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Introduction and guide to this book

The second edition of this popular resource features a new interactive digital platform powered by
Cambridge HOTmaths, together with improvements and updates to the textbook, and additional online
resources such as video demonstrations of all the worked examples, Desmos-based interactives, carefully
chosen HOTmaths resources including widgets and walkthroughs, and worked solutions for all exercises,
with access controlled by the teacher. The Interactive Textbook also includes the ability for students to
complete textbook work, including full working-out online, where they can self-assess their own work
and alert teachers to particularly difficult questions. Teachers can see all student work, the questions that
students have ‘red-flagged’, as well as a range of reports. As with the first edition, the complete resource
is structured on detailed teaching programs for teaching the NSW Syllabus, now found in the Online
Teaching Suite.

The chapter and section structure has been retained, and remains based on a logical teaching and learning
sequence for the syllabus topic concerned, so that chapter sections can be used as ready-prepared
lessons. Exercises have questions graded by level of difficulty and are grouped according to the Working
Mathematically components of the NSW Syllabus, with enrichment questions at the end. Working
programs for three ability levels (Building Progressing and Mastering) have been subtly embedded
inside the exercises to facilitate the management of differentiated learning and reporting on students’
achievement (see page X for more information on the Working Programs). In the second edition, the
Understanding and Fluency components have been combined, as have Problem-Solving and Reasoning.
This has allowed us to better order questions according to difficulty and better reflect the interrelated
nature of the Working Mathematically components, as described in the NSW Syllabus.

Topics are aligned exactly to the NSW Syllabus, as indicated at the start of each chapter and in the

teaching program, except for topics marked as:

*  REVISION — prerequisite knowledge

e EXTENSION — goes beyond the Syllabus

*  FRINGE — topics treated in a way that lies at the edge of the Syllabus requirements, but which
provide variety and stimulus.

See the Stage 5 books for their additional curriculum linkage.

The parallel CambridgeMATHS Gold series for Years 7-10 provides resources for students working
at Stages 3, 4, and 5.1. The two series have a content structure designed to make the teaching of mixed
ability classes smoother.

Cambridge Maths NSW ISBN 978-1-108-46627-1 © Palmer et al. 2018 Cambridge University Press
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Guide to the working programs

It is not expected that any student would do every question in an exercise. The print and online versions
contain working programs that are subtly embedded in every exercise. The suggested working programs
provide three pathways through each book to allow differentiation for Building, Progressing and
Mastering students.

Each exercise is structured in subsections that match the Working Mathematically strands, as well as

Enrichment (Challenge).
The questions suggested for each pathway are
listed in three columns at the top of each Building - Progressing - Mastering
subsection: s s
e The left column (lightest-shaded colour) is §
the Building pathway . .. ..
* The middle column (medium-shaded colour) |
is the Progressing pathway S 3 i
Lemomen -

e The right column (darkest-shaded colour) is
the Mastering pathway.

Gradients within exercises and question subgroups

The working programs make use of the gradients that have been seamlessly integrated into the exercises.
A gradient runs through the overall structure of each exercise, where there is an increasing level of
mathematical sophistication required in the Problem-solving and Reasoning group of questions than in the
Understanding and Fluency group, and within each group the first few questions are easier than the last.

The right mix of questions

Questions in the working programs are selected to give the most appropriate mix of fypes of questions
for each learning pathway. Students going through the Building pathway will likely need more practice at
Understanding and Fluency but should also attempt the easier Problem-Solving and Reasoning questions.

Choosing a pathway

There are a variety of ways of determining the appropriate pathway for students through the course.
Schools and individual teachers should follow the method that works for them if the chapter pre-tests can
be used as a diagnostic tool.

For classes grouped according to ability, teachers may wish to set one of the Building, Progressing or
Mastering pathways as the default setting for their entire class and then make individual alterations,
depending on student need. For 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

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

* 10(%2): complete half of the parts from question 10 (a, c,e ... orb, d, f, ...)
e 2-4(Y2): complete half of the parts of questions 2, 3 and 4

*  4(¥2), 5: complete half of the parts of question 4 and all parts of question 5
e —: do not complete any of the questions in this section.

Cambridge Maths NSW ISBN 978-1-108-46627-1 © Palmer et al. 2018 Cambridge University Press
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Guide to this book

Features:

NSW Syllabus: strands, substrands
and content outcomes for chapter

(see teaching program for more detail)

Chapter introduction: use to set a
context for students 242

What you will learn: an overview
of chapter contents

Pre-test: establishes prior knowledge /[ \ \>/ L 1 |:|
2 Which of the following is not equivalent to one whole?
2 6 1 12

A = B — [H D =
2 6 4 12

(also available as an auto-marked quiz
in the Interactive Textbook as well as
a printable worksheet)

3 Which of the following is not equivalent to one-half?

Topic introduction: use to relate the 5A_Describing probability
topic to mathematics in the wider world

Often, there are times when you may wish to describe how likely it is that an event will occur. For
I example, you may want to know how likely it is that it will rain tomorrow, or how likely it is that your

sporting team will win this year’s premiership, or how likely it is that you will win a lottery. Probability is

Let’s start: an activity (which can often By the sty of chunce

be done in groups) to start the lesson Let’s start: Likely or unlikely?

K‘ Try to rank these events from least likely to most likely.
Compare your answers with other students in the class and

discuss any differences.

It will rain tomorrow.

* Australia will win the soccer World Cup.

*  Tails landing uppermost when a 20-cent coin is tossed.

Key ideas: summarises the knowledge and

. (7] B When two rays (or lines) meet, an angle is formed at the intersection point arm
Skllls fOr the leSSOH g called the vertex. The two rays are called arms of the angle.
= vertex
> arm
)
x ) ) ) . A
B An angle is named using three points, with the or
vertex as the middle point. A common type of
notation is ZABC or 2CBA. The measure of the B a®
. . angle is a°, where a represents an unknown number. @
Examples: solutions with
explanations and descriptive titles to
aid searches. Video demonstrations C Using measurement systems

()
of every examp]e are included in the a  How many feet are there in 1 mile, using the Roman measuring system?

. b How many inches are there in 3 yards, using the imperial system?
Interactive Textbook. Y Y ¢ P Y

SOLUTION EXPLANATION
a 1 mile = 1000 paces There are 1000 paces in a F
= 5000 feet in a pace.
b 3yards = 9 feet There are 3 feet in an impe
= 108 inches in a foot.
Cambridge Maths NSW ISBN 978-1-108-46627-1 © Palmer et al. 2018 Cambridge University Press
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Exercise questions categorised by the

working mathematically components

and enrichment

Example references link exercise
questions to worked examples.

Investigations:

inquiry-based activities Puzzles and

challenges

The perfect billiard 1 \Lithout

(with no side spin), we can ass
at which it hits the wall (incon

measuring, state v
A

When a billiard ball bounces ¢ <

2 You have two sticks of len;

same as the angle at which it | 3 Count squares to estimate |

(outgoing angle). This is simil a
reflects off a mirror.

Investigation €S

Single bounce

Use a ruler and protractor to d

and then answer the questions

a Find the outgoing angle if:
i the incoming angle is 3
i the centre angle is 104¢

TN

b What geometrical reason d

Chapter summary: mind map of
key concepts & interconnections

Parallelogram Units of area

mm’
cm?
m?

1000 paces = 1 mile

Imperial
12inches =1 foot
3feet = 1yard
1760 yards = 1 mile

A

Units of length
10mm=1cm
100cm=1m
1000 m=1km

Circumference
C=2nr or nd

=2xmx3
=6rm?

Perimeter

21cm
3cm
15cm

P=2x21+15+3

Circular arc.
is a portion of the circumference
of a circle.

The arc (/) is subtended by an

Som
Tha =10000 m? Triangle
_—7am
Roman L e i ‘b:m
16 digits = 12inches = 1 foot =7
5feet=1pace C_TJoem 3x2

N ——

7
=3m?

Composite figures.
18m

D Qum
gm
=Ixb+3bh
=18x10+% x10x9

=225m?

Mass
1g=1000mg
Tkg=1000g
1t =1000kg

Temperature

°C (degrees Celsius)

Perimeter of a sector

angle, 9, at the centre of the circle. P= g X 2nr+ 2r
Ean Arc length PG
I=xnd & xanr
Cambridge Maths NSW ISBN 978-1-108-46627-1
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Exercise 10A

FRINGE

1-8 49 5-9(%)
1 Complete these number sentences.
a Roman system
4 Convert to the units shown in brackets.
a 2t(kg) b 70 kg (2)
¢ 24 g(mg) d 2300 mg (2)
e 4620 mo (o) f 21600 ko (1)

10 Arrange these measurements from smallest to largest.

ENRICHMENT

Very long and short lengths

20 When 1 metre is divided into 1 million parts, each part is called a micrometre (um). At the other
end of the spectrum, a light year is used to describe large distances in space.

a  State how many micrometres there are in:

i lem
v 1km

Chapter reviews with multiple-choice, short-answer

and extended-response questions

Multiple-choice questions

1 Which of the following is a metric unit of capacity?
A cm B pace C digit D yard E litre
2 Shonali buys 300 ¢cm of wire that costs $2 per metre. How much does she pay for the wire?
A $150 B $600 C $1.50 D $3 E $6
3 The triangle given has a perimeter of 20 cm. What is the missing
base length?
A 6cm B 8cm C 4cm 8cm
D E 12cm
4 The area of a rectangle with length 2 m and width 5 m is: ?
A B 5m’ C 5m D 5m’ E 10m
5 A triangle has base length 3.2 cm and height 4 cm. What is its area?
A 25.6cm? B 128cm C 128cm? D 6cm E 64cm*

Two Semester reviews per book

—
=
=
>
@
S
o
@
=
(¢
@
£
>
(7]

Multiple-choice questions

Using numerals, thirty-five thousand, two hi
A 350260 B 35260 c 3

~

The place value of & in 2581093 is:
A 8 thousand B 80thousand C 8

w

The remainder when 23650 is divided by 4
A0 B 4 c1

IS

18 = 3% 4 + 5 simplifies to:
A 65 B 135 c1

5 800 + 5 x 4is the same as:
A 160 x4 B 800+20 [
Short-answer questions

1 Wiite the following numbers using words.
a 1030 b 13000
4 1m0 » 100200

© Palmer et al. 2018

Textbooks also include:
e Complete answers
¢ Index
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Overview of the digital resources

Interactive Texthook: general features

The Interactive Textbook (ITB) is an online HTML version of the print textbook powered by the
HOTmaths platform, included with the print book or available separately. (A downloadable PDF
textbook is also included for offline use). These are its features, including those enabled when the
students’ ITB accounts are linked to the teacher’s Online Teaching Suite (OTS) account.

The features described below are illustrated in the screenshot below.

1 Every worked example is linked to a high-quality video demonstration, supporting both in-class
learning and the ‘flipped classroom’

2 Seamlessly blend with Cambridge HOTmaths, including hundreds of interactive widgets,
walkthroughs and games and access to Scorcher

3 Worked solutions are included and can be enabled or disabled in the student accounts by the teacher

4  Desmos interactives based on embedded graphics calculator and geometry tool windows demonstrate
key concepts and enable students to visualise the mathematics

5 The Desmos scientific calculator is also available for students to use (as well as the graphics
calculator and geometry tools)

6 Auto-marked practice quizzes in each section with saved scores

7 Definitions pop up for key terms in the text, and access to the Hotmaths dictionary

Not shown but also included:
* Access to alternative HOTmaths lessons is included, including content from previous year levels.
e Auto-marked pre-tests and multiple-choice review questions in each chapter.

INTERACTIVE TEXTBOOK POWERED BY THE HOTmaths PLATFORM
Note: HOTmaths platform features are updated regularly.

3A Working with negative integers  «

go they are greater than
Clllude numbers less than
0. oTe T ) hole numbers greater
than zero are called integer|

. The use of negative numbers dates back to 100 BCE when the Chinese used black rods
& Using the number line s for positive numbers and red rods for negative numbers in their rod
These coloured rods were used for commercial and tax calculations, Lol
Indlan hi named Br (598-670) set out the rule: +-
negative numbers, using the word fortune for positive and debt for neg Dy Peiepeninte pab el .' ¢
numbers were used to represent loss in a financial situation. @ At , S e
J =

3F interactive - Plotting on the Cartesian plane .
This Interactive explores the use of the Cartesian plane to form patterns in twe

...............

3l -Exampled Finding coordinates

Let's start: Simple applications of negative numbers
* Try to name as many situations as possible in which negative numb s 3
* Give examples of the numbers in each case. 3 .

Cambridge Maths NSW ISBN 978-1-108-46627-1 © Palmer et al. 2018 Cambridge University Press
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Interactive Texthook: Workspaces and self-assessment tools

Almost every question in CambridgeMATHS NSW Second Edition can be completed and saved by

students, including showing full working-out and students critically assessing their own work. This is

done via the workspaces and self-assessment tools that are found below every question in the Interactive

Textbook.

8 The new Workspaces enable students to enter working and answers online and to save them. Input
is by typing, with the help of a symbol palette, handwriting and drawing on tablets, or by uploding
images of writing or drawing.

9 The new self-assessment tools enable students to check answers including questions that have been
red-flagged, and can rate their confidence level in their work, and alert teachers to questions the
student has had particular trouble with. This self-assessment helps develop responsibility for learning
and communicates progress and performance to the teacher.

10 Teachers can view the students’ self-assessment individually or provide feedback. They can also view
results by class.

WORKSPACES AND SELF-ASSESSMENT
Le—vels (questions) +7,811 +8,9,11 +9-12

UNDERSTANDING
AND FLUENCY (1 -
6)

i [

PROBLEM-SOLVING .
e o Question 7.
-12) Determine how much debt remains in these financial situations.

a. owes $300 and pays back $155

- Workspace I | - Check answer ] type draw

$300+HED
@> = f’le—SS

!

Correct Answer B~ | B

$145

How did | go?

@ (;’ Let my teacher know | had a lot of trouble with this question. P
Comment

B ©
4 | B 7

Please look at Example 1 to help you.

U xX x L E=E =2 E E =
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Downloadable PDF Texthook

The convenience of a downloadable PDF textbook has been retained for times when users cannot go

online.

The features include:

11 PDF note-taking

12 PDF search features are enabled
13 highlighting functionality.

PDF TEXTBOOK

3A Working with negative integers @

& ~ eclark
ene 593"9" The numbers 1. 2, 3, ... are considered to be positive because they are 2/5/18, 3:05:52 pm
ﬂj Arrange Windows @ greater than zero (0). Negative numbers extend the number system to !

! include numbers less than zero. All the whole numbers less than zero, zerc

Zero is also called an integer.

itself and the whole numbers greater than zero are called integers.

Where would you like to search? The use of negative numbers dates back to 100 sce when the Chinese used

© In the current document black rods for positive numbers and red rods for negative numbers in their
rod number system. These coloured rods were used for commercial and
tax calculations, Later. a great Indian mathematician named Brahmagupta
All Local Disks a (598-670) set out the rules for the use of negative numbers, using the word
Jortune for positive and debr for negative. Negative numbers were used to
represent loss in a financial situation.

) All PDF Documents in

John Wallis invented the

What word or phrase would you like to search for? number fine.

I ‘An English mathematician named John Wallis (1616-1703) invented the
number line and the idea that numbers have a direction. This helped define our number system as an
= infinite set of numbers extending in both the positive and negative directions, Today negative numbers
Whols wordleony are used in all sorts of ions and are i to be an essential element of our
_| Case-Sensitive number system.

1 {ncluds Sookimarks Let’s start: Simple applications of negative numbers

" Include Comments
+ Try to name a8 many situations as possible in which negative numbers are used.
+ Give examples of the numbers ineach case.

B Negative numbers are numbers less than zero. g

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

w—4,-3,-2-1,0,1,2,3,4,... ;

5 ; 7X @

B The number —4 is read as ‘negative 4'. directiod Sagaitide ~
M The number 4 is sometimes written as +4 and is. or sign

sometimes read as ‘positive 4", negative positive
- —

W Every number has direction and —T——T— T T
—4-3-2-1012 34

B A pumber line shows:
*  sitive numbers to the right of zero Goed
13 + negative numbers to the left of zero, 5

Negative numbers appear to the left of zero. W A thermometer shows:

@ ~ eclark
2/5/18, 3:07:11 pm

-5
M Each number other than zero has an opposite.
+ The numbers 3 and —3 are opposites. They are equal in magnitude

but opposite in sign.
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Online Teaching Suite
The Online Teaching Suite is automatically enabled with a teacher account and is integrated with the

teacher’s copy of the Interactive Textbook. All the assets and resources are in one place for easy access.

The features include:

14 The HOTmaths learning management system with class and student analytics and reports, and

communication tools

15 Teacher’s view of a student’s working and self-assessment, including multiple progress and

completion reports viewable at both student and class level, as well as seeing the questions that a class

has flagged as being difficult
16 A HOTmaths-style test generator
17 Chapter tests and worksheets

Not shown but also available:

* Editable teaching programs and curriculum grids.

ONLINE TEACHING SUITE POWERED BY THE HOTmaths PLATFORM
Note: HOTmaths platform features are updated regularly.

. Ciass topic quiz report > Whole numbers - 3 Red
Q e
| |
1 il i1 IR i
AR AR EAR AR AR 1R AR AR AR AL
AR IRARAE 1R AR 2L
i 13 i
| Studen rame A Owte _—_ . S W T VIS S S TS TS it =
Pegood Sohrey 2 W97 V| v| o] e . o e ||| /| |mm
3 00812 ol | oy | @ e | o |||y |
+ waoee ol /ool e/ Vo] /|m
Eattse. Coogpa 2 f0r10e9 N A A A A AR ,/f,/ o e J]m
3 mwoess o |l Vi VIV IVIV]|e|VI Iy |m
|4 somoesn . 77‘0 o[y IJ]| oo /| o o ||
|
Text group: CombridgeMatns Stage ¢ | Lol <] Waeme (Nt
1 Text: CambridgeMATHS Stage 4 | | Test descriptiors
Chapter;  Chaplor 3: Computation wit | Search 4 question/s
o = [ o ]|
Question 1 :m»‘v o3
To add 295, d d then:
N 42 o i 44 M ; P Tests Dictionary Student book
. ‘80 “ take gway 5 PDF
P4 e - s
Question 3 el
738+ 60= o + 80
Questiond uilin |
28 ;4\ B EA i e s+t AT KopRI I " |.| " ( ps
: Teacher School classes My classes
resources
1)
Class Exercise Report > 3D Multiplying or dividing by an integer - Year 7
Student Name Exercise Level 1 Exercise Level 2 Exercise Level 3
Feb 27, 2018
Student 1 it
Jan 31,2018 Jan 31,2018
Student 2 99% complete ‘ P #il 34% complete ‘
Feb 1,2018
Sdact s 2% complete . P !
Student Jan 31,2018
< 77% complete . P =
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STRAND: NUMBER AND ALGEBRA TLTL S
SUBSTRAND: ALGEBRAIC
TECHNIQUES

Outcomes

A student generalises number properties
to operate with algebraic expressions.
(MA4-8NA) e A1)
A student operates with positive-integer
and zero indices of numerical bases.
(MA4-9NA)

© NESA, 2012

Computer gaming is a billion-dollar industry that employs a range of computer specialists,
including game programmers. To create a virtual three-dimensional world on a two-
dimensional screen requires the continual variation of thousands of numbers (or
coordinates); for example, if an avatar leaps up, the position of its shadow must be changed.
In the two-dimensional image, the change in any one measurement results in many, many
other measurement changes in order to produce a realistic image.

It would be annoying for programmers if every time they changed one measurement they had

to write a separate program instruction for hundreds of changes! If their avatar jumps into a

doorway, the door’'s dimensions, the light and shadows, the size and movement of enemies,

the viewing angle etc. must all be recalculated. However, a programmer avoids such tedious

work by using algebra. For example, an algebraic rule making a door height equal twice the
=== avatar's height can be written into a game’s program.

Algebraic rules linking many varying but related quantities are programmed into computer
games. Other examples of related variables include how fast the avatar runs and how fast the
background goes past, the avatar’'s direction of movement and the route that its enemies follow.
Computer-game programmers deal with many more complex and sophisticated issues of
input and output. Avatars, programmed with artificial intelligence, can make decisions, react
unpredictably, interact with the terrain and try to outwit their human enemy. Expertise in

"END mathematics, physics, logic, problem-solving and attention to detail are all essential skills
I T C I for the creation of realistic and exciting computer games. )

-

b A
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Algebraic techniques 2 and indices

1 Evaluate:
a 8+4x%6 b 4x5-2x%x3
c 12-(06+2)+8 d 36+4)
2 Evaluate:
a 10+6-12 h 4-7
c 3-8 d -1-1-1

3 Write an expression for:

5 more than x

7 less than m

the product of x and y
half of w

double the sum of p and ¢

-~ 0 o 0o T N

half of the sum of p and ¢
4 TIf y = 2x + 5, find the value of y when x = 1.2.

5 Complete the tables using the given equations.

a M=2A+3
A 0 3 7 10
M
b y= l(x +1)
2
x 1 3 1" 0
y
6 Substitute x = 6 and y = —2 into each expression and then evaluate.
a x+y b xy cC 3x—y d 2x+ 3y
7 Write these numbers in expanded form.
a 5 b 2¢ c 3 d (-8)°
8 Evaluate:
a 5 b 4>+ 5% c (—4)? d 33-22
9 Complete:

a 5+5+5+5=4x[1
b 6+6+6+6+6+6=0L1x6

c 10+5=g
5

d 9x9x9x8x8=091xg!
e 117x21=117x20+ 117 x [J

10 Write down the HCF (highest common factor) of:
a 24 and 36
b 15 and 36
¢ 48 and 96
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1A The language of algebra  sevsion

A pronumeral is a letter that can represent one or more numbers. For instance,
x could represent the number of goals a particular soccer player scored last
meretveyear, Or p could represent the price (in dollars) of a book. The word variable

is also used to describe a letter that represents an unknown value or quantity.

Widgets

Let’s start: Algebra sort

HOTsheets x could represent the
number of goals this

soccer player scored
e If you know that x is 10, sort the four values from lowest to highest. last year.

k Consider the four expressions x + 2, x X 2, x — 2 and x + 2.
* Give an example of a value of x that would make x X 2 less than x + 2.
* Try different values of x to see if you can:

— make x + 2 less than x — 2

— make x + 2 less than x — 2

— make x X 2 less than x + 2

B In algebra, a letter can be used to represent one or more numbers. These letters are called
pronumerals or variables.

B o X bis written ab and a + b is written %.

Key ideas

a X a is written a?.

An expression is a combination of numbers and pronumerals combined with mathematical
operations. For example, 3x + 2yz and 8 + (3a — 2b) + 41 are expressions.

B A term is a part of an expression with only pronumerals, numbers, multiplication and division.
For example, 9a, 10cd, and ?x are all terms.

B A coefficient is the number in front of a pronumeral. If the term is being subtracted, the
coefficient is a negative number, and if there is no number in front, the coefficient is 1. For
the expression 3x + y — 7z, the coefficient of x is 3, the coefficient of y is 1 and the coefficient
of zis —7.

B A term that does not contain any variables is called a constant term.

B The sum of a and b is a + b.

The word difference usually implies subtraction. However, the order with subtraction is
important. ‘Subtract a from b’ means b — a, whereas ‘subtract b from a’ means a — b.

The product of a and b is a X b, which is written as ab.
The quotient of ¢ and b is a +~ b or %.

The square of a is a X a, which is written as a?.

The square of ab can be written as (ab)? or a’b>.
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Algebraic techniques 2 and indices

Using the language of algebra

List the individual terms in the expression 4a + b — 12¢ + 5.

In the expression 4a + b — 12¢ + 5 state the coefficients of a, b, ¢ and d.
What is the constant term in 4a + b — 12¢ + 5?

State the coefficient of b in the expression 3a + 4ab + 5b° + 7b.

f— N B — -]

SOLUTION EXPLANATION

a There are four terms: 4a, b, 12¢ and 5. Each part of an expression is a term. Terms get
added (or subtracted) to make an expression.

b The coefficient of a is 4. The coefficient is the number in front of a
The coefficient of b is 1. pronumeral. For b the coefficient is 1 because b
The coefficient of ¢ is —12. is the same as 1 X b. For c the coefficient is —12
The coefficient of d is 0. because this term is being subtracted. For d the

coefficient is 0 because there are no terms with d.

c 5 A constant term is any term that does not contain
a pronumeral.

d 7 Although there is a 4 in front of ab and a 5 in
front of 4%, neither of these is a term containing
just b, so they should be ignored.

Creating expressions from a description

Write an expression for each of the following.

a the sum of 3 and k

b the product of m and 7

¢ 5is added to one half of &

d the sum of @ and b is doubled

SOLUTION EXPLANATION

a 3+k The word ‘sum’ means +.

b mx7or7m The word ‘product’ means X.

c %k + Sor g +5 One half of k can be written % X k (because ‘of’

means X), or g because k is being divided by 2.

d (a+b)x2o0r2a+b) The values of a and b are being added and the
result is multiplied by 2. Grouping symbols
(the brackets) are required to multiply the whole
result by 2 and not just the value of b.
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Exercise 1A RevisioN

UNDERSTANDING AND FLUENCY 1-3, 4-6(%) 3,4-6(%), 7 4-1(%)

example1a,h 1 The expression 3a + 2b + 5c has three terms.
a List the terms.
b State the coefficient of:
i a
i b
i ¢
¢ Write another expression with three terms.

exampleicd 2 The expression 5a + 7b + ¢ — 3ab + 6 has five terms.
a State the constant term.
b State the coefficient of:
i a
i b
i ¢
¢ Write another expression that has five terms.

example 22,0 3 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 xis subtracted from 3 E %
f xisdivided by 3 F x+7
4 For each expression:
i State how many terms there are. i List the terms.
a Ta+2b+c
b 19y — 52x + 32
c a+2b
d 7u—3v+2a+ 123¢
e 10f+ 2be
f 9-2b+4c+d+e
0 5 —x% + 4abc — 2nk
h ab + 2bc + 3cd + 4de
5 For each of the following expressions, state the coefficient of b.
a 3a+2b+c b 3a+b+2c
C 4a+9+2c+d d 3a-2b+f
e b+2a+4 f 2a+5c¢
0 7-54c+d h 5a-6b+c
i da—-b+c+d | 2a+4b*>—12b
k 7a-—b+c | 8a+c—-3b+d
Cambridge Maths NSW ISBN 978-1-108-46627-1 © Palmer et al. 2018 Cambridge University Press
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Algebraic techniques 2 and indices

6 Write an expression for each of the following.
a 7 more than y

3 less than x

the sum of @ and b

the product of 4 and p

half of g is subtracted from 4

one-third of r is added to 10

the sum of b and ¢ multiplied by 2

S| = oo oo =T

the sum of b and twice the value of ¢
the product of a, b and ¢ divided by 7
a quarter of a added to half of »

the quotient of x and 2y

the difference between a and half of b
m the product of k and itself

n the square of w
0

—_ o —

subtract p from ¢
p subtract 3 lots of x from the square of y

7 Describe each of the following expressions in words.

a 3+x b a+b
¢ 4xbxXc d 2a+b
e 4—-b)x2 f 4-2b

PROBLEM-SOLVING AND REASONING 8,9,13 9-11,13,14 10-15

8 Marcela buys seven plants from the local nursery.

a If the cost is $x for each plant, write an expression for the total
cost in dollars.

b 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 seven plants

9 Francine earns $p per week for her job. She works 48 weeks each year. Write an expression for the
amount she earns:
a in a fortnight
b in 1 year
¢ in 1 year if her wage is increased by $20 per week after she has already worked 30 weeks in the
year

10 Jon likes to purchase DVDs of some TV shows. One show, Numbers, costs $a per season, and
another show, Proof by Induction, costs $b per season. Write an expression for the cost of:
a four seasons of Numbers
b seven seasons of Proof by Induction
¢ five seasons of both shows
d all seven seasons of each show, if the final price is halved when purchased in a sale
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11 A plumber charges a $70 call-out fee and then $90 per hour. Write an expression for the total cost

of calling a plumber out for x hours.

12 A mobile phone call costs 20 cents connection fee and then 50 cents per minute.

a
b
c

Write an expression for the total cost (in cents) of a call lasting # minutes.
Write an expression for the total cost (in dollars) of a call lasting f minutes.
Write an expression for the total cost (in dollars) of a call lasting ¢ hours.

13 If x is a positive number, classify the following statements as true or false.

a
b
c
d
e
f

x is always smaller than 2 X x.

x is always smaller than x + 2.

x is always smaller than x°.

1 — x is always less than 4 — x.

x — 3 is always a positive number.

x 4+ x — 1 is always a positive number.

14 1f b is a negative number, classify the following statements as true or false. Give a brief reason.

b
c
d

b — 4 must be negative.
b + 2 could be negative.
b X 2 could be positive.
b + b must be negative.

15 What is the difference between 2a + 5 and 2(a + 5)? Give an expression in words to describe each

of them and describe how the grouping symbols change the meaning.

ENRICHMENT = = 16

Algebraic alphabet

16 An expression contains 26 terms, one for each letter of the alphabet. It starts
a+4b + 9c + 16d + 25¢ + ...

b
c
d
e

What is the coefficient of f?

What is the coefficient of z?

Which pronumeral has a coefficient of 4007

One term is removed and now the coefficient of & is zero. What was the term?

Another expression containing 26 terms starts a + 2b + 4¢ + 8d + 16e + .... What is the sum
of all the coefficients?
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Algebraic techniques 2 and indices

1B Substitution and equivalence

The pronumerals in an algebraic expression may be replaced by numbers. This is referred to as
substitution, or evaluation. In the expression 4 + x we can substitute x = 3 to get the result 7. Two

Ca

meeetve expressions are called equivalent if they always give the same result when a number is substituted. For
example, 4 + x and x + 4 are equivalent because 4 + x and x + 4 will give equal numbers no matter what

®

"= value of x is substituted.

=== Let’s start: AFL algebra

R

Walkthrough

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 score if x =3 and y = 4.

e If 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 two-digit number, what are the possible values of x?

B To evaluate an expression or to substitute values means to replace each pronumeral in an
expression with a number to obtain a final value.

For example, if a = 3 and b = 4, then we can evaluate the expression 7a + 2b + 5:

Ta+2b+5=73)+24) +5
=21+8+5
=34

B Two expressions are equivalent if they have equal values regardless of the number that is
substituted for each pronumeral. The laws of arithmetic help to determine equivalence.
e The commutative laws of arithmetic tell us thata + b = b + aand a X b = b X a for any
values of a and b.
¢ The associative laws of arithmetic tell us that a + (b + ¢) = (a + b) + ¢ and
a X (b x c) = (axb) X cfor any values of a and b.
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@ Substituting values

()

Substitute x = 3 and y = 6 to evaluate the following expressions.

a Sx b 5x*+2y+x

SOLUTION EXPLANATION

a 5x=5@3) Remember that 5(3) is another way of writing

=15 5% 3.

b 5x+2y+x=53)>+2(6) + (3) Replace all the pronumerals by their values
=59 +12+3 and remember the order in which to evaluate
=45+ 12+3 (multiplication before addition).
= 60

@ Deciding if expressions are equivalent
(a— )

a Are x — 3 and 3 — x equivalent expressions?

b Area + band b + 2a — a equivalent expressions?

SOLUTION
a No

b Yes

Exercise 1B

EXPLANATION

The two expressions are equal if x = 3

(both equal zero).

Butifx=7thenx —3=4and3 — x = —4.
Because they are not equal for every single value
of x, they are not equivalent.

Regardless of the values of a and b substituted,
the two expressions are equal. It is not possible
to check every single number but we can check a
few to be reasonably sure they seem equivalent.
For instance, ifa =3 and b = 5, thena + b = 8
and b + 2a —a = 8.

Ifa=17 and b = —2,thena + b = 15 and

b+ 2a—a=15.

UNDERSTANDING AND FLUENCY 1-4, 5-6(%2), 9(%2), 11 4,5-9(2), 10 6-9(%2), 10

1 What number is obtained when x = 5 is substituted into the expression 3 X x?

2  What is the result of evaluating 20 — b if b is equal to 12?

3 What is the value of @ + 2b if a and b both equal 10?

Cambridge Maths NSW
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Algebraic techniques 2 and indices

4 a State the value of 4 + 2x if x = 5.
b State the value of 40 — 2x if x = 5.
¢ Are4 + 2x and 40 — 2x equivalent expressions?
example3a O Substitute the following values of x into the expression 7x + 2.
a 4 b 5 c 2 d 8
e 0 f -6 g -9 h -3
example 38 6 Substitute @ = 4 and b = -3 into each of the following.
a S5a+4 b 3b C a+b
d ab—-4+0 e 2X (3a+2b) f 100 — (10a + 10b)
g 12,9 h Ly i 1%
a p 3 a+b
j a@+b k 5x(b+6)? | a-4b
7 Evaluate the expression 2x — 3y when:
a x=10andy=4
b x=1landy=-10
¢ x=0andy=-2
d x=-10andy= -6
e x=-7andy=-9
f x=-2andy=9
8 Evaluate the expression 4ab — 2b + 6¢ when:
a a=4andb=3andc=9
b a=-8andb=-2andc=9
¢ a=-landb=-8andc = —4
d a=9andb=-2andc=5
e a=-8andb=-3andc=5
f a=-landb=-3andc=6
example4 9 For the following, state whether they are equivalent (E) or not (N).
a x+yandy+x b 3 xxandx + 2x
C 4a+band4b +a d 7—xand4 —x+3
e 4(a+b)andda + b f 44+ 2xand?2 + 4x
g %xaandg h 3+ 6yand 32y + 1)
10 For each of the following, two of the three expressions are equivalent. State the odd one out.
a 4x,3+xand3x + x
b 2—a,a—2anda+1-3
¢ 5t—2t 2t+ tand 4t — 2t
d 8u—3,3u—8and3u — 3 + 5u
11 Copy and complete the following table.
x 1 2 3 4 5 6 10 100
x+3 4 5 6
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PROBLEM-SOLVING AND REASONING 12,15 12-16 12,15-18

12 Give three expressions that are equivalent to 2x + 4y + 5.

13 Copy and complete the following table.

x 3 0.25 -2
4x + 2 14 6
4— 3 -5 -2
2x — 4 8

14 a Evaluate x* for the following values of x. Recall that (—3)? = =3 x —3.
i 3 i -3 i 7 v =7
b  Given that 25% = 625, what is the value of (—25)3?
¢ Explain why the square of a number is the square of its negative.
d Why is (—3)? = 9 but —3% = —9? What effect do the brackets have?

15 a Explain with an example why a =+ (b X ¢) is not equivalent to (a + b) X c.
b Does this contradict the associative law (see Key ideas)? Justify your answer.
¢ Isa+ (b+c)equivalent to (a + b) + ¢? Why or why not?

16 Are the following statements true for all values of p?

(Hint: try substituting p = 0, p = 1, p = 2 and p = 3 into each statement.)

a p+p=2p b pxp=2p c 6p—p=6

d pxp=p’ e p-p=0 fpsp=0

a By substituting a range of numbers for a and b, determine whether (ab)? is equivalent to a’h.

b Is (a + b)* equivalent to a*> + b*? Why or why not?

¢ Is vab equivalent to va X vb? Why or why not?

d Is va + b equivalent to va + vb? Why or why not?

e For pairs of expressions in a—d that are not equivalent, find a few values for a and b that make
them equal.

18 Sometimes when two expressions are equivalent you can explain why they are equivalent. For
example, x + y is equivalent to y + x because ‘the order in which you add numbers does not
matter’, or ‘because addition is commutative’. For each of the following pairs of expressions, try to
describe why they are equivalent.

a xxXyandyXx b x+ xand 2x ¢ y—yandO

d %xxandx+2 e ax 3aand 3@ f K and (—k)

ENRICHMENT = = 19

Missing values

19 Find the missing values in the table below.

a 5 8 -20
b 2 1
a+b 10 10 7 -19
a+2b 17 0 "
a—b>b 1 13
a 2b 29 20
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Algebraic techniques 2 and indices

1C Adding and subtracting terms  revision

An expression such as 3x + 5x can be simplified to 8x, but an expression such as 3x + 5y cannot be
simplified. The reason is that 3x and 5x are like terms—they have exactly the same pronumerals. The

terms 3x and 5y are not like terms. Also, 4ab and 7ba are like terms because ab and ba are equivalent, as
multiplication is commutative. However, a*b, ab and ab? are all unlike terms, since b means a X a X b,

which is different froma X banda X b X b.

Let’s start: Like terms

e Put these terms into groups of like terms.
4a 5b 2ab 3ba 2a 7b* 5a’b 9aba

*  What is the sum of each group?

*  Ephraim groups 5a°b and 2ab as like terms, so he simplifies 5a’b + 2ab to Tab. How could you
demonstrate to him that 5a’b + 2ab is not equivalent to 7ab?

B Like terms contain exactly the same pronumerals with the same powers; the pronumerals do
not need to be in the same order. For example, 4ab and 7ba are like terms.

B When like terms are added or subtracted the expression can be simplified.
For example, 3xy + Sxy = 8xy.

B The sign in front of the term stays with the term when the expression is rearranged.
3x[+ Ty= 24+ 3y + x — 4y
=N
=3x= 24+ x[+ T+ 3y — 4y

Identifying like terms

a Are Sabc and —8abc like terms?
b Are 12xy? and 4y*x like terms?
¢ Are 3ab’ and 7a°b like terms?

SOLUTION EXPLANATION
a Yes Both terms have exactly the same pronumerals: a, b and c.
b Yes When written out in full 12xy?is 12 X x X y X y and

4y*xis 4 X y X y X x. Both terms include one x and
two occurrences of y being multiplied, and the order of
multiplication does not matter.

¢ No 3ab> =3 xaxbxband7a*h =7 X a X a X b. They are
not like terms because the first includes only one a and the

second includes two.
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@ Simplifying by combining like terms

Simplify the following by combining like terms.

a Tt+2t— 3t b 4x+3y+2x+ 7y ¢ 7ac + 3b — 2ca + 4b — 5b
SOLUTION EXPLANATION
a Tt+2t—3t=06t 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+3y+ 7y
= 6x + 10y Combine the pairs of like terms.
¢ 7ac + 3b —2ca + 4b — 5b Move the like terms together. Recall that the subtraction
= Tac — 2ca + 3b + 4b — 5b sign stays in front of 2ca even when it is moved.
= Sac + 2b 7—-2=5and3+4-5=2.

Exercise 10 Revision

UNDERSTANDING AND FLUENCY 1-4, 6-7(%) 5,6-7(%%), 8 6-7(%), 8

example5a 1 Classify the following pairs as like terms (L) or not like terms (N).

a 3aand 5a b 7xand —12x
¢ 2yand7y d 4aand -3b
e 7xyand 3y f 12ab and 4ba
0 3cd and —8¢ h  2xand 4xy
example she 2 Classify the following pairs as like terms (L) or not like terms (N).
a —3x% and 5x% b 12ab? and 10b%a
¢ 2ab? and 10ba? d  7grs and —10rgs
e 11g% and 10rq f —15ab* and —10cbha?

3 a If x = 3, evaluate 5x + 2x.
If x = 3, evaluate 7x.
5x + 2x is equivalent to 7x. True or false?

4 a Ifx=3andy=4,evaluate 5x + 2y.
If x = 3 and y = 4, evaluate 7xy.
5x + 2y is equivalent to 7xy. True or false?

5 a Substitute x = 4 into the expression 10x — 5x + 2x.
b Substitute x = 4 into:
i 3x i Sx i 7x
¢ Which one of the expressions in part b is equivalent to 10x — 5x + 2x?

exampie6a 6  Simplify the following by combining like terms.

a 3x+ 2x b 7a+ 12a ¢ 15x — 6x
d  4xy + 3xy e 16uv — 3uy f 10ab + 4ba
g llab — 5ba + ab h 3k+ 15k — 2k i 15k — 2k — 3k
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Algebraic techniques 2 and indices

example 6b,e 7  Simplify the following by combining like terms.
Tf+2f+8+4

10x + 3x + 5y + 3y

2a + S5a + 13b — 2b
10a + 5b + 3a + 4b
104+ 5x+2+7x
10a+3+4b—-2a—-b
10x + 31y — y + 4x
1la+4 —2a + 12a
Tx*y + 5x + 10yx?

12xy — 3yx + 5xy — yx
—4x% + 357

—2a + 4b — Tab + 4a
10+7g —3r+2q—r
116 — 3b* + 5b* = 2b

:5—r—'—'='cn-'-cnn.n=-m

8 For each expression choose an equivalent expression from the options A-E listed.
a x4+ 2x 10y + 3x
b 12y + 3x -2y 9xy
¢ 3x+3y 9x

d 8y —2x+6y—x 3y + 3x

e 4xy + Syx 14y — 3x

m oo o >

PROBLEM-SOLVING AND REASONING 9,10, 15 10-12, 15, 16 12-14,16, 17

9 Write expressions for the perimeters of the following shapes in simplest form.

a 7x b [ Sa—b

Ay 2y 3a+3b
X 4a+2b

10 Towels cost $c each at a shop.

a John buys three towels, Mary buys six towels and Naomi buys four
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 three times as many as David.
Write a simplified expression for the total amount they spent
on towels.

11 State the missing numbers to make the following equivalences true.
a 10x+ 6y — Llx+ Ly =3x+ 8y

b 5a—-7p+ [a+ [lb=11a
¢ e+ Od+d=4c+2d+1+3c+7d+4
d a2 + Llb2a + 2ab + b*a = 7b%a + 10a%b
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12 Add the missing expressions to the puzzle to make all six equations true.

S5x

+

—+

Tx

Tx + 3y

13 In how many ways could the blank boxes be filled if all the coefficients must be positive integers?

La+ Up+ Ua=10a + 76

14 Simplify a — 2a + 3a — 4a + 5a — 6a + ... + 99a — 100a.

15 Prove that 10x + 5y + 7x + 2yis equivalent to 20x — 3x + 10y — 3y. (Hint: simplify both expressions.)

16 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 = 7ab a true

equation.
¢ Is4a + 3a ever not equal to 7a? Explain your answer.

17 a Decide whether 7x — 3x is equivalent to 7x + (—3x). Explain why or why not.

b Fill in the missing numbers to make the following equivalence true.
14a + 3b + 2ab + [a + b + [ba = a

ENRICHMENT

Missing expressions

18 a Fill in the missing expressions to make all eight equations true.

Sa

+

2b

+

—+

4+a

3a+ 8

= 10a + 3

= 1

+ 4a
+
+
+
+ =3a
+

= 10a + 2b + 8

b Design your own ‘missing values’ puzzle like the one in part a. It should have only one possible

solution.
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Algebraic techniques 2 and indices

1D Multiplying and dividing terms  sevision

)3 A term written as 4ab is shorthand for 4 X a X b. Observing this helps to see how we can multiply terms.
4abx3c=4Xaxbx3Xc

=4XxX3XaxbXc
= 12abc

Interactive

Tt . 12ab L
] Division is written as a fraction so 9 6; means (12ab) + (9ad). To simplify a division we look for
a
common factors:

A NZxdxb _4b a = a = 1 for any value of a except 0, so < cancels to 1.
R Oxdxd 3d a

Walkthrough

Let’s start: Multiple ways

Multiplying 4a X 6b X c gives you 24abc.

* In how many ways can positive integers fill the blank boxes in La x Cb x e = 24abc?

* In how many other ways can you multiply three terms to get 24abc? For example, 12ab X 2 X c.
You should assume the coefficients are all integers.

B 12abc means 12 X a X b X c.
B When multiplying, the order is not important: 2 X a X 4 X b =2 X 4 X a X b.

B > means x X x and x> means x X x X x.

Key ideas

B When dividing, cancel any common factors.

31/5'xy _ 3_x
2Wyz 4z

For example:

Multiplying and dividing terms

a Simplify 7a X 2bc X 3d.
b Simplify 3xy X 5xz.

... 10ab
¢ Simplif :
P Tsbe
18x?
d Simplify —2.
8xz
SOLUTION EXPLANATION
a Ta X 2bc x 3d
=T7XaX2Xbxcx3xd Write the expression with multiplication signs and
=7X2X3XaxXxbxcxd bring the numbers to the front.
= 42abcd Simplify: 7 X 2x3=42anda X b X ¢ X d = abcd.
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b 3xy X 5xz
=3XXXYyX5XxXz Write the expression with multiplication signs and
=3X5XXXXXyXz bring the numbers to the front.
= 15x%z Simplify, remembering that x X x = x2.

10ab 10X axb

E
15be 21;5 LR multiplication signs. Cancel any common factors and

Write the numerator and denominator in full, with

BER remove the multiplication signs.

d 18x%y XX XXXy

Write the numerator and denominator in full,

&xz 18X XX . .
9xy8 EXE remembering that x? is x X x. Cancel any common
= 4 factors and remove the multiplication signs.

Exercise 10 Revision
Lao e ssenam e

1 Which is the correct way to write 3 X a X b X b?

A 3ab B 3ab? C ab? D 3a%

2 Simplify these fractions.
20 15 8 25

3 Which one of these is equivalent toa X b X a X b X b?

A 5ab B b’ C &b D (ab)’
4 Write these without multiplication signs.

a 3xxXy

b 5xaxbxc

C 12Xaxbxb

d 4xXaxcXcXce

exampe7a 0 Simplify the following.

a 7dx9 b 5ax2b

c 3x12x d 4ax2bxcd

e 3ax 10bc x 2d f 4a x 6de x 2b

example b 6 Simplify the following.

a 8ab x 3c b axa
¢ 3dxd d 5dx2dxe
e 7xX2yXx f o Sxyx2x
0 4xy X 2xz h  4abc x 2abd
i 9ab x 2a° i —3xzx (-22)
k —5xy x 2yz I 4xy? x 4y
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Algebraic techniques 2 and indices

7 Write the following terms as a product of prime numbers and pronumerals.

b 12abc ¢ 15x2

eample e 8 Simplify the following divisions by cancelling any common factors.

a 18xy
a 2%
10a
10
¢
12y
7
e XyzZ
21yz
—5x
g 2
10yz
i —4a?
8ab
=21
P——

Tx
14y
ab
4b
2
12x
12y?
—18y
21p
-3¢
—15z
-20z°

b

d

f

PROBLEM-SOLVING AND REASONING 9-10(%), 12

9 Express each of the following divisions as fractions, then simplify where possible.

a x+3

¢ 10a +12b
e (@a+b)+3
0 16a* + 4a

d 51ab?

9,10,12,13

10(%), 11-14

b m=+n

d x»+9

f 12mn + 16mn
h 4ab =+ 12

10 Write a simplified expression for the area of the following shapes. Recall that

rectangle area = length x breadth.

a 4b ] 6x
2a 4x
c 2y d T
2¢x
ox Mo ~—dy—>
Y
- 3}’ —>
e ¢ f 10x
T 3a
9y -~ 2y —
A
y
1
Cambridge Maths NSW ISBN 978-1-108-46627-1 © Palmer et al. 2018

Stage 4 Year 8 Second edition

Cambridge University Press

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



11 Fill in the missing terms to make the following equivalences true.

a 3xx [ xz=6xz b 4ax [ =12ap?
¢ —2¢g x [ x 45 = 16¢s d 4g=7s
r
14
U _4 g
2ab [l

12 A box has a height of x cm. It is three times as wide as it is high,
and two times as long as it is wide. Find an expression for the
volume of the box, given that volume = length X breadth X height.

13 A square has a side length of x cm.

a State its area in terms of x.
b State its perimeter in terms of x.
¢ Prove that its area divided by its perimeter is equal to a quarter of its side length.

14 Joanne claims that the following three expressions are equivalent: 2a 2 X a 2

5’5 " 5a’
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. What are they?

ENRICHMENT = = 15

Multiple operations

15 Simplify the following expressions, remembering that you can combine like terms when adding or

subtracting.
2ab X 3bc X 4cd
4a X 3bc X 2d
b 12a*b + 4ab
4b + 2b
. Tx*y — 5yx?
12xy
d 8a’h + (4a X 2ba)
3ba — 2ba
e 10abc + 5cha + 5a x bc
4¢ x 10ab
i 10x%y — (4x X 6xy)
Txy?
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EXTENSION

1E Adding and subtracting algebraic fractions

An algebraic fraction is a fraction that could include any algebraic expression in the numerator or the

denominator.
25 2 2 3 -4y
3 7 3 5 Ta+4 Ta+ 9
Fractions Algebraic fractions

The rules for working with algebraic fractions are the same as the rules for normal fractions. For example,
two fractions with the same denominator can be added or subtracted easily.

Normal fractions Algebraic fractions

2,7_9 | 5 3 8
13 13 13 13 13 13
8 2 6 Bx 2y 5 — 2y

non N T n

If two fractions do not have the same denominator, they must be converted to have the lowest common
denominator (LCD) before adding or subtracting.

Normal fractions Algebraic fractions
2,110,383 | 2 b_10a, 3
3 5 15 15 3 5 15 15
_ 13 _ 10a + 3b
15 15

Let’s start: Adding thirds and halves

Dallas and Casey attempt to simplify % + g Dallas gets )5£ and Casey gets %x

*  Which of the two students has the correct answer? You could try substituting different numbers for x.
* How can you prove that the other student is incorrect?

*  What do you think ;—C + i is equivalent to? Compare your answers with those of others in the class.

B An algebraic fraction is a fraction with an algebraic expression as the numerator or the

denominator.

B The lowest common denominator (or LCD) of two algebraic fractions is the smallest number

(2]
(3]
(<+)
=
)
D
<

that is a multiple of both denominators.

B Adding and subtracting algebraic fractions requires that they both have the same denominator.
4y  2x + 4y

For example, 2_x
5 5 5
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a Find the lowest common denominator of i—; and 2_y

Working with denominators

15

b Convert % to an equivalent algebraic fraction with the denominator 21.

SOLUTION
a 30
p 2 _3x2
7 3x7
6x
21

Simplify the following expressions.

3_x+5_'x h 4_a+
11 11 3
SOLUTION
o 3_x+5_x=3x+5x
11 11 11
8x
11
da 2a 5S5X4a 3 X2a
p 22424 _
3+5 15 * 15
20a = 6a
= — 4+ —
15 15
_ 26a
15
o 6k 3k _ 12 3k
5 10 10 10
_ 12k - 3k
10
_ %
10
g 4_b_3a_2b
6 9 18 18
_3a-2b
18

Cambridge Maths NSW
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EXPLANATION

The multiples of 10 are 10, 20, 30, 40, 50, 60 etc.
The multiples of 15 are 15, 30, 45, 60, 75, 90 etc.
The smallest number in both lists is 30.

Multiply the numerator and denominator by 3, so that the
denominator is 21.

Simplify the numerator: 3 X 2x is 6x.

Adding and subtracting algebraic fractions

6k _ 3k .

5 10

oS
|
O [

EXPLANATION

The two fractions have the same denominator,
so the two numerators are added.

3x and 5x are like terms, so they are combined to 8x.
The LCD = 15, so both fractions are converted to have 15
as the denominator.

Simplify the numerators.
Combine: 20a + 6a is 26a.

LCD = 10, so convert the first fraction (multiplying
numerator and denominator by 2).

Combine the numerators.
Simplify: 12k — 3k = k.

LCD = 18, so convert both fractions to have 18 as a
denominator.

Combine the numerators. Note this cannot be further
simplified since 3a and 2b are not like terms.
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Algebraic techniques 2 and indices

Exercise 1E  exTensioN

UNDERSTANDING AND FLUENCY 1-6, 7-8(1%2) 3-6, 7-9(%%2) 6, 7-9(12)

1 Complete these sentences.

.2 . . .
a For the fraction = the numerator is 2 and the denominator is

b For ;1 the numerator is and the denominator is

. 12x. .
¢ The expression ra is an example of an fraction.
d The denominator of x+3 is

2 Find the lowest common denominator (LCD) of the following pairs of fractions.

a 1andg b 1and1 c §andé d zandl
3 5 4 5 7 6 3 6
3 Find the missing numerator to make the following equations true.
. 2-0 p -0 c 10 g 60
3 6 7 21 312 1155
4 Evaluate the following, by first converting to the lowest common denominator.
a l + l h g + l c L + l d % — l
4 3 7 5 10 5 5 4
examplesa O Find the LCD of the following pairs of algebraic fractions.
a Eandz—y b 3—xand& ¢ Yand? d ~and?
3 5 10 20 4 5 12 6
exampie 86 6 Copy and complete the following, to make each equation true.
. +-0 p 220 o k- g *_0
5 10 7 21 5 20 10 50
example 9ab 7 Simplify the following sums.
a f + 2_x h 5_(1 + Z_a c % + é d ﬁ + E
4 4 3 3 5 5 3 3
e a + a f a + a g ‘l_J + g h g + g
2 3 4 5 2 5 4 2
. . 7 2
i % + % j 2_m + 2_m k _p + _p | X + 3_x
5 7 5 3 6 5 4 8
eampesc 8  Simplify the following differences.
y_y y P_2%P ¢ 10r _2r g 84 _2
5 5 13 13 7 7 5 5
8 5
e B — B f & — 1 g 9l — u h l — y
2 3 5 3 11 2 3 6
i r_r i bu _ Tu K Su _ 3u I Sp_Tp
3 2 7 6 1 4 12 11
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Example 9d

9 Simplify the following expressions, giving your final answer as an algebraic fraction.

(Hint: 4x is the same as 4Tx.)

X

a 4dx+=

T3
8

i £_»
3

p

2t + —

g 2

PROBLEM-SOLVING AND REASONING

b 3x+ 2 c §+m

g 10w 3v oy
3 10 10 5

. 2x

h Z- R ——
377 7

10, 13a,b 10, 11,13

11-14

10 Cedric earns an unknown amount $x every week. He spends % of his income on rent and 41_; on

groceries.

a Write an algebraic fraction for the amount of money he spends on rent.
b Write an algebraic fraction for the amount of money he spends on groceries.
¢ Write a simplified algebraic fraction for the total amount of money he spends on rent and

groceries.

1

contain 7 litres and a bucket contains B litres.
a Write the total amount of water in the bathtub as the sum of two algebraic fractions.

b Simplify the expression in part a to get a single algebraic fraction.
¢ If a full bathtub contains 1000 litres and the bucket contains 2 litres, how many litres of water

are in the bathtub?

12

an algebraic fraction for the amount left.

13

X X
b Demonstrate that 1 + 5

. . 2x
= is not equivalent to Y

c Is % + % equivalent to x — g‘? Explain why or why not.

14 a Simplify:

X X

2 3

i 2%
3 4

B =
Ul =

b What patterns did you notice in the results above?

¢ Write a difference of two algebraic fractions that simplifies to =

ENRICHMENT

Equivalent sums and differences

110

Egan fills the bathtub so it is a quarter full and then adds half a bucket of water. A full bathtub can

Afshin’s bank account is halved in value and then $20 is removed. If it initially had $A in it, write

a Demonstrate that % + ;—C is equivalent to %x by substituting at least three different values for x.

| =
AN =

15

15 For each of the following expressions, find a single equivalent algebraic fraction.

Cambridge Maths NSW
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Algebraic techniques 2 and indices

1F Multiplying and dividing algebraic fractions exrensin

As with fractions, it is generally easier to multiply and divide algebraic fractions than it is to add or
subtract them.

B E

§Xg=£<—3x2 4x 2y  3xy
‘ 577 35<—5x%x7 2077
Fractions Algebraic fractions

“EEE - Dividing is done by multiplying by the reciprocal of the second fraction.

DW

4.1_4.3 2 3y _ 2 7

Walkthrough 5 ° 3 5 1 5 : 7 5 3y
_12 _
5 15y

Fractions Algebraic fractions

Let’s start: Always the same

One of these four expressions always gives the same answer, no matter what the value of x is.
X, x X X X _Xx X X
e S-Z =Xz Sz
2 3 2 3 2 3 2 3

*  Which of the four expressions always has the same value?

e Can you explain why this is the case?

e Try to find an expression involving two algebraic fractions that is equivalent to %

g B To multiply two algebraic fractions, multiply the numerators and the denominators
(=T} separately. Then cancel any common factors in the numerator and the denominator.
= For example:
>
(<%} 2x 10y  “20xy
x< = R =
5 3 153
_ 49
3

B The reciprocal of an algebraic fraction is formed by swapping the numerator and denominator.

For example, the reciprocal of % is %

B To divide one fraction by another, multiply the first fraction by the reciprocal of the second
fraction. For example:

2a . 3b 2a _ 4
==X

5 4 573

_ 8a
15b
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(— )

Simplify the following products.

2 20,
5 7
SOLUTION
2a _ 3b 6ab
a —Xx—=—
5 7 35
b Method 1:
Ay 1y
15 2 30
_ 2T
5
Method 2:
B _ 2y
515 Zl 5

()

Simplify the following divisions.

3a_b
8 5
SOLUTION
3a . b 3a_5
a —+-=—-x=>
8 5 8 b
_15a
8b
h E_@:Exi
4 2 4 15p
_
60p
=2
30p

Cambridge Maths NSW
Stage 4 Year 8 Second edition

ISBN 978-1-108-46627-1

Example 10

4 3

] X —
15 2
EXPLANATION

2a X 3b = 6ab and 5 X 7 = 35.

4x X 3y = 12xy
15 x2 =30

Divide by a common factor of 6 to simplify.

First divide by any common factors in the
numerators and denominators: 4x and 2 have
a common factor of 2. Also 3y and 15 have a
common factor of 3.

© EI e R

15
2

AS

EXPLANATION

Take the reciprocal of g, which is %

Multiply as before: 3a X 5 = 15a, 8 X b = 8b.

15
Take the reciprocal of —p, which is i
2 15p

Multiply as before: u X 2 = 2u and
4 x 15p = 60p.

Cancel the common factor of 2.

© Palmer et al. 2018
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Algebraic techniques 2 and indices

Exercise 1F EXTENSION
v amaswn s
1 Write the missing number.
2 2,40 p 1,30 A ] g 3315
3 5 15 2 7 14 5 11 [ 4 8 [
2 Which one of the following shows the correct first step in calculating % + %?
2.4 3.5 2.4 2.3 2.4 2.5 2.4 3 4
Sr-o=Zx> B Z+-==x= C Z+-==x=> D Z+—-==x-—
35 2 4 35 45 35 3 4 35 2 5
3 Calculate the following by hand, remembering to simplify your result.
a g X l h l X E c l X i d i X i
3 10 5 11 4 11 12 10
2 4 1.2 4 1 21
35 4 3 17 9 2
4 Simplify the following algebraic fractions.
a 2 h S_Xy c @ d %
6 2y 14b S5bc
example0a 9 Simplify the following products.
x_2 1_a
a =x= b =x=
35 79
c g X 4_a d 4_C X l
35 5 5
4a _ 2b 3a _ Ta
— X = f —=x—
3 5 2 5
example 106 6 Simplify the following products, remembering to cancel any common factors.
a 6_)C X 7_y h % X E
5 6 5 6
c S_a X % d % X ﬁ
5 4c 2 7
e 3_)6 X L f i X %
2 6x 9% 2
examplett 7 Simplify the following divisions, cancelling any common factors.
4 5 5 7
10 4 37
2
5 3 7 x
7 5 7 5
poxLY j 2.3
53 x 'y
k i - 7_x | 4_a - &
12x 2 5 " 7a

Cambridge Maths NSW
Stage 4 Year 8 Second edition
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8  Simplify the following. <Recall that 3 = T'>

a 4—x><3
5
d 4x?
3

3

b 4—x+3 ¢ 2+
5 5

e le for=2
10x 2

PROBLEM-SOLVING AND REASONING 9,10, 12 9,10,12, 13 10, 11, 13-14

9 Helen’s family goes to dinner with Tess’ family. The bill comes to a total
of $x and each family pays half.
a  Write an algebraic fraction for the amount Helen’s family pays.
b Helen says that she will pay for one-third of her family’s bill. Write an
algebraic fraction for the amount she pays.

10 The rectangular field below has length x metres and breadth y metres.

-~ xm —>

ym

v

a Write an expression for the area of the field.

b A smaller section is fenced off. It is % the length and % the breadth.

i Write an expression for the length of the smaller section.

ii  Write an expression for the breadth of the smaller section.

iii Hence, write an expression for the area of the smaller section.

¢ To find the proportion of the field that is fenced off, you can divide the fenced area by the total

area. Use this to find the proportion of the field that has been fenced.

-

11 Write an algebraic fraction for the result of the following operations.

a A number q is halved and then the result is tripled.

b A number x is multiplied by % and the result is divided by 1 %

¢ The fraction % is multiplied by its reciprocal g.

d The number x is reduced by 25% and then halved.

Cambridge Maths NSW
Stage 4 Year 8 Second edition
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Algebraic techniques 2 and indices

12 Recall that any value x can be thought of as the fraction %

a Simplify xx ©.
b Simplify x + 1
o

¢ Show that x + 3 is equivalent to % X x by writing them both as algebraic fractions.
d ﬁmw@%+a
L b
e Simplify a + -

13 a Simplify each of the following expressions.
i I42 i -2 i Zx iv
5 6 5 6 5 6

b Which one of the expressions above will always have the same value regardless of x?

W | =
AN =

14 Assume that a and b are any two whole numbers.

a. . . a
a Prove that 1 + 5 is the same as the reciprocal of the fraction —.

b Find the reciprocal of the reciprocal of % by evaluating 1 + (1 + %)

ENRICHMENT - - 15

Irrational squares

15 Consider a square with side length x.

a Write an expression for the area of the square.

b The length of each side is now halved. Give an expression for the area of the new square.

¢ If each side of the original square is multiplied by %, show that the resulting area is less than
half the original area.

d If each side of the original square is multiplied by 0.7, find an expression for the area of the

square. Recall that 0.7 = 17—0

e Each side of the square is multiplied by some amount, which results in the square’s area being
halved. Try to find the amount by which they were multiplied, correct to three decimal places.

Cambridge Maths NSW ISBN 978-1-108-46627-1 © Palmer et al. 2018 Cambridge University Press
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1G Expanding brackets

Two expressions might look quite different when in fact they are equivalent. For example, 2(3 — 7b) is
equivalent to 4b + 6(1 — 3b) even though they look quite different. One use for expanding brackets is
meeetvethat it allows us quite easily to convert between equivalent expressions.

Ca

®

Widgets

Let’s start: Room plans

“9sZH - An architect has prepared floor plans for a house but some numbers are missing. Four students have

attempted to describe the total area of the plans shown. - g -r— 10—

»p

e Alice says it is Sa + 50 + ab.
Brendan says itis S(a + 10) + ab.
Charles says it is a(5 + b) + 50.
David says itis (5 + b)(a + 10) — 10b.
* Discuss which of the students is correct.

-GN —>

*  How do you think each student worked out their answer?
e The architect later told them that a = 4 and b = 2. What value
would each of the four students get for the area?

B The distributive law is used to rewrite an expression without the brackets.

e ab+c)=axb+axc
=ab + ac

Key ideas

e ab—-c)=axb—-axc
=ab — ac
For example: 4(2x + 5) = 8x + 20 and 3(5 — 2y) = 15 — 6y.
B The distributive law can be illustrated by considering rectangle areas.

-~ h —> =< ¢ >

Area=a(b + c)

a axb
Area=ab + ac

axc

B The distributive law is used in arithmetic. For example:
S5X31=5x3B0+1)

=5x30+5x1
=150+5
=155
Cambridge Maths NSW ISBN 978-1-108-46627-1 © Palmer et al. 2018 Cambridge University Press
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- Algebraic techniques 2 and indices

Expanding using the distributive law
Expand the following.
a 32x+5) b —8(7 + 2y) c 4x(2x —y)
SOLUTION EXPLANATION
a 32x+5) =32x) +3(05) Distributive law: 3(2x + 5) = 3(2x) + 3(5)
=6x+ 15 Simplify the result.
A A
b —8(7 + 2y) = -8(7) + (-8)(2y) Distributive law: —8(7 + 2y) = —8(7) + (—8(2y))
= —-56 + (—16y) Simplify the result.
= —-56 — 16y Adding —16y is the same as subtracting positive 16y.
C 4x(2x — y) = 4x(2x) — 4x(y) Distributive law: 4x(2x — y) = 4x(2x) — 4x(y)
= 8x* — 4xy Simplify the result, remembering 4x X 2x = 8x°.
Expanding and combining like terms
Expand the brackets in each expression and then combine like terms.
a 32b+5)+3b b 12xy + 7x(2 — y)
SOLUTION EXPLANATION
a 32b+5)+3b=32b) +3(5 + 3b Use the distributive law.
=6b+ 15+ 3b Simplify the result.
=9+ 15 Combine the like terms.
b 12xy + 7x2 — y) Use the distributive law.
= 12xy + 7x(2) — 7x(y)
= 12xy + 14x — Txy Simplify the result.
= Sxy + 14x Combine the like terms.
Exercise 1G

UNDERSTANDING AND FLUENCY 1-6, 7-8(%) 3,5, 6-8(%2), 10(%) 6-10(%2)

1 The area of this combined rectangle is 5(2 + x).

a What is the area of the green rectangle? ~ 2 >~ *

b What is the area of the yellow rectangle? T

¢ Write an expression for the sum of these two areas. 5

d Hence, complete the following. l
The expanded form of 5(2 + x) is

2 The expression 3(2 + 7x) is equivalent to 2 + 7x + 2 + 7x + 2 + 7x. Simplify this expression by
combining like terms.
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3 Consider this combined rectangle, which has an area of 6(a + 7). - g > <7 ——>
a What is the area of the purple rectangle?
b What is the area of the orange rectangle?
¢ Write an expression for the sum of these two areas.
d Write the expanded form for 6(a + 7).

4 Which of the following is the correct expansion of 4(3x + 7)?
A 12x+7 B 4x+28 C 3x+28 D 12x+28

5 Complete the following expansions.
a 2b+5) =2b+ L[]
b 3@2x+4y) =6x+ Dy
¢ 53a-2) =15 - []
d 7(4x —2y) =28x— [y

eample12ab 6  Use the distributive law to expand these expressions.
a 9% a+17) b 22+ c 8(m— 10) d 38 —-v)
e -59+9 f =750+ 4) 0 -9u+9) h -8G5 +h)
i 506-) i 62-m k 3(10 - b) I 2(c-18)
example12c /  Use the distributive law to remove the grouping symbols.
a 8z(k—h) b 6jk+a) ¢ du(r —2q) d 2pBc—-v)
e m(10a + v) fo—2s(s + 59 g —3g8g+g) h —f(n+4f)
i —8u(u + 10r) j  —s(t+5s) k m@h - 9m) I 4a(5w — 10a)
exampie 13 8  Simplify the following by expanding and then collecting like terms.

a 709+ 10) +2f
b 82 + 5x) + 4x
¢ 4Q2a+8) +7a
d 6(3v+ 10) + 6v
e 7(10a + 10) + 6a
f 6(3g—-5)+2q
g 6(4m—15) + 8m
h 4@+ 7m) — 6m

9 The distributive law also allows expansion with more than two terms in the brackets, for instance
32x — 4y + 5) = 6x — 12y + 15. Use this fact to simplify the following.
a 203x+2y+42) b 7a2 —3b + 4y)
¢ 2g(4z+2a+)5) d —32+4k+2p)
e =51 +5qg-2n f =Tk(r+m+s)

10 Simplify the following by expanding and then collecting like terms.
a 33 +5d) +410d+17)
b 104 +8f) +7(5f+2)
c 209+ 10j) +4@3j+3)
d 209+ 6d) + 72 + 9d)
e 6(10 — 6)) +4(10j = 5)
f 805+ 10g) +3(4 —4g)
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Algebraic techniques 2 and indices

PROBLEM-SOLVING AND REASONING 11, 15a,b 12, 14-16 12-15,17,18

11 Write an expression for each of the following and then expand it.

a
b
c
d

A number ¢ has 4 added to it and the result is multiplied by 3.

A number u has 3 subtracted from it and the result is doubled.

A number v is doubled, and then 5 is added. The result is tripled.

A number w is tripled, and then 2 is subtracted. The result is doubled.

12 Match each operation on the left with an equivalent one on the right. (Hint: first convert the

descriptions into algebraic expressions.)

a
b

The number x is doubled and 6 is added. A xis doubled and reduced by 10.
The number x is reduced by 5 and the B The number x is tripled.

result is doubled.

The number x is added to double the value C xis decreased by 6.

of x.

The number x is halved, then 3 is added D xisincreased by 3 and the result is
and the result is doubled. doubled.

2 is subtracted from one-third of x and the E xisincreased by 6.

result is tripled.

13 The number of boys in a classroom is b and the number of girls is g. Each boy has five pencils and

each girl has three pencils.

a
b

14 a

b
c
d

Write an expression for the total number of pencils in the class.

If the pencils cost $2 each, write and expand an expression for the total cost of all the pencils in
the room.

Each boy and girl also has one pencil case, costing $4 each. Write a simplified and expanded
expression for the total cost of all pencils and cases in the room.

If there are 10 boys and eight girls in the room, what is the total cost for all the pencils and
cases in the room?

When expanded, 4(2a + 6b) gives 8a + 24b. Find two other expressions that expand to give
8a + 24b.

Give an expression that expands to 4x + 8y.

Give an expression that expands to 12a — 8b.

Give an expression that expands to 18ab + 12ac.

15 The distributive law is often used in multiplication of whole numbers. For example:
17 x 102 = 17 x (100 + 2) = 17(100) + 17(2) = 1734

a
b
c

e

Use the distributive law to find the value of 9 x 204. Start with 9 X 204 = 9 x (200 + 4).

Use the distributive law to find the value of 204 X 9. Start with 204 x 9 =204 x (10 — 1).
Given thata X 11 = a X (10 + 1) = 10a + a, find the value of these multiplications.

i 14x11 i 32x11 il 57 x 11 iv 79 x 11

It is known that (x + 1)(x — 1) expands to x> — 1. For example, if x = 7 this tells you that

8 X 6 =49 — 1 = 48. Use this fact to find the value of:

i 7x5 i 21 x19 il 13 x 11 iv 201 x 199
Using a calculator, or otherwise, evaluate 152, 25% and 352. Describe how these relate to the fact
that (10n + 5)(10n + 5) is equivalent to 100n(n + 1) + 25.
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16 Prove that 4a(2 + b) + 2ab is equivalent to a(6b + 4) + 4a by expanding both expressions.

17 Find an expanded expression for (x + y)(x + 2y) by considering the diagram below. Ensure your
answer is simplified by combining any like terms.

i y

y

I
I
1
1
I
I
I
R
1
1
I

18 Prove that the following sequence of operations has the same effect as doubling a number.
1 Take a number, add 2.

2 Multiply by 6.

3 Subtract 6.

4 Multiply this result by %
5 Subtract 2.

ENRICHMENT = = 19

Expanding algebraic fractions

19 To simplify % + g change both fractions to have a common denominator of 6, giving

72()6 +5) + S—X Then expand to finish off the simplification: 2x+ 10 + 3x = %+ 10.
6 6 6 6 6
Use this method to simplify the following sums.
a X +1 x
3 2
h X +5 4+ X
5 3
3x  x—1
C T
4 x +2 x+1
4 3
e 2x+1 3x+1
5 10
f 2x—1  3x+2
7 5
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Algebraic techniques 2 and indices

1H Factorising expressions

Factorising is the opposite procedure to expanding. It allows us to simplify Expanding
expressions and solve harder mathematical problems. Because 3(2x + 5) B2x = 5)] =[6x + 15]
expands to 6x + 15, this means that the factorised form of 6x + 15 is 3(2x + 5).

The aim when factorising is to write expressions as the product of two or more Factorising
factors.

E™8 Let’s start: Expanding gaps

DWEE

Try to fill in the gaps to make the following equivalence true: LI + Oy = 12x + 18xy.
e In how many ways can this be done? Try to find as many ways as possible.

Walkthrough

* If the aim is to make the term outside the brackets as large as possible, what is the best possible
solution to the puzzle?

B The highest common factor (HCF) of a set of terms is the largest factor that divides into
each term. For example:
HCEF of 15x and 21y is 3.
HCEF of 10a and 20c is 10.
HCEF of 12x and 18xy is 6x.

Key ideas

B 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.
For example:
10x + 15y
HCF =5
Result 5(2x + 3y)

HCF 10x+5 15y=+5

B To check your answer, expand the factorised form.

For example: 5(2x + 3y) = 10x + 15y v/

@ Finding the highest common factor (HCF)
()
Find the highest common factor (HCF) of:
a 20and 35 b 18a and 24ab ¢ 12xand 15x?
SOLUTION EXPLANATION
a 5 5 is the largest number that divides into 20 and 35.
b 6a 6 is the largest number that divides into 18 and 24, and
a divides into both terms.
c 3x 3 divides into both 12 and 15, and x divides into both terms.
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Factorising expressions

Factorise the following expressions.

a 6x+ 15 b 12a + 18ab c 2lx— 14y
d —10a — 20 e X7+ 4x
SOLUTION EXPLANATION
a 6x+15=32x+)5) HCF of 6x and 15is 3. 6x + 3 =2xand 15 + 3 = 5.
b 12a + 18ab = 6a(2 + 3b) HCEF of 12a and 18ab is 6a. 12a + 6a = 2 and 18ab + 6a = 3b.
¢ 2lx— 14y =7C3x — 2y) HCF of 21x and 14y is 7. 21x + 7 = 3x and 14y + 7 = 2y.
The subtraction sign is included, as in the original expression.
d —10a — 20 = —10(a + 2) HCEF of —10a and —20 is 10 but because both terms are

negative we bring —10 out the front.
—10a + =10 = g and —20 + —10 = 2.

e X>+4x=x(x+4) HCF of x? and 4x is x. x> + x = x and 4x + x = 4.

Exercise 1H
seTs  wesess  neem

1 List the factors of:
a 20 bh 12 ¢ 15 d 27

2 The factors of 14 are 1, 2, 7 and 14. The factors of 26 are 1, 2, 13 and 26. What is the highest
factor that 14 and 26 have in common?

3 Find the highest common factor of the following pairs of numbers.
a 12and 18 b 15 and 25 ¢ 40 and 60 d 24 and 10

4 Fill in the blanks to make these expansions correct.
a 3dx+1=0lx+3
¢ 6(2+5y)=0+Cy
e 3Q2a+ [])=6a+21
g 7 +0)=14+7¢

5(7-2x) =] - 10x
72a - 3b) = 1 - [
4d=-2p)=12-38y
Cl@2x + 3y) = 8x + 12y

> o T

5 Verify that 5x + 15 and 5(x + 3) are equivalent by copying and completing the table below.

x 2 7 4 0 -3 -6
5¢ + 15
5(x + 3)

example 4 6  Find the highest common factor (HCF) of the following pairs of terms.

a 15and 10x b 20a and 12b ¢ 27aand 9b
d 7xyand 14x e —2yzand 4xy f 1lxyand —33xy
g 8grand —4r h  —3a and 64? i 14p and 25pq
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Algebraic techniques 2 and indices

example1sa  /  Factorise the following by first finding the highest common factor. Check your answers by

expanding them.

a 3x+6 b 8v+40 c 15x+35

d 10z + 25 e 40 + 4w f 5 -20

g 9% —15 h 12 - 16f i 5d-30
example 150, 8 Factorise the following.

a 10cn + 12n b 24y + 8ry

¢ 14/n+ 10n d 24g + 20gj

e 10k + 4z f 30u — 20n

g 40y + 56ay h 12d + 9dz

i 2lhm — 9mx i 49u — 21bu

k 28u — 42bu | 21p —6¢
example t5de 9 Find the factorisation of the following expressions.

a -3x-6 b —5x-20

¢ —10a - 15 d —30p — 40

e x*+ 6x K+ 4k

0 2m’+ 5m h 6p*+3p

PROBLEM-SOLVING AND REASONING 10, 12 10, 11,13 11,13, 14

10 The area of the rectangle shown is 10a + 5. One side’s measurement is unknown.

a
b

-~ 2a+1—>

T

L]

:

‘What is the value of the unknown measurement?

Write an expression for the perimeter of the rectangle.

11 A group of students lines up for a photo.

They are in six 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 six rows now? Write an expression.

d If the photographer wanted just three rows, how many students would be in each row? Write an
expression.

e If the photographer wanted just two rows, how many students would be in each row? Write an
expression.

12 a Expand 2(x + 1) + 5(x + 1) and simplify.

b Factorise your result.

¢ Make a prediction about the equivalent of 3(x + 1) + 25(x + 1) if it is expanded, simplified
and then factorised.

d  Check your prediction by expanding and factorising 3(x + 1) + 25(x + 1).
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13 Consider the diagram shown below. What is the factorised form of xy + 3x + 2y + 6?

y 3
X xy i 3x
20 2 6 |

14 In English, people often convert between ‘factorised’ and ‘expanded’ sentences. For instance,
‘I like John and Mary’ is equivalent in meaning to ‘I like John and I like Mary’. The first form is
factorised with the common factor that I like them. The second form is expanded.
a Expand the following sentences.
i Teat fruit and vegetables.
i Rohan likes Maths and English.
iii Petra has a computer and a television.
iv. Hayden and Anthony play tennis and chess.
b Factorise the following sentences.
i Tlike sewing and I like cooking.
i Olivia likes ice-cream and Mary likes ice-cream.
iii Brodrick eats chocolate and Brodrick eats fruit.
iv Adrien likes chocolate and Adrien likes soft drinks, and Ben likes chocolate and Ben likes
soft drinks.

ENRICHMENT - - 15

Factorising fractions

15 Factorising can be used to simplify algebraic fractions. For example, gx + 12 can be simplified by
X

first factorising the numerator and the denominator % = % Factorise and then simplify the

following fractions as much as possible.
2x + 4 b Ix =17 c 3ac + Sa
S5x+ 10 2x -2 a+ 2ab
4a + 2b e 5q — 15 i Tp + 14pq
8c + 10d 3g -9 9 + 18pgq

g 7a — 21 h 12p i 100 — 10x
2a — 6 8p + 2pq 20 — 2x
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Algebraic techniques 2 and indices

11 Applying algebra

The skills of algebra can be applied to many
situations within other parts of mathematics,
as well as to other fields such as engineering,
sciences and economics.

Let’s start: 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 Algebra can be applied to both the engineering of the
ride and the price of the tickets.
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.
*  Which of them has the best deal?
e In the end, each of them decides that they were happiest with the deal they had and would not have

swapped. How many rides did they each go on? Compare your different answers.

B Different situations can be modelled with algebraic expressions.

B To apply a rule, first the variables should be e.g. Total cost is
clearly defined. Then known values are substituted 2Xn+3xd
for the variables. / \

n = number d = distance,
of minutes in km

Writing expressions from descriptions

Write an expression for the following situations.

a The total cost of k bottles if each bottle costs $4

b The area of a rectangle if its breadth is 2 cm more than its length and its length is x cm

¢ The total cost of hiring a plumber for n hours if they charge a $40 call-out fee and $70 per hour

SOLUTION EXPLANATION

a 4xXk=4k Each bottle costs $4, so the total cost is $4 multiplied by
the number of bottles purchased.

b xX&x+2)=x(x+2) Length = x so breadth = x + 2.
The area is length X breadth.

¢ 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.
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Exercise 1l

UNDERSTANDING AND FLUENCY 1-6 3-7 5-7

1 Evaluate the expression 3d + 5 when:

a d=10

b d=12 c d=0

2 Find the value of 30 + 10x when:

a x=2

h x=-1 c x=-3

3 Consider the isosceles triangle shown.

y

a Write an expression for the perimeter of the triangle.

b Find the perimeter when x = 3 and y = 2.

example 162 4 Pens cost $3 each.

a  Write an expression for the total cost of n pens.
b Ifn = 12, find the total cost.

examplesb O @ Write an expression for the total area of the shape shown.
b If x =9, what is the area?

-~ x ———><— ) —>

3 |

example6c 6 An electrician charges a call-out fee of $30 and $90 per hour.

Which of the following represents the total cost for x hours?

A x(30 + 90)

B 30x+ 90 C 30+ 90x D 120x

7 a Give an expression for the perimeter of this regular pentagon.

b If each side length is doubled, what would be the perimeter?

(]

If each side length is increased by 3, write a new expression for the perimeter.

=

PROBLEM-SOLVING AND REASONING 8,9, 12 8-10, 12,13 9-11,13, 14

8 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 Hence, find the cost of hiring the pitch for a round-robin tournament that lasts 8 hours.
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Algebraic techniques 2 and indices

9 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?
¢ If you had $200, what is the longest period you could hire the plumber?

10 A repairman 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.
¢ Hence, state:
i his call-out fee
i the amount he charges per hour.

11 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?

-~ oo o o =T

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.

12 1In a particular city, taxis charge $4 to pick up a passenger (flag fall) and then $2 per minute of
travel. Three drivers have different ways of calculating the total fare.
Russell adds 2 to the number of minutes travelled and doubles the result.
Jessie doubles the number of minutes travelled and then adds 4.

Arash halves the number of minutes travelled, adds 1 and then quadruples the result.
a Write an expression for the total cost of travelling x minutes in:
i Russell’s taxi
i Jessie’s taxi
iii Arash’s taxi
Prove that all three expressions are equivalent by expanding them.
A fourth driver starts by multiplying the number of minutes travelled by 4 and then adding 8.
What should she do to this result to calculate the correct fare?
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13 Roberto draws a rectangle with unknown dimensions. He notes that the area is (x — 3)(y — 4).

y—4

If x = 5and y = 7, what is the area?

What is the value of (x —3)(y —4)ifx=1landy = 1?
Roberto claims that this proves that if x = 1 and y = 1 then his rectangle has an area of 6. What

is wrong with his claim?

(Hint: try to work out the rectangle’s perimeter.)

14 Tamir notes that whenever he hires an electrician, they charge a call-out fee $F and an hourly rate
of $H per hour.

b
c
d

Write an expression for the cost of hiring an electrician for 1 hour.

Write an expression for the cost of hiring an electrician for 2 hours.

Write an expression for the cost of hiring an electrician for 30 minutes.

How much does it cost to hire an electrician for ¢ hours?

ENRICHMENT

Ticket sales

15 At a carnival there are six different deals available to reward loyal customers.

15

Deal Entry cost ($) Cost per ride ($)

A

79

50

31

18

7

MmO |

0

ol |~ N|o

1

The queue consists of 100 customers. The first customer knows they will go on one ride, the

second will go on two rides, and the pattern continues, with the 100th customer wanting to go on
100 rides. Assuming that each customer can work out their best deal, how many of each deal will
be sold?
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Algebraic techniques 2 and indices

1J Index laws for multiplication and division

Recall that x> means x X x and x* means x X x X x. Index notation provides a convenient way to describe
repeated multiplication.
index or exponent or power

33=3X3Xx3%x3x%x3

P

Widgets

base
Notice that 33 X 32=3x3Xx3x3x3x3x3
(AR S

35 32
which means that 3° x 3% = 37.

HOTsheets

&

Walkthrough

Similarly it can be shown that 2° x 25 = 2!!,
When dividing, note that:

§f=5x5x5x5x5x5x5x5x5x5
57 IXEIXIXIXEIXEFIXS
=5X5X%X5

So 510 + 57 =53,

Let’s start: Comparing powers

* Arrange these numbers from smallest to largest.
23, 32, 25, 43, 34, 24, 42, 52, 120

* Did you notice any patterns?

e If all the bases were negative, how would that change your arrangement from smallest to largest?
For example, 2° becomes (—2)°.

| index or exponent or power
M=3%X5% ...x5
[

base  Thenumber 5 appears n times.

(2]
S
(<)
=
)
D
x

For example, 26 =2 X 2 X 2 X2 X2 X 2 = 64.
B An expression such as 4 X 5° can be written in expanded form as 4 X 5 X 5 X 5.

B The index law for multiplying terms with the same base: 3 X 3" = 3m+»
For example, 3* x 32 = 36,
3m

B The index law for dividing terms with the same base: 3" + 3" = el 3m=n
For example, 3% + 3° = 33,
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Example 17

Simplify the following using the index law for multiplication.

a 5x5 x5 b 5 x5% C 6X6X6°

SOLUTION EXPLANATION

a 5*x5"x52=5"2 3+ 7+ 2 =12, so the base 5 appears 12 times,
giving 5'2.

b 3¥x5=5 3+4="7,505x5"=5"

C 6X6X6°=6"X6'%X6>=06 Write 6 as 6', then add the powers.

5+ 1+ 3 =09, so the final result is 6°.

Example 18

Simplify the following using the index law for division.

5’ b 6% . 10 x 5°

53 6° 4 x 5?
SOLUTION EXPLANATION

7 7

- 5_=54 Consideﬁng5_=5x5><5><5><5’><5><5'

53 53 IxFx3

=5
orjust7 — 3 =4.

6% .

] = =Y Use the second index law, so 20 — 5 = 15.
6 6
0L = W& First separate the numbers into a separate fraction.
4x5 4 5
_3 x 5t Cancel the common factor of 2 and use the second
21 index law.
= 5 Combine the result as a single fraction.
2
Exercise 1J
vere  arse a0
1 Fill in the gaps: In the expression 57 the base is and the exponent is .

2 Which of the following expressions is the same as 3°?

A 3x5 B 3x3x3x3x3
C 5x5x%x5 D 5x5%x5x%x5x%5
3 Which of the following is the same as 4 x 4 x 4?
A 4 B 4° c 3¢ D 4x3
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Algebraic techniques 2 and indices

Calculate the value of:

i 22 ii
Is 22 x 23 equal to 2° or 29?
Calculate the value of:

i 56 i
Is 56 + 52 equal to 5° or 54?
Write 8* in expanded form.
Write 8* in expanded form.

23

52

i 2° iv 2¢

i 5° v 5*

Write the result of multiplying 8° X 8* in expanded form.
Which of the following is the same as 8° x 8*?
A 8" B 8§

c & D 8

exampie 17/ Simplify the following, giving your answers in index form.

a
b
c
d

P x4y
310x32
210 % 25 % 23
TxTxT

example 770,c 8§  Simplify the following using the index law for multiplication.

a
c
e
g
i

k

52 x 5¢

3" x 32
TPxT*x T3
210 X 212 X 214
62X 6
22x2x%x2

510 210
2 d =
53 2
23 x 510 24 x 53

23 x 24 b
7% 7? d
32 % 3*x 37 f
22x 23 x 24 h
10 x 10° j
5% 5% 5 |
eampie1s 9 Simplify the following using the index law for division.

35 1210
= b c
32 124

5 10
Ll i 32
7 3’

PROBLEM-SOLVING AND REASONING

22 x 5% 22

10-12 10, 12,13 11-14

10 Tamir enters 2'%° + 2997 into his calculator and gets the error message ‘Number Overflow’

because 2'%% ig too large.
a According to the second index law, what does 2!%% = 2997 equal? Give your final answer as

a number.

b Find the value of (52000 x 52004) = 54000,

[H

‘What is the value of

3700 3¢ 3300
-— -7
31000

11 A student tries to simplify 3% x 3* and gets the result 9°.
a Use a calculator to verify this is incorrect.

b Write out 3> X 3% in expanded form, and explain why it is not the same as 9°.

¢ Explain the mistake the student has made in attempting to apply the first index law.
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12 Recall that (—3)> means —3 X (=3), so (=3)? = 9.
a Evaluate:
i (=2)?
i (-2)°
i (=2)*
v (=2)°
b Complete the following generalisations.

i A negative number to an even power is
ii A negative number to an odd power is
¢ Given that 2'° = 1024, find the value of (=2)'.

3
13 a Use the index law for division to write 5—3 in index form.
3
b Given that 5° = 125, what is the numerical value of % ?

¢ According to this, what is the value of 5°? Check whether this is also the result your calculator
gives.
d  What is the value of 12°? Check with a calculator.

14 a If ; = 9, what does this tell you about the value of a and b?

b Given that 2 = 8, find the value of 5—
20 5°

ENRICHMENT = = 15-17

Simplifying expressions with non-numerical bases

15 Index laws can be applied to algebraic bases; i.e. x” X x* = x'! and x° + x* = x8.
Apply the index laws to each of the following to simplify each one.

a mxm’ b ¥ xx?
c x2+x? d x2+x°
e a?xad f m*xm
g mxm*xm? h a®+d
i owxwtxw j o xb=x
16 Simplify the following.
53x4y7 X 510xy3 b a2a4a6a8a10
5%y X 5x%y7 x 57 daa’da®
ab*c’d*e’ d 1gXx2¢> %3¢ %x4q* X 5¢°
bcde*
17 Simplify the following expressions involving algebraic fractions.
53 24 7a’b* | 49a*b
a —XxX— b =
22 5% 2¢° 23¢%0
12x%y°  Ix*
c 10x%y° + d ARV
—10x%y? 214° 3y°
Cambridge Maths NSW ISBN 978-1-108-46627-1 © Palmer et al. 2018 Cambridge University Press

Stage 4 Year 8 Second edition Photocopying is restricted under law and this material must not be transferred to another party.



q=

Widgets

HOTsheets

> g

Walkthrough

(2]
(3]
(<+)
=
)
D
<

Algebraic techniques 2 and indices

1K The zero index and power of a power

Consider what the expanded form of (5%)* would be:
)*=5x5x%x5x%x5
=5X5X5 X 5X5X5 X 5X5%X5 X 5%X5x%x5
— 512

Similarly:
(62 = 6* x 6*
=6X6X6X6 X 6X6X6X6
=6°

This leads us to an index law: (a™)" = a™.
When a number (other than zero) is raised to the power of 0 the result is 1.

This can be seen by the pattern in this table.

44 43 42 4 40
256 64 16 4 1
+4 +4 +4 +4

Let’s start: How many factors?

The number 7 has two factors (1 and 7) and the number 72 has three factors (1, 7 and 49).
e Which of these has the most factors?

75

X7

(77’

710

7

*  Which has more factors: 7'° or 10’? Compare your answers with others in your class.

B When a number (other than zero) is raised to the power of O the result is 1.
For example, 5° = 1 and 8° = 1.

B A power of a power can be simplified by multiplying indices.
For example, (6%)° = 6'°.

B Expressions involving powers can be expanded, so (3 X 5)* = 3* X 5* and
(2 X 5)10 =210 x 50,
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Example 19

Simplify the following expressions using the index laws.

a (2% b (53)*x (5

SOLUTION EXPLANATION

a (2°=2b 3 x 5 = 15, so we can apply the index law easily.

b (5% x (5%)% =58 x 5° Apply the index law with2 x 4 =8 and 3 X 2 = 6.
= 5" Apply the first index law: 8 + 6 = 14.

Example 20

®

Simplify the following expressions using the index laws.

a 4°x8 b 4°%x8°

SOLUTION EXPLANATION

a 4%x8=1x8 Any number to the power of 0 equals 1, so 4° = 1.
=8

b 4°%x8=1x1 4= 1and 8 = 1.
=1

Exercise 1K

UNDERSTANDING AND FLUENCY 1-6, 7-8(1%2) 4,5-7(1) 5-7(2)

1 Which one of the following is equivalent to (5%)2?
A 5x5x5 B 5x5° C 52x5? D 5x3x2

2 Which of the following is equivalent to (3x)*?

A 3xux B 3xxXxx C 3xxx3xux D 3x3xx
3 a Copy and complete the table below.
3 3 3 3 3 3
243 81

b What is the pattern in the bottom row from one number to the next?

4 a Calculate the value of:
i 4%3 i 4 _— -
b Is (4%)° equal to 45, 46 or 4237

example20a 9 Simplify the following.

a (23)4 b (32)8 c (74)9
d (63)3 e (78)3 f (25)10
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Algebraic techniques 2 and indices

example 200 6 Simplify the following using the index laws.

a (23)2 X (25)3 b (52)6 X (53)2 c (74)2 X (75)3
d (3¢ x (32)? e (292X (2%} fo(112)° x (112)°
3\4 7\2 5\3
g &F p 4D joany
5 (113)2 112
i (22) 10 k 320 I (1 12) 10
Py 3 (1
example1s 7 Simplify the following.
a 3° h 5° c 3°+5°
d 3+5° e 3+5)° f 30%x5°
g (3x5) h 3x5° i (35 % 53)°

PROBLEM-SOLVING AND REASONING 8,12 8-10,12,13 9-11,13-15

8 Find the missing value that would make the following simplifications correct.
a (53)D =515 b (2D)4 —n
¢ (3% x 30— 31 d (74)D X (732 = 7"

9 a Use the fact that (52 = 5° to simplify ((52)3)*.
Simplify ((5%)*)°.
Put the following numbers into ascending order. (You do not need to calculate the actual values.)
2100 (27)10, ((25)6)7’ ((23)4)5

10 a How many zeros does each of the following numbers have?
i 102 i 10° i 10°
b  How many zeros does the number (10° x 10° x 107) have?

11 a Simplify x* X x*.
b Simplify (x*)*.
¢ Find the two values of x that make x* X x* and (x*)* equal.

12 For this question you will be demonstrating why a° should equal 1 for any value of a other

than zero.

2
a State the value of %

2
b Use the index law for division to write P as a power of 5.
¢ Use this method to demonstrate that 3° should equal 1.
d  Use this method to demonstrate that 100° should equal 1.
e Explain why you cannot use this method to show that 0° should equal 1.

13 Rose is using her calculator and notices that (2°)* = (2°)%
a Explain why this is the case.
b Which of the following are also equal to (2°)*?
A (243 B (2»)° c (43 D (432 x (6?2
¢ Freddy claims that (2%)° can be written in the form (4D)D . Find one way to fill in the two
missing values.
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@ 14 a According to the index laws, what number is equal to (9°%)%?

b
c
d

Stage 4 Year 8 Second edition

What positive number makes the equation x> = 9 true?
What should 9°° equal according to this? Check using a calculator.
Use this observation to predict the value of 36°3.
) ) (a3)2 X at .
15 Alexis notices that W is always equal to 1, regardless of the value of a.
a
a  Simplify the expression above.
b Give an example of two other expressions that will always equal 1 because of the index laws.

ENRICHMENT = = 16-18

Simplifying expressions with non-numerical bases

16 Use your knowledge of index laws to simplify the following.

a x° b 5+5°
c (d')? d (2w)?
e m f 7a°
g (@) h (3a’)?
i (Ga) j 3a°

17 Simplify the following expressions, which have non-numerical bases.
a (x7)2 h (m8)3
c (x2)5 d ( a7)2
e (mh)? f (mn?)?
g (2d4') h (5m*)?
i (6x%)? i (6a°D°)?

18 Simplify the following using the index laws.
(5x%)% x (5x%)*

a
(5x%)°
p e Y
x3 (x2)2
. (x2y3)4 X (x3y2)5
()7 X (Fy)°
d (a2b364)10 . a_3
al%poe30 T op2
6 (x20y10)5
(x10y20)2
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Card pyramids

Using a deck of playing cards, build some pyramids on your desk like the ones illustrated below.

A

VAVAVAN

Pyramid 1 Pyramid 2 Pyramid 3
(One-triangle pyramid) (Three-triangle pyramids) (Six-triangle pyramids)
(Two cards) (Seven cards) (Fifteen cards)

1 Copy and complete this table.

Number of triangle pyramids on base 1 2 13|65

Total number of triangle pyramids 1 3 45 | 55

Total number of cards required 2 15 100

2 Describe the number of pyramids in, and the number of cards required for, pyramid 20 (20 pyramids
on the base). How did you get your answer?

3 If you had 10 decks of playing cards, what is the largest tower you could make? Describe how you
obtained your answer.

Number pyramids
Number pyramids with a base of three consecutive numbers

1 Can you explain how this number pyramid is constructed?

16

2 Draw a similar number pyramid starting with the number 4 on the left of the base.

3 Draw a similar number pyramid that has 44 as its top number. Remember the base of the pyramid
must be consecutive numbers.

4 Can you draw a similar number pyramid that has 48 as its top number? Explain your answer.

5 Draw several of these pyramids to investigate how the top number is related to the starting value.
e Set up a table showing starting values and top numbers.
* Can you work out an algebraic rule that calculates the top number when given the starting number?
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6 Draw a number pyramid that has a base row of n, n + 1 and n + 2. What is the algebraic expression
for the top number? Check this formula using some other number pyramids.

7 What is the sum of all the numbers in a pyramid with base row —10, -9, —8?

8 Determine an expression for the sum of all the numbers in a pyramid starting with n on the base.

Number pyramids with four consecutive numbers on the base

1 Copy and complete the following number pyramids.

| 60

I:I/\I:I /\
AN, AN
AN AAA

2 Investigate how the top number is related to the starting number. Can you show this relationship using
algebra?

3 Write the sequence of all the possible top numbers less than 100.

4 What patterns can you see in this sequence of top numbers? Can you find some way of showing these
patterns using algebraic expressions? Let the bottom row start with . (In the examples above, n = 6
andn =2.)

Number pyramids with many consecutive numbers on the base

1 Determine the algebraic rule for the value of the top number for a pyramid with a base of six
consecutive numbers starting with n.

2 List the algebraic expressions for the first number of each row for several different-sized pyramids all
starting with n. What patterns can you see occurring in these expressions for:
* the coefficients of n?
e the constants?

3  What is the top number in a pyramid with a base of 40 consecutive numbers, starting with 5?

4 Write an expression for the top number if the base has 1001 consecutive numbers, starting with n.
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Puzzles and

Algebraic techniques 2 and indices

Five consecutive even integers have 2m + 2 as the middle integer. Find two simplified equivalent
expressions for the sum of these five integers.

Rearrange the order of the five expressions 4(a + 1), 6a — 5,2 — a, a — 7, 6 — 2a so that the sum of
the first three expressions and the sum of the last three expressions are both equal to 3(a + 1).

Write this list 161000, 8133441999 24001 j ascending order.

Find the largest value.

a If m can be any number, what is the largest value that 10 — m(m + 5) could have?

b If x + y evaluates to 15, what is the largest value that x X y could have?

¢ If a and b are chosen so that a* + b? is equal to (a + b)? what is the largest value of @ X b?

Simplify these algebraic expressions.

b x—1 2x—3+x
3 7 6

The following three expressions all evaluate to numbers between 1 and 100, but most calculators
cannot evaluate them. Find their values using the index laws.
21001 X 22002
(2150)20
5 1000 X 31001
1 5999
850 X 4100 X 2200
(2250)2 X 248

Consider the following pattern.

a a a a a
n=1 n=2 n=3 n=4 n=5

The perimeter for the shape when n = 1 is given by the expression 4a and the area is a>.

a Give expressions for the perimeter and area of the other shapes shown above and try to find a
pattern.

b Ifa = 6 and n = 1000, state the perimeter and give the approximate area.
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Pronumeral: a letter that stands
for one or more numbers

Substitution
‘evaluate’

‘substitute’

Language
+ - X +
sum difference product quotient
more than less than times divide
added minus double (2x)} | one-third
increased | | decreased| | twice (2x) one-half
triple (3x) quarter
an expression
terms xXE
== not used in
\_ @ e algebraic
expressions
5is the
coefficient of x Tconstant term is —8
—1 is the coefficient of xy

replace variables with numbers
and calculate answer

7TC’+3(a+b)+4b2
a=8b=2

=14+30+16
=60

=¥+3x(8+2)+4x2x2

Equivalent expressions

|7-3x |2—3x+5
x=2 [7-6=1 2-6+5=1
x=10 [7-30=-23[2-30+5=-23

h( 7—3x=2-3x+5 )—4

Cambridge Maths NSW
Stage 4 Year 8 Second edition

ISBN 978-1-108-46627-1

Algebraic terms

Concise form Expanded form
5x2y —> bxxy
—2ab? —> —2abb

1p*¢®> — Tppqaqq
_ 4ab? _4abb
53 Scee

Like terms ]

|
(

Variables have identical
expanded form.

6a2m —> 6aam
—2a%m —> —2aam
5ma® — 5maa = Saam

6a’m, —2a’m and 5ma’ are
like terms

Algebraic

techniques 2
and indices

—

l ab=ba J

f Expanding brackets ]
x+y)=x+y+x+y+x+y
=3x+3y
Distributive law
alb+c)=ab +ac

5(2a + m) = 5(2a) + 5(m)
=10a + 5m
1k —3a)=1(k) —7(3a)

=7k—2la

alb —¢)=ab-ac

Adding and subtracting

like terms
* Count ‘how many'.
*Don't change variables.

sign in front belongs to term
=—6a—12a+4a%+9a%*-3

—
S
(4~
=
&
|
(7]
-
D
alud
(=1
S
i s
(o

=—18q+ 1342 -3
a stays a® stays
the same the same

PR

AN AN

5(2a - 3)-7(4+a)

=5(2a) —5(3) — 7(4) + —7(a)
=10a—-15-28—-T7a
=3a-43

Factorising

12x + 6a (HCF=6)
=6x2x+6Xxa
=6(2x+a)

12a%m + 8am?

=12aam + 8amm HCF = 4am
=4am x 3a + bam X 2m
=4am(3a + 2m)

© Palmer et al. 2018
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Algebraic techniques 2 and indices

Adding and subtracting
3a , Tm_3ax5  Tmx2
275 2x5 75 x2
=15a, 14m
10 10
15a + 14m
/10

‘unit’ is tenths

Algebraic
techniques 2
and indices

Index notation
exponent or power
/ or index
5=5x5x%x5

\W_J .
base 5 appears 3times

Algebraic fractions

Multiplying

Index laws
1. 5m ><5n:5m+n

2 5m 5= %: grn

3. (5m)n — g

ISBN 978-1-108-46627-1

122

Examples
1.32x35=3

5)
2. 12 _ 193

3. (23)4: 212
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Multiple-choice questions

1 Consider the expression 5a> — 3b + 8. Which one of the following statements is true?

A The coefficient of a is 5. B It has five terms.
C The constant term is 8. D The coefficient of b is 5.
E The coefficient of a? is 10. 3
(b
2 Half the sum of double x and 3 can be written as: °;
A lworys B BES C x+6 p Z*3 ) o
2 2 2 S
3 If n + 21is an odd integer, the next odd integer can be written as: B
A n+3 B n+4 C n+5 D n+1 E n ]
. . Q.
4  Find the value of 5 — 4a° given a = 2. S
A3 B -3 C 21 D —11 E 13 <
([
5 3 X x X yisequivalent to:
A 3x+y B xy C 3+x+y D 3x+ 3y E xy+ 2xy
6 12ab can be simplified to:
24a*
A 2ab B 2 c 2 p % el
b 2a 2 2
7 The expanded form of 2x(3 + Sy) is:
A 6x+ 5y B 3x+ 5y C 6x+ 5xy D 6+ 10y E 6x+ 10xy
8 Simplifying 3a + 6b gives:
A 2 B ¢ c p % E &
b b 2 2b
9 57 x 5*isequal to:
A 251 B 5% C 25° D 5° E 5"
10 The factorised form of 3a> — 6ab is:
A 3d*(1 - 2b) B 3a(a — 2b) C 3a(a—b) D 6a(a—b) E 3(a> — 2ab)
Short-answer questions
1 State whether each of the following is true or false.
a The constant term in the expression 5Sx + 7 is 5.
b 16xy and 5yx are like terms.
¢ The coefficient of d in the expression 6d> + 7d + 8abd + 3 is 7.
d The highest common factor of 12abc and 16¢ is 2c.
e The coefficient of xy in the expression 3x + 2y is 0.
2 For the expression 6xy + 2x — 4y* + 3, state:
a the coefficient of x b the constant term
¢ the number of terms d the coefficient of xy
Cambridge Maths NSW ISBN 978-1-108-46627-1 © Palmer et al. 2018 Cambridge University Press
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Algebraic techniques 2 and indices

Substitute the following values of a to evaluate the expression 8 — a + 2a%.

a -1 b 2 c -3 d 0
Substitute x = 2 and y = —3 into each of the following.
a 2y+3 b 3x+y C xy+y
5 -3 2
d 4x—2y e 2240 XY
6 x+y

For what value of x is 3 — x equal to x — 3?

Simplify each of these expressions by collecting like terms.

a 7m+9m b 3a+5b-a c X¥—x+x+1

d 5x+3y+2x+4y e Tx—4x+ 58+ 2x f —8m+7Tm+6n—18n
Simplify:

a 9ax4b

b 30xxxy+2
c —8xXxX4dy+(-2)

Copy and complete the following equivalences.

a 3x+4y=8r—[]+4y b 3ab x [ = —12abc

3x [

4720 @b+ [=3a
Express each of the following in their simplest form.

50 x p 20, b 6 15 g da . Sa

12 6 5 15 5 2x? 7 21b
Expand and simplify when necessary.
a 3(x—-4) b —2(5+x) ¢ k3l —4m) d 2(x—3y) + 5x
e 7-3(x-2) f10(1 — 2x) g 4CBx—-2)+23x+)5)
Factorise fully.
a 2x+6 b 24— 16g ¢ 12x + 3xy d 7a*+ 14ab
By factorising first, simplify the following fractions.

Sa + 10 b 12x — 24 o 16p

5 x =2 64p + 48pq
Find the missing values.
a TPx72=7Y h 54+5=35" ¢ (32 =3 d 3°=[]
Use the index laws to simplify each of the following expressions.
a x5 b 6"x6 c 7
7

5_6 e (23)4 f (62)3

55
Simplify:
a 6x5° b (6x5)° c 6°%x5
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Extended-response questions

1 Two bus companies have different pricing structures.
Company A: $120 call-out fee, plus $80 per hour
Company B: $80 call-out fee, plus $100 per hour

b
c
d
e

2 Consider the floor plan shown.

(-2 — S B — -]

f

Write an expression for the total cost $A of travelling n hours with company A.

Write an expression for the total cost $B of travelling for n hours with company B.

Hence, state the cost of travelling for three hours with each company.

For how long would you need to hire a bus to make company A the cheaper option?

A school principal cannot decide which bus company to choose and hires three buses from
company A and two buses from company B. Give an expanded expression to find the total cost for
the school to hire the five buses for n hours.

If the trip lasts for five hours, how much does it cost to hire the five buses for this period of time?

Write an expanded expression for the floor’s area in terms of x and y.

Hence, find the floor’s area if x = 6 metres and y = 7 metres.

Write an expression for the floor’s perimeter in terms of x and y.

Hence, find the floor’s perimeter if x = 6 metres and y = 7 metres.

Another floor plan is shown below. Write an expression for the floor’s area and an expression for
its perimeter.

i By how much does the area differ in the two floor plans?
ii By how much does the perimeter differ in the two floor plans?
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STRAND: NUMBER AND ALGEBRA
SUBSTRAND: EQUATIONS

Outcome

A student uses algebraic techniques
to solve simple linear and quadratic
equations.

(MA4-10NA)

© NESA, 2012

7 Loggerhead sea turtles are magnificent marine predators that feed on shellfish, crabs, sea
urchins and jellyfish. Sadly, Australian loggerhead turtles have lost more than 50% of their
nesting females in the past 10 years. These diminishing numbers mean that loggerhead turtles
are now an endangered species. They are under threat for a number of reasons, including
human activity on the beaches where the females lay eggs and accidental death in fishing
nets. In order to work out how to best save the loggerhead sea turtle, scientists need to work
out what effect various actions, such as closing heaches, will have on the loggerhead
turtle population.

To do this scientists use mathematics! With a combination of data and equations, they use
computer models to predict population numbers of future generations of the loggerhead turtle.

For example, this simple equation describes the number of turtles that there will be next year:
F=C1+B-D)

Y
The pronumerals used in this equation are: .
e F = future population i S
e (C = current population N VO
e B = birth rate \ -
e D = death rate "
By mathematically predicting the future of the loggerhead turtle population, environmental -:f o
scientists can advise governments of the best decisions to help save the loggerhead sea ~ -
turtle from extinction. Bl
-~ - -
A, “‘;'; p *'«A - -";-’\:.\
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1 Simplify these algebraic expressions.

a 9m+2m b 4a - 3a
C Tn+3n—n d 8a+2a-10
e 4x—Tx f 4px3q
2 Expand these algebraic expressions using the distributive law.
a 3m+4) b 2(a+0b)
c 3(x+7) d —2(x—3)
3 Expand and simplify.
a 3m+5 +2m b 7Q2x+3) + 3x
4 Simplify:
a m+3-m b a+6-6
c 3x=3 d -mx (=1

5 I think of a number, double it, and then add 3 to get 27. What is the number?

6 Find the missing number to make the following equations true.

a 4+0=12 b 6x[]=24 c 6-L1=8
7 Complete each statement.

a 6+01=0 h 8x[]=1

¢ 4a+[l=a d;—cxlj=x
8 Solve each of the following equations by inspection or using guess and check.

a x+8=12 b 4x =32

c m—6=-=-2 d 3m=18

9 Copy and complete this working to find the solution.

a 2—1=15 b x+1_5
+1< >+1 3
= X3 X3

c 5_x_3_7 d 2+ 2) =8
2 - =2 > =2
+3 +3 x+2=

()

(T

< - >
X =
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2A Reviewing equations  sevsion

An equation is a statement that two things are equal, such as:

242=4
7x5=30+5
44+x=10+y

It consists of two expressions separated by the equals sign (=), and it is considered true if the left-hand
side and right-hand side are equal. True equations include 7 + 10 = 20 — 3 and 8 = 4 + 4; examples of
false equations are 2 + 2 = 7 and 10 X 5 = 13.

If an equation has a pronumeral in it, such as 3 4+ x = 7, then a solution to the equation is a value to
substitute for the pronumeral to form a true equation. In this case, a solution is x = 4 because 3 + 4 = 7 is

a true equation.

Let’s start: Solving the equations

Find a number that would make the equation 25 = b X (10 — b) true.
How can you prove that this value is a solution?
Try to find a solution to the equation 11 X b = 11 + b.

B An equation is a mathematical statement that two expressions are equal, such as 4 + x = 32.
It could be true (e.g. 4 + 28 = 32) or false (e.g. 4 + 29 = 32).

B A pronumeral in an equation is sometimes called an unknown.

(72
S
(<)
=
)
(<F)
x

B An equation has a left-hand side (LHS) and a right-hand side (RHS).

B A solution to an equation is a value that makes an equation true. The process of finding a
solution is called solving. In an equation with a pronumeral, the pronumeral is sometimes
called an unknown.

B An equation could have no solutions or it could have one or more solutions.
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For each of the following equations, state whether they are true or false.
a 3+8=15-4

b 7x3=20+5

c x+20=3xux,ifx=10

SOLUTION EXPLANATION
a True Left-hand side (LHS) is 3 + 8, which is 11.
Right-hand side (RHS) is 15 — 4, which is also 11.
Since LHS equals RHS, the equation is true.
b False LHS=7x3 =21
RHS =20+ 5 =25
Since LHS and RHS are different, the equation is false.
¢ True If x = 10 then LHS = 10 + 20 = 30.
If x = 10 then RHS = 3 x 10 = 30.
LHS equals RHS, so the equation is true.

(@ JlEamivz CLETRUCE I

(G )
State a solution to each of the following equations.

a 4+x=25
b 5y=45
C 26=3z+5
SOLUTION EXPLANATION
a x=21 We need to find a value of x that makes the equation true.
Since 4 + 21 = 25 is a true equation, x = 21 is a solution.
b y=9 If y = 9 then 5y = 5 X 9 = 45, so the equation is true.
z=1 Ifz=7then3z+5=3Xx7+5
=21+4+5
=26
Note: The fact that z is on the right-hand side of the equation
does not change the procedure.
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Write equations for the following scenarios.
a The number k is doubled, then 3 is added and the result is 52.
b Akira works n hours, earning $12 per hour. The total she earned was $156.

SOLUTION EXPLANATION
a 2k+3=52 The number £ is doubled, giving k X 2. This is the same
as 2k.

Since 3 is added, the left-hand side is 2k + 3, which must
be equal to 52 according to the description.

b 12n =156 If Akira works 7 hours at $12 per hour, the total amount
earned is 12 X n, or 12n.

Exercise 2A  RevisioN

UNDERSTANDING AND FLUENCY 1-4, 5-6(%2), 8(%%4) 3, 4,5-6(%), 7, 8(%4) 6-8(%2)

exampietah 1 Classify these equations as true or false.

a 5x3=15 b 7+42=12+3

c 5+43=16+2 d 8—-6=6

e 4x3=12x1 f 2=8-3-3
2 If the value of x is 3, what is the value of the following?

a 10+«x b 3x

c 5—x d 6+x

3 State the value of the missing number to make the following equations true.

a 5+[1=12 b 10x []=90
¢ [1-3=12 d 3+5=1[]

4  Consider the equation 15 + 2x = x X x.
a If x =5, find the value of 15 + 2x.
b If x = 5, find the value of x X x.
¢ Is x = 5 asolution to the equation 15 + 2x = x X x?
d Give an example of another equation that has x = 5 as a solution.

Bxampletlc 5§ If x = 2, state whether the following equations are true or false.

a Tx=8+3x b 10 —x=4x
c 3x=5-x d x+4=>5x
e 10x=40=+x fo12x+2=15x
6 If a = 3, state whether the following equations are true or false.
a 7+a=10 b 2a+4=12
c 8—a=>5 d 4a-3=9
e 7a+2=28a f a=6-a
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7 Someone has attempted to solve the following equations. State whether the solution is correct (C) or

incorrect (I).

b
c
d

5 4+ 2x = 4x — 1, proposed solution: x = 3
4 + g = 3 + 2q, proposed solution: g = 10
13 — 2a = a + 1, proposed solution: a = 4
b x (b + 3) = 4, proposed solution, b = —4

example2  §  State a solution to each of the following equations.

a
d

S5+x=12 b 3=x-10 c dv+2=14
17=p-2 e 10x=20 f 16-—x=x
4u+1=29 h 7k=177 i 3+a=2a

PROBLEM-SOLVING AND REASONING 9,10, 14 9-12, 14,15 11-14, 16

Bxample 3 9 Write equations for each of the following problems. You do not need to solve the equations.

b
c
d
e
f

A number x is doubled and then 7 is added. The result is 10.

The sum of x and half of x is 12.

Aston’s age is a. His father, who is 25 years older, is twice as old as Aston.

Fel’s height is 4 cm and her brother Pat is 30 cm taller. Pat’s height is 147 cm.

Coffee costs $c per cup and tea costs $z. Four cups of coffee and three cups of tea cost a total of $21.
Chairs cost $c each. To purchase eight chairs and a $2000 table costs a total of $3600.

10 Find the value of the number in the following statements.

- 0o o o T N

11 Berkeley buys x kg of oranges at $3.20 per kg. He spends a
total of $9.60.

a
b

12 Emily’s age in 10 years’ time will be triple her current age.
She is currently E years old.

b
c
d

A number is tripled to obtain the result 21.
Half of a number is 21.

Six less than a number is 7.

A number is doubled and the result is —16.
Three-quarters of a number is 30.

Six more than a number is —7.

Write an equation involving x to describe this situation.
State a solution to this equation.

Write an equation involving E to describe this situation.

Find a solution to this equation.
How old is Emily now?
How many years will she have to wait until she is four times her current age?

13 Find two possible values of ¢ that make the equation #(10 — ¢) = 21 true.

14 a Why is x = 3 a solution to x> = 9?
b Why is x = =3 a solution to x> = 9?
¢ Find the two solutions to x* = 64. (Hint: one is negative.)
d Explain why x*> = 0 has only one solution but x* = 1 has two.
e Explain why x> = —9 has no solutions. (Hint: consider positive and negative multiplication.)
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16 a

b
c

Explain why the equation x + 3 = x has no solutions.
Explain why the equation x + 2 = 2 + x is true, regardless of the value of x.
Show that the equation x 4+ 3 = 10 is sometimes true and sometimes false.

Classity the following equations as always true (A), sometimes true (S) or never true (N).
i x+2=10

ii 5—-¢g=gq

i S+y=y

iv 10+b=10

V 2Xb=b+D
Vi 3—¢c=10

Vil 3+2z=2z+1
viii 10p =p

X 2+b+b=0b+1)x2
Give a new example of another equation that is always true.

The equation p X (p + 2) = 3 has two solutions. State the two solutions.
(Hint: one of them is negative.)

How many solutions are there for the equation p + (p + 2) = 3?

Try to find an equation that has three solutions.

ENRICHMENT - - 17,18

More than one unknown

17 a

b

There are six equations in the square below. Find the values of a, b, ¢, d and e to make all six
equations true.

a + 12 = 22
X - —
2 X b = c
d =+ e = 10

Find the value of f that makes the equation a X b X e = ¢ X d X f true.

18 For each of the following pairs of equations, find values of ¢ and d that make both equations true.

More than one answer may be possible.

a c+d=10and cd =24
b c—d=8andc+d=14
¢ c~d=4andc+d=30
d cd=0andc—-d=7
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2B Equivalent equations  revison

If we have an equation, we can obtain an equivalent equation by performing the same operation to both
sides. For example, if we have 2x + 4 = 20, we can add 3 to both sides to obtain 2x + 7 = 23.

The new equation will be true for exactly the same values of x as the old equation. This observation helps

us to solve equations systematically. For example, 2x + 4 = 20 is equivalent to 2x = 16 (subtract 4 from

both sides), and this is equivalent to x = 8 (divide both sides by 2). The bottom equation is true only if x

has the value 8, so this means the solution to the equation 2x + 4 = 20 is x = 8. We write this as:
2x+4=20

(I
(I

Let’s start: Attempted solutions

Below are three attempts at solving the equation 4x — 8 = 40. Each has a problem.
Attempt 1 Attempt 2 Attempt 3
4x — 8 =40

4x — 8 =40 4x — 8 =40
+8< >+8 +8< >—8 +4< >+4
4x = 48 4x =32 x—8=10
—4< >—4 +4< >+4 +8< >+8
x =44 x=38 x =18

e Can you prove that these results are not the correct solutions to the equation above?
¢ For each one, find the mistake that was made.
e Can you solve 4x — 8 = 40 systematically?

B Two equations are equivalent if you can get from one to the other by repeatedly:
e adding a number to both sides
* subtracting a number from both sides
* multiplying both sides by a number other than zero
* dividing both sides by a number other than zero
» swapping the left-hand side and right-hand side of the equation.

B To solve an equation systematically, repeatedly find an equivalent equation that is simpler.

For example:
Sx+2=32

i
+5< . >+5

B To check a solution, substitute the unknown’s value to see if the equation is true.
For example: LHS = 5(6) + 2 and RHS = 32.
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Finding equivalent equations

Show the result of applying the given operation to both sides of these equations.

a 8y =40 [+8]
SOLUTION
a 8y =40

+8< >+8
y=>5
10 + 2x = 36
—10< ‘>—10
2x = 26

c S5a -3=12

+3< >+3
S5a =15

b

b 10+ 2x =36 [-10]

€ Sa-3=12[+3]

EXPLANATION

Write out the equation and then divide both sides
by 8.

40 = 8is S and 8y + 8 is y.

Write out the equation and then subtract 10 from
both sides.

36 — 10 is 26.

10 + 2x — 10 is 2x.

Write out the equation and then add 3 to
both sides.

12 + 31is 15.

S5a — 3 + 3is 5a.

Solving equations systematically

Solve the following equations and check the solution by substituting.

a x—4=16
SOLUTION
a x—4=16

+4< >+4
x =20

So the solution is x = 20.

b 2u+7=17
—7< =7
2u =10

+2< >+2
5
So the solution is u = 5.
c 40 — 3x =22
—40< >—40
—3x=-18
+=3 g ) +-3
x=6

So the solution is x = 6.

u =

b 2u+7=17

ISBN 978-1-108-46627-1
Photocopying is restricted under law and this material must not be transferred to another party.

c 40 -3x=22

EXPLANATION

By adding 4 to both sides of the equation, we get
an equivalent equation.

Check:20 -4 =16 Vv

To remove the +7, we subtract 7 from both sides.
Finally, we divide by 2 to reverse the 2u.
Remember that 2u means 2 X u.

Check:2(5) +7=10+7=17

We subtract 40 from both sides to remove the
40 at the start of the LHS.

Since —3 X x = —18, we divide by —3 to get the
final solution.

Check: 40 — 3(6) =40 - 18 =22

© Palmer et al. 2018 Cambridge University Press



Exercise 2B Revision
s asm e

1 For each of the following equations add 4 to both sides to obtain an equivalent equation.

a 3x=10 b 7+k=14 c 5=2x
2 For each equation fill in the blank to get an equivalent equation.
a 5x=10 b 10 — 2x =20
+2 < > +2 +5 +5

c 3g+4=__ d Tz+12=4z+ 10
-4 < >—4 -10 <> ) -10
3¢ =12 Tz+2=__
3 Consider the equation 4x = 32.
a Copy and complete the following working.

4x =32
+4< >+4
X =__

b What is the solution to the equation 4x = 32?

4 To solve the equation 10x + 5 = 45, which of the following operations would you first apply to
both sides?

A divide by 5 B subtract 5 C divide by 10 D subtract 45
example4 O For each equation, show the result of applying the given operation to both sides.

a 10+ 2x =30 [-10] b 4+4g=12[-2] c 13=12—q [+5]

d 4x =8 [x3] e Tp=2p+4][+6] f 3g+1=2q+1][-1]

6 Copy and complete the following to solve the given equation systematically.

a 10x = 30 ] qg+5=2
+10< >+10 —SQ )—5
X =__

c _2<4:x+=2j22>_2 d _2<io__=ip_+2‘>_2
+4<_=_>+4 D<_=_>D
» p+3+6=38 »
Cposen
+—4< ~ >+—4 L] pTi=2‘>D

example5a 7 Solve the following equations systematically.

a a+5=8 bh tx2=14
c 7=qg-2 d 11l=k+2
e 19=x+9 f -30=3h
g —36=9/ h g+3=-3
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example 5t 8 Solve the following equations systematically. Check your solutions using substitution.
a 5+9 =32 b 9u-6=30
c 13=55s-2 d —18=6-3w
e —12=5x+38 f —44=10w+6
g 8=-8+28a h 4y -8=-40
example5c 9 Solve the following equations systematically and check your solutions.
a 20-4d=38 b 34=4-5j
c 21 —-Ta=17 d 6=12-3y
e 13 -8k=45 f 44=23-13n
g 13=-3b+4 h -22=14-9b

10 The following equations do not have whole number solutions. Solve the following equations

systematically, giving each solution as a fraction.

a 2x+3=10 b 5+3¢=6
c 12=100+7 d 15=10+ 2x
e 15=10-2x f 13+2p=-10
g 22=9+ 15y h 12-2y=15
11 For each of the following, write an equation and solve it systematically.
a The sum of p and 8 is 15.
b The product of g and —3 is 12.
¢ Four is subtracted from double the value of k and the result is 18.
d  When r is tripled and 4 is added, the result is 34.
e When x is subtracted from 10, the result is 6.
f  When triple y is subtracted from 10, the result is 16.
12 Solve the following equations systematically. More than two steps are involved.
a 14x(@x+2) =140 b 8=(10x—4)+2 c —-12=03-x)x4

13 The following shapes are rectangles. By solving equations systematically, find the value of the

variables. Some of the answers will be fractions.
a 10

Sy+31 T17

2x Perimeter = 40

1|3:x
251 +10x+5
;I}
25
12 4g -1
70 -3p

14 Sidney works for 10 hours at the normal rate of pay ($x per hour), and then the next three hours

at double that rate. If he earns a total of $194.88, write an equation and solve it to find his normal

hourly rate.
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Stage 4 Year 8 Second edition
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15 a Prove that 7x + 4 = 39 and —2x + 13 = 3 are equivalent by filling in the missing steps.

Ix + 4 =39
Tx =35

=7 < > +7
><—2< > X =2
+13 >+13
—2x+13=3

b Prove that 10k + 4 = 24 and 3k — 1 = 5 are equivalent.

16 a Prove that4x + 3 = 11 and 2x = 4 are equivalent. Try to use just two steps to get from one
equation to the other.
b Are the equations 5x + 2 = 17 and x = 5 equivalent?
¢ Prove that 10 — 2x = 13 and 14x 4+ 7 = 20 are not equivalent, no matter how many steps
are used.

17 A student has taken the equation x = 5 and performed some operations to both sides:

x=35
x4< >><4
4x =20
+3< >+3
dx+3=23
><2< >><2

Solve (4x + 3) X 2 = 46 systematically.
Describe how the steps you used in your solution compare with the steps used by the student.

(4x +3) x 2 =46

Give an example of another equation that has x = 5 as its solution.

o 0 T o

Explain why there are infinitely many different equations with the solution x = 5.

ENRICHMENT = = 18

Dividing whole expressions

18 Tt is possible to solve 2x + 4 = 20 by first dividing both sides by 2, as long as every term is divided
by 2. So you could solve it in either of these fashions.

2x +4 =20 2x +4 =20
—4< >—4 +2 +2
2x =16 x+2=10
+2< >+2 —2<A )—2
x=38 x=38

Note that 2x + 4 divided by 2 is x + 2, not x + 4. Use this method of dividing first to solve the
following equations, and then check that you get the same answer as if you subtracted first.

a 2x+6=12 h 4x+12=16
¢ 10x+30=50 d 2x+5=13
e 5x+4=19 f 3+2x=5
g 7=2x+4 h 10=4x+10
Cambridge Maths NSW ISBN 978-1-108-46627-1 © Palmer et al. 2018 Cambridge University Press
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2C Equations with fractions

& Recall from algebra that a fraction such as grepresents x + 3. This means that to solve an equation with ;ﬁ

on one side, we should first multiply both sides by 3. For example:

Interactive

Widgets 20 - {
><3< > x5<
x =30 100 = x

AR Sox =100

®

o

o | @t’s start: Practising with fractions

e If x is a number greater than 1, evaluate these expressions and put them into ascending order (smallest

2x + 1 X 2 2+ 2x 1
b 2(x+ L
2 (2+ > Tt 1 2 (“2)

e Investigate how the order might change if x could be a number less than 1.

to largest):

a
[ | Zmeans a = b.

B To solve an equation with a fraction on one side, multiply both sides by the denominator.
For example:

4_12
4

><4< >><4
q=48

(— )

(72
(3]
[<*)
h=
)
(<*)
x

Solve the following equations systematically.
4y + 15 _ 5x

a 4—x=8 b =3 c 44+—=29 d 7—%=5

3 9 2 3
SOLUTION EXPLANATION
a i_x =8 Multiplying both sides by 3 removes the denominator

%3 < > %3 of 3.

4x =24 Both sides are divided by 4 to solve the equation.
+4< >+4
x=06

Example continues on next page
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Continued from previous page

b 9 3 Multiplying both sides by 9 removes the denominator
%0 < > %0 of 9.
4y + 15 =27 The equation 4y + 15 = 27 is solved in the usual
—15 (A —15 fashion (subtract 15, divide by 4).
4y =12
+4 < > +4
y=3
] 4 + %x =29 We must subtract 4 first because we do not have a
4 4 fraction by itself on the left-hand side. Once there
is a fraction by itself, multiply by the denominator (2).
2 =25
2
><2< > X2
5x =50
+5 < > +5
x =10
d 7 = 2x _ 5 Subtract 7 first to get a fraction. When both sides are
2 negative, multiplying (or dividing) by —1 makes them
=7 -7 ..
both positive.
2x
)
3

Exercise 2C

UNDERSTANDING AND FLUENCY 1-3, 4-5(%) 2,3,4-5(%) 4-5(%)

1 a Ifx=4,ﬁndthevalue0f%+6.

b If x = 4, find the value of %

x+6
2

X . .
c Are 2 + 6 and equivalent expressions?

2 Fill in the missing steps to solve these equations.

a *—10 b m_s c n=14 d P _4

3 5 2 10

><3< >><3 ><5< >x5 D< >|:| |:|< >|:|
_x=_ m:_ _=q p=_
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3 Match each of these equations with the correct first step to solve it.

A

X _ 5

—4
2
—4=7

a

N

b =5

c

d +4=3

==

eample6a 4 Solve the following equations systematically.

Il
N

{-\)
v

RS}

)
Il
|98

| w[R
Il Il
ol
O

=

I |b°
(@) BN |
‘d 3
1]
N

Example 6b,c,d 5

a ﬂ=_10

Cambridge Maths NSW
Stage 4 Year 8 Second edition

ISBN 978-1-108-46627-1

b

Multiply both sides by 2.

Add 4 to both sides.

Multiply both sides by 4.

Subtract 4 from both sides.

g _,
10

k_j

6
w_ 4
10
s
4

n_y,

7

-6
Y o
5

Solve the following equations systematically. Check your solutions by substituting.

h+ 10

=4
3
c—7=_5
2
si
]+6=2
8
dn_6_
9
P Al
3
9_4_s
7
5u—7=_2
—4
20=3+13b
-7
4+ —=-3
8
g=_1
5
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PROBLEM-SOLVING AND REASONING 6,9 6,7,9,10 6(%2), 7-9, 10(%2)

6 For the following puzzles, write an equation and solve it to find the unknown number.

a
b
c
d
e
f

A number x is divided by 5 and the result is 7.

Half of yis —12.

A number p is doubled and then divided by 7. The result is 4.

Four is added to x. This is halved to get a result of 10.

x is halved and then 4 is added to get a result of 10.

A number k is doubled and then 6 is added. This result is halved to obtain —10.

7 The average of two numbers can be found by adding them and then dividing the result by 2.

b
c
d

8 A restaurant bill of $100 is to be paid. Blake puts in one-third of
the amount in his wallet, leaving $60 to be paid by the other people
at the table.

x+5 = 12 to find out.

If the average of x and 5 is 12, what is x? Solve the equation

The average of 7 and p is —3. Find p by writing and solving an equation.
The average of a number and double that number is 18. What is that number?
The average of 4x and 6 is 19. What is the average of 6x and 4? (Hint: find x first.)

Write an equation to describe this situation, if b represents the
amount in Blake’s wallet before he pays.
Solve the equation systematically and, hence, state how much

money Blake has in his wallet.

9 When solving 23_x = 10 we first multiply by the denominator, but we could have written 2 <;—C> =10

and divided both sides by 2.

a Solve 2(§> = 10.
b Is the solution the same as the solution for 23—x = 10 if both sides are first multiplied by 3?
47
¢ Solve 4 = 1470 by first:
i multiplying both sides by 13
i dividing both sides by 147
d What is one advantage in dividing first rather than multiplying?
e Solve the following equations.
20
i =P _40
14
. 13
i 7= -39
27
Lo —4
il — =4
77
v 1237 _ 246
17
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10 To solve an equation with a variable as the denominator we can first multiply both sides by that

variable.
—=10
X
TN
30 = 10x
+10< >+10
3

Use this method to solve the equations.

=X

a 12_, b _—15=—5
X X

c l+3=4 d 4+@=14
X X

e 04123 f5==10 3
X X

ENRICHMENT = = 11,12

Fractional solutions

11 Solve the following equations. Note that the solutions should be given as fractions.

4x+3=12 b 8+3x=6
5 5
e 7=241 g 2= 103
4 3 4

12 Recall from Section 1E (Adding and subtracting algebraic fractions) that algebraic fractions can be
combined by finding a common denominator. For example:

2x | S5x _ 8x  15x
+ ===+ =

304 12 12

_ 2
12
Use this simplification to solve the following equations.
a 2446 b 2+X=22
3 4 56
c 10=242 d 4=2-2
2 3 2 3
e Sy _ng fa=X_X
5 3 7 3
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2D Equations with pronumerals on both sides

So far all the equations we have considered involved a pronumeral either on the left-hand side
(e.g. 2x + 3 = 11) or on the right side (e.g. 15 = 10 — 2x). But how can you solve an equation with
pronumerals on both sides (e.g. 12 + 5x = 16 + 3x)? The idea is to look for an equivalent equation with

pronumerals on just one side.

The equation 12 4+ 5x = 16 + 3x can be thought of as
balancing scales, as shown on the right.

Then 3x can be removed from both sides of this equation to get:

The resulting equation 12 + 2x = 16 is straightforward to solve.

Let’s start: Moving pronumerals

You are given the equation 11 + 5x = 7 + 3x.

* Can you find an equivalent equation with x just on the left-hand side?
e Can you find an equivalent equation with x just on the right-hand side?
e Try to find an equivalent equation with 9x on the left-hand side.

* Do all of these equations have the same solution? Try to find it.

B If both sides of an equation have a pronumeral added or subtracted, the new equation will be
equivalent to the original equation.

B If pronumerals are on both sides of an equation, add or subtract it so that the pronumeral
appears on only one side. For example:

10 + Sa = 13 + 2a 4b + 12 =89 — 3b
—2a< >—2a +3b< >+3b

10 +3a =13 7b + 12 = 89

B Sometimes it is wise to swap the left-hand side and right-hand side.
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Solving equations with pronumerals on both sides

Solve the following equations.
a 7t+4=5+10

SOLUTION

a Tt + 4 =5+ 10
—5t< )—51‘

2t+ 4 =10
()
=6
—2( >+2
= 3

] 6x +4 =22 — 3x

+3x <A A> +3x
Ox +4 =22
R
<9x = 18>

x=2

c 2u =Tu — 20
—2u < ;> —2u

20 = Su
+5 =5
4=u
u=4

Exercise 2D

UNDERSTANDING AND FLUENCY

1 If x = 3, are the following equations true or false?

a S+ 2x=4x-1
c 2+ 8x=12x

2 Fill in the blanks for these equivalent equations.

Sx+3=2x+8
a —Zxk 4)_2)6

9q + 5 = 12q + 21
b —9q<k )—9(]
___=3g+ 12
5

Cambridge Maths NSW
Stage 4 Year 8 Second edition

b 6x+4=22-3x ¢ 2u="7Tu-20

EXPLANATION

Pronumerals are on both sides of the equation, so

subtract 5¢ from both sides.

Once 5t is subtracted, the usual procedure is

applied for solving equations.

LHS =73)+ 4 RHS =5@3)+ 10
=125 =25 v

Pronumerals are on both sides. To get rid of 3x,

we add 3x to both sides of the equation.

Alternatively, 6x could have been subtracted from

both sides of the equation to get 4 = 22 — 9x.

LHS =6(2)+4 RHS =22 - 3(2)
=16 =16 v

Choose to remove 2u by subtracting it.

Note that 2u — 2u is equal to 0, so the LHS of the
new equation is 0.

LHS =24) RHS=7(4) —-20

1-3, 4-1(%2) 2,3,4-1(%) 5-7

ISBN 978-1-108-46627-1
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bh 7x=6x+5
d 9x—-—7=3x+11
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3 To solve the equation 12x + 2 = 8x + 16, which one of the following first steps will ensure that x

is only on one side of the equation?
A subtract 2 B subtract 8x C add 12x
D subtract 16 E add 20x

eampe7a 4 Solve the following equations systematically and check your solutions.
a 10f+3=23+0f
b 10y +5 =26+ 3y
c 7s+7=19 + 3s
d 95 +4=4j+14

e 2r+8=28r+20

f 4+3n=10n+ 39
g 4+8 =10y + 14
h 5+3r=6r+17

i 7+5¢=19+9¢q

example7s. 5 Solve the following equations systematically, checking your solutions using substitution.

a 9+4r=Tr+15

b 2¢c-2=4c-6

c 6t—-3=T7t—-8

d 7z—-1=8z-4

e 8 —-24=2t—-6

f 2¢g—5=3¢-3

g Sx+8=6x—-1

h 8w—-15=6w+3

i 6+4=5 -1

eample7c 6 Solve the following equations systematically. Your solutions should be checked using substitution.

a 1—-4a=7-6a b 6-7¢=2->5¢g
12-81=8—10n d 2+ 8u=37+3u

e 21 -3h=6-06h f 37-4=7-10

g 13—T7c=8c—-2 h 10+4n=4-2n

i 10a + 32 =2a j 10v+ 14 =38y

k 18 +8c=2c | 2t+7=22-3¢

m 6n-47=9 - 8n n 3n=15+8n

0 38—10/=10+ 4/

7 Solve the following equations systematically. Your answers should be given as fractions.
a 3x+5=x+6
b S5k-2=2k
C 3+m=6+3m
d 95+4=5/+14
e 3—j=4+]

f 2z+3=4z-38
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PROBLEM-SOLVING AND REASONING 8,12 8-10, 12, 13 9-11,13,14

8

Write an equation and solve it systematically to find the unknown number in these problems.

a Doubling x and adding 3 is the same as tripling x and adding 1.

b If z is increased by 9, this is the same as doubling the value of z.

¢ The product of 7 and y is the same as the sum of y and 12.

d  When a number is increased by 10, this has the same effect as tripling the number and
subtracting 6.

Find the value of x and y in the following rectangles.

a 3x+2

y+3 3y—17

5x— 10
b 3y—18

y—4
Find the area and the perimeter of this rectangle.
8x—-21

2y—4 y+8

dx+7

At a newsagency, Preeta bought four pens and a $1.50 newspaper, while her husband Levy bought
two pens and a $4.90 magazine. To their surprise the cost was the same.

a Write an equation to describe this, using p for the cost of a single pen.

b Solve the equation to find the cost of a pen.

¢ If Fred has a $20 note, what is the maximum number of pens that he can purchase?

To solve the equation 12 + 3x = 5x + 2 you can first subtract 3x or subtract 5x.
a Solve the equation above by first subtracting 3x.

b Solve the equation above by first subtracting Sx.

¢ What is the difference between the two methods?

Prove that the rectangular shape shown must be a square. (Hint: first find the values of x and y.)

3x+5

6y—17 Sy—1

2x+13

Cambridge Maths NSW ISBN 978-1-108-46627-1 © Palmer et al. 2018 Cambridge University Press
Stage 4 Year 8 Second edition Photocopying is restricted under law and this material must not be transferred to another party.



14 a Try to solve the equation 4x + 3 = 10 + 4x.
This tells you that the equation you are trying to solve has no solutions (because 10 = 3 is
never true). Prove that 2x + 3 = 7 + 2x has no solutions.
¢ Give an example of another equation that has no solutions.

ENRICHMENT - - 15

Geometric equations

15 Find the values of the pronumerals in the following geometric diagrams.

a ]
c d
AGK +4)°
e f
(100 — 2x)° (26x + 2)°
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2E Equations with brackets

In Chapter 1 it was noted that expressions with brackets could be expanded by considering
rectangle areas.

Ca

Interactive

The diagram shows that 4(x + 2) and 4x + 8 are equivalent. This becomes quite helpful when solving an
equation like 4(x + 2) = 5x + 1. We just solve 4x + 8 = 5x + 1 using the techniques from the previous

®

Widgets

Walkthrough

section.
x 2
g <> <>
4 4x x=Adx :4><2 Area=4(x+2)
=8 [Arca=4x+8

Let’s start: Architect’s dilemma

In the house plans shown, the kitchen and dining room are separated by a dividing door.

7 Dining room 14
->»
<>
3 i Kitchen \ 4
—— Divider

e If the breadth of the divider is x, what is the area of the kitchen? What is the area of the dining room?
e Try to find the breadth of the divider if the areas of the two rooms are equal.
e Isiteasier to solve 3(7 + x) = 4(x + 4) or 21 + 3x = 4x + 16? Which of these did you solve

when trying to find the breadth of the divider?

B To expand brackets, use the distributive law, which states that:

e ab+c)=ab+ ac
For example, 3(x + 4) = 3x + 12.

(72
S
(")
=
)
(<&}
x

e ab—-c)=ab - ac
For example, 4(b — 2) = 4b — 8.

B Like terms are terms that contain exactly the same pronumerals and can be collected to
simplify expressions. For example, 5x + 10 + 7x can be simplified to 12x + 10.

B Equations involving brackets can be solved by first expanding brackets and collecting
like terms.
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@ Solving equations with brackets

(— )

Solve the following equations by first expanding any brackets.

a 3(p+4)=18
¢ 4Q2x—5) +3x=57

SOLUTION
"
a 3p+4) =18
3p+ 12 =18
-12

3

b —12(3g + 5) = 132
—36g + (—60) = —132

~36q — 60 = —132
+60 4)+60

—36g = —72
+-36 1 =36
qg=2
¢ 42x — 5) + 3x =57

8x — 20 + 3x =57

—20=57
+20 Q) )+20
1lx = 77
—11<>
e

d 2Bk + 1) =52k - 6)

ij 2 = 10k - 30
~OkNs 5 — 4k — 30« Ok
w30(, _ 4k4>+30

_4Q>8—k<> 4

Exercise 2E

UNDERSTANDING AND FLUENCY

1 Fill in the missing numbers.
a 4(y+3)=4y+ []
¢ 2(dx+5) =[x+

b —12(3q +5) = —132
d 2Gk+1) =502k —6)

EXPLANATION

Use the distributive law to expand the brackets.
Solve the equation by performing the same
operations to both sides.

Use the distributive law to expand the brackets.
Simplify —36g + (—60) to —36g — 60.

Solve the equation by performing the same
operations to both sides.

Use the distributive law to expand the brackets.
Combine the like terms: 8x 4+ 3x = 11x.

Solve the equation by performing the same
operations to both sides.

Use the distributive law on both sides to expand
the brackets.

Solve the equation by performing the same
operations to both sides.

1-5, 6-7(%) 1,4,5,6-8() 5-9(12)

b 72p-5=0lp-35
d 1065 +3¢) = + Og

2 Match each expression a—d with its expanded form A-D.

a 2(x+4)
b 4(x +2)
¢ 2Q2x+ 1)
d 2(x+2)
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3 Rolf is unsure whether 4(x + 3) is equivalent to 4x + 12 or 4x + 3.

a Fill out the table below.

x 0 1 2
4(x + 3)
4 + 12
4x+ 3

b What is the correct expansion of 4(x + 3)?

4 Simplify the following expressions by collecting like terms.

a 4x+ 3x b 7p+2p+3 C 8&x—2x+4

d 2k+4+5k e 3x+6—2x fo7k+21 -2k
examplesa O Solve the following equations by first expanding the brackets.

a 2(4u+2)=52 b 33/—-4)=15 c 52p—-4)=40

d 15=52m-15) e 2(5n+5) =060 f 26=23a+4)
exampie 8 6 Solve the following equations involving negative numbers.

a —6(dp+4) =24 b —2(4u—-5)=34 c —23v—-4)=38

d 28=-43r+5) e —3(2b-2)=48 f —-6=-32d-4
examplesc 7 Solve the following equations by expanding and combining like terms.

a 43y +2)+2y=50 b 521-5)+3l=1 c 405 +3w)+5=49

d 49=50Gc+5) -3¢ e 28=403d+3)—-4d f 58=4C2w-15) + 5w

g 23=412p-3) +3 h 44 =53k +2)+ 2k i 49=3Q2c-5)+4

exampie8d 8  Solve the following equations by expanding brackets on both sides.

a 5@x—-4)=503x+23) b 6(4+2r)=30G5r+3) c 505f-2)=53f+4)

d 4(4p —3) =24+ 3p) e 2(5h+4) =34+ 3h) f4@r-5)=2(5+5n

g 4G3r—-2) =4@2r+3) h 22p+4)=23p-2) i 3Qa+1)=11(a-2)
9 Solve the following equations systematically.

a 23+5n)+6=42r+5) +6 b 321+2)+18=4(41+3) -8

cC 2B3x -5 +16=3+52x-5) d 3(4s+3)-3=33s+5)+ 15

e 44y +5 —-4=63y—-3)+20 f 34h+5+2=14+3(5h-2)

PROBLEM-SOLVING AND REASONING 10,11, 14 11,12, 14,15 11-13, 15, 16

10 Desmond notes that in 4 years’ time his age when doubled will give the number 50.

Desmond’s current age is d.

a Write an expression for Desmond’s age in 4 years’ time.

b Write an expression for double his age in 4 years’ time.

¢ Write an equation to describe the situation described above.
d  Solve the equation to find his current age.

11 Rahda’s usual hourly wage is $w. She works for 5 hours at this wage and then three more hours at
an increased wage of $(w + 4).
a Write an expression for the total amount Rahda earns for the 8 hours.
b Rahda earns $104 for the 8 hours. Write and solve an equation to find her usual hourly wage.
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12 Kate’s age 5 years ago, when doubled, is equal to triple her age 10 years ago.

a Write an equation to describe this, using k for Kate’s current age.
b Solve the equation to find Kate’s current age.

13 Rectangles A and B have the same area.

10 A 15.5

a  What is the value of x?
b State the perimeter of the shape shown above.

14 Abraham is asked how many people are in the room next door. He answers that if three more
people walk in and then the room’s population is doubled, this will have the same effect
as quadrupling the population and then 11 people leaving. Prove that what Abraham said
cannot be true.

15 Ajith claims that three times his age 5 years ago is the same as nine times how old he will be
next year. Prove that what Ajith is saying cannot be true.

16 A common mistake when expanding is to write 2(n + 3) as 2n + 3. These are not equivalent,
since, for example, 2(5 + 3) = 16 and2 X 5 + 3 = 13.
a Prove that they are never equal by trying to solve 2(n + 3) = 2n + 3.
b Prove that 4(2x + 3) is never equal to 8x + 3 but it is sometimes equal to 4x + 12.

ENRICHMENT - - 17

Challenging expansions

17 Solve the following equations. Note that, in general, your answers will not be integers.
a 23x+4) +506x+7) =64x + 1
b -5@p+2)+52p+3)=-31
c —10(n+1)+202n+13) =7
d 42¢g+1)—-5Bg+1)=11g-1
e x+2x+ 1) +3(x+2)=11x
f m=-2m+1)-3m-1) =21 - 4m)
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2F Solving simple quadratic equations

Most of the equations you have worked with so far are called linear equations like 2x — 3 = 7 and

5(a + 2) =7(a — 1), where the power of the pronumeral is 1 and there is usually a single solution.
Another type of equation is of the form x> = ¢ and this is an example of a simple quadratic equation.
Note that the power of the pronumeral x is 2. Depending on the value of ¢, x can have zero, one or two
solutions. These types of equations appear frequently in mathematics and in problems involving distance,

area, graphs and motion.

Let’s start: How many solutions?

Consider the equation x> = ¢. How many values of x can you think of that satisfy the equation when:
e ¢=0?

° ¢c=9?

e c=-47

What conclusions can you come to regarding the number of solutions for x depending on the value
of ¢?

B Simple quadratic equations of the form x> = ¢: g
e x? = 9 has two solutions because 9 is a positive number. (-t}
=9 =
x =109, x=-v9 Note: 3> =9 and (-3)>=09. =

- — Lt

x =3, x=-3 <

x = +3, where =3 represent both solutions.

e x?> = 0 has one solution (x = 0) because 0> = 0.
e x? = =9 has no solution because the square of any number is 0 or positive.

Solving x2=c whenc¢ > 0

Solve the following equations. Round to two decimal places in part b by using a calculator to assist.

a x*=8l1 b x*=23
SOLUTION EXPLANATION
a x=9%orx=-9 The equation has two solutions because 81 is a

positive number. 9> = 81 and (-9)* = 81.

b x = +v23 =4.80 (to 2 decimal places) or The number 23 is not a perfect square so v23 can
x = —v23 = —4.80 (to 2 decimal places) be rounded if required.
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Example 10

(— )

State the number of solutions for x in these equations.

a x*=-3 b x*=0 c x*=7
SOLUTION EXPLANATION
a zero solutions In x> = ¢, if ¢ < 0 there are no solutions because

any number squared is positive or zero.
b one solution x = 0 is the only solution to x> = 0.

¢ two solutions The equation has two solutions because /7 is a
positive number.

Excersice 2F

UNDERSTANDING AND FLUENCY 1-3, 4-6(%) 3,4-6(%) 4-6(%)

1 a Calculate the following.

i 3%and (-3)?
jiii 1?and (-1)?

ii 6%and (—6)>
iv 102 and (=10)2

b What do you notice about the answers to each pair?

2 a Use a calculator to multiply these numbers by themselves. Recall that a neg X neg = pos.
i =3 i 7 i 13 iv -8
b Did you obtain any negative numbers in part a?

3 Write in the missing numbers.

a (=3)?=__ and3*=9soifx>=9thenx = orx =

b (5)?=___ and (-5)?>=25s0if x> =25then x = orx =

¢ (I1D?>=121and (-11)>=__ soifx>*=121thenx=__  orx=__
example9a 4 Solve the following equations.

a x>=4 b x*=149

¢ x*=100 d x*=064

e =1 f =144

g x*=36 h x*=121

i x*=169 j x2=256

k x2=900 | x*=10000
example 98 9 Solve the following and round to two decimal places.

a x*=6 b =12

c x>=37 d x*=41

e x*=104 f x2=317

g x*=390 h x2=694
example 10 6  State the number of solutions for these equations.

a x*=10 h =4

c x*=3917 d x>*=-4

e xX>=-94 fx2=0

g a*=0 h y=1
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PROBLEM-SOLVING AND REASONING 7,8,10 7,9(%), 11,12 9(%), 10,12, 13

7 The area of a square is 25m? Find its perimeter.

8 A square mirror has an area of 1 m? Find its perimeter.

9 By first dividing both sides by the coefficient of x?, solve these simple quadratic equations.

a 2x*=8 b 3x*=3

¢ 5x*=45 d -3x>=-12

e —2x>=-50 f 7x2=0

g —6x>=-216 h —10x* = —=1000

10 Explain why:
a x? = 0 has only one solution b x? = ¢ has no solutions when ¢ < 0.

11 Solve the equations with the given conditions.
a x>’=16whenx>0 b x»*=25whenx <0
c x>’=49whenx <0 d x>= 196 when x > 0

12 The exact value solutions to x> = 5, for example, are written as x = v/5 or —v/3. Alternatively,
we can write x = ++/3.
Write the exact value solutions to these equations.
a x*=11 b x
c x*=33 d

IS}

7

1
156

IS

X

13 The triad (a, b, ¢) = (3, 4, 5) satisfies the equation a> + b* = ¢? because 32 + 4> = 5%
a Decide if the following triads also satisfy the equation a*> + b* = ¢

i (68, 10) i (5,12, 13)
i (1,2, 3) iv (=3, -4, —5)
Vo (=2, -3, —6) vi (=8, 15,17)

b Can you find any triads, for which a, b, c are positive integers, that satisfy a* + b* = ¢3?

ENRICHMENT = = 14

Solving more complex linear equations

14 Compare this linear and quadratic equation solution.

—-1=11 3 —1=11
3x= 12> ! lg 3% = 12 *
Q ) _sz=4)+3
x=42

Now solve these quadratic equations.

a 2*+1=9 b 5x2-2=3
c 3x>—4=23 d —x>+1=0
e -2x+8=0 f 72> —6=169
g 4-x>=0 h 27-32%=0
i 38 —-2x*=-34
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2G Formulas and relationships  exrension

Some equations are called formulas. A formula shows the relationship between two or more variables.
For example, the area of a rectangle is related to its length and breadth, given by the formula A =/ X b,
and its perimeter is given by P = 2 + 2b.

b A=I[xb
P=21+2b
>
l

Although these are often used as a definition for the area and a definition for the perimeter, they are also
just equations—two expressions written on either side of an equals sign.

Let’s start: Rectangular dimensions

You know that the area and perimeter of a rectangle are givenby A =1 X b and P = 2] + 2b.

e Ifl=10and b =7, find the perimeter and the area.

e If/=2and b = 8§, find the perimeter and the area.

* Notice that sometimes the area value is bigger than the perimeter value, and sometimes the area
value is less than the perimeter value. If / = 10, is it possible to make the area and the perimeter
values equal?

e If [ =2, can you make the area and the perimeter equal? Discuss.

B A formula or rule is an equation containing two or more pronumerals, one of which is the
subject of the equation.

B The subject of a formula is a pronumeral that occurs by itself on the left-hand side.
For example: V is the subject of V = 3x + 2y.

B To use a formula, substitute all the known values and then solve the equation to find the
unknown value.
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(— )

Apply the formula for a rectangle’s perimeter P = 2/ + 2b to find:

a Pwhenl/=4andb=7 bh IwhenP=40and b =3
SOLUTION EXPLANATION
a P=21+2b Write the formula.
P=2Xx4+2x7 Substitute in the values for / and b.
P=22 Simplify the result.
bh P=2]+2b Write the formula.
40=2/+2x%x3 Substitute in the values for P and b to obtain an
equation.
<40 =2[+ j) Solve the equation to obtain the value of /.
—6 —6

34 =21
+2< >+2
17 =1

Exercise 2G EXTENSION

UNDERSTANDING AND FLUENCY 1-7 1,3-9 =)

1

a Substitute x = 4 into the expression x + 7.

b Substitute a = 2 into the expression 3a.

¢ Substitute p = 5 into the expression 2p — 3.

d Substitute r = —4 into the expression 7r.

2 If you substitute P = 10 and x = 2 into the formula P = 3m + x, which of the following equations
would you get?

A 10=6+x B 10=3m+2 C 2=3m+ 10 D P=30+2

3 If you substitute k = 10 and L = 12 into the formula L = 4k + Q, which of the following equations
would you get?

A 12=40+0 B L=40+12 C 12=410+0Q D 10=48+0
example a4 Consider the rule A = 4p + 7.

a FindAifp=3. b FindAifp=11.

¢ FindAifp=-2. d FindAifp:%.

example v 9 Consider the rule U = 8a + 4.
a Find aif U = 44. Set up and solve an equation.
b Find a if U = 92. Set up and solve an equation.
¢ If U= —12, find the value of a.

6 Consider the relationship y = 2x + 4.
a Findyifx=3.
b By solving an appropriate equation, find the value of x that makes y = 16.
¢ Find the value of xif y = 0.
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Chapter 2

7 Use the formula P = mv to find the value of m when P = 22 and v = 4.

8 Assume that x and y are related by the equation 4x + 3y = 24.
a If x = 3, find y by solving an equation.
b If x = 0, find the value of y.
¢ If y =2, find x by solving an equation.
d Ify =0, find the value of x.

9 Consider the formula G = k(2a + p) + a.
a Ifk=3,a=7andp = -2, find the value of G.
b If G=78,k=23and p = 5, find the value of a.

PROBLEM-SOLVING AND REASONING 10,13 10,11, 13, 14 11,12, 15, 16

10 The cost $C to hire a taxi for a trip of length d km is C = 3 + 2d.
a Find the cost of a 10 km trip (i.e. for d = 10).
b A trip has a total cost of $161.
i Set up an equation by substituting C = 161.

i Solve the equation systematically.
iii How far did the taxi travel? (Give your answer in km.)

11 In Rugby Union, 5 points are awarded for a try, 2 points for a conversion and 3 points for a penalty.
A team’s score is therefore S = 5¢ + 2¢ + 3p, where ¢ is the number of tries, ¢ is the number of
conversions and p is the number of penalties.

a Find the scoreiftr =2,c=1and p = 2.

b If a team’s score is 20 and they scored three tries and one penalty, how many conversions did
they score?

¢ In Rugby League, 4 points are awarded per try (7), 2 points for a conversion (c¢) and 1 point for
a drop goal (d). Write a formula for the total score (S) of a Rugby League team.
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13

14

15

The formula for the area of a trapezium is A = %h(a + D). a
a Find the area of the trapezium shown at right. / i h
b
b Find the value of hif A =20,a=3and b =17. 8
12
¢ Find the missing value in the trapezium shown at right. 7
/ Area =72 1 3

?

Katy is a scientist who tries to work out the relationship between the volume of a gas, V mL, and
its temperature, 7°C. She takes a few measurements.

Vv 10 20
T 10 15

a What is a possible rule between V and 77

b Use your rule to find the volume at a temperature of 27°C.

_ 2
¢ Prove that the rule 7' = % + 10 would also work for Katy’s results.
Consider the rule G = 120 — 4p.

a If pis between 7 and 11, what is the largest value of G?
b If p and G are equal, what value do they have?

Marie is a scientist who is trying to discover the relationship between the volume of a gas, V, its
temperature, 7', and its transparency, A. She takes a few measurements.
Test 1 Test2
\%4 10 20
A 2 5
T 15 12

Which one or more of the following rules are consistent with the experiment’s results?

A T=%4—V B T=V+2A C T=17-A
16 Temperatures in degrees Fahrenheit and degrees Celsius are related by the rule F = 1.8C + 32.

a By substituting F' = x and C = x, find a value such that the temperature in Fahrenheit and the
temperature in Celsius are equal.

b By substituting F = 2x and C = x, find a temperature in Celsius that doubles to give the
temperature in Fahrenheit.

¢ Prove that there are no Celsius temperatures that can be multiplied by 1.8 to give the
temperature in Fahrenheit.
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ENRICHMENT

Mobile phone plans

17 Two companies have mobile phone plans that factor in the number of minutes spent talking each

month (¢) and the total number of calls made (c).

Company A’s cost, in cents: A = 20¢ + 15¢ + 300
Company B’s cost, in cents: B = 307 + 10c

In one month 12 calls were made, totalling 50 minutes on the phone. Find the cost, in dollars,
that company A and company B would have charged.

In another month, a company A user is charged $15 (1500 cents) for making 20 calls.

How long are these calls in total?

In another month, a company B user talks for 60 minutes in total and is charged $21.

What is the average length of these calls?

Briony notices one month that for her values of 7 and ¢, the two companies cost the same.
Find a possible value of 7 and ¢ that would make this happen.

Briony reveals that she made exactly 20 calls for the month in which the two companies’
charges would be the same. How much time did she spend talking?
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2H Applications EXTENSION

Although knowing how to solve equations is useful, it is important to be able to recognise when real-
world situations can be thought of as equations. This is the case whenever it is known that two values
are equal.

45

In this case, an equation can be constructed and solved. It is important to translate this solution into a

Widgets

meaningful answer within the real-world context.

B Let’s start: Sibling sum

W

@AW Jerome and his elder sister are 4 years apart in their ages.
e If the sum of their ages is 26, describe how you could work out how old they are.
e Could you write an equation to describe the situation above, if x is used for Jerome’s age?

*  How would the equation change if x is used for Jerome’s sister’s age instead?

B An equation can be used to describe any situation in which two values are equal. g
B To solve a problem follow these steps. %
1 Define pronumerals to stand for unknown numbers. 1 Letx = Jerome’s age. )
.. x + 4 = his sister’s age §
2 Write an equation to describe the problem. 2 x+x+4=32
3 Solve the equation by inspection or systematically. 3 4 Cx t4= 35) 4
2x =28
2 Q >+2
x=14
4 Make sure you answer the original question, 4 Jerome is 14 years old and his
including the correct units (e.g. dollars, years, cm). sister is 18.

5 Check that your answer is reasonable.

Solving a problem using equations

The weight of six identical books is 1.2 kg. What is the weight of one book?

SOLUTION EXPLANATION
Let b = weight of one book (in kg).  Define a pronumeral to stand for the unknown number.
6b =12 Write an equation to describe the situation.
6b =12 Solve the equation.
+6 < > +6 Answer the original question. It is not enough to give a final
b=02 answer as 0.2; this is not the weight of a book, it is just a
The books weigh 0.2 kg each, or number.
200 g each.
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Solving a harder problem using equations

Purchasing five apples and a $2.40 mango costs the same as purchasing
seven apples and a mandarin that costs 60 cents. What is the cost of each

apple?

SOLUTION EXPLANATION

Let ¢ = cost of one apple, in dollars. Define a pronumeral to stand for the unknown
number.

Sc+24="7Tc+ 0.6 Write an equation to describe the situation. Note that
60 cents must be converted to $0.6 to keep the units
the same throughout the equation.

Sc+24="7Tc+ 0.6 Solve the equation.
=S¢ L} ) —5c

24 =2c+ 0.6
-0.6 < ) -0.6
1.8 =2¢

+2<0.9=c>+2

Apples cost 90 cents each. Answer the original question. It is not enough to give
a final answer as 0.9; this is not the cost of an apple,
it is just a number.

Solving problems with two related unknowns

Jane and Luke have a combined age of 60. Given that Jane is twice as old as Luke, find the ages of
Luke and Jane.

SOLUTION EXPLANATION

Let/ = Luke’s age. Define a pronumeral for the unknown value. Once Luke’s
age is found, we can double it to find Jane’s age.

I+ 2] =60 Write an equation to describe the situation. Note that Jane’s

age is 2/ because she is twice as old as Luke.

3l=60 Solve the equation by first combining like terms.

+3 < > +3
=20
Luke is 20 years old and Jane is Answer the original question.
40 years old.
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Exercise 2H  exTENSION

UNDERSTANDING AND FLUENCY 1-6 2,4-1 5-7

1 Match each of these worded descriptions (a—€) with an appropriate expression (A-E).

b
c
d
e

the sum of x and 3 A 2x
the cost of two apples if they cost $x each B x+1
the cost of x oranges if they cost $1.50 each C 3x
triple the value of x D x+3
one more than x E 1.5x

2 For the following problems choose the equation to describe them.

a The sumof xand 5is 11.

A 5x=11 B x+5=11 C x-5=11 D 11-5
b The cost of four pens is $12. Each pen costs $p.

A 4=p B 12p C 4p=12 D 12p=4
¢ Josh’s age next year is 10. His current age is j.

A j+1=10 B j=10 C 9 D j—-1=10
d  The cost of n pencils is $10. Each pencil costs $2.

A n+10=2 B 5 C 10n=2 D 2n=10

3 Solve the following equations.

a 5p=30 b 5+2x=23
¢ 12k—-7=41 d 10=3a+1

exampie 12 4 Jerry buys four cups of coffee for $13.20.

b
c
d

Ac
a
b
c
d

Choose a pronumeral to stand for the cost of one cup of coffee.
Write an equation to describe the problem.

Solve the equation systematically.

Hence, state the cost of one cup of coffee.

ombination of six chairs and a table costs $3000. The table alone costs $1740.
Define a pronumeral for the cost of one chair.

Write an equation to describe the problem.

Solve the equation systematically.

Hence, state the cost of one chair.

6 The perimeter of this rectangle is 72 cm.

4 cm S

a Write an equation to describe the problem, using b for the breadth.

b
c

Solve the equation systematically.
Hence, state the breadth of the rectangle.
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Example 13

Example 14

A plumber charges a $70 call-out fee and $52 per hour. The total cost of a
particular visit is $252.

a Define a pronumeral to stand for the length of the visit, in hours.

b Write an equation to describe the problem.

¢ Solve the equation systematically.

d State the length of the plumber’s visit, giving your answer in minutes.

PROBLEM-SOLVING AND REASONING 9,14 8-11,14 11-15

8

10

1

12

13

A number is tripled, then 2 is added. This gives the same result as if the number were quadrupled.
Set up and solve an equation to find the original number.

A square has a perimeter of 26 cm.

S+ +  Perimeter = 26 cm

a Solve an equation to find its side length.
b Hence, state the area of the square.

Alison and Flynn’s combined age is 40. Given that Flynn is 4 years older than Alison, write an
equation and use it to find Alison’s age.

Recall that in a quadrilateral the sum of all angles is 360°. Find the values of x and y in the
diagram below.

The sum of three consecutive numbers is 357.

a Use an equation to find the smallest of the three numbers.

b What is the average of these three numbers?

¢ If the sum of three consecutive numbers is 38 064, what is their average?

The breadth of a rectangular pool is 5 metres longer than
the length. The perimeter of the pool is 58 metres.

a Draw a diagram of this situation.

b Use an equation to find the pool’s length.

¢ Hence, state the area of the pool.
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14 The average of two numbers can be found by adding them and dividing by 2.
a
b If the average of x and 10 is 2, what is the value of x?
C

If the average of x and 10 is 30, what is the value of x?

If the average of x and 10 is some number R, create a formula for the value of x.

15 Sometimes you are given an equation to solve a puzzle, but the solution of the equation is not

actually possible for the situation. Consider these five equations.

d

A 10x =50

8+x=10

10+x=38

10x =8

3x+5=x+5

You are told that the number of people in a room can be determined by solving an equation.

m oo w

Which of these equations could be used to give a reasonable answer?

If the length of an insect is given by the variable x cm, which of the equations could be solved
to give a reasonable value of x?

Explain why equation D could not be used to find the number of people in a room but could be
used to find the length of an insect.

Give an example of a puzzle that would make equation C reasonable.

ENRICHMENT = = 16

Unknown numbers

16 Find the unknown number using equations. The answers might not be whole numbers.

a The average of a number and double the number is 25.5.
b Adding 3 to twice a number is the same as subtracting 9 from half the number.
¢ The average of a number and double the number gives the same result as adding 1 to the
original number and then multiplying by one-third.
d The product of 5 and a number is the same as the sum of 4 and twice the original number.
e The average of five numbers is 7. When one more number is added, the average becomes 10.
‘What number was added?
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2l Inequalities EXTENSION

An inequality is like an equation but, instead of indicating that two expressions are equal, it indicates
which of the two has the greater value.

For example, 2 + 4 < 7,3 X 5 > 15 and x < 10 are all inequalities. The first two are true, and the last one
could be true or false depending on the value of x.

q=

Widgets

For instance, the numbers 9.8, 8.45, 7 and —120 all make this inequality true.

HOTsheets

We could use a number line to represent all the values of x that make x < 10 a true statement.

T > X
Walkthrough 8 9 10 11

OW

Let’s start: Small sums

Two positive whole numbers are chosen: x and y. You are told that x + y < 5.

*  How many possible pairs of numbers make this true? For example, x = 2 and y = 1 is one pair and it
is different from x = 1 and y = 2.

e Ifx + y < 10, how many pairs are possible? Try to find a pattern rather than listing them all.

e If all you know about x and y is that x + y > 10, how many pairs of numbers could there be?

B An inequality is a statement of the form:
e LHS > RHS (greater than). For example: 5 > 2.
* LHS > RHS (greater than or equal to). For example: 7 > 7 or 10 > 7.
* LHS < RHS (less than). For example: 2 < 10.
e LHS < RHS (less than or equal to). For example: 5 < 5or2 < 5.

Key ideas

B Inequalities can be reversed: 3 < x and x > 3 are equivalent.

B Inequalities can be represented on a number line, using closed circles at the end points if the
value is included, or open circles if it is excluded.

Closed circle Open circle
indicates 5 is indicates 6 is
included excluded
x2>5 x<6
X 77— X
4 5 6 17 4 5 6 7

B A range can be represented as a segment on the number line, using appropriate closed and open
end points.
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Representing inequalities on a number line

Represent the following inequalities on a number line.

a x>4
b x<6
c 1<x<5
SOLUTION EXPLANATION
a x>4 A circle is placed at 4 and then the arrow points to the
<—é—z_é—é—> % right, towards all numbers greater than 4.
The circle is filled (closed) because 4 is included in the set.
b x<6 A circle is placed at 6 and then the arrow points to the
«——T—T—o—T—>X left, towards all numbers less than 6.
3 4 5 6 7
The circle is hollow (open) because 6 is not included in
the set.
c 1<x<5 Circles are placed at 1 and 5, and a line goes between
T 0—T—T—T—9¢ T —>X them to indicate that all numbers in between are included.
01 2 3 4 5 6 . . . .
The circle at 1 is open because the inequality is < not <.
Using inequalities to describe real-life situations
(— )

Describe the following situations as an inequality, using x to stand for the unknown quantity.
a Fatima is shorter than 160 cm.

b Craig is at least as old as Maria, who is 10.

¢ Roslyn’s test score is between 40 and 50 inclusive.

SOLUTION EXPLANATION

a x< 160 Using x to stand for Fatima’s height, x must be
less than 160.

b x>10 Craig is at least 10, so his age is greater than or
equal to 10.

c 40<x<50 x is between 40 and 50. The word ‘inclusive’ tells

us that 40 and 50 are both included, so < is used
(rather than < if the word ‘exclusive’ is used).
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Exercise 21 EXTENSION

UNDERSTANDING AND FLUENCY 1-4,5(%), 6 4,5(%), 8, 7(%2) 5(%), 6, 7(4)

1 Classify the following statements as true or false.
a 5>3 b 7<5 c 2<12
d 13<13 e 13<13 f 4>2

2 Match each of these inequalities (a—t) with the appropriate description (A-D).
a x>5 b x<5 c x>3 d x<3
A The number x is less than 5.
B The number x is greater than or equal to 3.
C The number x is less than or equal to 3.
D The number x is greater than 5.

3 For each of the following, state whether they make the inequality x > 4 true or false.
a x=5 b x=-2 c x=4 d x=27

4 If x = 12, classify the following inequalities as true or false.
a x>2 b x<I11 c x>13 d x<12

Bxample 1520 § Represent the following inequalities on separate number lines.

a x>3 b x<10 c x>2 d x<1
e x>1 f x>4 g x<-5 h x<-9
i x<2 j x<-6 k x>-3 I x<5
m 10> x n 2<x 0 5>x p -3<x
eampletsc. 6 @  List which of the following numbers make the inequality 2 < x < 7 true.
8,1,3,4,6,45,5,2.1,7,6.8,2
b Represent the inequality 2 < x < 7 on a number line.
7 Represent the following inequalities on separate number lines.
a 1<x<6 b 4<x<I11 c —2<x<6 d -8<x<3
e 2<x<5 f -8<x<-1 g 7<x<8 h 0<x<1

PROBLEM-SOLVING AND REASONING 8, 11a,b 8,10, 1 9-11, 12(%%)

example 6 8 For each of the following descriptions, choose an appropriate inequality from A-H below.

a Pranav is more than 12 years old.

b Marika is shorter than 150 cm.

¢ Matthew is at least 5 years old but he is younger than 10.

d The temperature outside is between —12°C and 10°C inclusive.
A x< 150 B x<12 C x>12 D x<150
E 10<x<-12 F -12<x<10 G 5<x<10 H 5<x<10

9 It is known that Tim’s age is between 20 and 25 inclusive, and Nick’s age is between
23 and 27 inclusive.
a Ifr= Tim’s age and n = Nick’s age, write two inequalities to represent these facts.
b Represent both inequalities on the same number line.
¢ Nick and Tim are twins. What is the possible range of their ages? Represent this on a number line.
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10 At a certain school the following grades are awarded for different scores.

Score x>80 |[60<x<8 | 40<x<60 |20<x<40| x<20
Grade A B C D E

a Convert the following scores into grades.
i 15 i 79 iii 80 iv 60 v 30

b Emma got a B on one test, but her sister Rebecca got an A with just 7 more marks. What is the
possible range for Emma’s score?

¢ Hugh’s mark earned him a C. If he had scored half this mark, what grade would he have earned?

d Alfred and Reuben earned a D and a C, respectively. If their scores were added together, what
grade or grades could they earn?

e Michael earned a D and was told that if he doubled his mark he would have a B. What grade or
grades could he earn if he got an extra 10 marks?

11 Sometimes multiple inequalities can be combined to a simpler inequality.
a Explain why the combination x > 5, x > 7 is equivalent to the inequality x > 7.
b Simplify the following pairs of inequalities to a single inequality.

i x>5x>2 i x<7,x<3 i x>1,x>1

iv x<10,x < 10 vV x>3,x<10 Vi x>7,x<10
¢ Simplify the following pairs of inequalities to a single inequality.

i 3<x<52<x<7 i —2<x<4,-2<x<4

il 7<x<10,2<x<8 iv 5<x<10,9<x<11

12 Some inequalities, when combined, have no solutions; some have one solution and some have
infinitely many solutions. Label each of the following pairs using 0, 1 or co (infinity) to state how
many solutions they have.

a x>5andx<5

c x>3andx <4

e —2<x<10and 10 <x < 12
g x>25andx<3

x>3andx < 10
x>3andx <2
—-3<x<10and 10 <x <12
x> -S5andx < -7

= o T

ENRICHMENT = = 13,14

Working within boundaries

13 Ifitis known that 0 < x < 10 and 0 < y < 10, which of the following inequalities must be true?
Justify your answers.

a x+y<30 b 2x <20
¢ 10 <2y <20 d xxy<100
e 0<x—y<I10 f x+5y<100

14 If itis known that 0 < a < 10,0 < b < 10 and 0 < ¢ < 10, what is the largest value that the following
expressions could have?

a a+b+c b ab+c
¢ alb+o) d axbxc
e a—-b-c f a-—b-0
g 3a+4 h a-bc
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Key ideas

2J Solving inequalities  exrensin

Sometimes a problem arises in which an inequality is more complicated than something such as x > 5 or
y < 40. For instance, you could have the inequality 2x + 4 > 100. To solve an inequality means to find
all the values that make it true. For the inequality above, x = 50, x = 90 and x = 10000 are all part of the
solution, but the solution is best described as x > 48, because any number greater than 48 will make the
inequality true and any other number makes it false.

The rules for solving inequalities are very similar to those for equations: perform the same operation to
both sides. The one exception occurs when multiplying or dividing by a negative number. We can do this,
but we must flip the sign because of the following observation.

5>2 5>2
(e Gl
— -2 -2

5>
Incorrect method Correct method

Let’s start: Limousine costing

A limousine is hired for a wedding. The charge is a $50 hiring fee

plus $200 per hour.

e If the total hire time is more than 3 hours, what can you say about
the total cost?

e If the total cost is less than $850 but more than $450, what can
you say about the total time the limousine was hired?

B Given an inequality, an equivalent inequality can be obtained by:
e adding or subtracting an expression from both sides
* multiplying or dividing both sides by any positive number
* multiplying or dividing both sides by a negative number and reversing the
inequality symbol
* swapping left-hand side and right-hand side and reversing the inequality symbol.

Example 1 Example 2 Example 3
4x+2<6 2>x+1

) | e
Lo [Pl

No need to reverse. Sign is reversed because | Sign is reversed because
we are dividing by a we have swapped the
negative number. LHS & RHS.
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’ Example 17

Solve the following inequalities.

a Sx+2<47 b 3;4"23 ¢ 15-2r> 1
SOLUTION EXPLANATION
a Sx+2<47 The inequality is solved in the same way as an equation is
( > solved: 2 is subtracted from each side and then both sides
Sx <45 are divided by 5. The sign does not change throughout.

U 47

b 3+ 4x >3 The inequality is solved in the same way as an equation is
><9< ? > solved. Both sides are first multiplied by 9 to eliminate 9
> 27 from the denominator.
<‘ 4x > 24 )
+4
x>6
(¥ 15 -2x>1 15 is subtracted from each side.
- 15( >— 15
2x > —14
+ -2 )+ -2 Both sides are divided by —2. Because this is a negative
x <7 number, the inequality is reversed from > to <.

Exercise 2J  EXTENSION

UNDERSTANDING AND FLUENCY 1-4, 5-7(%) 4,5-7(%2), 8 5-7(%), 8

1 If x = 3, classify the following inequalities as true or false.
a x+4>2 b 5x>10
c 10-x<5 d Sx+1<16

2 State whether the following choices of x make the inequality 2x + 4 > 10 true or false.
a x=5 b x=1
tc x=-5 d x=3

3 a Copy and complete the following.

2x < 8
+2< >+2
x< __

b What is the solution to the inequality 2x < 8?
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Example 17a

Example 17b

Example 17¢

Cambridge Maths NSW
Stage 4 Year 8 Second edition

5

6

7

a Copy and complete the following.

2x+4>10
€
x>
+2< >+2
x>

b What is the solution to the inequality 2x + 4 > 10?
¢ Ifx=7.1328,is 2x + 4 > 10 true or false?

Solve the following inequalities.

a x+9>12 b
¢ 8¢ —-3>37 d
e 9% +3>21 f
g 8a—-9>23 h
9 +2d > 23 i
k 10+7r<24 |
Solve the following inequalities involving fractions.
4=9 .19 b
2
¢ T35 d
4
e 2x+ 4 56 f
3
4
g ;6’7 >4 h

414+ 92>121
2r—-8<6
8s — 8 <32
24+n>7

8 + 6h < 38
6+ 5y <26

Solve the following inequalities involving negative numbers. Remember to reverse the inequality

when multiplying or dividing by a negative number.
a 6-2x<4

c 43 —4n>23
e 2-9v<20
g 48 —8c>32
7 —8s> 31
k 10—-4v>18 |

= < a T

24— 65> 12
34-2j< 14
2-17<37
42 — 8h < 42
6— 8y > 22
4-5v<29

Match the following inequalities (a—d) with their solutions depicted on a number line (A-D).

a 5x+2>17 A

b x+1>3 B
6

c 9(x+4) <45 C

d 5-2x<3 D
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PROBLEM-SOLVING AND REASONING 9,10, 12 9,10, 12-14 10, 11, 13-15

9 Kartik buys four cartons of milk and a $20 phone card. The total cost of his shopping was greater
than $25.
a If c is the cost of a carton of milk, write an inequality to describe the situation above.

b Solve the inequality to find the possible values of c.

¢ If the milk’s cost is a multiple of 5 cents, what is the minimum price it could be?

10 In AFL football the score is given by 6g + b, where g is the number of goals and b is the number
of behinds. A team scored 4 behinds and their score was less than or equal to 36.
a Write an inequality to describe this situation.

b Solve the inequality.

¢ Given that the number of goals must be a whole number, what is the maximum number of
goals that the team could have scored?

11 Recall that to convert degrees Celsius to degrees Fahrenheit the rule is F = 1.8C + 32. Pippa
informs you that the temperature is between 59° and 68° Fahrenheit, inclusive.
a Solve 1.8C + 32 > 59.

b Solve 1.8C + 32 < 68.
¢ Hence, state the solution to 59 < 1.8C + 32 < 68, giving your answer as a single inequality.
d

Pippa later realises that the temperatures she gave you should have been doubled—the range
is actually 118° to 136° Fahrenheit. State the range of temperatures in degrees Celsius, giving
your answer as an inequality.

12 To say that a number x is positive is to say that x > 0.
a If 10x — 40 is positive, find all the possible values of x. That is, solve 10x — 40 > 0.

b Find all k values that make 2k — 6 positive.
¢ If3a + 6 is negative and 10 — 2a is positive, what are the possible values of a?
d

If 5a + 10 is negative and 10a + 30 is positive, what are the possible values of a?

Prove that if 5x — 2 is positive, then x is positive.

a

b Prove that if 2x + 6 is positive, then x + 5 is positive.

¢ Isit possible that 10 — x is positive and 10 — 2x is positive but 10 — 3x is negative? Explain.
d

Is it possible that 10 — x is positive and 10 — 3x is positive but 10 — 2x is negative? Explain.

14 A puzzle is given below with four clues.
Clue A: 3x > 12

ClueB:5 —x<4
Clue C:4x +2 <42
Clue D: 3x + 5 < 36
a Two of the clues are unnecessary. State which two clues are not needed.

b Given that x is a whole number divisible by 4, what is the solution to the puzzle?
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15 Multiplying or dividing by a negative number can be avoided by adding the pronumeral to the

other side of the equation. For example:
—4x+2<6
+4x Q A>+4x
2<6+ 4x
6 <A
—4 < 4x
“( )
1 <x

This can be rearranged to x > —1, which is the same as the answer obtained using the method
shown in the Key ideas. Use this method to solve the following inequalities.
a -5x+20<10

b 12-2a>16
c 10-5b>25
d 12 < -3c

ENRICHMENT - - 16

Pronumerals on hoth sides

16 This method for solving inequalities allows both sides to have any expression subtracted from

them. This allows us to solve inequalities with pronumerals on both sides. For example:

12x+5<10x + 11
- 10}6(A ) —10x
2x+5<11
This can then be solved by the usual method. If we end up with a pronumeral on the right-hand
side, such as 5 < x, the solution is rewritten as x > 5.

Solve the following inequalities.
12x+5<10x+ 11

Ta + 3 > 6a
5—-2b2>3b-35

Tc —5<10c — 11

14k > 200 + 4k

9¢+40< g

4Qa+ 1) >T7a + 12

23k —5) <5k—-1
2Bp+ D >4(p+2)+3

- TS| = oo o o0 T D
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Tiling a pool edge

The Sunny Swimming Pool Company constructs rectangular pools, each 4 m in breadth with various
lengths. There are non-slip square tiles, 50 cm by 50 cm, that can be used for the external edging around
the pool perimeter where swimmers walk.

1 Draw a neat diagram illustrating the pool edge with one row of flat tiles bordering the perimeter of a
rectangular pool 4 m in breadth and 5 m long.

2 Develop a table showing the dimensions of rectangular pools, each with breadth 4 m and ranging in
length from 5 m to 10 m. Add a column for the total number of tiles required for each pool when one
row of flat tiles borders the outside edge of the pool.

3 Develop an algebraic rule for the total number of tiles, T, required for bordering the perimeter of
rectangular pools that are 4 m in breadth and x m long.

4 a Use your algebraic rule to form equations for each of the following total number of tiles when a
single row of flat tiles is used for pool edging.

i odtiles

i 72 tiles

iii 80 tiles

iv. 200 tiles

b By manually solving each equation, determine the lengths of the various pools that use each of the

above numbers of tiles.

5 Develop an algebraic rule for the total number of tiles, 7', required for two rows of flat tiles bordering
rectangular pools that are 4 m in breadth and x m long.

6 a Use your algebraic rule to form equations for each of the following total number of tiles when two
rows of flat tiles are used for pool edging.

i 96 tiles

i 120 tiles

iii 136 tiles

iv 248 tiles

b By manually solving each equation, determine the lengths of the pools that use these numbers

of tiles.

7 Determine an algebraic rule for the total number of tiles, 7', required for n rows of flat tiles bordering
rectangular pools that are 4 m in breadth and x m in length.

8 Use this algebraic rule to form equations for each of the following pools, and then manually solve
each equation to determine the length of each pool.

Cambridge Maths NSW

Pool | Breadth of pool 4 m | Length of pool, x m | Number of layers, n Total number of tiles, T
A 4 3 228
B 4 4 288
C 4 5 500
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Hiring a tuk-tuk taxi

The cost of hiring a tuk-tuk taxi in Thailand is 50 baht hiring cost (flag fall) plus 15 baht every 2 km.

Using a table, show the costs of hiring a tuk-tuk taxi for 2, 4, 6, 8, 10 and 20 km.

On graph paper, draw a graph of the hiring cost (vertical
axis) versus the distance (horizontal axis) travelled.
Use the grid at right as a guide.

On your graph, rule lines to show the distance travelled for
hiring costs of 125 baht and 170 baht.

Write an algebraic formula for the hiring cost, C, of an
x km ride in a tuk-tuk taxi.

A
350 -

300 -
250 -

Cost (baht)
—_— = N
o S
S S 3

-
T T T L

5 10 15 20
Distance (kn)

W
oS O
I

=)

a Use your algebraic formula to form equations for each of the following trip costs.

i 320 baht
i 800 baht
iii 1070 baht

b Use your equation-solving procedures to calculate the distance travelled for each trip.

A tourist is charged A$100 for the 116 km trip from Pattaya Beach to the Bangkok International
airport. If 1 baht can be bought for A$0.03318, do you think that this is a fair price? Justify your

answer with calculations.
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1 Find the unknown value in the following puzzles.

a A number is increased by 2, then doubled, then increased by 3 and then tripled. The result is 99.

b A number is doubled and then one-third of the number is subtracted. The result is 5 larger than the
original number.

¢ In 5 years’ time Alf will be twice as old as he was 2 years ago. How old is Alf now?

d The price of a shirt is increased by 10% for GST and then decreased by 10% during a sale. The
new price is $44. What was the original price?

e One-third of a number is subtracted from 10 and then the result is tripled, giving the original
number back again.

2 Consider the following ‘proof” that 0 = 1.
2x+5=3x+5
ST
2x = 3x

- < > -

2=3
(5

0=1

a  Which step caused the problem in this proof? (Hint: consider the actual solution to the equation.)
b Prove that 0 = 1 is equivalent to the equation 22 = 50 by adding, subtracting, multiplying and

7¢l
(&)
&
e
S
=
i
(&=
S
e
(3~
¢
<
N
N
-
Q.

dividing both sides.

3 Find all the values of x that would make both these inequalities false:
19 -2x<5 and 204+ x>4x+2

4 The following six expressions could appear on either side of an equation. Using just two of the
expressions, create an equation that has no solution.
2x  3x+4+1 TIx+4 4x+7) 24+3x+1) 2@+x) -1

5 A pair of scales only registers weights between 100 kg and 150 kg, but it

allows more than one person to get on at a time.

a If three people weigh themselves in pairs and the first pair weighs
117 kg, the second pair weighs 120 kg and the third pair weighs
127 kg, what are their individual weights?

b If another three people weigh themselves in pairs and get weights of
108 kg, 118 kg and 130 kg, what are their individual weights?

¢ A group of four children, who all weigh less than 50 kg, weigh
themselves in groups of three, getting the weights 122 kg, 128 kg,
125 kg and 135 kg. How much does each child weigh?
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Unknown
Equation
_5 ( 2x + 5 8
) Solving
Tzc 3 >_
Solution

Solving simple
quadratic equations
If X2 = c then:
olf¢>0,x=+corx=—c
e.g. x> =16 gives x = 4.
o |f ¢ =0, then x =0 with one
solution.
e |f ¢ <0, then there are no
solutions for x.

Chapter summary

Equivalent equations
stay balanced

5x+1—x+9>_x

_1<4x+41—8 )1
AR )

T

Pronumerals with
negative coefficients

Cambridge Maths NSW
Stage 4 Year 8 Second edition

Formulas
rules, relationships

P=2[+2b

b

subject pronumerals

Equations with fractions

Equations with brackets

/AN

5(2x—3) +8=6x—19
10x—15+8=6x—19
_5x§10x 7=6x-19

Expand brackets
Collect like terms

Distributive law

Ax-7=-19
7Q 4x=-12
alb+c) +4§ =3

=ab + ac

) —6x
Dt
)+4

V.

Problem solving
with equations

 Rule: starts with word or
pronumeral, has = sign
* Solve: state solution

* Pronumerals: use words to explain

* Sentence answer with units

An orange costs 5¢ more than an apple. An
orange and an apple together cost $1.15.
Determine the cost of each.

Cost of apple =x
Costof orange =x+5
Total=x+x+5
2%+5=115

2x=110

ISBN 978-1-108-46627-1
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Apples cost 55 cents each. Oranges cost
60 cents each.
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Multiple-choice questions

1 Which one of the following equations is true?
A 20+ (2x5=20+10
B 12-8=2
C 5+5x5= 1 ;
| 5 =0
D I5+5x4=20+4 —
E 10-2x4=4%x2-5 o b
L
2 Which one of the following equations does not have the solution x = 9? -
A 4x =36 B x+7=16 c ’3—C=3 ,F_,’
D x+9=0 E l4—x=5 %
3 The solution to the equation 3a + 8 = 29 is: S
A a=21 B a=12% C a=7 D a=18 E a=3
4 ‘Three less than half a number is the same as four more than the number’ can be expressed as an
equation by:
A Z_3-4x B Y44 C 2-3=x+4
2 2 2
D 24+3=x+4 E 2-3+4
2 2
5 The solution to the equation —3(m + 4) = 9 is:
A m=7 B m=-7 C m=-1 D m=1 E m=-3
6 If 12 + 2x = 4x — 6, then x equals:
A 8 B 9 C 12 D 15 E 23
7 Which equation does NOT have the same solution as the others?
A 2x+4=0 B 2x=-4 C 0=4+2 D 2x=4 E 2x+2)=0
8 Which one of the following equations has the solution n = 10?
A 4-n=6 B 2n+4=3n+5 C 50 -4n=90
D 2n+5 =3n+1) E 70-6n=n
9 Malcolm solves an equation as follows.
5-2x+4=11 line 1
1-2x=11 line 2
-2x=10 line 3
x==5 line 4
Choose the correct statement.
A The only mistake was made in moving from line 1 to line 2.
B The only mistake was made in moving from line 2 to line 3.
C The only mistake was made in moving from line 3 to line 4.
D A mistake was made in moving from line 1 to line 2 and from line 3 to line 4.
E No mistakes were made.
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10 The value of x in this isosceles triangle is:

A 30 50°
B 45

C 625

D 65 (2x +5)°
E 130

Short-answer questions

1 Classify each of the following as true or false.
a If3x=06thenx = 3.
b Ifa=2lthena+a—a=a.
c 5x4=10+10

2 Find the solutions to these equations.

a 4m=16 b ?=_4
c 9-a=10 d 10m=2
e 2m+6=36 f a+a=12

3 Write an equation to represent each of the following statements. You do not need to solve the equations.
a Double m plus 3 equals three times m.
b The sum of n and four is multiplied by five; the answer is 20.
¢ The sum of two consecutive even numbers, the first being x, is 74.

4 For each equation below, state the first operation you would apply to both sides.

a 15+2x=45 b §—5=6 ¢ 3a+3=2a+10
5 Solve:
a a+8=12 b 6-y=15 c 2x—1=-9
d 5+3x=17 e 20—4x=12 f 8 —-8=0
6 Solve the following equations systematically.
a 2= b 2 =2 ¢ 2o
3 2 3
g —s=K+3 e 372w _y f 13=24-8
11 3 6
7 Solve these equations by first finding a common denominator.
a 2=£+l b 5—)6—3—x=1 ¢ T-2-10
8 4 3 2 2 4
8 Solve these equations.
a 8a—-3=Ta+5 bh 2-3m=m c 3x+5=Tx-11
d 10-4a=a e 2x+8=x f 4x+9=>5x
9 Solve the following equations by first expanding the brackets.
a 2x+5 =16 b 3x+1)=-9
c 18=-22x-1) d 3Qa+1) =27
e S(a+4)=3a+?2) f 2CGm+5 =16+3(m+2)
g 83—a)+16=064 h 2x+10=4(x-6)
i 42x—-1)-3(x—-2)=10x-3
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10 a

c

11 Solve the following simple quadratic equations. Round to two decimal places where necessary.

a x*=4 b x*=100 c a*>=49

d x>2=38 e y*=39 f =914
12 State the number of solutions for x in these equations.

a 2x=6 b =16 c x*=0

d 5x*=0 e 4x—-1=3 f x»=-3

Extended-response questions

1 To upload an advertisement to the www.searches.com.au website it costs $20 and then
12 cents whenever someone clicks on it.

a

2 Mahni plans to spend the next 12 weeks saving some of her income. She will save $x a week
for the first 6 weeks and then $(2x — 30) a week for the following 6 weeks.

a
b

Cambridge Maths NSW

Stage 4 Year 8 Second edition

The sum of three consecutive numbers is 39. First write an equation and then find the
value of the smallest number.

Four times a number less 5 is the same as double the number plus 3. Write an equation to
find the number.

The difference between a number and three times that number is 17. What is the number?

Write a formula relating the total cost ($S) and the number of clicks () on the
advertisement.

If the total cost is $23.60, write and solve an equation to find out how many times the
advertisement has been clicked on.

To upload to the www.yousearch.com.au website it costs $15 initially and then 20 cents
for every click. Write a formula for the total cost, $Y, when the advertisement has been
clicked n times.

If a person has at most $20 to spend, what is the maximum number of clicks they can
afford for their advertisement at yousearch.com.au?

Set up and solve an equation to find the minimum number of clicks for which the total
cost of posting an advertisement to searches.com.au is less than the cost of posting to
yousearch.com.au.

Write an expression for the total amount Mahni saves over the 12 weeks.

If Mahni managed to save $213 in the first 6 weeks, how much did she save:

i in the first week? i in the 7th week?

iii in total over the 12 weeks?

If Mahni wishes to save a total of $270, write and solve an equation to find out how much
she would have to save in the first week.

If Mahni wishes to save the same amount in the first 6 weeks as in the last 6 weeks, how
much should she save each week?

In the end Mahni decides that she does not mind exactly how much she saves but wants
it to be between $360 and $450. State the range of x values that would achieve this goal,
giving your answer as an inequality.
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3A Length and perimeter REVISION

3B Circumference of circles REVISION
3C Area REVISION

3D Area of special quadrilaterals

3E Area of circles

3F Area of sectors and composite figures
3G Surface area of prisms EXTENSION
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3H Volume and capacity
3| Volume of prisms and cylinders
3J Time REVISION
3K Introducing Pythagoras’ theorem
3L Using Pythagoras’ theorem
3M Calculating the length of a shorter side
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GEOMETRY
SUBSTRAND: LENGTH
AREA
VOLUME
TIME
RIGHT-ANGLED TRIANGLES
(PYTHAGORAS)
Outcomes
Length A student calculates the perimeters of plane
shapes and the circumferences of circles.
(MA4-12MG)
Area A student uses formulas to calculate the

areas of quadrilaterals and circles, and
converts between units of area.
(MA4-13MG)

Volume A student uses formulas to calculate the
volumes of prisms and cylinders, and
converts between units of volume.

(MA4-14MG)
Time A student performs calculations of time
thatinvolve mixed units, and interprets
time zones.
(MA4-15MG)
Right-angled A student applies Pythagoras’ theorem
triangles to calculate side lengths in right-angled
(Pythagoras) triangles, and solves related problems.
(MA4-16MG)
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Civilisations in ancient and modern times have used measurement to better understand the
world in which they live and work. The circle, for example, in the form of a wheel helped
civilisations gain mobility, and modern society to develop machines. For thousands of years
mathematicians have studied the properties of the wheel or circle shape, including such
measurements as its circumference.

The ancient civilisations knew of the existence of a special number (which we know as pi) that
links a circle’s radius with its circumference and area. It was the key to understanding the precise g B
geometry of a circle, but they could only guess its value. We now know that pi is a special number

that has an infinite number of decimal places with no repeated pattern. From a measurement e
perspective, pi is the distance that a wheel with diameter 1 unit will travel in one full turn.




Measurement and Pythagoras’ theorem

1 Convert these measurements to the units shown in the brackets.

a 3 m(cm) b 20 cm (mm) ¢ 1.8km (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)
j 3L (mL) k 4000 mL (L) I 3000 g (kg)
2 Name these shapes.
a N C H I d
—I 4 I— —l I r
e f g

3 Find the area of these rectangles and triangles.

Remember: Area (rectangle) =/ X b and Area (triangle) = %bh.

a [ L] b T c | d
3cm i
1 ] T TS5cm i 4
10 1, [ 4 cm
cm " 8 cm
8 cm
5cm
4 Find the perimeter of these shapes.
a [ b 6 cm c [ TT]
2m 2.5cm 9cm
L]
1 [ L1 L]
3m 10 cm
5 Evaluate the following.
a %x5x4 b %(2+7)><6 c 5 d 112
e %(22+17)><3 t V36 g V8l h 144
6 Using V=1X b X h, find the volume of these rectangular prisms.
a b c
2cm
10 m
2cm
3em 20 cm
5 m 30 cm
Sm 7 cm
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3A Length and perimeter revision

For thousands of years, civilisations have found ways to measure length. The Egyptians, for example,
used the cubit (length of an arm from the elbow to the tip of the middle finger); the Romans used the
pace (5 feet); and the English developed their imperial system using inches, feet, yards and miles.
The modern-day system used in Australia (and most other countries) is the metric system, which was
developed in France in the 1790s and is based on the unit called the metre. We use units of length to
describe the distance between two points, or the distance around the outside of a shape, called the

perimeter.

Let’s start: Provide the perimeter

In this diagram some of the lengths are given. Three students 6 cm
are asked to find the perimeter. | L
*  Will says that you cannot work out some lengths and so the

perimeter cannot be found. 1 H [
e Sally says that there is enough information and the answer is 45 mm T

9412 =21cm.
* Greta says that there is enough information but the answer is — ]

90 + 12 = 102 cm.
Who is correct?
Discuss how each person arrived at their answer.

B The common metric units of length include the kilometre (km), the metre (m), the g
centimetre (cm) and the millimetre (mm). (<L)
=]
x1000 x100  x10 =
~ A A A\ -
km m cm mm <
Y . " —

+1000 +100 =10

B Perimeter is the distance around a closed shape.
e All units must be of the same type when calculating the perimeter.
e Sides with the same type of markings (dashes) are of equal length.

X
y 4
P=2x+y+z
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n Measurement and Pythagoras’ theorem

@ Converting length measurements

(— )

Convert these lengths to the units shown in the brackets.

a 5.2 cm (mm)

SOLUTION

a 52cm=52x10
= 52 mm

b 85000 cm = 85000 + 100 + 1000
= 0.85 km

Finding perimeters

Find the perimeter of this shape.

7T ]
1y
4 cm
O
3 cm
SOLUTION
P=2x(3+3)+2x4
=12+38
=20 cm
@ Finding an unknown length

(— )

b 85000 cm (km)

EXPLANATION

1 cm = 10 mm so multiply by 10.

x10

_— A
cm mm

1 m = 100 cm and 1 km = 1000 m, so divide by
100 and 1000.

EXPLANATION

[
-

4cm 3 cm 4 cm

Find the unknown value x in this triangle if the perimeter is 19 cm.

X cm
P=19cm

5 cm

SOLUTION
2x+5=19
2x =14
x=17

Cambridge Maths NSW ISBN 978-1-108-46627-1
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EXPLANATION

2x + 5 makes up the perimeter.
2x is the difference between 19 and 5.
If 2x = 14 then x = 7 since 2 X 7 = 14.
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Exercise 3A  RevisioN

UNDERSTANDING AND FLUENCY 1-4, 5-6(/2) 4,5-1(%) 5-7(%)

1 Write the missing number in these sentences.

a Thereare ___ mmin 1 cm. b Thereare  cmin 1 m.
¢ Thereare _ min 1 km. d Thereare ___ cmin 1 km.
e Thereare _  mmin I m. f Thereare _ mmin 1 km.

2 Evaluate the following.

a 10 x 100 b 100 x 1000 ¢ 10 x 100 x 1000
3 Find the value of x in these diagrams.
a b X m c -] L
|| xm
-
.
xm 10 cm Tm 14 m
12m
[1 [
3m 1

4 Find the perimeter of these quadrilaterals.

a square with side length 3 m b rectangle with side lengths 4 cm and 7 cm
¢ rhombus with side length 2.5 mm d parallelogram with side lengths 10 km and 12 km
e kite with side lengths 0.4 cm and 0.3 cm f  trapezium with side lengths 1.5 m, 1.1 m, 0.4 m
and 0.6 m
eample1 9 Convert these measurements to the units shown in the brackets.
a 3 cm (mm) b 6.1 m (cm) ¢ 8.93 km (m) d 3 m(mm)
e 0.0021 km (m) f 320 mm (cm) g 9620 m (km) h 38000 cm (km)
i 0.0043 m (mm) i 0.0204 km (cm) k 23098 mm (m) I 342000 cm (km)
m 194300 mm (m) n 10000 mm (km) 0 0.02403 m (mm) p 994000 mm (km)
eample2 6 Find the perimeter of these shapes.
a b 7 f ] c
5m 6m T +7m 3
cm
1 " []
15m 5cm
8m
d 10 cm e M O f lcm
[ L]
E S 3 cm ES
= 5km 4 cm
mlin | - a I km
F2cm
8 km
O
9 h 4.3 cm i
7.2 mm 5.1m
9.6 m
2.8 mm
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Measurement and Pythagoras’ theorem

example 3/  Find the unknown value x in these shapes with the given perimeter (P).

a ] c 7 cm
3 xm L
m 4m T Txcm
4m
X m

P=22cm
P=12m
P=10m
d 10 mm e X m f f
/ + 4+ x km
7m
X mm ,
I_ T
13m P =26km
P=39m
P =46 mm

PROBLEM-SOLVING AND REASONING 8,9,13 8-11,13 9-14

8 Find the perimeter of these shapes. Give your answers in cm. Assume that all angles that look

right angled are 90°.
a b c
10 cm 30 mm 4 cm 1.1 cm

15 mm 20 mm

d % e 10 cm f 12m

9 cm
3m 44 m
+20m

7 cm

9 Find the unknown value x in these diagrams. All angles are 90°.

a ] c

5 cm

x cm
P =34cm xm
P=24cm P =60m

5 cm

10 Jennifer needs to fence her country house block to keep her dog in. The block is a rectangle with
length 50 m and breadth 42 m. Fencing costs $13 per metre. What will be the total cost of fencing?
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