellow rectangle?
b What is the area of the blue rectangle?
¢ What is the total combined area? 4

3 The area of the rectangle shown can be written as 4(x + 3). -~y — <3 —>
a What is the area of the green rectangle?
b What is the area of the red rectangle?
¢ Write the total area as an expression without using brackets.
d Fill in the blank: The expressions 4(x + 3) and 4x + 12 are
expressions.

[ Fluency

m Example 11 Expanding brackets using rectangle areas

Write two equivalent expressions for the total area of the rectangle < 5 ><— x
shown: one with brackets and the other without brackets. i
2 s
Solution Explanation
Using brackets: 2(5 + x) The whole rectangle has a width of 2 and a length of
S+x.
Without brackets: 10 + 2x The smaller rectangles have area 2 x 5=10 and 2 x x = 2x,

which are added.

Now you try

Write two equivalent expressions for the total area of the rectangle shown: one with brackets and the
other without brackets.

11
6
a
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318 Chapter 5 Algebraic techniques and index laws

E 4 For each of the following rectangles, write two equivalent expressions for the total area.
a X 2 b a 1

N
w

c 4 d 3
ko] bl ______ Hint for Q4: One of the
expressions should have
7 5 brackets.

m Example 12 Expanding using the distributive law

Expand the following expressions.

a 5(x+3) b 3(a—4) c 2@p—19)
Solution Explanation
a 5(x+3)=5x+5x%x3 Using the distributive law

=5x+15

S(x+3)=5xx+5x%3

Simplify the result.
Alternative layout:
x +3
Sx |+15

9}

b 3(a—4)=3a-3x4 Using the distributive law

=3a—-12
. @) =3Xxa-3x4
Simplify the result.

Alternative layout:

a -4
3| 3a|-12
c 2B8p—T¢)=2x3p—-2x7q Using the distributive law
=6p — l4q 2Bp=Tq)=2x3p=2x7q
Simplify the result, remembering 2 x 3p = 6p and
2 x7q=14q.
Alternative layout:
3p —q
2| 6p |-14q
Now you try
Expand the following expressions.
a 4x+9) b 2(a—-17) c 12(4m —3q)
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5 Use the distributive law to expand the following.

a 6(y+8) b 7(/+4) c 9a+17) d 2(t+6)
6 Use the distributive law to expand the following.
a 2(m-10) b 8(y-3) c 3e-7) d 7(e-3)
7 Use the distributive law to expand the following.
a 10(6g—7) b 53e-18) ¢ 5(7w+10) d 5Qu+5)
e 78x-2) f 309v—-4) g 7Q2q—4) h 4(5¢-v)
i 42+ 5x) i 3(7+2y) k 809 -3x) I 112 —4k)

8 Fill in the missing number in the following expansions.
a 4(x+5=4x+[ |
b 3(x+2)=3x+[]
c 5Ba+2)=15+] ]
d 7(4x-2)=28x— |

[ Problem-solving and reasoning | o0 ez

9 The perimeter of a rectangle is given by the expression 2(/+ w) where [ is the length and w is the width.
What is an equivalent expression for this?

10 Expand the brackets in the following and then simplify the result.
a 3(x+2)+4x

b 4(a+3)—2a
c 53h—-2)+10 Hint for Q10: You can combine
d 6Q2c+4)-2c like terms.

11 Write an expression for each of the following and then expand it.
a A number x has 3 added to it and the result is multiplied by 5.
b A number b has 6 added to it and the result is doubled.
¢ A number z has 4 subtracted from it and the result is multiplied by 3.
d A number y is subtracted from 10 and the result is multiplied by 7.

12 When expanded, 4(2a + 6b) gives 8a + 24b. Find two other expressions that expand to 8a + 24b.

* { Bigger expansions — 13
13 The diagram below helps to demonstrate that (a +2)(b + 3) = ab+2b + 3a + 6.
b 3
a ab E 3a
o e

Use a diagram like the one above to expand the following expressions.
a (a+d)b+2)

b (x+3)(y+)95)

¢ (2a+5Q@c+2)

d @da+1)5b+3)
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1 For each of the following expressions, state the coefficient of 4.

a 8a+5b—2c
¢ 15 +7¢c—11b

b
d

12—-4b
a+b—3d

2 Match each of the following worded statements with the correct mathematical expression.

The sum of x and y

4 is subtracted from x

x is quadrupled

x is divided by 3 and y is added
x is subtracted from 4

x is halved and 6 is added

= 0O Qo O T o

3 If a=35, find the value of:
a lla
c a+2a+3a

4 Evaluate the expression 4x — 3y when:
a x=8andy=5
¢ x=1landy=0

A

m m oo ™

x—4
X
3t
4—x
xX+y
§+6
4x

24 — 3a
100 — &? + 2a

x=2andy=3
x=100and y =1

5 Classify the following pairs as like terms (L) or not like terms (N).

a Spand5
¢ 40x and 5x

b
d

6 Simplify the following by combining like terms.

a 5h+8h—3h
¢ 4x+4xy—5y+3xy

7 Simplify the following.

a Swx3 b 6yx3:z
8 Simplify the following.
a yxy b 4rx3¢
9 Simplify the following.
3f b 15xy
12 Sy

10 Expand the following expressions.
a 4(x+06)
¢ 5(@m-—3n)

b
d

12p and 17pgq
21ft and 2tf

12¢+7r — 3t
Okt — S5k + 6k — 4tk

2a x 3b x 4c d Sef x11x2m
Sh x 3jh d 6gx3fx2fxg
3ac d 14xy

9bcd 21x

205y —=17)

x(8 — 3x)

11 Expand the brackets in the following and then simplify the result.

a 6(x+3)—2x
c 403x—2y)—8x
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5F Factorising expressions 321

5F Factorising expressions x*

e To understand that factorising is the reverse of expanding.

e To be able to find the highest common factor (HCF) of two terms.
e To be able to factorise expressions.

Key vocabulary: factorise, expand, highest common factor (HCF)

Factorising is the opposite procedure to expanding. Because 3(2x + 5) expands to 6x + 15, this means that a
factorised form of 6x + 15 is 3(2x + 5).

o Lesson starter: Expanding gaps
Try to fill in the gaps to make the following equivalence true: [ | ]+[ ) = 12x+24.

* In how many ways can this be done? Try to find as many ways as possible.
e If the aim is to make the term outside the brackets as large as possible, what is the best possible solution
to the puzzle?

® The highest common factor (HCF) of two terms is the largest factor that divides into each term.
e.g. HCF of 15x and 21y is 3.
HCF of 10a and 20c is 10.
HCF of 12x and 18xy is 6x.

® To factorise an expression, first take the HCF of the terms outside the brackets, and divide each
term by it, leaving the result in brackets.
e.g. 10x+ 15y
HCF=5

Result 5(2x +3y)

AN

HCF 10x +5 15y +5

[ Understanding | 1-3 3

1 Find the highest common factor of the following pairs of numbers.
a 12and 18 b 15and 25 ¢ 40 and 60 d 24and 10

2 Fill in the blanks.

a Sxx[ ]=15x b 7x[ la=28a c 3x[ |=6b d 2x[ |=14x
3 Fill in the blanks to make these expansions correct. s
a 3@dx+1)=[ x+3 b 57-2x)=[_]-10x
c 6(2+5y)=|:|+|:| d 7(2a—3b):|:|—|:| (HintforQS:a(b+c):ab+ac
e 3Qa+[ )=6a+21 f 4 ]-2y)=12-8y
g 70|+ D=14+7¢ h [ J2x+3y)=8x+12y
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[~ Fluency | asen [Ta080
m Example 13 Finding the highest common factor (HCF) of terms

Find the highest common factor (HCF) of:

a 12k and 20 b 18x and 24xy

Solution Explanation

a 4 There are no pronumerals in common so choose the HCF of 12 and 20.

b 6x 6 is the largest number that divides into 18 and 24, and x is in both
terms.

Now you try

Find the highest common factor (HCF) of:

a 16 and 30x b 12ab and 8b

4 Find the highest common factor (HCF) of the following pairs of terms.

a 15and 10x b 20aand 12
¢ 27and 9% d 7yand l4x
e 3aand 6b f 12xand 18y

5 Find the HCF of the following pairs of terms. @
a 12xand 18xy b 8aand 16ab N
¢ 9bcand 12b d 36xyand 24y §

Hint for Q5: The HCF can

e 10g and 12gr f 8p and 20pq ( include pronumerals.

a Example 14 Factorising expressions

Factorise the following expressions.

a 6x+15 b 12a+ 18ab c 2lx— 14y
Solution Explanation
a 6x+15=32x+5) HCF of 6xand 15is 3. 6x+3=2xand 15+3=5
b 12a+ 18ab = 6a(2 + 3b) HCF of 12a and 18ab is 6a. 12a + 6a = 2 and 18ab + 6a = 3b
c 2lx—14y=73x—2y) HCF of 21xand 14y is 7. 21x + 7=3xand 14y + 7 =2y
Now you try
Factorise the following expressions.
a 4x-14 b 14b+35ab ¢ 15ab —10a
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6 Factorise the following by first finding the HCF.

a
e
i

a

3x+6 b 8v+40 c 15x+35 d 10z+25

40 + 4w f 5-20 g 9%-15 h 12-16f

5d - 30 j 10x+5 k 6k—-12 I 18p+20
7 Factorise the following.

10cn+ 12n b 24y+8ry ¢ 14jn+10n d 24g+20gj

107+ 4z f 30u—20n g 2lp-—6¢ h 12a+15b

e

[ Problem-solving and reasoning | 8o [ ew )

8 The rectangle shown to the right has an area of 10x + 15. Draw a rectangle
that would have an area of 12x + 16.

2x+3

9 The area of the rectangle shown to the right is 10a+ 5. One side’s measurement 2a+1

is unknown.

a
b

What is the value of the unknown measurement?
Write an expression for the perimeter of the rectangle.

- — >

10 Consider the diagram shown to the right. What is the factorised form of y 3

Xy+3x+2y+6?

I

* { The factorising photographer — 11

11 A group of students lines up for a photo. They are in 6 rows with x students in each row. Another
18 students join the photo.

a Write an expression for the total number of students in the photo.
b Factorise the expression above.
¢ How many students would be in each of the 6 rows now? Write an expression.
d If the photographer wanted just 3 rows, how many students would be in each row?
Write an expression.
e If the photographer wanted just 2 rows, how many students would be in each row?
Write an expression.
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5G Applying algebra )

e To be able to model simple situations using algebra.

e To be able to write expressions from descriptions.

e To understand that applying a model requires defining what the variables stand for.
Key vocabulary: modelling, expression, variable, units

The skills of algebra can be applied to many situations involving unknown or varying quantities.

O Lesson starter: Carnival conundrum

Alwin, Bryson and Calvin have each been offered
special deals for the local carnival.

- Alwin can pay $50 to go on all the rides all day.

- Bryson can pay $20 to enter the carnival and then
pay $2 per ride.

- (Calvin can enter the carnival at no cost and then
pay $5 per ride.

e Which of them do you think has the best deal?
* In the end, they each went on 12 rides. Who paid
the most? Who paid the least?

(| T
T | ey §

Algebra can be applied to both the engineering of a
carnival ride and the price of tickets.

® Different situations can be modelled with algebraic expressions.

® To apply a rule, the variables should first be clearly defined.
e.g. total costis 2xn+3xd

n = number of minutes  d ¥istance in km

[ Understanding I 1-4 4

1 The cost of a newspaper is $2 and the cost of an ice-cream is $3. Find the cost of:
a 5 newspapers
b 4 ice-creams
¢ 10 newspapers and 2 ice-creams

2 An episode of Joshua’s favourite show lasts 30 minutes.
a How long would it take him (in minutes) to watch:

i 2 episodes? ii 5 episodes? iii 10 episodes?
b Which of the following expressions gives the total time to watch n episodes?
A n+30 B 30n C n+30 D 30—n
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3 Evaluate the expression 3d + 5 when:
a d=10 b d=12 c d=0

4 Consider the isosceles triangle shown.
a Write an expression for the perimeter of the triangle. y :
b Find the perimeter when x =3 and y = 2.

y
(Fiuency | s s

m Example 15 Writing expressions from descriptions

Write an expression for the following situations. x+2
a The total cost of k bottles if each bottle costs $4.

b The perimeter of a rectangle if its length is 2 cm more than its width, and its
width is x cm

¢ The total cost of hiring a plumber for n hours if he charges a $40 call-out fee
and $70 per hour.

Solution Explanation

a 4dxk=4k Each bottle costs $4 so the total cost is $4 multiplied by the
number of bottles purchased.

b x+x+2+x+x+2=4x+4 Width = x, so length = x + 2.
The perimeter is width + length + width + length.

¢ 40+70n $70 per hour means that the cost to hire the plumber
would be 70 x n. Additionally, $40 is added for the call-out
fee, which is charged regardless of how long the plumber
stays.

Now you try
Write expressions for the following situations.
2 The amount received by each person if $100 is divided equally between n people.

b The perin eter of this isosceles triangle.
5 | =
x+1

¢ The cost of hiring a car for n hours if it costs $100 up-front plus $20 per hour.

5 a Write an expression for the total x
perimeter of the shape shown.
b If x=9, what is the perimeter? ,
) ! ) P Hint for Q5: Rectangle area =
¢ Write an expression for the area. length x width
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326 Chapter 5 Algebraic techniques and index laws

B 6 Pens cost $3 each.

a How much would 10 pens cost?
b Write an expression for the total cost of n pens.
¢ If n=12, find the total cost.

7 An electrician charges a call-out fee of $30 and %
$90 per hour. \
a How much does a 2-hour visit cost?

b Which of the following represents the total cost for
a visit of x hours?
A x(30+90) B 30x+90
C 30+90x D 120x

PN,

8 a Give an expression for the perimeter of this regular pentagon.
b If each side length were doubled, what would the perimeter be? X
¢ If each side length has 3 added to it, write a new expression for the perimeter.
[ Problem-solving and reasoning | e [z

9 An indoor soccer pitch costs $40 per hour to hire plus a $30 booking fee.
a Write an expression for the cost of hiring the pitch for x hours.
b What is the cost of hiring the pitch for an 8-hour tournament?

10 A plumber says that the cost in dollars to hire her for x hours is 50 + 60x.
a What is her call-out fee?
b How much does she charge per hour?
¢ How much does a 3-hour visit cost?
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5G Applying algebra 327

11 A repairer says the cost in dollars to hire his services for x hours is 20(3 + 4x).
a How much would it cost to hire him for 1 hour?
b Expand the expression he has given you.
¢ Whatis:
i his call-out fee
ii  the amount he charges per hour?

Y

Hint for Q11: 20(3 + 4x)

12 Tamir notes that whenever he hires an electrician, they charge a
call-out fee of $F and an hourly rate of $H per hour. '
a Write an expression for the cost of hiring an electrician for (

Hint for Q12: Your expressions

one hour. should involve F and H.

b Write an expression for the cost of hiring an electrician for
two hours.
¢ Write an expression for the cost of hiring an electrician for 30 minutes.

13 Three deals are available at a fair.

Deal 1: Pay $10, rides cost $4/each.

Deal 2: Pay $20, rides cost $1/each.

Deal 3: Pay $30, all rides are free.

a Write an expression for the total cost of n rides using deal 1.
(The total cost includes the entry fee of $10.)
Write an expression for the total cost of n rides using deal 2.
Write an expression for the total cost of n rides using deal 3.
Which of the three deals is best for someone going on just two rides?
Which of the three deals is best for someone going on 20 rides?
Fill in the gaps:
i Deal 1 is best for people wanting up to __ rides.
i Deal 2 is best for people wanting between _and _ rides.
iii Deal 3 is best for people wanting more than __ rides.

== 0 QO O T
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328 Chapter 5 Algebraic techniques and index laws

5H The index laws

e To be able to apply the index law for multiplying numbers written in index notation terms with the same base.
e To be able to apply the index law for dividing numbers written in index notation terms with the same base.

e To be able to apply the index law for a number in index notation is raised to another power.

e To be able to simplify expressions in which the index is zero.

Key vocabulary: index notation, base, index, index laws, simplify

When working with one or more numbers written using index form there are a number of rules that help
to simplify expressions.

These rules are called the index laws.

Q Lesson starter: Investigating the first two index laws

Write out 37 in expanded notation, that is, as seven copies of 3 being multiplied.
Now write out 3* in expanded notation.
What do you get when 37 is multiplied by 3*? How many times does the base of 3 appear in this product?

What do you get when 37 is divided by 34? How many times does the base of 3 appear in this quotient,
when you cancel any common factors?

® Index law for multiplying powers: a” x a" = ™"
Use when multiplying numbers written in index notation. If the base is the same, you keep the
base and add the powers together.
e 0. 2x22=2%x2x2)x(2x2)

=27 (here the base of 2 appears 5 times (3 + 2))
® Index law for dividing powers: a” + a" = a™™"
Use when dividing numbers written in index notation. If the base is the same, you keep the base

and subtract the powers.
o 00.20+22=(2x2%x2X2x2x%2)+(2%2)

_2Xx2x2x2x2x%x2
Zx2

= 2% (here the base of 2 appears 4 times (6 — 2))

® Index law for raising powers: (a™)" = a™"
Use when a number written in index notation is raised to another power.
The base remains the same and the two powers (indices) are multiplied together.
o eg =23 x23x23x2}
= 93434343

=22 (here the base of 2 appears in total 12 times (3 x 4))

® The zero power: ’ =1
Any non-zero number raised to the power of zero gives an answer of one.
e eg.20=1
e eg.23+23=233=20(but 23 + 23 = 1 so we observe th