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Thank you for choosing CambridgeMATHS Gold. This book is one component of an

integrated package of resources designed for the NSW Syllabus for the Australian Curriculum.
CambridgeMATHS Gold follows on from the standard CambridgeMATHS series published in
2013-14, and the two series have been structured so that they can be used in the same classroom.
Mapping documents showing the relationship between the series can be found on Cambridge GO.

Whereas the standard CambridgeMATHS books for Years 7 and 8 begin at Stage 4, the Gold
books for Years 7 and 8 are intended for students who need to consolidate Stage 3 learning prior
to progressing to Stage 4. The aim is to develop Understanding and Fluency in core mathematical
skills. Clear explanations of concepts, worked examples embedded in each exercise and carefully
graded questions contribute to this goal. Problem-solving, Reasoning and Communicating are
also developed through carefully constructed activities, exercises and enrichment.

An important component of CambridgeMATHS Gold is a set of worksheets called Drilling for
Gold. These are engaging, innovative, skill-and-drill style tasks that provide the kind of practice
and consolidation of the skills required for each topic without adding hundreds of pages to the
textbook.

Literacy issues can be a barrier for learning mathematics, especially in the transition from primary
to secondary school. As such, the relationship between literacy and maths is a major focus of
CambridgeMATHS Gold. Key words and concepts are defined using student-friendly language;
real-world contexts and applications of mathematics help students connect these concepts

to everyday life; and a host of literacy activities can be downloaded from the website. In the
interactive version of this book, definitions are enhanced by audio pronunciation, visual definitions
and examples. More information about the interactive version can be found on page xi.

A suite of accompanying resources,
»»»»» ) J o including Drilling for Gold worksheets
T and Literacy activities, can be downloaded
from Cambridge GO.

Chapter introductions provide real-world
context for students.

What you will learn A summary of the chapter connects the topic to the NSW
gives an overview of Syllabus. Detailed mapping documents to the NSW Syllabus
the chapter contents. can be found in the teaching program on Cambridge GO.
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b 4x5-2x
d 36+4)

the product of 2 and 6
half of 24

Pre-test

4 Find the value of 6 x y f
ay-4

¢ y=11
5 Write an expression for

10 Evaluate:
as

c 3 4 VB

A Pre-test for each
chapter establishes
prior knowledge.

Introduction and guide to this book

Topic
iumber and Alget r-//

introductions
relate the topic
to mathematics
in the wider
world.

The language of algep_r}/n‘lz’\llsmu

P Let’s st:
Consider the

Let’s start
activities provide
an engaging way
to begin thinking
about the topic.

Every important
term in the Key
ideas contains a
simple-language
definition.

Key ideas summarises the
knowledge and skills for
the topic.

Exercises are structured according to the four Working Mathematically strands:
Understanding, Fluency, Problem-solving and Reasoning, with Communicating
present in each of the other three. Enrichment questions at the end of the exercise
challenge students to reach further.

the following s the same as 4! x 417
Axdxdxd

B 16x16x16x16x 16x16x16
0 I6"

Example 23 fhe index laws for multiplication and division
Simplify each of khese, leaving your answer in index form.
a 6x6 b 'S

Solution Expla
a 6°x6=6 | Keep the base and add the indices 6°x 6 (the base of 6
appears 5 times in the fist term and 4 times in the next term)
The base of 6 appears 9 times in the product

Keep the base the same and subtract the indices.
§e5=54

Within each Working
Mathematically strand, questions
are further carefully graded from
easier to challenging.

ISBN 978-1-107-56538-8

Hint boxes give
hints and advice

Chapter 1 Algebraic techniques 2 and indices

7 simpliity each of the following using the index law for division.
a 3.3 b 2.2 919

foaren

e for tackling
B questions.

oo
The base of 4 stays the same and the indices are multiplied together.

[ e
T y-8 ?
© @y ¢
9 O sy

Example 25 The power of zero

simplify:
a9

b (3x2 © 4xs

Solution

a -1
b (3x2pa1

¢ axS-ax1
-4

Examples with worked solutions and
explanations are embedded in the
exercises immediately before the
relevant question/s.
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Puzzles and
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fun with the
mathematics
contained in the
chapter.
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Chapter
summaries give
mind maps of
key concepts
and the
interconnections

1 Find the values of 4, Band C o that the raw

Chapter summary

between them.

Drilling for Gold

Chapter review

\

oy
o

1 The sum of x and y can be written as
A2 3

4 ffa-2,then

"3’ 9 When like terms are combined, 3a + 4
A Sa+6b B c

ore
d The highest common factor of
© The coeffcient of xin Sy - 3xis

iow material, including
ts and a chapter test, can be

Multiple-choice questions

X+ D x-y E
3h + 8. Which one of the following statements s true?

3 1f nis a number, which of the following represents one third of n7
ad

B 030 ¢ 02 Eus
o €l
[N
Py et
0 6410 E Gre iy
02 EL
2 %
pifies to
o Eaveh

ession 6d abd +
12abe and 16c is 2¢
a

Chapter reviews test comprehension
with multiple-choice, short-answer and

extended-response questions.

Drilling for Gold is a collection of engaging and motivating learning resources that provide
opportunities for students to repeatedly practise routine mathematical skills. Their purpose
is to improve automaticity, fluency and understanding through ‘hands-on’ resources,
games, competitions, puzzles, investigations and sets of closed questions. These activities
are designed to be used as if they were part of the textbook; each one is referenced in the
pages of the textbook via a ‘gold’ icon and unique reference number. The Drilling for Gold
resources can be downloaded via the Cambridge GO website.

84 Chapter 2 Equations 2

A Letf=Frank
C Let/f=Franks age

1 For each of the following, choose the best way to start solving the problem.
a Frank grew by 10 cm and is now 107 cm. How tall was Frank last year?

B Let f=Frank's height this ye;

D Let/= Frank’ height la

ar
b Waleed worked for 20 hours and earned $300. How much does he egfper hour?

A’ Let w = Waleed's height
C Letw = Waleed's hourly wage

B Letw =300
D Letw=20

¢ Louise spent $400 on 12 identical calculators for her clasMow much does a

calculator cost?
A Let ¢ = cost of one calculator B
C Let/= Louise

-

AN

"¢ = number of calculators
Let £ = Louise’s income

2 Match each of the worded descriptions a-g with an appropriate expression A-E
a The sum of x and 3 is 20.
Dllsg b The cost of 12 apples is $20,

9" ¢ The number of $1.50 oranges that can
be bought for $20.
d 201s twice a numb D x

El

+3=20
5x=20

the following problems choose the equation to describe them.

6. a Thesum of xand Sis 11
A Sx=11 B x+5=11 C x-5=11
b The cost of 4 pens is $12. Each pen costs Sp.
Ad-p C ap-12
© Josh's age next year is 10. His current age is j
A j+l=10 ¢
d The cost of n pencils i $10. Each pencil osts 52,
Ansl0-2 B S ¢ 10n-2

4 Solve the following equations
a 5p=30 b5+
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D 12p-4
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Introduction and guide to this book

Other resources

In addition to Dirilling for Gold, a
host of other resources for each
chapter can be downloaded
from Cambridge GO:

e Skillsheets provide practise
of the key skills learned
across the entirety of the
chapter, and are linked to
the later sections via their
own icon and reference number.

e |Maths literacy worksheets familiarise students with mathematical English via cloze
activities, games, group activities, crosswords and much more.

e Achapter test provides exam-style assessment, with multiple-choice, short-answer
and extended-response questions.

e Worksheets cover multiple topics within a chapter and can be done in class or completed
as homework.

About your Interactive Textbook

An interactive digital textbook is included with your print textbook and is an integral part
of the CambridgeMATHS Gold learning package. As well as being an attractive, easy-to-
navigate digital version of the textbook, it contains many features that enhance learning in
ways not possible with a print book:

e Roll-over definitions give short, simple-language definitions of key terms at the start of a
topic

e (lickable ‘Enhanced’ definitions containing diagrams, illustrations, examples and audio
pronunciation provide instant assistance and revision within exercises and worked

examples

¢ Roll-over hints for selected questions are provided within exercises by rolling your
mouse over the cartoon faces

e Matching HOTmaths lessons can be accessed by clicking the flame at the start of each

topic
Additional teacher resources can be accessed by clicking the ‘T’ icon in the chapter review
Drilling for Gold and Skillsheets can be o .l
downloaded by clicking on the respective
icons in the margins a:
e Fill-the-gap and drag-and-drop activities at the end & rzwix: —_
of each chapter provide a fun way of learning L —

key concepts and consolidating knowledge

e Answers for Exercises, Pre-tests, Puzzles and
Games and Chapter reviews can be conveniently
accessed by clicking the ‘Show Answers’ button
at the bottom of the page
Font size can be increased or decreased as required
Annotations can be added to words, phrases, questions or whole paragraphs to allow
critical engagement with the textbook.

A more detailed guide to using the Interactive Textbook can be found on Cambridge GO.
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Computer gaming is a billion-dollar industry that
requires virtual two- and three-dimensional worlds
to be designed.

Programmers use algebra to describe these
worlds, such as the relationship between a door’s
height and an avatar’s height or the avatar’s speed
and the route that its enemies should follow.

Without algebra to describe these unknowns,
these programs would be much harder to write and
would need millions of separate descriptions — one
for every time a quantity changed.
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Evaluate:

a 8+4x6 b 4x5-2x3
c 12-(6+2)+8 d 3(6+4)
2 Evaluate:
a the sum of 7 and 10 b the product of 2 and 6
¢ the sum of 12, 10 and 8 d half of 24
3 If x =10, write the value of:
a x+2 b xx7
c x-3 d x+x
4 Find the value of 6 x y if:
a y=4 b y=2
c y=11 d y=100
5 Write an expression for:
a S5 more than x b 7 less than m
¢ the product of x and y d half of w

6 If y=2x+35, find the value of y when x = 10.

7 Complete the tables using the given rules.

a y=x+12
X 1 3 11 0
Y
b y=2x+3
X 0 3 7 10
Y
8 Substitute x = 6 and y =2 into each expression and then evaluate.
a x+y b xy
c 3x-y d 2x+3y
9 Write down the HCF (highest common factor) of:
a 6and8
b 8and 12
¢ 6and 12
10 Evaluate:
a 5 b V36
c 3 d V8
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Number and Algebra 5

The language of algebra REVISION

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 year.

P Let’s start: Algebra sort

Consider the four expressions x + 2, x x 2, x — 2 and x + 2.

e If you know that the value of x is 10, can you sort the four
values from lowest to highest?

e Find a value of x that would make x x 2 less than x + 2.

This soccer player scored
X goals last year.

m Algebra is used to describe the rules and conventions of numbers
and arithmetic. Identity A statement

= When doing algebra, we use the equals symbol (=) to indicate that that indicates that two
two or more things have exactly the same value. This is called an AV

. . : . same numerical value
identity, because they are identical. S i A

replaced with numbers

‘is identical to’
or

e.g. 3 + 5 gives 8, which is the same as 5 + 3, sowe can write 3+ 5=5+3 | 'has the same
= In the following table, the letters a, b and ¢ could represent any numbers. | value as’

Number fact Algebra fact Notes
1 5+43=3+5 a+3=3+a
2 543=3+5 a+b=b+a Numbers can be added in any order.
3 4+45+1=1+4+5 b+c+a=a+b+c
4 -3+5=5-3 3+a=a-3 The negative sign ‘belongs’ to the
number 3.
5 5x3=3x5 ax3=3xa The multiplication symbol is usually
Numbers can be ‘invisible’:
multiplied in any order. ax3=3xa=3a
6 5x3=3x5 axb=bxua This can be written as:
axb=ab
ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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6 Chapter 1. Algebraic techniques 2 and.indices

Number fact Notes

7 5+5+45=3x%x5

Algebra fact

a+a+a=3xa This can be written as:

That is ‘3 lots of 5’

a+a+a=3a

2 a
8 2+8= 8 a+8= g Division and fractions are related to
) a each other. The first number is the
9 2+8== a+b="= numerator.
8 b
Terminology Example Definition
pronumeral a A letter of an alphabet or a symbol used to
represent one or more numerical values
variable a A pronumeral that represents more than one
numerical value
expression 3a+5 A statement containing numbers and
or algebraic pronumerals connected by mathematical
expression operations, but containing no equals sign
term The expression 3a + 5 One of the components of an expression
contains two terms.
like terms 3a and 5a are like terms. Two or more terms that contain the same
3a and 5b are not like terms.  pronumerals and indices
— 3a and 5a? are not like terms.
Drilling
foqgold constant In the expression 3a + 5, The part of an expression or equation without
or the number 5 is called the any pronumerals

constant term

constant or the constant term.

coefficient In the expression 3@ + b +5 A numeral placed before a pronumeral to
the: indicate that the pronumeral is multiplied by
e coefficient of @ is 3 that factor
e coefficient of b is 1.
equivalent 3a+5and 5+ 3a Expressions that will have the same
expressions numerical value as each other when the
pronumerals are replaced with any number
simplify 3a + Sa simplifies to 8a. To find the simplest possible equivalent
3a + 5 can’t be simplified. expression.
identity 3a+5=5+3a A statement that indicates that two
or expressions will have the same numerical
3a+5=5+3a value when the pronumerals are replaced
with numbers. The symbol = is sometimes
used in identities.
substitute Ifa=3,a+ 5becomes3+5. Toreplace pronumerals with numerical values
substitution If a=3,thevalueofa +5 A process in which pronumerals are replaced
is 8. with numbers
evaluate Evaluate a + 5 when a = 3. To calculate the numerical value of an

expression in which all the pronumerals have
been given a value

ISBN 978-1-107-56538-8
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Number and Algebra

Understanding

Are the following identities true for all values of x? (Yes/No)

a x+2=2+x b xx2=2xx
cC x-2=2-Xx d x+2=2+x
e xxl=x f xx0=0

Example 1 Using the language of algebra

a List the individual terms in the expression 4a + b — 12¢ + 5.
b In the expression 4a + b — 12¢ + 5 state the coefficients of ¢, b and c.
¢ What is the constant term in 4a + b - 12¢ + 5?

Solution Explanation

a There are four terms: 4a, b, Each part of an expression is a term. Terms are

12¢ and 5. 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

The coefficient of ¢ is —12. b is the same as 1 x b. For ¢ the coefficient
is —12 because this term is being subtracted.

c 5 A constant term is the part of an expression
without any pronumerals.

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

a List the termsin 4x + 6y + 2z. N

b Which of the pronumerals (x, y or z) has a coefficient of 6?
A constant term has

The expression 5a + 7b + ¢ — 3ab + 6 has five terms. no pronumeral.
a State the constant term.
b State the coefficient of:
i a i b i ¢
¢ Write another expression that has five terms.

State the number of terms in each expression.

a 7a+2b+c b 19y -52x+32 c a+2b
d 7u-3v+2a+123c e 10f+2be f 9-2b+dc+d+e
ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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8 Chapter 1. Algebraic techniques 2 and.indices

6 For each of the following expressions, state the coefficient of . 1‘)
a 3a+2b+c b 3a+b+2c C 4a+9b+2c+d  Coefficients
d 3a-2b+f e Sa-6b+c f Ta-b+c are negative g
if the term is
subtracted.

Example 2 Creating expressions from a description

Write an expression for each of the following.

a Thesumof3and k b The product of m and 7

¢ Sis added to half of k& d The sum of @ and b is doubled
Solution Explanation

a 3+k The word ‘sum’ means +.

b mx7or7Tm The word ‘product’” means x.

c %k +5o0r k +5 Half of k can be written % x k (because ‘of’

means x), or% because k is being divided by two.

d (a+b)x2o0r2(a+b) The values of @ and b are added, then the result
is multiplied by 2. Brackets are required to
multiply the whole result by two.

7 Match each of the following worded statements with the correct mathematical
expression.

a The sum of x and 7

|
©

5
°qu b 3 less than x B 3
¢ Half of x C x-3
d Xxis tripled D 3x
e Xx issubtracted from 3 E g
f xisdivided by 3 F x+7
8 Write an expression for each of the following.
a 7 more thany b 3 less than x
¢ Thesumof aand b d The product of 4 and p
e Half of ¢ is subtracted from 4 f One third of r is added to 10
g The sum of b and ¢ multiplied by 2 h The sum of b and twice the value of ¢
9 Describe each of the following expressions in words.
a 3+x b a+b ¢ 2xk d %
10 Describe each of the following expressions in words.
a 4xbxc b 2a+b c 4-b)x2 d 4-2b
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Number and Algebra

11 Write an expression for the:

a
b

d

12 Marcela buys 7 plants from the local nursery.

a

b

13 Francine earns $p per week for her job. She
works for 48 weeks each year. Write an
expression for the amount she earns in:

a
b
c

14 Tom would like to purchase some DVDs of two television shows.

total cost of buying 10 litres of petrol at $x per litre. If petrol is $2 per !
time spent shopping if you spend 4 minutes in the litre, then the cost of

supermarket and B minutes in the department store. 10 litres is $20.
difference, in age, between Oliver, who is 22 years old,

and his younger cousin, Ben, who is k years old.

volume of water left in a 50-litre vat after x litres are removed.

If the cost is $10 for each plant, what is the
total cost?

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

If the cost of each plant is decreased by $3
during a sale, write an expression for the new:
i cost per plant in dollars

ii total cost in dollars of the 7 plants.

a fortnight

one year (of 48 weeks)

one year if her wage is increased by $20 per
week after she has already worked 30 weeks
in the year.

a Write an expression for the total cost of:

i 4 seasons of Numbers

ii 7 seasons of Proof by Induction

ili 5 seasons of both shows

iv all 7 seasons of both shows, if the total price is

halved in a sale.

b If ais 20 and b is 30, how many DVDs could he buy

for $200?

$a per season

ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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10 Chapter 1. Algebraic techniques 2 and indices

Substitution and equivalence

& Replacing pronumerals with numbers is called substitution.

We can evaluate (find the value of) an expression once we
substitute the numbers.

If two expressions always evaluate to the same number,
they are called equivalent. For instance, 4 + x and x + 4 are
equivalent.

P Let’s start: AFL algebra

In the sport of AFL a goal scores 6 points and a behind scores 1 point. The team score is
given by 6x + y, where x is the number of goals and y is the number of behinds.

e State the score if x=3 and y =4.

e |f the score is 29, what are the values of x and y? Try to list all the possibilities.

e If y=9 and the score is a 2-digit number, what are the possible values of x?

m To evaluate an expression or to substitute values means to
Evaluate Find replace each pronumeral in an expression with a number to
ﬁcuar::r'iit;);;‘ze of obtain a final value.
e.g. If a = 3, then we can evaluate the expression 7a + 13:

Substitute Replace

: Ta+13=Tx3+13
pronumerals with
numerical values =21+13

. , =34
Equivalent Having the . . if thev h val
same values m Two expressions are equivalent it they have equal values

regardless of the number that is substituted for each pronumeral.

Understanding

1 State the value of: Brackets first @
a 5+3x2 b 5x3+2 then division and >
c 17-2x4 d 20-5+3 multiplication,

then addition

2 If x = 6, determine the value of each expression. and subtraction.

a x+5 b xx2 c x-3 d x=2
3 Find the value of x + 11 if:
a x=5 b x=10 ¢ x=100 d x=59

4 Fill in the blanks.
Two expressions that are always equal are called

ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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Number and Algebra 11

Example 3 Substituting into an expression

Substitute x = 3 to evaluate 5x.

Solution Explanation
5x=5x%3 Remember that 5x means 5 x x.
=15

5 a What number is obtained when x = 5 is substituted into the expression 3 x x? A
b What is the result of evaluating 20 - b if b is equal to 12? g
Drilling ¢ What is the value of 2b if b is equal to 10? 2b means 2 X b. = -
for Gold

181 6 a Statethevalue of 4 +2xif x=5.
b State the value of 40 - 2x if x = 5.
¢ Are 4+ 2x and 40 - 2x equivalent expressions?

7 Substitute the following values of x into the expression 7x + 2.

a 4 b 5 c 2 d 8
8 If y =4, find the value of:
a y+3 b 9-y c 3y-2 d 5y+3

Example 4 Substituting two numbers

Substitute x = 3 and y = 6 to evaluate 3x + 2y.

Solution Explanation

3x+2y=3x3+2x6 Replace all pronumerals with their values. Evaluate in
=9+12 the correct order (multiplication before addition).
=21

9 Ifa=4and b =7, evaluate:

a 3a+2 b 2b-1 c a+b d 6+ab
e 3a+b f 2a+3b g b-a h 3b-a
10 Evaluate the expression 2x — 3y when:
a x=10andy=4 b x=4andy=2
ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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12 Chapter 1. Algebraic techniques 2 and.indices

Example 5 Deciding if expressions are equivalent

a Are x -3 and 3 - x equivalent expressions?
b Are a+ b and b + a equivalent expressions?

Solution Explanation

a No The two expressions are equal if x = 3 (both equal zero).
Butif x=7thenx-3=4and 3 - x=-4.
Because they are not equal for every single value of x, they are
not equivalent.

b Yes Regardless of the values of a and b substituted, the two
expressions are equal. This is because it does not matter the
order in which numbers are added.

11 For the following state whether they are equivalent (E) Try different
or not (N). values to see if -
a x+yandy+x b 3xxandxx3 :;2 27&’;3:8;222"
¢ da+banddb+a d 4+2xand?2+4x
e %xaand% f 3+6pand3Qy+1)

12 Which four of the following expressions represent a number added to itself?
a+2,a+a, \/&,a+a+a,2xa,a—a,2+a, 2a, a*

13 a A number is substituted for k in the expression 7k and the result is 56.
What is the value of k?
b The pronumeral m is chosen so that 4m is a two-digit number and 4 + m is a
single-digit number. List all possible values of m.

14 The expressions ab and a + b are not equivalent.

a Explain why they are not equivalent. n
b Ifa=0andb =0, the two expressions are equal. Find values for a and
Give an example of another pair of values that b where aband a + b o

are not equal.
make them equal. al

¢ Explain why a + 2 and a - 2 are not equivalent.
d Willa +2 and a - 2 ever evaluate to the same number? Why/why not?
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Number and Algebra 13

15 Copy and complete the following tables.
a

X 3 4 2

y 8 7 -3

X+y 12 5

x-2y —4 8

a+2

2a 24 10

@

2-a

0.5

(SIS
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Like terms
Terms with the same
pronumerals and same

powers

Chapter 1. Algebraic techniques 2 and.indices

Adding and subtracting REVISION
terms

Like terms?

Two terms with the same pronumerals are called
like terms. They can be collected and combined. 3a and 4 X
For example, 2a + 6a can be simplified to 8a because

. 3a and 4a v

2a and 6a are like terms.
The order of the pronumerals does not matter, 3a and 44’ X
so 3ab and S5ba are like terms because they both 3ab and 4ba v

include ¢ and b.

P Let’s start: Like terms

The terms 2abc and Scab are like terms, and 2abc + 5cab = Tabc.
e How many ways can you fill in the boxes?
U+ ="7abc

e Can you explain why abc and cab are equivalent?

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

m Like terms can be combined when they are added or subtracted to
simplify an expression, e.g. 3xy + 5xy = 8xy.

— sign stays with following term

3x + Ty 24+ 3y + x4y

=3x-2x+x+7y+3y -4y
=2x+6y
m A subtraction symbol stays in front of a term even when it is moved.

Understanding

1 For each term below, state all the pronumerals that it contains.
a Ta b 4ac c 2xy d 3wz

2 Fill in the blanks.

a Two terms with exactly the same pronumerals are called
b If two expressions are always equal when evaluated, they are called
expressions.
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Number and Algebra 15

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

o T

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

. . Like terms have the
List the pronumerals that occur in 3abc. same pronumerals,

List the pronumerals that occur in 7bca. possibly in a
Are 3abc and 7bhca like terms? different order.

(3]
O T o O T o

Example 6 lIdentifying like terms

Classify the following pairs as like terms (L) or not like terms (N).
a 3xand 12x
b 5yand 7z

Solution Explanation
al Both 3x and 12x have the same pronumeral (x) so they are like terms.

b N 5y and 7z have different pronumerals so they are not like terms.

O 6 Classify the following pairs as like terms (L) or not like terms (N).

a S5xand2x b 5xand2y ¢ 3kand 4k d 5xand 5x?
Drilling
for Gold
1c1 Example 7 Identifying like terms with multiple pronumerals

Classify the following pairs as like terms (L) or not like terms (N).
a 2ab and 3ba b 4xand 2xy

Solution Explanation
a L They have the same pronumerals (order does not matter).

b N 4x has the pronumeral x.
2xy has the pronumerals x and y.
Since the terms have different pronumerals they are not like terms.

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

a 4pq and 3pq b 2ab and 5hc ¢ 7rsand 12sr d 5ab and 6a
e 7abc and 2cha f 8xand8xy g 12ab and 14ba h 8xyzand9yzx
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Chapter 1. Algebraic techniques 2 and.indices

Example 8 Simplifying by combining like terms

Simplify the following by combining like terms.

a 7t+2t-3t
Solution

a 7t+2t-3t
= 61

b 4x+3y+2x+7y
=4x+2x+3y+ 7y
=6x+ 10y

¢ 8b+Tac-5b+2ca
=8b - 5b + Tac + 2ca

b 4x+3y+2x+7Ty

¢ 8b+7ac-5b+2ca

Explanation

These are like terms, so they can be combined:
7+2-3=6.

Move the like terms next to each other.

Combine the like terms.

Move like terms together.
The subtraction sign stays in front of 5b when it

is moved.

=3b +9ac

o

8-5=3and7+2=9

Simplify the following by combining like terms.

a 3x+2x b 7a+12a ¢ 15x-06x d 99-2y
Drilling e 4xy+3xy f 16uv - 3uv g 10ab + 4ba h 3pg+ 12pgq
for Gold i x+x j 6x+x k x-x I 6x-x
12 mx+x-x n 2x-x-x 0 x-2x p 6x-5x
9 Simplify the following by combining like terms.
a 7f+2f+8+4 b 10x+3x+5y+3y Pair up the like terms
c 2a+5a+13b-2b d 10a +5b+3a+4b Note: ab = ba
e 10+5x+2+7x f 10a+3+4b-2a-b
g 10x+3ly-y+4x h 1la+4-2a+12a
i 2b+4c+3b+5¢c ] 3a-b+4b-a
10 For each expression choose an equivalent expression from the options listed.
a 7x+2x A 10y +3x
b 12y+3x-2y B 9xy
c 3x+3y C 9x
d 8y-2x+6y-x D 3y+3x
e 4xy+5yx E 14y - 3x

11 Write expressions (in simplest form) for the perimeters of the following shapes.

a 3x b

Tx c

3x 3x 4y

3x
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Number and Algebra 17

12 Towels cost $c¢ each at a shop.

a John buys 3 towels, Mary buys 6 towels
and Naomi buys 4 towels. Write a fully
simplified expression for the total amount
spent on towels.

b On another occasion, Chris buys n towels,
David buys twice as many as Chris and
Edward buys 3 times as many as David.
Write a simplified expression for the total
amount they spent on towels.

13 a Make a substitution to prove that 4a + 3b is not equivalent to 7ab.
b Is4a + 3b ever equal to 7ab? Try to find some values of a and b to make
4a + 3b = Tab a true equation.
¢ Is4a+ 3a ever not equal to 7a? Explain your answer.

Filling in the blanks

14 The expression 4a + 7b + 6a is equivalent to 10a + 7b.
a Give another way to fill in the blanks to make this statement true:
Lla+[1b+[la=10a+7b
b Assuming the blanks above must be filled by positive integers, how many
ways could they be filled to make a true statement?
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Multiplying and REVISION

dividing terms

Recall that 4ab is shorthand for 4 x a x b. Observing this helps us to see how we can
multiply terms.

look for common factors.

dabx3c=4xaxbx3xc
=4x3xaxbxc
=12abc

Division is written as a fraction, so 12

5 b means (12ab) + (9ad). To simplify a division, we
d

WVxdxb 4b a +a=1for any value of a except 0

Ixdxd 3d so%cancels to 1.

P Let’s start: Multiple ways

Multiplying 4a x 6b gives you 24ab.

In how many ways can positive integers fill the blanks in [_la x [_1b = 24ab?
Can you explain why there are more ways to fill in the blanks for [ la x [ 16 = 24ab
than for [Ja x [[1b = 25ab?

12abc means 12 x ax b x c.

When multiplying, the order is not important: 2 xax4xb=2x4 x a x b.
X X X can be written as x2.

When dividing, cancel any common factors.

31/5xy 8 3x

For example: 0y: 4
V4 1

Understanding

Are the following true or false?
a 3 xa can be written as 3a.

b kx5 can be written as 5k.

¢ 2xisshort for 2 + x.

d 4ab could also be written as 4a = b.

e ¢ xq can be written as ¢*.
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2 Which is the correct way to write 3 x a x b x b?
A 3ab B 3ab? C ab’ D 3a*h

3 Which expression is equivalent to xy??
a xXxyxy b xxyx?2 C XXXXPXY d (xp)?

4 \Write these without multiplication signs.
a 3xxxy b Sxaxbxc c 12xaxbxb d 4xaxcxcxc

Example 9 Multiplying terms

Simplify 7a x 2bc x 3d.
Solution Explanation

Tax2bcx3d=Txax2xbxcx3xd Write the expression with
=T7x2x3xaxbxcxd multiplication signs and bring the
=42abcd numbers to the front.

Simplify: 7x 2 x 3 =42 and
axbxcxd=abed

5 Simplify the following.

a 7dx9 b Sax?2 c 3x12x
d 4kx6 e 3x2¢q f 3xx10y
g 4ax2bxcd h 3ax 10bc x 2d i 4ax6dex2b

Example 10 Multiplying terms with squares

Simplify 3xy x 5xz.

Solution Explanation

3xpxSxz2=3xXXxPXSXXXZ Write the expression with
=3x5xXXXXyxz multiplication signs and bring the
= 15x%yz numbers to the front.

Simplify, remembering that x x x = x2.

6 Simplify the following.

a xxx b axa ¢ 3dxd

d 5dx2dxe e Txx2yxx f Sxyx2x

g 4xyx2xz h 4abc x 2abd i 12xyx4x

j 9ab x2a k 3xyx2xx4y I 2ab x4a x3b
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7 \Write each expression without a division sign. !
a k+4 b x+5 c 2g+5 d 3k+10 i ihe same ?
e S5+a f a+b g x+y h 12+ 4. .4
Example 11 Simplifying fractions
.o 10
Simplify —.

pliry 15
Solution Explanation
10 10 Divide the numerator and Denominator by highest
15 318 common factor (HCF) to expess the fraction in its simplest
_2 form.
3

8 Simplify these fractions.
a E b i c E d E
20 15 8 25

Example 12 Dividing terms

... 10ab
Simplif :
By 15b¢

Solution Explanation

10ab W xaxl Write the numerator and denominator in full, with

15bc LB x P xc multiplication signs. Cancel any common factors and
2a remove the multiplication signs.
" 3¢

9 Simplify the following divisions by cancelling any common factors.

a Sia b 77)6' c loxy d @
10a 14y 12y 4b
Tayz (2 g o dabe
2lyz 12x Tx 6b
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10 Write a simplified expression for the area of the following shapes. Recall that the
area of a rectangle is given by length multiplied by breadth.

a 4b b 6x (¥ 2y
2a 4x Ox
11 Simplify the following completely. @
a 2ax3b+5ab You can combine
b 6gx2r+4qgx3r any like terms. w

¢ 10xx2y-3yx6bx

12 Fill in the missing terms to make the following identities true.
a 3xx[Ixz=6xyz
b 4ax[]=12ab

c Q =7s
4r
¢ H oy
2ab
13 Joanne claims that the following three expressions are equivalent: %a’ %x a, Sl
a

a s she correct? Try different values of a.

b Which two expressions are equivalent?

¢ There are two values of a that make all three expressions are equal. State one
of them.

14 a Simplify 2a x 3b + 5b x 2a to a single term.
b State another way to fill in the blanks to make the simplification correct:
Lax b+ [1bx[Ja=16ab

¢ Give an example of an even longer expression that is equivalent to 16ab.
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Expanding brackets

like x + x, 2x and x x 2.
Expressions involving brackets can also be written
in various ways.

& Expressions can look different and still be equivalent,

P Let’s start: Equivalent areas

What is the total area of this shape?
Try to write two expressions: one with brackets
and the other without brackets.

Expand Remove
grouping symbols
(brackets)

Distributive law
Adding numbers and
then multiplying the
total gives the same
answer as multiplying
each number first
and then adding the
product

ISBN 978-1-107-56538-8

The expression for ‘3 lots of (7+a)" is 3 x (7 + a) = 3(7 + a), so
37+a)=T+a+T7+a+7+a

=21+ 3a
This means that 3(7 + a) and 21 + 3a are equivalent.
Expanding brackets involves writing an equivalent expression
without brackets:

20a+b)=a+b+a+b or 20a+b)=2xa+2xb
=2a+2b =2a+2b

To expand an expressions, you can use the distributive law, which
states that:

—ab+c)=ab +ac

—alb-c)=ab-ac
The distributive law can be demonstrated by considering
rectangle areas:

-—— h ——> =< ¢ >

I
I
:
a axb I axc
I
I
|
|
L

|

Area =a(b+c) or Area=ab + ac
cooalb+c)y=ab+ac
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Understanding

1 Write an expression involving brackets the area of each of the following rectangles?

a b

x+9

x+ 10

2

c

x+7

2 Consider the rectangle below. Which expressions give the area of the rectangle?
There is more than one correct answer.

X 3

4
A 4xx+3 B 4x(x+3)
D 4x+ 12 E (x+3)x4

C 4xx+4X%x3
F 4(x+3)

Example 13 Expanding brackets by simplifying repeated terms

Write the expression 3(2m + 5) in full without brackets and simplify the result.

Solution

30m+5)=2m+S5+2m+5+2m+S5
=6m + 15

Explanation

3(2m + 5) means 3 ‘lots of’ 2m + 5.

Simplify by collecting the like terms.

3 The expression 3(a + 2) can be written as (a + 2) + (a + 2) + (a + 2).

a Simplify this expression by collecting like terms.

b Write 2(x + y) out in full without brackets and simplify the result.
¢ Write 4(p + 1) out in full without brackets and simplify the result.

d Write 3(4a + 2b) out in full without brackets and simplify the result.

4 Copy and complete.
a 32+5=3x1+1x[]
b 3(x+2)=3x[]+[Ix[]
¢ ab+c)=xJ+Ix[]
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© Palmer et al. 2016

Cambridge University Press

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



24 Chapter 1. Algebraic techniques 2 and indices

Example 14 Expanding brackets using rectangle areas

Write two equivalent expressions for the total area of the rectangle shown: one
with brackets and the other without brackets.

5 > X
2
Solution Explanation
Using brackets: 2(5 + x) The dimensions are 2 and (5 + x)
Without brackets: 10 + 2x 2x5=10and 2 xx =2x

5 For each of the following rectangles, write two equivalent expressions for the total area.

a x 2 b a 1
| |
| |
4 | 3 |
| |
| |
c d i
4 3 One of the
k b expressions should
”””””””” have brackets.
7 5

Example 15 Expanding using the distributive law

Expand the following expressions.

a S5(x+3) b 3(a-4) c 2(3p-17q)
Solution Explanation
a S5(x+3)=5x+5x3 Using the distributive law
5x+3)=5x+5x%x3
=5x+15 Simplify the result.
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Solution Explanation
b 3(a-4)=3a-3x4 Using the distributive law

3a-4)=3a-3 x4

=3a-12 Simplify the result.

c 2B3p-T79)=2x3p-2xTq Using the distributive law
2@3p-T1q)=2x3p-2xTq

Simplify the result, remembering 2 x 3p = 6p

=op - 144 and 2 x 7q = l4q.

6 Use the distributive law to expand the following.

a 6(y+38) b 7(¢+4) c YNa+7) d 2(r+6)
7 Use the distributive law to expand the following.
a 2(m-10) b 8(y-3) c 3e-7) d 7(e-3)
8 Use the distributive law to expand the following.
a 10(6g-7) b 5(3e-28) ¢ 5(7w+10) d 5Qu+5)
e 78x-2) f 309v-4) g 72q-4) h 4(5¢-v)
i 402+ 5x) i 3(7+2y) k 809 -3x) I 112 - 4k)
9 Fill in the missing number in the following expansions.
a 4x+5=4x+[] b 3(x+2)=3x+[]
c 5Ba+2)=15a+[] d 7(4x-2)=28x-[]

10 The perimeter of a rectangle is given by the expression 2(/ + b) where ¢ is the
length and b is the breadth. What is an equivalent expression for this?

11 Expand the brackets in the following and then simplify the result.
a 3(x+2)+4x b 4(a+3)-2a ¢ 53b-2)+10 v . @
d 6(2c+4)-2c e 6+2(x+2) fo9+d(x—1) oo

12 Write an expression for each of the following and then expand it.
a A number x has 3 added to it and the result is multiplied by 5.
b A number b has 6 added to it and the result is doubled.
¢ A number z has 4 subtracted from it and the result is multiplied by 3.
d A number y is subtracted from 10 and the result is multiplied by 7.

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

14 The diagram below helps to demonstrate that (a + 2)(b + 3) = ab + 2b + 3a + 6.

b 3
a ab i 3a
2 2b i 6

Use a diagram like the one above to expand the following expressions.
a (a+4)b+2)

b (x+3)(y+5)

¢ (2a+5)3c+2)

d (da+ 1)(5b+3)
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Factorising expressions

Factorising is the opposite procedure to expanding. The Expanding

expression 3(2x + 5) expands to 6x + 15, so the factorised form

of 6x + 151is 3(2x + 5). [3(2x + 5)|=6x + 15|
Factorising

P Let’s start: Expanding gaps

Try to fill in the gaps to make the following equivalence true: [ 1([]+ []) = 12x + 24.
In how many ways can this be done? Try to find as many ways as possible.

If the aim is to make the term outside the brackets as large as

possible, what is the best possible solution to the puzzle?

m The highest common factor (HCF) of two terms is the
largest factor that divides into each term. Highest common
e.g. HCF of 15x and 21y.|s 3. factor (HCF) The
HCF of 10a and 20c¢ is 10. largest term that is a
HCF of 12x and 18xy is 6x. factor of all the given
m To factorise an expression, first take the e.g. 10x + 15y terms
HCF of the terms outside the brackets and HCF =15 Factorise To write
divide each term by it, leaving the result in 5(2x + 3y) an expression as a
brackets. S~ product
HCF  10x+5 15y <5
1 Fill in the blanks to make these equations true.
a 5x[]=20 b [Ix4=12 c 10x[]=20 d [Ix4=24
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 these two numbers have in common?
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Example 16 Finding the highest common factor (HCF)

Find the highest common factor (HCF) of 20 and 35.

Solution Explanation

5 5 is the largest number that divides into 20 and 35.

3 Find the highest common factor of the following pairs of numbers.

a 12and 18 b 15and 25 ¢ 40 and 60 d 24 and 10
4 Fill in the blanks.
a Sxx[]=15x b 7x[Ja=28a ¢ 3x[]=6b d 2x[]=14x
5 Fill in the blanks to make these expansions correct. A
a 3dx+1D=Ix+3 b 5(7-2x)=[]-10x alb+ )= ab+ ac ’
c 6(2+5y)=0L]+0y d 7Qa-3b)=[1-[] hd
e 3Qa+[])=6a+21 f 4]-2y)=12-8y
g 7UJ+[)=14+7¢q h [J2x+3y)=8x+12y

Example 17 Finding the highest common factor (HCF)

Find the highest common factor (HCF) of:

a 12k and 20 b 18x and 24xy
Solution Explanation
a4 There are no pronumerals in common, so choose the

highest common factor of 12 and 20.

b 6x 6 is the largest number that divides into 18 and
24, and x is in both terms.

6 Find the highest common factor (HCF) of the following pairs
olf terms : en b The HCF 5
' can include
a 15 and 10x b 20a and 12 c 27 and 9b pronumerals.
d 7yand 14x e 3aand 6b f 12xand 18y
7 Find the HCF of the following pairs of terms.
a 12xand 18xy b 8aand 16ab ¢ 9bc and 12b
d 36xy and 24y e 10q and 12¢r f 8pand20pq
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Example 18 Factorising expressions

Factorise the following expressions.

a 6x+15 b 12a - 18ab
Solution Explanation
a 6x+15=302x+5) HCF of 6x and 15 is 3. 6x + 3 =2x and
15+3=5
b 12a - 18ab = 6a(2 - 3b) HCF of 12a and 18ab is 6a. 12a + 6a = 2 and
18ab + 6a = 3b

8 Factorise the following by first finding the highest common factor.

a 3x+6 b 8v+40 c 15x+35 d 10z +25
e 40 +4w f 5-20 g 95-15 h 12-16f
i 5d-30 j 10x+5 k 6k-12 I 18p+20
\ 9 Factorise the following.
a 10cn+12n b 24y +8ry ¢ l4jn+ 10n d 24g+20gj
Skillsheet e 10h+4z f 30u-20n g 2lp-6¢ h 12a+15b

1C

10 The rectangle shown has an area of 10x + 15. Draw a
rectangle that would have an area 12x + 16.

5
2x+3
11 The area of the rectangle shown is 10a + 5. One side’s 9g+1
measurement is unknown. T
a What is the value of the unknown measurement? i
b Write a simplified expression for the perimeter of the '
rectangle. l
12 Consider the diagram shown to the right. What is the z : 3
factorised form of xy + 3x + 2y + 67 X Xy | 3y
2 2y 6 |
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13 A group of students lines up for a photo. They are in 6 rows with x students in
each row. Another 18 students join the photo.

a Write an expression for the total number of students in the photo.

b Factorise the expression.

¢ How many students would be in each of the 6 rows now? Write an expression.

d If the photographer wanted just 3 rows, how many students would be in each row?
Write an expression.

e If the photographer wanted just 2 rows, how many students would be in each row?
Write an expression.

L J
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Applying algebra EXTENSION

The skills of algebra can be applied to
many situations involving unknown or
varying quantities.

P 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 Algebra can be applied to both the engineering of a carnival ride
rides all day and the price of tickets.
— Bryson can pay $20 to enter the carnival and then pay $2 per ride.
— Calvin can enter the carnival at no cost and then pay $5 per ride.
e Which of them do you think has the best deal?
e In the end, they each went on 12 rides. Who paid the most? Who paid the least?

m Different situations can be modelled with algebraic expressions.

m To apply a rule, the pronumerals should first be clearly defined. Modelling
e.g. total costis2xn+3 xd Representing a
real-life situation
/4 using an algebraic
n=number of d = distance in km expression
minutes

Understanding

1 The cost of a newspaper is $2 and the cost of an ice-cream is $3. Find the cost of:
a 5 newspapers
b 4 ice-creams
¢ 10 newspapers and 2 ice-creams.

2 An episode of Joshua’s favourite television program lasts 30 minutes.
a How long would it take him (in minutes) to watch:

i 2 episodes? ii 5 episodes? iii 10 episodes?
b Which of the following expressions gives the total time to watch n episodes?

A n+30 B 30m C n-+30 D 30-n
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3 Evaluate the expression 3d + 5 when:

a d=10 b d=12 c d=0

4 Consider the isosceles triangle shown. X X
a Write an expression for the perimeter of the triangle.
b Find the perimeter when x =3 and y = 2. y

Example 19 Writing expressions from descriptions

Write an expression for the following situations.
a The total cost of k bottles if each bottle cost $4
b The perimeter 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 he
charges $40 call-out fee and $70 per hour

x+2

X

Solution Explanation

a 4xk=4k Each bottle costs $4 so the total cost is
- The cost is $(4k). $4 multiplied by the number of bottles
purchased.

b x+x+2+x+x+2=4x+4 Length = x so breadth = x + 2.
. The perimeter is (4x + 4) cm. The perimeter is length + breadth +
length + breadth.

¢ 40+ 70n $70 per hour means that the cost to hire the
- The cost is $(40 + 7n). 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.

5 a Write an expression for the total perimeter of this
rectangle.
b If x=9, what is the perimeter?
¢ Write an expression for the area.

6 Pens cost $3 each.
a How much would 10 pens cost? ﬂ
; ; Rectangle area =
b Write an expression for the total cost of n pens. lorgth X breacith -
¢ If n=12, find the total cost.
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An electrician charges a call-out fee of $30 and

$90 per hour.

a How much does a 2-hour visit cost?

b Which of the following represents the total cost (in dollars)
for x hours?
A x(30 +90) B 30x +90
C 30 +90x D 120x

a Give an expression for the perimeter of this regular
pentagon. x
If each side length were doubled, what would the
perimeter be?
¢ If each side length were increased by 3, write a new
expression for the perimeter.

(=2

An indoor soccer pitch costs $40 per hour to hire plus a $30 booking fee.
a Write an expression for the cost of hiring the pitch for x hours.
b What is the cost of hiring the pitch for an 8-hour tournament?

10 A plumber says that the cost in dollars to hire her for x hours is 50 + 60x.

11

a What is her call-out fee?
b How much does she charge per hour?
¢ How much does a 3-hour visit cost?

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.

¢ Whatis: AN Q
i his call-out fee? BETey
ii the amount he charges per hour? B -
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12 Tamir notes that whenever he hires an electrician, they charge . @
a call-out fee $F and an hourly rate of $H per hour. :ﬁ;‘:é"{:}ﬁjg”s v
a Write an expression for the cost of hiring an electrician for Fandfer /&1

one hour.
b Write an expression for the cost of hiring an electrician for two hours.
¢ Write an expression for the cost of hiring an electrician for 30 minutes.

13 Three deals are available at a fair.
Deal 1: Pay $10, rides cost $4 each.
Deal 2: Pay $20, rides cost $1 each.
Deal 3: Pay $30, all rides are free.
a Write an expression for the total cost of n rides using deal 1.
(The total cost includes the entry fee of $10.)

b 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.
d Which of the three deals is best for someone going on just two rides?
e Which of the three deals is best for someone going on 20 rides?
f Fill in the gaps.
i Deal 1 is best for people wanting up to rides.
ii Deal 2 is best for people wanting between and rides.
iii Deal 3 is best for people wanting more than rides.
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Using indices

The expression 42 means 4 x 4.

& The expression 4* means 4 x 4 x 4.
Indices are used to describe repeated multiplication and to record very large numbers,
for example 2% =16 777 216.

P Let’s start: Square numbers

O oo oo oogoogd
OO0 oo oood
oo oood
Ooooo

Can you explain why we call the numbers 1, 4, 9 and 16 square numbers?
Draw the next two square numbers in your book.
Use centicubes to build the first three cube numbers. Write down the next cube number.

m In the statement 4° = 82, the 3 and 2 are called indices. This is the
plural of ‘index’.
m Index notation
index or power

Index The number of
times the base number
appears in the product

34 34-3%x3x3x3 Base The number that
/ / T is being raised to a
base index form expanded form ——

Square To multiply a

- 5x 5and 5% are read as ‘5 to the power of 2’ or 5 squared’.

- 5x5x5and 5% are read as ‘5 to the power of 3’ or ‘5 cubed'.

- 5x5x%x5x5and 5*are read as ‘5 to the power of 4.

The opposite of squaring is finding the square root of a number. The
symbol 1/ means square root.

32-9s0 V9=3

- The square root of a number is always positive.

The opposite of cubing is taking the cube root of a number. The
symbol for cube rootis V' .

2=8,50V8=2
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number by itself

Square root The
opposite operation of
squaring

Cube root The
opposite operation of
cubing
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Understanding

1 Write each of the following in index form.

a 2x?2 b 4x4 c 5x5
d 5x5x5 e 6x6x6x6 f 7x7x7
2 Match each expression a—f to an expression in symbols I-VI.
a The square of 10 I V16 ﬁ
b The cube of 1 V1 WECHBEAE
¢ The square of 12 m Vi F=2xax2=g
d The square root of 1 IV 10?
e The cube root of 1 v 13
f The square root of 16 VI 122
3 Copy and complete. Peix1-1
22=2x2=4
2=
4=
5=
6> =
7=
82 =
92 =
10> =
4 Copy and complete. Pelxlxlel
23=2x2x%x2=8
3=
43 =
5=
6 =
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Example 20 Using index notation

Write each product in index notation.

a 8x8x8 b 7x7x7TxTxT7x7
Solution Explanation
a 8x8x8=8 The number 8 appears 3 times. We write 8 to the
power of 3.

b 7x7x7x7x7x7=7" The 7 appears 6 times. We write 7 to the power of 6.

Write each of the following products in index notation.

a Tx7Tx7 b 10x10x10x10 c 8x8
d 4x4x4 € 2x2x2x2x2x2x2 f 6x6x6x6x6x6x%x6
g 12x12 h 5x5x5x5x5x5 i 6

Example 21 Expanded notation and evaluating index notation

a Write 5* in expanded form. b Find the value of 5*
Solution Explanation
a 5=5x5x5x5 The power of 4 tells us that the number 5 repeats in

multiplication 4 times.
S#=5%x5%x5x%x5

b 5*=625 5#=5x5%x5x%x5
=25%x5x%x5
=125x%x5
=625
Write each expression in expanded form. L )
a 8§ b 3¢ c 9 5X5x 5isthe
d 4¢ e 28 f 112 expanded form of 5°.
Find the value of each expression.
a 2} b 2¢ c 3
d 10 e 5° fo1¢
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Example 22 Finding squares, cubes, square roots and cube roots
Evaluate the following.
a 6 b V8l ¢ 3° d Vo4
Solution Explanation
a 6’=6x6 Find the product of 6 with itself.
=36
b V81=9 92=9x9=81s0 V81=9
¢ 3*=3x3x3 The number 3 appears 3 times
=27
d Ve4=4 P =4x4x4=6450V64=4
8 Evaluate these squares and square roots. @
a 4 b 10° c 132 d 152 3»=9and V9=3.
e 100 f 20 g V25 h V49 -
i VI21 i V100 k V144 I VI16x16
9 Evaluate these cubes and cube roots.
a 2 b & c 7 d 5 Hint: Use a
e 6 f 10° g V3 27 h \3/§ calc.ulator for
i V125 i V512 k V729 I V1000000 i ) g

10 Decide which of the following is larger.
a 2%or3? b 2%or3? c 2or5?

11 Copy and complete.

a If132=169, then V169 =[]
b If 152 =225, then V225 =L
¢ If V625 =25, then 25> =[]

d If 9° =729, then V729 = []
e IfV1331=11,then 113 =]

12 Given 5 x 5 x 5 x4 x 4 is written as 5° x 4% (the different bases of 5 and 4 are kept
separate), write each of the following in index form.

a 6x6x7Tx7TxTx7 b S5x5x5x5x2x%x2

c 3x3x8x8 d 11 x9%x9x9%x9

e 12x12x4x4x4 f 2x2x2%x2x2x%x2x%x3x%x3x%x3
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Algebraic bases

13 Write each of the following in index form. Remember, different
axaxbxbxb

bases cannot be collected. exe &
2 3
mxmxm gﬁﬁ
a*b’

axaxaxaxda
NAXAXAXAXNAXNXN
PXPXPXPXPXPXPXPXPXP
PXPXPpXgx(q
axaxaxaxbxb
axaxbxbxbxb
XXXXXXXXY

o Qe 00 Qa0 T o
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Index laws

In this section we will look at the rules that can be used
when working with numbers written in index notation.
We call these rules the index laws.

P Let’s start: Investigating the first
two rules

Write out 37 in expanded notation. ‘
Now write out 3* in expanded notation.

What do you get when 37 is multiplied by 347 Index notation is uged in science, economics
How many times does the base of 3 appear in and computer applications.

this product?

What do you get when 37 is divided by 3*? How many times does the base of 3 appear in
this quotient?

The index law for multiplication:
m Use when multiplying numbers written in index notation.
If the base is the same, keep the base and add the indices
togethe}r. 5 of writing numbers
—e0. 2Px22=(2x2x2x2x2) _ that are multiplied by
= 25 (here the base of 2 appears 5 times (3 + 2)) o s les

Index notation Method

The index law for division:

m Use when dividing numbers written in index notation. If the base is
the same, keep the base and subtract the indices.
-e.0.26+22=(2x2x2x2x%x2x2)+(2x2)

2X2x2x2x2x2
- 2x2
= 2% (here the base of 2 appears 4 times (6 — 2))

The index law for power of a power:
m Use when a number written in index notation is raised to another power. The base
remains the same and the two indices are multiplied together.
-e.g. (2)*=23x2¥x23x 2}
—D3+34343
= 2'2 (here the base of 2 appears in total 12 times (3 x 4))

The zero index:
m Any non-zero number raised to the power of zero gives an answer of one.
-eqg.2'=1
e.g. 23+ 23=233=2%(but 23+ 2 = 1 so this must mean that 2°=1)

ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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Understanding

1 Which of the following is the same as 4° x 44?
A 4x4x4xd4x4x4x%x4 B 16x16x16x16x16x16x16
C 167 D 16"
2 Which of the following is equal to 3° + 32?
A 3x3x3x3x3x3x3x3 B 3x3x3
C 3x3x3x3 D 1¢
3 Write the following in your workbook using index notation.
a 6 raised to the power of 2
b 7 raised to the power of 0
C (O5x5x5x5x5x5)x(5x5x5x5x5x5%x5x%x5)
d 6x6x6x6x6x6x6x6x6)=(6x6x06)
4 Which of the following is the same as (22)*?
A 2 B 45
C 2x2)x(2x2)x(2x2)=2° D 2%
Example 23 The index laws for multiplication and division
Simplify each of these, leaving your answer in index form.
a 6°x6* b 5+5¢
Solution Explanation
a 6°x6'=6’ Keep the base and add the indices 6° x 6* (the base of 6
appears 5 times in the first term and 4 times in the next term).
The base of 6 appears 9 times in the product.
b 57+5=5 Keep the base the same and subtract the indices.
57 . 54 _ §7-4
5 Copy and complete the following.
a T*x7*=7" b 8 x8 =8 c 95x93 =9 d 54x5%=5"
e 210x23=20 f 2k 20=215 g 5%+52=5Y h 6*+6'=6"
i 2122820 j 1o+ =10 k 87+8¢=8? I 107 = 10“ =102
6 Simplify each of the following using the index law for multiplication.
a 3*x3? b 22x23 ¢ 10°x 10! Keep the base. n
d 9°¢x 94 e 4*%x4 f 23x2° Add the indices. (¥
g 8 x8 h 12°x12 i 16°x16°
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7 Simplify each of the following using the index law for division. Koon the b ?
. . ] eep the base.
a 34:32 b 27+2° c 9°+9 Subtract the
d 45-42 e 17%+17% f 1°=11° indices.

Example 24 Raising powers
Simplify (43)3.
Solution Explanation

(43 = 4° (43)3 = 433
The base of 4 stays the same and the indices are multiplied together.

8 Copy and complete. ‘ o /
a (2})4 _ 2D b (32)5 _ 3D c (52)2 _ 5[:] Multiply the indices.
d (243 =20 e (PpR=70 f (845 =80 et
9 Simplify the following.
a (722 b (25 c (372 d (84>
e (3% f (10 g (9 h (5
Example 25 The power of zero
Simplify:
a9 b 3x2) c 4x5°
Solution Explanation
a =1 A number (except zero) raised to the power of zero
equals one.
b 3x2)°=1 3x2=6
6°=1

c 4x5°=4x1 5% =1 so the product of 4 and 5° is the same as 4 x 1.

N 10 Simplify the following.
% a 5 b ¢ c 19° d 15°
h 10x2°

Skilisheet € (27 x 25)° f 5047 g 8-3°
B0 % j 50+6 K 6+5 I 123
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11 Complete the following.

12

a

(=2

= 0O QO T D U Ao

Given 4 = 22, write the product 27 x 4 as 2".
Write 5% x 25 as 5.

Write down the numerical value of 64 = 6'2.
What do you notice about (3*)? and (3%)*?

Number and Algebra 43

Write down the numerical value of 4% x 32. Is it the same as 72 or 12??

implify the following.

27 x 24+ 23
(23)3 x 24

107 = 10% = 102
TP x TP xT?
6*x 65+ 6°
37x3x3

Combine the index ‘ !
laws where required.

13 Use the four index laws to complete these index law questions involving
pronumeral bases.

14

a axat b m*xm? Remember, the base

c @xat d xXSxx8 stays thf same. >
e n' xnt f méxm xm Zmzéﬁ

g n = nd h q'°=q’ = m2

i mét+mt j dxaxa

K w2 = w3 I pSxp? =+ pf

Simplify these using the given hint. Y
a Sm*xm’ 5x7 X 3x? B
b 6m?x 4m°® i5><3><7ic27><x2

c 8mfx2m* _ }g;x

d 3a>x4d

e 7x*x3x*

f 5x%x4x3
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Puzzles and games

Chapter 1. Algebraic techniques 2 and.indices

1 Find the values of 4, B and C so that the rows and columns add up correctly.

A

B

C

Sum = 14

A

C

B

Sum =14

A

C

B

Sum =14

Sum =15

Sum =16

Sum =11

2 Fill in the missing expressions to make the six equivalences true.

3x

+

Tx+3y+1

+

+

2y +3x + Tx+6y+1

3 Think of a number.
Multiply by 2.
Add 8.
Divide by 2.
Subtract the original number.
What number did you get?

Think of a number n.

Double it and add 4.

Triple the result and subtract 12.

You now have 6 times the original number.

Use algebra to see if this was just a coincidence.
Design a puzzle like this and try it on your friends.

Finding the largest value
If b can be any number, what is the largest
value of b x (10 — b)?
If x + y evaluates to 15, what is the largest
value that x x y could have?
If @ and b are chosen so that @ + b is
equal to (a + b)?, what is the largest value
of axb?
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Pronumeral: a letter that stands
for a numerical value

Like terms

Have the same pronumerals
+ - X +

6xand 5x v
sum difference product quotient x
more than less than times divide dxand .7y .
added minus double (2x) one third can be in different order
increased decreased twice (2x) one half 6ab and 12ba
triple (3x) quarter

an expression
terms

-@-(®
5isthe

coefficient of x constant term is —8
—7 is the coefficient of xy

~p=2
a+b b

Adding and subtracting
Substitution like terms

‘evaluate’ ‘substitute’

| 6a | [+120][+3a]|[-7b]

Replace pronumerals with numbers
and calculate answer =6a+3a+12b - 7b

=9a+5b
If a= 3 then
5a+7=5%x3+7

=15+7
=22

Expanding
Equivalent expressions 3(2x+ 5y) = 6x+ 15y

Always evaluate to the 2a(b—-7b)=10a-14ab
same number

e.g. 2xand x+ x

Factorising

Multiplying and dividing terms 12x+6 (HCF =6)

Squares and square roots 3ax2b=3xax2xb =6(2x+1)
42=16,5016 =4 =6xaxbh

Cubes and cube roots =6ab

43=64, 5064 = 4 i
3

Indices

30=1 35x3%=38
31=3 35+38=32
3?2=3x3 (3%)3=31
3P¥=3x3x3




46

=
=
>
(<&
b SN
S
D
i —
.
(4~
i
()

o

Drilling
for Gold
1R

o

Drilling
for Gold
1R2

o

Drilling
for Gold
1R3

Chapter 1. Algebraic techniques 2 and.indices

Additional consolidation and review material, including
T literacy activities, worksheets and a chapter test, can be

downloaded from Cambridge GO.

Multiple-choice questions

1

The sum of x and y can be written as:
A 2x B 2xy C x+y D x-y E xy

Consider the expression 5a - 3b + 8. Which one of the following statements is true?
A The coefficient of a is 5.

B It has 5 terms.

C The constant term is -8.

D The coefficient of b is 3.

E The coefficient of a is 10.

3 If nis a number, which of the following represents one third of n?
A3 B 0.3n C 3n p 2 E n-3
n 3
4 Ifa=2,then 17 +2ais:
A3 B -3 C 21 D 11 E 13
5 3 x X x ) isequivalent to:
A 3x+y B xy C 3+x+y D 3x+3y E 3xy
6 124ab can be simplified to:
A 2ab B 2a C b D ab E b
b 2a 2 2
7 The expanded form of 2(3 + 5y) 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 4
b b 2 2b
When like terms are combined, 3a + 4b + 2a — 2b simplifies to:
A Sa+6b B 7ab C 1lab D 5a+2b E a+6b
10 The factorised form of 3a - 6ab is:
A 3a(l -2b) B 3a(a-2b) C 3a(a-b) D 6ala-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 5x + 7 is 5.
b 16xy and 5yx are like terms.
¢ The coefficient of d in the expression 6de + 7d + 8abd + 3 is 7.
d The highest common factor of 12abc and 16¢ is 2c.
e The coefficient of x in 5y — 3x is -3.
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2 For the expression 6xy + 2x — 4y + 3, state the:
a coefficient of x b constant term
¢ number of terms d coefficient of xy.

3 Substitute the following values of a to evaluate the expression 12 — 2a.
a l b 2 c 4 d 6

4 Substitute 4 =2 and B =5 into the following expressions.
a 104 b A+B c B-4 d 34+2B

5 Substitute x =2 and y = 3 into each of the following.
a 2y+3 b 3x+y cC Xy+y d 4x-2y

6 Simplify each of these expressions by collecting like terms.
Tm + 9m

3a+5b-a

3y-x+y+1

Sx+3y+2x+4y

7x —4xy + 5xy +2x

Tm —2n+3m—4n

=
=
—
[« b
p S
S
D
b
= 18
S
i e
()

- 0 QO T QD

7 Simplify:
a 9ax4b b 30xxxy ¢ 2xx5yx3z

8 Simplify:
a 10x b 12ab c 4xz
5 4b 20xy
9 Expand and simplify when necessary.
a 3(x-4) b 2(5+x) c 32y+4) d 102x+7)
e 3(x-5) f 11(z-2) g 43a-11) h 2(6b - 3)

10 Find the HCF of:
a 12xand 16
b 14ab and 21a.

11 Factorise fully.
a 2x+6 b 24-16g ¢ 12x+3xy d 7a+ 14ab

12 If apricots cost $a each and pears cost $p each, write an expression for the cost of:
a 5 apricots
b 3 pears
¢ 5 apricots and 3 pears.

13 Greg runs 10 km each day.
a How far (in km) does he run in one week (7 days)?
b Write an expression for how far he runs in n days.

14 Evaluate the following.

a 22 b 23 c Va4 d V8 e 20
15 Simplify (in index form):
a 2x2x2 b 27x25 c 27+28 d (2)
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Extended-response questions

1 Two bus companies have different pricing structures.

Company A Company B

$120 call-out fee, plus $80 per hour $80 call-out fee, plus $100 per hour

=
=
>
(<&
b SN
S
D
i —
.
(4~
i
()

Write an expression for the total cost of travelling for n hours with company A.
Write an expression for the total cost of travelling for n hours with company B.
What is the cost of travelling for 3 hours with each company?

For how long would you need to hire a bus to make company A the cheaper option?
If a school hired one bus from each company for n hours, what would the total

cost be?

D QO T o

2 Consider the floor plan shown.

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

b Using that expression, find the floor’s area x+
if x =3 metres and y = 7 metres.

¢ Write an expression for the floor's perimeter in X
terms of x and y. xT

d Using that expression, find the floor’s perimeter
if x =3 metres and y = 7 metres.

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

Yy
I T
T 3x
I l
ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press

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



Number and Algebra 49

Congratulations! You have won a very special prize. You have two options.
Option 1: Take $1 million now.

Option 2: Take 1 cent at the end of this year, 2 cents at the end of next year,

4 cents at the end of the year after, 8 cents one year later and keep doubling.

a If you choose Option 2, how much will you receive in the tenth year?

b If you choose Option 2, how much in total will you have by the end of the
tenth year?

¢ How long will it take for Option 2 to overtake Option 1?

=
=
—
[« b
p S
S
(«b)
i w—
= 18
S
i e
()
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Environmental scientists can use equations to
predict the population of endangered species such
as the Australian loggerhead sea turtle.

The equation F'= C(1 + B — D) can be used,
where:

e ['=future population

e (= current population

e B =birth rate

e D =death rate

By mathematically predicting the future,
scientists can advise governments on how to save
the loggerhead turtle from extinction.

a

016

be transferred to another party.
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Fill in the missing number in these equations.
a 5+7=_] b 3x9=[]
c 12+4=[] d 5x2=[]

Find the value of /A to make these equations true.
a 4+A=12 b 6xA=12
c A+14=19 d A-4=11

If x =6, find the value of:
a x+2
c x-2

Simplify these algebraic expressions.
a 9m+2m b 4a-3a ¢c Tn+3n-n
d 8a+2a-10 e 4x+2+7x f 5b+4+3b

Expand these algebraic expressions using the distributive law.
a 3m+4) b 2(a+06)
¢ 3(x+7) d 4(k-6)

| think of a number, double it, and then add three to get 27. What is the
number?

If x =5, are the following equations true or false?
a x+2=17 b 3x=35
c x-1=6 d 2x=10

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

State the opposite operation of each of the following.
a x5 b +2
c 3 d -3

10 The sum of k and 3 is written as k + 3. Write expressions for:
a the sum of p and 10 b the product of 4 and x
¢ double z d 6 less than q.

11 True or false?
a x=3is asolution of 3x =0.
b x=3isasolution of 3 - x=0.
¢ x=23is asolution of x>=9.
d x=-3is asolution of x2=9.
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Reviewing equations REVISION
Equations are mathematical statements saying that two 3 +5=8isatud
things are equal. For example, 2 + 2 =4 is an equation. find a solution to the equation eq”a“""

If there is a pronumeral involved, then a solution is a value 3+x-8 S
that makes the equation true.

P Let’s start: What’s missing?

Rory has erased a number in each of the equations below.

e |f the equations were originally true, find the missing values:
10+[1=57 [1-31=40 2x[]+5=19

e In one equation he erased two numberstoget [ I x2=[1.
Is it possible to find the missing values? Why or why not?

53

= An equation is a mathematical statement that two expressions Equation
are equal, such as 3 x 5 =15 (which is true) or 2 + 2 = 100 (which A mathematical
is false). stateme_nt that two .
m The parts of an equation are:@:@ z’r(‘;jgz?;’;:)(sz\ge{fe
/ T \ same value
left-hand side equals sign  right-hand side Solution The value/s
LHS RHS that give a true
statement when
m A solution to an equation is a value that makes an equation true. substitued for the
O The process of finding a solution is called solving. unknown in an
ol L Simple equations can be solved by inspection but a methodical eq”aft'on o
for Gold approach is needed for complex equations. Solving Finding
2A1 the value(s) of the

unknown(s) so t

hat

the equation is a true

statement

1 State the value of: !
a 7+12 b 5x3 Remember: Brackets
c 2x8 d 10-4 first, then Division
and Multiplication,
e 2x5+1 f3+5%2 then Addition and
g B+2)x7 h 5-(4+1) Subtraction.
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Example 1 Classifying equations as true or false

For each of the following equations, state whether they are true or false.

a 3+8=15-4 b 7x3=20+5
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.

2 Classify these equations as true or false.
a 5x3=15 b 7+2=12 c 5+3=16+2
d 8-6=6 e 4x3=12x1 f 2=8-3-
3 Find the value of 4 + 5 if:
a A=3 b A=7 c A=10 d A=40
4 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 @
5 State the value of the missing number to make the following g’;means <
equations true. *
a 5+[]=12 b 10x[]=90
c [J-3=12 d 3+5=[1

Example 2 Classifying equations as true or false by substitution

If x =10, is the equation x + 20 = 3 x x true or false?
Solution Explanation

True LHS=x+20=10+20 =30
RHS=3xx=3x10=30
LHS equals RHS, so the equation is true.

6 If x =2, state whether the following equations are true or false.

a x+4=06 b 10x=5 c 8=10-x
d 7x=8+3x e 10-x=4x f 3x=5-x
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7 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
8 For each equation below, choose the correct solution from
. x=35 x=1

the table on the right.

a x+12=20 b 10x+5=35 x=17 x=3
c 12=x+5 d 10+x=3x+2 =8 o
e 3+2x=5 f 6-x=1

Example 3 Stating a solution to an equation
State a solution to each of the following equations.

a 4+x=25 b 5y=45
Solution Explanation

a x=21 We need to find a value of x that makes the equation

true. If 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.

a S+x=12 b 3=x-10 ¢ 4u=28

c 9 State a solution to each of the following equations.

Drilling
for Gold
2A2

d 17=p-2 e 10x=20 f 77="Tk

Example 4 Writing equations from a description

Write equations for the following.

a The number k is doubled, then three 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 k is doubled, giving k x 2. This is the same as 2k.
If 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 n hours at $12 per hour, the total amount

earned is 12 x n, or 12n.

10 ‘A number Xx is tripled and the result is 12.” Which of the following

equations describes this?
A x+3=12 B 12x=3 C 3x=12
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11 Write equations to describe the following scenarios.
You do not need to solve the equations.
a The number k is increased by 4 and the
result is 20.
b A number x is doubled and then 7 is added.
The result is 10.
The sum of x and half of x is 12.
d Fel's height is 4 cm and her brother Pat is 30 cm
taller. Pat’s height is 147 cm.
e Coffee costs $¢ per cup and tea costs $3.
Four cups of coffee and two cups of tea
cost a total of $22.
f Chairs cost $¢ each. To purchase 8 chairs and
a $2000 table costs a total of $3600.

12 Find the value of the number for the following problems.
a A number is tripled to obtain the result 21.
b Half of a number is 21.
¢ Six less than a number is 7.
d A number is doubled and the result is 52.

o

13 Berkeley buys x kg of oranges at $3.20 per kg.
He spends a total of $9.60.
a Write an equation involving x to describe this
situation.
b State a solution to this equation.

More than one unknown

14 a 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

b If the four numbers above (2, 10, 12, 22) are doubled, what would the
values of a, b, ¢, d and e become?
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@ Equivalent equations REVISION

Sometimes it is helpful to think of an equation as
two weights balancing on scales.

. . . An equation is like this old-
If the same weight is added to both sides, the scales fashioned pan balance. When
still balance. both sides are of equal value,

the pans are balanced.
2+2+3=4+3

We can also subtract a value from both sides, or multiply/divide both sides by the same
value, and the scales will still balance.

double
both
sides

Equations are called equivalent if you can get from one to the other by performing the
same operations on the LHS and RHS.
The operations can be written next to arrows, like this:

x+3=10
x2< )><2
2x+6=20
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P Let’s start: Equivalent equations

Write down 5 equations that are equivalent to 2x = 12.
For one equation that you wrote down, show it as a pair of scales like this
diagram.

< >
Izl
s )
——
Show one of them with arrows like this diagram.
<2x =12 )
? ?

What is the simplest equation that is equivalent to 2x = 12?

Two equations are equivalent if you can get from one to the other Equivalent Having the
by repeatedly: same values
— 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 sides of the equation.
To solve an equation using the balance method, you should repeatedly find an
equivalent equation that is simpler. For example:
Sx+2=32

2 g 27
5 . pE
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Understanding

Write an equation for each of the balancing scales below.
b ﬁ
7
X 3
Q 2 %

S 2K ) |
— - -

¢ .I 5T An example could ﬁ
‘." be7+2=6+1or A d
X X 3Ix+1=x+4
Q 7 Q 7 X X

Write the equivalent equations to 2x = 12 by filling in the blanks.
a 2x=12 b 2x=12 c
><3< >><3 +1< )+1

For each equation fill in the blank to get an equivalent equation.

2x =12
A7)
a 5x=10 b 10 - 2x =20 Y 3g+4=16
+2 ( 7 +2 +5< >+5 —4< )—4
Sx+2= 15-2x= 3g=___

Consider the equation 4x = 32. A
a Copy and complete the following working. A solution is a value
4x = 32 of x that makes the hd

equation true.
4 < )4
X =

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

To solve the equation 10x + 6 = 45, which of the following operations would you first
apply to both sides?
A Divide by 6 B Subtract 6 C Divide by 10 D Subtract 45
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Example 5 Finding equivalent equations

Show the result of applying the given operation to both sides of these equations.
a 8y=40[+8] b 10+2x=36[-10] ¢ Sa-3=12[+3]

Solution Explanation

= 40 Write the equation and then divide both sides
+8 by 8.
40 +8is5and 8y = 8is y.
10 + 2x = 36 Write the equation and then subtract 10 from
—10< > 10 both sides.

36-101is 26
10 + 2x -10is 2x

c <5a -3= 12> Write the equation and then add 3 to both sides.
+3 +3

2x =26

12+3is 15

Sa=15 Sa-3+3is5a

O 6 For each equation, show the result of applying the given operation to both sides.

a 10+ 2x =30 [-10] b 4+q=12[-2] ¢ 13=12-¢ [+5]
Drilling d 4x=8[3] e Tp=2p+4[+6] f 3g+1=2g+1][-1]
'°’2§$"‘ 7 Copy and complete the following to solve the given equations using the balancing

method
10x = 30 qg+5=12 c k-3=8
—10< > 10 —5< )—5 +3< >+3
4x+2=22 e Ip+2-30 i _26=10x-4
—2< > -2 —2< >—2 +4< >+4
d 4x = = =
) e e B
Example 6 Solving equations using the balancing method

Solve the following equations.

a x-4=16 b 2u+7=17 c 10=3k-11
Solution Explanation
a x-4=16 By adding 4 to both sides of the equation, we get
+4< >+4 an equivalent equation.

x =20 Check solution:
So the solutionis x=20. LHS=20-4=16 RHS=16
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Solution Explanation
b 2u+7=17 To get rid of the +7, we subtract 7 from
= =/ both sides.

Remember that 2u means 2 x u.
Check solution:
So the solution is u = 5. LHS=2x5+7=17 RHS=17

2u=10 Finally we divide by 2 to reverse the 2u.
9 g ) 22
u=>5

10=3k-11 First add 11 to ‘undo’ the -11
C +11 >+11 Then divide by 3 since 3k means k x 3.

21 =3k Write 7=k as k =17.
oI D
1=k Check solution:

So the solution is k = 7. LHS=10 RHS=3x7-11=10

8 Solve the following equations.

a a+5=8 b tx2=14 c g-2=7 d k+2=11

e x+9=19 f 3h=30 g 9/=36 h g+3=3
9 Solve the following equations.

a 9%+5=32 b 9u-6=30 c 55-2=13 d 3w-6=18

e 8+5x=28 f 6+10w=256 g 8a-8=38 h 4y-8=40
10 Solve the following equations.

a 10=>5x b 12=Fk+7 c 30=x-12 d 5=x+4

e 32=4k+4 f 50=2x-10 g 12=3y-6 h 14=x+2+4

11 The solutions to the following equations are negative numbers. Solve the
equations to find them.
a x+10=4 b 7a=-21 c 3x+4=-26 d 2k+20=10
e 7=2k+15 f 1=7p+8 g 2=p-+8 h 3=2x+7

12 For each of the following, write an equation and solve.
a Thesum of pand 8 is 15.
b The product of g and 3 is 12.
¢ 4 is subtracted from double the value of k and the result is 18.
d When ris tripled and 4 is added the result is 34.
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13 The following shapes are rectangles. By solving equations, find the value of the
pronumerals. @

a 1“0 b 20 + 10x Find the value of
T H X first. A
Sy+T71 T 25+ +10x+5
2x -4 y
c 4x
2x Perimeter = 48
14 Solve the following equations. More than two steps are involved.
a 14x(@x+2)=140 b 8=(10x-4)+2 c 3+Q2x+1)x4=47

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

x=35
><4< >><4

4x =20

+3< >+3
4x +3 =23

><2< )xZ
(4x +3)x2=46

a Solve (4x + 3) x 2 = 46.

b Describe how the steps you used in your solution compare with the steps the
student used.

¢ Give an example of another equation that has x = 5 as its solution.
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Equations with fractions

A fraction such as % represents x + 3. This means that to solve an equation with % on

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

20="2
*~ 10 5

><3 3 X3 XS ><5
100 = x

x =30 sox =100

P Let’s start: Practising with fractions
e |If x =10, find out what each of these expressions would equal:

2x + 1 2§+1 2 2+ 2x 2x+l
2 2 x+1 2 2

e Which of the above expressions are equal if x =0?

a
= b means a + b.

m To solve an equation with a fraction on one side, multiply both sides
by the denominator.

q

==12
><4<4 >><4
q =48

1 Which of the following expressions represents ‘x divided by 5'?

A x+5 B ¥ c 2
5 X
2 If x =20, state whether the following equations are true or false.
X X X
a ==5 b ==40 c ==5
4 2 5
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3 a If x =4, find the value of§+6.

Expressions
are equivalent

o

. X+6
b If x =4, find the value of . if they are
always equal.

X+6

X . .
¢ Are 5 6 and equivalent expressions?

4 Fill in the missing steps to solve these equations.

=10 T=2
a ><3< >><3 b ><5< >><5
X =__ m=_7"
11:% %:7
cof 2 o o0 )
_=q p=_

Example 7 Solving equations with fractions

Solve the following equations.

k 4x

a —=4 b —=28
10 3
Solution Explanation
a k Multiplying both sides by 10 removes the

denominator of 10.

Multiplying both sides by 3 removes the
denominator of 3.

Both sides are divided by 4 to solve the equation.
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5 Solve the following equations.

a Loy b £-2 ¢ 4-3 a ko3
5 10 5 6
e 5=2 f 10==" g 2-1 h 4=t
7 10 4 2
6 Solve the following equations.
c 20 7 3 Multiply .-
= w__ 38 both sides -
Drilling a 5 8 b 10 7 c - 9 by a chosen
forzggld number.
d v =15 e 3m =6 f 3n -6
4 7 7
g Z-6 Y
5 5

Example 8 Solving more complex equations with fractions

Solve the equation: 4+ 15 =3
Solution Explanation
4y +15 3 Multiplying both sides by 9 removes the
( 9 denominator of 9.
x9 x9
4y +15=27 The equation 4y + 15 = 27 is solved in the usual
_15 Q _15 fashion (subtract 15, divide by 4).
4y =12
+4 +4
y=3
7 Solve the following equations. A
First .-
a l—8:10 b /’l+10:4 ¢ a+12:5 multiply.
2 3 5
d <=7 5 e S22 R ALNE
2 8 8
9 7=x—9 h 8=2x+4 | 0=2x—4
5 6 5
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Example 9 Solving more equations with fractions

Solve the equation: 4 + 5% =29

Solution Explanation
442X _ 9 We must subtract 4 first because we do not
2 have a fraction by itself on the left-hand side.
-4 -4 Once there is a fraction by itself, multiply by
Sx

X 95 the denominator (2).
x2 <2 >><2

8 Solve the following equations.

a - 1+3=5 b 2+>=7
10 4
¢ L 6-1 d 2Xi6-10
2 5
e 6—p—4=2 f 9+%=18
7 2
9 Match each of these equations with the correct first step to solve it.
a *-7 h X=4_5
4 2
c X-4=7 d *+4=3
2 4
A Multiply both sides by 2. B Add 4 to both sides.
C Multiply both sides by 4. D Subtract 4 from both sides.
10 Solve the following equations.
a g =1 b 27)(? =4
Skilg\heet 5 7
¢c Ki1-6 d X9
3 4
e 3-_2 fo15=3%X
2 2
5
g P h 2x+7 _ 3
15 3
i 9-2"_
4
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11 For the following puzzles, write an equation and solve it to find the unknown number.
a A number x is divided by 5 and the result is 7.

Half of y is 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.

f A number k is doubled and then 6 is added. This result is halved to obtain 14.

O QO T

12 The average of two numbers can be found by adding them and then
dividing the result by 2.
a Find the average of 9 and 5.

b If the average of x and 5 is 12, what is x? Solve the equation ijLS =12 to find out.

¢ The average of 7 and p is 5. Find p by writing and solving an equation.
d The average of a number and double that number is 18. What is that number?
e The average of 4x and 6 is 19. What is the average of 6x and 4? (Hint: Find x first.)

13 A restaurant bill is to be paid. Blake puts in $40, which is one third of the amount in
his wallet.
a Write an equation to describe this situation, if b represents the amount in Blake’s

wallet before he pays.
b Solve the equation to find out how much money Blake has in his wallet.

14 In these equations, the unknown is the denominator. Solve them by inspection.

a 2.9 b o5 ¢ 204
X X X
d 4+20_14 e 16,13 i 12
X X
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Equations with pronumerals on
both sides

All the equations we have considered so far have involved a pronumeral either on the
& left-hand side, e.g. 2x + 3 = 11, or on the right side, e.g. 15 =10 - 2x. 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 + 5x = 16 + 3x can be thought of as balancing scales.

el g
Q ) Q )
o
- -

Then 3x can be removed from both sides of this equation to get:

~ ~

The equation 12 + 2x = 16 is straightforward to solve.

p Let’s start: Moving pronumerals

You are given the equation 11 + 5x =7 + 3x.

e (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.

e Do all of these equations have the same solution? Try to find it.

m If both sides of an equation have a pronumeral added or subtracted, the new
equation will be equivalent to the original equation.

m If pronumerals are on both sides of an equation, add or subtract something to
both sides so that the pronumeral appears on only one side. For example:

10 + 5a =13 + 2a 4b +12=89 - 3b
-2a Q ) —2a +3b<> )+3b
10 + 3a =13 7b +12 =289
m Sometimes it is wise to swap the left-hand side and right-hand side.
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Understanding

1 If x =3, are the following equations true or false?
a 5+2x=4x-1 b 7x=6x+5
c 2+8x=12x d 9x-7=3x+11

2 Fill in the blanks for these equivalent equations.

Sx+3=2x+38 9q +5=12q + 21
a —2x<> )—2x b —9q<> 4>—9q
_ =8 _=3¢g+21
2p+9=5-2p 15k +12=13 -7k
c +2p( )+2q d +7k<> )+7k

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

Example 10 Solving equations with pronumerals on both sides

Solve the following equations.
a 7t+4=5+10 b 6x+4=22-3x ¢ 2u="Tu-20

Solution Explanation

equation, so subtract 5¢ from both sides.
_4 2t+4=10 4 Once 5t is subtracted, the usual procedure is
<> ) applied for solving equations.

a s <>7t +4 =51+ 10) = Pronumerals are on both sides of the
—5¢ —

P 2t=6 P Check the solution:
<>t=3<> LHS=7x3+4 RHS=5x%x3+10
=25 =25
b 6x+4=22-3x Pronumerals are on both sides. To remove
+3x (} +3x 3x, we add 3x to both sides of the equation.
Ix +4 =22 Once pronumerals are just on the LHS,
4 ) 4 the usual procedure is applied for solving
> 9x =18 . equations.
- <> ) - Check the solution:
X=2 LHS = 6 x 2 + 4 RHS =22 - 3% 2
=16 =16
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Solution Explanation
c 2u=Tu - 20 Choose to remove 2u by subtracting it.
—2u (} ) —2u Note that 2u — 2u is equal to 0, so the LHS of
0 =5u-20 the new equation is 0.
+20 )+20 Check the solution:
20 = Su LHS =2 x 4 RHS = 7 x4 - 20
4 =

u
u=4

4 Solve the following equations systematically and check your solutions.

a 10/f+3=23+6f b 10y +5=26+3y c 7s+7=19+3s
d 9/+4=4j+14 e 2t+8=8+20 f 4+3n=10n+39
g 4+8y=10y+ 14 h 5+3t=6r+17 i 7+5¢=19+9¢q

5 Solve the following equations systematically, checking your solutions using
substitution.

a 9+4t=Tt+15 b 2¢c-2=4c-6 c 6t-3=7t-8
d 7z-1=8z-4 e 8-24=2t-6 f 2g-5=3¢g-3
g Sx+8=6x-1 h 8w-15=6w+3 i 6/+4=5-1

6 Solve the following equations systematically. Your solutions should be checked using
substitution.

a l-4a=7-6a b 6-7¢g=2-5g c 12-8n=8-10n

d 2+8u=37+3u e 21 -3h=6-06h f 37-4j=7-10j

g 13-7¢c=8c-2 h 10+4n=4-2n i 10a+32=2a

j 10v+14=8y k 18+8c=2c I 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 5k-2=2k c 3+m=6+3m

d 9j+4=5+14 e 3-j=4+j f 22+43=4z-8

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 zis 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.
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9 At a newsagency, Preeta bought 4 pens and
a $1.50 newspaper, while her husband Levy
bought 2 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 pens.
¢ If Fred has a $20 note, what is the maximum £
number of pens that he can purchase? {

1§
E

10 To solve the equation 12 + 3x = 5x + 2 you can first subtract 3x or subtract Sx.
a Solve the equation above by first subtracting 3x.
b Solve the equation above by first subtracting 5x.
¢ What is the difference between the two methods?

11 Prove that the rectangular shape, to the right, must be a square. (Hint: First find
the values of x and y.)

3x+5

6y -7 S5y-1

2x+13

12 a Try to solve the equation 4x + 3 = 10 + 4x.
b 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.

13 Find the values of the pronumerals in the following geometric diagrams.

a b
c d
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Equations with brackets

& In Chapter 1 it was noted that expressions with x 2

brackets could be expanded by considering ;

rectangle areas. - Area=4(x +2)
SO4(x+2)=4x+8 4] Axx=dx | OR

(= Area=4x +38

Demonstration that 4x + 8 and 4(x + 2) are
equivalent

P Let’s start: Tank tops and shorts

Harrison buys two sporting outfits at a shop where shorts cost $5 more than T-shirts.
e |f each pair of shorts is $10, how much does the outfit cost?

* If the two outfits cost $60 in total, can you give the cost of each item?

e Try to find an expression for the total cost of the outfits.

| b
“A

$(x +9)

= To’?(&'ind brackets, use the distributive law, which states that:
—ab+c)=ab + ac. e.g.3(x+4)=3x+12.

—ab-c)=ab - ac. e.g.4b-2)=4b-8.

m Like terms are terms that contain exactly the same pronumeral and can be collected
to simplify expressions. For example, 5x + 10 + 7x can be simplified to 12x + 10.

m Equations involving brackets can be solved by first expanding brackets and collecting
like terms.
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Understanding

1 Which of the following expressions give the area x 3
of the rectangle? (There is more than one correct answer.)

A 4xx+3 B 4+x+3 C 4x(x+3) 4
D (x+3)x4 E 4(x+3) F 4x+12

Example 11 Expanding brackets

Expand the brackets for:

a 2(5x+3) b 3(k-4)
Solution Explanation
a @3)=10x+6 2x5x=10xand 2x3=6
IR
b 3(k-4)=3k-12 3xk=3kand3x4=12

Note the minus
sign remains

2 Fill in the missing numbers.

a 4(y+3)=4y+L] b 7(2p-5)=Llp-35
¢ 2(4x+5) =[x+ L[] d 10(5+3¢q)=L1+0lg
3 Match each expression (a—d) with its expanded form (A-D).
a 2(x+4) A 4x+8
b 4(x+2) B 2x+4
¢ 22x+1) C 2x+38
d 2(x+2) D 4x+2
4 If x =5, state whether the following equations are true or false.
a 3x+1)=18 b 4x-2)=16 c 22x+1)=22 d 5(x-1)=20
5 Copy and complete.
a 3(x+1)=18 b 3x+1)=18
+3 ( ) +3 3x+3=18
x+1=0] 3 < ) -3
D( )D 3x =01
5ok
x=[]
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Example 12 Solving equations with brackets

Solve the following equations by first expanding any brackets.

a 3(p+4)=18
b 4Q2x-5)+3x=57

Solution

a 3@?}1):18

3p+12=18
—12(A )—12
3p=06
+3< >+3

p=2

/AN
b 42x - 5) + 3x =57

8x -20+3x =57
11x-20=57
+20< >+2O
11x="77

+]1< >+11

x=17

Explanation

Use the distributive law to expand the

brackets.

Check:

LHS =3(p + 4)
=3x(2+4)
=18

RHS =18

Use the distributive law to expand the

brackets.

Combine the like terms: 8x + 3x = 11x.

Check:

LHS =4(2x - 5) + 3x
=4x9+3x7
=57

RHS =57

6 Solve the following equations by first expanding the brackets, as in the examples

above.

a 4x+1)=24 b 3(k+5)=18 c 20r-7)=20
d 2(4u+2)=52 e 33/-4)=15 f 52p-4)=40
g 15=502m-5) h 2(5n+5)=60 i 26=203a+4)

7 Repeat Question 6, but do a division as the first step, as in Question 5h.

2Ax+3)+x=30 b

8 Solve the following equations by expanding then combining like terms.
a

Skillsheet 5(r-2)+r=>50

d
28 50 -5)+30=1 f
49 =53¢ + 5) - 3¢ h
58 =4Q2w - 5) + 5w j

I

44 =53k + 2) + 2k

X T 0 o

ISBN 978-1-107-56538-8

3x-1)+2x=47
43y +2) + 2y =50
4(5+3w)+5=49
28 =4(3d + 3) - 4d
23=4(2p-3)+3
49=32c-5)+4

First expand, then
solve.
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9 A number is increased by 5 and then the result is doubled.
a If the number is n, write an expression for the final result.
b If the final result equals 40, which of the following equations describes this?
A n+5x2=40 B 2(n+5) =40
C 2n+5=40 D 40n+2)=5
¢ What was the original number?

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 Amos buys 3 shirts and 2 pairs of trousers for
a total of $225. Each pair of trousers costs
$20 more than a shirt.
a Explain why the total cost is 3s + 2(s + 20)
if $s is the cost of one shirt.
Solve the equation 3s + 2(s + 20) = 225 $s 8 $s
How much does one shirt cost?
How much does one pair of trousers cost?
What would the total cost be for 5 shirts and 3 pairs
of trousers?

QO T

12 Rahda’s usual hourly wage is $w. She works for 5 hours
at this wage and then 3 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.

13 The following equations involve negative numbers. Solve them.

a 2x+1)=-10 b 3(p-2)=-18 A oo

C 10(q+9)=—100 d —2(}"+ 1)2—10 —10(s — 5) =—10s + 50 v
e —5(r+6)=-40 f 20x+5=-12 .y

g 3k+1)+k=-37 h —10(s - 5) =50
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Solving simple quadratic equations

Equation 1 has exactly one solution. In the left-hand side, the unknown is multiplied by 2.
Equations like this, which are linear, usually have one solution.

Equation 2 is different. In the left-hand side, the unknown is multiplied by itself.
Equations like this, which are called quadratic, can have two solutions, one solution or

no solutions.
Equation 1: Equation 2:
2x =16 xX2=16
Solution: Solution:
x=28 x=7?

p Let’s start: Squaring numbers

What is 4°?
What is (-4)*?
What number(s) go in the box?

T=16

m Simple quadratic equations:
- x? =9 has two solutions, because 9 is a positive number.
x2=9
x=V9, x=-V9 Note:3*=9and(-3)>=9
X =3, F==3
X =43

— x2 =0 has one solution (x = 0), because 0% = 0.

- x?=-9 has no solutions, because the square of any number is 0 or positive.
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Understanding

1 a Calculate the following.
i 32and (-3)? ii 62and (-6)? iii 1?2 and (-1)? iv 10? and (-10)?
b What do you notice about the answers to each pair?
a Use a calculator to multiply these numbers by themselves. Recall that
a negative x negative = positive.
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)2= and 32=9so0 if x2=9 then x = or x =
b (5= and (=5)> =25 so if x> =25 then x = or x=
¢ (11)*=121and (-11)*= so if x2=121 then x = orx=

Example 13 Solving x?=cif ¢> 0

Solve the following equations. Round to 2 decimal places in part b by using a
calculator to assist.

a x?=81 b x2=23
Solution Explanation
a x=9orx=-9 Since 81 is a positive number, the equation has
two solutions. Both 9 and -9 square to give 81.
b x=V23=4.80 The number 23 is not a perfect square

(to 2 decimal places) so V23 can be rounded if required.
or x=-V23=-480
(to 2 decimal places)

4 Solve the following equations.

a x’=4 b x*=49 ¢ x>=100 Hint: Use a

d x2=64 e x2=1 f x2=144 calculator for

g x2=36 h x2=121 i x2=169 parts

j x?=256 k x?=900 I x2=10000 '

Solve the following and round to 2 decimal places.

a x’=6 b x*=12 ¢ x?=37 d x*=41

e x2=104 f x2=317 g x2=390 h x?=694
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Example 14 Stating the number of solutions

State the number of solutions for x in these equations.

a x’=-3 b x*=0 B =7
Solution Explanation
a 0 solutions In x2 = ¢, if ¢ <0 there are no solutions because any
number squared is positive or zero.
b 1 solution x =0 is the only solution to x? =0
¢ 2 solutions Both V7 and =\V/7 square to give 7.

6 State the number of solutions for these equations.
a x*=10 b x*=4 c x*=3917
e x’=-94 f x2=0 g a*=0

=J

The area of a square is 25 m?. Find its perimeter.

-]

A square mirror has an area of 1 m2. Find its perimeter.

9 By first dividing both sides by the coefficient of x?,
solve these simple quadratic equations.
a 2x2=8 b 3x2=3
c 5x?=45 d -3x2=-12
e -2x*=-50 f 7x*2=0
g -6x>=-216 h -10x>=-1000

10 Explain why:
a x?=0 has only one solution
b x?=c has no solutions if ¢ is a negative number.

11 The exact value solutions to x? = 5, for example, are written as x = V5 0or V5.
Alternatively, we can write x = +\/5.

Write the exact value solutions to these equations.
a x’=11 b x*=17 c x*=33 d x>=156

12 Solve these quadratic equations.

a 2x*+1=9 b 5x2-2=3 c 3x?-4=23

d x*+1=0 e 2x2+8=0 f 7x>-6=169

g 4-x*=0 h 27-3x*=0 i 38-2x?=-34
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Formulas and relationships EXTENSION

Formulas occur in many areas of maths and science.
Formulas are a special type of equation that relate to two or more variables.
The formula E = mc? relates energy and mass.

P Let’s start: Rectangular dimensions

You know that the area and perimeter of a rectangle are given A=¢xb

_ _ b
byA_fxbandP_2£+2b. . P20+
e If/=10and b =7, find the perimeter and the area.

If £ =2 and b = 8, find the perimeter and the area. %’
Notice that sometimes the area is bigger than the perimeter _

and sometimes the area is less than the perimeter. If £ = 10, o formulas used In mezsurement
is it possible to make the area and the perimeter equal?

If £ =2 can you make the area and the perimeter equal? Discuss.

m The subject of an equation is a pronumeral that occurs by itself on Subject The pronumeral
the left-hand side, e.g. Vis the subject of V'=3x + 2y. g?tLh:;eﬁ;T:Z? rs]'?nean
m A formula or rule is an equation containing two or more equaﬁog :
pronumerals, one of which is the subject of the equation. R N
m To use a formula, substitute all the known values and then solve the rule for ﬁnd?ng the value
equation to find the value of the unknown. of one quantity given the
values of others
1 Fill in the blanks.
a A or rule is an equation relating two or more pronumerals.
b A pronumeral by itself on the left-hand side of an equation is called the
¢ The formula A =¢x b is used to find the of a rectangle.
2 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.
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3 If you substitute £ = 5 and b = 3 into the formula A4 = ¢ x b, which of the following
equations would you get?
A A=5+3 B A=53 C A=5x3 D A=5-3

4 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

5 |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+0Q B L=40+12 C 12=410+0Q D 10=48+Q

Example 15 Applying a formula

Apply the formula for a rectangle’s perimeter P = 2¢ + 2b to find:

a Pwhen/=4andb=7 b ¢ when P =40 and b = 3.
Solution Explanation
a P=20+2b Write the formula.
P=2x4+2x7 Substitute in the values for £ and b.
P=22 Simplify the result.
b P=2/+2b Write the formula.
40=2¢+2x3 Substitute in the values for P and b obtain an
equation.

(40 =20 + 6) . Solve the equation to obtain the value of ¢.
-6 -

+2(34:2£>+

17=¢
=17

6 Considertherule 4=4p + 7.
a FindAifp=3. b FindAifp=11.
¢ Find Aif p=0. d Find A4 if p = 100.

7 The perimeter of a square is given by P = 4x, where x is the side length. .
a Find the value of P if x is:

i 10 i 3 i 7.5 x4 1

b Solve the equation 44 = 4x.

¢ If P =44, whatis the side length of the square? :
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8 Look at the rule U = 8a + 4.
a Find the value of @ if U =20. Set up and solve an equation.
b Find aif U=44. Set up and solve an equation.
¢ Findaif U=92. Set up and solve an equation.

9 Look at the relationship y = 2x + 4.

a Findyif x=3.

b By solving an appropriate equation, find the value of x that  vo, answer for
makes y = 16. part ¢ will be a

¢ Find the value of x if y = 0. negative number.

10 Use the formula P = mv to find the value of m when P =22 and v = 4.

Y=

11 The formula for the area of a trapeziumis 4 = %h(a +b).

a Find the area of the trapezium shown below. ih
8 =
s b
12

b Find the valueof hif A =20, a=3and b=7.
¢ Find the missing value in the trapezium shown below.
7

/Area=72 ¢8

b

12 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.
ii Solve the equation algebraically.
iii How far did the taxi travel? (Give your

answer in km.)

13 Look at the rule G =120 - 4p.
a If pis between 7 and 11, what is the largest
value of G?
b s it possible to make G equal to zero?
What would p equal?
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14 Two companies have mobile phone plans where the cost of a call depends on

how much time (¢ minutes) you talk for. n
Company A4's cost in dollars: 4 =0.3 + 0.5¢ Ukse el emg
Company B'’s cost in dollars: B =0.6¢ error to solve

. . thi tion.
a Find the cost of a 10-minute call with each company. s eanation

b If company A4 charged $6.30 for a call, how long did it take?

¢ If company B charged $6.30 for a call, how long did it take?

d How long would a call have to be if the cost for company 4 and company B is
the same?
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Applications

known to be equal.

g An equation can be used when two values are

The challenge in applying equations is
recognising when two things equal each other.

P Let’s start: Sibling sum

John and his elder sister are 4 years apart in their
ages.
If the sum of their ages is 32, describe how you

could work out how old they are.

Could you write an equation to describe the situation above, if x is used for John's age?

Number and Algebra

EXTENSION

Problems involving two people’s ages can be expressed as
an equation.

How would the equation change if the product of their ages is 32?

An equation can be used to describe any situation in which two values are equal.

To solve a problem follow these steps.

1

Define pronumerals to stand for
unknown numbers.

2 Write an equation to describe the

3

ISBN 978-1-107-56538-8

problem.

Solve the equation by inspection or
systematically.

Make sure you answer the original
guestion, including the correct units (e.qg.
dollars, years, cm).

© Palmer et al. 2016

Let x = John's age.
X+x+4=32
2x +4=32
I
2x =28

+2<x=14>+2

John is 14 years old and
his sister is 18.
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Understanding

1 For each of the following, choose the best way to start solving the problem.
a Frank grew by 10 cm and is now 107 cm. How tall was Frank last year?

A Let f'=Frank B Let f'=Frank’s height this year
C Let f=Frank’s age D Let f'=Frank’s height last year
b Waleed worked for 20 hours and earned $300. How much does he earn per hour?
A Let w=Waleed's height B Let w=300
C Let w=Waleed's hourly wage D Letw=20

¢ Louise spent $400 on 12 identical calculators for her class. How much does a
calculator cost?
A Let ¢ = cost of one calculator B Let ¢ = number of calculators
C Let?=Louise D Let?=Louise'sincome

G 2 Match each of the worded descriptions a—e with an appropriate expression A-E.

a The sum of x and 3 is 20. A 12x=20
g:'glo'ﬁ b The cost of 12 apples is $20. B x+1=20
2H1 ¢ The number of $1.50 oranges that can C 2x=20

be bought for $20.
d 20 is twice a number. D x+3=20
e One more than x is 20. E 1.5x=20

g:"(';'o"la 3 For the following problems choose the equation to describe them.

2H2 a Thesumof xand 5is 11.

A 5x=11 B x+5=11 C x-5=11 D 11-5
b The cost of 4 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.

4 Solve the following equations.

a 5p=30 b 5+2x=23 c 12k-7=41 d 10=3a+1
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5 The combined age of twin girls is 26. Let a = the age of one girl.
a Solve the equation a + a = 26. b How old is each girl?

Example 16 Solving a problem using equations

The weight of 6 identical books is 1.2 kg. What is the weight of one book?

Solution Explanation
Let b = weight of one book. 1 Define a pronumeral to stand for the
6b=1.2 unknown number.

6b =12 2 V.Vr|te.an equation to describe the
46 ) -6 situation.

bh-02 3 Solve the equation.

e 4 Answer the original question. It is not
The books weigh 0.2 kg each, or enough to give a final answer as 0.2; this
200 g each. is not the weight of a book, it is just a
number.
6 Jerry buys 4 cups of coffee for $14. I‘P
a Choose a pronumeral to stand for the cost of one e ————
cup of coffee. include the $ sign in d

answer.

b Write an equation to describe the problem.
¢ Solve the equation.
d What is the cost of one cup of coffee?

7 A plumber charges a $70 call-out fee and

$80 per hour.

The total cost of a particular visit was $310.

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.
d What is the length of the plumber’s visit?

o

ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



86 Chapter 2. Equations 2

8 When 6 chairs are bought, a ‘bulk buy’ discount reduces the final price by $200.
The total becomes $1300.
a Define a pronumeral for the cost of one chair.
b Write an equation to describe the problem.
¢ Solve the equation.
d What is the cost of one chair?

9 The perimeter of this rectangle is 72 cm. ¢
a Write an equation to describe the problem, using ¢ for
the length. 43
b Solve the equation.
¢ What is the length of the rectangle?

10 A square has a perimeter of 24 cm. -
a Solve an equation to find its side length.

) T + Perimeter =24 cm
b What is the area of the square?
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Example 17 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. 1 Define a pronumeral for the unknown. Once Luke’s
¢ +2¢ =60 age is found, we can double it to find Jane’s age.
2 Write an equation to describe the situation. Note
A <3£ =60 > 3 that Jane's age is 2¢ because she is twice as old
' as Luke.
£=20 3 Solve the equation by first combining like terms.

Luke is 20 years old and 4 Answer the original question. Include units.
Jane is 40 years old.

11 Alison and Flynn’s combined age is 40. Flynn is 4 years older than Alison.
a Write an equation and solve it to find Alison’s age.
b How old is Flynn?

12 The length of a rectangular pool is 5 metres longer
than the breadth. The perimeter of the pool is
58 metres.
a Draw a diagram of this situation.
b Use an equation to find the pool’s breadth.
¢ What is the area of the pool?

Equational geometry
x+70+30=180 ?

13 The sum of angles in a triangle is 180° and the sum of angles
in a quadrilateral is 360°. Find the value of x in the shapes
below by first solving an equation.

a S b
X

70° 30°

c d &
2x°
x° 70°

e 110° 3x° f

70° x°
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Find the value of OJ, A and O using the following clues.
-OxA=24

-0+0+0+0=36

-O0-A=0+1

—-O0+A+A+A=0+0

Find the unknown value in the following puzzles.

a A number is halved, then halved again, then halved again. The result is 11.

b A number is tripled, then it is added to itself. The result is 24.

¢ A number is increased by 2, then doubled, then increased by 3 and then
tripled. The result is 99.

d The price of a shirt is increased by 10% for GST and then decreased by 10% on
a sale. The new price is $44. What was the original price?

e The average of a number and double that number is 50.

Consider the following ‘proof’ that 0 = 1.
2x+5=3x+5
()
2x =3x
+X { >+X
2=3
()
0=1
Which step caused the problem in this proof? (Hint: Consider the actual
solution to the equation.)

Prove that 0 = 1 is equivalent to the equation 22 = 50 by adding, subtracting,
multiplying and dividing both sides.

Puzzles and games

Consider the expressions below.

4x + 2 2(x +4) 2x +4 4(x +2) 4<x+2)
a If x =0, which pairs are equal?

b Use two of the expressions above to form an equation that is always true.
¢ Use two of the expressions to form an equation that is never true.

A certain 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 do they each weigh?
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[ 1
Equations with pronumerals on both sides Solving systematically
—2x ( 6x+2=2x+10 > _ox o Same operation to

= both sides
-2 el ) 2 Solving by inspection

4 < 4x=8 > " * Choose value to +3( 3i: 12 )+3
make equation true

eg.x+5=12 4k +6=42

solution: x=7 76( 4k=136 >76

+4( o D4

x=2

Equations

e A statement that two
values are equal

Equations with fractions
e Multiply by denominator

Checking solutions 0%)/:@2\

Put solutions in to see if LHS Equal RHS
equation is true. sign
Is x= 3 a solution to
4x+2=14?
LHS=4x3+2 RHS=14
=14
.. true

N\
Formulas Equations with brackets
e Equations with 2 or more Expand using distributive
variables, one on the law
LHS by itself AN
e.g. F=ma 2x+4)=14
§=2x+3 -8( 2x+8 =14 -8
e Substitute known ) ( 2x=6 >+2
values to get unknown ’ =8
s Combine like terms after
expanding.

Applications @3) +9x =15
Whenever two things are equal 4x+12+2x =15
1. Define pronumeral  Let ¢ = car cost 6x+12=15
2. Write equation 20 = 60000 -
3. Solve equation ¢ = 20000
4. Answer question A oy costs $30000. Simple quadratic equations

~

x2=25 x2=0 x2=-9

x2=45 x=0  nosolution
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Additional consolidation and review material, including
T literacy activities, worksheets and a chapter test, can be

downloaded from Cambridge GO.

(« k)
o D
> ° . .
Multiple-choice questions
(«b)
b = 1 If x = 3, then the value of 2x + 5 is:
- A 28 B 11 c 7 D 25 E 1
(«b ) 2 If a=10, which one of the following equations is true?
b A a+5=10 B 10-a=20 C a+a=20
= D 3-¢-5 E 10=a+10
g 3 Which one of the following equations does not have the solution x = 9?
¢S A 4x=36 B x+7=16 c X-3
D x+9=0 E 14-x=5 3
4 The solution to the equation 6 = 2x is:
A x=12 B x=3 C x=6 D x=4 E x=8
5 The solution to the equation 3a + 8 =29 is:
A a=21 B a=12% C a=7 D a=18 E a=3
6 ‘Three less than half a number is 4’ can be expressed as an equation by:
A S-3-4 B =3 _y C 2x-3-4
D X4+3=4 E X _3+4
2 2
7 Which equations has two solutions?
A 2x=9 B x*=-9 C x*=0 D x*=9 E x>’+9=0
8 The solution to the equation 3(m + 4) + m = 24 is:
A m=17 B m=8 C m=4 D m=1 E m=3
9 Using the formula F =3k + b, if b="7 and F = 34, then k equals:
A 27 B 3 C 9 D 14 E 13
10 An equation that could be used to find x in this isosceles triangle is:
A 50 +x=180 B 50+2x=180 50°
C 2x=180 D x=x
E 50=x
xO
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Are the following equations true or false? %
a If x=3,then3x=6. ° e
b Ifa=21,thena-14="2. —
¢ 5x4=10+10 3 a
State the solutions to these equations. S
a 4m=16 b m+5=11 ¢ 20=4q d z-10=40 |
Write an equation to represent each of the following statements. You do not need (>
to solve the equations. '.-‘
a Double m plus 3 equals 27.

b The sum of n and four is tripled; the answer is 18. (3~
¢ The sum of two consecutive numbers, the first being x, is 7. i e
Solve the following equations. o
a 3x+2=14 b 4u+5=21 c 3d-5=13

d 2b-1=13 e 6f-2=16 f 12k+3=27

Copy and complete the following equivalent equations.

a b c

3x+2=14 2b-1=13
—ZQ )—2 +1< >+1

4x =20
4 < >+4

For each equation below, state the first operation you would apply to both sides.

a 15+ 2x=45 b 3-5-6 ¢ Mrl_py
Solve the following equations.
a 7a+3=38 b 4b-10=14 c 2n+9=41
d 12=4c+4 e 12=3+x f 10=8x-6
Solve the following equations.
a M_> b 2X_20 ¢ 5-K
3 2 6
i 2_1 e Kr3_5s f 10=*"2
3 11 3

Solve the following equations.
a 2x+4=x+6 b x+4=2x+6 c 2x-4=x-6 d x-4=2x-6

10 Solve the following equations.

a 2(x+5)=16 b 3(x+1)=9 c S(p+2)+p=46
d 18=22x-1) e 32x+1)+4=67 f S(k-2)+2k=74

11 Look at the formula F = ma, relating force, mass and acceleration.

a Find F, if m=10and a=3.
b Find m, if F=20and a=>5.
¢ If F=100 and a =100, what is the value of m?
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Chapter review

Chapter 2. Equations 2

12a If P=2(I+b), find I when P=48 and b = 3.
b IfM:ffd,findMwhenf=12andd=8.

¢ [fF= % 120, find ¢ when F = 30.

13 Hugo buys 4 mangoes and a $20 gift voucher from the supermarket, giving a total
cost of $26.
a Let m = the cost of a mango. Which of the following equations describes this

situation?
A m=20 B 20m+4=26 C 4m=20
D 4m+20=26 E 4m+26=20

b Solve the equation chosen in part a.
¢ What is the cost of a mango?

14 a Find the value of x and y for this rectangle. (4x + 6) cm
b The sum of three consecutive numbers is 39. First (] O
write an equation and then find the value of the 10 cm Sy cm
smallest number.
¢ The difference between a number and three times L 3 om L

that number is 17. What is the number?

Extended-response questions

1 At a theme park, customers pay $10 entry fee and
then $5 for each ride.
a Write an expression for the total cost to go on
n rides.
b Inga spent a total of $55 one afternoon at the
theme park.
i Write an equation to describe how much she
spent.
i Solve the equation.
ili How many rides did Inga go on?
A parent and three children visit the park together.
The parent does not go on any rides so a formula for
the total cost is:
T=3(57+10)+ 10
=T

each child’s entry parent’s entry

¢ If the children go on 4 rides together (n = 4), what
is the total cost?

d If the total cost was $145, how many rides did the
children go on?
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2 To upload an advertisement to the www.searches.com.au website costs $20 and then

12 cents whenever someone clicks on it.

a Write a formula relating the total cost ($S) and the number of clicks (n) on the
advertisement.

b 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 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.

d If a person has at most $20 to spend, what is the maximum number of clicks they
can afford on their advertisement at www.yousearch.com.au?

e Use trial and error 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 www.yousearch.com.au.

=
=
—
[« b
p S
S
(<)
b
= 18
S
i e
()
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Length and perimeter  Rrevision
Circumference of circles  Rrevision
Area

Area of special quadrilaterals
Area of circles

Volume and capacity

Volume of prisms

Time

Introducing Pythagoras’ Theorem
Using Pythagoras’ Theorem
Calculating the length of a shorter side

. TV
TR

In this chapter, you will learn to:

calculate the perimeters of plane shapes and the
circumference of circles

use formulas to calculate the areas of quadrilaterals
and circles, and convert between units of area

use formulas to calculate the volumes of prisms and
cylinders, and convert between units of volume
perform calculations of time that involve mixed
units, and interpret time zones

apply Pythagoras’ Theorem to calculate side
lengths in right-angled triangles, and solve related
problems.

This chapter is mapped in detail to the NSW Syllabus for
the Australian Curriculum in the teacher resources at:
www.cambridge.edu.au/goldnsw8
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Additional
resources

Additional resources for this chapter can
be downloaded from Cambridge GO:
www.cambridge.edu.au/goldnsw8

Drilling for Gold:

Building knowledge and skills
Skillsheets:

Extra practise of important skills

Literacy activities:
Mathematical language

Worksheets:
Consolidation of the topic

Chapter Test:
Preparation for an examination

Civilisations in ancient and modern times have used
measurement to better understand the world in
which they live and work. For example, the circle

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.
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96 Chapter 3 Measurement and Pythagoras’ Theorem

Name these shapes.
a

Find the perimeter (distance around the outside) of these shapes.
a [T 0O b 6 cm c 3m

2.5cm

[1 [
3m

Evaluate the following.
a %><5><4 b g(2+7) ¢ 5 d 112

4 Convert these measurements to the units shown in the brackets.
a 3m(cm) b 20 cm (mm) ¢ 1.8 km (m)
d 0.25m (cm) e 35 mm (cm) f 4200 m (km)
g 500 cm (m) h 100 mm (m) i 2 minutes (seconds)
i 3L(mL) k 4000 mL (L) I 3000 g (kg)

Count squares to find the area of these shapes.
a I b — c II

Find the area of these rectangles and triangles.
Remember: Area (rectangle) = ¢ x b and Area (triangle) = %bh
a [ ] b i
3 cm S
] [ T T5cm
[ 1 : []
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Length and perimeter

Developed in France in the 1790s, the metric system for
measurement includes length units such as millimetre,
centimetre, metre and kilometre.

We use such units to describe, for example, the
distance between two towns, the perimeter of a block
of land, the depth of the ocean or the length of a
racetrack.

P Let’s start: Provide the perimeter

In this diagram some of the lengths are given.

Three students were asked to find the perimeter.

e Will says that you cannot work out some lengths and
so the perimeter cannot be found.

e Sally says that there is enough information and the
answeris 9+ 12 =21 cm.

e 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.

m The common metric units of length include:
- kilometre (km) 1 km =1000 m
- metre (m) 1 m=100cm
- centimetre (cm) I cm =10 mm
— millimetre (mm)
%1000
X
km m

A g
+1000

x100
VRN

x10

cm
*__
+100 +10
Perimeter is the distance around a
closed shape.
— All units must be of the same type when
calculating the perimeter.
- Sides with the same markings are of equal length.
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REVISION

}|||||M|||||||||||||||||||‘|||||||||‘|||p||||‘|||||||||’|||m|||'||l|||||l(ll|||||||'|p||||||r|]|
m] 2 3 4 5
‘|||H|'|i“|hl|h||‘|||||h||‘|h||l|||~|hI||||1'lhl|||IlLhh||||||l|l|||||’d|h||h’lhluhhllhl

6 cm

45 mm

Perimeter The total
distance (length)
around the outside of
a figure

eg. 5

P=2x5+4+6
=20
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98 Chapter 3  Measurement and Pythagoras’ Theorem

Understanding

1 Write the missing words.

a The commonly used measurement system used today is called the system.
b The common metric units for length include millimetres, , n
and
x10 +10 v
2 Evaluate the following. 7/8\ V7\8
a 2x100 b 5.2x1000 c 7.8x10 i :
d 840+ 100 e 961010 f 41200+ 1000 x100 | +100
oA BEELAA
3 Write the missing number in each of these sentences. i W0
a Thereare __ mmin 1 cm. b Thereare __ cmin1m.
¢ Thereare ___ min1km. d Thereare ___ cmin 1 km.
e Thereare ___ mmin1lm. f Thereare ___ mmin 1 km.
4 Find the value of x in these diagrams.
a b xm c
X m
xm 10 cm Tm 14m
12m
3m

Example 1 Converting length measurements

Convert these lengths to the units shown in the brackets.
a 5.2cm (mm) b 2400 m (km)

Solution Explanation
a 52acm=52x10 1 cm = 10 mm so multiply by 10.
=52 mm x10

cm/_\mm (From diagram in Key ideas)

b 2400 m = 2400 + 1000 1 km = 1000 m so divide 1000.
Use the diagram ?
in the Key ideas.

=2.4km
O 5 Convert these measurements to the units shown in the brackets.

a 3cm(mm) b 6.1 m(cm) ¢ 8.93km(m) d 3m(cm)
Drilling e 0.0021 km(m) f 320 mm(cm) g 9620 m (km) h 38 000 cm (m)
fOQgg'd i 48 mm (cm) j 0.2cm (mm) k 4.2cm (m) I 0.4m(cm)
m 3700 m (km) n 600 m (km) o 0.71 km (m) p 0.02m (cm)
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Example 2 Finding perimeters

Find the perimeter of this shape.

10 m
7m
Solution Explanation
P=2x10+7 There are two equal 10 m lengths and one 7 m
=27m length to add up.
6 Find the perimeters of these shapes.
a b t Sides with the same
markings have the 4
S5m 6 m T T7m  same length.
15“m
8 m

c d 2.4 cm

3cm

4 cm
5cm
1

e f "
1.1m
3 + 7cm

2 cm
g h 4.3 cm
7.2 mm
2.8 mm
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100 Chapter 3 Measurement and Pythagoras’ Theorem

Example 3 Finding perimeters of rectangular shapes

Find the perimeter of this shape.

4 cm
3“cm

Solution Explanation
P=2x(3+3)+2x4 6 cm

=12+8

=20 cm #

4 cm 3 cm 4 cm
B 3“cm

7 Find the perimeters of these shapes.

a 10 cm b
::3 cm +
5 km
) | km
8 km
C lcm
4 cm
+2cm
8 Convert these measurement to the units shown in the brackets. Use th ?

a 0.0043 m (mm) b 0.0204km (cm) ¢ 23098 mm (M)  qooo

diagram in the

d 342000 cm (km) e 194300 mm (m) f 10000 mm (km) Key ideas.
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Example 4 Finding an unknown length

Find the unknown value x in this triangle if the perimeter is 19 cm.

X cm
P=19cm
Scm
Solution Explanation
2x+5=19 2x + 5 makes up the perimeter, which is 19.
2x =14 Solve the equation to find the value of x.
x="17

9 Find the value of x in these shapes with the given perimeters (P).

a ¢ 7 cm
3
m 4 m + Txcm
4m ;

P=22cm
P=12m =10m Use the &
given L
d 10 mm e xm f f perimeter
to find the
+ +xkm  value of x.
7 m
X mm ;
13m P=26km
P=39m
P =46 mm

10 Jennifer needs to fence her block of land
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?

11 Gillian can jog 100 metres in 24 seconds.
How long will it take her to jog 2 km?
Give your answer in minutes.

12 A rectangular picture of length 65 cm and breadth 35 cm is surrounded by a frame of
width 5 cm. What is the perimeter of the framed picture?
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102 Chapter 3 Measurement and Pythagoras’ Theorem

13 Write down rules using the given letters for the perimeters of these shapes,
e.g. P=a+2b.

a b b
V 1 T° b

Perimeter challenge

14 Find the perimeters of these shapes. Give your answers in cm.

a b Check to make sure
the units are all the
10 cm 30 mm | 4 cm same.
15 mm
¢ d %
1.1cm
3m
20 mm
e 10 cm f 12m

é
=

9 cm
44 m
7 cm

o)
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The distance around the outside of a circle, known
as the circumference, is connected to the diameter
through a special number called pi.

The symbol for pi is &, and as a decimal
n=3.14159 ... There is no exact fraction for pi, which
is why we often use calculators when working with
this number.

P Let’s start: Discovering pi

Measurement and Geometry 103

Circumference of circles REVISION

Steps:
1 Find a circular object like a dinner plate or a wheel. ~ An easy way tofind circumierence is o
2 Use a tape measure or string to measure the multiply the diameter by .
circumference (in mm).
3 Measure the diameter (in mm).
4 Use a calculator to divide the circumference by the diameter. (It should be about 3.14.)
5 Repeat Steps 1 to 4 with a larger or smaller object.
m Features of a circle
— Diameter (d) is the distance across
the centre of a circle.
— Radius (r) is the distance from the
centre to the circle. Note d = 2r. Radius The distance
m Circumference (C) is the distance around a circle. R S ST Gl s
circle to its outside
Formula: C = 2ar or C = nd edge
Circumference The
m Pi(n) = 3.14159 (correct to 5 decimal places) curved boundary of a
— Pi is an irrational number, because it cannot be converted to a circle
fraction.

— Common approximations include 3.14 and 2—72

- A more precise estimate for pi can be found on most calculators or
on the internet. Find the = button on your calculator.
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104 Chapter 3 Measurement and Pythagoras’ Theorem

Understanding

1 Name the features of the circle as shown.
2 a Find the diameter of a circle if its radius is:
i Sm ii 11 cm iil 2.3 mm
b Find the radius of a circle if its diameter is: 4
i 12cm ii 31 mm iiil 0.42m

Write down the value of = correct to:
a 1 decimal place b 2 decimal places
¢ 3 decimal places.

Evaluate the following using a calculator and round to 2 decimal places.
a nx5 b nx13 c 2xmx3 d 2xmx37

Example 5 Finding the circumference using the radius

Find the circumference of this circle, correct to 2 decimal
places. Use a calculator for the value of pi.

Solution Explanation

C=2nr Since r is given, you can use C = 2xrr.
=2xmx3.5
=Tn 7r is an exact value for the circumference.

=21.99 m (to 2 decimal places)

Find the circumference of each circle correct to 2 decimal places. Use a
calculator for the value of pi.

a b c
39 cm ‘
2 mm Use the rule ’
C=2mrand w
substitute the
d e
2.1m

value of r.
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Example 6 Finding the circumference using the diameter

Find the circumference of this circle, correct to 2 decimal places.

Solution Explanation

C=nd Substitute d = 4 into the rule C = nd
=nx4 or use C = 2nr with r = 2.
=4r

=12.57 cm (to 2 decimal places)

The diameter of a metal drum is 80 cm. Find its
circumference, correct to the nearest centimetre.

A water tank has a diameter of 3.5 m. Find its
circumference, correct to 1 decimal place.

ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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106 Chapter 3 Measurement and Pythagoras’ Theorem

9 A wheel of radius 28 cm rolls one full turn. Find how far it rolls, correct to the
nearest centimetre.

10 An athlete trains on a circular track of radius 40 m and jogs 10 laps each day, 5 days a

week. How far does he jog each week? Round the answer to the nearest whole
number of metres.

11 These shapes are semicircles. Find the perimeter of these shapes including the straight
edge and round the answer to 2 decimal places.
The perimeter

a 25 cm b c
is half of the w
circumference
4.8 m

3 of a full circle

12 mm plUS the
diameter.

12 Here are some student’s approximate circle measurements. Which students have
incorrect measurements?

r C
Mick 4 cm 25.1cm
Svenya 35m 44 m
Andre .1 m 13.8 m

13 Explain why the rule C = 2rr is equivalent (i.e. the same as) C = nd.

14 Find the perimeters of these shapes. Leave your answers in terms of m,
e.g. B3rn +25) cm

a b c
12 cm
o
12 cm 60 "
12 cm
d 24 cm e f
12 cm
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Area

For international competition, a basketball

@ court is 28 metres by 15 metres, so the area is
420 square metres. Area is useful when
calculating the cost of building and landscaping.

P Let’s start: Estimating area

By counting squares, or by using an estimate, you can find the area of a shape.
For the following shapes, find or estimate their area. Explain your method for each one.

m The common metric units for area 1 cm?
include: =10x 10 l'em =10 mm
- square millimetres (mm?) =100 mm* | 0 mm
- square centimetres (cm?)
- square metres (m?) 1 m2
- square kilometres (km?
< (km?) =100 x 100 1'm=100cm
- hectares (ha). —10 000 cm?
1 m=100 cm
m Flowcharts for converting units
x10002  x1002 %102
AN X X 1 km? 1 km = 1000 m
km? m? e mm? ~ 1000 x 1000
A A A - 5
+10002 +1002 +102 =1000 000 m
1 km = 1000 m
x10000
VRN
ha m?
~_
+10000
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108 Chapter 3 Measurement and Pythagoras’ Theorem

m Formulas for area of squares, rectangles and triangles

- Square :
A=s T 1s
.
- Rectangle #
A=10bh 1 Tb
u f
/
- Triangle
A=1p '
Perpendicular At right 2 ]
angles to another line b

or surface
The dashed line that gives the height is perpendicular (at right
angles) to the base.

Understanding

1 Which would be the most appropriate unit for measuring the area of this page?
A mm? B cm? C m? D ha E km?

2 By considering the given diagrams answer the questions.
a i How many mm?in 1 cm?? 1 cm=10 mm
ii How many mm?in 4 cm??

lem?  [1cem=10 mm

b i How many cm?in 1 m?? 1 m=100cm
ii How many cm?in 7 m??

1 m2 1 m=100 cm

¢ i How many m?*in 1 km?*? 1 km =1000 m
ii How many m?in 5 km??

1 km?2 1 km =1000 m

d i How many m?in 1 ha? 100 m
ii How many m?in 3 ha?
1 ha 100 m
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3 Which measurements would be used for the base and the height of these triangles?

a | 5m b 10 cm 1‘}
'3m Recall that the ’
| 6 cm base and height J
7m Q are perpendicular

om (at 90°).

Example 7 Converting units of area

Convert these area measurements to the units shown in the brackets.
a 0.248 m? (cm?) b 3100 mm? (cm?)

Solution Explanation

a 0.248 m*>=0.248 x 10 000 From the diagram in Key ideas: %1002

= 2480 cm? A
m2 Cl’l’l2

b 3100 mm?=3100 + 100 From the diagram in Key ideas: m2 mm2
=31 cm? >~
+102

c 4 Convert these area measurements to the units shown in the brackets.

2 cm? (mm?) b 7m?(cm? .
i 0.5 km? (m?) 3 ha (m?) Use the diagram in ?
Drilling ;
for Gold 0.34 cm? (mm?) 700 cm? (m?2) the Key ideas.

3C1

3090 mm? (cm?)
2000 cm? (m?)
4000 m? (ha)
320 000 m? (ha)
0.043 cm? (mm?)
19 040 m? (ha)

s 0.0049 ha (m?

20 3 X TTae o 0o o

D D = = =h o

0.004 km? (m?)
450 000 m? (km?)
3210 mm? (cm?)
0.0051 m? (cm?)
4802 cm? (m?)
2933 m? (ha)

7.7 ha (m?)

Example 8 Finding areas of rectangles and squares

Find the areas of these shapes.

a T

I E—
6 cm
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Solution Explanation
a A=/0b Write the formula for the area of a rectangle and
=6x2 substitute / = 6 and b = 2.
=12 cm?
b A=4¢ For a square, multiply the length of a side by
=7? itself to get the area.
=49 m?

5 Find the areas of these squares and rectangles.

a : b 7m 3m c 5 cm
T +3cm
' 2 cm
/: 12 mm

&5

UseAd=(Xb
ord = s e
d e f
I1m
11 m
3m
Example 9 Finding the area of triangles
Find the areas of these triangles.
a I b I
i / e i&
e i
] 11 cm
13 m
Solution Explanation
1 Remember that the height is measured using
a A=_bh . : :
2 a line that is perpendicular to the base.
1
=—x13x7
2
=45.5m?
b A-Llph The base is 11 cm and the height is 5 cm so use
2 b=11and h=>5.
“Litixs
2
=27.5cm?
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6 Find the areas of these triangles. A

a B

| 13 cm Use A = L bh and

I 2 \ "4

1 7m choose the base and

‘W height so they are

12 m perpendicular
(at 90°).
c d
10 cm
7m

7 A rectangular park has length 100 m and area 5000 m?2. What is its breadth?
8 A triangle has area 20 cm? and base 4 cm. Find its height.

9 Find the side length of a square if its area is:
a 36m? b 2.25cm?

10 a Find the area of a square if its perimeter is 20 m. Fivst find the side e
b Find the area of a square if its perimeter is 18 cm. G 60 SE e
¢ Find the perimeter of a square if its area is 49 cm?.
d Find the perimeter of a square if its area is 169 m?2.

11 Paint costs $12 per litre and can only be purchased in a full number of litres. One
litre of paint covers an area of 10 m2. A rectangular wall is 6.5 m long and 3 m
high and needs two coats of paint. What will be the cost of paint for the wall?
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112 Chapter 3 Measurement and Pythagoras’ Theorem

12 The cost of building a house is $1305 per square metre of floor space.
A basketball court is 28 m by 15m.

How much will it cost to build a house where the floor space is the same size as a

basketball court?

Composite shapes

13 Find the areas of these composite shapes by using addition or subtraction.

a b 9m
5m !
Divide into two or
more shapes then w
=+ add or subtract.
I
3m
c d 16 cm
! :
| 17 cm
'l N
3cm
e f
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In this section, we will develop and use
formulas for the area of a:

4
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Area of special quadrilaterals

parallelogram
rhombus

kite
trapezium.

The area of each quadrilateral needs to be calculated to
estimate the required number of pavers.

Let’s start: How is a parallelogram like a rectangle?

Do rectangles and parallelograms with the same side lengths have the same area? Use
these diagrams to help in your discussion.

T b u b o b —
1 [3m 3m 10m
! L] §
10 m 10 m
e How does this diagram help you work out the area of a A \.
parallelogram? B \\i
e (Can you write the rule for the area of a parallelogram? -l > '
b
m Area of a parallelogram Parallelogram
A quadrilateral with
A=0bh both pairs of opposite
b sides parallel
m Area of a rhombus and kite ) ——>| Ahombus .
A quadrilateral with
1 ‘\ /\ } both pairs of opposite
A=—xy > X sides parallel and all
2 = y
\ / i sides equal
Kite A quadrilateral
with two pairs of
m Area of a trapezium b adjacent sides equal
1 i h Trapezium
A =Zh(a+b) - A quadrilateral with
2 a at least one pair of

parallel sides
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114 Chapter 3 Measurement and Pythagoras’ Theorem

Understanding

1 Match each formula with a shape.

a A=tb b A=%xy ¢ A=bh d A=%h(a+b)
A B [ L]

i L
C /—>—\ D

2 Find the value of A using these formulas and given values. Substitute the given values
into the formulas. |

a A=bh (b=2,h=3) b A:Exy (x=5,y=12)
c A=%(a+b)h @=2,b=7,h=3) d A=%h(a+b) (@=7.b=4 h=6)
3 Complete these sentences. 1"
a The angle between two perpendicular lines is ’
degrees Choose from: A4

— . . height, 90, parallel,
b In a parallelogram, you find the area using a base and JEtigniniosy

the perpendicular.
¢ The two diagonals in a k|te or a rhombus are

d To find the area of a trapezmm multlply by the height, then
multiply by the sum of the two sides.

e The two special quadrilaterals that have the same area formula using diagonal
lengths x and y are the and the

Example 10 Finding areas of parallelograms

Find the areas of these parallelograms.

. b
/ 110 cm /
I 0 8 m

25 cm
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Solution Explanation

a A=>bh Use A = bh with b=25and h =10
=25x%x10
=250 cm?

b A=>bh The height is measured at right angles to the base.
=8x3
=24 m?

(%) 4 Find the areas of these parallelograms.
a 10m b

c d 5
choose your base

and perpendicular
height.

15m

o ) fom -

=

D
™\
-

Example 11 Finding areas of rhombuses and kites

Find the areas of this rhnombus and kite.
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Solution Explanation
A 4= %xy Use 4 = %xy when the diagonals are given with x = 6
1 and y =4 (or vice versa)
=—x6x4
2
=12 m?
s A= %xy Use the formula 4 = %xy since both diagonals are
1 given. This formula can also be used for a rhombus.
=—x10x20
2
=100 cm?

%) 5 Find the areas of these rhombuses and kites.
O-O-. a b

Recall that 4 = 1xy
2 w

3cm for both rhombuses
22 km and kites with x and
y as the diagonals.

c d
6.2 m 4 cm
e f
1.8 mm
30 mm
Example 12 Finding areas of trapezia
Find the area of this trapezium.
3 mm
i 5 mm
|
11 mm
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Solution Explanation

1 The two parallel sides are 11 mm and 3 mm in length.
A==ha+b

2 @+ ) The perpendicular height is 5 mm.

=%x5xﬂl+$

= 4 x 5x 14
2
=35 mm?
Find the areas of these trapezia. A
a 7 em b |nA=%h(a+b), &
| 9 where a and b are
18 cm m the lengths of the
| parallel sides.
L] ==
17 cm
4m
c 20 mm d
Skillsheet
3A
: 50 mm 5cm
Drilling
for Gold
301

7 A special type of paint costs $3 per square metre and is to be used to paint a wall in
the shape of a parallelogram with base 10 m and height 4 m. How much does it cost

to paint the wall?

N
8

10 m
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8 A kite is made from 4 centre rods all connected near the
middle of the kite as shown. What area of plastic,
in square metres, is needed to cover the kite?

i

60 cm

9 A parallelogram has an area of 26 m? and its base length is
13 m. What is its perpendicular height?

10 A landscape gardener charges $20 per square metre of lawn. A lawn area is in the
shape of a rhombus and its diagonals are 8 m and 14.5 m. What would be the cost
of laying this lawn?

11 These trapezia have one side at right angles to the two parallel sides. Find the area
of each.

a 2 cem b c 13 cm
T > 4m

2 cm

10 m
- 10 cm

5m

sy
g

12 Would you use the formula 4 = %xy to find the area of this rhombus? Explain.
10 cm
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Deriving formulas

13 Copy and complete these proofs to give the formula for the area of a parallelogram,
a rhombus and a trapezium.
a Parallelogram
A = base x perpendicular height !
= X A

b Rhombus b
A =4 triangle areas

=4 x % x base x height
1

=4 x —x X
2

¢ Trapezium
A = Area (triangle 1) + Area (triangle 2)

L x base, x height, + % x base, x height,
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Area of circles

Like the circumference of a circle, the area of a circle is
linked to the number pi (r).

One way to consider the area of a circle is to divide
it into sectors, then arrange them into a rectangular shape.
If very thin sectors are used, then the arrangement
will be close to a rectangle with a length that is half the

circumference of the circle, or % x 2nr = wr and breadth r.

This leads to the area formula: 4 = length x breadth
=TrXr

=TU’2 n n n

P Let’s start: Counting squares

To find an estimate for the area of a circle you can count the
number of squares.

e Count squares to estimate the area of this circle in cm?,

e Ask your teacher to give you an accurate measure of its area.

How close was your estimate?

m The area of a circle is given by the formula 4 = .
— Substitute the radius into the formula to
find the area.

e.g. If r=2then
A=nx2?
=4r
Semicircle Half ~12.57 (to2d.p.) Note:
acircle 4 is the exact value
12.57 is an approximation

Quadrant A sector

that is one quarter . . o
of a circle m A half circle is called a semicircle.
A= 1 o2
2 r
-

m A quarter circle is called a quadrant.

1
A:an2

Cambridge University Press
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1 Write the formula for the:
a circumference of a circle b area of a circle.

Use a calculator to evaluate these to 2 decimal places.
a nx5? b nx13? ¢ mx3.1? d nx9.8

What fraction of a full circle is shown here?

RN
ah

ah

4 What is the length of the radius in these shapes?

a b[ c

2.3 mm

Example 13 Finding circle areas using a radius

Find the area of this circle, correct to 2 decimal places.

Solution Explanation

A = nr? Use the = button on the calculator and
=qx2? enter m x 2% or & x 4.
=12.57 cm? (to 2 decimal places) Note: The exact value is 4n cm?
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5 Find the areas of these circles correct to 2 decimal places. . &
Substitute
a b the radius for
rin A=
| ‘ | @
| ‘ | @
Example 14 Finding circle areas using a diameter
Find the area of this circle, correct to 2 decimal places.
Solution Explanation
r=6+2=3 First work out the radius as half of
the diameter.
A = nr? Substitute 7 = 3 into the rule, then round
=7 x 3? to 2 decimal places.
=28.27 m? (to 2 decimal places)  Note: The exact value is 9x cm?.
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The radius

a b c is half the
diameter.
Skillsheet
3B
| | @ |
7 Find the exact areas of the circles inside these shapes.
a b c
< > 8 cm / \ < > 4 km
1

N

28 m

6 Find the areas of these circles, correct to 2 decimal places. ﬂ

0 km

8 A pizza tray has a diameter of 30 cm.
Calculate the exact area.

9 A tree trunk is cut to show a circular cross-section of
radius 60 cm. Is the area of the cross-section more than
1 m? and, if so, by how much?
Round your answer to the nearest square centimetre.

10 A circular oil slick has a diameter of 1 km. The newspaper

reported an area of more than 1 km?2. Is the newspaper
correct?

Example 15 Finding areas of quadrants and semicircles

Find the areas of this quadrant and semicircle, correct to 2 decimal places.
a b 5 km

3m
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Solution Explanation
a A= i X I The area of a quadrant is i the area of a
1 circle with the same radius.
=—xmx3?
4
=7.07 m? (to 2 decimal places)
b r= % =75 The radius is half the diameter.
A= % X I The area of a semicircle is % the area of a
1 circle with the same radius.
==X Xx2.5
2
=9.82 km? (to 2 decimal places)
11 Find the areas of these quadrants and semicircles, correct to _ @
2 decimal places. D S
is half the o
diameter.

16 cm

/]

2 cm

d
10 cm
17 mm
e 3.6 mm f i
‘ : m

12 Two circular plates have radii 12 cm and 13 cm. Find the difference in their
areas, correct to 2 decimal places.

c

[oze]

N

13 A square of side length 10 cm has a hole in the middle. The diameter of the
hole is 5 cm. What is the area remaining? Round the answer to the nearest
whole number.
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Composite problems

1449 14 Find the areas of the shaded regions of these composite shapes using addition or
subtraction. Round the answers to 2 decimal places.

a b 2m c
‘ilOcm

W :

24 km

- b ---
W
=

10 m
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Volume and capacity

The photo shows a cube with edges 10 cm long. Volume is
& the amount of space inside the cube. Capacity is the amount

of liquid it can hold. This cube has a volume of 1000 cubic

centimetres and capacity of 1000 millilitres (1 litre).

P Let’s start: Counting cubes quickly

This rectangular prism is made up of small blocks (1 cm? cubes).

The prism is 4 cm wide, 5 cm long and 3 cm high. 3em

e How many 1 cm?® cubes are there in one horizontal layer?
Explain how you worked this out.

e How many 1 cm? cubes are there in total?

. . . 5cm
e What is the quickest way to find the total number of cubes
(i.e. the volume)? 4 cm
m Volume is measured in cubic units.
Vol " ot The common metric units for volume include: 1 mm
olume € amount O _ . e 3 e
three-dimensional cubic millimetres (mm?) il rrevem
. . 1 mm
space in an object
; . ) 1 cm
- cubic centimetres (cm?) o
) 1 cm
1 cm
. 3 : 1m
— cubic metres (m?3) :
1m
. 1 m
m Conversions for volume
%x10003 %1003 %103
Drilling X XN TN
for Gold km3 m?3 cm3 mm3
+10003 +1003 +103
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Capacity is the volume of fluid or %1000 %1000 %1000
gas that a container can hold. XN TN N Canacity The
Common metric units are: B L L el amgunt (‘)’f liquid
- millilitre (mL) m m m or gas a container
— litre (L) can hold
- kilolitre (kL)
- megalitre (ML)
Some common conversions are: M M
-1mL=1cm? I I
~1L=1000mL ‘ <
-1kL=1000L=1m?
: . 3
One litre of water has mass 1 kilogram. - L e
. (1000 mL)
Volume of a rectangular prism
- Volume = length x breadth x height ! L
V= thh i
Volume of a cube 1 b
V=g Vs 4
State if the following are units for length, area, volume or capacity.
a cm b mL ¢ mm? d ha
e cm? f mm? g km h cm’
i m? j m? k ML I mm
mm n kL oL p km?
How many cubic units are shown in these stacks?
a b c
Complete these sentences.
a 1 cm? contains mL.
b 1L contains mL.
¢ A cube with edges 10 cm long has a volume of c¢m? and contains mL,
which is L.
d A cube with edges 1 m long has a volume of m? and contains L, which
is kL.
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Example 16 Calculating the volume of a rectangular prism

Find the volume of this rectangular prism.

6 m 2 m
4m
Solution Explanation
V ="{0bh First write the rule and then substitute for the length,
=6x4x2 breadth and height. Any order will do since
=48 m? 6x4x2=4x6x2=2x4x6 etc.
—= 4 Find the volumes of these rectangular prisms. o
441 a 5 b Prism: V = ¢bh
cm Cube: V=35>
5m
6 cm
3 cm 4 m
1 m
c d
3 rrllm :
4m
e f 2m
14 mm ' 6m
20 mm
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Example 17 Converting units for capacity

Convert to the units shown in brackets.
a 500 mL (L) b 3kL(L)

Solution Explanation

a 500 mL = (500 = 1000) L From Key ideas:

=0.5L L mL
) P4
+1000
b 3 kL =(3 x 1000) L From Key ideas:
= 3000 L x1000
7 A
kL L
5 Convert to the units shown in brackets. A
a 400 mL (L) b 700 mL (L) ¢ 2000 L (kL) ~ See the flowchart ’
d 36000 L (kL) e 4000 kL (ML) f 500 kL (ML) ~ntheKeyideas. ~
g 2L(mL) h 0.1L(mL) i 6ML (kL)
j 3 ML (kL) k 24 kL (L) I 38 kL(L)
m 2000 L (kL) n 3500 mL (L) o 70 000 mL (L)
p 2500 kL (ML) q 0.257L(mL) r 9320 mL (L)
s 3.847 ML (kL) t 47000 L (kL) u 5800 kL (ML)

Example 18 Finding capacity

Find the capacity, in litres, for a container that is a rectangular prism 20 cm long,
10 cm wide and 15 cm high.

Solution Explanation
V ="{bh First calculate the volume of the container in cm?.
=20x10x 15 Then convert to litres using 1 L= 1000 cm?.
= 3000 cm?
= 3000 = 1000
=3L
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6 Find the capacities of these containers, converting your answer to litres.

a
20 cm
40 cm 30 em
d
3m
3m
2m

b

60 cm

First find the
volume in cm?
1 using V' =1{bh,
70 cm then divide

' by 1000 to
30 cm convert to

| .

10 cm litres.

e lm f
9 cm
4m

8 cm

5cm

7 Choose the capacity (A-F) that best matches the container (a—f).

a teaspoon

cup

bottle

kitchen sink
water tank
water in a lake

- DO QO T

A

Mmoo w

18 L
250 mL
10 kL
20 mL
45 ML
0.8 L

A dose of 12 mL of medicine is to be taken twice each Remember, there are 4 ‘
day from a 0.36 L bottle. How many days will 1000 mLin TL. v
it take to finish the medicine?

9 An oil tanker has a volume of 60 000 m>. Use 1 m*=1000 L. &
v

a What is the ship’s capacity in:
i litres?
i kilolitres?
iii megalitres?
b If the ship leaks oil at a rate of 300 000 litres per day, how long will it take for
all the oil to leak out?
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10 Every litre of water weighs one kilogram. What is the mass of water in a full container
that is a cube with side length 2 m?

11 Water is being poured into a fish tank at a rate of 2 L every 10 seconds. The tank is

1.2 m long by 1 m wide by 80 cm high. How long will it take to fill the tank? Give the
answer in minutes.

12 How many cubic containers (with side lengths that are a whole number of centimetres)
have a capacity of less than 1 litre?

) 13 A swimming pool in the shape of a rectangular prism has length 50 m, breadth 25 m
and depth 2 m. Find the swimming pool’s:

a volume, inm? b capacity, in L.

() 14 A dripping tap leaks about 10 mL every minute.

a |If there are 50 drips per minute, find the volume of one drip.
b Find the approximate volume of water, in litres, that has leaked from a tap after:
i 100 minutes
ii 1 hour
iii 1 day
iv 1 year.

ISBN 978-1-107-56538-8 © Palmer et al. 2016

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

131



132 Chapter 3 Measurement and Pythagoras’ Theorem

Volume of prisms

In the previous section we used V' =¢bh to calculate
the volume of a rectangular prism.

In this section we will look at other prisms.

Prisms are named using the shape of their
cross-section, which has a constant shape and size
along the entire length of the prism.

Here are some examples of prisms, with the cross-section shaded.

Cross-section is a triangle Cross-section is a trapezium Cross-section is a hexagon
Triangular prism Trapezoidal prism Hexagonal prism

P Let’s start: Drawing prisms

Try to draw prisms that have the following shapes as their cross-sections.
e Triangle

e Trapezium

e Pentagon

e Parallelogram

m A prism is a solid with flat faces and a constant

Prism A solid with (uniform) cross-section.
flat faces and whose m The height (4) is always measured perpendicular
cross-section is the to the cross-section.

e Elerg) e e m Volume of a prism = area of cross-section x

edge . .
: perpendicular height.
V=Ah A
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Understanding

What is the shape of the cross-section in each prism (shaded)?

I
1
A

b

C

What is the area of each shaded cross-section in Question 1?

For each solid:
i state whether or not it is a prism

i ifitisa prism, state the shape of its cross-section.

a

b

5m

N

N

A prism has a
constant
cross-section.

Example 19 Finding the volume of prisms given the

cross-section

Find the volume of this prism using V' = Ah.

-
-
-
-

Solution

V=A4h
=10x3
=30 cm?

A =10 cm?

3 cm

ISBN 978-1-107-56538-8
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4 Find the volumes of these solids using V' = Ah.

I1m i e
1 4m
N A=32mm?
d I e f S5m
A=2cm? -
> cm A=22m?
A=11 mm?2 3 mm
Example 20 Finding the volumes of prisms
Find the volume of this prism.
2
9
4
Solution Explanation
A= %bh The cross-section is a triangle, so use A4 = %bh with
1 base 4 m and height 2 m.
=—x4x2
2

=4 m?
V=Ah We need to multiply 4 by A.

=4x9 The perpendicular height is 9, so A =9.

=36 m?

5 Find the volumes of these prisms.

2 b 2m o~

First find the area of
/7 the cross-section,
then multiply by /.

10 cm 3m

8 cm
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c d
' 6 cm

Skiléséleet T : T_50 cm
7 cm
8 cm
4 cm
O e 3m f
Drilling 2 cm
for Gold 6m
361 4 cm
5Sm
6 A rectangular drain pipe has a cross-sectional area of 4 m? and is 10 m long. Find its
volume.
7 These solids have cross-sections that are parallelograms, trapezia, rhombuses
or kites. Find their volumes. Eretirahearea rj

a b of the cross- w
section using:
12 mm - 1
Sm

11 mm 1
A==
2xy
c 7m d
H } 4 cm 3 cem
;2m
= 6m
3m 4 cm
e f 8 mm
4m‘
7m
S m 20 mm
20 mm

8 A swimming pool is a prism with a cross-section that is a
trapezium. The pool is being filled at a rate of 1000 litres

per hour.

a Find the capacity of the pool in litres.

b How long will it take to fill the pool? 3m
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Volume of a cylinder

9 Although a cylinder is not a prism, the volume of a cylinder can be calculated
using V'= Ah where A =nr? so V = nr?h.

A=xr2

Find the volumes of these cylinders. Round the answers to 2 decimal places.
a 5m b 10 mm

c 20 cm d
0 Dt
e f 10 m
14 m
7m
3m
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Time

This topic was covered in detail in
Year 7. This section will consolidate and
extend the material covered in Year 7.

P Let’s start: Knowledge of time

Do you know the answers to these questions about time and the calendar?
e How many seconds in a minute?

How many hours in two days?

How many months in a year?

When is the next leap year?

Which months have 31 days?

Is it earlier or later in Perth?

m Units of time include:

— 1 minute (min) = 60 seconds (s) x24 %60 %60

. . X X X
- 1 hour (h) = 60 minutes (min) day  hour  minute  second

-1 day = 24 hours (h)

Time zone Any
geographic region
of the world in which

+24 +60 +60
- 1 week = 7 days all places have the
- 1 year = 12 months same time
m a.m. means before midday and p.m. means after midday.
m 24-hour time shows the number of hours and minutes after midnight.
- 0330 is 3:30 a.m. -11211is11:21 a.m.
- 1530 is 3:30 p.m. - 2247 is 10:47 p.m.
m Earth is divided into time zones.
- Twenty-four 15¢ lines of longitude divide Earth into its time zones.
(See map on pages 140-141 for details.)
— Time is based on the time in Greenwich, United Kingdom, and
this is called Coordinated Universal Time (UTC) or Greenwich
Mean Time (GMT).
— Places east of Greenwich are ahead in time.
— Places west of Greenwich are behind in time.
m Australia has three time zones:
- Eastern Standard Time (EST), which is UTC plus 10 hours.
- Central Standard Time (CST), which is UTC plus 9.5 hours.
— Western Standard Time (WST), which is UTC plus 8 hours.
m Some states have daylight saving over summer when clocks are moved
forward by 1 hour.
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add 2 hours

Y

Perth Sydney

subtract 2 hours

m UnderStanding

1 Write the missing numbers.

N
N

a I minute=___ seconds b _ days=1 week
¢ __ hours=1day d 2hours=___ minutes
e 240 seconds=____ minutes f March has ____ days
! 2 Find the number of:
a secondsin 2 minutes b minutes in 180 seconds
Drilling ¢ hours in 120 minutes d minutesin 4 hours
for Gold e hoursin 3 days f days in 48 hours

31 g weeksin 35 days h days in 40 weeks.

What is the time difference between these times? Use your calculator to check
your answers.

a 12:00 noon and 6:30 p.m. b 12:00 midnight and 10:45 a.m.

¢ 12:00 midnight and 4:20 p.m. d 11:00 a.m. and 3:30 p.m.
Use the ‘degrees,
minutes, seconds’
button.
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Example 21 Converting units of time

Convert these times to the units shown in brackets.

a 3 days (minutes) b 30 months (years)
Solution Explanation
a 3 days=3x24x60 min 1 day = 24 hours
=4320 min 1 hour = 60 minutes
b 30 months =30 + 12 years There are 12 months in 1 year.
=2 1 years
2
4 Convert these times to the units shown in brackets. 1‘?
a 2min(s) b 48 h (days) ¢ 21 days (weeks)  yse the
d 3h(min) e 10.5min(s) f 240 s (min) flowchart in o
g 90 min (h) h 6 days (h) i 72 h (days) Hiolhevlidens
i 1 week (h) k 1 day (min) 1 3Lk (min)
2

5 Write the times for these descriptions.
a 4 hours after 2:30 p.m. b 10 hours before 7:00 p.m.

Drilling c 3l hours before 10:00 p.m. d 7l hours after 9:00 a.m.
fo;ﬁgld 2 2

e 6% hours after 11:15 a.m. f 1% hours before 1:25 p.m.

Example 22 Using 24-hour time

Write these times using the system given in brackets.
a 4:30 p.m. (24-hour time) b 1945 (@.m./p.m.)

Solution Explanation
a 4:30 p.m.=1200 + 0430 Since the time is p.m., add 12 hours to
= 1630 hours 0430 hours.
b 1945 hours = 7:45 p.m. Since the time is after 1200 hours,

subtract 12 hours.
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6 \Write these times using the system shown in brackets.

a 1:30 p.m. (24-hour)
10:23 a.m. (24-hour)

xa o 0

6:47 p.m. (24-hour)

0630 hours (a.m./p.m.)
1429 hours (a.m./p.m.)
2351 hours (a.m./p.m.)

b 8:15 p.m. (24-hour) 6:00 a.m. is

d 11:59 p.m. (24-hour) (l)g%%hours-.
5 noon is

f 1300 hours (a.m./p.m.) 1200 hours.

h 1938 hours (a.m./p.m.) 6:00 p.m. is

] 0426 hours (a.m./p.m.) 1800 hours.

|

4:32 a.m. (24-hour)

7 Round these times to the nearest hour.

a 1:32p.m. b 528 a.m. ¢ 1219 hours d 1749 hours

Example 23 Using time zones near Australia

Use the world time zone map (on pages 140-141) to answer the following.

a When it is 2:00 p.m.

EST (Eastern Standard Time), find the time in these places.

i Adelaide ii Perth iii Queensland iv Phillipines
b When itis 9:35 a.m. in Western Australia, Australia, find the time in these places.
i Alice Springs ii Tasmania iii Brisbane iv China
Solution Explanation
ai 1:30p.m. Adelaide is in the Central Standard Time zone, which is

il 12:00 noon
iii 2:00 p.m.
iv 12:00 noon

b i 11:05a.m.

ii 11:35a.m.

iii 11:35a.m.

iv 9:35a.m.

% hour behind Eastern Standard Time.

Perth is in the WST zone, 2 hours behind EST.
Queensland is in the Eastern Standard Time zone.
Phillipines is in the same zone as Western Australia.
Alice Springs uses Central Standard Time, which is
1 % hours ahead of Western Standard Time.

Tasmania uses Eastern Standard Time, which is 2 hours
ahead Western Standard Time.

Brisbane is in the EST zone 2 hours ahead of WST.

China is in the same zone as Western Australia.

8 Use the time zone map on pages 140-141 to find the time

in the following places, when it is 10:00 a.m. EST.

a Melbourne
¢ Adelaide
e Sydney

g China

ISBN 978-1-107-56538-8
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9 Use the time zone map on pages 140-141 to find the time in these places, when it is
3:30 p.m. in Perth.

Drilling a I\/Iglbourne b Phillipines ¢ Sydney
for Gold d China e Hobart f Queensland
33 g Alice Springs h New Zealand i Japan

10 Match each time unit A-F with the most appropriate description a—f.
a single heartbeat A 1 hour

b 40 hours of work B 1 minute
¢ duration of a university lecture C 1day

d bank term deposit D 1 week
e 200-m run E 1 year

f flight from Australia to the UK F 1 second

What is the time difference between these time periods? Use your calculator to check
your answers.

a 10:30 a.m. and 1:20 p.m.

b 9:10 a.m. and 3:30 p.m.

¢ 2:37p.m.and 5:21 p.m.
d
e

10:42 p.m. and 7:32 a.m. (the following day)
1451 and 2310 hours
f 1940 and 0629 hours (the following day)

12 Three essays are marked by a teacher. The first takes 4 minutes and 32 seconds to mark,
the second takes 7 minutes and 19 seconds, and the third takes 5 minutes and
37 seconds. What is the total time taken to complete marking the essays?

13 Adrian arrives at school at 8:09 a.m. and leaves at 3:37 p.m. How many hours and
minutes is Adrian at school?

14 On a flight to Europe, Janelle spends 8 hours and 36 minutes on a flight from Melbourne
to Kuala Lumpur, Malaysia, 2 hours and 20 minutes at the airport at Kuala Lumpur, and
then 12 hours and 19 minutes on a flight to Geneva, Switzerland. What is Janelle’s total
travel time?

ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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15 A phone plan charges 11 cents per 30 seconds. The 11 cents are added to the bill at the
beginning of every 30-second block of time.

a What is the cost of a 70-second call?
b What is the cost of a call that lasts 6 minutes and 20 seconds?

16 A doctor earns $180 000 working 40 weeks per year, 5 days per week, 10 hours per day.
What does the doctor earn in each of these time periods (while working)?
a per day b per hour ¢ per minute d persecond (in cents)

17 Use the time zone map to find the times in the following places if it is 3:30 p.m.

in Victoria.

a United Kingdom b Libya

¢ Sweden d Perth

e Japan f Central Greenland
g Alice Springs h New Zealand

18 Use the time zone map to find the times in the following places if it is 10:00 a.m.
UTC in England.

a Spain b Turkey ¢ Tasmania d Darwin
e Argentina f Peru g Alaska h Portugal
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Introducing Pythagoras’ Theorem

Pythagoras was a philosopher who lived in the sixth r
century sc. He studied astronomy, mathematics and music
and found Pythagorean triads, which are sets of three
whole numbers that make up the sides of right-angled
triangles.

A thousand years before Pythagoras’ time, the ancient
Babylonians and the Egyptians also found a relationship
between the sides of a right-angled triangle. However,
Pythagoras’ explanation was easier to understand.

iy

LAk

2
S
¥
5
»
S
3
¥
15
1S
¥
15

e

P Let’s start: Discovering Pythagoras’
Theorem

Use a ruler to measure the sides of these right-angled
triangles to the nearest mm. Then complete the table.

b
[] < a

e Can you see any relationship between the numbers in the columns for a*> and b* and the
number in the column for ¢2?
e Can you write down this relationship as an equation?

m The hypotenuse
— It is the longest side of a right-angled PN Hypotenuse The
Do,
te"llse triangle

triangle. a
- It is opposite the right angle. /

b
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146 Chapter 3 Measurement and Pythagoras’ Theorem

m Pythagoras’ Theorem
— The square of the hypotenuse is the sum of the squares of the other two
shorter sides.
—a*+b*=¢? or c=a*+b?
m A Pythagorean triad is a set of three integers that satisfy Pythagoras’ Theorem.

Understanding

1 Calculate these squares and sums of squares.

a 3 b 52 c 122 d 1.5
e 22+4° f 32+7 g 6>+11° h 122+15°
2 Decide if these equations are true or false.
a 2>+3=4 b 6>+8 =107 c 7*+24*=2%
d 52-32=4 e 62-32=22 f 10>-5*=5?
3 Write the missing words in this sentence.
The is the longest side of a right-angled
4 Which letters mark the length of the hypotenuse in these triangles?
a b b c
X S t
W u

Example 24 Checking Pythagorean triads

Decide if the following are Pythagorean triads

a 6,8, 10 b 4,59
Solution Explanation
a a*>+bh*=62+82 Leta=6, b=8 and ¢ =10 and check that &* + b* = ¢>.
=36+ 64
=100 (= 10%
b &?+b*=4*>+5 a’>+ b*=41 and ¢ = 81 so the set of numbers are not
=16 +25 a Pythagorean triad.
=41
#9?
ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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5 Decide if the following are Pythagorean triads.
a 3,4,6

d 9,12, 15
g 9, 40,41

b 4,
e 5,

2,5
12,13

h 10, 12, 20

6 Complete this table and answer the questions.

Measurement and Geometry

- -~

AW
RIS
— O\ W\

a

b

c

a2

b2

a + b

3
6
8

15

5
10
17

a Which two columns give equal results?
b What would be the value of ¢? if:

a’*=4 and b>=9?
¢ What would be the value of a? + b? if:

> =257

a*=7and b =13?

?=110?

7 Check that a*> + b> = ¢2 for all these right-angled triangles.

a

4

8 Write down Pythagoras’

a MO

X
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Theorem using the letters given these diagrams.

a b >
b b
] h
d
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148 Chapter 3 Measurement and Pythagoras’ Theorem

9 A cable connects the top of a 30 m mast to a point
on the ground. The cable is 40 m long and connects
to a point 20 m from the base of the mast.

a Using ¢ =40, decide if a* + b* = 2.
b Do you think the triangle formed by the mast
and the cable is right angled? Give a reason.

Example 25 Deciding if a triangle has a right angle

Decide if this triangle has a right angle. 7 m
4m
9m

Solution Explanation
>+ b=4+7 Check to see if a*> + b*> = ¢ In this case a* + b* = 65 and

=16 +49 ¢? =81 so the triangle is not right angled.

=65

92

Pythagorean triads

10 If a® + b? = 2, we know that the triangle must have a right angle. Which of these
triangles must have a right angle?

a 12 b 1 c 3
2 5
QM 2 : |1 \/
d 17 e f 40
6
15
< 8 41 9
5
11 (3, 4, 5) and (5, 12, 13) are Pythagorean triads since 32+ 4* = 5* and 5% + 122 = 132,
Find 10 more Pythagorean triads using whole numbers less than 100.

Extension: Find the total number of Pythagorean triads with whole numbers of less
than 100.
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Using Pythagoras’ Theorem

In this section we will use the lengths of the two short sides
to calculate the length of the hypotenuse. ?

P Let’s start: Correct layout

Two students who are trying to find the value of ¢ in this triangle 9
by using Pythagoras’ Theorem write their solutions on a board.
There are only very minor differences between each solution
and the answer is rounded to 2 decimal places.

e Which student has all the steps correct?

e Give reasons why the other solution is not laid out correctly.

Student 1 Student 2

c=a+b c=a+b
=424+92 =424+92
=97 =97
=V97 | Le=V97

=9.85 =9.85

m To find the length of the hypotenuse:
2=32+4
5 ¢ ?=9+16
=25
soe=V25
4 =5
m Note that the final step may not always result in a whole number. For example,
V3 and V24 are not whole numbers.
» Surds are numbers that havea V' sign when written in simplest form.

149

- They are not a whole number and cannot be written as a fraction. Surd An irrational
— Written as a decimal, the decimal places would number, which cannot

continue forever with no repeated pattern be simplified to
(just like the number pi), so surds are irrational a
numbers.

— Examples of surds are V2 and V5. b
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150 Chapter 3  Measurement and Pythagoras’ Theorem

Understanding

1 Decide if these numbers written with a V' sign simplify to a whole number.
Answer yes or no.

a V9 b V11 c V20 d Vi21

Round these surds, correct to 2 decimal places using a calculator.

a V10 b V26 c V65 d V230

Copy and complete each working out.

a =da*+b? b = c _ =
=5%+122 =92 1+ 40° =92+ 122

Example 26 Finding the length of the hypotenuse

Find the length of the hypotenuse for these right-angled triangles. Round the
answer for part b to 2 decimal places.

a b
6 ¢ .
@
8 7
Solution Explanation
a cc=a*+b’ Write the equation for Pythagoras’
=62+ 8§ Theorem and substitute the values for the
=100 shorter sides.
~c=V100 Find ¢ by taking the square root.
=10
b ¢2=a?+b? First calculate the value of 72 + 92.
=7>+92
=130
~c=V130 V130 is a surd (the exact answer), so

=11.40 (to 2 decimal places) round the answer as required.
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4 Find the length of the hypotenuse (¢) of each right-angled triangle.

a b 24 cL
C
¢ 9
7

w

¢ 40

4
f 60
¢ 16
C
12

5 Find the length of the hypotenuse (¢) of each right-angled triangle, correct to
2 decimal places.

b 5 c

6

| :c

d e f 19

3 1
2.5
c c
c
32
3.5

Example 27 Applying Pythagoras’ Theorem

A rectangular wall is to be strengthened by ] O
a diagonal brace. The wall is 6 m wide and 3 m high. \;5}?9?/’ 3m
Find the length of brace required, correct to the _4/,/” N
nearest cm. 6m
Solution Explanation
c=a+b
— 12 2
=32+6 c =2
=45
s c=V45
=6.71 mor 671 cm (nearest cm) b=6
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6 A rectangular board is to be cut along one of its diagonals. The board is 1 m wide

and 3 m high. What will be the length of the cut, correct to the nearest cm?

- 1m

The size of a television screen is determined by its diagonal length. Find the size
of a television screen that is 1.2 m wide and 70 cm high. Round the answer to the
nearest cm.

Here is a diagram showing the path of a bushwalker from camp 1 to camp 2. Find
the total distance calculated to 1 decimal place.

3 km 2 km

Camp 1

Camp 2

A 20 cm straw sits in a cylindrical glass as shown. What length of straw sticks
above the top of the glass? Round the answer to 2 decimal places.

14 cm
8 cm
10 Explain the error in each set of working.
a ?=2"+3 b ?=3+4 c ?=2*+5
ne=2+3 =7? =4+25
=5 =49 =29
ne=17 =V29
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11 Prove that these are not right-angled triangles.
a 5 b c 12
10
3
8
7
24 21
5

Perimeter and Pythagoras

12 Find the perimeters of these shapes, correct to 2 decimal places.

a b 10 cm c
2m 18 cm 7 em
3m 4 cm
d 6 mm f
4 mm
8 mm
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154 Chapter 3  Measurement and Pythagoras’ Theorem

Calculating the length of a
shorter side

In this section we will see that any two sides can be used to
& calculate the length of a third side.
9 13
P Let’s start: What’s the setting out? B
The triangle shown has a hypotenuse length of 15 and one shorter side
length of 12. Here is the setting out to find the length of the unknown side a.
Can you fill in the missing gaps and explain what is happening at each step?
a+ b= ¢? a
@y 2= 2
a+_ =
Dg a’ = . )D 12 15
La=V (Hypotenuse)

m Pythagoras’ Theorem can be used to find the length of the shorter sides of a
right-angled triangle if the hypotenuse and another side are known.
m Use subtraction to make the unknown the subject of the equation.
@+ b*=¢?
a’ +24* =257 24

@ + 576 = 625
-576 < P )—576 . ’J
~a=V49
=7

25

Understanding

1 Find the value of « in these equations. (Assume «a is a positive number.)

a a*=16 b a*>=49 ¢ a?>+16=25

d >+9=25 e a>+36=100 f a®>+441 =841

g 10+a>=19 h 6+a>=31 i 25+a*=650
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Copy and complete the missing steps.

a b b
15
9 L‘7
25
a
a*+ b* = ¢? a*+ b* = ¢?
a;+9P=__ 7P+ br=___
a+___ =225 __+b=__
a* = b*=576

.-.a:—\/_ ~b=V___

Example 28 Finding the length of a shorter side

Find the value of a in this right-angled triangle.

5
a
4
Solution Explanation
a+b*=¢? Write the equation for Pythagoras’ Theorem and
a;+4*=5 substitute the known values.
a?+16=25 Subtract 16 from both sides.
16 p-9£-16
~a=\V9
=3

3 Find the lengths of the unknown sides in these right-angled triangles.
a b 12 c b

5
3 9|J

a 41

15
a
30 f
a
34

d e

61
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4

a

Drilling
for Gold
3K1

Chapter 3  Measurement and Pythagoras’ Theorem

Find the lengths of the unknown sides in these right-angled triangles, giving the
answer correct to 2 decimal places.

2 b c
14
2 5 8
3
e f
50
22 18
14 100
9
L[]
Example 29 Applying Pythagoras to find a shorter side
A 10 m steel brace holds up a concrete wall.
The bottom of the brace is 5 m from the base
of the wall. Find the height of the concrete 10m
wall, correct to 2 decimal places. / Wall
f€<—5 m—>]

Solution Explanation
Let @ metres be the height of Choose a pronumeral for the unknown
the wall. height.

a+b*=¢?

a+5*=10° Substitute into Pythagoras’ Theorem.

a?+25=100
= < @=75 &2 Subtract 25 from both sides.

wa=\V75 V75 is the exact answer.
= 8.66 (to 2 decimal Round as required.
places)

The height of the wall is 8.66 Answer a worded problem using a full
metres. sentence.
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to its top. On the deck of the yacht, the cable is 8 m
from the base of the mast. How tall is the mast?
Round the answer to 2 decimal places.

A circle’s diameter AC is 15 cm and the chord AB
is 9 cm. Angle ABC is 90°. Find the length
of the chord BC.

A 14 cm drinking straw just fits into a can as shown.
The diameter of the can is 7 cm. Find the height of the
can, correct to 2 decimal places.

Find the length AB is this diagram. Round to 2 decimal places.

25 11

24 A B

Describe what is wrong with the second line of working in each step.

a a*+10=24 b a*=25 ¢ a*+25=36
a’=34 =5 a+5=6
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10 The number V11 is an example of a surd that is written as an exact value. Find
the surd that describes the exact lengths of the unknown sides of these triangles.
a 5 b c 100

7 2 120

11 Show how Pythagoras’ Theorem can be used to find the unknown lengths in
these isosceles triangles. Complete the solution for part a and then try the others.
Round to 2 decimal places.

a a*+ b*=¢?
X2+ x2=5°
¥ 5 2x? =25
xXr=___
“x=V___
X
b X c x d 34
1L I_
10 FXx 61 x

Pythagorean families

12 (3, 4, 5) is called a Pythagorean triad because the
numbers 3, 4 and 5 satisfy Pythagoras’ Theorem
(32 +4%=5%. %\
a Explain why (6, 8, 10) is also a Pythagorean triad.
b Explain why (6, 8, 10) is considered to be in the
same family as (3, 4, 5).
¢ List three other Pythagorean triads in the same
family as (3, 4, 5) and (6, 8, 10).
d Find another triad not in the same family as

(3, 4, 5), but which has all three numbers less
than 20 3,4, 5 is the best known of an infinite
' number of Pythagorean triads.

e List five triads that are each the smallest triad
of five different families.
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How many cubes are in each solid stack?
a b

A cube has capacity 1 L. What are its dimensions in cm?

A fish tank is 60 cm long, 30 cm wide, 40 cm high and contains 70 L of water.
A rock with a volume of 3000 cm? is placed into the tank. Will the tank overflow?

Find the total surface area of this cylinder. 2cm

(2

4 cm

What proportion (fraction or percentage) of the
semicircle does the full circle occupy?

A circle just fits inside a square. What percentage
of the square is occupied by the circle?

1.8 L of water is poured into this container.
What will be the depth of the water?

159
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) o ) 4
Perimeter Triangle Quadrilaterals

. —Square A=s?
om m —Rectangle A=¢b
10cm 6 cm — Parallelogram 1A:bh

= —Rhombus A= x

P_2><10+2><4 A= 1o - ] 2 XY
=28cm 2 Kite A—ny

=1x6x3 — Trapezium A=7h(a+b)

:90m2 \ y

Length units
1 km=1000 m

Area units
x10002 x1002 102

1m=100cm N Circle area
1cm=10mm km2 m2  cm?2  mm?2
A N =

+10002 +100%2 +102

Circumference of | 1 ha=10 000 m2
a circle \.
C=2mnr or ntd
=2XmXx3

= 61 m? [
1min =60s
1h

=60 min
1day =24h
1week = 7days
1 year =12 months

Chapter summary

03111is03:11 a.m.
2049 is 08:49 p.m.

Volume/capacity units L
km3, m3, cm3, mm3
x1000 %1000 %1000

TN N N )
L kL L L Pythagoras’ Theorem
T ST —[ Volume/capacity ] ' )

+1000 1000 +1000

1mL=1cm3 4 T Y
1m3=1000L Theorem Finding ¢

2=524+72 1

ST
noe=N\74 ¢

\, v

Rectangular prism f Triangular prism
V=tbh A=1 bh
=10x20x 30 —1y1x3 a
=6000 cm3 —21 2 +12=92 17
=6L =13 m? @+1=4 2
V=Ah a?+1-1=4-1

=12%2 a?=3
g a=\3

A shorter side

.




Measurement and Geometry 161

Additional consolidation and review material, including
literacy activities, worksheets and a chapter test, can be 3
downloaded from Cambridge GO. m
© D
Multiple-choice questions a
1 The perimeter of this rectangle is 20 cm. b S
H# -
(«b)
T T+ 4cm = —
) .
xcem (4~
The unknown value x is: -
A 4 B 16 c s D 10 E 6 (i)
2 A wheel has a diameter of 2 m. Its circumference and area (in that order)
are given by:
A n 2 B 27, n C 4r 4r D 2,1 E 4,4
3 The area of this triangle is:
A 275m* B 55m C 55m ﬁiSm
D 110 m E 1l6m> @@ l_—

11m

4 Using 7= 3.14, the area of a circular oil slick with radius 100 m is:

A 7850 m? B 314 m? C 31400 m? D 78.5m? E 628 m?
5 2.5Lis the same as:
A 250 mL B 2500 mL C 1ML D 0.025kL E 25000 mL
6 The volume of this rectangular prism is:
A 60L B 60 cm C 6m? D 600 cm? E 6000 cm?
/) ———————————
10 cm et
e 30 cm
20 cm
7 The rule for the area of the trapezium shown is:
A %xh B %(x +) C %xy D nx)? E %h(x +)
X
Y
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162 Chapter 3 Measurement and Pythagoras’ Theorem

8 The volume of a rectangular prism is 48 cm?. If its breadth is 4 cm and height 3 cm,

3 its length would be:
D A 3cm B 4cm C 2cm D 12cm E 96cm
.; 9 The diagonals of a rhombus measure 10 cm and 6 cm. Its area is:
a A 120 cm? B 16 cm? C 15cm?
S D 30cm? E 60 cm?
S
03 6 cm
o —
{ =1
(3~
S
10 A square has area 49 m?. Its side length is:
A 5m B 8m C 49m
D 7m E 4m

Short-answer questions

1 Convert these measurements to the units given in the brackets.

a 2m(mm) b 50000 cm (m) ¢ 320 m (km) d 0.04 km (m)
e 3cm?(mm? f 4000 cm? (m?) g 0.01 km?(m? h 350 mm? (cm?)
i 4000 mL (L) i 3cmi(mm?d) k 400 cm? (L) I 4300 kL (ML)

2 Find the perimeters/circumferences of these shapes. Round the answers to
Tl 2 decimal places where necessary.

b 6 cm c

a 5m
3m|:>
d e f g
10.8 m
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g h 12m i 4

20 mm f

8m

2 cm

3 Find the areas of these shapes. Round the answers to 2 decimal places
T where necessary.

a 5cm b 18'm ’ ¢
6 cm
11 cm

3 cm
o 6 cm
14 km
g h
10 cm
16 m .\

4 Find the volumes of these rectangular prisms in litres. Recall 1 L = 1000 cm?.

=
=
—
[« b
p S
S
D
b
= 18
S
i e
()

| >
8 m

15 cm M "

45 cm 1

30 cm

20 cm

100 cm

10 cm
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Chapter 3  Measurement and Pythagoras’ Theorem

5 Find the volume of each prism.

|
|
|
I
|
|
R P

%) 6 Use Pythagoras’ Theorem to find the values of x.
a b
9 X X 24
26
12

7 a What is the time difference between 4:20 a.m. and 2:37 p.m.?
b Write 2145 hours in a.m./p.m. time.
¢ Write 11:31 p.m. in 24-hour time.

8 When itis 4:30 p.m. in Western Australia, state the time in each of these places.

a New South Wales b Adelaide ¢ Darwin
d China e Perth f Phillipines
g New Zealand h Tasmania i Queensland
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Extended-response questions

a
b
c

f
9

1 A rectangular entertaining area is to be tiled with square tiles 10 cm by 10 cm.
The entertaining area is 20 m by 8 m.
A circular pond of diameter 4 m is to be built in the centre.

Find the total area of the entertaining area in m2.
Find the perimeter of the entertaining area.

Find the area of the pond, correct to Entertaining area
2 decimal places.
Find the area to be tiled (not including the pond
area), correct to 2 decimal places. Pond
Find the area of one tile in:

i cm?

i m2 20 m

Find the minimum number of tiles required for the job.
Why would a tiler need more tiles than the minimum number?

) 2 Find the areas of these composite shapes.

10 cm b c

6 cm

8 m

8 cm
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Equivalent fractions revision

4B Computation with fractions revision

4C Decimal place value and fraction/
decimal conversions REVISION

4D Computation with decimals Rrevision

4E Terminating decimals, recurring
decimals and rounding RevISION

In this chapter, you will learn to:

4F  Converting fractions, decimal and * operate with fractions, decimals and
percentages REVISION percentages

4G Finding a percentage and expressing e solve financial problems including purchasing
as a percentage goods.

4H  Decreasing and increasing by a This chapter is mapped in detail to the NSW Syllabus

percentage
41  The Goods and Services Tax (GST)
4J Calculating percentage change, profit
and loss
4K Solving percentage problems with the
unitary method and equations

for the Australian Curriculum in the teacher resources
at: www.cambridge.edu.au/goldnsw8
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Additional resources for this chapter can
be downloaded from Cambridge GO:
www.cambridge.edu.au/goldnsw8
Drilling for Gold:

Building knowledge and skills
Skillsheets:

Extra practise of important skills
Literacy activities:

Mathematical language
Worksheets:

Consolidation of the topic

Chapter Test:

Preparation for an examination

An example of a special decimal number is called
phi(). It is a very interesting number because it
relates to the golden rectangle, a design that can be
seen in ancient Greek and Roman ruins. Phi can be
seen in art (such as the Mona Lisa), the Pyramids,
web designs and even DNA.

Phi is approximately equal to the decimal
1.618. In 2010, the record for writing out phi was
one trillion (1 000000 000 000) decimal places.
Because it has no pattern to it, phi cannot be
written as a fraction.
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9

Match the following words to the types of fractions: whole number, improper
fraction, proper fraction, mixed numeral

alg bé c 5
5 7

How many quarters are in:
a 1 whole? b 2 wholes? ¢ 5 wholes?

Complete the following.
1

a l-=—
2 2

o
—_
NS
|
K%

Fill in the blanks.

a S-D

4 [
3 0O

e — - —
10 100

IS
Il
o g

|~
l &
()]

S
Ol

e

Match the fractions on the left-hand side to their decimal form on the right.
L A 3.75
2

|

B 0.25

—_—
S
=)

C 0.01

AW

D 0.5

L B= W N,

1 1
b 05+ ¢ 3-11
i) 3

d 0.3+0.2+0.1 e 24-+2 f 05x6
Write as: i simple fractions ii decimals.

a 10% b 25% d 75%
Find 10% of:

a $50 b $66 d 6900 m

10 Find:

a 25% of 40 b 75% of 24 c 90% of $1

11 Copy and complete the following table.

Fraction E Z
4 5

Decimal

Percentage
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Equivalent fractions REVISION

Fractions are made when whole numbers are divided into
@ equal parts.
This diagram shows the parts of a fraction.
4—> numerator: parts taken from the whole
7— denominator: number of equal parts the whole is
broken into
Think ‘u’ for ‘up the top’ and ‘d’ for ‘down the bottom’.

K‘ 4 parts selected
——

Numerator ——> 4
Denominator ——> 7

LThe whole is divided into 7 parts. =
Aerial view of farmland. Each paddock is a

There are 7 equal parts in the whole and 4 of them are fraction of the farmer’s land.
shaded.

Equivalent fractions are fractions that represent equal portions of a whole amount and
so are equal in value. The skill of generating equivalent fractions is needed whenever you
add or subtract fractions with different denominators.

3 _2_1
6 4 2
—_—

These equivalent fractions
all mean one half.

Fractions are very important whenever we measure or compare. Chefs use them when
baking. Builders use them when mixing concrete. Musicians use fractions when composing

music.

P Let’s start: Know your terminology

L2 v

It is important to know and understand 2 2
key terms associated with the study of fractions. mixed  improper

As a class give a definition or example of each el et
of the following key terms.
e Numerator e Denominator &
e Equivalent fraction * Proper fraction

. . 7<—— numerator w

* Improper fraction * Mixed numeral S cemeniineie
e Multiples e Factors This is an improper
e Lowest common multiple * Highest common factor ::g:\'f’vch)?;’ Ve
e Lowest common denominator e Vinculum
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170 Chapter 4 Fractions, decimals, percentages and financial mathematics

m Equivalent fractions are equal in value. They mark the same
place on a number line or cover the same space in a shape.

Equivalent Equal in 3 6 . .
For example, 3 and 10 are equivalent fractions.

value
Simplify Find the

simplest possible
expression for 3
5
6
10
/equivalent
0 1 2 3 4 S
B 5 5 5 5 5 5 _
o 1 2 3 4 5 6/ 7 8 9 1
10 10 10 10 10 10 10 10 10

m Equivalent fractions are made by multiplying or dividing the
numerator and denominator by the same number.

e.g.
2 /X_S\* /_3\«
% 2 _ 10 6 _2
iy 7 = 35 - 7
N4 N4

X2 x5 =3

m A fraction can be broken down (simplified) if the top (numerator)
and bottom (denominator) have a common factor, other than one.

e.g.
/i‘ The HCF of 12 and 18 is 6.
2 2 12_2x6_2 6

18~ 3 OR 18 3x6 3 g‘cancels’tol

because 6 + 6=1

m Two fractions are equivalent if they
have the same simplest form.

6 3 30 3 . 6. . 30
e.g. —=>and=—==> - —is equivalent to =—
8 4 40 4 8 40
ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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Understanding

1 Fill in the missing numbers to complete the following strings of equivalent fractions.

a x3 b w x x A
m TN N ) "B
4 8 O O Remember always
3 O _ A 7 TO0°T2®~ 0 X or + the top and
5 L~ A N AN AN A the bottom by the
W X2 x2 X2 same number!
X2 @
X3 —= 1
S0 _2s_10 L1, 1_2_3_4
100 ] [ 10 [J 30 O O
. o . 2. 10 3
2 Which fraction is equivalentto = —or =?
3 15 4
3 Which three of the following fractions can be broken down (simplified)?
a é b E c § d é e é
7 12 6 9 9
4 Are the following statements true or false?
a % and i are equivalent fractions.
b % and % are equivalent fractions.
¢ The fraction g is written in its simplest form.
d 14 can be simplified to g.
21 3
11 1 2 . .
e — and — and — are all equivalent fractions.
99 9 18
f 4 can be simplified to 2_
5 5
ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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Example 1 Generation equivalent fractions

Rewrite the following fractions with a denominator of 20.

a ; b l c ﬁ
5 2 120
Solution Explanation
3 12 x4
a =2 R
5 20 3 0O , , 4 L
5 = 70 Multiply the fraction by i which is 1.
N7
x4
b 1 10 x10
5~ 50 77X
2 20 { 0 _ .
3 = 5 Multiply numerator and denominator by 10.
N7
x10
36 _6 +6
120 20 % N
50= 20 Divide top and bottom by 6.
N7
+6
5 Rewrite the following fractions with a denominator of 24. ﬁ
Multiply or
a l=g b %=— c l=g izg divide top and
3 24 8 24 2 24 12 24 bottom by the
same number.
e ézg f ézg g ;zg h zzg
6 24 1 24 4 24 8 24
6 Rewrite the following fractions with a denominator of 30.
a lzg gzg c izg d ézg
5 30 6 30 10 30 1 30
. 2.0 ;2.0 5.0 L1500
3 30 60 30 2 30 300 30
ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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7 Find the missing value to make the equation true.

a lzg b lzg c gzi d ézg
5 10 5 100 5 [ 4 40
o 212 (3.6 , 5.0 % [0
3 ] 2 ] 10 2 100 10
;2.0 114 « 1.1 21 0
515 9 [ 14 [] 30 10
L4 0 L 880 , 3.0 728
321 5 [ 1260 11 [

Example 2 Converting to simplest form

Write the following fractions in simplest form.

oo
[\®]
N

2 b =2
20 15
Solution Explanation
a +4 The HCF of 8 and 20 is 4.
8/\2 Divide the numerator and denominator by 4.
20 - 5
N7
+4
b v The HCF of 25 and 15 is 5.
25/\5 Divide the numerator and denominator by 5.
15° 3
N7
+5
Write the following fractions in simplest form. Use a calculator to 1"
check your answer. First find the
2 3 8 14 HCF of the 4
a Z b 6 c E d % numerator or
denominator.
9 8 12 18
11 .12 16 25
i — i = k — I =
44 20 18 35
m 15 n 2 . 120 ) 64
9 20 100 48
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9 A calculator gives the simplified fraction after you press equals. Use a calculator to
simplify these fractions.

a & b E c H
40 12 56
g 28 2 ;156
52 48 312

10 Each diagram below shows a fraction of the whole. Write each fraction shaded in
more than one way.

a b c d

11 a Thomas ate i of a 250-gram block of chocolate. Mary ate % of her 250-gram block.

Who ate the most chocolate?

b A pizzais cut into eight equal pieces. Sian ate 2 slices of pizza, Callum had 4 slices.
What fraction of the pizza is left?

12 Write down four fractions that simplify to %

13 Which fraction is the odd one out?
75 15 18 3 12

100 20 28 4 16

14 If you multiply the numerator by 2 and denominator by 2, you get equivalent fractions.
1 2

What happens If you add 2 to the numerator and denominator?
Does the fraction get bigger or smaller?
(Hint: Try a variety of fractions, including some improper fractions.)
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Computation with fractions REVISION

This section reviews the different techniques involved in adding, subtracting, multiplying

and dividing fractions.

Proper fractions, improper fractions and mixed numerals will be considered for each of the

four mathematical operations.

P Let’s start: Shading fractions

In pairs, draw and shade this grid to evaluate:

L1 7 1 1
Sl « L2 o ~of
2

1
23 12 3 2

What rules do you know about adding, subtracting, multiplying and dividing fractions?

= Adding and subtracting fractions
—To add or subtract fractions, convert to the same denominator.
When the denominator is the same, just add or subtract the
numerator.

e.qg. -

4
8

0|
|
|
oo|—

—The lowest common multiple of the denominators is used if the
denominators are different. This is called the lowest common
denominator (LCD).

eg 1, 1_3.2
2

= Multiplying fractions
—Convert to improper fractions. eg. 1l

— N W

=S

- Multiply the numerators.
—Multiply the denominators.

- Simplify your answer. =

=N

ISBN 978-1-107-56538-8 © Palmer et al. 2016
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numbers divide into
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Reciprocal The
result of swapping
the numerator and
denominator

Dividing fractions
- To divide by a fraction, turn that fraction sign upside
down, then multiply.

1 1 1 _ 4

B0 =t=3=X=

2 4 2 1
=2

a
- To turn a fraction A upside down g, is called taking

its reciprocal.

1 a Which two operations require the denominators to be the same?
b Which two operations do not require the denominators to be the same?

There are

2

quarters

in one

h

alf.

Understanding

2 State the lowest common denominator for the following pairs of fractions.
5 4 9 3 25 10 12 8
3 Copy and complete.
a 2,1 b 7_9 c 14,3 d 5.2
3 4 8 16 7 5 7 3
8 [
== U9 S ] _33
12 12 16 16 75 7 2
_11 g | _15_4
[l 16 35 ] 14
4 State the reciprocals of the following fractions. m
a é b § c 3l d li If the fraction .
8 2 4 11 is a mixed w

numeral, convert
it to improper.

Example 3 Adding and subtracting fractions

Evaluate:

a >+-
5 5

ISBN 978-1-107-56538-8
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Number and Algebra 177

Solution Explanation
a 3.,4_7 The denominators are the same, simply add the
5 5 5 numerators. Three fifths plus four fifths equals
-1 seven fifths.

The final answer can be written as a mixed numeral.

2
5

20 9 LCM of 3 and 4 is 12.

12 12 Write equivalent fractions with a LCD of 12.

_ 11 The denominators are now the same, so subtract the
12 numerators.

=) 5 Evaluate, then check your answers with a calculator.

3o 11 11 7 1 17 deom
a —+ -~ b —+= c —_= d =—-_L enominators 4
3 3 3 6 12 2 10 10 first! Same or
different?
e 1,2 ¢ 7.2 g 3.7 24 1
55 9 9 g8 8 7 7
.3 2 . 3 4 5 2 11 1
i =+= i —+= k =-= I ——-
4 5 10 5 7 3 18 6
Example 4 Adding and subtracting mixed numerals
Evaluate:
a 32423 b 2l_12
8 4 2 6
Solution Explanation
a3 ) +2 e + 1 Convert mixed numerals to improper fractions.
8§ 4 8 4 The LCM of 8 and 4 is 8.
_29.22 Write equivalent fractions with LCD.
8 8 Add numerators together, denominator
51 remains the same. Convert the answer back to
-8 a mixed numeral.
8
1 5.5 11 : : :
b 2 5 1 6 2 6 Convert mixed numerals to improper fractions.
The LCD of 2 and 6 is 6.
_15 11 Write equivalent fractions with LCD.
6 6 Subtract numerators and simplify the answer.
_4
6
_2
3
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178 Chapter 4 Fractions, decimals, percentages and financial mathematics

6 Evaluate, then check your answers with a calculator.

a 3l+1§ b 72+2l c 32—1g You can add the wholes
7 7 5 5 8 8 first if you like.
S 43 1,1 5,1 5.3 5.3
d 85-7T{7 e Syt f172+40 3427=3424 047
5 6
g 6122 n 42 23 =5% 5%
2 4 5 6 " 3
=5+—=62
8 8

Example 5 Multiplying fractions

Evaluate:
a 2 X E b 8 X 1é
5 7 5 4
Solution Explanation
a 2,3_6 Multiply the numerators.
5 7 35 Multiply the denominators.
Check that the answer is in its simplest form.
8 3 8 7 . . _
b —x1==—x - Convert mixed numerals to improper fraction.
3 4 5 4 Cancel any numerator with any denominator:
_ 14 8 and 4 can both divided by their HCF (4).
5 Multiply the numerators: 2 x 7 = 14
_> 4 Multiply the denominators: 5x 1 =5
~ 73 Convert to a mixed numeral and check it is
simplified.

7 Evaluate, then check your answers with a calculator.

£3

3 1 b 2 5 7 6 d 5 8 Look to cancel
a 5%, 9% 7 c 575 3% first if possible. v
9 8 10 16 9 5 8 3
8 Evaluate, then check your answers with a calculator.
a 2311 p 32l ¢ 4133 g 10lxsl
4 3 7 3 6 5 2 3
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Example 6 Dividing fractions

Evaluate:
2.3
5 7
Solution
a 2.3_27
5 7 5 3
_14
15
pol.gl 2. ¢
4 3 4 3
9 3
= — X —
4 4
_27
16
_ 1
16

Multiply by
43 a g - g b l - g 8 + H d H + é the reciprocal.
9 5 35 2 3 2 2 3 2 5
o 3.6 ¢ 1o 1 6.9 2.1l 9%575%3
4 7 15 3 5 10 35 63
10 Evaluate, then check your answers with a calculator. Convertto
4 2 1 1 1 2 2 1 improper &
a 17:.1% b 3-+8= c 3-+2= d 6=+2— fractions
73 573 577 4 76 st

Skillsheet
4A

) 9 Evaluate, then check your answers with a calculator.

Number and Algebra

b 2l.il
4 3
Explanation

Change =+ sign to a x sign and invert
the divisor.

Multiply by the reciprocal.

Multiply numerators.

Multiply denominators.

Convert mixed numerals to improper
fractions.
Change = sign to x sign and invert the
divisor.
: 4.3
The reciprocal of — is =.
Multiply. &
Simplify.

11 There are 30 students in my class. How many students are in each group?

a %of the class had brown hair.

b 1 of the class came to school by bus.

W N

¢ = of the class spoke English at home.

(@)

d % of the class liked Maths.
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12 Max and Tanya are painting two adjacent walls of equal area.
Max has painted 3 of his wall and Tanya has painted % of her wall.

a What fraction of the two walls have Max and Tanya painted in total?
b What fraction of the two walls remains to be painted?

Multiple fractions

13 Use a calculator to evaluate:

a 2><l+ll
3 4 2
b 124443
3 5 8
c 11,293
4 3 7
d (11:22)2
2 3 5
14 What is the lowest common denominator for:
L 1.1 1 1,
—t -+
2 3 4 5 6
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Decimal place value and
fraction/decimal conversions REVISION

Decimals are fractions in which the denominator is 10 or 100 or 1000
& or any power of 10. The decimal point is used to separate the whole
number from the fraction.
17

3—=3.17
100

P Let’s start: Decimals around us

List five ‘real-life” examples of the use of decimals. Give a specific
example for each one giving a decimal number.

Why do we use base 10?

m The place value table extended for decimals:

Place value The value

Decimal of a digit in a number
point as determined by its
position
Whole Decimal
numbers fractions
704,538 = 70435 _ 75100+ 4x 1+ 4 -4 5 _
1000 10 100 1000
m Place value
In 704.538, the place value of the 3 is 3 hundredths or ﬁ or 0.03.
ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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o

Drilling
for Gold
4C1

Chapter 4. Fractions, decimals, percentages and financial mathematics

Comparing and ordering decimals
To compare two numbers:
- line up the decimal points and every digit
- compare the digits from left to right.
e.g. Compare 362.581 and 362.549.
362.581
362.549

the 1st digit that is different: 8 > 4
So 362.581 > 362.549

Converting decimals to fractions (non-calculator)
- Count the number of digits to the right of the decimal point.
- This is the number of zeroes that you must place in the denominator.
- Simplify the fraction if required.
64 16

e.9.0.64=—=—
100 25

Note: 0.64 means ‘64 hundredths’

Converting fractions to decimals (non-calculator)
Begin by looking at the denominator.
- If the denominator is a power of 10, simply change the fraction directly to a
decimal from your knowledge of its place value.
e.g.2 =03 —_-003,13 013,13 _o.013
10 100 100 1000
- If the denominator is not a power of 10, convert to tenths, hundredths or

thousandths and then convert to a decimal.
x5

3/\15
e. R = - =
g 20 100 0.15
\—j
x5
- If the above two methods are not suitable, divide the bottom (denominator) into

the top (numerator).
1 0.125
93 7 Q)1.10°0'00
Calculators can do fraction/decimal conversions.
Try this on your calculator.

- Convert 32 to 3.4.

— Convert 3.25 to L3 to 31.
4 4
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Understanding

1 Which of the following is the mixed numeral equivalent of 8.17?

A gl B gL/ c gL D § 1

7 10 17 1000

2 Which of the following is the mixed numerals equivalent of 5.75?
75 25 3 15
A 5= B 5= C 5= D 5=
10 50 4 25

Example 7 Comparing decimals

Which is larger?
57.89342 or 57.89631

Solution Explanation

57.89631 is larger. Write underneath each other, with decimal points
lined up.
57.893)42
57.89®31

Ist digit different from left to right 6 > 3
3 6
1000 1000

3 Write down the larger decimal in each pair.
Compare

E g1/
100

E 5.0
1000

a 36.485 37.123 b 21.953 21.864 digits from left v
¢ 0.0372 0.0375 d 4.21753 4.21809 to right.
e 654112 64.8774 f 9.5281352  9.5281347
4 Are these statements true or false?
a 206 _5 55
5 20 100
¢ 1 _001 d 3.6<0.36
100
e 0.504 >0.54 f 0.65<0.645
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Example 8 Converting decimals to fractions

Convert the following decimals to fractions in their simplest form.

a 0.007 b 5.12
Solution Explanation
a 0.007 = U Three decimal places, therefore three zeroes in denominator.
1000° 007 means ‘7 thousandths'.
b 512= 5% Two decimal places, therefore two zeroes in denominator.
= 5% 0.12 means ‘12 hundredths'.

) 5 Convert the following decimals to fractions in their simplest form. Use a calculator

to check

a 0.3 b 0.03 ¢ 0.003 d 1.3 , ﬁ
e 0.13 f 0.103 g 0.013 h 02 gl e
i 0.02 i 025 kK 0.75 I 08

Example 9 Converting fractions to decimals

Convert the following fractions to decimals.

239 by 9
100 25
Solution Explanation
239 5,39 _ 539 Convertimproper fraction to a mixed numeral.
100 100 Denominator is a power of 10.
x4
VRN
b 936 _ g3 9 _9 36
25 100 25 25 100
NG 4
x4
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6 Convert the following fractions to decimals.

. 17 p 301 o 45 g 6
100 1000 100 10
100 1000 100 100
R .17 118 41
i — i = k — I —
10 10 100 1000
7 Convert the following fractions to decimals. Check with a calculator. !
a é b 1 c é d z Convert to a
5 2 2 5 denominator of
1 1 3 3 10, 100 or 1000.
e — = g = h =
50 4 4 50
8 Convert the following mixed numerals to decimals and then place them in
descending order. I‘P
22’ 21’ 22’ 2 3 R\ descending N
5 4 50 10 3 \going
) down
o 1

from biggest
to smallest

9 The distances from Nam’s locker to his six different classrooms are listed below:

e Locker to room B5 (0.186 km) e Locker to gym (0.316 km)
e Locker to room Al (0.119 km) e Locker to room C07  (0.198 km)
e Locker to room P9 (0.254 km) e Locker to BW Theatre (0.257 km)

List Nam's six classrooms in order of distance of his locker from the closest
classroom to the one furthest away.
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10 Sophie scored:

Maths 60 out of 80
English 38 out of 50
Science 54 out of 75

Use fractions and decimals to rank her results from highest to lowest.

6D0 is approximately equal to 0.235.

12 Write down a decimal that lies between the pairs of fractions.

11 What is the best whole number to place in the box?

1 9
a —an
i 10 A number line may help
1 2 3 4 6
b Jandl N 3 5 3 3 5
1 3 o 1 2 3 4 1 3 1
¢ gandy 10 10 10 10 2 7
d landl
5 10

Magic squares

13 Complete the following magic squares using a mixture of fractions and decimals

a b
- 4 08 | 1.8 32
> 3.0 20| 0.6
6
> 2.8
4.2 0.2 2.6
ISBN 978-1-107-56538-8 © Palmer et al. 2016
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Computation with decimals REVISION

—

This section reviews the different techniques involved
in adding, subtracting, multiplying and dividing
decimals.

Reminder:

3.6-2=1.8

PN | J
dividend divisor quotient e \

Electronic measuring instruments usually use
decimals.

P Let’s start: Match the phrases

There are seven different sentence beginnings and seven different sentence endings below.

Your task is to match each sentence beginning with its correct ending. When you have
done this, write the seven correct sentences in your book.

Sentence beginnings Sentence endings

When adding or subtracting decimals | the decimal point appears to move two places to the right.

When multiplying decimals the decimal point in the quotient goes directly above the
decimal point in the dividend.

When multiplying decimals by 100 make sure you line up the decimal points.

When dividing decimals by decimals the number of decimal places in the question must equal the
number of decimal places in the answer.

When multiplying decimals the decimal point appears to move two places to the left.
When dividing by 100 start by ignoring the decimal points.

When dividing decimals by a whole we start by changing the question so that the divisor is a
number whole number.

m Before any computation, look at the numbers and the operator and make an estimate.
m Adding and subtracting decimals
- Ensure the decimal points are lined up directly under one another.
37.56 + 5.231 37.560 37.56

+05.231 o 5.231 «

— Ensure digits are correctly aligned in similar place value columns.
- Fill every empty space with a zero.

- Add or subtract as usual.

— Ensure that the answer matches your estimate.
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188 Chapter 4. Fractions, decimals, percentages and financial mathematics

Divisor The number
you are dividing by

Dividend The number
being divided

ISBN 978-1-107-56538-8

Multiplying and dividing decimals by powers of 10
— When multiplying, the decimal point appears to move to the right the
same number of places as there are zeroes in the multiplier.
e.g. 13.753 x 100 = 1375.3 15755
Multiply by 10 twice.
— When dividing, the decimal point appears to move to the /eft the same
number of places as there are zeroes in the divisor. LA
e.g. 586.92 + 10 = 58.692 o863
Divide by 10 once.

Multiplying by a decimal

- Initially ignore the decimal points and multiply the numbers.

- Place the decimal point into the answer using the rule:
‘The number of decimal places in the answer must equal the total
number of decimal places in the question.’

573
X 86
49278

€g.573x8.6 ——> ————> 5.73x 8.6 =49.278

(3 decimal places in question,
3 decimal places in answer).

Dividing decimals by a whole number
The decimal point in the quotient goes directly above the decimal
point in the dividend.

e.g. 56.34 + 3 18.78 <—— Quotient (answer)
A Divisor — 3)56.34 < Dividend

Dividing a number by a decimal

- When dividing a decimal without a calculator, we change the divisor
into a whole number.

- Multiply both the divisor and the dividend by a power of 10.

— In this example, we multiply by 100 or 102

100 100
A %
dividend———» 27.354 + 0.02 «<— divisor
27354 +2

Use a calculator to calculate the following.

27.354 =+ 0.02

273.54 =+ 02  Whatdo you

2735.4 & 2 notice?
27354 = 20

m After any computation, ensure that the answer seems realistic and

matches your original estimate.
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Number and Algebra 189

Understanding

1 Which of the following is the correct set-up for the following addition problem?
5.386 + 53.86 + 538.6

A 5.386 B 5.386 C 5.386 D 538 +53+5
53.86 53.860 53.86 + 0.386 +0.86 + 0.6
+3538.6 + 538.600 + 5386

2 The correct value of 2.731 = 1000 is:

A 2731 B 27.31 c 2.731 D 0.02731 E 0.002731
3 If 56 x 37 = 2072, the correct value of 5.6 x 3.7 is:

A 207.2 B 2072 C 20.72 D 2.072 E 0.2072
4 Which of the following divisions is equivalent to 62.5314 + 0.03?

A 625.314 +3 B 6253.14 +3 C 0.625314+3 D 625314 +3

Example 10 Adding and subtracting decimals

Calculate:
a 23.07+9.8 b 9.7-2.86
Solution Explanation
a 23.07 Line up the decimal points. Fill in empty places with zeros.
+ 980 Carry out addition as usual
32.87

b 39.7'¢ Align decimal points directly under one another and fill empty
_2 .86 places with zeroes.
6. 8 4 Carry out subtraction following the same procedure as for
subtraction of whole numbers.

Evaluate, then check your answers with a calculator.

a 5.6+12 b 84+2.1 ¢ 18.6+3.3 [ Aligndigitsinsimilar

d 49+53 e 8.1+82 f 93439 Pacevauecoumns
g 23.57+39.14 h 64.28 +213.71 i 5.623+18.34

i 92.3+1.872 k 56.3+441 I 0.61+6.1

Evaluate, both without and with a calculator.

a 56-12 bh 84-2.1 c 18.6-3.3 d 79-38

e 15.6-95 f 104-64 g 38.52-24.11 h 76.74 - 53.62

i 123.8-39.21 j 14.57-9.8 k 96.3-42 | 85.631-5.22
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Example 11 Multiplying and dividing by powers of 10

Calculate:
a 27.58x10000 b 9.753 + 100
Solution Explanation

a 27.58 x10 000 =275800 Multiplying by 10000 (4 zeroes), therefore the
decimal point appears to move four places to the

right. Additional zeroes are inserted as necessary.
IAAAA
27.5800.

Dividing by 100 (2 zeroes), therefore the decimal
point appears to move two places to the left.
Additional zeroes are inserted as necessary.

a 9.753 = 100 = 0.09753

N
009.753
7 Evaluate:
a 9.61x10 b 9.61 x 100 ¢ 15.463 x 1000 1‘)
d 19410 e 19.4-+100 f 27.4+10 Move right
g 27.4+1000 h 1.6 x 1000 i 36.5173 x 100 F—
i 0.08155x1000 k 7.5+10 I 3.812+ 100 fors
m 634810000 n 1.0615+1000 o 0.003 x 10000

p 0.452+1000

Example 12 Multiplying decimals

Find the product of 25.7 and 0.3

Solution Explanation
12257 Perform multiplication ignoring the decimal point.
x 3 (257 x3=1771)
771 There are 2 decimal places in the question, so 2 decimal

257%0.3=77]1 Placesin the answer.

{d

(-'.
134
S
2g%%
Eﬁ.‘

a4

>

st
i

|
b

Decimal numbers are frequently encountered when dealing with money.
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8 Evaluate these products, then check your answers with a calculator. A
a 0.8x7 b 0.8x0.7 c 15x0.1 First ignore the
d 04x0.3 e 154x2 f 1.2x0.3 decimal point.
g 0.8x0.4 h 0.8x0.04 i 15x0.2
j 24.5x0.2 k 09%x9 I 1.2x1.2

Example 13 Dividing decimals

Calculate:
a 35.756 - 4 b 64.137 +0.03
Solution Explanation

a 8.939 The divisor (4) is a whole number.

89039 Carry out division, remembering that the
4)35.371536 decimal point in the answer is placed directly
above the decimal point in the dividend.

b 64.137 +0.03 5137.9 The divisor (0.03) is not a whole number.
—6413.7 = 3 Y6413 77 - Instead of dividing by 0.03, multiply both
=2137.9 36412357 numbers by 100 so that the divisor is a whole

number (3).
(Move both decimal points two places to the
right.)
Carry out the division: 6413.7 + 3.
a 24542 b 17.64 +3 ¢ 0.0485+5 d 347.55+7
e 13344+2 f 4912.6 -4 g 2.58124 -8 h 17.31+5

10 Complete these divisions by filling in the missing numbers.
a 156+03=15+3=[]

124+0.02=1240 +2 =[]

15.06+02=[1+2=[]

459+0.03=4590+[1=[]

0484 +04=[]+4=]

O QO T

11 The heights of five children are 1.34 m, 1.92 m, 0.7 m, 1.5 m, and 1.66 m. If the
children laid down in a row, how long would the row be?

S 5 (9 e s

12 _ ,‘m.ﬁ.
Canteen prices o~ e -
- P
pie $2.80 chips $1.70 juice $3.40 & ' :
& - .
cola $3.20 chocolate $2.20 sandwich $2.60 e PN .
sauce $0.60 | apple $0.50 milk $1.85 i I
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a Find the cost of each person’s lunch.

Vaughn Charlotte Reece
c 1 pie 1 sandwich | 1 pie
1 sauce 1 chocolate | 2 colas
Drilling
for Gold 1 apple 1 juice 1 sandwich
4D1
2 milks 1 chips

b How much change from $20 should each person receive?

Secret code

Hey Samal, do you
know why they teach
us decimals?

Answer each of the 12 questions below to unlock the code and find out how Samal
answers Sally's question.
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20.7 |12.2 |44 4.4 0.3
122 1475 (144 |12.2 3.2 160
242 103 122 14.75 1.32 |160 12.2
122 14.75 |160 17.97 0.3 20.7 10.72  |12.2 |!
o) H E
32+175 1.5x0.2 47.5+10 96 +0.6
A T N B
1.2x12 15.8-3.6 0.9x0.8 59+18.3
W P S G
9.6+3 18.57-0.6 9-4.6 1.2+0.12
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Number and Algebra 193

Terminating decimals, REVISION
recurring decimals and rounding

Not all fractions convert to the same type of decimal. = 3.141592653589

For example:

%: 1+2=0.5 (only has 1 decimal place) V2=1.414213562...

1 , , Some decimals never end

3= 1+3=0.33333... (keeps going and going) and don’t have a pattern that
1 repeats.

- 1 +11=0.090909... (the pattern repeats)

Decimals that stop (or terminate) are known as terminating decimals, whereas decimals
that have a pattern that repeats forever are known as repeating or recurring decimals.

P Let’s start: Decimal patterns

Use a calculator to perform these divisions. Can you see a pattern?

=1+9=0.1111...

Ol Olw Ol O~

Without your calculator, write down g and g as decimals. What do we call these types
of decimals?

m A terminating decimal has a fixed number of decimal places
(i.e. it terminates).

5 0.6 2 5 «—— Terminating decimal with Terminating decimal
e.qg. g 5:8=0.625 8)5.5020%0 3 decimal places. A decimal tfhat
contains a finite

m A recurring decimal (or repeating decimal) keeps going and the number of digits

decimal places repeat. BT EEE T
. . A decimal in which a
1 0.3 33... «<— Recurring decimal single digit, or a group
2.Q)e g =1+3=0.333... 3)1.'0'0'0'0 of digits, repeats
m A convention is to use 1 or 2 dots above the digits to show the start
and finish of a repeating cycle of digits. o
e.g. 0.55555...=0.5 and 0.3412412412... = 0.3412
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194 Chapter 4 Fractions, decimals, percentages and financial mathematics

Another convention is to use a horizontal bar above the digits to
show the repeating cycle of digits.
e.g.0.55555...=0.5 and 0.3412412412... = 0.3412

m Rounding decimals
Decimals with many decimal places can be approximated with fewer
decimal places by rounding.

Rounding To make m Rounding involves approximating a decimal number using fewer
an approximation of digits.
a number with fewer

m Rounding to 2 decimal places:

el In the following decimals, more than 2 decimals are given.
A blue line has been drawn after 2 decimal places.
The “critical digit’ is circled.
N If the critical digitis 0, 1, 2, 3 or 4, then round down.
- - For example: 185.26 |3 = 185.26 (to 2 d.p.)
etV 185.26 (D05 =185.26(to 2 d.p.)
the critical digit. 185.26 |@4 99 =185.26 (to2d.p.)
If the critical digitis 5, 6, 7, 8 or 9, then round up.
For example, 185.26 |(5) =185.27 (to 2 d.p.)

185.26|(6)05 =185.27 (to 2d.p.)
185.261(9)499 =185.27 (to 2d.p.)

Understanding

1 State whether the following are terminating decimals (T) or recurring decimals (R).

a 547 b 3.15415.. c 8.6 d 7.1834
e 0.333 f 0.534 g 0.5615 h 0.32727...
2 Express the following recurring decimals using the convention of dots or a bar
to indicate the start and finish of the repeating cycle. &
a 0.33333... b 6.21212121... .
c 8.5764444... d 2.135635635... Write 0.7555... as 0.75 ¥

e 11.2857328573... f 0.003523523...

3 Write down the ‘critical’ digit (the digit immediately after the rounding digit)
for each of the following.

a 3.5724 (rounding to 3 decimal places)

b 15.89154 (rounding to 1 decimal place)

¢ 0.004571 (rounding to 4 decimal places)

d 5432.726 (rounding to 2 decimal places)
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4 For each line given, which circled decimal is the decimal in the triangle closest to?

Example 14 Writing terminating decimals

Convert the following fractions to decimals.

a L b 7
4 8
Solution Explanation
a i: 0.25 0.25  Write 1 as 1.00.

4)1.'0°0 Divide the bottom (denominator)
into the top (numerator).

=0.875 0.875 Write 7 as 7.000.
8)7.70°0*0 Divide the bottom (denominator)
into the top (numerator).

b

00—

5 Convert the following fractions to decimals.

3 3 1 11 These are all
a g b Z c g d % terminating
decimals.
2 5 25 50

Example 15 Writing recurring decimals

Express the following fractions as recurring decimals.

a 2 b 32
3 7
Solution Explanation
a g: 0.6 0. 6 6... This pattern continues, it is a
3 3)2.2020°0 repeating decimal.
0.71428517...

b 3%:3.714285 or 3.714285 This pattern continues.

7)5.50103020°00°0'0
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196 Chapter 4 Fractions, decimals, percentages and financial mathematics

6 Express the following fractions as recurring decimals. Check with a calculator.

a l b é c é d z Remember to 4 L
3 9 6 9 use the repeating J
3 1 4 6 notation.
e = f = - h 1= —04
7 6 g 3 7 0.444...=0.4
Example 16 Rounding decimals
a Round 14.568 to 1 decimal place.
b Round 0.671 to 2 decimal places.
Solution Explanation
a 14.6 14.5 |@ 8 1 decimal place, look at next digit (5).
Critical digit is 6. Round up 14.568 = 14.6
b 0.67 0.67 |@ 2 decimal places, look at the next digit (1).
Critical digit is 1. Round down 0.671 = 0.67.
7 Round each of the following decimals to 1 decimal place.
a 0.57 b 0.83 ¢ 1.49 — . ?
e first decimal
d 8.16 e 947 f 8.33 place is also called
g 1.487 h 3.444 i 0.333 the tenths column.
8 Write each of the following decimals, correct to 2 decimal places (or the nearest
hundredth).
a 0.783 b 0.666 ¢ 1.478
d 0.893 e 15.488 f 9.035
g 9.4163 h 8.7499 i 1.7891

9 a Choose the correct answer to each of the following.
i 1s7.9 closerto 7 or 8?
N i Is7.99 closer to 7.9 or 8.0?
iii Is4.95 closer to 4.9 or 5.0?
Skillsheet Round the following to 1 decimal place.
48 i 4.96 i 8.941 iii 5.999

(=2

10 Copy and complete this table for recurring decimals.

Fraction Decimal One dec pl Two dec pl
% 0.333... 0.3 0.33
2
3
S
9
1
6
ISBN 978-1-107-56538-8 © Palmer et al. 2016
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11 A race was timed using hundredths of seconds
(i.e. 2 decimal places). Simone ran 100 m in
12.83 seconds, while Greer ran it in 12.77 seconds.
a Who came first, and by how much?
b Round each time to 1 decimal place. Can you still
decide who came first?
¢ What other times would round to 12.8 seconds?

12 Write down three different decimals that, when written
to 2 decimal places, become 3.45.

Buying petrol (and water)

(=) 13 Petrol prices go up or down almost every day. At any given moment, the price of petrol
oo can vary from place to place.
A website contains the following information about petrol prices every day in Sydney:
Lowest price today: 107.9 cents per litre, in Blakehurst
Highest price today: 132.9 cents per litre, in Bondi

Lucy is going to buy petrol. She is going to pay with cash, so the final price will be
rounded to the nearest five cents.

Give your answers to parts a, b and ¢ in the form $17.25.

Note: When using your calculator, 125.9 cents can be entered as 1.259 dollars.

a How much will it cost for 40 litres at the lowest price?

b How much extra will it cost for 40 litres at the highest price?

¢ i Whatis the difference per litre between the lowest price and highest price?

i Lucy buys 40 litres of petrol every week. The difference between the lowest and
highest prices is usually 25 cents. How much could she save in a year by ‘shopping
around’?

d i If Lucy only has $20, how many litres (to 1 decimal place) can she buy at the
highest price?

ii How many extra litres could she buy at the lowest price?

e The petrol station in Bondi sells water in bottles.

The 600 mL bottle is on special for $1.

Which is cheaper, per litre, the petrol or the water?
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198 Chapter 4 Fractions, decimals, percentages and financial mathematics

Converting fractions, decimals
and percentages REVISION

A percentage is a particular fraction in which the denominator is always 100.
Percent is Latin for ‘out of 100’.

7% =1 percent = 7 out of 100 = % =0.07

P Let’s start: Estimating percentages

T

Creamy Orange Cola Lemon Milkshake Raspberry Chocolate
soda

e List the drinks in order from the most to the least amount left in the glass.
e Estimate the percentage of drink remaining in each of the glasses shown above.
* Discuss your estimations with a partner.

m A percent sign (%) means ‘out of 100’.

23% = 2>
100
m Percentages can be converted to fractions and decimals.
356 =035= > = |
100 20

G m Fractions and decimals can be converted to percentages.

3 4 100% = 37.5%
Drilling 8

for Gold =
or G 0.375 x 100% = 37.5%

m Percentage—decimal—fraction facts
Note: It is useful to memorise these
100% =1

50% =0.5 =

33 0312 L 6624 _06-2
3 3 3 3

DN | —
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Drilling
for Gold
4F2

1 x3

25% =025 = 7—3»754, - 0.75 - 2
2 1
| x2,20%-02-2_1
10% = 0.1 = L 105
‘ 10<3: 3
X3 30% =03 =
10
1%-001=-L 5 .50 -005-> -1
100 100 ~ 20

It is also important to understand the relationships and connections between
fractions, decimals and percentages. The ‘fraction wall’ diagram below shows
these very clearly.

percentages
decimals
one whole
halves

thirds

quarters

fifths

sixths

eighths

ninths

tenths

twelfths
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1 The fraction equivalent of 27% is:

2 13.5 Remember if
A ? C 2700 D W you see a %
2 The decimal equivalent of 37% is: f;ft”;,f"{ggf‘”s
A 0.037 C 37 D 37.00
3 The percentage equivalent of % is:
A 047% C 47% D 470%
4
Fraction | Decimal Decimal Percent Percent
shaded | in words in figures | in words | in figures
a 13 thirteen
100 hundredths
b 0.45
C seventy
percent
d 99%

ISBN 978-1-107-56538-8
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Number and Algebra 201

Example 17 Converting percentages to fractions without
a calculator

Write 60% as a:

a simple fraction b decimal.
Solution Explanation
+10 +2 60% means ‘60 out of 100’
NN Reduce to simplest form.
60 6 3
a 60=—- = — = =
100 10 5
\/ \/
=10 +2
b 60% = 60+100 To change a % to a decimal, divide by 100.
=0.6 Alternatively 10% = 0.1, so 60% = 0.6
5 Write these percentages as simple fractions. . ‘B
a 39% b 11% ¢ 17% d 999  fmeeach
umber
e 20% f 70% g 75% h 55% out of e
100, then
6 \Write these percentages as decimals. simplify if
a 39% b 11% c 17% d 99g  Possile. o
e 20% f 70% g 75% h 55% Divide ‘B
i 7% i 1% k 10% I 47% by 100.
Example 18 Converting fractions to percentages without
a calculator
Write the following as percentages.
a . b 0.81
20
Solution Explanation
A 20 goes into 100 five times.
ultiply denominator by 5.
5 35 Multiply d [ by 5
a —=—"=35% . '
20~ 100 . Multiply numerator by 5.
\/
x5
b 0.81 x100% = 81% Multiply 0.81 by 100.
081 =81%
4
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Photocopying is restricted under law and this material must not be transferred to another party.



202

Chapter 4 Fractions, decimals, percentages and financial mathematics

7 Write these fractions as percentages, without using a calculator.

77 49 3 4
a — b — c — d - Use a m

100 100 4 5 memorised w
e l f 2 g H h Q factor to

25 20 20 50 convert to ﬁ
.47 .7 12 3
i — j = k = I =

50 10 10 2

8 Write these decimals as percentages.
a 0.16 b 0.79 ¢ 0.83 d 0.97 0%*_73‘7 n
e 0.03 f 0.33 g 091 h 0.09 R v
i 0.125 j 0.375 k 1.25 I 1.06
9 Use a calculator to complete the table.
Percentage Decimal Fraction Simple fraction

a 85%

b 0.35

c 80

100
d 125
100
e 37.5%
f 1
6

10a If % =10%, what does 1—70 equal as a percentage? Think: What can
| multiply each
1 3 fraction by?

b If 5 20%, what does 3 equal as a percentage?

c If é = 12.5%, what does % equal as a percentage?

d If % = 50%, what does 1% equal as a percentage?
11 Consider the "halving’ pattern 1, l, l, = ...

2748

a Write down the first ten numbers in the pattern.
b Convert the first ten numbers from fractions to decimals.

¢ Find the sum of the first ten numbers, using a calculator or spreadsheet.
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12 The Sharks team has won 13 out of 17 games for the season to date. The team

still has three games to play. What is the smallest and the largest percentage of
games the Sharks could win for the season?

Money and percentages

13 Copy and complete this table. Can you see a connection?

Cents per 100 Cents in the Percentage of
cents dollar $1
Sc $0.05
10c
$0.09
17%
25%
$0.70
90%
75¢
100c
$2

ISBN 978-1-107-56538-8
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100 cents.
One century is
100 years.
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204 Chapter 4 Fractions, decimals, percentages and financial mathematics

Finding a percentage and
expressing as a percentage

Percentages are useful when comparing two quantities.
For example, Huen'’s report card could be written as ‘marks out of’ or in percentages:

French test French test
14 out of 20 70%
German test German test
54 out of 75 72%

In this section we look at expressing a number as a percentage of another number as
well as finding a percentage of an amount.

P Let’s start: What percentage has passed?

Estimate the following, using a percentage.

e \What percentage of this day has passed?

e What percentage of the current month has passed?

e What percentage of the calendar year has passed?

What percentage of your school year has passed?

What percentage of your school education has passed?
When you turned 5, what percentage of your life was 1 year?
When you turn 40, what percentage of your life was 1 year?
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Photocopying is restricted under law and this material must not be transferred to another party.



Number and Algebra

m To express one quantity as a percentage of another
1 Write the quantities as a fraction.

e.g. 14 out of 20 is %

2 Convert the fraction to a percentage.
— Calculator method:

Drilli 14 _
forr'G'(;"% e x 100 = 70
461 14
so—="70%
20
— Non-calculator method:
A
E = E = 70%
ZUO
x5

m To find a certain percentage of a quantity

o

2 Change the ‘of’ to a multiplication sign.
Drilling .
for Gold 3 Express the number as a fraction.
4G2
4

Complete the computation.

e.g. find 20% of 80.
- Calculator method:
20% of 80 = 20 80
100
=16
— Non-calculator method:
4 4

209 of 80 = 20 80 _ 20 O _ ¢
100 1 00 1
or 10% of 80 = 8

.. 20% of 80 =16

ISBN 978-1-107-56538-8 © Palmer et al. 2016
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Understanding

=

The correct working line to express 42 as a percentage of 65 is:

42

65

100

A — x65% B —x100% C —x65%
42 42

100

The correct working line to find 42% of 65 is:

A 2oes B 9Ox100 ¢ 19,65
) 5

100

100

What percentage is a mark of:

a 20 out of 40?
b 0 outof 10?
¢ 50 out of 50?

Copy and complete the following sentences.
a Finding 1% of a quantity is the same as dividing the quantity by .

O QO T

D 2. 100%
65

D 42,100

65

.

The number
with the
percent sign
is written
with the

100 in the
denominator.

Finding 10% of a quantity is the same as dividing the quantity by .
Finding 20% of a quantity is the same as dividing the quantity by .
Finding 50% of a quantity is the same as dividing the quantity by :
Finding 25% of a quantity is the same as dividing the quantity by :

Example 19 Expressing one quality as a percentage of another

Express the following as a percentage.

34 out of 40
Solution

Non-calculator method
34 100 17  160°

X —% = —— X%

40 1 20 1

1

=1—7x§%

1 1
= 85%

Calculator method
34 +40x 100 = 85%

%

Explanation

Write as a fraction, with the first quantity as
the numerator and second quantity as the
denominator. Multiply by 100%.

Cancel and simplify.

Divide the first quantity by the second quantity,
then multiply by 100.

Express each of the following as a percentage. Check with your

calculator.

a 20 out of 25
d 17 out of 25
g 7outofl0
j 32 outof40

ISBN 978-1-107-56538-8
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13 out of 20
12 out of 20
12 out of 30
54 out of 90
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i
I

39 out of 50
49 out of 50
15 out of 20
18 out of 24

Multiply !

by 100%.
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Example 20 Converting units before expressing as a percentage

Express:
60c as a percentage of $5
Solution Explanation
60 100, _ 60, Units need to be the same.
5000 1 57 Convert $5 to 500 cents.
=12% Write quantities as a fraction and multiply by 100%.

Cancel and simplify.
Note: 60 + 500 x 100 = 12, by calculator

Express (using a calculator if necessary): ﬁ
a 40c as a percentage of $8 Remember: L
b 50c as a percentage of $2 Ikm=1000m =
¢ 3 mm as a percentage of 6 cm Fem =10 mm
1 kg =1000 g
d 400 m as a percentage of 1.6 km $1 =100 cents
e 200 g as a percentage of 5 kg
f 200 m as a percentage of 8 km.
Express each quantity as a percentage of the total.
a 28 laps of a 50 lap race completed b Saved $450 towards a $600 guitar
¢ 172 fansin a train carriage of d Level 7 completed of a 28 level
200 people video game
e 36 students absent out of 90 total f 21 km mark of a 42 km marathon

Example 21 Finding a certain percentage of a quantity,
without a calculator

Find:
a 25% of 128 b 70% of 400
Solution Explanation
25 128 , :
a 25%of 128 = 100 X T Write the percentage as a fraction over 100.

‘of’ means multiply.
_ 1 128 32 Cancel and simplify.

4 1
Alternatively,
25% of 128 = 128 + 4 25% is one quarter,
=32 so divide by 4.

b 70% of 400: First, find 10%.

10% is 40 Then, multiply by 7 to find 70%.

= 70% is 280
ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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8 Find (without using a calculator):

a
- d
g
Skillsheet J
m

50% of 36
9% of 200
75% of 80
5% of 60

2% of 150

b

= X 5@

10% of 80
20% of 40
25% of 88
5% of 6000
99% of 200

9 Calculate (to 2 decimal places if necessary):
a 12.3% of $196
¢ 12.5% of $6.75

10 Find (without using a calculator):
10% of $750
5% of 2 km
30% of 150 kg

a

|Q =00 Q0 T

11 Copy and complete the table of sporting choices.

20% of 90
10% of 5|

minutes
itres

25% of one hour

50% of $6
2% of $8

.50

1
7% of — k
029

You may like to

O = = =~

30% of 500
25% of 48
50% of 25
1% of 720
75% of 960

b 6.7% of $35 000
d 0.2% of $1000 000

~

change the units in v
the question to make

it easier to work with

3% of 1 km = 3% of

1000 metres.

Number of | Fraction

Sport students of total | Percentage
Tennis 40

Golf 30

AFL 70

NRL 50

Swimming 10

Total 200 1 100%

12 Most banks require a 10% deposit before lending you any money.
Ashlee and Matt have 7% of the $450 000 their home costs.
a How much do Ashlee and Matt have as their deposit?

b How much do the banks need them to have?

ISBN 978-1-107-56538-8
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50% of 36
36+2

Remember to
put the units
in your answer
10% of $50

=10+ s50
100

A

o
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¢ How much more do they need to save?
d If they get a government grant of $14 000, will they have the 10% needed?

Calculator percentages

13 Calculators make working with percentages easier. Use a calculator to answer
these questions.
a Find 8% of $8.40.
b Find 13% of 2 km.

¢ Find 7%% of $500.

d Find 24% of 1 hour.

e Find 31.5% of $45 960.

f 4% of a class of 25 students are away with the flu. How many students
are at school?

g 49.5% of babies born at the local hospital are girls. Of the 200 born in the month,
how many were boys?

h Sean pays 42% of his $86 400 income in tax. How much is left after he pays his tax?

ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



210

When the price of an item is decreased, figures
such as 20% are used to describe the discount.
The original price was 100%. The new price

Chapter 4 Fractions, decimals, percentages and financial mathematics

Decreasing and increasing by
a percentage

will be 80% of the original price.

P Let’s start: What does it mean?

In pairs, answer the following.
What does it mean to buy a pair of shoes ‘on sale'?

What does it mean if the sale is '20% off’?

What does it mean to ‘pay the marked price’?

What does it mean to you to buy an item on sale? Is ‘$10 off’ better than '10% off’?

Discuss.

m Decreasing by a percentage

The original price is 100%.

If the decrease is 5%, the new value is 95% of the original value.
Words used to describe this are: discount, sale, mark-down, decrease, loss,

deflation and depreciation.

There are two ways to decrease by 5%:

Method I:

Calculate 5%.
Subtract that amount from the value.

Method 2:
Subtract 5% from 100% to give 95%.
Calculate 95% of the value.

ISBN 978-1-107-56538-8
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Increasing by a percentage

The original price is 100%.

If the increase is 5%, the new value is 105% of the original value.
Words used to describe this are: mark-up, increase, profit, inflation,
surcharge and appreciation.

Method I: Method 2:
Calculate 5%. Add 5% to 100% to give 105%.
Add that amount to the value. Calculate 105% of the value.

In the retail industry:

- Cost price is the amount for the retailer or shopkeeper the goods.

- Selling price, marked-up price or retail price is the advertised amount for which
the customer can purchase the goods.

- Discounted price or marked-down price is an amount that the retailer is willing to
accept.

- Profit (or loss) is the difference between the cost price and the price for which the
item is sold.

Decide if each of these shows an increase or a decrease.

Mark’s $1650 return airfare to Los Angeles was reduced by 10%.

Sonya made 15% profit when she sold her house.

The shop discounted all of its computers by 10%.

Thomas received a pay rise of 5% on his wage of $570 per week.

A tax of 15% is added to the cost of everything in the United Kingdom.

O QO T o

Add or subtract these percentages.
a 100% + 20% b 100% + 15%
¢ 100% - 10% d 100% - 15%

Calculate the new price when an item marked at:
a $15is discounted by $3

b $25.99 is marked up by $8

¢ $17is reduced by $2.50

d $180 is increased by $45.

ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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Example 22 Finding new values: increasing

Find the new value when:
$160 is increased by 40%

Solution Explanation
Method 1: Calculate 40% of $160, with or without a
40% of $160 = $64 calculator.
New price = $160 + $64 New price = original price + increase
=$224
Method 2: Add 40% to 100%.
100% + 40% = 140% =1 .4 By calculator, 160 x 1.4 = 224
New price = 140% of $160
=$224
Find the new value when: A
a $400 is increased by 10% b $240 is increased by 10% Add the H

$700 is increased by 20% increase on

¢ $250 is increased by 10% 0
$800 is increased by 259, ' theoriginal

e $500 is increased by 1%

=5 =k o

o o amount.
g $84 is increased by 25% $90 is increased by 50%.
Example 23 Finding new values: decreasing
Find the new value when:
$63 is decreased by 20%
Solution Explanation
Method I: Calculate 20% of $63, with or without a
20% of $63 = $12.60 calculator.
New price = $63 — $12.60 New price = original price — decrease
= $50.40
Method 2: Subtract 20% from 100%.
100% - 20% = 80% = 0.8 By calculator, 63 x 0.8 = 50.4
New price = 80% of $63 = $50.40
Find the new value when:
a $400 is decreased by 10% b $240 is decreased by 10%
¢ $250 is decreased by 10% d $90 is decreased by 20%
e $200 is decreased by 15% f $840 is decreased by 25%
g $1000 is decreased by 50% h $60 is decreased by 15%.
a Find 8% of $2500. b Increase $2500 by 8%. ¢ Decrease $2500 by 8%.
ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press
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Example 24 Calculating discounts

Find the cost of a $860 television that has been discounted by 25%.

Solution Explanation
Discount = 25% of $860 Calculate 25% discount.
_ % o @z $215 Cancel and simplify.
Selling price = $860 — $215 Selling price = cost price — discount
= $645

Find the cost of the following.

a A $600 television that has been discounted by 20%
b A $150 shirt that has been reduced by 15%

¢ A $52 jumper that has depreciated by 25%

Calculate the selling prices of the following items if they are to be reduced by 25%.
a $16 thongs b $32 sunhat ¢ $50 sunglasses
d $85 bathers e $130 boogie board f $6.60 surfboard wax

Example 25 Calculating mark-ups

Find the cost of a $250 microwave oven that has been marked up by 12%.

Solution Explanation
Method 1: Calculate 12% of $250, with or without a
Mark-up = 12% of $250 = $30 calculator.
Selling price = $250 + $30 Selling price = cost price + mark-up
= $280

Method 2: Add 12% to 100%.
100% + 12% = 112% = 1.12 By calculator: 250 x 1.12 = 280
New price = 112% of $250

=$280

Find the cost of the following.

a A $80 framed poster that has been marked up by 10%
b A $14 meal that has been increased by 10%

¢ A $420 stereo that has been marked down by 50%
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a

11 Two shops advertise the same
bike. Both have a recommended
retail price of $1800. Shop one
offers a 10% discount. Shop two
offers $200 off all bikes.

a

10 Solve these problems.

Chapter 4 Fractions, decimals, percentages and financial mathematics

Anne’s annual salary was
$86000. Her new salary is
5% more. What is Anne’s
new salary?

The state government
increases the cost of a $9.60
train trip by 5%. What is the
new fare?

A car worth $47000
dropped in value by 20%
during the year. What is the
car now worth?

A 10% surcharge needs to
be added to the cost of the meal. What does a $74 meal cost, including the
surcharge?

Tax of 40% reduces Saul’s wage of $1600. What amount does Saul receive?
Sally makes a 24% profit on her house. She paid $500000. For how

much did she sell it?

How much discount does
shop one offer on this bike?
How much do you pay for
the bike at each shop?
What shop would you
recommend and why?

If the same deal applies to a:

i $2000 bike, would you still '
buy it from the same shop? Find the orice of l‘i
ii $2200 bike, would you still buy it from the cach biksat shop v

same shop? one and two before
answering part d.

12 If a price is increased by 10%, then that price is decreased  Are you surprised by
by 10%, it does not go back to the original price. your answers?
Will the new price be higher or lower than the original price?
Give an example to explain your answer.
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13 The word depreciation is used when the value of an item, such
as a car, boat or a set of golf clubs, decreases each year.
a Rick’s set of golf clubs, worth $2000, depreciates at a rate of

$250 a year.

i Copy and complete the table End of year Value
showing how the value of the 0 5000
clubs changes over time.

1 1750
2
3
4
5
6
7
8

ii Draw up a set of axes (like those shown below) and graph the values shown in
the table.

L
T T T T T _

00123456 78
Year
iii What shape is your graph?
iv After how many years is the value of the clubs zero?

b Rick’s wife has a set of golf clubs, also valued at $2000, that depreciate at 12 l%
each year. 2

i Complete a similar table showing how the value of her clubs changes.

End of year Value )
0 2000 Use a calculator to
help you find the
1 1750 values in this table!
2 $1531.25
3
4

il Will her clubs ever be worthless?
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The Goods and Services Tax (GST)

The Goods and Services Tax or GST is added

to the cost of most goods and services in Australia.
The advertised price of the goods in shops,

restaurants and other businesses must include

the GST. At present in Australia, the GST is set at 10%.
Not all goods and services are taxed under the GST.

ltems that are exempt from the goods and services tax

include most basic foods, some education courses and

some medical and healthcare products and services.

P Let’s start: GST

Look at the prices before and after GST was included.

Before x[ ] After
GST GST
$180 $198

e How much GST was paid?

e \What percentage is the GST?

e What number could be placed in the box?

e |f the GST was 12%, what number would go in the box?

m The GST is 10% of the sale price. It is paid by the consumer and passed
on to the government by the supplier.
m The final advertised price, inclusive of the GST represents 110% of the
ST L value of the product: the cost (100%) plus the GST of 10% gives 110%.
Calculating the value . . . . .
of one unit of an item m The unitary method can be used to find the GST included in the price
and then using this to of an item or the pre-tax price.
calculate the value of m The unitary method involves finding the value of ‘one unit’, usually 1%,
a number of items then using this information to answer the question.
m Alternatively, this chart could be used:
Before R Ul After
GST L1 GST
(100%) (110%)
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Understanding

1 Without using a calculator, evaluate the following.

a 10% of $50 b 10% of $160
¢ 10% of $250 d 10% of $700
e 10% of $15 f 10% of $88
g 10% of $5 h 10% of $2.50
2 Complete this table, without using a calculator.
Price (no GST) 10% GST Price (inc. GST)

a $100

b $50

c $150

d $5

e §1

f $120

3 If the GST is $8, what was the original price?

4 The final advertised price of a pair of shoes is $99. The GST included in this price is:
A $9.90 B $90 C %9 D $89.10

Example 26 Calculating the GST

Calculate the GST payable on a:
a table that a manufacturer values at $289
b bill from a landscape gardener of $2190.

Solution Explanation
a % « 289 = 28.9 GST is 10% of the value.
The GST is $28.90. Find 10% of $289. (289 = 10)
b %x2190=219 Find 10% of $2190. (2190 = 10)

The GST is $219.
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5 Calculate the GST payable on goods priced at:

a $680 b $4000 ¢ $550
d $28 e $357 f $5.67

Example 27 Using the unitary method to find the full amount

A bike has GST of $38 added to its price. What is the price of the bike:

a before the GST? b after the GST?
Solution Explanation
a 10% =38 Divide by 10 to find the value of 1%.
1% =3.8
100% = 380 Multiply by 100 to find 100%.

Before the GST was added,
the cost of the bike was $380.

b After the GST, the price Add the GST onto the pre-GST price
is $418. $380 + $38 = $418

Calculate the final price, including the GST, on items priced at:
a $700 b $3000 c $450
d $34 e $56 700 f $4.90

Example 28 Using the unitary method to find the pre-GST price

The final price at a café including the 10% GST was $137.50, what was the
pre-GST price of the meal?

Solution Explanation
110% = 137.50 The GST adds 10% to the cost of the meal
1% =1.25 100% + 10% = 110%
100% = 125 - final price is 110%.
The pre-GST cost is $125.  Divide by 110 to find the value of 1%.
Alternative method Multiply by 100 to find 100%.
$137.50 = 1.1 = $125 Dividing by 1.1 gives the original price excluding GST.

The final price to the consumer includes the 10% GST. Calculate the pre-GST price
if the final price was:

a $220 b $66 ¢ $8800

d $121 e $110 f $0.99

Calculate the pre-GST price if the final cost to the consumer was:

a $352 b $1064.80 ¢ $506

d $52.25 e $10791 f $6.16
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9 Copy and complete the table.

Pre-GST price 10% GST Final cost including the 10% GST
$599
$68
$70
$660
$789
$89.20
$709.50
$95.98

10 Here are three real-life receipts (with the names of shops changed). GST rate
Y is 10%. Answer the following based on each one.

Superbarn
TAX INVOICE
a How much was spent at Superbarn? SUPERBARN
b How many kilograms of tomatoes were bought? Someni G
¢ Which item included the GST, and how do you tell by peserintion o
looking at the receipt? O/E PASO TACO KITS  2006M ¢ 6.00
. . . TOMATOES LARGE KILO
d What was the cost of the item if the GST is not 0.270kg ©54.89/kg 135
. WATERMELON SEEDLESS WHOLE KILO
1.675kg @$2.99/k .01
InC|Uded7 LET7T§UCgE IC$EBERG|g EACH :49
*PAS M/MALLOWS 250GM 1.89
Gymea Fruit Market GYMEA FRUIT MARKET ) e
a What was the cost of HAVE A NICE DAY TOTAL i Gs) Ust6.85
bananas per kilogram? DATE 05/07/2011 TUES TIME 11:21 _ w
Change Due $3.15
b On what date was the 0.090 K6 @ $14.99/kg D $a15
purchase made? BANANA SUGAR $1.35 P BT () i GE
¢ What does ROUND SL MUSHROOM $2.49 Thank you for shopping at Suporbarn
mean? PISTACCHIO 11 $6.00
d What was the total paid ROUND $0.01
for the items? | oo
TOTAL $9.85
e How much tax was = [ ==t e
included in the bill? by 1%*;55
f What percentage of the '
bill was the tax?
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Xmart
a How many toys were purchased?

Which of the toys attracted GST?
How much GST was paid in total?

QO T

11 A plumber’s quote for installing a

dishwasher is $264 including the GST.

a Use the unitary method to calculate the

GST included in this price.
b Calculate the pre-GST price for
installing the dishwasher.

¢ Divide the $264 by 11. What do you

notice? Explain why this works.

d Divide the $264 by 1.1. Why does this

give the same answer as part b?

12 Use the technique outlined in Question 11 to find the GST already paid on goods and

services costing:
a %616 b $1067

What was the cost of the most expensive item?

What percentage of the total bill was the GST?

¢ $8679

13 The cost of a lounge suite is $990 and includes $90 in GST. Find 10% of $990 and
explain why it is more than the GST included in the price.

K MART

CUSTOMER RECEIPT TAX INVOICE
1

13/07/11 15
*JUNGLE JUMP BALL 6.00
*CR COLOUR SET CARDS 10.00
*CR GLOW STATION 10.00
*STAR OTTOMAN PINK 12.00
*JUNGLE HIDEAWAY 12.00
*LP AIRPORT 29.00
*MY OWN LEAPTOP
2 @ 35.00 70.00
P TOTAL 149.00
CASH TENDER 150.00
CHANGE 1.00

* TAXABLE ITEMS

PLEASE RETAIN THIS RECEIPT/TAX
INVOICE AS PROOF OF PURCHASE

WE NOW TRADE
24 HOURS A DAY, 7 DAYS A WEEK

d $108.57

14 In Singapore the GST is 7%. What number goes in the box?

Amount

x[?]

-

before
GST
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The final consumer of the product pays GST. Consider the following.

A fabric merchant sells fabric at $66 (including
the 10% GST) to a dressmaker. The merchant
makes $60 on the sale and passes the $6 GST
onto the Australian Tax Office (ATO).

A dressmaker uses the fabric and sells the
product onto a retail store for $143 (this includes
the $13 GST). As the dressmaker has already
paid $6 in GST when they bought the fabric
they have a GST tax credit of $6 and they pass
on the $7 to the ATO.

The retailer sells the dress for $220, including $20 GST. As the retailer has already paid
$13 in GST to the dressmaker, they are required to forward the extra $7 to the ATO.

The consumer who buys the dress bears the $20 GST included in the price.

15 Copy and complete the following.

Raw material $110 (includes the 10% GST)
GST on sale =
GST credit = $0
Net GST to pay =

Production stage $440 (includes the 10% GST)
GST on sale =
GST credit =
Net GST to pay =

Distribution stage $572 (includes the 10% GST)
GST on sale =
GST credit =
Net GST to pay =

Retail stage $943.80 (includes the 10% GST)
GST on sale =
GST credit =
Net GST to pay =
GST paid by the final consumer =
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Calculating percentage change,
profit and loss

People who sell things like to make a profit. This is when you sell it for more than you
& paid for it.

Unfortunately, people often do the opposite and make a /oss.

The percentage change depends on what the item is originally worth. For example:

Car bought for $1000 Car bought for $16 000
Car sold for $200 Car sold for $15200

Loss $800, percentage loss 80% Loss $800, percentage loss 5%

P Let’s start: Hang on!

Hang on! | thought the

| saved $20 on my jeans. So how much did c !
sign said 25% off.

They were $100. you pay?

Discuss how you could check if the correct price for the jeans had been paid.

m Profit = selling price - cost price

Loss = cost price - selling price

m Calculating a percentage change involves the technique of expressing
one quantity as a percentage of another.

: change
L VIS S O Percentage change = — ' 9° 5 100%
money made by selling original value
for more than the cost .
. profit
Loss The amount of Percentage profit=——————— x 100%
money lost by selling or|g|nal value
for less than the cost loss
Percentage loss =————— x 100%
original value
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Understanding

1 Decide whether each of the following represents a profit or a loss.

e &y M

bought = $250 000 bought = $§795 bought = $§1200
sold = $280 000 sold = $210 sold = $500
d ¢ =
30,09
bought = $2000 bought = $1.40
sold = $4500 sold = $3.20
2 Calculate the profit made in each of the following situations. s |
a Cost price = $14, Sale price = $21 s = aelling siee
b Cost price = $75, Sale price = $103 — cost price

¢ Cost price = $25.50, Sale price = $28.95
d Cost price = $499, Sale price = $935

3 Calculate the loss made in each of the following situations.
a Cost price = $22, Sale price = $9 b Cost price = $92, Sale price = $47
¢ Cost price = $71.10, Sale price = $45.20 d Cost price = $1121, Sale price = $874

4 Which of the following is the correct formula for working out percentage change?

A % change = w B % change = original value x 100%
original value change
h
C % change = change x 100% D % change = change 100%

original value

Example 29 Calculating percentage change: profit

Calculate the percentage change when:
$25 becomes $32

Solution Explanation
Profit = $7 This is percentage profit because it was sold
7 100 for more than the original $25.
% Profit = —x —% Profit = $32 - $25
> Percentage profit = It x 100%
= 28% ge profit= original value ’
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5 Find the percentage change as a percentage profit when:

a $20 becomes $36 b $10 becomes $13
¢ $40 becomes $50 d $25 becomes $30 1‘!
e $12 becomes $20 f $8 becomes $11 % change = change 100 Z
g $10 becomes $15 h $6 becomes $12. original 1
Example 30 Calculating percentage change: loss
Calculate the percentage change when:
$60 becomes $48
Solution Explanation
Loss = $12 This is percentage /oss because it was sold
v e for less than the original $60.
% Loss = — x i % Loss = $60 — $48
- 20% Percentage loss = ————— .Ioss x 100%
original value
Find the percentage change as a percentage loss when:
a $40 becomes $30 b $25 becomes $21
¢ $6 becomes $3 d $8 becomes $2 CAIRNN -y ) ?
e $12 becomes $8 f $10 becomes $9 gl
g $25 becomes $20 h $20 becomes $18.

Example 31 Solving worded problems

Ross buys a ticket to a concert for $125, but is later unable to go. He sells it to his
friend for $75. Calculate the percentage loss Ross made.

Solution Explanation
Loss = $125 - $75 = $50 Loss = cost price - selling price
% LoSs = B X 1ﬂ% Percentage loss = Ioiss. x 100%
1 cost price
= 40%
Ross made a 40% loss on the concert ticket.
ISBN 978-1-107-56538-8 © Palmer et al. 2016 Cambridge University Press

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



Number and Algebra 225

7 Copy and complete the tables below.

a
Cost price $ | Selling price $ | Profit $ | % profit
) profit ﬁ
4 5 % profit = —— % 100%
cost price w
10 12
24 30
100 127
b
Cost price $ | Selling price § | Loss $ | % loss
loss A
16 12 % loss = o [Tee x 100%
A4
50 47
100 93
8 Find the percentage change (increase or decrease) when:
a 15°C becomes 18°C b 18°C becomes 15°C
¢ 4°C becomes 24°C d 12°C becomes 30°C.

9 Find the percentage change in population when a:
a town of 4000 becomes a town of 5000
s"i'L"S[;‘ee‘ b city of 750000 becomes a city of 900000
¢ country of 5000000 becomes a country of 12000 000.

10 Gari buys a ticket to a concert for $90, but is unable to go. He sells it to his friend
for $72. Calculate the percentage loss Gari made.

11 Xavier purchased materials for $48 and made a dog kennel. He later sold the dog
kennel for $84.
a Calculate the profit Xavier made.
b Calculate the percentage profit Xavier made.

12 Gemma purchased a $400 foal, which she later
sold for $720.
a Calculate the profit Gemma made.
b Calculate the percentage profit Gemma made.

13 Lee-Sen purchased a $5000 car, which she later
sold for $2800.
a Calculate the loss Lee-Sen made.
b Calculate the percentage loss Lee-Sen made.
¢ What should Lee-Sen sell the car for to make a 10% profit?
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Growth rate for Australia

14 The Aus