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Introduction and how to use this book

This second edition of Essential Mathematics Gold for the Australian Curriculum sees the Gold series revised,
updated, redeveloped and seamlessly blended with HOTmaths to create a comprehensive learning package that is
specially designed for students who require additional support in mathematics.

An Interactive Textbook (complimentary) for the student and Online Teaching Suite (available separately) for the
teacher are new for the second edition. The print textbooks have been carefully revised and updated. New topics
have been added to reflect changes to the Australian Curriculum and incorporate selected parts of new state
syllabuses, particularly the Victorian Curriculum and the New South Wales Syllabus.

The following four themes have guided the second edition:
Differentiation in the classroom

All non-core sections are labelled as ‘Consolidating’ (indicating a revision section) or with a gold star
(indicating a topic that could be considered challenging) to help teachers decide on the most suitable way
of approaching the course for their class or for individual students.

Building and Progressing working programs are suggested for all exercises (see ‘Guide to the working
programs’ on the following page for information).

Two auto-marked quizzes for each section in the Interactive Textbook are aligned with the Building and
Progressing learning pathways.

Two chapter tests per chapter in the Online Teaching Suite have also been aligned to the Building and
Progressing learning pathways.

The Test Generator inside the Online Teaching Suite provides a high level of flexibility for the teacher to
create tests from questions containing four difficulty levels.

Mathematical literacy

In conjunction with margin definitions in the print book, ‘enhanced’ pop-up definitions in the Interactive
Textbook feature visual and audio aids to help students learn definitions in a multi-dimensional way.

In the Interactive Textbook, simple drag-and-drop and fill-the-gap activities in each chapter allow students
to get comfortable using mathematical language and to consolidate definitions.

In the Online Teaching Suite, maths literacy worksheets featuring a wide range of activities can be
downloaded to be used as classwork or homework.

Practical application of mathematics

A new feature in each chapter called ‘Maths@Work’ provides case studies to show how the maths learnt in
the chapter is relevant to the workplace and to everyday life.

Using technology

'Maths@Work' activities feature a section dedicated to giving students practise at using technology such as
spreadsheets and calculators in ways they will encounter in the workforce and in everyday life.
Throughout the textbook, questions best suited to be completed on a calculator are indicated with a

calculator icon.

In the Interactive Textbook, a fully functional scientific calculator pops up when students click or tap on the
calculator icon.

While not part of the ACARA curriculum, Algorithmics is an exciting, powerful way of applying technology to
mathematics (and vice versa) and one that is relevant and accessible to students of all ages and ability levels. We have
therefore included a new appendix chapter on Algorithmics in each book that takes an introductory, activity-based
approach to the subject.



Guide to the working programs

New to the second edition, the working programs that were previously only available to teachers in separate supporting
documents have been updated, refined and subtly embedded in the exercises. The suggested working programs provide two
pathways through the book to allow differentiation for Building and Progressing students.

As with the first edition, each exercise is structured in subsections that match the Australian Curriculum proficiency strands
(with Problem-solving and Reasoning combined into one section to reduce exercise length), as well as ‘Gold Star’ (). The
questions* suggested for each pathway are listed in two columns at the top of each subsection.

e The left column (lightest shade) shows the questions Building Progressing
in the Building working program. s ,

e The right column (darkest shade) shows the questions / K
in the Progressing working program.

Gradients within exercises and proficiency 4-6 4-6(1(2')'
strands o
The working programs make use of two gradients 74 3 141’1
that have been carefully integrated into the exercises. ; /

A gradient runs through the overall structure of 7 12
each exercise — where there’s an increasing level of /
sophistication required as a student progresses through

the proficiency strands and then to the ‘Gold star’

question(s) — but also within each proficiency strand; the

first few questions in Fluency are easier than the last few,

for example, and the first few Problem-solving and Reasoning questions are easier than the last few.

The right mix of questions

Questions in the working programs have been selected to give the most appropriate mix of fypes of questions for each learning
pathway. Students going through the Building pathway are given extra practise at Understanding and basic Fluency and only
the easiest Problem-solving and Reasoning questions. The Progressing pathway, while not meant to be challenging, spends a
little less time on basic Understanding questions and a little more on Fluency, Problem-solving and Reasoning. The Progressing
pathway also includes the ‘Gold star’ question(s).

Choosing a pathway
There are a variety of ways of determining the appropriate pathway for students through the course. Schools and individual
teachers should follow the method that works best for them.

If required, the chapter pre-tests can be used as a diagnostic tool. The following are recommended guidelines:

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

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

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

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

pathways as the default pathway for an entire class and then make individual alternations depending on student need. For

schools that have mixed-ability classes, teachers may wish to set a number of pathways within the one class, depending on

previous performance and other factors.

* The nomenclature used to list questions is as follows:

e 3, 4:complete all parts of questions 3 and 4 e 2-4(%2): complete half of the parts of questions 2, 3 and 4
e 1-4: complete all parts of questions 1,2, 3 and 4 e 4(2), 5: complete half of the parts of question 4 and all parts
e 10(%2): complete half of the parts from question of question 5

10 (a,c,e,....orb,d,f,....) e —:complete none of the questions in this section.
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What you will learn

Whole number addition and subtraction
(Consolidating)

Whole number multiplication and division
(Consolidating)

The order of operations (Consolidating)
Squares, cubes and other powers

Australian curriculum

Number and place value

Use index notation with numbers to establish the
index laws with positive integral indices and the zero
index (ACMNA182)

The index laws

Further number properties

Divisibility and prime factorisation

Negative numbers (Consolidating)

Addition and subtraction of negative integers
Multiplication and division of integers

i ———

Carry out the four operations with rational numbers
and integers, using efficient mental and written
strategies and appropriate digital technologies
(ACMNA183)
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The story of zero

Y w Indian scholars were first to invent the zero that we use  the power and simplicity of calculating with nine
e ' today. Hindu manuscripts (628 CE) explain the laws of  digits and zero instead of using Roman numerals.

integers: positive and negative numbers and zero. By the 1600s the Hindu—Arabic numeral

Traders took these Hindu documents to the Arabic  system had become well known and is now used
scholars in the Middle East. In the 12th century, an worldwide. The laws of integers form the foundation
Italian boy named Fibonacci studied Hindu—Arabic of all our engineering, computing and financial
arithmetic in North Africa where his father was an achievements.
Italian customs officer. Fibonacci became a famous The oldest recorded zero can be seen at Gwalior

Fort (pictured), India, on an inscription dated 876 CE.
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mathematician. In 1202 he wrote a book explaining




Pre-test

apter 1 Integers

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

a total sum
d 10 less than 13
g the product

Complete these additions.

a 12+7
d 146+213

Complete these subtractions.

a 12-8
d 12-6-6

Complete these multiplications.

a 9x4
d 15x5

Complete these divisions.

28 +4
72 =12

difference

5 groups of 3
the quotient
50+19

15+19+23

50-28
784 —163

5%x8
121
X 9
99 +3
3)453

10 more than 7
how many 3sin 18
increase by 6

42 +31

123
+ 39

47-29

336
=289

12x11

338
x 14

18+6
7)364

B
=

List the first 5 multiples of 6.
List the first 4 multiples of 9.
What is the lowest common multiple (LCM) of 6 and 9?

List all the factors of 12.
List all the factors of 15.
What is the highest common factor (HCF) of 12 and 15?

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

1@345678910 11 12 13 14 15

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

a 2+3x4=2+12 b 10-8+2=10-4 ¢ (5-2)x7=3x7
d 9%x3+5=9x%x8 e IxX(3+5)=9x%x8 f 12+3x4=1
State the missing numbers for each part in this table.

2x2=[] Va=2 e |9x9=[]
3x3=[] Vo =[] f|10x10=[]
oa=[] | ds-0] o [Ox[-#
6x6=[] V36 =[] h |[x[]=144

What are the next two numbers in each of these patterns?
a 33 29 1, R P b 25 03 _25 —9

Use this number line to help find the answer.

—
-

a
d
a
b
c
a
b
c

T T T T

5 4 3 2 -1

1 2 3 4 5
0-3
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Number and Algebra

Whole number addition
and subtraction

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

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

O Let’s start: Sum and difference

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

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

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

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

B You can add in any order.

eg9.7+5=5+7 Commutative
9+3+1=9+1+3 law When
e This is called the commutative law for addition. adding and

multiplying, the

B You cannot subtract in any order. order in which

BONERE e two numbers are
B [If the numbers are large, write numbers in columns and use known algorithms combined does
to calculate the answer. not matter
21

1431 324
+ 895 - 172

1326 152

UNDERSTANDING 1-4 4

1 Match each of the questions in the left-hand column (a, b, ¢ and d) to the working out in the
right-hand column (I, IL, Il IV).

a the total of 156, 94 and 6 | 2491
+ 945
b take 856 away from 2491 I 2491-856
¢ 945 more than 2491 I 156+94+6
d 945 less 863 IV 945

-863




Chapter 1 Integers

2 Write each of the following using an addition (+) or a subtraction (-) sign instead of the words.

a 26 plus17 b 43 take away 9
¢ 134 minus 23 d 451add 50
e thesum of 19 and 29 f thesumof 111and 236
g the difference between 59 and 43 h the difference between 339 and 298
i 36 more than 8 j 142 more than 421
k 32 less than 49 I 120 less than 251
3 Copy and complete.
a + | 2 5 7 110 |12 b + 3 9
5 15 30
0 10
18 6 24
58 2
4 Are these sums and differences true (T) or false (F)?
a 15+6=6+15 b 29-6=6-29 c 95+0=095

d 81-81=0

e 15+6+4=15+10

f 41-6+4=41-10

FLUENCY (s ISR

Example 1 Using mental arithmetic

Evaluate this difference and these sums mentally.

a 347-39

Solution

b 125+127

Explanation

c 28+13

a 347-39=308

347 -39 =347-40+1

=307+1
=308
b 125+127 =252 125+127 =2%125+2
=250+2
=252
c 28+13=41 28+13=28+12+1
=40+1
=41
5 Complete these sums.
a 21+5 b 3+14 c 17+13
e 35+11 f 16+19 g 21+5
6 Complete these differences.
a 5-2 b 16-4 c 16-14

e 16-3 f 45-13 g 52-12

This method is called compensating.

This method is called doubling.

This method is called counting on.

d 298+2 Do these without
a calculator or
h 6+18 algorithm.

d 21-21
52-14

=




Number and Algebra

7 Evaluate these sums and differences mentally.

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

Example 2 Using an algorithm

Use an algorithm to find this sum and difference.

a 938 b 141

+ 217 - 86
Solution Explanation
a 93 8 8+ 7 =15 (carry the 1 to the tens column)

+ 217 1+43+1=5

1155 9+2=11

b 1341 Borrow from the tens column then subtract 6 from 11. Now

- 86 borrow from the hundreds column and then subtract 8 from 13.

55

8 Use an algorithm to find these sums and differences.

a 128 b 94 ¢ 9014 Carry the 1 for sums
+46 + 337 + 927 larger than 9 and
— + 421 borrow ‘ten’ for

subtraction.

d 814 e 94 f 421
+ 1439 - 36 - 204
+ 326 T

g 1726 h 14072 i 428
-1699 - 328 + 314

+ 107
+ 29

i 1004 k 3017 | 10024
+ 2407 —2942 - 936
+ 9116
+ 10494

9,10 10-12

9 Aracing bike's odometer shows 21432 km at the start of a race
and 22 110 km at the end of the race. How far was the race?

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




Chapter 1 Integers

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

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

— 13
13 a Write the digit missing from these sums and differences.
i 237 i 4 9 i 493 v 1] |4
+ 4[] +3 8 +2 1 4 +39 2
279 8[| 7017 556
v 38 vi 128 vi 3] |4 viik 2 51
-19 - 8] -162 -1[ |4
1] 39 142 87
b Find the missing digits in these sums and differences.
i 2 3] i [ ]3] i [ ]37
+ ]9 4 + [ ]2 +4 9] ]
6 ]1 21 9 7 ]2
v [ ]3 v o3[ ]2 vi 2 ][] 5
-2 9 -[13[] -6 8 [ |
6[ ] 10 4 []3 1 8

¢ The sides of a magic triangle all sum to the same total.

i Show how it is possible to arrange all the digits from 1to 9 so that each side adds to 17.
ii  Show how it is possible to arrange the same digits to a different total. How many
different totals can you find?

17 17

17
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Whole number multiplication
and division

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

CONSOLIDATING

O Let’s start: Multiplication or division?

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

e The number of cookies 4 people get if a packet of 32 cookies is shared equally between them.

e The cost of paving 30 square metres of courtyard at a cost of $41 per square metre.

e The number of sheets of paper in a shipment of 4000 boxes of 5 reams each (1 ream is 500 sheets).
e The number of hours | can afford a plumber at $75 per hour if | have a fixed budget of $1650.

A typical large mining truck has a capacity of
140 tonnes.

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

B Another word for multiplication is product. ?;Zi::;lt of
B You need to know your multiplication tables. multiplication
B Multiplication can be done: Quetient
* mentally e algorithm The result of
e.g. 6x5=30 eqg. 217 division
X 28 Remainder
1302 ‘—217 X 6 The amount
4340 «—217 x 20 left over after
5642 <«—1302 + 4340 division, when
B You can multiply numbers in any order. one number
e.g.6x5=30and5x6 =30 gi/fi‘gg;t;iacﬂ
e This is the commutative law for multiplication. - Y
B The distributive law is helpful when multiplying. o
93X =5x(0+ e
i 55%302-55 x4 then multiplying
- + the total gives
. L i o . i the same answer
B Using division results in finding a quotient and a remainder. as multiplying
e.g.38+11=3and Sremainder or 38+11= 3% f:::;gg?:;;:s"
dividend divisor “quotient FREREs
B Division can be done:
e mentally e algorithm
e.g.56+8="17 732

7)512'4



10 Chapter 1 Integers

UNDERSTANDING 1-4 4

1 Match each of the questions to the working out on the right.
the product of 9 and 6
36 divided by 12
15 lots of 12
the quotient when 15 is divided by 5

QL O T o

e divide12into 15

2 Copy and complete these multiplication grids.

a 1

2

3

4

5

6

7

Qloaln|b|w o= X

3 Use your knowledge of the multiplication table to answer the following.
b 11x9
f 12x11
j 88+8
n 33+3

a 5x8
e 11x6
i 100+10
m 56+7

c 6x7
g 8x4

I
!
]
v
v

k 121+11

0 65+5

4  Are these simple equations true (T) or false (F)?

a 4x13=13x4

c 6+3=3+6
e 14+2+7=7+2+14
g

79%13 = (80 x 13) — (1x 13)

= - 2 T

15x12
15+5
9% 6

15+12
36+12

6
20
63
90
d 9x8 You shoud Q
‘ou shou

h 7x9 know most

| 144 +12 of these off

p 78+6 by heart.

2XTX9=Tx9x%x2
60+20=30+10
SIx7=(50x7)+(1x7)
93+3=(90+3)+(3+3)

FLUENCY 5-7(Y%)

Example 3 Using mental strategies for multiplication

Use a mental strategy to evaluate the following.

a 5x160 b 7x89 c 5x43x2

Solution Explanation

a 5x160 =800 To multiply by 5 you can multiply by 10 then halve the result.
160 x 10 = 1600, 1600 + 2 = 800

b 7x89 =623 89=90-1..7%x89=7%x90-7x1=630-7 =623

c 5x43x2 =430

(this is the distributive law)
S5x43x2=5%x2x%x43

=10x43

= 430

look for easy pairs
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5 Use a mental strategy to evaluate the following.

a 15x3 b 18x4 C 6x5%2 d 7x20 g
Do these L4

e 16x4 f 99x7 g 79%x3 h 42x5 mentally. o

i S5x13x2 j 2x26x%x5 k 4x35 I 17x4

m 17 x 1000 n 136x100 0 59x7 p 119%x6

q 9x5l r 6x61 s 4x252 t 998x6

Example 4 Using mental strategies for division

Use a mental strategy to evaluate the following.

a 464+4 b 480+5+2
Solution Explanation
a 464+4=116 To divide by 4 you can divide by 2 twice.
464 + 4 = 464 + 2 + 2 (+ 2 is the same as halving the number)
=232+2
=116
b 480+5+2=48 Dividing by 5 and then by 2 is the same as dividing by 10.
480 +10 = 48

6 Use a mental strategy to evaluate the following.

a 64+2 b 64+4 c 640+4 d 492+4  Choose one

e 185+5 f 1980522 g 128+8 h 252+4 of the mental

] . strategies

i 123+3 ] 508 4 k 96+6 I 10168 described above.

Example 5 Using an algorithm for multiplication and division

Use an algorithm to evaluate the following.

a 412 b 938+13
X 25
Solution Explanation
a 412 412 x5 =2060 and 412 x 20 = 8240
x 25 Add these two products to get the final answer.
2060
8240
10300
b 7 2 Rem?2 93 +13 =7 and 2 remainder
13}9 328 28 + 13 =2 and 2 remainder
S0 938 =13 = 72 and 2 remainder.
938 +13 = 72A We write remainders as fractions 72i

13 13
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7 Use an algorithm to evaluate the following.
a 67 b 129 c 2% d 1004  Use the setting =
X9 x 4 % 13 % 90 out describedin """
o7 S — - Example 5.
e 690 f 9 g 38 h 163
x 14 x12 %24 x 52

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

a 3% b 7)214 ¢ 10)4167 d 15)207
e 6)15084 f 3)1236 g 12)2520 h 12)8892

9-11 10-13

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

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

11 Riley buys a fridge, which he can pay for by the following options.
A 9 payments of $183
B $1559 up front
Which option is cheaper and by how much?

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

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

14 A child ticket to a theatre is $7 and an adult ticket is $12.
a Find the cost of 2 adults and 3 children tickets.
b Find the cost of 1 adult and 5 children tickets.

¢ Gen spends exactly $90 to buy child tickets and adult tickets. Find the maximum number of
tickets that Gen could purchase.
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The order of operations

When working with brackets and

more than one operation, including
multiplication, division, addition and
subtraction, a particular order needs to be
followed.

A

Let us look at the simple calculation R <A G ‘ 2y AR a o

5+4x5=25

. L ‘ Yk A S) farhx =
If we did the addition first, then > Y\l i ,2.,, 0
5+4x5=9x%x5=45, but we know that v = o= W ____r-f.é_. cosech
this is not true. We need to be consistent 0z 7 : \ <2

with our order of operations to ensure we
all get the same answer for each problem.

° Let’s start: How many? We must all use the same rules with calculations so that we can agree on

the results.
How many ways can you express 36 —20 = 16?
See if you can come up with at least five different statements using the four operations (+ — x+) and
brackets that give the same subtraction above. One example is 9 x 4 — (24 — 4).

B Order of operations 10x(7-4)+2
¢ Deal with the grouping symbols or brackets first. Ist Grouping symbols
o o N Parentheses ( ), brackets
e Do any multiplication (x) and division (+) next, 3 [1and braces { | are
WOI’kIng from left to rlght. 2nd used to collect terms and
e Do any addition (+) and subtraction (=) next, 30 operations together
again working from left to right. 3rd
NOTE: Within any brackets the order of operations still 32
needs to be followed.
UNDERSTANDING 1-4 4

1 Copy each question into your books. By following the order of operations, underline the
operation that needs to be done first.
a 2+3x9

10-2+2

Ix3+5

6x(9-6)

(12+6)+2

(- — N - T ~
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Match each of the questions on the left to the correct working on the right.

a 10+7x3 I 10+21
b 15-9+3 N 5-4
c (9-4)x6 m 15-3
d (9-4)—(10-6) IV 2+10
e 18+9+5x2 V 5x6

Example 6 Combining two operations

Evaluate the following.

a 10+5x%3

b 18+6x2

¢ 15-(7-3)

Solution Explanation

a 10+5x3=10+15 Multiplication (x) is done BEFORE addition (+).
=25 5x3=15

b 18+6x2=3x%x2 Division (+) and multiplication (x) are done as they
=6 appear from left to right.

18 + 6 is done first then x 2 last.
c 15-(7-3)=15-4 Brackets need to be done first (7 — 3) = 4. Then do
=11 the subtraction 15 — 4.

Find the answers to each of the following.

a 12+5x2 b 24-6x3 First: brackets
c 10x2+6 d 15+3-2 Next: x o +
e (9-2)x4 f 18—(12-38) Last: + or -
g 28+(2x7) h 56-5x10

i 120+200+5 i 88x2+8

k 12+(18+6) I 16-18+9
m 55+11x5 n 55-25+5

0 240+10x2 p 58+100 +20

q 100-25+5 r (24-9)x3

Find the answers to these problems by first writing the sentence using numbers and symbols.
Double the sum of 3and 7

Double the quotient of 24 and 8

The product of 5 and 7 plus 4

8 more than the product of 12 and 5

10 less than the quotient of 66 and 3

Triple the difference between 18 and 12

- ® Q O T




Number and Algebra

Example 7 Using more than two steps

Evaluate the following.
a 4x5-3x2

b (7+2)x5-6

c 10+(2x(6-4))

Solution Explanation

a 4x5-3x2 Both sets of multiplication (x) need to be done first.
=20-6 Then do the subtraction (-).
=14

b (7+2)x5-6 Do the brackets first (7 +2).
=9%x5-6 Next do the multiplication 9 x 5.
=45-6 Then the subtraction 45 — 6.
=39

c 10+(2x(6-4)) Start with the inner most brackets (6 — 4).
=10+(2x2) Finish working with the brackets — we follow the order
=10+4 of operations within the brackets (2 x 2). Then the
=14 addition 10 + 4.

FLUENCY (ssa IS

Find the answers to the following.

a 2x4-4+2 b 13+4x5-3 ¢ (14-12)x4+11
d (12-5)x(6+3) e 5x6+12x3 f 25-20+5+2
g 25-20+5+2x%5 h (10+10)+(25-5) i (10x10+5)+5
Simplify.
a 5x4+8x4 b 24+4x6-8 ¢ (I5-5)x8+200
d 6x4-2x6+12 e 96+ (12x8) f 5+(12%x(23-06))
g 1+4+3x(8-5) h (12-5)x((22-12) i 12+(18-(12-5))
Evaluate.
a 56—-4x6 b 96+4+3x%x6
c 150-(7x(10-3x%x2)) d (12x(13-8)x(24-18))

8-10

True (T) or false (F)?
a 5+49=5+3x%x3 b 10+2x7=12+7 c 18—-6+5=12+5
d 3x5x6=15x6 e 120+6x2=20%x2 f (5+3)x9=8x9

Insert brackets into each of the following statements to make it true.
a 12-8x2=8 b 4x5+6=44
c 16+2x8=1 d 6x2+6x1=43

Show steps of s
working as in
the examples.

9-12

15



16 Chapter 1 Integers

10 Insert operation symbols (+, —, X, +) between the numbers to make each of the following
statements true.
a 5__4_9=0
b 5__4__9=11
c 5__4__9=41

11 Write each of the following situations into mathematical symbols and numbers, and then

calculate.

a Murray receives four dollars from his mum and seven dollars from his dad as pocket money
each week for 12 weeks. How much money does he have at the end of the 12 weeks?

b A raffle prize consists of $5000 cash and 6 shopping vouchers each worth $500. What is the
total value of the raffle prize?

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

12 Decide if the brackets in each of the following are really needed.
a 10+(9%8) b 12+(3+4) c 12-(3+4)
d 25x(3-1) e (100-4x3)

13 Can you make the first 10 counting numbers (1,2, 3,4, 5,6, 7,8,9 and 10) using only the four digits
1,2,3 and 4 (once each), brackets and any of the four operations?
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Squares, cubes and other powers

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

O Let’s start: Square
numbers

N e o I | I [
N O O
[ A [
LICIEIE

Can you explain why we call the numbers
1,4,9 and 16 square numbers?

Draw diagrams for the next two square
numbers.

Use centicubes to build the first three cube
numbers. Write down the next cube number.

B Index notation
/index or power /Expanded form

3¢ 3* =3%x3x3x%x3

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

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

B The opposite of squaring is the square root of a number. The symbol
Vv means square root.
eg.V9=3as32=9
e The square root of a number is always positive or zero.

B The cube of anumberaisa® =axaxa.
e.g. 5% =5x5x5 (we say 5 cubed, or, 5 to the power of 3)

B The opposite of cubing is taking the cube root of a number. The symbol for
cube root is 3/ .
eg.Y8=2as23=2x2x2=38

Base

The number or
pronumeral that
is being raised to
a power

Index

The number

of times the
base number is
repeated under
multiplication

Square
To multiply a
number by itself

Square root
The opposite
operation of
squaring

17



18 Chapter 1 Integers

UNDERSTANDING 1-5

1 Write each of the following using index notation.
a 2x2 b 4x4 c 5x5
d 5x5x5 e 6xX6x6x%x6 f 7x7x7

2 Match each expression in words to an expression in symbols, given on the right.

The square of 10 I J16 The cube of 2. is
The cube of 1 n N 22 =2x2x2=8
The square of 12 m Vi

The square root of 1 IV 102

The cube root of 1 vV P

The square root of 16 VI 122

- ® Q O T D

3 Copy and complete.

P=1x1=1
22=2x2=4
3=

42
52
62
72
]2
92
102 =

4 Copy and complete.

P=Ixlx1=1
23 =2x2%x2=28
33 =
4 =
5 =
6’ =

Example 8 Using index notation
——

Write each product using index notation.
a 8x8x8 b 7X7Xx7x7TxTx7

Solution Explanation

L4

7 =

a 8x8x8=83 The number 8 appears 3 times. We write 8 to the power of 3.

b 7Tx7x7TxTxTx7=7° The 7 appears 6 times. We write 7 to the power of 6.
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5 Write each of the following products using index notation.

a 7Tx7x7
d 4x4x4
g 12x12

b 10x10x10x10 c 8x8
e 2X2X2X2X2x2x2 f 6X6X6X6X6X6%X6
h 5x5x5%x5%x5x%5 i 6

Example 9 Using expanded notation
\——)

a Write 5* in expanded form.

b Find the value of 5%.

Solution

Explanation

a 5*=5x5x%x5x%x5

b 5% =625

The power of 4 tells us that the number 5
appears 4 times.
5*=5%x5%x5x%x5

5% =5%x5%x5x%5
=25%X5x%5
=125%5
=625

FLUENCY 6-8(%%) _

6 Write each index notation in expanded form.
b 3¢
e 28

a &
d 44

c 9 5% 5% 5 is the
f 112 expanded form of 5°

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

a 2’
d 104

b 2¢
e 5

c 3
f o1

Example 10 Finding squares, cubes, square roots and cube roots

Evaluate the following.

a 6 b 81 c 23 d Y64
Solution Explanation
a 62=6x6 Find the product of 6 with itself.
=36
b 81=9 92 =9x9=8ls081=9
c 22=2x2x2 In general x* = x X x X x.
=38

d od =4

4 =4x4x4=64501364 =4

19
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Evaluate these squares and square roots.

a 4 b 102 c 132 152

e 100 f 202 g 25 h 49

i JI21 i /900 k 1600 I V256

Evaluate these cubes and cube roots.

a 2° b 4° c 7 53

e 6 f 103 g 27 h A

i Y125 j /512 k /729 I 3/1000 000
10,11 10-12

Decide which of the following is larger.

a 2°or3?

b 2%or 3?

¢ 25or5?

Copy and complete.

a If132 =169, then 169 =[ |
If 152 = 225, then 225 =[_|
If /625 = 25, then 25 = |
If 9 = 729, then /729 = ]
If Y1331 =11, then 11° = ||

Given 5x5x5x4 x4 is written as 5° x 42 (the different bases of 5 and 4 are kept separate), write
each of the following in index form.

a 6X6XTxTxTxT b 5x5x5x5x2x2

c 3x3x8x8 d 11x9%x9%x9x%x9

e 12x12x4x4x4 f 2Xx2Xx2x2x2%x2x3%x3x%x3

O QL O T

bases are kept separate.

Write each of the following in index form. Remember, different &
axaxbxbxb v
mxmxXm )

a* x b?
axaxaxaxa EXT

NXUXNXNXNXNXn a’h’
PXPXPXPXPXPXPXPXPX]D

PXDPXPpXgXq

axaxaxaxbxb

axaxbxbxbxb

= Q - 00 QO O T D

XXXXXXXXY
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Number and Algebra

The index laws

When working with one or more numbers
written using index form there are a number of
rules that help to simplify expressions.

These rules are called the index laws.

O Let’s start: Investigating the
first two rules

Write out 37 in expanded notation, that is, as
seven copies of 3 being multiplied.
Now write out 3* in expanded notation.
What do you get when 37 is multiplied by 34?
How many times does the base of 3 appear in
this product?

What do you get when 37 is divided by 34? Index notation has wide application, particularly in modelling
. ' growth and decay, in science, economics and computer
How many times does the base of 3 appear applications.
in this quotient, when you cancel any common
factors?
B Indexlaw 1: a™ x @" = a™*"
Use when multiplying numbers written in index notation. If the base is the IO raton
same, you keep the base and add the powers together. Method of writing
° eg. 2°x22=(2%x2x2)x(2x2) numbers that
= 25(here the base of 2 appears 5 times (3 + 2)) are multiplied by
themselves

B Indexlaw 2: a™ +a" =a™"
Use when dividing numbers written in index notation. If the base is the same,
you keep the base and subtract the powers together.
° 0. 20+22=(2%x2%x2x%x2x%x2x%x2)+(2x2)
_2X2x2x2x2x2
- Zx 2
= 2*(here the base of 2 appears 4 times (6 — 2))
B Index law 3: (a™)" = a™"
Use when a number written in index notation is raised to another power.
The base remains the same and the two powers (indices) are multiplied together.
e eg. (2°)*=23x2¥x2¥x2}

= 23+3+3+3

= 2'2(here the base of 2 appears in total 12 times (3 x 4))

B The zero power: a° = 1
Any non-zero number raised to the power of zero gives an answer of one.
e eg.2°=1
e e.g.23+23=2%%=20(but 2* +23 =1 so we observe that 2° = 1)

21
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UNDERSTANDING 1-4 4
Which of the following is the same as 4° x 4%?
A 4x4x4x4x4x4%x4 B 16x16x16x16x16x16x16
C 16 D 16"
Which of the following is equal to 3¢ + 32?
A 3x3x3x3x3x3x3x3 B 3x3x3
C 3x3x3x3 D ¥

Write the following using index notation.

6 raised to the power of 2

b 7 raised to the power of 0

C (OXS5XS5XSXSXS)X(E5XIX5IX5X5%x5%x5%Y5)
d (6X6X6X6X6XO6X6X6X6)+(6X6X06)

a

Which of the following is the same as (2%)*?
A 2°
C 2x2)x(2x2)x(2x2)=2°¢ D 2%

B &4

FLUENCY 5-10(%) _

Example 11 Using the first two index laws

Simplify each of these, leaving your answer in index form.

a 6*x6’ b 5 +5*
Solution Explanation
a 6*x67 =6 Use index law 1: a™ x a" = a™*"
(keep the base and add the powers)
6* x 67 (the base of 6 appears 4 times in the first term and 7 times
in the next term)
The base of 6 appears 11times in the product.
b 57+5=5 Use index law 2: a™ + a" = a™"

57 = 54 = 57—4
= 5

Copy and complete the following.

a
c
e
g

i
k

74x 7> =7
96 x93 = 9L
210 %23 =20
58+ 52 =5l
212+ 28 =20
8l +8* =g

b 8x8 =81 . e
d 5*x5 =51 am —a" = q""
f 2llx20 =215

h 6*+6' =6

j 16 =113 = 1]

I

107 = 1011 = 102
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6 Simplify each of the following using the index law for multiplication. g
4 2 2 3 3 1
a 3*x3 b 22x2 ¢ 10°x10 Index law 1is /
d 96x94 e 4*x4 f 23x2° amxa" = a"" .
g 8 x8 h 12°x12 i 16°x16°
7 Simplify each of the following using the index law for division. )
Index law 2 is
a 3*+3? b 27+2° c 9°+9? am = aqt = g

d 4 -4 e 176 +17% fo1e 10

Example 12 Using the third index law
——)

Simplify (4°)>.

Solution Explanation
P = an Use index law 3: (a™)" = a™"
(45)2 = 45%2

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

8 Copy and complete.

a (29)*=2" b (3%) =3 ¢ (5% =51 (a")" = a™"
d (24)y =21 e (7°)7 =7 f(8%)° =8l
9 Simplify the following.
a (72)2 b (25)4 c (37)2 d (84)2
e (3') fo10%y g 9 h (5°)

Example 13 Using the power of zero
=

Simplify.

a9 b (3x2)° c 4x5°

Solution Explanation

a 9°=1 A number (except zero) raised to the power of zero equals one.

b (3x2) =6 As the overall power on the brackets is zero — the expression
=1 equals one.

c 4x5°=4xl 5% =150 the product of 4 and 5° is the same as 4 x 1.

=4

10 Simplify the following.
a 5 b 6° c 19° d 15°
e (27x25) f 5047 g 8-13° h 10x2° a’ =1
i 5°%x6° j 5°+6° k 6°+5 I 12°%x3
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11

Complete the following.

a

b
c
d
e

Given 4 = 22, write the product 27 x 4 as 20,

Write 54 x 25 as 5.

Write down the numerical value of 6 + 6'2.

What do you notice about (34)? and (3%)*?

Write down the numerical value of 4% x 32, Is it the same as 7% or 122?

Simplify the following.

- ® Q O T

27 x 2% + 23
(2%) x 24 Combine the index

107 + 102 + 102 laws where required.

7 XT3 x7?
6*x6° +6°
3" x3x3

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

a axa b m* xm’

¢ axa d x5 xx®

e n'xn' f mSxm’ xm Remember, the base

9. 3 0 . 7 stays the same.

g n=+n h a®+a 2 %t

i mb+~m* ] A xXaxad = p20+4
— 24

K w2 =y? I p¥x p*+pb =m

Simplify these using the given hint.

a Sm*xm?

b 6m? x4m® ; .

¢ 8m®x2m? S R 2be
=5x3xx’ X x?

d 3a®>x4d’ =15x x7*2

e 7x¥x3x* =15x7

f 5x° x4x3

11,12

13,14
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Further number properties

Knowing the properties of numbers helps us with our problem-solving work.

A prime number, for example, only has two factors, and can help us with our division.

What number properties do you remember from last year?

i

[

Into how many equal groups could these people be divided?

O Let’s start: How many in 60 seconds?

In 60 seconds, write down as many numbers as you can that fit each description.

Multiples of 7
Factors of 144
Prime numbers

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

The lowest common multiple (LCM) is the smallest multiple of two or more
numbers that is common.

e.g. Multiples 3 are 3,6,9,12,3, 18, ...

e.g. Multiples of 5 are 5,10,05) 20, 25, ...

The LCM of 3 and 5 is therefore 15.

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

The highest common factor (HCF) is the largest factor of two or
more numbers that is common.

o Factors of 24 are 1,2,3,4,6,8,12) 24.

e Factors of 36 are 1,2, 3,4, 6, 9,@ 18,36.

The HCF of 24 and 36 is therefore 12.

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

Multiple

The multiple of
a number is the
product of that
number and
any other whole
number

Counting
numbers

The set of
whole numbers
starting at 1

Factor

A whole number
that will divide
into another
number exactly
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B Prime numbers have only two factors, the number itself and 1.

e 2, 13 and 61 are examples of prime numbers. Prime number
e lis not considered to be a prime number. (It has only one factor) An integer greater
Composite numbers have more than two factors. than 1 that only has

e 6,20 and 57 are examples of composite numbers. 2’[‘1’3 flaCtors’ =

Composite number
A number that has
more than two factors

UNDERSTANDING 1-4 4

Write down the factors of each number.
a 4 b 6 c 12 d 15 e 20

Write down the next term in each of these patterns.
a 2,4,6,8, __ b 3,6912,__ ¢ 5,10,15,20,25, __

d 7,14,21, e 612,18, fo11,22,33,44, HCF is the Highest

Common Factor.

The factorsof 16 are 1,2, 4, 8, 16.
The factors of 24 are 1,2, 3,4, 6, 8,12, 24.
The factorsof 18 are 1, 2, 3, 6,9, 18.
The factors of 30 are 1,2, 3, 5, 6,10, 15, 30.
The factors of 8 are 1,2, 4, 8.

Using the information given in the table, write down the highest common factor (HCF) of each

pair of numbers.
a l6and24 b 24 and 30 ¢ 18and 30 d 16and8

e 24and 18 f 8and24 g 16and18 h 18and8

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

Number | Multiples Common Multiple.
2 2,4,6,8,10,12
4 4,8,12,16,20,24
3 3,6,9,12,15,24
5 5,10,15, 20, 25,30
6 6,12,18,24, 30,36

a 2and4 b 4and3 ¢ 3and6
d 4andé6 e 4and>5s f 5and6
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Example 14 Working with primes and composites

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

a 29

Solution

b 63

Explanation

a 29 is a prime number

b 63 is a composite number

29 has only 2 factors 1 and 29. It is a
prime number.

63 has factors 1, 3,7, 9, 21, 63

Decide whether each of the following numbers is prime or composite. fe]
a 7 b 12 ¢ 27 d 69  Primeshave ¥
e 105 f 28 g 15 h 11 exactly two factors,

composites have more

i 31 i 37 k 49 I 99 than two factors.

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

Example 15 Finding the LCM
Find the LCM of 6 and 8.

Solution

Explanation

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

Find the LCM of these pairs of numbers.
a 2,3

c 8,12
e 25,50
g 8,60
i 57

k 4,12

First, list some multiples of 6 and 8.
Continue the lists until there is at least one
in common.

Choose the smallest number that is
common to both lists.

5,9
4,8
4,18
12,20
10,15
12,18

=5 - T

— —
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Example 16 Finding the HCF

Find the HCF of 36 and 48.

Solution Explanation

Factors of 36 are: First, list factors of 36 and 48.
1,2,3,4,6,9,12,18, 36
Factors of 48 are:

1,2,3,4,6,8,12,16, 24, 48 Choose the largest number that is

The HCF is 12. common to both lists.
Find the HCF of these pairs of numbers.
a 68 b 18,9 c 16,24 d 24,30 e 7,13 f 19,31
g 72,36 h 108, 64 i 6,4 j 6,12 k 8,24 I 15,25

9,10 9,11,12

Find:
a theLCMof3g,12and 6 b thelCMof7,3and 5
¢ the HCF of 20,15 and 10 d the HCF of 32,60 and 48

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

Three sets of traffic lights (A, Band Q)
all turn red at 9.00 am exactly.

Light set A turns red every

2 minutes, light set B turns red every
3 minutes and light set C turns red
every 5 minutes. How long does it
take for all three lights to turn red
again at the same time?

Below are the numbers 1 to 100.

List all the prime numbers. How many
numbers are prime numbers?

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50
51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 70
71 72 73 74 75 76 77 78 79 80
81 82 83 84 85 86 87 88 89 90
91 92 93 94 95 96 97 98 99 100
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— 13,14

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

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

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

4=2+2
6=3+3

8=3+5 ? f}‘ 5

10 = = W

12 =

14 =

77 73

18 = e

20 =

22 =

24 = f ? (5‘ >

£ J

28 = The first ten prime numbers.

30 =

o0

g .

3N 6-

S5

S5 '
N®§4— o o ° ° °
§§3— e o o ° ° .
"552_ . e o o o . . .

k'&\) 1 . .

§: T T T T T T T T T T T T T T T T T T T T T 1
g N 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

Even numbers greater than 4

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

14 Twin primes are pairs of prime numbers that differ by 2. It has been suggested that there
are infinitely many twin primes. Use the table of primes you created in question 12 of this
exercise and list the pairs of twin primes less than 100.
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Divisibility and prime factorisation

Every whole number greater than 1 can be written
as a product of prime numbers, e.g. 6 =3x2 and
20=2x2x5.

Writing numbers as a product of prime numbers can
help to simplify expressions and determine other
properties of numbers or pairs of numbers.

Let’s start: Remembering
divisibility tests

To test if a number is divisible by 2, we simply need to
see if the number is even or odd. All even numbers are
divisible by 2. Try to remember the divisibility tests for
each of the following. As a class, can you describe tests
for any of the following?

e Divisible by 3
e Divisible by 4
e Divisible by 5
e Divisible by 6
* Divisible by 8
e Divisible by 9

e Divisible by 10

B Prime factorisation uses a factor tree, or similar, to write a number as a product

of its prime factors.
e.g. 12 =2x2x3o0r2*x3 (using indices)

The Highest Common Factor (HCF) can be found using prime factors.
The HCF = All common primes raised to the smallest power
eg.12=22x3 20=2>x5 ..HCF=2%or4.
The Lowest Common Multiple (LCM) can be found using prime factors.
The LCM = All different primes raised to the highest power
eg.12=22x3 20=2>2x5 ..LCM=22x3x5
Divisibility tests
A number is:
e divisible by 2 if it is even (ends with the digit 0,2, 4, 6 or 8), e.g. 24
e divisible by 3 if the sum of all the digits is divisible by 3
e.g. 162 where 1+ 6+ 2 =9, which is divisible by 3
e divisible by 4 if the number formed by the last two digits is divisible by 4
e.g. 148 where 48 is divisible by 4
e divisible by 5 if the last digitisa 0 or 5
e.g. 145 or 2090

Prime numbers can be thought of as the building blocks
or foundations of all other whole numbers.

Factor tree

An illustrated
breakdown of a
number into its
prime factors
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e divisible by 6 if it is divisible by both 2 and 3
e.g. 456 where 6 is even and 4 + 5+ 6 = 15, which is divisible by 3
e divisible by 8 if the number formed from the last 3 digits is divisible by 8
e.g. 2112 where 112 is divisible by 8
e divisible by 9 if the sum of all the digits are divisible by 9
e.g. 3843 where 3+ 8+ 3+ 3 = 18 which is divisible by 9
e divisible by 10 if the last digitis a 0
e.g. 4230
There is no simple test for 7.

UNDERSTANDING 1-4 4

1 Write down all the factors of these numbers.
a 15 b 24 ¢ 40 d 84

2 Write down the first 10 prime numbers. Note that 1is not a prime number.

3 Write using powers.
a 3x3x3x3 b 5x5 c TxTx7x7
d 2x2x3x3x%x3 e 2x2x5x5 f 2x2x3%x3x%x5
4 Evaluate.
a 2?x3 bh 2x32x5 c 22x5x7 d 3¥x7

FLUENCY 5-7(4),8,9  [[SSH0A 810010040

Example 17 Finding prime factor form
——)

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

Solution Explanation
300 First, divide 300 into the product of any
two factors. Choose the easiest pair
30 10 300 = 30 x 10.

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

® 106G O
/\ Circle the prime factors.
® Write the factors in ascending order.
300=2X2Xx3%x5x%5 , . .
—22% 3 %52 Use index notation (powers) to abbreviate

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

a 36 b 270
/" \\ 2/\

36=22x...... 3
270=2 X% ...... X e
42 10 27 14
O OO o O OO o
O O O O
420=___ 378 =
6 Use a factor tree to find the prime factor form of these numbers.
a 20 b 28 c 40 d 90
e 280 f 196 g 360 h 660

Example 18 Testing for divisibility

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

Solution Explanation

Not divisible by 2 since 7 is odd. The last digit needs to be even.
Divisible by 3 since 6+2+7 =15 and this is The sum of all the digits needs to be
divisible by 3. divisible by 3.

Not divisible by 4 as 27 is not divisible by 4. The number formed from the last two

digits needs to be divisible by 4.
Not divisible by 5 as the last digit is nota 0 or 5. The last digit needs to be a 0 or 5.

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

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

Not divisible by 9 as 6 +2 + 7 = 15 is not divisible  The sum of all the digits needs to be
by 9. divisible by 9.
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7 Use divisibility tests to decide if these numbers are divisible by 2, 3,4,5,6,8 or 9.

a 51 b
e 315 f

126 c 248
517 g 8%

d 387
h 3107

Example 19 Finding the LCM and HCF

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

8 Copy and complete this table of LCM and HCF.

10

11

Do the seven tests
on each number.

Solution Explanation
105=3%x5x7 First, express each number in prime factor form.
90 =2x3*x5 Note that 3 and 5 are common primes.
LCM=2x3*x5x%x7 For the LCM include all the different primes, raising
=630 the common primes to their highest power.
HCF=3x5 For the HCF include only the common primes raised
=15 to the smallest power.

105 and 90 both have one 3 and one 5.

11,12

Number 1 Number 2 LCM HCF
a |48=2*x3 30 =2x3x5
b |250=2x53 900 = 2% x 32 x 52
c |54=2x3} 96 =2°x3
d |[245=5x%x7? 350 =2x5*%x7
e |198=2x3>x11 693 =32 x7x11
Find the highest common prime factors of these pairs of numbers.
a 10,45 b 42,72 c 24,80 d 539,525
Find the LCM and the HCF of these pairs of numbers, using prime factorisation.
a 10,12 b 14,28 c 15,24 d 12,15
e 20,28 f 13,30 g 42,9 h 270,420

11

What is the smallest number that can be divided, without giving a remainder, by all of the

following four numbers?

a 2,3,4and 6
b 2,6,8and 9
¢ 2,5 15and 6

33
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12 Nana Magoo’s two grandchildren love to visit her. Lachlan visits
h.e.r every 8 days while Bryce visits every 18 dqys. They both You might like to make
visited her last Monday. How many days will it be from that alist to help you here!
visit before they both visit her on the same day again?

13 Use the divisibility rules given to you at the start of this section to find the missing digit for
each of the following.

2|6 if the number is divisible by 3 (can you have more than one answer?)

1] ]35 if the number is divisible by 9.

4[ |3 if the number is divisible by 3.

4[ |3 if the number is divisible by 3 and 9.

276[ | if the number is divisible by 2.

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

- O Q O T o
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1 Evaluate these sums and these differences mentally.
a 55438 b 215+219 c 146-25 d 770 -249

2 Use an algorithm to find these sums and these differences

a 785 b 68 c 513 d 8139
+ 438 + 215 — 378 - 964

+ 187

+ 11

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

4 Use an algorithm to evaluate the following.

a 72 b 372012
x 31
5 Find the answers to each of the following.
a 12+6x3
b 21-(18-13)
c 8x7-5x%x6
d (I5+5)x2+8+3x2

6 Write each product in index notation.
a TxTx7Tx17
b 5x5x2x2x2
C IxIxIxIxIxIx1lxl

7 Evaluate the following.

a 5 b 2° ¢ /100 d 27
8 Simplify each of these, leaving your answers in index form.

a 8 x8 b 3*x3? c 2°+23 d 215 +2P
9 Simplify.

a (52) b (29 c 12° d 6°+4-20

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

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

12 Use a factor tree to write 240 as a product of prime factors.
13 Use divisibility tests to decide if 72 is divisible by 2,3, 4,5, 6,8, or 9.

14 Find the LCM and HCF of 40 and 110, using prime factorisation.

35
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Negative numbers

The Indian mathematician Brahmagupta set out
rules for negative numbers in the 7th century.
Today, negative numbers are used in science,
engineering and business. They help us describe
29_ oppgsites such as left and right, up and down,
weees  Profit and loss, and temperatures above and
below freezing.

&

Interactive

HOTsheets

x

Walkthrough

°C
50—: ‘:—
==
- ws |
0= =
, . 0= 1=
o Let’s start: A negative world SE
Describe how to use negative numbers in these situations. —10;; é_
e 6°C below zero ==
e Aloss of $4200 _20_5 =
e 150 m below sea level —30-={g=
e Aturn of 90° anticlockwise =] =
e The solution to the equation x +5 =13 £ ==
Can you describe another situation in which you might make use of negative
numbers?
B Negative numbers are numbers less than zero.
M Theintegersare ...,—-4,-3,-2,-1,0,1,2,3,4 ... Integers
B These include positive integers (natural numbers), zero and negative integers. The set of
positive and

Thes:e are illustrated cleafly ona Inumber Ilng negative whole

-4 -3 2-1 0 1 2 3 4 numbers,
including zero

< —_—
Zero
negative numbers positive numbers
Values decreases as you move to Values increase as you move to the

the left along the number line right along the number line
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Adding or subtracting a positive integer can result in a positive or negative number.
e Adding a positive integer

+3 +3
eg. 2+3=5 NN NV
—4 ar 3 = —1 3 T T T T T T T T T T T >
e Subtracting a positive integer 4-3-2-101212 3456
eg. 1-3=-2 3 3
5-3=2 FWF W, VW,
G550 01 33456
UNDERSTANDING 1-4
Write down the number suggested by:
a 2 above zero b 5 above zero ¢ 3 below zero
d 10 below zero e 1below zero
Copy the number line below and mark (with a dot) the integers -3, -1, 1,3 and 5.
-4 -3 -2-1 0 1 2 3 4 5
Write the symbol < (less than) or > (greater than) to make these statements true.
a 5__ -1 b -3__ 4 c -10__3 d -1__ -2
e -20__ -24 f —62___ -51 g 2__ -9 h —61___ 62
What is the final temperature?
a 10°C is reduced by 12°C b 32°Cis reduced by 33°C
¢ —11°Cis increased by 2°C d —4°Cis increased by 7°C

FLUENCY (s ISR

Example 20 Adding a positive integer

Evaluate the following.

a —5+2 b -1+4
Solution Explanation
a 5+2=-3 2
NN
BRI
b -1+4=3 +4
NN

Y

s
=< T T T T T T T

-2-1 0 1 2 3 4

37
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5 Evaluate the following.

a —-1+2 b -3+7 c -10+11 d —4+12 Start with the

e —204+35 f —6+4 g —7+2 h —15+8 DSl
move right on the

i -26+19 j -38+24 k -10+15 I -2+9 number line.

m -7+3 n -7+7 0o -6+9 p —6+1

Example 21 Subtracting a positive integer

Evaluate the following.

a 3-7 b -2-3
Solution Explanation
a 3-7=-4 =7
F W W W W Y
-5 4 -3-2-1 01 2 3 4
b 2-3=-5 —3

-6 -5-4-3-2-1 0 1

A
Y

6 Evaluate the following.

a 4-5 b 10-15 c 0-26 d 14-31 ls'tfa:ftWitgthed
eft number an
e 6-8 f 10-9 g —4-7 h -11-20 move left on the
i -14-15 j -10-100 k -11-6 I 0-12 number line.
m -15-5 n 3-12 0o 8-4 p -8-4
7 Evaluate the following.
a -9+6 b -9-6 c —-12+12 d -12-12
e —7-7 f -7+0 g 15-14 h 15-16
i 9-10 j -9+10 k 9-15 I -20+10
m 100 -101 n -50-50 0 -5+25 p -9+40
8 Work from left to right to evaluate the following.
a -3+4-8+6 b 0-10+19-1 c 26-38+14-9 d 9-18+61-53
9,10 10-12

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

a FOWF W W, b TNV
T T T T T > <77 7T T T T >
-3-2-1 0 1 2 -10-9 -8 -7 -6 -5
c ./\/\/\/\/\ d f\f\f\f\f\.

- -
’

-20 -19 =18 =17 —-16 —15 14

-« -
< T T T T >

-2-1 0 1 2 3 45
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Write the missing number.
a -1+___ =5 b _ +30=26 c __ _+11=-3 d -32+__ =-21
e 5-___=-10 f __ —-17=-12 g _ —-4=-7 h -26-__ =-38

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

At what floor does the lift finish?

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

— 13,14

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

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

earns $80 babysitting

receives $100 from her parents for her birthday

buys a pair of jeans for $90

buys a top for $45

pays her monthly mobile phone bill $49

gives $25 to charity

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

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

a -6___ =0

b §_ =0

c 16_____ =0

d 10-7___ =0

e 9+7__ =0

f 9-7-2__ =0

39
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Addition and subtraction of
negative integers

If () represents +1 and (—) represents —1 then (+) (=) added together has a value of zero.
| I Using these symbols 5 + (=2) = 3 could be illustrated as the addition of 2 @ leaving a balance of 3.

n 0
Fo OH® O OO ®®

e ©o T O T 00 T O
5 (-2) 0 3
. So 5+(-2) is the same as 5 - 2.
WoTaheets Also 5 —(=2) = 7 could be illustrated first as 7 @ and 2 @ together then subtracting the 2 @
OO , O | QGOOGO | O _ 000
®H® © HOH®O © HOHG®
5 (-2) 5 (-2) 7

So5-(-2)isthesamea5+2.

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

o Let’s start: Looking at patterns for adding and subtracting
negative numbers

Copy and complete.

A l6+4 10 B
6+3 9
6+2
6+1
6+0
6+(-1) — sameas6-1=>5
6+ (-2) —>sameas6DZ=
6+(-3) —>sameas6D3=
6+ (—4) —>sameas6D4:

- (-1 — sameas6+1 =

-(=2) —> same as |:|
-(3) —> same as |:|
- (4 —> same as |:|

B Adding a negative number is the same as subtracting its opposite.
e.g.2+(-3)=2-3=-1 two opposite signs give a subtraction/minus
4+ (-T)=-4-T7=-11
B Subtracting a negative number is the same as adding its opposite.
e.g.2—(-5)=2+5=17 two like signs give an addition/plus
—6—(-4)=—6+4=-2
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UNDERSTANDING 1-4 4

-3 and 3 are opposites. Write down the opposites of these numbers.

a —6 b 10 c 38 d —46
e —32 f 88 g 673 h -349
Write the words ‘add’ or ‘subtract’ to suit each sentence.

a To add a negative number its opposite.

b To subtract a negative number its opposite.

Are the following statements true (T) or false (F)?

a 5+(=2)=5+2 b 3+(—4)=3-4 C —6+(—4)=-6-4
d -1+(=3)=1-3 e 8—(-3)=8+3 f 2-(-3)=2-3

g 3-(-1)=3+1 h —7-(-5)=-7+5 i —6—(-3)=6+3
Rewrite each of the following with only a (+) or (-) between the two numbers. P
a 7+(=3) b 10+ (=5) c 8—(=1) 6+(-9)=6-9 /ﬁ
d 6-(-8) e 15+(-20) f —3-(-4) 3 (T =347

g -9-(-9) h 0+(-5) i 18+ (-18)

FLUENCY (ssca IS

Evaluate the following. g
a 6+(-2) b 4+(-1) c 7+(-12) d 20+(=5) =4
e 24(4) 26440 g B0 b o-lee(-s  Joala A
I -18+(=20) ] -36+(=50)  k -83+(-22) | -120+(-10)  subtractits

m 7+(-8) n -9+(-12) 0 6+(-12) p —6+(-12) opposite.

q —8+(-8) r5+(-5) s -70+(=15) t —100+(-6)

Example 22 Adding negative numbers

Evaluate the following.

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

Solution Explanation

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

<—|—-—|—|—|—|—>andE=E
6 7 8 9 10 11

b -3+(-5)=-3-5 Adding -5 is the same as subtracting 5.

_ PV
- _8 < T T T T T T T > and EI = E

9 8 7 6 -5 —4 3 2

41
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Example 23 Subtracting negative numbers

Evaluate the following.

a 4-(-2) b —11-(-6)
Solution Explanation
a 4—-(-2)=4+2 Subtracting =2 is the same as adding 2.
=6 NN
and |—| = |+

3 4 5 6 7 E E

b —11-(-6)=-11+6 Subtracting =6 is the same as adding 6.
=-5 NNV
< T T > |z| and E =

-12-11-10-9 -8 -7 -6 -5 —4

6 Evaluate the following.

a 2-(-3) b 4-(-4)

c 15-(-6) d 24—-(-14) To subtracta
e 59— (-13) f147-(-320) oot 8
g —-5-(-3) h -8-(-10)

i —13-(-16) i -10-(-42)

k —88—(-31) I —125-(-5)
m 60— (-5) n —60-(-5)

0 -12-(-12) p —10-(-18)

q 41-(-41) r 48 —(-52)

s —46—(-8) t —170 - (-12)

7 Evaluate the following.

a 46-50 b 46+ (-50) c 9-12

d 9+(-12) e -8+6 f -8-(-6)
g 81-15 h 81+(-15) i 7+(=7)

8-10 9-12
8 Write down the missing number.

a 4+ _ = b 6+___ =0

¢ 24 =-1 d _ +(-8)=2

e _ +(-5=-3 f_+(3)=-17

g 12- =14 h 8- =12

i —1-__ =29 I -(N=2

k _ -(-2)=-+4 I —(-436) =501
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An ice cube is removed from a freezer at —25°C and placed into a
glass of juice at 7°C.
What is the difference between the two temperatures?

Kelvin owes the bank $450000. What must he deposit into his
account to only owe $270000?

What must be added or subtracted to each of the following to
obtain an answer of zero?

a -6+ |=0
b 7-] ]=0
c -18-[ |=0 ———

If @ = -5 and b = -3, find the value of:

a a+(-3) Replace the pronumeral in the

b a-(-2) statement with the number it
represents.

c b—(-4) eg.a=-2

d a+bd then a + (=5)
= -2+ (-5)

e a-b - 5_5

f b—a =7

— 13,14

Place the integers from =3 to 2 in this magic triangle so that each side
adds to the given number.

a -3

b O

A magic square has each row, column and main diagonal adding to the
same magic sum. Complete these magic squares.

@ 1 b 1

0|24 -15

-11|-18

43
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Multiplication and division of integers

As a repeated addition, the product 3 x (=2) can be written as =2 + (=2) + (=2) = —=6. S0 3 x (-2) = -6
and, since a x b = b x a for all numbers a and b, then =2 x 3 is also equal to —6.

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

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

Also if =2x 3 =6 then -6+ 3 = -2,

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

6+ (-2) = -3 can also be rearranged to -3 x (-2) = 6. The product of two negative numbers is a
positive number.

o Let’s start: Repeated additions

Rewrite each of these as a multiplication and then find the value of each.
o T4+T7+T7+7

* (D+ED+ED+(ET)

e 3+3+3+3+3+3

* (D+H(B)+(E)+(B)+(3)+(3)

e (-10)+(-10)+(-10)

Quotients. Complete these statements.
o If 10+ (=2) = (=5), then (-2)x (-5) =[ |
o If18+(—6) = (-3), then (-3)x (-6) =[ |

What do these observations tell us about multiplying and dividing positive and negative numbers?

B The product or quotient of two integers of the same sign is a positive integer.
e Positive x Positive = Positive
e Positive + Positive = Positive
¢ Negative x Negative = Positive
e Negative + Negative = Positive
B The product or quotient of two integers of opposite signs is a negative integer.
e Positive x Negative = Negative
Positive + Negative = Negative
Negative x Positive = Negative
Negative + Positive = Negative
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UNDERSTANDING 1-4 4

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

" Ola[Oxa "OlA] OxA
315 15 3|-5| -15
215 2 | -5 -10
1|5 1|-5
015 01|-5
-1]5 -1|-5
215 -2 |-5
=315 -31-5
2 Write the missing numbers in these sentences. Use the tables in question 1 to help.
a 3x5=__ sol5+5=___
b 3x5=__  so-15+5=__
c 3x(-5)=__ sol5+(-5=__
d 3x(-5)=__5s015+(-5)=__
3 Without finding the answer to these products decide if the answer would be positive or negative.
a 109x4 b -76x5 ¢ 15%x(-9)
d -6x(-13) e 89x104 f -74x8
g -94x(-5) h 80x(-7) i -37x-3
4 Without finding the answer to these quotients decide if the answer would be positive or negative.
a 16+2 b 24+(=3) c 78+(-2)
d —56+2 e -81+9 f —99+(-11)

FLUENCY (s SR

Example 24 Finding products of integers

Evaluate the following.

a 3x(-7) b —4x(-12)

Solution Explanation

a 3x(-7)=-21 The product of two numbers of opposite sign is negative.
x[=]=[]

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

[=Ix[=]=[+]
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5 Evaluate the following.
a 4x(-5)

e —2x(-3)
i 20x(-2)
m —10x(-6)

S e = T

6%x(-9) c —4x10 d —-11x9
—-6x7 g -9x8 h -11x(-9)
-16x4 k -5x(=7) I 8x(-4)
44 x (-1) 0 -9x(-1 p -5x12

Example 25 Finding quotients of integers

Evaluate the following.

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

b —121+(-11) =11

6 Evaluate the following.

negative. [ = |+[+ ]=[—=]
—121 and —11 are both negative so the quotient will be

positive. [ = |+[ ==

a —-10+2 b -38+19 ¢ -60+15 d -120+4
e 32+(-16) f —6+2 g 6+(-2) h —6+(=2)
i -12+6 j —24+(-3) k —45+5 I —45+(-9)
m —66+(-6) n -5+(-5) 0o -8+1 p -8+(=1
Example 26 Using order of operations
a —7+6x(-5) b —4x6+(=2)
Solution Explanation
a —T+6x(-5) The order of operation multiplication first [+]x[ = | =] = |
= —7 +(-30) 6x(=5) =-30
=-7-30 Lastly, addition of a negative = subtraction
=37 —7+(-30)=-7-30
b —4x6+(-2) Multiplication and division work from left to right
=-24+(=-2) —4><6Firsl|z|><=|z|
=12

24 + -2 Last|Z|+|Z|=

7 Follow the order of operation to find the following.

a 10+(=6)x5
18% (=2) + 3
4550 + (~10)
~10 = (=2) x (=3)
18 + (=3) + 3% (~4)

- a ® O

15-3x%x(=2)
-9Ox2+(-5)
9-6x3
Ix3-6%(-2)
9% (=2)+(-10)

—_— = = T
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If (=2)* = -2 x -2 =4, find the value of the following.
a (-5 b (-6) c (=7
d (-8)? e (-9 f (=10)?
9,10 10-12

Write the missing number.

a _ x3=-9 b _ x(-7)=35 c __ x(-4)=-28
d 3x__ =-I8 e —19x__ =57 f _ +(-9)=8
g _ +6=-42 h 85+_ =-17 i -150+__ =5

Will (=2)3 give a positive or negative answer?

Insert a x sign and/or + sign to make these equations true.
a 2 3 (-6)=1 b 10__ (=5)_ (=2)=25
c 6_ (-6)__20=-20 d -14_ (-7)__(-2)=-1

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

— 13-17

Evaluate these expressions using a = -2 and b = 1.

a a+b b a-b ¢ 2a-b d b-a

e a—-4b f 3b-2a g bxQ2+a) h 2b+a)-(b-2a)
Evaluate these expressions using ¢ = -3 and b = 5.

a ab b ba cC a+b d a-b

e b-a f 3a+2b g (a+b)x(-2) h (a+b)—(a->b)
Evaluate these expressions using @ = -3 and b = 5.

a a+b’ b a*-b c br-a d b’+a

e a’-b f a>-b° g b¥-a° h (b-a?)?
Evaluate these expressions using a = —4 and b = 3.

a 3a+b b b-2a ¢ 4b-Ta

d —2a-2b e 4+a-3b f ab-4a

g 2x(a-2b)+3 h ab-ba i 3a+4b+ab

j a*-b k a%>-b? I b -d’

Insert brackets in these statements to make them true.

a 2+1x3=-3 b -10+3-(-2)=-=2

c 8+(-)+5=-2 d —1-4x2+(=3)=5

e 4+(-2)+10+(-7)=-=2 f 20+2-8x%x(-3)=38

g 1-(-7)x3x2=44 h 4+(=5)+5x(-2) =6
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) Maths@Work: Retailer of

b

'loungeroom furniture

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

A furniture retailer needs many skills 1

N

1 Aloungeroom furniture business advertises that all
lounges are reduced by $250. What is the sale price
on the following lounges currently in stock?
a 2-seater leather seat marked at $2340
2.5-seat leather lounge with chaise marked at $2599
3-seater + 2-seater sofa set marked at $2099
2-seat Recliner lounge in fabric $2249
7-seat corner lounge in fabric $4130

O Q O T

2 Floor stock is a term describing furniture that has been
displayed in the showroom for customers to try out. It is
often discounted for a quick sale and is usually available A chaise has an extended area for full leg rest.
for immediate delivery.

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

Model Original price | Floor stock price Savings
Recliner 3-piece $4499 $2250
Corner suite $3299 $1999
2.5-seat leather chaise $2295 $1999
Outdoor sofa $1120 $895
Occasional chair $369 $149
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3 The models on display are available in either leather or fabric.

a Fir?d out the difference ir'1 the Model Leather | Fabric Difference in price
SISO ER 2 + chaise 52009 | $1499
in leather compared with
fabric. DW 3450 R $2350 | $1890
b On average, how much more Ebony 3 +2 $3495 | $2599
does the retailer charge for Recliner and console 3 | $1149 $799
the leather models? Victa EL + 1 $3297 | $2599

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

Which is the best buy and by how much?

Option 1: Custom Sofas Option 2: Leisure Lounges

Leather lounge $1999 Lounge grey leather $2199
Upgrade on colour of leather Delivery $70
to grey $160

Delivery $100

Using technology

e To increase a price by 25%,
multiply it by 1.25.

5 A lounge suite business, Luxury Lounges, uses a )
g y g e To fill formulas down a

spreadsheet for orders. column, drag the ‘fill handle’
a Copy the following Excel spreadsheet. Format all the down.
number cells to Number with 0 d.p. and all price and * Cell G3 formula

_ 4 *
cost cells to Currency with 0 d.p. = C3*D3+E3*F3

b If leather furniture costs 25% more than fabric, enter formulas into the ‘Price in leather’ column
to calculate these prices. See the hint box for extra clues.

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

A B C D E F G
] Luxury Lounges
c‘::‘:“’ = T BT Pricein [Numberin| Pricein |Numberin| Cost of
2 . fabric fabric leather | leather | furniture
number
3 021-A |Cayman corner lounge with chaise $2859
Sophie 3-pi I ith |
021-D phie 3-piece cream lounge wi 51390
4 4 recliners
5 021-G  |Tuscan red L-shaped sofa set $2190
M I W 1
054-8 Sapphire blue lounge with 2-seater $3499
6 sofa and ottoman
054-F Onyx horv?e theatr‘e entertainment 52675
7 lounge with 4 recliners
8 079-L  |Mandarin orange recliner chair $548
§ 079-M  |Zara 2-seater sofa $1099
10 079-R |Corfu outdoor corner suite $1563

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

Catalogue item number | 021-A | 021-D | 021-G | 054-B | 054-F | 079-L | 079-M | 079-R

March order Fabric %) 1 1 2 1
Leather 3 1 2 4 1 1

June order Fabric 1 2 2 3
Leather 1 D) 1 1 1 2 2
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1 Hey, do you know what a wisecracker is?
64 R -8-(-2) | —4x7+10 Y -17-6
8-10 M -6-7-4 S 20-7 K 16-(-6)
6—(-4) C 46+(-6)-38 V 12+(-3)-6 T -13-7-6+8

Complete the sums above to unlock the puzzle code.

-10 3 =2 -6 | 23

13 (-17 | -10 | -6 | —18

32 10 10 22 =7 -2

What explosive event was in the year 1000 ck?

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

K -3x4 N 8+—+4
A -1x6 S -36
-6
100 + -5 -9 x -7
-8 X —6 10
-2
40 +8x -2 -2x2
4x—4 -12+5
(-10y’ (~4?
0x-5 —5x -4
-16+ -8 (-3)?
24 =8 -3x-2x-4

uzzles and games

-16 4| o0

63

=7 100 =7 | 100 | —-12

3 Using the symbols +, —, X, +, make as many sums as you can that have -5 as their answer.
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#

Addition and subtraction
13
2'47 8942
+108 -368
355 574

™

4-(-3)=4+3

4+(3)=4-3
Multiplication and division
+

X

ok XX X
Il {1 |

DEOHOBMOEH

|
HOOHEOMO®

Il
ONHEHOOEE

Negative number operations

Substitution
a=-2,b=5,¢c=-4
=-8—(~10)

=2
use brackets with negatives

20— ab=2x(-4) - (-2) x5

Primes (two factors)

2,3,5,7,11,13 ...

Integers

{..-3,-2,-1,0,1,2,3, ..

Multiplication and division

xl?; 39
o 6

835 5x 167 754 16
1670 10 167 416+7=59

2505835+1670  and 3 remainder

n

Whole numbers
0,1,23,...

Mental strategies

e 156+79=156+80—-1=235
045+47=45+45+2=92
03x22=3%x20+3x2=066

04 x88=2x%x176=2352

0164 +4=82+2=41
©297+3=(300+3)—-(3+3)=99

<

Order of operations
o Brackets, x and + then + and —
10x (-3)+7

=-30+7
=23

Lowest Common Multiple
LCM

Properties

I Composite
Prime factorisation more than
two factors
/72\ 4,6,8,12
—n3 2
7 3 72=2°%3
2 18
Powers and indices
2 /9\ 9% 9x9x9=9*
3 3
Squares and cubes Index laws
4 =16, V16 =4 Px=4 L +43=45
$=27, 07=3 @ =2" 50=1

Multiples of 3: 3, 6,9, 12 ...
Multiples of 4: 4, 8,12 ...
.. LCM =12

Highest Common Factor
HCF

Factors of 8: 1,2, 4, 8
Factors of 28: 1, 2, 4, 7, 14, 28
.. HCF=4

Divisibility
e 2 Even number.

e 4 Number from last 2 digits
divisible by 4.

o5 LastdigitOor5.

e 6 Divisible by 2 and 3.

e 8 Number from last 3 digits
divisible by 8.

e 10 Last digit 0.

e 3 Sum of digits divisible by 3.

¢ 9 Sum of digits divisible by 9.

N VTN & I
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Multiple-choice questions

1 400+ 5x2is the same as: ;
A 400-+10 B 80x2 C 16 D 400+2x5 q,
(X ]
2 The sum and difference of 97 and 49 are: >
A 146 and 58 B 246 and 48 C 136 and 58 D 146 and 48 q,
S
3 561 is divisible by: -
A5 B 2 C 3 D 9 m
4 89x5isthe same as: 'a
A 90x4 B 90x5-1x5 C 89Ix10x2 D 178 x10 m
5 2Xx2%x2%x2x5x%5is: ;
A 24x5? B 2x4+5x%x2 C 2%+5? D 107 0
6 ThelCMof2?x3x5and2x7is:
A 2 B 22x3x5x7 C 2x3x5x%x7 D 2°x3x5x7
7 6° +6%equals:
A 6! B I’ c 12" D ¢
8 -6+ (—4) is the same as:
A —6-4 B -6+4 C -4+6 D 6+4
9 If 182 = 324, then /324 equals:
A 162 B 102976 C 18 D 9

10 16° x 16 equals:
A 325 B 16° C 16 D 256°

Short-answer questions

1 Use a mental strategy to evaluate the following.

a 324+173 b 592-180 c 89+40 d 135-68
e 55457 f 280-141 g 1001+998 h 10000 — 4325
2 Use a mental strategy to find these sums and differences.
a 392 b 1031 c 147 d 3970
+147 + 999 - 86 — 896
3 Use a mental strategy for these products and quotients.
a 2x17x5 b 3x99 c 83x42 d 141x3
e 164+4 f 357+3 g 618+6 h 1005+5
4 Find these products and quotients using setting out.
a 139 b 507 c 3)843 d 7)854
x 12 X 42

5 Find the remainder when 673 is divided by these numbers.
a S b 3 c 7 d 9
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Chapter 1 Integers

10

11

12

13

14

15

16

17

18

Write using powers.

a 6x6x6

b 8x8x8x8

C 2X2X5%x5%x5x%x5

Evaluate.

a 81 b 21 c 7 d 20?
e 27 f 364 g 5 h 10
Simplify these powers.

a 4 x4 b 3*+3 c 5 d (34)
a Find all the factors of 60.

b Find all the multiples of 7 between 110 and 150.

¢ Find all the prime numbers between 30 and 60.

d Find the LCM of 8 and 6.

e Find the HCF of 24 and 30.

Write these numbers in prime factor form. You may wish to use a factor tree.

a 36 b 84 c 198

Use divisibility tests to decide if these numbers are divisible by 2, 3,4,5,6,8 or 9.

a &4 b 155 c 124 d 621

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

a LCM of 20 and 38 b HCF of 20 and 38

Evaluate.

a —6+9 b -24+19 c 5-13 d -7-24

e —62-14 f —-194-136 g —-111+110 h -328+426
Evaluate.

a 5+(-3) b -2+(-6) ¢ —29+(-35) d 162+ (-201)
e 10—(=6) f —20-(=32) g -39-(-19) h 37 -(=55)
Evaluate.

a —5x2 b —11x(-8) c 9x(-7) d —100x(-2)
e —10+(=5) i 48+(-16) g -32+8 h —81+(-27)
Evaluate using the order of operations.

a 2+3x(-2) b —3+(11+(-8))

¢ —2x3+10+(=5) d —20+10—-4x(-7)

Let @ = -2, b =3 and ¢ = =5 and evaluate these expressions.
a ab+c b a*-b ¢ ac-b d a+b+c

Copy and complete.
a 1°= b (-1)2= c 2*=
d (-2)*= e 3= f (=3)=



Number and Algebra 55

Extended-response questions

1 A monthly bank account shows deposits as positive numbers and purchases and withdrawals ;

(P+ W) as negative numbers. q,

Details P+ W | Deposits | Balance ‘;

Opening balance - - $250 q,

Water bill ~$138 - a L

Cash withdrawal | _g320 - b b=

Deposit - c $115 3
Supermarket d - ~$160 Q-

Deposit - $400 e .(:B

a Find the values of @, b, ¢, d and e. o

If the water bill amount was $150, what would be the new value for letter e?

¢ What would the final deposit need to be if the value for e was $0? Assume the original water
bill amount is $138 as in the table above.

2 Two teams compete at a club games night. Team A has 30 players while team B has 42 players.
a How many players are there in total?
b Write both 30 and 42 in prime factor form.
¢ Find the LCM and HCF of the number of players representing the two teams.
d

Teams are asked to divide into groups with equal numbers of players. What is the largest group
size possible if team A and team B must have groups of the same size?
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The China Central Television (CCTV) tower

Geometry, modern computing power and new The CCTV tower is huge and it provides space for
engineering techniques with glass and steel made it 10000 employees who access it using 75 elevators.
possible for architects to design the unique, 234 m All the stages of a TV production can be completed in
high CCTV tower in Beijing. this one building.

Instead of making a single tall building, this The outer network of steel bracing is arranged in
construction joins 6 box shapes to form a 3D ‘bent sloping, parallel lines to resist the forces of gravity, wind
tube’. The two vertical towers, each 44 storeys high, and earthquakes. Glass panels of various geometrical
are joined at the top and at ground level by giant shapes, such as rhombuses, kites, parallelograms and

horizontal glass ‘tunnels’, each many storeys high. polygons, are attached in-between the steel mesh.




pter 2 Lines, shapes and solids :

Name these objects. Choose from: A: line 4B, B: segment AB, C: point A or D: angle ABC.
a ./]'3 b °4 c A d A
A < B
B

Choose a correct angle name from A: ZDEF, B: ZSTU or C: ZABC for each given
diagram.

a c b D c T
B
> i
A
F
S U
Name these angles as A: acute, B: right, C: obtuse, D: straight, E: reflex or F: revolution

a 360° b 90° ¢ 37° X

d 149° e 180° f 301°

Name the triangle that fits the description. Choose from A: scalene, B: isosceles,

C: equilateral, D: acute, E: right or F: obtuse. Draw an example of each triangle to help.
a One obtuse angle b 2 equal length sides ¢ All angles acute

d 3different side lengths e 3 equal 60° angles f oneright angle

Pre-test

Name the six special quadrilaterals with four sides. Choose from A: circle, B: square,
C: parallelogram, D: line, E: triangle, F: rectangle, G: rhombus, H: hectagon, I: kite,
J: trapezium, K: tetrahedron.

Find the value of a in these diagrams

PN NN

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

List in alphabetical order.

Which pronumerals (b, ¢, d, e, f or g) are equal to 50? 50°

List in alphabetical order.

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

a Angle sum = 180°




Walkthrough

Measurement and Geometry

Angles at a point

From three simple objects — point, line and plane — we can develop
all the elements of Geometry, just as the Greek mathematician
Euclid did about 2300 years ago.

We can start by looking at the angles formed when lines meet
at a point.

O Let’s start: How many angles?

When two lines cross, different angles are formed, like in this
example.

e s there another 60° angle? Why?

e What is the size of one of the obtuse
angles? How did you work this out?

Are there any straight angles in the
diagram?

Are there any reflex angles in the diagram?
e What is a revolution angle?

60°

B The angle at right could be named Z4ABC, ZCBA, £B or ABC and has size b°.

A
B Types of angles
B<)b°
Acute (0-90°) Right (90°) Obtuse (90 —180°) C
Straight (180°) Reflex (180 — 360°) Revolution (360°)
- < \@;

B Special pairs of angles at a point include:

e Complementary angles e Supplementary angles e Vertically opposite

(sum to 90°) (sum to 180°) angles (equal)
b° © a®

a+b=90 b # a+b=180 @

59
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B Angles in a revolution sum to 360°.
B Two lines are perpendicular if they intersect at right angles (90°).
B 8 point compass bearing

e Bearings are usually measured clockwise from north.

(360°) N (0°)

A )
(3150) NW NE (45 )

(270°) W = > E (90°)

(225°)SW | SE(1359)
S (180°)

UNDERSTANDING 1-5

1 Write the missing word. Choose from: equal, supplementary, complementary and
perpendicular.
a Angles that add to 90° are called angles.

b Angles that add to 180° are called angles.
¢ If two lines meet at right angles (90°), then they are said to be
d Vertically opposite angles are

] Choose from:

2 What type of angle are the following? acute, right, obtuse,
a 27° b 317° straight, reflex or
¢ 180° d 90° revolution.

e 360° f 139°

3 Complete these sentences for this diagram.
a b°andc°are angles.
b a°and e are angles.

¢ a° b° c° d°ande®° forma

4 Estimate the size of these angles.
a ZAOB B
b z40C
¢ Reflex ZAOE D
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Example 1 Naming angles in relation to other angles

Name an angle which is: €
a vertically opposite to ZDOE B
b complementary to ZCOB

¢ supplementary to ZEOA

Solution Explanation

a LAOB ZDOE and £AOB are equal and sit opposite each other.

b «ZB0OA ZCOB and ZB0A add to 90°.

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

5 Name an angle which is: Cc Vertically opposite
a vertically opposite to ZDOE. angles are opposite
and equal.
b complementary to ZCOB. B Complementary
¢ supplementary to ZEOA. D angles add to 90°.
Supplementary
0] angles add to 180°.
E A
FLUENCY (000100 S
Example 2 Finding angles at a point
Determine the value of the pronumerals in these diagrams.
a b° b
)\ 65°
a
30° 1o
bO
Solution Explanation
a a+30=90 a® and 30° make a complementary pair of angles adding to 90°.
a =60 Angles in a revolution add to 360°.
b +90 = 360
b =270
b a+65=180 a® and 65° make a supplementary pair of angles adding to 180°.
a=115 b° is vertically opposite the 65° angle.
b =65
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6 State the value of the pronumeral (letter) in these diagrams.

a b

a b (H
650 Angles in a right
a® 520 angle add to
@ 90°. Angles on a
b° b° R straight line add
500 e a to 180°. Angles
in a revolution
add to 360°.
d e f
aO
350 a
30°
50°
g h i
aO
o 120°
a
130°
120°

8 Give the compass bearing, in degrees, for these directions.
a West (W) b East (E)
¢ North (N) d South (S)
e NW f SE
g SwW h NE
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9,10

9 A round birthday cake is cut into sectors for nine
friends (including Jack) at Jack’s birthday party.
After the cake is cut there is no cake remaining.
What will be the angle at the centre of the cake
for Jack’s piece if:
a everyone receives an equal share?
b Jack receives twice as much as everyone else?
(In parts b, ¢ and d assume his friends have
equal shares of the rest.)
¢ Jack receives four times as much as everyone else?

Jack receives ten times as much as everyone else?

(360°) N (0°)

you be walking if you were headed on these
compass bearings?
a 180° b 360° (270°) W
c 270° d 90°
e 45° f 315°
g 225° h 135°
S (180°)
11 Find the value of the pronumerals in these diagrams.
a c
705
a°
a
d e f
aO
\b% a°
o 20°

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

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

a b c
° o 43°
oo 141 260

9,10-11(%), 12

E (90°)
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Chapter 2 Lines, shapes and solids

13,14

13 Here is a clock face with an hour hand (short arrow) and minute hand (long arrow). The time
shown is 6:05.

How many degrees does the hour hand turn in:

i 6 hours? ii 12 hours?

iii 1hour? iv. 3 hours?
How many degrees does the minute hand turn in:
i 1hour? ii 30 minutes?
iii 5 minutes? iv. 20 minutes?

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

a
c
e
g

2:30 pm b 5:45am
1:40 am d 10:20 pm
2:35am f 12:05pm
4:48 pm h 10:27 am
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Measurement and Geometry

Parallel lines

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

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

O Let’s start: Are they parallel?

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

Parallel lines never intersect.

119°
123° 78°

\ 102°

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

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

e How many different angles are there in each

d|agram? All sorts of shapes and solids can be constructed using
parallel lines and transversals.

Transversal
A line that cuts

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

B Pairs of angles formed by transversals can be:

e corresponding (in e alternate (on opposite e co-interior (on the same
corresponding positions) sides of the transversal and side of the transversal and
inside the other two lines) inside the other two lines).

/

o a® a®

b° b° b

corresponding alternate co-interior

65
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Chapter 2 Lines, shapes and solids

B Lines are parallel if they do not intersect.

Parallel lines are marked with the same number of arrows.

B If two parallel lines are cut by a transversal:
the corresponding angles are equal (4 pairs)

A

the alternate angles are equal (2 pairs)

-

the co-interior angles are supplementary (sum to 180°) (2 pairs).

E

a+b=180 a+b=180

UNDERSTANDING

Parallel lines
Lines in the
same plane
that are the
same distance
apart and never
intersect

1 Two parallel lines are cut by a transversal. Write the missing word.

a
b
c

Corresponding angles are

Co-interior angles are

Alternate angles are

2 Name the angle that is:

= Q - 00 QO O T

corresponding to ZABF
corresponding to ZBCG
alternate to LFBC
alternate to ZCBE
co-interior to ZHCB
co-interior to ZEBC
vertically opposite to ZABE
vertically opposite to ZHCB

Choose from: equal
or supplementary.

Name angles like this: '
ZABC or ZDEF by
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3 State whether the following marked angles are corresponding, alternate or co-interior.

a b ° c
a° bo
\bc“\ @ b
f
a bo

FLUENCY 4-5(1%) _asm)

Example 3 Working with parallel lines
——)

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

a b
| 118°
71
o b°
/

/9(5€><

Solution Explanation

a a =71, alternate angles in parallel lines. ~ Alternate angles in parallel lines are equal.

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

¢ ¢ =180-115 = 65, co-interior angles in Co-interior angles in parallel lines add
parallel lines. to 180°.
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4 Find the value of the pronumerals in these diagrams. Give a reason for each answer.

a b :
. Corresponding angles
80 are equal in parallel
] \Q lines. Alternate
angles are equal
a® 120° in parallel lines.
/>/ \Q Co-interior angles
b° \ in parallel lines are
supplementary (add
to 180°).

c d
131°
CO
e f

.
78°

/ N
51°

Y

h° /
l'O

82°
7
/ >
I \

/
A

Example 4 Using parallel lines in shapes

Y
Y

Find the value of the pronumerals in this diagram, stating

be 72°
reasons.
aO

Solution Explanation
a+72 =180 The pairs of angles are co-interior, which are supplementary if the

a =108 lines are parallel.
b+72 =180 This shows that opposite angles in a

b =108 parallelogram are equal.

Co-interior angles in parallel lines are supplementary.
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5 Find the value of the pronumerals in these diagrams, stating reasons. 4
a Co-interior angles @
add to 180°. !

aO
bO

c

e
6,7 6-9

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

o 1.80° b7

95°
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7 Decide if the following diagrams include a pair of parallel lines. Give a reason for each answer.
a

b
99°
69° 81°¢

71°

930 97

8 Find the value of « in these diagrams.

a ° b 70° Extending lines can g
a 0 . .
make it easier to see (o
this type of diagram.
70°
) //
c d A //
40°
\,
61°
a*Y\
67°
37 A

9 Sometimes parallel lines can be added to a diagram to help find an
unknown angle. For example, Z40OB can be found in this diagram
by first drawing the dashed line and finding £Z40C (40°) and

ZCOB (70°). So LAOB = 40° +70° =110°.



Measurement and Geometry

Apply a similar technique to find ZAOB in these diagrams.

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

71
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Chapter 2 Lines, shapes and solids

Triangles

A triangle is a shape with three straight sides. The
triangle is a very rigid shape and this leads to its use
in the construction of houses and bridges. It is one
of the most commonly used shapes in design and
construction.

e Let’s start: lllustrating the angle sum

You can complete this task using a pencil and ruler or using

dynamic geometry software.

e Draw any triangle and measure each interior angle.

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

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

Triangular shapes are often used to striking
effect in architecture, as shown by part of
the National Gallery of Canada.

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

B A triangle has: B (vertex)
® 3sides
e 3vertices (singular: vertex)
e 3interior angles. side
B Triangles classified by side lengths AL
e Sides with the same number of dashes are of c
equal length.
Scalene Isosceles Equilateral
5 apex
(] 1l X 600
base
angles
60° 609

base #



Measurement and Geometry 73

Triangles are classified by interior angles:

e acute * right e obtuse
(All angles acute) (1 right angle) (I obtuse angle)

, . a+b+c=180
The angle sum of a triangle is 180°.

The exterior angle theorem:
The exterior angle of a triangle is equal to the sum of the

two opposite interior angles. exterior

angle \

eO

e=x+y

UNDERSTANDING 1-3 3

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

a Oneright angle

¢ All angles acute

e One obtuse angle
g 2 equal angles

2 equal side lengths
All angles 60°

3 equal side lengths

3 different side lengths

=5 - QT

State whether these triangles are scalene, isosceles or equilateral.

BT
PANYA SNl
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3 State whether these triangles are acute, right or obtuse.
FLUENCY (asks IS

Example 5 Using the angle sum of triangle
Find the value of « in this triangle.

a
A 38° 92

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

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

For each one use

a mental strategy
or start with an
equation like
a+36+48 =180
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Example 6 Working with isosceles triangles
\——)

Find the value of a in these isosceles triangles.

a > b
a
35°
Solution Explanation
a a+35+35=180 The two base angles are equal. >
a
a+70 =180 350 350
a=110
b 2a+26=180 The two base angles in an
2a =154 isosceles triangle are equal.
a=177

5 These triangles are isosceles. Find the value of a.

a b

The two base angles

in an isosceles

pd triangle are equal.
c d
50°
aO

e f
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Chapter 2 Lines, shapes and solids

Example 7 Using the exterior angle theorem

Find the size of the unknown angle. C
. 161°
a
A B
Solution Explanation
a+90 =161 Use the exterior angle theorem for a triangle. The exterior
a=161-90="71 angle (161°) is equal to the sum of the two opposite

6 Find the value of a.
a

interior angles.

7,8 7-9

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

your answer.

- O QO O T

Right and scalene
Obtuse and equilateral
Right and isosceles
Acute and isosceles
Acute and equilateral
Obtuse and isosceles
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8 A triangle is constructed using a circle and two G
radius lengths. What can you say . |
a What type of triangle is A AOB and why? about the lengths 04
b Name two angles that are equal. e CLE
¢ Find ZABO if ZBAO is 30°.
d Find ZAOB if ZOAB is 36°.
e Find ZABO if ZAOB is 100°.
9 Find the value of a in these diagrams.
What is the size of g
all the angles in an Z

equilateral triangle?

116°

= 10-11

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

b c
35°
85° a
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11 To prove that the angle sum of a triangle is 180°, work through

these steps with the given diagram. Think back to the

parallel line rules
from section 2B.

a Using the pronumerals a, b or ¢, give the value of these angles and state a reason.

i ZABD
ii ZCBE

b What is true about the three angles ZABD, ZABC and ZCBE and why?

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

Steel girders arranged in triangular shapes combine strength and lightness in load-bearing structures.
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FI)) Quadrilaterals

Shapes with four sides are called quadrilaterals. All quadrilaterals have the same angle sum. Their
other properties depend on such things as pairs of sides of equal length, parallel sides and lengths
of diagonals. All quadrilaterals can be divided into two triangles. Since the six angles inside the two
triangles make up the four angles of the quadrilateral, the angle sum is 2 x 180° = 360°.

&

Interactive

®

Widgets

HOTsheets

‘Walkthrough

° Let’s start: Which quadrilaterals suit?

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

e 4 equal length sides e | pair of parallel sides
e 2 pairs of parallel sides e 2 pairs of equal length sides
e Equal length diagonals e 2 pairs of equal opposite angles

Key ideas

B Quadrilaterals are four-sided shapes.

Quadrilateral

A four-sided
plane figure with
straight sides
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B Parallelograms are quadrilaterals with two pairs of parallel sides.
Parallelogram

/
[
B Special parallelograms
Square Rectangle Rhombus
I 5 U I a1 [
\>7\ /\X \/%/\ o ,Q%\/
T+ X 1 v \ e
Xz # 5
K S N
B Other special quadrilaterals
Kite Trapezium

L
>

B Quadrilaterals with parallel sides include two pairs of c® +d° =180°

co-interior angles.

a®+b° = 180°

UNDERSTANDING 1-3 3

1  What are the six special types of quadrilaterals?

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

The side lengths of a rhombus are in length.

b
¢ Akite has pairs of equal sides.
d The diagonals of squares, rhombuses and kites intersect at




3

Measurement and Geometry

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

a Square
i Allsides are of equal length. << 7
ii Diagonals are not equal in length. N
iii All sides are parallel to each other. W
iv Diagonals intersect at right angles. e N

The red dashed lines
are the diagonals.

b Rectangle
i Diagonals intersect at right angles.
i All interior angles are 90°. S~ s
iii All sides are of equal length. ><C
iv There are two pairs of parallel sides. e S~

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

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

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

f Trapezium
i Diagonals are equal in length.
ii  There are two pairs of parallel sides.

FLUENCY 4,5

Example 8 Using the angle sum of a quadrilateral

Find the value of the pronumerals in these quadrilaterals.

a

100° a d

115°

81
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Solution Explanation
a a+100+90+115 =360 The sum of angles in a quadrilateral is 360°. Use a mental
a + 305 = 360 strategy or solve the equation.
a=>55
b x+265+30+25=360 Use the angle sum of a quadrilateral.
x + 320 = 360
x =40

4 Use the quadrilateral angle sum to find the value of a in these quadrilaterals.

L_isa90° angle.
The angle sum of a
quadrilateral is 360°

Example 9 Working with parallelograms

Find the value of a and 4 in this parallelogram.




Measurement and Geometry

Solution Explanation
a+77 =180 Two angles inside parallel lines are co-interior and therefore
a =103 sum to 180°.

b=180-103 =77

5 Find the value of the pronumerals in these quadrilaterals. )

Note that opposite angles in a parallelogram are equal.

Opposite angles in

a parallelogram are
equal. Other pairs of
angles are co-interior
(add to 180°).

6,7 6-9

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

one pair of parallel lines

two pairs of equal sides

diagonals meeting at right angles

diagonals of equal length.

O Q o T
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7 Use your knowledge of geometry from the previous sections to find the values of a.

a b
Angles in a revolution g
add to 360°. Angles i)
on a straight line add
to 180°. Vertically
opposite angles are
equal.
c d
106°
e f

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

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

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

b Arhombus
¢ A parallelogram




YK The ‘tear off’ proof

10 You can confirm that the angle sum of a quadrilateral is 360° by tearing off the corners of
any cut out quadrilateral.

a
b
c

Use a ruler to draw and cut out any quadrilateral.
Tear off the four corners.

Arrange the four pieces so the corners (vertices of quadrilateral) all meet at one point as
shown. What do you notice?

What does this tell you about the angle sum of quadrilaterals?




g Determine the value of the pronumerals in these diagrams.
35 : b
bO
O 15
a° 28
m 260
o Sl
~ o 2 Find the value of the pronumerals in these diagrams.
a

Prc

3 Which of the following diagrams have a pair of corresponding angles marked?
| j X
4 Find the value of the pronumerals in these diagrams. Give a reason for each

answer.
a b c

58° 63° 1412

NI TIN



m 5 Find the value of the pronumerals in these d|agrams stating reasons.

Iy

®

119°

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

a b
N/
— 49

18°

135°

m 7 Find the size of the unknown angles.
a b

ao




b

10 Decide if the following are true or false.
a All squares are rectangles.

b All quadrilaterals are rectangles.

¢ All rectangles are rhombuses.
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Polygons

Triangles and quadrilaterals are

both examples of polygons. The
word ‘polygon’ comes from the
Greek words poly, meaning ‘many’,
and gonia, meaning ‘angles’. The
number of interior angles equals the
number of sides. The angle sum of
each type of polygon depends on this

number. In this section we will explore
the rule for the angle sum of a polygon

with n sides.

Measurement and Geometry

The Pentagon is a famous government office building in
Washington, USA.

O Let’s start: Developing the rule

The following procedure uses the fact that the angle sum of a triangle is 180°. Complete the table and
try to write the general rule in the final row.

Number of Number of
Shape sides triangles Angle sum
Triangle
> 3 1 1x 180° = 180°
Quadrilateral
N\ | s
Pentagon
5
Hexagon
6
Heptagon
Q 7
Octagon
8
n-sided polygon n (__)x180°

89
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B Polygons are shapes with straight sides.

Pentagon Octagon Decagon
B Polygons are named according to their number of sides.
Number of sides Name Angle sum
3 Triangle 180°
4 Quadrilateral 360°
5 Pentagon 540°
6 Hexagon 720°
7 Heptagon 900°
8 Octagon 1080°
9 Nonagon 1260°
10 Decagon 1440°
11 Undecagon 1620°
12 Dodecagon 1800°

B The angle sum S of a polygon with 7 sides is given by the rule:
S =(n-2)x180°.

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

UNDERSTANDING 1-4

Polygon A two-
dimensional
shape where
three or

more straight
lines are

joined together
to form a
closed figure

Regular
polygon

A polygon with
all sides equal
and all angles
equal

A regular
octagon

1 Name the polygon with the following number of sides.

a 7 b 3 c 8 d 9

e 12 f 10 g 4 h 11
2 State the number of sides on these polygons.

a Hexagon b Quadrilateral ¢ Decagon

d Heptagon e Pentagon Dodecagon
3 Evaluate (n —2)x 180° if:

a n=6 b n=10 c n=22

4 What is the common name given to these polygons?
a Regular quadrilateral b Regular triangle
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FLUENCY 5-6(%), 7, 8(%) _

Example 10 Finding the angle sum
——

Find the angle sum of a heptagon.

Solution Explanation

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

5 Find the angle sum of these polygons.

a Pentagon (n=5) b Octagon (n =8)
¢ Decagon (n =10) d Hexagon Use S = (n—2)x180°
e Nonagon f Heptagon

Example 11 Finding angles in polygons

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

Angle sum = 540°

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

6 Find the value of a in these polygons, by using the given angle sum.
b 0 c

100°9)

o

a
>

Angle sum = 360°

Write an
equation
using the
given angle
sum, then
find the
value of a.

Angle sum = 540° Angle sum = 720° Angle sum = 720°
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7 Regular polygons have equal interior angles. Find the size of an interior angle for

these regular polygons with the given angle sum.

a Pentagon (540°) b Decagon (1440°) ¢ Octagon (1080°) e
irs

angle
sum
then
divide
by the
number
of sides.

Example 12 Finding interior angles of regular polygons

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

find the

Solution Explanation
S =(n-2)x180° First calculate the angle sum of a octagon using n = 8 and
=(8-2)x180° S =(n-2)x180°
= 6x180° = 1080°
Angle size =1080 + 8 All 8 angles are equal in size so divide the angle sum by 8.
=135°

8 Find the size of an interior angle of these regular polygons by firstly finding the angle sum.

Round the answer to one decimal place where necessary.

a Regular pentagon b Regular heptagon
¢ Regular hexagon d Regular decagon
e Regular octagon f Regular undecagon

=

9,10 9-12
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11

12

13

Measurement and Geometry

320°

Find the number of sides of a polygon with the given angle sums.

a 1260° b 2340° ¢ 3420° d 29700° The angle sum rule is =

S=(m-2)x180°
Find the number of sides of a regular polygon if each interior angle is:
a 120° b 162° ¢ 147.272727...°

Consider a regular polygon with a very large number of sides (n).

a What shape does this polygon look like?

b s there a limit to the size of a polygon angle sum or does it increase to infinity as n increases?
¢ What size does each interior angle approach as n increases?

Find the value of x in these diagrams.
b c

Regular hexagon

Regular pentagon

93
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Solids

A solid is a an object that occupies three-dimensional space. The outside surfaces could be flat
@l or curved. A solid with all flat surfaces is called a polyhedron, plural polyhedra or polyhedrons.

The word ‘polyhedron’ comes from the Greek words poly, meaning ‘many’, and hedron,
meaning ‘faces’.

Interactive

&

Widgets

HOTsheets

Walkthrough

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

o Let’s start: Naming challenge
Solids can be named by their number of faces. Here are two examples.

Hexahedron (6faces) Octahedron (8 faces)

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

e 7 faces
e 5Sfaces
e 10 faces

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

Hexahedron (or rectangular Tetrahedron
prism or cuboid) (or triangular pyramid)
‘ — 6 faces /edge — 8 vertices
s----t-2) - 12 edges — 4 faces
- — 4 vertices vertex — 6 edges

\ face



B Prisms are polyhedra with two identical
(congruent) ends. The congruent ends define the
cross-section of the prism and also its name.
The other faces are parallelograms. If these faces
are rectangles, as shown, then the solid is a
right prism.

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

apex

Measurement and Geometry 95

Hexagonal prism

=

hexagon cross-section

pyramid

square base

B Some solids have curved surfaces. Common examples include:

Cylinder Sphere

Cone

B A cube is a hexahedron with six square faces.

1
!
|
1
!
1
poodboos
7
7z
z
4

B Another name for a rectangular prism is cuboid.

Square-based

Polyhedron

A three-
dimensional
figure made by
joining polygons
at their edges

Prism

A solid where
each cross-
section in

a particular
direction is
exactly the same
and all faces are

polygons

Pyramid

A solid where the
base is a polygon
and the other
faces are formed
by triangles with
a common vertex

-

Natural hexagonal prisms of rock at the Giant's

Causeway in Northern Ireland formed when
lava cooled quickly and cracked in semi-regular

patterns.
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UNDERSTANDING 1-4 4

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

a A hexahedron has faces.

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

¢ A hexahedron with six square faces is also called a

d A polyhedron has faces, and edges.

e A heptahedronhas __ faces.

f A prism has two ends.

g A pentagonal prism has faces.

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

2 Name three solids that have curved surfaces.

Example 13 Counting faces, vertices and edges

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

=
=/

Solution Explanation
a 8faces Faces are the flat surfaces.
12 vertices Vertices are the corners.
18 edges Edges are the lines on the diagram.
b 6 faces There is one pentagonal face and five triangular faces.
6 vertices Five vertices are on the base plus one apex.
10 edges Five edges are on the base and five meet the apex.

3 Count the number of faces, vertices and edges (in that order) on these polyhedra.
a b c

Faces are flat
surfaces, vertices are

|

|

|

|

|

oL corners and edges
- are the lines drawn

Kol on the diagram.

4 Which of these solids are polyhedra (i.e. have only flat surfaces)?
A Cube B Pyramid C Cone D Sphere
E Cylinder F Rectangular prism G Tetrahedron H Hexahedron
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FLUENY _ (00067000 S

Example 14 Classifying solids using faces

Classify these solids by considering the number of faces.

Solution Explanation

a Hexahedron The solid has 6 faces.
b Heptahedron The solid has 7 faces.
¢ Pentahedron The solid has 5 faces.

5 Name the polyhedron that has the given number of faces.

a 6 b 4 c 5 d 7 Use names such
e 9 f 10 g 11 h 12  aspentahedron,
hexahedron.

6 How many faces do you think these polyhedra have?
a Octahedron b Hexahedron ¢ Tetrahedron d Pentahedron
e Heptahedron f Nonahedron g Decahedron h Undecahedron

Example 15 Naming prisms

Name these solids as a type of prism.

a ] b
Solution Explanation
a Rectangular prism The cross-section is a rectangle.
b Hexagonal prism The cross-section is a hexagon.
. Name
7 Name these prisms. using
a b c ‘ the
| shape

l T of the
1 i Cross-
el section.
1
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Example 16 Naming pyramids

Name this solid as a type of pyramid.

Solution Explanation

Pentagonal pyramid The base is a pentagon

Name these pyramids.

a 7 b — ¢ Name using the
V / shape of the base.

9,10

Name each of these solids in two different ways.

a v b

‘ 1 c

‘ | i M As an example:

1 w | a pentagonal

| U Ny v pyramid is also
o/ ; a hexahedron

(6 faces).

Decide if the following statements are true (T) or false (F). Make drawings to help.
A tetrahedron is a pyramid.

All solids with curved surfaces are cylinders.

A cube and a rectangular prism are both hexahedrons.

A hexahedron can be a pyramid.

There are no solids with 0 vertices.

There are no polyhedra with 3 surfaces.

Q - O Q O T D

All pyramids will have an odd number of faces.

Name each of these solids in three different ways.
’ ’ ;

|
!
|
|
PN R

,

,
z !
T

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

9-12

N

K
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14

Copy and complete this table.

Measurement and Geometry

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

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

A polyhedron has 16 faces and 12 vertices. How many edges does it have?
A polyhedron has 18 edges and 9 vertices. How many faces does it have?
A polyhedron has 34 faces and 60 edges. How many vertices does it have?
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Maths@Work: Jewellery designer

A designer of jewellery is a creative person who needs excellent eyesight, a steady hand and
good fine motor skills for their day-to-day work. They like working with materials such as
gold, silver and gemstones, and creating something new and interesting. Designers need to
understand the chemistry of their materials and the geometry of design. The angles at which
gem stones, such as diamonds, are cut can account for price variation and can even be the
difference between a beautiful, sparkling diamond or one damaged by a chip or crack.

1 The way that gem stones are cut creates many different designs. The cuts form shapes and angles
which contribute to the brightness, sparkle and value of the gem or diamond. Look at the following
top views and list all the geometrical shapes that you can see in each design.

a b c

Princess
Magna Cabochon

| @ | @ |
Standard round Oval

Trilliant
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2 Gemstones and diamonds are made from minerals and crystals which naturally form many different
geometrical shapes. Choose the correct name for each solid below from the following list:

Tetrahedron (4 faces); Icosahedron (20 triangular faces); Heptahedron (7 faces); Octahedron
(8 faces); Pentahedron (5 faces); Dodecahedron (12 pentagonal faces).
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Using technology

3 Use geometry software to digitally draw the top view and a side view of a diamond cut design. You
could research diamond cut designs or choose one from the images below.

A

Half dutch rose Pentagon

B &5

Double English round cut
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1 This shape includes 12 matchsticks. (To solve these puzzles all matches
remaining must connect to other matches at both ends.)

Remove 2 matchsticks to form 2 squares.
Move 3 matchsticks to form 3 squares.

Use 9 matchsticks to form 5 equilateral triangles.
Use 6 matchsticks to form 4 equilateral triangles.

3 Whoam I?
| was a female mathematician famous for her work and publications on geometry.
Use your answers to the following to unlock the puzzle code.

L

68 60 128 130 128 90 42 96 90 144 53 70 28 144

4 Find the angle between the hour and minute hands on a clock at these times.
a 10130 am b 7:45pm
c 655pm d 2:34 am

103
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a By
> Complementary angles Supplementary angles Revolution
. S add to 90° add 0 180° add to 360°
m a+25=90 . a+125=180 a+ 240 =360
g2 a=6>5 %’/ a=>55 a° a=120
25° z o
a . . N I
Vertically opposite angles Angles at Parallel lines
_ 8 e Corresponding angles
=40
: 2 20° a a pomt are equal (a=b)
e Alternate angles
m are equal (a=o¢)
L . R
Lines. shapes e Co-interior angles
- o p are supplementary
m and solids (a+ d=180)
. Triangles
Q (Scalene, Isosceles, Equilateral,
m Acute, Right, Obtuse)
Angle sum = 180°
; Scalene Isosceles
Polygons
0 S=(n-2)x180°

. =(5-2)x180°
o

a+135=180  2a+50=180 Regularo pentagon
a=45 2a=130 a=230=108°
a=>65

Quadrilaterals

7 (Square, Rectangle, Rhombus, Parallelogram,
Exterior angles Kite, Trapezium)
W ° c=a+b Angle sum = 360°

Quadrilateral Parallelogram

/0

a 70°
A 70° a4

\/

b+ 300 =360
b=60
a=120

a+315=360 a+70=180
a=45 a=110

Solids

Rectangular _______ Triangular prism Square pyramld
prism ’
(or cuboid or hexahedron) (or pentahedron) (or pentahedron)
=

\ NN & I
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Multiple-choice questions

1 What is the name given to two angles that sum to 90°?
A Right B Supplementary
C Revolutionary D Complementary
E Vertically opposite

2 Two angles on a straight line add to:

K

S
2
>
o
U
L
o
)
Q
©
i o
(@)

A 180° B 90° C 45°
D 270° E 360°

3 The value of a in this diagram is equal to: oo
A 45 B 122 C 241 5 ?
D 119 E 6l a

4 A pair of alternate angles in parallel lines:
A are not equal B are vertically opposite
C are equal D are complementary

E are supplementary

5 The rule for the angle sum S of a polygon with # sides is:
A S=nx180° B Sxn=180°
C S=(n-1)x180° D S=(n-2)x180°
E S=(m+2)x180°

6 The compass bearing for north-east is:
A 90° B 45° C 305°
D 60° E 180°

7 The name given to an eleven-sided polygon is:
A heptagon B elevenagon C decagon
D dodecagon E undecagon

8 The angle sum (using S = (n—2)x 180°) of a hexagon is:
A 720° B 540° C 900°
D 1080° E 360°

9 The size of one interior angle of a regular hexagon is:
A 135° B 180° C 120°
D 720° E 108°

10 How many edges does a rectangular prism have?
A 10 B 4 C 6
D 12 E 8
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Short-answer questions

1 Find the value of a in these simple diagrams.

a b C
aO
400 ao
115°
120°

aO

d e
36° 29°
o o a$
\K a 420

2 These diagrams include parallel lines. Find the value of a.

a b c /
81° / a®
° 84° a
/ 132°

d e
510
81° &
aO
\ \ 103°
ao

—h

S
Q
>
o
L
L .
(O]
]
Q
©
i -
(@)

—h

3 Decide if these diagrams include a pair of parallel lines. Give reasons.
a b c

e

120°
/ / i16° 6° L —"
12} 740 >

/ 69°
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4 Give a name for each triangle and find the value of a.

a b A c
25°
120° N A A

S
2
>
o
U
L
o
)
Q
©
i o
(@)

6 Name the quadrilateral(s) which have:

a all sides equal in length.
one pair of parallel lines.
two pairs of equal length sides.
diagonals intersecting at right angles.
equal length diagonals.

O o O T

7 Find the value of @ and b in these quadrilaterals.

8 Find the angle sum of these polygons using S = (n—2) x 180°.
a Heptagon b Nonagon ¢ Dodecagon

9 Find the size of an interior angle of these regular polygons by firstly finding the angle
sum.

a Regular pentagon b Regular dodecagon
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10 Name the polyhedron that has:
a 6 faces b 10 faces ¢ 11faces

11 What type of prism or pyramid are these solids?
a T b c
7

Extended-response questions
1 This regular polygon has 9 sides.

S
Q
>
o
L
L .
(O]
]
Q
©
i -
(@)

interior angle

exterior angle

a Find the angle sum using S = (n—2) x180°.

b Find the size of its interior angles correct to the
nearest degree.

¢ Find the size of its exterior angles correct to the
nearest degree.

d The polygon is used to form the ends of a prism.
For this prism find the number of:
i faces
i vertices
iii edges.
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Y
Y

2 A modern house plan is shown here. [] =
a List the names of at least three d°
different polygons that you see. b

b Find the values of the
pronumerals a—f. 29°

80°

ol

Hints: 110° 40°

Q
o

® gaisan angle inside a rectangle
] 20° Not to scale

e For b, first find the angle next to b fe
inside the small triangle

Y
Y

e (s alternate to 29° inside parallel lines

e d isinside a hexagon, so first use S = (n—2) x 180°

S
2
>
o
U
L .
o
)
Q.
©
i o
(@)

® ¢ isoutside a quadrilateral (angle sum is 360°) and angles in a revolution add to 360°

e Try f without a hint!




g

Chapter S

-

- e * \

ot DI i A 190 o1 SO NG, e e o i K 6 o

¥
iy 8,

TG0 ol Za e o 20 B o o & £ o b e &

What you will learn

F iy

Equivalent fractions (Consolidating) Percentages

- Operations with fractions Percentages: Expressing and finding
T vy, -

e Understanding decimals (Consolidating) Decreasing and increasing by a percentage
k‘"”’\. Operations with decimals Calculating percentage change
e Terminating, recurring and rounding decimals Percentages and the unitary method

. - & y ~ * X - e -
N e S P L e Y Y R
ha -:: Australian curriculum

-

decreases, with and without digital technologies

Real numbers (ACMNA187)
‘ Investigate terminating and recurring decimals Money and financial mathematics

(ACMNA184) Solve problems involving profit and loss, with and
Solve problems involving the use of without digital technologies (ACMNA189)
percentages, including percentage increases and
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Calculating the value of gold jewellery

Before buying or selling gold jewellery it is useful 9 carat, 139 . The word ‘solid’ does not mean it is pure

fractions, percentages and decimals is needed for what is its value?
these calculations.

The gold purity isz—i %100 = 37.5%.

Gold is a soft and expensive metal, so gold
jewellery also contains other metals such as silver, The weight of gold is 0.375 x 13 = 4.875 grams.
copper or zinc. The proportion of gold present is The price of gold is variable so we use the internet
measured on a scale of 0 to 24 carats. to check the current ‘gold spot price’ per gram. At a
Suppose you wanted to make an offer on eBay price of $37.80/ g, the gold in this eBay necklace is

for a gold necklace advertised as ‘solid gold, worth 4,875 x 37.80 = $184.28.
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r 3 Fractions, decimals and péi’centages

afud 1 Match the following words to the types of fractions:
w A: whole number, B: improper fraction, C: proper fraction, D: mixed number
2 3 10 7
ojd 2 How many quarters are in:
] a lwhole? b 2 wholes? ¢ 5wholes?
m 3 Complete the following.
o 1_[] 2_ 5 3]
h a 17—7 b 22—7 C lg—ﬁ d lg—T
& 4 Fill in the blanks.
a 315 | ¢ 2-L1 g 20 L1
4~ D 6~ 2 376 100~ 5
e 3 L1 - a0 7._35 - A 0O
10 ~ 100 57100 9 ZO_D 25 7 100
5 What fraction is shaded?
a b

6 Match the fractions on the left-hand side to their decimal form on the right.

1
a > A 3.75
1
b 100 B 0.25
3
c 20 C 0.01
3
d 3Z D 05
e L E 0.15
a :
7 Find:
a 1+l poos+d ¢ 3.1l 4 03+02+01 e 2422  f 05x6
>+ S+ 3 . . . 4= .
8 Write as i simple fractions ii decimals.
a 10% b 25% c 50% d 75%
9 Find 10% of:
a $50 b $66 ¢ 8km d 6900 m
10 Find:
a 25% of 40 b 75% of 24 ¢ 90% of $1

11 Copy and complete the following table.

Fraction

Bl
(VA1S)

Decimal 0.2 0.99 1.6

| 'lllllh..d\
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EIN Equivalent fractions

Fractions are made when whole numbers are broken into parts.
This diagram shows the parts of a fraction.
4 —> numerator: parts taken from the whole
7 —» denominator: number of equal parts the whole is

broken into

Think “u’ for ‘up the top’ and ‘d’ for ‘down the bottom.

'/\ 4 parts selected
——

Number and Algebra

Numerator —— 4
Denominator — 7

ALThe whole is divided into 7 parts.

There are 7 equal parts in the whole and 4 of them are 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.

Aerial view of farmland. The paddocks
show the farmer’s land divided into parts.
Each paddock is a particular fraction of
the farmer’s land.

These equivalent fractions

have the same value.

Fractions are very important whenever we measure or compare. Chefs use them when baking.
Builders use them when mixing concrete. Even a musician can use fractions when composing music.

O Let’s start: Know your terminology

It is important to know and understand key terms associated with the

study of fractions.

As a class give a definition or example of each of the following

key terms.

e Numerator

e Equivalent fraction

e Improper fraction

e Multiples

e Lowest common multiple

e Lowest common denominator

mixed
number

improper
fraction
Denominator

Proper fraction

CONSOLIDATING

Mixed number
Factors
Highest common factor

7 <—numerator

3 <— denominator
This is an improper
fraction. Do you
know why?

113
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B Equivalent fractions are equal in value. They mark the same place on a number line. For example,

o and 1 are equivalent fractions.
5 10
P equivalent
0 1 2 3 4 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
Equivalent fractions are made by multiplying or dividing the numerator and
denominator by the same number. Equivalent
x5 +3 Equal in value
3 0.6 4 u £ % Simplify Find
€9-3°77% 7 =3 21 7 the simplest
N possible
X5 +3 expression for
A fraction can be cancelled down (simplified) if the top (numerator) and
bottom (denominator) have a common factor, other than one.
eq 12_2x6_2
918~ 3%x6 3 6 is the HCFof 12 and 18
+6 :
12 ) 3 ‘cancels’ to 1
18 - 3 because 6 + 6 = 1
\\(

The simplest form of a fraction is when the numerator and denominator have no common factors
other than one.
e Two fractions are equivalent if they have the same simplest form.

UNDERSTANDING 1-4 4
Fill in the missing numbers to complete the following strings of equivalent fractions. -
X3 =
Remember always
@\ }2\&}2\‘}2\« x or + the top and m
a 3 _0O_A b 4 8 0O _ 0O the bottom by the
5 ] A 7 — O~ 28 [ same number!
%2/4 N A A 4 a_y
A X2 X2 X2 a

o 50 _

25
100 =[]

10
[]
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Which of these two fractions is equivalent to %z 1(5) or i

Which of the following fractions can be cancelled down (simplified)?

a % b % c % d % e %
Are the following statements true (T) or false (F)?

a % and 7 are equivalent fractions. b % and l are equivalent fractions.
¢ The fraction % is written in its simplest form. d g{ can be simplified to %

e éé and 5 and == are all equivalent fractions. f % can be simplified to %

FLUENCY 5-8(%) _

Example 1 Generating equivalent fractions

Rewrite the following fractions with a denominator of 40.

3 1 36
a3 b3 ° 120
Solution Explanation

%8
N
a 3_24 3 _ O Multiply the fraction by §.
5740 5 T 40 8
N7
%8
x20
7N
b % = % U) Multiply numerator and denominator both by 20.
x20
=3
VRN
36 _12 36 _ [Divide top and bottom both by 3.
120 = 40 120 = 40
\._3/’

Write the missing number in these fractions with a denominator of 24.

1_ Q 2 D 1 _ |:| S _ Q Multiply or divide top g
a b 2_L1 c - d 4
3724 Y 2 24 12 24 and bottom by the f

same number.

e . ¢s5_ 0 ¢3_.LJ wz_0J
6 24 1 24 4 24 8§ 24

Write the missing number in these fractions with a denominator of 30.

a 1_LI b 2_LJ ¢ s LI a 3_0L1
5 30 6 30 1 30 1~ 30

e 2_LJ ¢ 2_LJ g 5.UJ ho1s0 [
37 30 60 — 30 27 30 300 30
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7 Find the missing value to make equivalent fractions.

. 1.0 o 1oL
5710 57100
e 2_12 f 3_6
3] 2 [
i 2L 714
5715 97
4 _[] 8 80
m 3=77 "5TO

Example 2 Converting to simplest form
\——)

Write the following fractions in simplest form.

g 3_L1
4740
hooo _LJ
100 — 10
p o2 [
30~ 10
728
P

8 25
o0 B
Solution Explanation
20 5x%4, S A= the of 4 is cancelled in the denominator
and numerator.
25 5x3' 5 ,
b 15~ 3x%, 3 The HCF of 25 and 15 is 5.

denominator.

8 Write the following fractions in simplest form.

° 3 b3 ¢ 1
¢ 3 3 0 13
& i 5 <18
n 13 0 2 o 120

14
20
15
18
25
35
64
48

The 5 is ‘cancelled’ from the numerator and the

Cancel the HCF of
the numerator or
denominator.

9,10 9-12

9 Each diagram below shows a fraction of the whole. Write each fraction shaded in more

than one way.
a b

d
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10 a Thomas ate % of a 250 gram block of chocolate. Mary ate % of her 250 gram block. Who ate

the most chocolate?
b A pizza is cut into eight equal pieces. Sian ate 2 slices of pizza, Callum had 4 slices. What
fraction of the pizza is left?

11 Write down four fractions that when simplified equal %

12 Bozzo the Clown is holding five balloons with fractions
in them. Which balloon is the odd one out?

13 Many calculators give the simplified fraction after you press '='. Use a calculator to simplify these

fractions.
36 16 14 28 32 156
a0 b ¢ 36 d 5 € I3 t 3
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Operations with fractions

This section reviews the different techniques involved in adding, subtracting, multiplying and dividing

fractions.
Proper fractions, improper fractions and mixed numbers will be considered for each of the four

mathematical operations.

e Let’s start: Shading fractions

In pairs, draw and shade this grid to help work out the following fraction
questions.
1,1
273
What rules do you know about adding, subtracting, multiplying and
dividing fractions?

o Lol
7 0f 3

o~
W —

B Adding and subtracting fractions
e To add or subtract fractions, convert to the same denominator.
When the denominator is the same, just add or subtract the numerator.

e.qg. - =
5 _ 4 _ 1
8 8 B 8
e The lowest common multiple of the denominators is used if the
denominators are different. This is called the lowest common Lowest common
denominator (LCD). i (L)
1 1 3 2 The smallest
WS sta=ete number that two
5 or more numbers
=% divide into evenly
B Multiplying fractions e.g. 1% X % = %x%
e Convert to improper fractions 34
e Multiply the numerators together =57
e Multiply the denominators together 12
e Simplify your answer ~14
_0
7

B Dividing fractions
e To divide by a fraction, remember to turn the fraction
after the division sign upside down then multiply.

There are 2 quarters
in one half.

e.qg. x

N —
P
Il
—|

N | —




e To turn a fraction %

reciprocal.

upside down to become % is called taking its

Number and Algebra

Reciprocals

Two values
or terms that

multiply to give 1

UNDERSTANDING 1-4 4

a Which two operations require the denominators to be the same before proceeding?
b Which two operations do not require the denominators to be the same before proceeding?

State the lowest common denominator for the following pairs of fractions.

1,3 2.5 11 7 5,13
a 3+3 573 ¢ %*10 ¢ 3%
Rewrite the following equations and fill in the empty boxes.
2,1 7 9 4 3 5.2
a z,1 L_Z C 1242 d 2.2
373 8§16 173 773
8 [ R NN 53
VARV =16 16 =755 7 2l:
_u ] H _1s L
] =T6 =35 (] — 4
State the reciprocal of the following fractions. .
5 3 1 1 Reciprocal means to turn i
a g b 5 c 3Z d lﬁ upside down. Convert D

mixed numbers to
improper fractions first!

FLUENCY

Example 3 Adding and subtracting fractions

Evaluate.
3.4 5 3
4573 b 3-3
Solution Explanation
a %+% = % The denominators are the same, simply add the numerators.
) Three fifths plus four fifths equals seven fifths.
=1z The final answer can be written as a mixed number.
b 5 3_2_9 LCM of 3and 4 is 12.
3 4 12 12 Write equivalent fractions with a LCD of 12.
=1 5_5x4 3 _3x3

3 3x4°4 " 4x3
The denominators are now the same, so subtract the numerators.

sr0.0.00  IESTNEOTON
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5 Evaluate.
LR S S
d %_% e %Jr% ; %_% required.
g %J“% h 27—4—% i %+%
B I

Example 4 Adding and subtracting mixed numbers

Evaluate.
5,53 1 .5
Solution Explanation
5.,3_29 11 Convert mixed numbers to improper fractions.
a 35+25=5+-—+ ,
8§ 74 8 4 The LCM of 8 and 4 is 8.
_29,22 Write equivalent fractions with LCD.
88 Add numerators together, denominator remains
= % = 6% the same. Convert the answer back to a mixed
number if required.
1 5 _5 11 Convert mixed numbers to improper fractions.
b 2 1= = .
2 6 2 6 The LCD of 2 and 6 is 6.
L 1 Write equivalent fractions with LCD.
46 26 Subtract numerators and simplify the answer.

6 Evaluate. Write final answers as mixed numbers. g
a 3%+ 1% b 7%+ 2% %o;oﬁapnr ;(i?.the wholes first m
c 3%_ % d 8%_71_31 3%+2%=3+2+%+%
e 5%+4% f 17%+4% :5*'%*%
9 61-23 h 43-22 =5+ =63
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Example 5 Multiplying fractions

Evaluate.
2.3 8.3
a g X 7 b g X IZ
Solution Explanation
a 2,3_2x3 Multiply the numerators together.
STT 5xT Multiply the denominators together.
-6 The answer is in simplest form.
35
b 8 %13 = /55/_7 %! Use improper fractions, 1% = %
574 5 T4 , .
Cancel any numerator with any denominator.
= % Multiply the numerators 2x 7 = 14
4 Multiply the denominators 5x 1 =5
= 2—
S
Evaluate. g
3 1 b 2 5 Look to cancel first =3
4 3%7 9%7 if possible. o
7.6 5.8
¢ 3%3 4 3%3
4.3 125
© 9%g I 10%76
12 2 24 5
9 95 h T3
Evaluate.
Convert to improper
a Z%Xl% b % % c 4%X3% d 10%X3% fractions first.
Example 6 Dividing fractions
Evaluate.
2.3 .1
a 37 b 24 : 13
Solution Explanation
a 2.3_2.7 Change =+ sign to a x sign and invert the divisor.
5°7 573 Multiply by the reciprocal.
_14 Proceed as for multiplication.
1 Multiply numerators together and multiply
denominators together.
b 21 N 11 _9 .4 Convert mixed numbers to improper fractions.
4773743 Change + sign to x sign and invert the divisor
= %x% using the reciprocal. The reciprocal of % is %
_2_,1 Multiply and simplify.
“ 167 16

121



122 Chapter 3 Fractions, decimals and percentages

9 Evaluate. o
o>
a 2.3 p 1.2 Multiply by the =
9775 375 reciprocal. A
8 11 11.5 2,.3_2.5
¢ 7%%3 d F+35 97579%3
3 6 10 1
€ 777 P 5+3
6 9 2 11
9 5%70 h 3553
10 Evaluate.
4 2 1 1
a 17+1§ b 3§+8§ Convert to improper
fractions first.
l1.,2 2. 51
c 33727 d 61?26

1 11,12

11 There are 30 students in Miss Mac's Maths class. Find out how many students there are in each
of the following groups.

a % of the class had brown hair.

1

b of the class came to school by bus.

[\

2 of the class spoke English at home.

(@)}

% of the class liked Maths.
12 Max and Tanya are painting two adjacent walls of equal area.
Max has painted % 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?

= 13
13 Use a calculator to find the answers to the following.
2.1 .1 o2 4403 o125 . 1,2\ 4
a i ngTIZ ii 13+45 3 iiil 14.3 5 iv (12+23)x5
b What is the lowest common denominator for:
1,1, 1,11

e T T B 4
2T3t3ts5t%!
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Understanding decimals

Decimals also represent ‘parts of a whole'. They
represent fractions with denominators of 10, 100, 1000...

== The decimal point is used to separate the whole
number and the fraction part.

& 17 _
it 3150 = 317

) In this section, we go over some decimal concepts
. from Year 7.
HOTsheets

—_——

% O Let’s start: Decimals around us

wakmougn 1N PAITS, list at least five places where decimals are used.
Give a specific example for each one giving a decimal number.

B The Place value table is extended for decimals.

-
Decimal / 5 Value increasing

point by 10 times for each
place movement

Decimal — >
Value decreasing

fractions
by 10 times for each
place movement
_oan 538 S, 3., 8
704.538 = 7041000 =7x100+4x1+ 10 " 100 T 7000 Place value

The value of a
digit in a number
B Comparing and ordering decimals as determined by
To compare two decimal numbers with digits in the same place value L[l
columns, compare the left-most digits first. Continue comparing digits as
you move from left to right until you find two digits that are different.
e.g. Compare 362.581 and 362.549.
362.581

362.549

the 1st digit that is different: 8 > 4
So 362.581 > 362.549
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B Converting decimals to fractions

Count the number of decimal places used.
This is the number of zeroes that you must place in the denominator.
Simplify the fraction if required.

64 _ 16

e.g. 0.64 = m = ﬁ

B Converting fractions to decimals

If the denominator is a power of 10, simply change the fraction directly to a decimal from your
knowledge of its place value.

239 _

If the denominator is not a power of 10, try to find an equivalent fraction for which the
denominator is a power of 10 and then convert to a decimal.

3 3x5 15
€950 = 20x5 — 100 — 013

If the above two methods are not suitable, divide the bottom (denominator) into the top

(numerator).
0.125

eg.%zsh@mm

A e
1 |Spreadsheet notation for fractions and division operations
2
3 | Fraction notation for one quarter: 1/4
4 |Formula for the division operation 1 + 4. =1/4
5 |Result of division operation 1 = 4: 0.25
6
7
A fraction is equivalent to a division operation. In spreadsheets and some calculators

fractions and division operations are typed the same way, using a slash (/) between
the numbers.

UNDERSTANDING 1-4 4

1 Which of the following is the mixed number equivalent of 8.17?

1 17 1 17 17
A 87 B Sﬁ C 8ﬁ D 8m E 8@
2 Which of the following is the mixed number equivalent of 5.75?
A 5D B 52 c 53 p 513 E 512

10 50 4 25 1000
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Example 7 Comparing decimals

Which is larger?
57.89342 or 57.89631

Solution Explanation
57.89631 s larger. Write underneath each other.
57.8942
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. o)
a 36.485 37.123 b 21.953 21.864 Compare digits from %
¢ 0.0372 0.0375 d 421753 4.21809 left to right.
e 654112 64.8774 f 9.5281352  9.5281347

4 Decide if each of the following statements is true (T) or false (F).

3_ 11 _ 55 _ 1
a 3—0.6 b 20 = 100 =55 c 100 =0.01
d 3.6<0.36 e 0.504>0.54 f 0.65<0.645

FLUENCY 5-6(1%), 7 _

Example 8 Converting decimals to fractions
——)

Convert the following decimals to fractions in their simplest form.

a 0.725 b 5.12
Solution Explanation
725 29 Three decimal places, therefore three zeroes in denominator.
1000 ~— 40 0.725 = 725 thousandths.
p 512 - .3 Two decimal places, therefore two zeroes in denominator.
100 ~ 25 0.12 = 12 hundredths.

a 0.3l b 0.537 ¢ 0.815 d 0.96 Don'’t forget to
e 5.35 f 8.22 g 268 h 8512 simplify!
i 0.052 i 6.125 k 317.06 I 0.424

5 Convert the following decimals to fractions in their simplest form.
i
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Example 9 Converting fractions to decimals

Convert the following fractions to decimals.
239 9

4 100 b 73
Solution Explanation
239 -39 _ Convert improper fraction to a mixed number.
== =2-=—-=2739 , :
100 ~100 Denominator is a power of 10.
9 _ 36 _ 9 _9x4 _ 36
b 55 = 1og = 0-36 35~ 25x 4 = 100

6 Convert the following fractions to decimals.

17 301 45 6
2 100 b 1000 ° 100 ¢ 10
67 674 15 79
® 100 "' 1000 9 100 " 100
.7 . 17 118 41
' 10 I 10 K 100 ' To00
7 Convert the following fractions to decimals. k
3 7 5 7 Converttoa e
a 73 b 35 ¢ 3 d z denominator of ‘
1 3 17 29 10, 100 or 1000 .
© 20 Fs 9 33 "1
8 Convert the following mixed numbers to decimals and then place
them in descending order. Q

descending
2 ,1,9 ,3 -
22,2402 22 3 is going
5°°4°°30° 10 xdown
1

from largest
to smallest




10

11

12

Number and Algebra

9,10 9-12

The distances from Nam'’s locker to his six different classrooms are listed below:

e Locker to room B5 (0.186km) e Locker to gym (0.316 km)
e Locker toroom Al (0.119 km) e Locker to room C07  (0.198 km)
e Locker to room P9 (0.254 km) e Locker to BW Theatre (0.257 km)

List Nam’s six classrooms in order of distance of his locker from the closest classroom to the
one furthest away.

The Prime Minister’s approval rating is 0.35, while the Opposition Leader’s approval rating is 5
Which leader is ahead in the popularity polls and by how much?

Jerome wishes to dig a hole 1.5 metres deep.
Michael has dug a hole 1% metres  Remember
deep. I'm =100 cm

a Whose hole will be the deepest?

b How many centimetres difference is there in the
depth of each hole?

Write down a decimal that lies between the pairs of
fractions.

1 9 3
a 3 and 10 b 1 and 1
c %and % d % and % -
A number line may help m
1 2 3 4 6
5 5 5 5 5

Y

13 Complete the following magic squares using a mixture of fractions and decimals.

@ b Each I d E
4 ach row, column an =
2.6 1§ 08 | 1.8 3.2 diagonal add to the same /7=~
number in each magic
6 square. It's the MAGIC
> 3.0 2.0 | 0.6 e
4.2 2.8

0.2 2.6

127
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Operations with decimals

This section reviews the different techniques

[&] involved in adding, subtracting, multiplying and
dividing decimals.

Interactive

& O Let’s start: Match the
o phrases

There are seven different sentence
e beginnings and seven different sentence
ap endings below. Your task is to match each
x‘ sentence beginning with its correct ending.
wamougn  VVHeEN you have done this, write the seven

correct sentences in your work book.

ol :
e ¥hatssis-TRRILE

YRS

Precision electronic measuring instruments give a decimal read-out.

Sentence beginnings Sentence endings

When adding or subtracting decimals the decimal point moves two places to the right.

When multiplying decimals the decimal point in the quotient goes directly above the decimal point in
the dividend.

When multiplying decimals by 100 make sure you line up the decimal points.

When dividing decimals by decimals the number of decimal places in the question must equal the number of
decimal places in the answer.

When multiplying decimals the decimal point moves two places to the left.

When dividing by 100 start by ignoring the decimal points.

When dividing decimals by a whole number we start by changing the question so that the divisor is a whole number.

B Adding and subtracting decimals
e Ensure digits are correctly aligned in similar place value columns.
e Ensure the decimal points are lined up directly under one another.
37.56 +5.231 37.560 37.56
+ 5231 v 5231 X

B Multiplying and dividing decimals by powers of 10
e When multiplying, the decimal point moves to the right the same number of places as there are
zeroes in the multiplier.
Yy
e.g. 13.753x 100 = 1375.3 13.753
Multiply by 10 twice.
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e When dividing, the decimal point moves to the /eft the same number of places as there are
zeroes in the divisor. ~
e.g. 586.92 + 10 = 58.692 586.92

Divide by 10 once.
B Multiplying decimals

e |nitially ignore the decimal points and multiply the wholes.

e Place the decimal point into the answer using the rule:
‘The number of decimal places in the answer must equal the total number of decimal places in
the question.’

eg.573x8.6 —> 5;2 > 573 % 8.6 = 49.278
29773 (3 decimal places in question, 3 decimal places in

answer)
B Dividing decimals
The decimal point in the quotient goes directly above the decimal point in the N
dividend. T
; The number you
18.78 «<— Quotient (answer)

e.g. 56.34 +3 Divisor —» 3156 37 <— Dividend ar.e-dlwdlng by
Dividend
o ) ) .. The number
We avoid dividing decimals by other decimals. Instead we change the divisor being divided
into a whole number. Whatever change we make to the divisor we must also
make to the dividend, so it is equivalent to multiplying by 1 and the value of the
question is not changed. ~ ~~
We avoid —> 27.354 + 0.02 27.354 +0.02 = 27354+ 2
Preferring to do—>2735.4 + 2
1-4 4
1 Which of the following is the correct set-up for the following addition problem?
5.386 +53.86 4+ 538.6
A 5.386 B 5.386 C 5.386 D 538 +53+5
53.86 53.860 53.86 + 0.386+0.86+0.6
+ 538.6 +538.600 + 5386

2 The correct answer to the problem 2.731 + 1000 is: The kev id .
e key ideas section
A 2731 B 27.31 C 2731 answers all these
D 0.02731 E 0.002731 questions.

3 If 56 x 37 = 2072, the correct answer to the problem 5.6 x 3.7 is:
A 207.2 B 2072 C 20.72 D 2.072 E 0.2072

4 Which of the following divisions would provide the same answer as the division question
62.5314 +0.03?
A 625314+3 B 6253.14+3 C 0.625314+3 D 625314 +3
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5-9(%)

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 any zeroes then add vertically.
+ 9.80
32.87
b §9.16710 Align decimal points directly under one another and fill in missing
- 2.86 decimal places with zeroes.
6. 8 4 Carry out subtraction following the same procedure as for

Calculate the following.
a 56+12

d 49+53
g 23.57+39.14
j 923+1.872

Calculate the following.
a 5.6-12

d 79-38
g 3852-24.11
j 14.57-98

Example 11 Multiplying and dividing by powers of 10

Calculate:
a 9.753-+100
Solution

subtraction of whole numbers.

b 84+2.1 c 18.6+3.3

e 8.1+82 f 93+39

h 64.28+213.71 i 5.623+18.34
k 56.3+4.41 I 0.61+6.1

b 84-21 c 18.6-33

e 15.6-9.5 f 104-64

h 76.74 -53.62 i 123.8-39.21
k 963-4.2 I 85.631-5.22

b 27.58 x10000
Explanation

Align digits
in similar
place value
columns.

a 9.753-+100 = 0.09753

b 27.58 x10000 = 275 800

Dividing by 100 (2 zeroes), therefore the decimal point
must move two places to the left. Additional zeroes are

inserted as necessary.

A
.09.753

Multiplying by 10000 (4 zeroes), therefore the decimal
point must move four places to the right. Additional

zeroes are inserted as necessary.

Y Yy
27.5800.
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7 Calculate.
a 9.61x10 b 9.61x100 ¢ 15463x1000 d 19.4+10 Move left or
e 19.4+100 f 274+10 g 27.4x1000 h 1.6x1000 ﬂﬁmﬂr}e
i 36.5173x100  j 0.08155x1000 k 7.5+10 I 3.812+100  serpes.
m 634.8x10000 n 1.0615+1000 o 0.003x10000 p 0.452+1000

Example 12 Multiplying decimals

Calculate 25.7 x 0.3
Solution Explanation

19257 Perform multiplication ignoring the decimal point.
% 3 (257 %3 =1771)

771 There are two decimal places in the question, so
257%3 =771 two decimal places in the answer.

Decimal numbers are frequently encountered when dealing with money.

8 Calculate. 4
a 0.8x7 b 0.8x0.7 ¢ 15x0.1 d 04x0.3 Firstignore the =5
e 154x2 f 1.2x0.3 g 08x04 h 0.8x0.04 decimal point.
i 15x0.2 j 24.5x0.2 k 09x9 I 1.2x1.2

Example 13 Dividing decimals
——)

Calculate:

a 35.756+4 b 64.137 +0.03

Solution Explanation

a 8.939 Carry out division, remembering that the decimal point in
8.930 the answer is placed directly above the decimal point in

4) 35371536 the dividend.

b 64.137 +0.03 2137.9 Instead of dividing by 0.03, multiply both the divisor and
=6413.7+3 3) 641377 the dividend by 100, to get a whole number, 3.
=2137.9 (Move each decimal point two places to the right.) Carry
out the division question 6413.7 + 3.
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m 9 Calculate.

a 24542 b 17.64+3 c 0.0485+5 d 347.55+7
e 133.44+12 f 4912.6+11 g 2.58124-+8 h 1731+5

10 Complete these divisions by filling in the missing numbers.
a 156+03=156+3=[_]
124+0.02=1240+2=[ |

b
¢ 1506+02=] |+2=[ |

d 459+0.03=4590+] |=[ ]
€

0.484+0_4=|:|+4:|:|

PROBLEM-SOLVING AND REASONING 1 11,12

11 The heights of Mrs Buchanan’s five grandchildren are 1.34 m, 1.92m, 0.7 m, 1.5 m, and 1.66 m.
If the grandchildren laid down in a row head to toe, how long would the row be?

S S 1 S8 e (T

12 Look closely at the table of canteen prices below.

Canteen prices

pie $2.80 chips $1.70 juice $3.40
cola $3.20 chocolate $2.20 | sandwich $2.60
sauce $0.60 apple $0.50 milk $1.85

a Find the cost of each person’s lunch.

Vaughn Charlotte Reece

1 pie 1 sandwich 1 pie

1 sauce 1 chocolate 2 colas

1 apple 1 juice 1 sandwich
2 milks 1 chips

b Who had the most change from $20?
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Hey Samal, do you
know why they teach
us decimals?

13 Answer each of the 12 questions below to unlock the code and find out how Samal answers Sally’s

question.

20.7 12.2 4.4 4.4 0.3
12.2 4.75 14.4 12.2 32 160
24.2 0.3 12.2 4.75 1.32 160 12.2
12.2 4.75 160 17.97 0.3 20.7 0.72 12.2 !
| 0 H E

3.2+175 1.5%0.2 47.5+10 96 + 0.6
A T N B

1.2x12 15.8-3.6 0.9x%0.8 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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Chapter 3 Fractions, decimals and percentages

Terminating, recurring and
rounding decimals

Not all fractions convert to the same type of decimal.
For example:

% =1+2=0.5 (only has one decimal place)
% =1+3=0.33333... (keeps going and going)
% =1+7=0.142857... (the pattern repeats)

Decimals that stop (or terminate) are known as terminating
decimals, whereas decimals that continue on forever with some
form of pattern are known as repeating or recurring decimals.

The fraction of space occupied by each solar
panel could be written using a type of decimal.

o Let’s start: Decimal patterns
Use a calculator to perform these divisions. Can you see a pattern?
1+9=0.1111......

Ol Olw Ol Ol—

B}

Without your calculator, write down 9 and g as decimals. What do we call these types of decimals?

B A terminating decimal has a fixed number of decimal places (i.e. it terminates).
0.6 25 <— Terminating decimal
e.qg. % =5+8=0.625 8)5.°02040 (3 decimal places only)

B A recurring decimal (or repeating decimal) keeps going and the decimal
places repeat.

0.333..

q <—Recurring decimal
eg. 3=1+3=0333... 3 1.'0'0'0'0

B A convention is to use dots placed above the digits to show the start and finish
of a repeating cycle of digits.
e.g. 0.55555... = 0.5 0.3412412412 ... = 0.3412

B Another convention is to use a horizontal line placed above the digits to show
the repeating cycle of digits.
e.g. 0.55555...=0.5 and

and

0.3412412412 ... = 0.3412

Terminating
decimal

A decimal that
contains a fixed
number of digits

Recurring
decimal

A decimal in
which a single
digit, or a
group of digits,
is endlessly
repeated
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Rounding decimals

Decimals can be written with fewer decimal places by rounding.

To round we must look at the digit immediately after the number of places we want.
(It's the critical digit!)

critical —>/ 0 1 2 3 4

digit
round down round up
the number the number
74 741 742 7.43 7.44 745 7.46 747 7.48 749 7.5
e
-~ < 5
These values are These values are
closer to 7.4 and closer to 7.5 and
round to 7.4. round to 7.5.
UNDERSTANDING 1-4 4

State whether the following are terminating decimals (T) or recurring decimals (R).

a 547 b 3.15415... c 86 d 7.1834

e 0.333 f 0.534 g 0.5615 h 0.32727...

Express the following recurring decimals using the convention of dots or a bar to indicate the
start and finish of the repeating cycle. E
a 0.33333... b 6.21212121... P
c 8.5764444 ... d 2.135635635... £
e 11.2857328573... f 0.003523523...

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 5432726 (rounding to 2 decimal places)

For each line given, which circled decimal is the decimal in the triangle closest to?

e
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3 3 1 11 These are all
a ¢ b = c d =
5 4 8 20 terminating
1 4 1 9 decimals.
¢ 2 Fs 9 33 "5
Example 15 Writing recurring decimals
\——)
Express the following fractions as recurring decimals.
2 5
Solution Explanation
- 2 0. 6 6...
3 3)2.202020 This pattern continues, it is a
repeating decimal.
b 32 =3.714285 or 3714285 rle28 e _
7) 5.50'0°020°0°0°0'0  This pattern continues.

Chapter 3 Fractions, decimals and percentages

the top (numerator).

5 Convert the following fractions to decimals.

FLUENCY (00005510 S

Example 14 Writing terminating decimals
Convert the following fractions to decimals.

1 7
a Z b g
Solution Explanation
a 12025 0.25 Write 1 as 1.00.

4 4)1.'020 Divide the bottom (denominator) into

the top (numerator).

b L=0875 0.8 7 5 Write7 as 7.000.

8 ’ 857, 09040 Divide the bottom (denominator) into

6 Express the following fractions as recurring decimals.

a b c

AN — Ol
ST N
Q
NelEN |

W W~

f

-
—
=3

Remember to use the
repeating nota’_fion.
0.444... = 0.4.




Example 16 Rounding decimals

a Round 14.258 to 1 decimal place.
b Round 0.671 to 2 decimal places.

Number and Algebra

Solution Explanation

a 143 14.238 1decimal place, look at next digit (5).
Critical digit is 5. Round up 14.258 = 14.3

b 0.67 0.672 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 one decimal place.

The first decimal
place is also called
the tenths column.

a 0.57 b 0.83 ¢ 1.49
d 8.16 e 947 f 833
g 1.487 h 3444 i 0.333
8 Write each of the following decimals correct to 2 decimal places (or the nearest hundredth).
a 0.783 b 0.666 c 1478
0.893 e 15.488 f 9.035
9.4163 h 8.7499 i 1.7891

9 a Choose the correct answer to each of the following.
i 1s7.9closerto 7 or 8?
i 1s7.99 closer to 7.9 or 8.0?
i Is 4.96 closer to 4.9 or 5.0?
b Round the following to 1 decimal place.
i 496 i 8.941 i 5.999

10 Copy and complete this table for recurring decimals.

Fraction Decimal One dec pl | Two dec pl
1
3 0.333... 0.3 0.33
2
3
S
9
1
6

10, 11

10-12
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m 11 Simone and Greer are two very good junior sprinters. Simone ran 100 m in 12.83 seconds, while

Greer ran it in 12.77 seconds.
a Who came first, and by how much?
b Round each time to one decimal place. Can you still decide who came first?

12 Write down three different decimals that when written to two decimal places become 3.45.

13 a Find out how your calculator rounds. Use it to round each of the following decimals to the

number of decimal places given in the brackets.
i 0.76581 (3) i 9.4582 (1) i 69701 (1) iv 21.513426 (4)
v 09457 (2) vi 1726  (0) vii 8.5974 (2) viii 8.10552  (3)

Petrol is sold at 147.9 cents per litre. Find,
correct to the nearest cent, the cost of:
i 1litre

i 5litres

i 12 litres

iv 39.7 litres

Write the number phi, 1.61803399 ...,
correct to:

i three decimal places

ii two decimal places

iii one decimal place.
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Percentages

A percentage is a particular fraction where the denominator is always 100.
Per cent is Latin for ‘out of 100"

Interactive

Widgets

HOTsheets
—
k’

Walkthrough

7% =7 per cent = 7 out of 100 =% =0.07

People use percentages everyday in banking, sales and school tests.
O Let’s start: Estimating percentages
e — e S — S — g
Creamy Lime Orange Cola Lemon Milkshake Raspberry Chocolate
soda

e List the drinks in order from the most to the least amount left in the glass.
e Estimate the percentage of drink remaining in each of the glasses shown above.
e Discuss your estimates with a partner.

B A per cent sign (%) means ‘on one hundred'.

5
23% = 159

B Percentages can be converted to fractions and decimals.
35 _
100 —
35% — 35+ 100 = 0.35 (decimal)

7 .
e.g. 35% — 20 (fraction)

B Fractions and decimals can be converted to percentages.
e.qg. % or 0.25 as a percentage %x 100 =25and 0.25 x 100 = 25

50 % = 0.25 = 25%

Common percentages and their equivalent fractions are shown in the table below. It is helpful to

know these.

. 1 1 1 1 1 7 3 ]
Fraction > 3 I 3 3 3 4
Decimal 05 | 03 0.25 02 | 0125 0.6 0.75 1
Percentage | 50% 33%% 25% | 20% 12%% 66%% 75% 100%
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UNDERSTANDING

Lo S B

1 The fraction equivalent of 27% is:
A2 B 2% C 2700 p Lo &)
Remember if you see m
2 The decimal equivalent of 37% is: a % sign it means ‘
A 0.037 B 0.37 C 3.7 D 3700  Cutofl00:
3 The percentage equivalent of % is:
A 0.47% B 4.7% C 47% D 470%
4 Copy and complete the table or discuss as a group.
Fraction Decimal in Decimal | Per cent Per cent
shaded words in figures | in words | in figures
a 13 thirteen
r 100 hundredths
| ' 0.45
c seventy
. :
| . 99%
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FLUENCY 5-7(%)

Example 17 Converting percentages to fractions and decimals

Write 72% as:

a asimple fraction b adecimal
Solution Explanation
o) _ 12 Change % sign to a denominator of 100.
a 72%= ;
100 Cancel the Highest Common Factor of 4 to

—18x4 simplify.
T 25%x4 a
_1s
25

b 72% =72+100 To change a % to a decimal divide by 100.
=0.72

5 Write these percentages as simple fractions.

a 39%% b 11% c 17% d 99% \Write each number g

e 20% f 70% g 75% h 55% outof100. s
6 Write these percentages as decimals.

a 39%% b 11% c 17% d 99%

e 20% f 70% g 75% h 55% | Movethe decimal

. . point two places to

i 7% J 1% k 10% I 47%  the left.

Example 18 Converting fractions and decimals to percentages

Write the following as percentages.

a 3 b 3 ¢ 08l
Solution Explanation
a 4100 = 80 Multiply by 100 to express as a
5 percentage
S0 3 = 80%
b %x 100 = % _ 37% Multiply the fraction by 100.

50§= 37%%

¢ 0.81x100 =81
S0 0.81 =81%

Simplify 300 + 8 = 37 remainder 4

Multiply the decimal by 100.
0.81,= 81%
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Write these fractions as percentages.

77 49 3 4
a —~ b — c = d =
100 100 4 > Multiply by 100%
7 9 1 19 and simplify.
€ 33 "% 9 % 50
. 47 | 5 2
b 50 I3 kg '3
Write these decimals as percentages.
a 0.16 b 0.79 c 0.83 0.97
e 0.03 f 0.33 g 091 h 0.09
i 0.56 i 022 k 1.00 1.01
9,10 9-12
Complete the following. ]
Lo, 72,2 3o, _ L1 4 1_1
a 72/0—|:|X2 b 54/<>—100><4 c §—§><100%
_15 U _L,
- I:I 400 3
_3 = 33g%
40 3
a If % = 20%, what does % equal as a percentage?
Think: What can
b If & =12.5%, what does equal as a percentage? | multiply each
8 8 fraction by?
c If % = 33%%, what does % equal as a percentage?

Complete the following conversion tables involving common fractions, decimals and percentages.
a b

Fraction Decimal % Fraction | Decimal %
1 20%
4 40%
2 60%
4 80%
100%
3
4 C
. 3 1
; Fraction 10 3
4 .
Decimal | 0.15
% 90%
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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?

13

Copy and complete this table.

Can you see a connection?

Cents per Cents in Percentage
100 cents the dollar
5¢ $0.05
10c
$0.09
17%
25%
$0.70
90%
75¢
100c
$2

One dollar equals
100 cents

One century is
100 years.
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k€l Percentages: Expressing and finding

Percentages are useful when comparing: discounts, interest rates and even marks in a test.
For example, Huen's report card could be written as marks out of each total or in percentages:

i Ca

Interactive

de ets French test % French test 70%

German test % German test 72%

Walkthrough

In this section we look at expressing a number as a percentage of another number as well as
finding a percentage of an amount.

£ ""EmE ‘i% e S I g

EVE RY'I'~I-IING

=

o Let’s start: What percentage has passed?

Answer the following questions.

e What percentage of your day has passed?

e What percentage of the current month has passed?

e \What percentage of the current season has passed?

e What percentage of your school year has passed?

e What percentage of your school education has passed?

e If you live to an average age, what percentage of your life has passed?
e When you turned 5, what percentage of your life was 1 year?

e When you are 40, what percentage of your life will 1 year be?
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B To express one quantity as a percentage of another

1
2

Write the quantities as a fraction (the ‘whole’ amount is always the denominator).
Multiply this fraction by 100.

e.g. Express a test score of 14 out of 20 as a percentage.

%xlOO:ixﬂ=7O 14 < part of the whole
120 20 < whole amount
So 15 =70%

B To find a certain percentage of a quantity

1

A w N

Express the required percentage as a fraction. [You can use decimals]
Change the ‘of’ to a multiplication sign.

Express the number as a fraction.

Follow the rules for multiplication of fractions.

e.g. find 20% of 80.

20 80 ‘20 _ ‘80
20% 0f 80 = S x &2 = 2 _x == =16
? 100717 100 = 1

1 The correct working line to express 42 as a percentage of 65 is:

A

2 The correct working line to find 42% of 65 is:

42 65 100 42
mx65% B EXIOO% c HX65% D EXIOO%

The number with ~ / [

A 65 B $x100 c L0 x6s D 22x100 i3t e
3 What percentage is meant by: the 100 in the

a a mark of 20 out of 40? Ll

b amark of 0 out of 10?

¢ a mark of 50 out of 50?

4 Copy and complete the following sentences.

a

b
c
d
e

Finding 1% of a quantity is the same as dividing the quantity by

Finding 10% of a quantity is the same as dividing the quantity by _ .
Finding 20% of a quantity is the same as dividing the quantity by ___.
Finding 50% of a quantity is the same as dividing the quantity by __ .
Finding 25% of a quantity is the same as dividing the quantity by ___.
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FLUENCY (spar67802  IIESEIN

Example 19 Expressing one quantity as a percentage of another

Express 34 out of 40 as a percentage.

Solution Explanation
34,100 _ 17, 100 Write as a fraction, with the first quantity as the numerator
407 1 ~ 207 1 and second quantity as the denominator. Multiply by 100.
_ 1T7 % % Cancel and simplify.
=85
S0 2% = 85%

5 Express each of the following as a percentage.

a 20 out of 25 b 13 out of 20 ¢ 39 out of 50
d 17 out of 25 e 12 outof 20 f 49 out of 50 Muttiply by 100.
g 7outofl0 h 12 out of 30 i 15outof20
j 32 outof 40 k 54 out of 90 I 18 out of 24

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.
5001 ~ 5 Convert $5 to 500 cents.
=12 Write quantities as a fraction and multiply by 100. Cancel and
So % =12% simplify.
6 Express:

o

a 40c as a percentage of $8 50c as a percentage of $2

¢ 3 mm as a percentage d 400 m as a percentage
of 6 cm of 1.6 km Remember:

e 200 g as a percentage f 200 m as a percentage i Igm _ }8()[?“:]
of 5kg of 8 km 1kg = 1000 g

) $1 =100 cents
7 Express each quantity as a percentage of the total.

28 laps of a 50 lap race completed

Saved $450 towards a $600 guitar

172 fans in a train carriage of 200 people
Level 7 completed of a 28 level video game
36 students absent out of 90 total

21 km mark of a 42 km marathon

- O QO O T o
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Example 21 Finding a certain percentage of a quantity

Find 25% of 48.

Solution Explanation
25% of 48 = I%TSO % % Write the percer\tage as a fraction over 100.
‘of’ means multiply.
= %x 4_18 =12 Cancel and simplify.
8 Find:
a 50% of 36 b 10% of 80 ¢ 30% of 500
d 9% of 200 e 20% of 40 f 20% of 60
g 75% of 80 h 25% of 88 i 50% of 25 50% of 36
i 5% of 60 k 5% of 6000 | 1% of 720 = 22
m 2% of 150 n 99% of 200 0 75% of 960
9(%), 11 9(%), 10,12
9 Find: e g
Y like t fe Remember to put the ]
a 10% of §750 cﬁ;nrgzﬁhlein?ts in m units in your answer /"
b 5% of 2km the question to make 10% of $50
¢ 30% of 150k it easier to work with 10
4 20%of 90 ; t 37 of Lkm ~0g 3
00 minutes = 39, of 1000 metres. =85
e 10% of 5 litres
f 25% of one hour
g 50% of $6.50
h 2% of $8
i 7% of %kg Remember:
B1% =1
10 Find: 5
a 33%0 o of 15 litres of orange juice b 663% of 3000 marbles
c 12%% of a $64 pair of jeans d 37.5% of 120 donuts

11 Copy and complete the table of sporting choices.

Sport Number of students | Fraction of total | Percentage
Tennis 40
Golf 30
AFL 70
NRL 50
Swimming 10
Total 200 1 100%
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m 12 Most banks require a 10% deposit before lending you any money. Ashlee and Matt have 7%
of the $450000 their home costs.
a How much do Ashlee and Matt have as their deposit?
b How much do the banks need them to have?
¢ How much more do they need to save?
d If they get a government grant of $14000, will they have the 10% needed?

13 Calculators make working with percentages easier. Use a calculator to answer these
questions.

Find 8% of $8.40.

Find 13% of 2 km.

Find 7% of $500.

Find 24% of 1 hour.

Find 31.5% of $45 960.

4% of a class of 25 students are away with the flu. How many students are at school?

49.5% of babies born at the local hospital are girls. Of the 200 born in the month, how
many were boys?
h  Sean pays 42% of his $86400 income in tax. How much is left after he pays his tax?

Q - O 22 0 T o




1 Write the following fractions in simplest form.

4 6 16
a1 b5 ¢ 2
2 Evaluate.
5,8 7 3 1 7
3 Evaluate.
2.5 3.3 3.5
a 3 X 7 b 1’5 X 4 Cc 7 11
4 Convert the following decimals to fractions in their simplest form.
a 0.35 b 525 c 128
5 Convert the following fractions to decimals.
a l b i c ﬁ
10 100 50
6 Calculate.
a 95+123 b 578+12.915
c 35.8-23.6 d 76.813—-156.685
7 Calculate.
a 6.5734 x1000 b 12.754 +10 000 ¢ 0.6x0.9
d 4523x0.5 e 23.845+5 f 84.561+0.03

Number and Algebra

45
25

ENNe}

8 Convert the following fractions to decimals, expressing your answers as recurring

decimals if necessary.

3 5 5
a g b Z (H §
9 Round each of the following decimals to two decimal places.
a 0.789 b 0415 c 26.14812
10 Write these percentages as decimals and as simple fractions.
a 45% b 84% c 2%
11 Write the following as percentages.
a 3 b 3 c 043

12 Express each of the following as a percentage.
a 32 outof 40
b 17 out of 50
¢ $12 out of $60
d 560 km out of 800 km

13 Find:
a 20% of $50
b 5% of 500 kg
¢ 75% of one hour
d 1% of $12 500

U
7

—_

379.01099

d 109%

d 0.94
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Chapter 3 Fractions, decimals and percentages

Decreasing and increasing by a
percentage

Percentages are used every day, often when dealing with
money, to make increases or decreases.
The original amount of something is 100%.

o Let’s start: What does it mean?

In pairs, answer the following:

e What does it mean to buy a pair of shoes ‘on sale’?
e What does it mean if the sale is '20% off'?

e What does it mean to ‘pay the marked price’?

e What does it mean to you to buy an item on sale? Is $10 off better than 10% off? Discuss.
e When would you pay more than the original price?

e What current sales are being advertised in today's paper?

B To increase by a given percentage:
e find the percentage of the amount
e add this amount to the original

B To decrease by a given percentage:
e find the percentage of the amount
e subtract this amount from the original

B Key words:
e Decrease: reduction, discount, sale, percentage off, loss
e Increase: mark-up, profit GST Goods and
e Selling price = cost price + profit or cost price — loss Services Tax

GST: Goods and Services Tax (in Australia this is a 10% mark-up)

UNDERSTANDING 1-3 3

1 Decide if each of these shows an increase or a decrease.

a Mark’'s $1650 return airfare to Los Angeles was reduced by
10%.

b Sonya made 15% profit when she sold her house.
The shop discounted all of its computers by 10%.
Thomas received a pay rise of 5% on his wage of $570 per
week.

e A tax of 15% is added to the cost of everything in the
United Kingdom.




2 Add or subtract these percentages.

a
c

3 Calculate the new price when:

a

b
c
d

Number and Algebra

100% + 20% b 100% +15%
100% —10% d 100% —15%

an item marked at $15 is discounted by $3
an item marked at $25.99 is marked up by $8
an item marked at $17 is reduced by $2.50
an item marked at $180 is increased by $45

FLUENCY (‘4-5(%), 6, 7-8(%) _

Example 22 Finding new values: increasing

Find the new value when $160 is increased by 40%.

Solution Explanation
40% of $160 = 20« 160 _ $64 Calculate 40% of.$160.
. 100 = 1 Cancel and simplify.
New price = 3160 + 364 New price = original price + increase
=$224

4 Find the new value when:

5 Q - 0 O 0 T

Example 23 Finding new values: decreasing

Find the new value when $63 is decreased by 20%.

$400 is increased by 10%
$240 is increased by 10%

$250 is increased by 10% tAdShthe !nprelase
o the origina
$700 is increased by 20% amount. 9

$500 is increased by 1%
$800 is increased by 25%
$84 is increased by 25%
$90 is increased by 50%

Solution Explanation
20% of $63 = 29 % 83 _ 51260 Calculate 20% of'$63.
100~ 1 Cancel and simplify.
New price = $63 — $12.60 New price = original price — decrease

= §$50.40
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5 Find the new value when:

a $400 is decreased by 10% b $240 is decreased by 10%
¢ $250 is decreased by 10% d $90 is decreased by 20%
e $200 is decreased by 15% f $840 is decreased by 25%
g $1000 is decreased by 50% h  $60 is decreased by 15%

6 a Find 8% of $2500
b Increase $2500 by 8%
¢ Decrease $2500 by 8%

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.
_ 25 860 _ $215 Cancel and simplify.
1007 1
Selling price = $860 — $215 Selling price = cost price — discount
= $645

7 Find the cost of the following.
a A $600 television that has been discounted by 20%
b A $150 lipstick that has been reduced by 15%
¢ A $52 jumper that has depreciated by 25%

8 Calculate the selling prices of the following items if they are to be reduced by 25%.
a $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
Mark-up = 12% of $250 Calculate 12% of $250.
12 250 Cancel and simplify.
= m X T = $30
Selling price = $250 + $30 Selling price = cost price + mark-up

= $280




9 Find the cost of the following.
a A $80 framed Pink poster that has been marked up by 30%
b A $14 meal that has been increased by 10%
¢ A $420 stereo that has been marked up by 50%

10 Calculate the selling prices of the following items if they need to have
10% GST added to them.
a $35 T-shirt b $75 backpack ¢ $42 massage

d $83fishing rod e $52.50 toaster f $149.99 cricket bat

11 Answer the following problems involving percentages.
a Anne's annual salary was $86000. Her new salary is 5% more.

What is Anne’s new salary?

b The state government increases the cost of a $9.60 train trip
by 5%. What is the new fare?

¢ A car worth $47000 dropped in value by 20% during the year.
What is the car now worth?

d The 10% GST needs to be added to the cost of the meal.
What does a $74 meal cost once the GST is added in?

e Tax of 40% reduces Saul’s wage of $1600. What amount does
Saul receive?

f Sally makes a 24% profit on her house. She paid $500000.
What did she sell it for?

12 Two shops advertise the same bike. Both have a
recommended retail price of $1800. Shop one offers a 10%
discount. Shop two offers $200 off all bikes.

a How much discount does shop one offer on this bike?
b How much do you pay for the bike at each shop?
¢ Which shop would you recommend and why?
d If the same deal applies to each of the following bikes,
would you still buy it from the same shop?
i $2000 bike
i $2200 bike

Find the price of each bike m

at shop one and two before
answering part d. Are you
surprised by your answers?

Number and Algebra 153

Remember 10% GST
adds/increases the
price of an item.

11 11,12
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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, reduces in value each year.
a Rick’s set of golf clubs worth $2000 depreciates at a rate of $250 a year.
i Copy and complete the table showing how the value of the clubs
changes over time.

End of year Value End of year Value
0 2000 5
1 1750 6
2 7
3 8
4

ii Draw up a set of axes (like those shown below) and graph the
values shown in the table.

-
’

0 123456738
Year
iii What shape is your graph?
iv After how many years is the value of the clubs zero?

i Complete a similar table showing how the value of her clubs changes.

End of year Value g
Use a calculator to i
0 2000 i

help you find the
1 1750 values in this table!

b Rick’s wife has a set of golf clubs, also valued at $2000, which depreciate at 12%% each year.

1531.25

£ - VST I\

it Will her clubs ever be worthless?
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Calculating percentage change

When selling something, everyone likes to make a profit. This is when you sell it for more than you

paid for it.

Unfortunately, people often do the opposite and make a loss.

The percentage change depends on what the item is originally worth. For example:
Car bought for $1000 Car bought for $16000
Car sold for $200 Car sold for $15200

Loss $800, percentage loss 80% Loss $800, percentage loss 5%

O Let’s start: Hang on!

I saved $20 on my jeans. So how much did
They were $100. you pay?

Discuss how you could check if the correct price for the jeans had been paid.

B Profit = selling price — cost price
B Loss = cost price — selling price

B Calculating a percentage change involves the technique of expressing one

quantity as a percentage of another (see Section 3G).

Percentage change = .C.hai % 100%
original value
Percentage profit = .!C’Lﬂt x 100%
original value
Percentage loss = ___loss x 100%

original value

Hang on! I thought the
sign said 25% off.

Profit The
amount of money
made by selling
for more than

the cost

Loss The amount
of money lost by
selling for less
than the cost

155
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UNDERSTANDING 1-4 4

Decide whether each of the following represents a profit or a loss.

a b c
o

bought = $250000 bought = $795 bought = $1200
sold = $280000 sold = $210 sold = $500
| @ |
bought = $2000 bought = $1.40
sold = $4500 sold = $3.20

Calculate the profit made in each of the following situations.
a Cost price = $14, Sale price = $21
b Cost price = $75, Sale price = $103

Profit = selling price

— cost price
¢ Cost price = $25.50, Sale price = $28.95
d Cost price = $499, Sale price = $935
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
Which of the following is the correct formula for working out percentage change?
A % change = .C.hai B % change = original value x 100%
original value change
C % change = change x 100% D % change = .C.hai % 100%
original value

FLUENCY (000 I

Example 26 Calculating percentage change: profit

Calculate the percentage profit when $25 becomes $32.

Solution Explanation
Profit = $7 This is percentage profit because it was sold for
more than the original $25.
% Proﬁt=l><m% ,
257 1 Profit = $32 — $25 i
=28% Percentage profit = prof % 100%

original value
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5 Find the percentage profit when:

=
b S10 b o1

$40 becomes $50

$25 becomes $30

$12 becomes $20

$8 becomes $11

$10 becomes $15

$6 becomes $12

original X 1

5 Q - 0 2 0 T

Example 27 Calculating percentage change: loss

Calculate the percentage loss when $60 becomes $48.
Solution Explanation

Loss = $12 This is percentage loss because it was sold for less than
the original $60.
Loss = $60 — $48

Percentage loss = .JL % 100%
original value

% Loss = 12 100
A:Loss—60>< i

=20%

%

6 Find the percentage loss when: &
$40 becomeS $30 loss 100 ;;PT‘I‘ /H

$25 becomes $21 DS original <1
$6 becomes $3

$8 becomes $2

$12 becomes $8

$10 becomes $9

$25 becomes $20

$20 becomes $18

5 Q - 00 QO 060 T 2

Example 28 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
50 _ 100,

loss
X = == 0
125 <1 7° Percentage loss Cost Iorice><100/o
= 40%

Ross made a 40% loss on the concert ticket.

% Loss =
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7 Copy and complete the tables below.

a - - - - - =L
Cost p::ce ($) | Selling p5r|ce (%) | Profit ($) | % profit —— cogtm;irtice 100% m
10 12
24 30
100 127
b [ cost price ($) | Selling price ($) | Loss ($) | % loss % l0ss Ioss. < 100% /
10 7 cost price 8
16 12
50 47
100 93

8 Find the percentage change (increase or decrease) when:
a 15kg becomes 18kg b 18kg becomes 15kg
¢ 4kg becomes 24kg d 12kg becomes 30kg

9 Find the percentage change in population when:
a atown of 4000 becomes a town of 5000
b a city of 750 000 becomes a city of 900 000
¢ a country of 5000 000 becomes a country of 12 000 000

10, 11 10-13

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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— 14

14 The Australian Bureau of Statistics tracks the population growth of the country and of each
individual state and territory.

a Copy and complete the table below. ;@
March 2016 | Changeinthe | o, change ﬁ:ﬁ)?gﬁfﬁ:ﬁ?ﬁi? =
past 12 months question.
NSW 7704 300 103 200
VIC 6 039 100 114 900
QLD 4827 000 61800
SA 1706 500 9700
WA 2 613700 29 800
TAS 518 500 2 200
NT 244 000 1000
ACT 395 200 5000
AUSTRALIA 24 051 400 327 600

b Research the current growth rate of Australia and one other country of your choice.

Population growth in Australia, 1950-2000

5_
4.5 4
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Chapter 3 Fractions, decimals and percentages

Percentages and the unitary method

You probably did problems like this in primary school.
If five apples cost $6, what is the cost of 7 apples?

With questions like this, we find the cost of one apple first.
This is helpful in percentages as well. Once we know what 1% is worth, we can find any percentage
amount. This is called the unitary method.

O Let’s start: Using the unitary method

e Four tickets to a concert cost $100. What does one ticket cost? How much will three tickets cost?

e Ten workers can dig 40 holes in an hour. How many can one worker dig in an hour? How many
holes can seven workers dig in an hour?

e Six small pizzas cost $54. What does one pizza cost? How much would ten pizzas cost?

e If eight pairs of socks cost $64, how much would 11 pairs of socks cost?

*  Five passionfruit cost $2.00. How much will nine passionfruit cost?

e |f a worker travels 55 km in 5 trips from home to the worksite, how far will he travel in 7 trips?

B The unitary method involves finding the value of ‘one unit’ and then

using this information to answer the question. e
Calculating the value
B When dealing with percentages, finding ‘one unit’ means finding of one unit of an item
one per cent (1%) and then using this to
' calculate the value of a
B Once the value of 1% of an amount is known, it can be multiplied to number of items

find the value of any desired percentage.



UNDERSTANDING

Number and Algebra

What do you divide by to go from 8% to 1%?
What do you divide by to go from 25% to 1%?
What do you multiply by to go from 1% to 100%?
d What do you multiply by to go from 1% to 50%?

o T o

If 1% of an amount is $3, what is:
a 2% of the amount?

b 10% of the amount?

¢ 100% of the amount?

If 1% of an amount is $8, what is:
a 10% of the amount?
b 100% of the amount?

FLUENCY

v amer

Copy and complete:
4% of an amount = $16
then 1% of an amount = ||
and 100% of an amount =[]

Example 29 Using the unitary method to find the full amount

If 8% of an amount of money is $48, what is the full amount of money?

Solution Explanation

.8 8% of amount is $48 D .8 Remember to find 1% first.

) 1% of amount is $6 Divide by 8 to find the value of 1% (48 +8 = 6).
x100 C 100% of amount is $600 D %100

Full amount of money is $600. (6x100 = 600).

5 Calculate the full amount of money for each of the following.

a 3% of an amount of money is $27
5% of an amount of money is $40
12% of an amount of money is $132
60% of an amount of money is $300
8% of an amount of money is $44
6% of an amount of money is $15

-- 0O Q O T

Multiply by 100 to find the value of 100%

First find the
value of 1%.

161
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Example 30 Using the unitary method to find a new percentage
\——)

If 11% of the food bill was $77, how much is 25% of the food bill?
Solution Explanation

+11C 11% of food bill is $77 D 11 Find 1% first.
1% of food bill is $7 Divide by 11 to find the value of 1% (77 + 11 = 7).
x25 . 25% of food bill is $175 D X25  Multiply by 25 to find the value of 25%
(725 =175).

6 If 4% of the total bill is $12, how much is 30% of the bill?

) First find the value of
7 Calculate: 1% of the bill.

a 20% of the bill, if 6% of the total bill is $36
b 80% of the bill, if 15% of the total bill is $45
¢ 3% of the bill, if 40% of the total bill is $200
d 7% of the bill, if 25% of the total bill is $75

8,9 9(1%), 10-12

Example 31 Using the unitary method to find the original price

A pair of shoes has been discounted by 20%. If the sale price was $160, what was the
original price of the shoes?

Solution Explanation

Only paying 80% of original price: 20% discount, so paying (100 —20)%.
.. 80% of original price is $160 We pay 80% after the 20% discount.
. 1% of original price is $2 Divide by 80 to find the value of 1% (160 + 80 = 2).
.. 100% of original price is $200 Multiply by 100 to find the value of 100%

The original price of the shoes was $200. (2 x 100 = 200).
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8 A necklace in a jewellery store has been discounted by 20%. If the g
sale price is $240, what was the original price of the necklace? 100% — 20% = 80% m

9 Find the original price of the following items.

A pair of jeans discounted by 40% has a sale price of $30 (you pay 60%).

A hockey stick discounted by 30% has a sale price of $105 (you pay 70%).

A second-hand computer discounted by 85% has a sale price of $90 (you pay 15%).
A second-hand textbook discounted by 80% has a sale price of $6.

A standard rose bush discounted by 15% has a sale price of $8.50.

A motorbike discounted by 25% has a sale price of $1500.

- @O QO O T o

10 Once the GST of 10% is added to a bill the price is 110%. If the price of a meal at a cafe,

including the GST, is $55, how much GST is paid?
110% =

1% =
10% =

110% =
1% =
100% =

11 A pair of jeans, including 10% GST, comes to $88. What is the cost without the GST?

12 If 22% of an amount is $8540, which of the following would give the value of
1% of the amount?
A $8540 x 100 B $8540 +100 C $8540x22 D $8540 +22
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13 Here are three real-life receipts (with the names of shops changed). GST rate is 10%. Answer the
following based on each one.

Superbarn

a How much was spent at Superbarn?

b How many kilograms of tomatoes were bought?

¢ Which item included the GST, and how do you tell by looking at the receipt?
d What was the cost of the item if the GST is not included?

TAX INVOICE

SUPERBARN

SUPERBARN GYMEA

Description Total $
O/E PASO TACO KITS 290GM 6.09
TOMATOES LARGE KILO
0.270kg @$4.99/kg 1.35
WATERMELON SEEDLESS WHOLE
KILO 1.675kg @$2.99/kg 5.01
LETTUCE ICEBERG EACH 2.49
*PAS M/MALLOWS 250GM 1.89
SubTotal $16.83
Rounding $0.02
TOTAL (Inc GST) $16.85
SITtemis: S
Cash Tendered $20.00
Change Due $3.15
GST Amount $0.17

* Signifies items(s) with GST

Thank you for shopping at Superbarn

Gymea Fruit Market

What was the cost of bananas per kilogram?
On what date was the purchase made?
What does ROUND mean?

What was the total paid for the items?

How much tax was included in the bill?
What percentage of the bill was the tax?

- ® Q O T
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Xmart
a How many toys were purchased?

b What was the cost of the most expensive item?
¢ Which of the toys attracted GST?
d How much GST was paid in total?
e What percentage of the total bill was the GST?
GYMEA FRUIT MARKET X MART
HAVE A NICE DAY 1C£(S);l‘/?ll\/lEllRSFlECEIPT TAX INVOICE
DATE 05/07/2011 TUES TIME 11:21 ;ii};{é‘ig}'ﬁﬁ'l;'gxgi """""""" 6.00
0.090 KG @ $14.99/kg *CR COLOUR SET CARDS 10.00
BANANA SUGAR $1.35 #*CR GLOW STATION 10.00
SL MUSHROOM $2.49 *STAR OTTOMAN PINK 12.00
PISTACCHIO 11 $600 *JUNGLE HIDEAWAY 12.00
*LP AIRPORT 29.00
ROUND $0.01 *MY OWN LEAPTOP
""""""""""""""""""""""""" 2 @ 35.00 70.00
TOTAL $9.85 | | ccoere e
-------------------------------------------------- TOTAL 149.00
CASH $9.85 "CASH TENDER  150.00
TAX 1 $0.55 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




166 Chapter 3 Fractions, decimals and percentages

Owning and running your own business requires
hard work and long hours. The skills you need are
varied, from being well organised and having good
communication skills, to being able to manage staff
and stock. Perseverance is also a requirement, as
many businesses fail within their first 3 years.

Skill with numbers is important for the day-to-day
running of a fruit and vegetable shop to ensure a
profit. Stock needs to be ordered and kept fresh.
Enough stock needs to be sold to cover wages,
store rental, delivery costs and, if possible, also
some profit. Prices must be adjusted for seasonal
price fluctuations as well as unexpected costs.

1 Imagine that you are starting up a fruit and vegetable shop in the town or suburb where you live.
a List some vegetables and fruits that could be supplied from your local markets or farms.
b What costs would your business have, other than buying produce?
¢ What do you think would be the main challenges to successfully running your shop?

2 When ordering, or buying produce from markets, prices per kg or per item are usually stated.
Calculate the unit price or cost per kilogram, for each of the following.
a 15 kg bag of potatoes costs $14.55
b 25 kg box of apples costs $34.50
¢ Box of lettuce containing 20 heads of lettuce costs $18
d 8 kg bag of carrots costs $6.40
e 20 kg box of navel oranges costs $25.40

3 Fresh produce is generally bought at a wholesale
price from suppliers and sold at a higher retail
price to cover costs and provide a profit to
the store owner. Find the retail price/kg of the
items below, given the retail price is 250%
of the wholesale price. Round to the nearest cent.
a Fresh asparagus wholesale price $1.42 per kg

Beans wholesale price is $2.18 per kg

Broccoli wholesaling at $2.39 per kg

Apples 2.5 kg bag wholesaling at $1.83

Celery wholesaling at 85c per kg

b
c
d
e



4
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Find the cost of an individual piece of fruit using the information in this table. Round to the

nearest cent.

Fruit Cost per kg | Average number Cost
of pieces per kg | per piece
a | Galaapples $5.00 6
b | Red Delicious apples $4.99 3
¢ | Bartlett pears $3.99 5
d | Apricots $7.95 12
e | Peaches $10.99 9

Find the cost of the following order for a customer.

% kg of pears at $3.99/kg

2 heads of lettuce at $2.50 each

1.2 kg of apples at $5/kg

1 avocado at $3.50

2 kg bag of po

tatoes at $2.99/kg

2.2 kg of tomatoes at $5.99/kg

6 Compare the cost of 100g for each option A and B and state which is the better buy.

A A tray of Pink Lady apples with a weight 600 grams for $2.94 or
B 0.75 kg of loose Pink Lady apples for $3.30.

A restaurant in Daintree, north Queensland, ordered the

following exotic fruits from a nearby tropical fruit shop.
Calculate the total cost of this order including a $45

f el {

A single jackfruit can weigh up to 35 kg.

packing and delivery fee.
Quantity | Fruit Price
12 Dragon fruit $5.49 each
2% ke | Lychees $19.90/kg
1 Jackfruit weighing 15.38 kg $3.45/kg
16 Star apple fruits $2.35 each
4 Custard apples $4.55 each
100g Soursop dried leaves $25 per % kg
1900 g Ice-cream beans $2.54 per100 g
3% ke Chocolate pudding fruits $13.99/kg
3.8 kg purple Mangosteens $10.99/kg

167
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EE Using technology

8 Many people work overseas and wish to compare living costs. Set up the following Excel
spreadsheet to convert USA produce prices per Ib (pound) to Australian dollars (AUD) per kg.
a Use these conversion factors:
® In cell B2 enter 2.2 as there are 2.2 Ib per kg.
* Incell C2 enter 0.75 (i.e. 1 AUD = 0.75 USD) or use the SonnidIcelicy TR
current exchange rate. R
o In cell D2 enter the formula = 1/C2. This gives the number of ~* Formijla Iy
=C7*$D$2
AUD for USD. '
) ) ) ) * To fill formulas
b In column C, multiply the prices in USD/Ib by 2.2 to give USD/kg. down a column,
Use $ signs to anchor the B2 cell value as in the hint. drag down the ill

¢ In column D convert USD to AUD. Multiply by cell D2 (i.e. the T
number of AUD for 1USD).
A B C D
1 Conversion factors ?lbinlkg 1AUDto?USD 1USDto? AUD
2 2.2
3
4 Converting USA produce prices to Australian dollars/kg
5 Produce: fruit or vegetable USA prices Australian price
6 USD per lb USD per kg AUD per kg
7 Avocado $2.20
8 Bananas $0.86
9 Bok choy $2.18
10 Cauliflower $2.49
11 Granny Smith apples $1.95
12 Mangoes $1.71
13 Oranges - navel $1.37
14 Potatoes $1.24
15 Papaya $1.59

d Select any five of the above items and compare the converted Australian prices/kg to current
Australian online supermarket prices/kg. What observation can you make? Give some possible
reasons for the difference in prices.
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Write down four decimals that when rounded to 2 decimal places give 2.67.

Jill has five coins in her pocket: a $2 coin, $1 coin, 50c piece, 20c piece, and one 10 cent coin.
If Jill chooses just two coins from her pocket without looking at them, or noticing their size or
shape, how many different amounts could she arrive at?

Write one half in ten different ways.

Complete these magic squares. All rows, columns and the two diagonals sum to the same total.

a 4 b
3

2
3

A tangram consists of seven geometric shapes (tans) as shown.
The tangram puzzle is precisely constructed using vertices,
midpoints and straight edges.
a Write each of the separate tan pieces as a percentage,
a fraction and a decimal amount of the entire puzzle.
Check your seven tans add up to a total of 100%.
Starting with a square, make a new version of a ‘modern’
tangram puzzle. You must have at least six pieces in
your puzzle.
An example of a modern puzzle is shown.
Write each of the separate pieces of your new puzzle as
a percentage, a fraction and a decimal amount of the
whole puzzle.
Separate pieces of tangrams can be arranged to make more
than 300 creative shapes and designs, some of which are
shown. You may like to research tangrams and attempt to
make some of the images.

\.) A

4
A Gy i
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Simplifying fractions
Simplify fractions by
dividing the numerator
and denominator by
their HCF.

8 _ 4x2_2
0 4x5 5

What is a fraction?

A fraction is
part of a
whole. "

1= parts from the whole

4~ denominator
parts in the whole

ENES

. 2
Mixed and improper

1xX3+1
8
= O

Mixed Improper
11 4
3 3

~

improper fraction is

B e ———— —_— \—/
X3
,
Multiplying fractions
® use proper or improper
; 31
fractions e
e cancel any numerator
with any denominator
e multiply the D
numerators ——
2X 4

»
4:3=1rem1
Adding or subtracting
fractions
To add or subtract
fractions you should
use the lowest
common
denominator.
1,1_.3,.2
2735676
_5
6
,
Reciprocal
To take the reciprocal
of a proper or

Equivalent fractions
o represent the same
amount, they are the

same decimal.
2 1 _
== 0.5
e create equivalent
fractions by multiplying
or dividing the top

(numerator) and bottom
(denominator) by
the same number.

X3

7 X

2
5

|o

1

(3]

e multiply the
denominators

o simplify &

to turn it upside
down (invert).

Dividing fractions
e keep the first
e change the + to x
e invert the following fraction
(its reciprocal) and multiply.

N VTN & I
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Fractions to decimals Types of decimals h
(1) Change denominator to Decimals can terminate (stop). m
10, 100 or 1000. 0.5,0.75,0.125
into the numerator. 0.3333...=0.3
0.616161... = 0.61 E
Multiplying by tens :
The decimal moves the Adding and subtracting m
same number of places When adding and subtracting
as the number of zeroes. with decimals make sure the h
6.5\1‘3 x 100 = 641.3 decimal points line up. m
ofed
Dividing by tens Q
71.3+100=0713 . Rounding decimals m
LI (DI D If the digit after the place you want i
The number of decimal places is 0, 1,2, 3 or 4 round down; if the
in the question is the same digitis 5, 6, 7, 8 or 9 round up. 0
Dividing decimals as in the answer
_ 3
Multiply both numbers by U I =N
10, 100, 1000 etc. This is
dividing by a whole
number.m Percentages and decimals i Unitary method &
X
1 ﬂe 6 0.45=4.5% 4% = )_
o3 — 3 —422 20% =0.2 1% = S xi00
W I / 5 T K S 5

Percentage change Percentages T AT R
P tage _  change 100
ergﬁgn%gee = original value < = out of 100 % = % x 100%
=60%
(~ ) 35% =5 T
Common conversions °~ 00" 20
1=05=50%
11_020'1 —10% 0f means x
" 001 219 7% of 400
100 - = ﬁ x 400
7=0.25=25%
3-075=75%
1 : iy % of Increase Decrease
3=03=333% . C Find the % and Find the % and subtract
2_06=662% "% 0f 20 = 355 T add to the original from the original discount,
b 3 3 =14 mark up profit. sale, depreciate.

4

\ NN/« D
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Multiple-choice questions

1 0.36 expressed as a fraction is:
36 36 3 9
A o B 100 ¢ 3 D 2%
1.5, )
2 gTgis equal to:
6 6 15 6
A e B 16 ¢ 3 D3

3 When 21.63 is multiplied by 13.006, the number of decimal places in the answer is:
A2 B 3 C 4 D 5

4 2% is the same as:

3 7
A 7 B7 C§ D 23

S
Q
>
o
L
L .
(O]
P
Q.
©
i -
@)

5 The reciprocal of %is:

4 1 1 1
A 3 B 1 C 3 D 15
6 Which decimal has the largest value?
A 6.0061 B 6.06 C 6.016 D 6.0006
7 9.46x1000 is:
A 94600000 B 9460 C 94605 D 0.0000946
8 75% of 84 is the same as: (075 x84)
84 84 . 12 X 0%)
A TX3 B TX4 C 84x100+75 D 100
9 If 1% equals 8, then 5% equals:
A 800 B 80 C 40 D 4
10 $790 increased by 10% gives:
A 879 B $880 C $771 D $869

Short-answer questions
1 Copy and complete.

. 2.1
20~ 60

p 25_5
40 |:|

. 4 L]
7 21



2 Simplify.
25 36
3 Evaluate.
1,1 5 4
A b 5%
7 3 1,1
¢ 3% 273
4 Find
1 1 1
a 3_IZ b 1§+2§
5 Find
2 1
a § Of 6 b § Of 10
6 Find
1_1 2 1
a §X§ b gXZ
7 Calculate these divisions.
1 2.1
a 6?2 b 33

8 Convert these fractions to decimals.

1 1
9 Write these decimals as simple fractions.

a 0.6 b 0.12

10 Evaluate.
a 12.6+74
c 94-12
e 9.6+10.1+3.21

11 Evaluate.
a 3x2
¢ 12x4
e 1.5x04
g 9.6x10

12 Find:

a 12+03 b 18.6+3

13 Round these decimals to 3 decimal places.
a 0.666... b 3.57964

= = o T

Number and Algebra

16
¢ 12

7 4 7 1
378 ¢ 10*10
5 1 3 7
773 h 5+15

1 4 2
10—35 d 3§+1§
2 3
§><12 d §><20
7.2 1.2
8%3 d 13x3
4.1 1.3
3 g 17
5 1000
0.04 d 0.95
8.59+5.6
10-54
12.4-6.22
0.3x0.2
0.12x0.4
7.164 x 100
0.06x7

c 1422+0.2

¢ 0.00549631
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14 Copy and complete this table of conversions.

0.1 0.75
1 1 1 1
100 4 3 8
5% 50%
15 Find:

a 10% of $50

b 25% of $64

¢ 5% of 7009

16 Express each of the following as a percentage.

a
b
C
d

17 a
b

$35 out of $40
6 out of 24
$1.50 out of $1
16 cmout of 4m

Increase $560 by 10%.
Decrease $4000 by 15%.

18 If 6% of an amount is $18, what is the amount?

19 Toni bought a $194 dress on sale for 20% off.
What did Toni pay for the dress?

20 Sally earned $84 000 last year. This year she got 5% more.
What did Sally earn this year?




Extended-response questions

1 The following table shows the value of A$1 (one Australian dollar) in foreign currency.

Number and Algebra

Genevieve is planning an extended holiday to Asia. She plans on visiting India, Singapore, Phuket

and Hong Kong.

Currency A$1
Indian rupee (INR) 42
Singapore dollar (SGD) 1.25
Thai baht (THB) 30
Hong Kong dollar (HKD) 7

a She has decided to change some Australian dollars to each of the above currencies before
she flies out. How much of each currency will she receive if she changes A$500 to each
currency?

b If she spent 70% of her Thai baht on hotels, how much does she have left to spend?

¢ After visiting Hong Kong, Genevieve has $42 HKD left. What does this convert back to in
Australian dollars?
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What you will learn

Length and perimeter (Consolidating) Area of a circle
Circumference of a circle , Volume and capacity
Area Volume of prisms

Area of special quadrilaterals

Australian curriculum

Investigate the relationship between features of

Real numbers circles such as circumference, area, radius and
Investigate the concept of irrational numbers, diameter. Use formulas to solve problems involving
including © (ACMNA186) 2 “circumference and area (ACMMG197)

Using units of measurement Develop formulas for volumes of rectangular and
Choose appropriate units of measurement for area  triangular prisms and prisms in general. Use formulas
and volume and convert from one unit to another to solve problems involving volume (ACMMG198)
(ACMMG195) Solve problems involving duration, including using
Find perimeters and areas of parallelograms, ~12- and 24-hour time within a single time zone

trapeziums, rhombuses and kites (ACMMG196) (ACMMG199)
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The box that changed cargo shipping

Thousands of cargo ships navigate the world’s vast Using the conversion factor of 1foot = 0.3048
oceans, transporting goods from one country to metres, gives metric dimensions of 2.44 m by
another. Loading and unloading millions of items was 2 59 m by 6.1m or 12.19 m.
time consuming and costly until the introduction of There are now over 6000 purpose-built container
shipping containers, steel boxes of fixed dimensions.  shjps transporting more than 20 million shipping
The uniform size of containers ensures constant containers of cargo between countries. The largest
volume for costings, organised stacking on ships and  ¢ontainer ships can carry over 19 000 containers and
docks and efficient land transport by truck or train. are 400 m long (equal in length to 4 football fields

Standard shipping container Imperial dimensions  gng-to-end).
are 8 foot by 8 foot 6 inches by 20 foot or 40 foot.
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For each of the following shapes choose the matching name from options A through H.
A: triangle, B: rhombus, C: square, D: parallelogram, E: circle, F: trapezium, G: rectangle,

H' kite
b u c u) i 0 d
& [=i
: f : g 7 h ﬂ
Find the perimeter ( d|stance around the outside) of these shapes

a MmO 6 cm
2.5¢cm

[N Si[m|
3m
Evaluate the following.

Pre-test

a %x5x4 b %Q+7)x6 ¢ 112

Convert these measurements to the units shown in the brackets.
a 3mi(cm) b 20 cm (mm) 1.8 km (m) 0.25 m (cm)
e 35 mm (cm) f 4200 m (km) 500 cm (m) 100 mm (m)

i 2 minutes i 3L(mL) 4000 mL (L) 3000 g (kg)
(seconds)

Count squares to find the area of these shapes.

a = b e
RS e BERLEy o
I

Find the area of these rectangles and triangles.

Remember: Area (rectangle) = / x w and Area (triangle) = %
a [J O b T c

3 cm
ul 0 i +5cm

10 cm o] 4 [

Count cubes to find the volume of this solid.
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Measurement and Geometry

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.

O 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. 6 cm

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

e QGreta says that there is enough information but the answer is 1 " [
90+12 =102 cm. 45 mm ¥

Who is correct?
Discuss how each person arrived at their answer. [ ] [

B The common metric units of length include:

e kilometre (km) 1 km =1000 m
e metre (M) I m=100cm
e centimetre (cm) 1cm =10 mm Perimeter
e millimetre (mm) The total distance
x1000  x100 x10 (length) around
o —a the outside of a
km m cm mm figure
x_ - % %__
+1000 +100 +10 5

B Perimeter is the distance around a closed shape.

e All units must be of the same type when
calculating the perimeter.
e Sides with the same type of markings (dashes)
are of equal length.
P=2x5+4+6
=20
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UNDERSTANDING 1-4 4

Write the missing words.

a The commonly used measurement system used today is called the system.
b The common metric units for length include millimetres,

and
Evaluate the following. Move the decimal
a 2x100 b 5.2x1000 c 7.8x10 point to the right for x

and left for +.
d 840 +100 e 9610+10 f 41200+ 1000
Write the missing number in these sentences.
a Thereare __mminl cm. Thereare ___cminl m.
¢ Thereare___minlkm d Thereare __cminl km.
e Thereare __mminlm. There are ___mmin 1 km.
Find the value of x in these diagrams.
a b xm c
X m
X cm 10 cm . 14 m
m 12m
3m
FLUENCY (0000055100 S

Example 1 Converting length measurements
——)

Convert these lengths to the units shown in the brackets.

a 5.2cm(mm)

Solution

b 2400 m (km)

Explanation

a 52can=52x10
=52 mm

b 2400 m = 2400 = 1000
=2.4km

a 3cm(mm) b 6.1m(cm)

d 3m(cm) e 0.0021km (m)
g 19620 m (km) h 38000 cm (m)
I 0.2cm(mm) k 42cm(m)

m 3700 m (km) n 600 m (km)

1cm =10 mm so multiply by 10.

x10

RN
cm mm

1km = 1000 m so divide 1000.

5 Convert these measurements to the units shown in the brackets.

¢ 8.93km (m) pkm = 1000m

f 320 mm(cm) 1cm =10 mm

i 48 mm (cm)

I 0.4m(cm)

0o 0.71 km(m) p 0.02m(cm)
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Example 2 Finding perimeters
——)
Find the perimeter of this triangle.
10 m
7 m
Solution Explanation
P=2x10+7 There are two equal 10 m lengths and one 7m length to
=27m add up.
Sides with the same m
6 Find the perimeter of these shapes. markings have the
same length.
a b # c
5m 6 m T T7m 3
cm
15m 5cm
8§ m
d 2.4 cm e f f
1.1m
4 em + + 7cm
2cm

9 h 43 cm i

7.2 mm 5.1m

9.6 m
2.8 mm
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Example 3 Finding perimeters of rectangular shapes

Find the perimeter of this shape.

) 4 cm
3“0m
Solution Explanation
P=2x3+3)+2x4 6 cm
=12+8
=20cm 4 em : -C-m 4em
3“cm
Find the perimeter of these shapes.
a 10 cm b ¢ Lem
= 3 cm T =+
5 km 4 cm
b= = T ] km
F2cm
8 km

8-9(1%), 10 8-9(t%), 11-13
Convert these measurements to the units shown in the brackets. 9
a 0.0043m (mm) You will need '

to multiply or S
b 0.0204 km (cm) divide by at least
¢ 23098 mm(m) two factors e.g.
x 100 x 10 or

d 342000 cm (km) +1000 < 100
e 194300 mm (m)
f 10000 mm (km)
g 0.024 03 m(mm)
h 994 000 mm (km)

0.000 01km (cm)




Measurement and Geometry

Example 4 Finding an unknown length

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

X cm
P=19cm
5 cm
Solution Explanation
2x+5=19 2x +5 makes up the perimeter, which is 19. Solve the
2x =14 equation algebraically or use a guess and check method to
x=7 find the value of x.

9 Find the unknown value x in these shapes with the given perimeter (P).

a b c 7 em
x m L

3m 4m + +xcm
4m i
P—ldm xm P=22cm
- _ Use the given
P=10m perimeter to find
the value of x.
d 10 mm e xm f :
+ 4+ x km
7m
X mm "
13m P =26km
P=39m
P =46mm

10 Jennifer needs to fence her country house block to keep
her dog in. The block is a rectangle with length 50 m and
width 42 m. Fencing costs $13 per metre. What will be the
total cost of fencing?

11 Gillian can jog 100 metres in 24 seconds. How long will it
take her to jog 2 km? Give your answer in minutes. (There
are 60 seconds in one minute.)
12 A rectangular picture of length 65 cm and width 35 cm

is surrounded by a frame of width 5cm. What is the
perimeter of the framed picture?
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m 13 Write down rules using the given letters for the perimeter of these shapes, e.g. P = a + 2b.
b a C || L]

a b
; 7_! + 1b
a b

L
o
a
— 14
14 Find the perimeter of these shapes. Give your answers in cm.
a b
10 cm 30 mm 1 4 cm Check to make sure
T the units are all the
same.
15 mm
i ‘ \
1.1 cm
20 mm
e 10 cm f

7 cm

7m
\: ; ;Sm
12m
9 cm
44 m
+=20m
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Measurement and Geometry

Circumference of a circle

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 piis &, and as a decimal & = 3.14159....
There is no fraction that approximates pi exactly, which
is why we often use calculators when working with this
number.

O Let’s start: Discovering pi

Here are the diameters and circumferences for three circles,
correct to two decimal places. Use a calculator to work out
the value of Circumference + Diameter and put your results
in the third column. Add your own circle measurements by
measuring the diameter and circumference of circular objects
such as a can or a wheel.

e What do you notice about the numbers C + d in the third column?

e Why might the numbers in the third column vary slightly from one set of measurements to another?
e What rule can you write down that links C with d?

Circumference = 27r = 6.2831.....

Diameter d (mm) | Circumference C(mm) | C+d
2.23 7.01
5.94 18.66
20.65 64.87
Add your own Add your own
B Features of a circle
* Diameter (d) is the distance across the centre of O‘comfere,,oe

a circle.
e Radius (r) is the distance from the centre to the
circle. Note d = 2r.
B Circumference (C) is the distance around a circle.
e C=2arorC=nd Circumference The

B Pi(7) = 3.14159 (correct to five decimal places) curved boundary of
acircle

Radius The
distance from the
centre of a circle to
its outside edge

e Common approximations include 3.14 and %

* A more precise estimate for pi can be found on most calculators or on the
internet.
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UNDERSTANDING 1-4 4

1 Name the features of the circle as shown in the diagram.

2 a Find the diameter of a circle if its radius is:

i 5m ii 11cm iii 2.3mm
b Find the radius of a circle if its diameter is:
i 12cm i 31mm iii 0.42m

3 Write down the value of & correct to:
a one decimal place b two decimal places
¢ three decimal places

@

4 Evaluate the following using a calculator and round to two decimal places.
a x5 b 7nx13 c 2xmx3 d 2xmx37

FLUENCY 5, 6(1%) 5608

Q)

Example 5 Finding the circumference using the radius

B

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

Solution Explanation

C =2nr Since r is given, you can use C = 27r.
=2xmwx3.5
=Tr

=21.99m (to 2 d.p.)

5 Find the circumference of these circles, correct to two decimal places. Use a calculator for the
value of pi.

b ¢ Use the rule
C =2nrand
39 cm  substitute the
value of r.
2 mm

0.7 km

g
&
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Example 6 Finding the circumference using the diameter

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

Solution Explanation

C=nd Substitute d = 4 into the rule C = wd or use
=n x4 C =2mr with r = 2.
=4r

=12.57cm (to 2 d.p.)

6 Find the circumference of these circles, correct to two decimal places.
a b c )

Use the rule C = nd m
and substitute the
value of d.
| . | |
7-10 10-13

7 The diameter of the circular face of a metal drum
is 80 cm. Find its circumference, correct to the

nearest whole centimetre.

8 A water tank has a diameter of 3.5m. Find its
circumference, correct to one decimal place.
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9 A wheel of radius 28 cm rolls one full turn. Find how far it rolls correct to the nearest centimetre.

12

13

14

An athlete trains on a circular track of radius 40 m and jogs 10 laps each day, 5 days a week.
How far does he jog each week? Round the answer to the nearest whole number of metres.

These shapes are semicircles. Find the perimeter of these shapes including the straight edge and

round the answer to two decimal places.
25 cm

a

b

4.8 m

D

The perimeter
is half of the b

circumference of
a full circle plus
the diameter.

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

measurements?
r C
Mick 4cm 25.1cm
Svenya 3.5m 44m
Andre 1.1m 13.8m

Explain why the rule C = 2zr is equivalent (i.e. the same as) C = zd.

The box shows & correct to 100 decimal places. The Guinness World record for the most
number of digits of x recited from memory is held by Rajveer Meena from India. He recited

70 000 digits non-stop over a 10-hour period.

3.1415926535 8979323846 2643383279 5028841971 6939937510
5820974944 5923078164 0628620899 8628034825 3421170679

Challenge your friends to see who can remember the most number of digits in the decimal

representation of 7.

Number of digits memorised Report
10+ A good show
20+ Great effort
35+ Superb
50+ Amazing memory
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Area

The amount of space on a surface is called
area. Area is measured in square units and the
common metric units are square millimetres
(mm?), square centimetres (cm?), square metres
(m?), square kilometres (km?) and hectares (ha).
The hectare is often used to describe area of
land, since the square kilometre for such areas is
considered to be too large a unit and the square
metre too small. A school football oval might be
about 1 hectare, for example, and a small forest
might be about 100 hectares.

O Let’s start: Estimating area

Measurement and Geometry

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.

B The common metric units for area include:
e square millimetres (mm?)
e square centimetres (cm?)
e square metres (m?)
e square kilometres (km?)
e hectares (ha)

x10002  x1002 x102
=1000000 = 10000 =100
i N YR
km? m? cm? mm?
A W A
+10002 +1002 +10?
=1000000 = 10000 =100
x10000
VRN
ha m?
>

1cm?
=10x10
=100 mm?

1m?
=100 x 100
=10 000 cm?

1km?
= 1000 x 1000
=1000 000 m?

1 cm =10 mm

1 cm =10 mm

1 m=100 cm
1 m=100cm
1 km = 1000 m

1 km = 1000 m

189
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B Area of squares, rectangles and triangles

Square A=Ixl=1I '

Rectangle A=Ixw=Iw

Perpendicular
At right angles
to another line

f or surface

l
e Triangle A:lxbxh:lbh [

]
b
* The dashed line which gives the height is perpendicular (at right angles) to
the base.
UNDERSTANDING 1-3 3
1 Write the rules for the area of these shapes.

a rectangle b square ¢ triangle

2 By considering the given diagrams answer the questions.

a

b

|<«<—1 cm =10 mm—>

i How many mm?in 1cm??

ii  How many mm? in 4 cm??

iii How many cm? in 300 mm??

i How many cm?in 1m??

lem=

10 mm

ii  How many cm?in 7m??

iii How many m? in 40 000 cm??

1 m=100cm

(not to scale)
1 m2 1 m=100 cm

i  How many m?in 1km?? 1 km = 1000 m

ii  How many m? in 5km??

iii How many km? in 2 500 000 m?? 1km? |1km=1000m
i How manym?inlha? 100 m

iil  How many m? in 3ha?

iii How many ha in 75 000 m*? 1 ha 100 m




3 Which length measurements would be used for the base and the height (in that order) to find
the area of these triangles?

Measurement and Geometry

(ﬂ

a ~_5m b 10cm Recall that the
'3m 6 cm base and height are
1 perpendicular (at 90°).
7m 8 cm
c d S5m
10 m 34 m
FLUENCY _ (0t
Example 7 Converting units of area
——)
Convert these area measurements to the units shown in the brackets.
a 0.248m? (cm?) b 3100 mm? (cm?)
Solution Explanation
a 0.248m? = 0.248 x 10 000 1 m? =100%> cm? =10 000 cm? %1002
— 2480 cm? Multiply since you are changing to 2/\ )
a smaller unit. m cm
b 3100 mm? = 3100 + 100 1cm? =102 mm? = 100 mm? 5 5
v A A cm mm
— 31 em? Divide since you are changing to ~__
a larger unit. 102
=10
4 Convert these area measurements to the units shown in the brackets.
a 2cm?(mm?) b 7m?(cm?)
- h 5 lcm? =10x10
¢ 0.5km (m ) d 3 a(m ) =100 mm?
e 0.34cm? (mm?) f 700 cm? (m?) m?2 =100 x 100
g 3090 mm? (cm?) h 0.004km? (m?) =10 000 cm®
' o ) R 1km? = 1000 x 1000
i 2000cm (m ) ] 450 000 m (km ) = 1000 000 m?2
k 4000 m? (ha) I 3210 mm? (cm?) 1ha =100 %100
— 2
m 320 000 m? (ha) N 0.0051m? (cm?) =R
0 0.043cm? (mm?) p 4802 cm?(m?)
q 19040 m? (ha) r 2933m?(ha)
s 0.0049 ha(m?) t 0.77ha(m?)
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Example 8 Finding the area of rectangles and squares

Find the area of these shapes.

a b f
2 cm iF T7m
6 cm
Solution Explanation
a A=lw Write the formula for the area of a rectangle and substitute
—6x2 [=6andw=2.
=12cm?
b A= For a square, multiply the length of a side by itself to get
=72 the area.
=49 m?

5 Find the areas of these squares and rectangles.

a : b 7m 3m © Scm
T T3cm
" 2 cm
Used=Ixw
d e f 12mm
11 m
11 m
3m
Example 9 Finding the area of triangles
Find the area of these triangles.
a I b I
i / e ik
o T
1 11 cm
13 m
Solution Explanation
a A= %bh Remember that the height is measured using a line that is
| perpendicular to the base.
= 5 x13x7

=45.5m?




Measurement and Geometry

Solution Explanation
b 4= %bh The base is 11cm and the height is 5cm so use b = 11 and
) h=5.
=5 X 11x5
=27.5cm?

6 Find the area of these triangles.

a b &)

! 13 cm =
! Use A = %bh and m

7m
. choose the base and
Tom height so they are
perpendicular (at 90°).
c d
10 cm 7m
18 m
20 cm
e f <~ 3km
4 km
10 km
7-9 9-12

7 A rectangular park has a length of 100 m and an area of 5000 m?. What is its width?

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 225cm?
10 a Find the area of a square if its perimeter is 20 m.
b Find the area of a square if its perimeter is 18 cm. E
¢ Find the perimeter of a square if its area is 49 cm?. First find the side [
. ) o ) length of the square. -
d Find the perimeter of a square if its area is 169 m?.
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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 6.5m long and 3 m high and needs two coats of
paint. What will be the cost of paint for the wall?

R |

12 Use your knowledge of area units to change these measurements to the units shown in the

brackets.
a 0.2m?>(mm?) b 0.000 043 km? (cm?) ¢ 374000 cm?(km?)
d 10920 mm?*(m?) e 0.000 000 2 ha(cm?) f 1000 000 000 mm?(ha)

13

a b 9m

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

Divide into two or
more shapes then
add or subtract.

d

6 km <——2km
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We have used formulas to work out the area
of rectangles (4 = Iw), squares (4 = [*) and
triangles (A4 = Ebh)'

In this section, we will develop and use
formulas for a set of special quadrilaterals
including the parallelogram, rhombus, kite
and trapezium.

O Let’s start: How is a

Measurement and Geometry

Area of special quadrilaterals

parallelogram like a
rectangle?

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

- 4 / m //3m
4 +3m 3m g
10 m
b L] y
10 m 10m
e How does this diagram help you work out the area of a
parallelogram? f—> -
e Can you write the rule for the area of a parallelogram? \ h \
?—l o 1
b
Parallelogram
A quadrilateral
B Area of a parallelogram with both pairs

Area = base x perpendicular height g:)_:j
or A =bh

b

Area of a rhombus and kite

or 4=x=xy

N —

_1 _1
A= > XY A= > XY
Area of a trapezium
Area = Ly sum of parallel sides x perpendicular height

or A=S(a+b)hor A=2(a+b) g

A= bh
Area = 1 x diagonal x x diagonal ’ . i
rea=§>< lagonal x X dlagonal y /x K
' y/\ x
N Y

of opposite sides
parallel

Rhombus

A quadrilateral
with both pairs
of opposite sides
parallel and all
sides equal

Kite

A quadrilateral
with two pairs of
adjacent sides
equal

Trapezium

A quadrilateral with
at least one pair of
parallel sides

195
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UNDERSTANDING 1-3 3
1 Match each formula with a shape.
a A=lw b A=ty ¢ A=bh d A=1(a+bh
A B [ L] C/_’—\ D
[ [ >

2 Find the value of A4 using these formulas and given values. Substitute the given values into the

formulas.
a A=bh (b=2h=23) b A=txy(x=5y=12)
¢ A=ta+bhla=2b="75=3 d A=Aa+bhla=7.b=4.h=6)
3 Complete these sentences.
a A perpendicular angle is degrees.
b In a parallelogram, you find the area using a base and the Choose from:
. height, 90, parallel,
. . . kite, rhombus,
¢ The two diagonals in a kite or a rhombus are - perpendicular.
d To find the area of a trapezium you multiply % by the sum of the
two sides and then by the height.
e The two special quadrilaterals that have the same area formula using diagonal lengths x and
y are the and the

FLUENCY (e INSEEER

Example 10 Finding the area of parallelograms

Find the area of these parallelograms.

a - b
/ 110 cm /
;—l | 8 m
25 cm
Solution Explanation
a A=bh Use 4 = bh with b =25 and & =10
=25x%x10
=250 cm?
b A=bh The height is measured at right angles to the base.
=8x3

=24m?
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4 Find the area of these parallelograms.
a 10 m b Use 4 = bh and
choose your base and
perpendicular height.

c d
5m
15m

e f >
/ /i2.3m
9cm !chm 7.8 m

Example 11 Finding the area of rhombuses and kites

w
o
=i

Find the areas of this rhombus and kite.

| |
20 cm
4 m /
Solution Explanation
a A= %xy Use 4 = %xy when the diagonals are given with
=l><6><4 x =6 and y = 4 (or vice versa)
2
=12m?
b 4= %xy Use the formula 4 = %xy since both diagonals
1 are given. This formula can also be used for
=5 x10x20 a rhombus.

=100 cm?
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5 Find the area of these rhombuses and kites.

a b Recall that 4 = %xy m
@ for both rhombuses and
kites with x and y as
3cm

the diagonals.

22 km
c d
62 m 4 cm
e f
1.8 mm
>
30 mm

Example 12 Finding the area of trapeziums
——)

Find the area of this trapezium.

3 mm
ES mm
=
11 mm
Solution Explanation
4= 1(a +B)h The two pargllel sideg are .11mm and 3mm in length.
2 The perpendicular height is 5 mm.
_1
=5 X (I1+3)x5
= Lx1axs
2
=35mm?
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6 Find the area of these trapeziums.
a 7cm b

i 9m
:80m

17'cm

4m
1
InAzi(a+b)h, e

c 20 mm d 4 cm
where a and b are
the lengths of the
parallel sides.
50 mm

1cm

7-9 9-12

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?

Three of the rods are 30 cm in length and one is 60 cm as shown. What area of plastic,

8 A flying kite is made from four centre rods all connected near the middle of the kite as shown.
in square metres, is needed to cover the kite?

30 cm

—>

T
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m 9 A parallelogram has an area of 26 m? and its base length is 13m. 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 trapeziums have one side at right angles to the two parallel sides. Find the area of each.
a 2 cm b

4m
2 cm

10 m

Y

N

cm

13 cm

qmcm

12 Would you use the formula 4 = 1xy to find the area of this rhombus? Explain.

'm
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13 Copy and complete these proofs to give the formula for the area of a parallelogram, a rhombus
and a trapezium.
a Parallelogram

A = length x width

= X i h

b Rhombus
A = 4 triangle areas

=4x % x base x height

—axl
—4x2x X

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

_1

x base, x height, + % x base, x height,

1
2

N — N

X X + 5 X X
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Area of a circle

)3 Like the circumference of a circle, the area of a circle is linked to

the number pi (7).
One way to consider the area of a circle is to divide it into

sectors, then arrange them into a rectangular shape. If very
o thin sectors are used, then the arrangement will be close to a

weees ractangle with a length that is half the circumference of the

circle, or % x 2xcr = mr and width r.
WoTaheets This leads to the area formula: A4 = length x width

Interactive

GRS =TnrXr !
1
Walkthrough !

O Let’s start: Just count squares

To find an estimate for the area of a circle you can count the number of
squares.

e Count squares to estimate the area of this circle in cm?.

e Ask your teacher to give you an accurate measure of its area. Who was

the closest?

B The area of a circle is given by the formula 4 = &r?.
e The diameter is twice the radius: d = 2r
e Substitute the radius into the formula to find the area.

e.g. If r =2 then Semicircle
A= x22 Half a circle
=nx4 Quadrant
=12.57 (to 2 d.p.) A sector which is
one quarter of a
B A half circle is called a semicircle. circle
1 .
A= 5T

B A quarter circle is called a quadrant.

_1 5
A—4rcr
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3  What fraction of a full circle is shown here?

a b

(N

4 What is the length of the radius in these shapes?

a b

(]
DD

©
_/

7 km
2.3 mm

FLUENCY

UNDERSTANDING 1-4 4
1 Write the rule for:
a the circumference of a circle. b the area of a circle.
2 Use a calculator to evaluate these to two decimal places.
a mx5? b 7mx13? ¢ nwx3.1? d 7x9.8°

sor NGO

Example 13 Finding circle areas using a radius

Find the area of this circle correct to two decimal places.

Solution Explanation
A= rmr? Use the 7 button on the calculator and enter 7 x 4% or & x 16.
=7 x 4?

=50.27 cm? (to 2d.p.)

5 Find the area of these circles, correct to two decimal places.
a

fg\'*k

(@]
Substitute the =
radius for  in :
A=rmr’.

203



204 Chapter 4 Measurement

Example 14 Finding circle areas using a diameter

Find the area of this circle correct to two decimal places.

Solution Explanation
P D) = () = First work out the radius as half of the diameter.
A = 7r? Substitute » = 3 into the rule, then round to two decimal
=7 x 3? places.
=28.27m? (to2d.p.)
6 Find the area of these arcles correct to two decimal places.
‘ c First work out the

* radius.
‘ | ‘ f ‘

7 Find the area of the circle inside these shapes. Round to two decimal places.

YT Y T |-
\/_ K/ \ 10 km

8 A pizza tray has a diameter of 30 cm. Calculate its area to
the nearest whole number of cm?.
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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 1m? and,
if so, by how much? Round your answer to the nearest
whole number of cm?.

A circular oil slick has a diameter of 1km. The newspaper
reported an area of more than 1km?. Is the newspaper
correct?

Example 15 Finding the area of quadrants and semicircles

B

Find the area of this quadrant and semicircle correct to two decimal places.

a b 5 km
3m
Solution Explanation
a A= %x zr? The area of a quadrant is - the area of a circle with the
| same radius.
=anx?

=7.07m? (to2d.p.

b r= % =25 The radius is half the diameter.
1 The area of a semicircle is %the area of a circle with the
A=5xmr? di
P same radius.
_1 2
2xnx25

=9.82km? (to2d.p)

11 Find the area of these quadrants and semicircles, correct to two decimal places.

Q 16 cm The radius is half
the diameter.
17 mm
d
3.6 mm 8 mi
10 cm

205



12 Two circular plates have radii 12 cm and 13 cm. Find the difference in their area, correct to two
decimal places.

13 A square of side length 10 cm has a hole in the middle. The diameter of the hole is 5cm. What is
the area remaining? Round the answer to the nearest whole number.

3 Composite problems — A

14 Find the areas of the shaded region of these composite shapes using addition or subtraction.

Round the answer to two decimal places.
a b c
10 cm
| ‘
|||
3cm 1lcom

B

2m




m 1 Convert these measurements to the units shown in the brackets. o amn
a 12cm(m) :
b 585mm (cm)
¢ 6.2m(mm) U
d 2.57km(m) m
m 2 Find the perimeter of these shapes. w
a = b m
-
T =Stcm m
5.8 m o
# o
8.5 cm n-
3m
= Y d ” 5
4 cm i b
6 cm +
31 cm T TS5cm
1 @ |

m 3 Find the circumference of these circles, correct to two decimal places. Use a calculator

for the value of pi.
: . ’ .

m 4 Find the perimeter of a mathematics protractor, which is the shape of a semicircle, with
a base of 14 cm. Round the answer to two decimal places.




5 Convert these area measurements to the units shown in the brackets.
a 7cm?(mm?)
b 4500 mm? (cm?)
¢ 0.0034m? (mm?)
d 30km? (ha)

4c 6 Find the area of the following shapes.

a 3m b DT
+5cm
2m
7 y 1 cm
ul m
13 cm
c 14 m d T
4 cmE
=]
6 m 18 cm
7 Find the area of the following special quadrilaterals.
a b J
3cm
Y
c 7 mm d 8 cm
>
|
1
{
1
6
E mm 10 cm
! 24 cm
| -
15 mm

8 A parallelogram has an area of 40 m? and its perpendicular height is 8 m. What is
the length of its base?



9 F|nd the area of these circles, correct to two decimal places.
. . b l
~ 10 Find the area of this quadrant and semicircle, correct to two decimal places.

a b
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Chapter 4 Measurement

Volume and capacity

Volume is a measure of the space occupied by

a three-dimensional object. It is measured in cubic
units. Common metric units for volume given in
abbreviated form include mm?, cm?, m?® and km?.
We also use mL, L, kL and ML to describe volumes
of fluids or gas. The volume of space occupied by
a room in a house for example might be calculated
in cubic metres (m?*) or the capacity of fuel tanker
might be measured in litres (L) or kilolitres (kL).

o Let’s start: Why are there
1000 mm3 in 1 cm?3?

Shown here is a 1cm? cube (not to scale) that is also divided up
into 1mm? cubes.
e How many 1mm? blocks sit along one edge? I cm =10 mm
e How many I mm? blocks sit on one layer?
e How many layers of Imm? blocks make up the full 1cm?3?
e Now try to explain why there are 1000 mm?* in 1.cm3. 1 cm =10 mm
e How many cm? are in 1m*? How many m? are there in 1km?3? 1cm= 10 mm

Give reasons.

B Volume is measured in cubic units. Common metric units are:

* cubic millimetres (mm?) x10003  x1003 x103
e cubic centimetres (cm?) R
e cubic metres (m?) km;/ m? vcm3vmm3
e cubic kilometres (km?) 210003 <1003 103
B Capacity is the volume of fluid or gas that a container can hold. Common metric units are:
* mililitre (mL) 1000 x1000  x1000
e litre (L) N N T
o kilolitre (kL) ML KL L mL Jolume The
e megalitre (ML) 7 three-
B Some common conversions are: +1000 +1000 +1000 dimensional
e ImL=1cm? space in an
e 1L=1000mL =1000 cm? | h object
e 1kL=1000L=1m? J L Capacity How
B \Volume of a rectangular prism = much liquid a
o Volume = length x width x height ! ERINEIAEYT EE
V = hoh hold

B Volume of a cube
V= —
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UNDERSTANDING 1-3 3

1 State if the following are units for length, area or volume.
a cm b cm? c m? d mm? e m?
f mm g km? h mm?3 i m? j km

2 Count how many cubic units are shown in these cube stacks.
a b c

3 Write the missing number in the following unit conversions.
a lL=__mL b __ kL=1000L ¢ 1000 kL=__ ML
d ImL=__ cm? e 1000 cm’® = L f 1lcm’=__mm?

FLUENCY 4,500,6 [N

Example 16 Finding the volume of a rectangular prism

Find the volume of this rectangular prism.

6 m 2m
4m

Solution Explanation
V = lwh First write the rule and then substitute for the

=6x4x2 length, width and height. Any order will do since

=48 m? 6X4x2=4x6%x2=2x%x4x%6etc.

4 Find the volume of these rectangular prisms. o)
a 2 em b ¢ Use V = lwh or m
Sm use I’ = IxIxl
+ for cubes.
6 cm
3cm 4 m 3 nllm
Im
d e f 2m
1 4 mm 6m

20 mm

. 4 km




212 Chapter 4 Measurement

Example 17 Converting units

Convert these measurements to the units in the brackets.

a 0.5L(mL) b 6400 kL (ML) ¢ 3500cm? (L)
Solution Explanation
a 0.5L=0.5%x1000 There are 1000 mL in 1L so multiply by 1000.
= 500 mL
b 6400kL = 6400 + 1000 1 ML = 1000 kL and ML is the larger unit so
= 6.4 ML divide by 1000.
¢ 3500 cm? = 3500 + 1000 1L =1000mL and 1mL = 1cm? so
=3.5L 1L=1000cm?3.

5 Convert the measurements to the units shown in the brackets. g
a 2L(ml) b SkL(L) ¢ 0.5 ML (kL) L= 1000 mL = 1000 cm* , AcA
d 3000 mL (L) e 4 mL(cm?) f 50 cm?® (mL) 1 kL = 1000 L :

g 2500cm* (L) h 5.1L(cm3) i 1m’ I ML =1000 kL

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 = lwh First calculate the volume of the container in cm?.
=20x10x15 Then convert to litres using 1 L = 1000 cm?.
= 3000 cm?
= 3000 + 1000
=3L
6 Find the capacity of these containers, converting your answer to litres.
a 0 em ¢ First find the
volume in cm?
1 using V' = hwh,
T0om  S0cm 70 cm then divide by 1000
60 cm j to convert to litres.
30 cm
10 cm
d e 1 f
cm
9cm
4 cm
3 em 6 cm
3
cm 8 cm
2 cm

5cm
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7-9 9-12
7 Hereis a 1m? cube with each edge 100 cm.
| 1 i 3
a Find its volume in cm?. 100 em
b Complete this statement: 1 m? = am?
3 ?
¢ How many cm?® make 1L 100 cm
d Complete this statement: 1 m* = L 100 cm

8 Find the capacity of these rectangular prisms in litres.

a b First find the volume
in m?, then use
1m? =1000 L.

5m
2m

3m
| % [ —
4m 1m
0.6 m 2m
lm
@ 9 An oil tanker has a capacity of 60 000 m>.
‘ Use 1 m* =1000 L.

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 If 1kg is the mass of 1L of water, what is the mass of water in a full container that is a cube with

I m wide by 80 cm high. How long will it take to fill the tank? Give the answer in minutes.

side length 2m?
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

12 How many cubic containers (with side lengths that are a whole number of centimetres) have
a capacity of less than 1 litre?

13 You can find the total surface area of solids by adding all the areas of all the outside surfaces.
Here is an example.

2 cm
4cm 4 cm
3cm
3cm 2cm 2 cm
3cm
Total surface area
=2X(3x4)+2x(3x2)+2x(2x4)
=24+12+16
=52 cm?
Find the surface area of these rectangular prisms.
a ; b ! c ‘
2 clm /// 1 -1 3 cm
— 2 cm AR
8.2 m -
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Volume of prisms

We know that for a rectangular prism, its volume ¥V is

[&] given by the rule V' = lwh. Length x width (Iw) gives the
area of the base 4. So V' = lwh could also be written as
V = Ah.

Interactive

Widgets

. A S
HOTsheets e

l
wairoush —— The rule V' = 4h can also be applied to prisms that have different shapes as their bases.
One condition, however, is that the area of the base must represent the area of the cross-section
of the solid. The height % is measured perpendicular to the cross-section.
Here are some examples of prisms with 4 and & marked.

A h
A
Cross-section is a triangle Cross-section is a trapezium Cross-section is a rectangle

A

O Let’s start: Drawing prisms

Try to draw prisms that have the following shapes as their cross-sections.

e Rectangle e Triangle
e Trapezium e Pentagon
e Parallelogram o Kite

The cross-section of a prism should be the same size and shape along the entire length of
the prism. Check this property on your drawings.

B A prism is a solid with a constant (uniform) cross-section. . A
e |ts sides between the two congruent ends are parallelograms. i
e Aright prism has rectangular sides between the congruent ends. |
B Volume of a prism = Area of cross-section x perpendicular height or V' = Ah. /,/"\\\\ h
e RN
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UNDERSTANDING 1-3 3

1 What is the name of the shape of the cross-section in these prisms (shaded)?
a b c 5m

1
|
1
y 9cm i
N

2 What is the area of the shaded cross-sections in question 1? You will need the formulas:
A=lw, A= and A= Jbh

3 For these solids below: 4
i state whether or not it is a prism. A prism has a constant m
il if itis a prism, state the shape of its cross-section. cross-section.
a , b c
I
JI - !
d e f

FLUENCY (007500 IS

Example 19 Finding the volumes of prisms given the cross-section

Find the volume of this prism using V' = Ah.

A=10cm?
L
: : 3 cm
Solution Explanation
V = Ah Write the rule and substitute the given values of
=10x3 A and &, where 4 is the area of the cross-section.

=30cm’
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4 Find the volume of these solids using V' = Ah.
a A=4m? b A=s5m? c

llml

11m : /
! 4m
NGl RN A =32 mm?
d | e f Sm
A=2cm? 5 -
cm A=22m?2
A =11 mm? 3 mm

Example 20 Finding the volumes of prisms
——)

Find the volume of this prism.

Solution Explanation
A= %bh The cross-section is a triangle, so use 4 = %bh
1 with base 4m and height 2m.
=~5XxX4x%x2
2
=4m?
V = Ah Then multiply by 8 using V' = Ah with & =8.
=4x8
=32m?

5 Find the volume of these prisms. g
a b 2m Firstfind the area

of the cross-
/7 section then
multiply by 4.

10 cm 3m

8 cm

217
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| 1 ~20cm

e 3m

5m

6 cm

8 cm

4 cm

2cm

4 cm

6 A rectangular drain pipe has a cross-sectional area of 4m? and is 10 m long. Find its volume.

7 7,8

7 These solids have cross-sections which are parallelograms, trapeziums, rhombuses or kites. Find

their volume.
a

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?

b First find the area
of the cross-section
12mm  ,_ 4
11 mm A:%(a+b)hor
_1
A= 3 XY
d
4 cm
4 cm
f 8 mm
20 mm
20 mm
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9 Although a cylinder is not a prism, the volume of a cylinder can be calculated using V' = 4h
where 4 = zr? so V = mr?h.

A=nr2

Find the volume of these cylinders. Round the answer to two decimal places.
a 10 m b 40 mm

10 mm

c 20 cm d 7 em 7
. f §4 cm ° '

3m

219
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Chapter 4 Measurement

Time

The origin of the units seconds and minutes dates back to the
ancient Babylonians, who used a base 60 number system. The
24-hour day dates back to the ancient Egyptians, who described
the day as 12 hours of day and 12 hours of night. Today, we use
am (ante meridiem, which is Latin for ‘before noon’) and pm
(post meridiem, which is Latin for ‘after noon’) to represent the
hours before and after noon (midday).

During the rule of Julius Caesar, the ancient Romans introduced
the solar calendar, which recognised that the Earth takes about
365 Y days to orbit the Sun. This gave rise to the leap year,
which includes one extra day (in February) every 4 years.

O Let’s start: Time starter

In less than five seconds per question, see if you can write the answers to the following:
e How many seconds in a minute?

e How many hours in two days?

e How many months in a year?

e How many seconds in an hour?

e Which months have 31 days?

e What do sce (or 8c) and ce (or Ab) mean on time scales?

M The standard unit of time is the second (s).
B Units of time include:

; Aol = x24 x60 x 60

e ]minute (min) = .60 seconds (s) N o

e lhour (h) = 60 minute (min) day hourvminute second

* lday =24 hours (h) =04 -60 =60

e 1week =7days

e lyear =12 months
B am or pm is used to describe the 12 hours before and after noon (midday). Time zone Any
B 24-hour time shows the number of hours and minutes after midnight. geographic

e 0330 is 3:30 am. e 1121is 11:21 am. region of the

e 1530 is 3:30 pm. o 2247 is 10:47 pm. m‘;rfa'r:(;”hmh
B The Earth is divided into 24 major time zones (one for each hour) and several standard time

minor time zones. is kept

e Twenty-four 15° lines of longitude divide the Earth into its time zones.
Time zones also depend on a country’s borders and how close it is to other
countries. (See map on pages 222-223 for details.)

e Time is based on the time in a place called Greenwich, United Kingdom, and this is called
Coordinated Universal Time (UTC) or Greenwich Mean Time (GMT).

e Places east of Greenwich are ahead in time.

* Places west of Greenwich are behind in time.
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B Australia has three time zones:
e Eastern Standard Time (EST), which is UTC plus 10 hours.
e Central Standard Time (CST), which is UTC plus 9.5 hours.
e Western Standard Time (WST), which is UTC plus 8 hours.

o

j/
)} | 3
| Exercise 4H UNDERSTANDING (505

1 Write the missing number.
a Iminute=___ seconds b __ days=1week
¢ ___ hours=1day d 2hours=___ minutes
e 240 seconds=____ minutes f Marchhas____ days

2 Find the number of:
a secondsin 2 minutes b minutes in 180 seconds
¢ hours in 120 minutes d minutes in 4 hours
e hoursin 3 days f daysin 48 hours
g weeks in 35 days h days in 40 weeks

3 What is the time difference between these times?
a 12:00 noon to 6:30 pm b 12:00 midnight to 10:45 am
¢ 12:00 midnight to 4:20 pm d 11:00 am to 3:30 pm
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FLUENCY  40%),5,6(2),7.8 |AS6ANRE00A)

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 3days=3x24h 1 day = 24 hours
=324 x 60min 1 hour = 60 minutes
= 4320 min
b 30 months = 30 + 12 years There are 12 months in 1 year.
_ol
= 22 years
4 Convert these times to the units shown in brackets.
a 2min(s) b 48h (days) ¢ 21 days (weeks) 1 min= 60 sec
d 3h(min) e 10.5 min (s) f 240s (min) L hr =60 min
. . 1 day = 24 hrs
g 90 min (h) h 6 days (h) i 72 h(days) 1 week = 7 days
i 1week (h) k 1day (min) | 3% h (min)
5 Write the time for these descriptions.
a 4 hours after 2:30 pm b 10 hours before 7:00 pm
c 3% hours before 10:00 pm d 7% hours after 9:00 am
e 6% hours after 11:15 am f 1% hours before 1:25 pm

Example 22 Using 24-hour time

Write these times using the system given in brackets.

a 4:30 pm (24-hour time) b 1945 (am/pm)
Solution Explanation
a 4:30pm = 1200 + 0430 Since the time is pm, add 12 hours to 0430 hours.
= 1630 hours
b 1945 hours = 7:45 pm Since the time is after 1200 hours, subtract 12 hours.

6 Write these times using the system shown in brackets.

1:30 pm (24-hour) 8:15 pm (24-hour) 6:00 am is 0600 hours
12:00 noon is 1200 hours
10:23 am (24-hour) 11:59 pm (24-hour) 6:00 pm is 1800 hours

0630 hours (am/pm)
1429 hours (am/pm)
2351 hours (am/pm)
6:47 pm (24-hour)

1300 hours (am/pm)
1938 hours (am/pm)
0426 hours (am/pm)
4:32 am (24-hour)

R - o O
_——— = =n QT
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7 Round these times to the nearest hour.
a 1:32pm
b 5:28 am
¢ 1219 hours
d 1749 hours

Example 23 Using time zones

Use the world time zone map (on pages 222-223) to answer the following.
a When it is 2:00 pm EST (Eastern Standard Time), find the time in these places.

i Adelaide i Perth iii Queensland iv Phillipines
b When it is 9:35 am in Western Australia, Australia, find the time in these places.
i Alice Springs ii  Tasmania iii Brisbane iv China
Solution Explanation
a i 1:30pm Adelaide is in the Central Standard Time zone, which is % hour
behind Eastern Standard Time.
il 12:00 noon Perth is in the WST zone, 2 hours behind EST.
iii 2:00 pm Queensland is in the Eastern Standard Time zone.
iv. 12:00 noon Phillipines is in the same zone as Western Australia.
b i 11:05am Alice Springs uses Central Standard Time, which is 1% hours
ahead of Western Standard Time.
i 11:35am Tasmania uses Eastern Standard Time, which is 2 hours ahead
Western Standard Time.
iii 11:35am Brisbane is in the EST zone 2 hours ahead of WST.
iv 9:35am China is in the same zone as Western Australia.

8 Use the time zone map on pages 222-223 to find the time in the following places, when it is

10:00 am EST (Eastern Standard Time). e
a Melbourne b Darwin ) s
¢ Adelaide d Perth CST is 5 an hour behind EST, m
e Sydney f Tasmania WST is 2 hours behind EST.

g China h Papua New Guinea

9 Use the time zone map on pages 222-223 to find the time in these places, when it is 3:30 pm
in Perth.
a Melbourne b Phillipines ¢ Sydney
d China e Hobart f Queensland
g Alice Springs h New Zealand i Japan
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From options A to F, match up the time units with the most appropriate description.
a single heartbeat A 1hour

b 40 hours of work B 1 minute

¢ duration of a university lecture C 1day

d bank term deposit D 1week

e 200-mrun E 1vyear

f flight from Australia to the UK F 1second

What is the time difference between these time periods?

10:30 am and 1:20 pm
9:10 am and 3:30 pm
2:37 pm and 5:21 pm
10:42 pm and 7:32 am
1451 and 2310 hours
1940 and 0629 hours

- ® Q O T

10-13

13-16

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?

Adrian arrives at school at 8:09 am and leaves at 3:37 pm. How many hours and minutes is

Adrian at school?

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?




15 A pre-paid phone plan charges 11 cents per 30 seconds. The 11 cents are added to the bill at the

Measurement and Geometry

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?

does the doctor earn in each of these time periods?

16 A doctor earns $180 000 working 40 weeks per year, 5 days per week, 10 hours per day. What

a perday b per hour ¢ per minute

d per second (in cents)

— 17-19

17 Use the time zone map to find the time in the following places if it is 3:30 pm in Victoria.

18 Use the time zone map to find the time in the following places if it is 10:00 am UTC in England.

19

a
d

]

a
d

9

United Kingdom b Libya ¢ Sweden
Perth e Japan f Central Greenland
Alice Springs h New Zealand

Spain b Turkey ¢ Tasmania
Darwin e Argentina f Peru
Alaska h Portugal

Explain why you gain time when you travel from Australia to Europe.

Explain why you lose time when you travel from Germany to Australia.

Explain what happens to the date when you fly from Australia to Canada across the
International Date Line.

227
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Maths@Work: Hairdresser

Hairdressing is a demanding job, with long hours on your feet, a
high level of concentration and good communication skills, all part
of a hairdresser’s day. Being good at maths is also important. Colour
combinations need to be weighed and mixed in correct volumes,
temperatures maintained as well as being able to manage times.
Clients do not like to be kept waiting or to have their experience
rushed due to scheduling issues.

1 Tubes of colour are kept in each salon and their volume is usually quoted in cc.

cc means cubic centimetres
ImL=1lcc=1cm’

Convert the following from cubic centimetres (cc) into millilitres (mL).
a 10 cc b 20 cc ¢ 45cc d 100 cc e 1000 cc

2 Before it is applied, hair colour is mixed with a chemical called developer. The volume of developer
is twice the volume of the colour. Determine the volume of developer, in cc, that is needed for:

a 10 cc of colour b 30 cc of colour ¢ 50 cc of colour

3 A client, Chloe, has thick, long hair. Her salon records show:

Chloe’s July appointment:
e mixed and used 3 amounts of colour
e standard (10 cc) + standard + half of a standard volume

On Chloe’s next visit the hairdresser decided to mix

enough colour all in one batch.

a What volume of colour should be used?

b What volume of developer should be used?

¢ What is the total volume of mixture that is applied to
Chloe’s hair?

d Chloe books her appointments every 10 weeks
on a Friday. Her last appointment was on Friday
the 26th August. What is the date of her next
appointment?




Measurement and Geometry 229

e It takes 15 minutes for the consultation, 45 minutes for applying the colour, 20 minutes for the
wash and 45 minutes for the cut and blow dry. If Chloe’s appointment was for 9.15 am what
time would she expect to finish?

f If the same stylist consults and cuts Chloe’s hair, while another hairdresser applies the colour and
does the wash, how much time between the consultation and the cut is available for the stylist
to work on another client?

4 'Happy Hair' is a busy salon where Amelia and Layla are the hairdressers. Answer the following
questions about this day’s appointments.

Happy Hair appointment book
Tuesday, March 18
Start times Amelia Layla
9:00 am . . Liam: Men'’s hair cut
Jessica: Long hair, colour, cut, wash,
9:30 am . .
head massage, blow-dry and style Mrs White: short hair, cut and style
10:00 am
10:30 am Ella: Girl's hair cut . ,
- . ; Mrs Davis: Short hair, colour, cut,
11:00 am Jessica, cont'd.
wash, eye-brows, blow-dry and style
11:30 am Mrs Wil . short hai h
12-00 noon rs Williams: short nhair, cut, was Lunch
and style. -
12:30 pm Mrs Davis, cont'd.
1:00 pm Max: Men’s hair cut Joel: Boy's hair cut
1:30 pm Lunch .
& Chelsea: Short haircut and style
2:00 pm
2:30 pm Zoe: Braiding
- Mrs Babb: Short hair, colour, cut,
3:00 pm
530 wash, eye-brows, head massage,
:30 pm
P blow-dry and style Ruby: Deep conditioning and wash
4:00 pm
4:30 pm
5:00 pm Luke: Boy’s hair cut Holly: Half-head of foils and wash.
5:30 pm
Amelia
a How many customers does Amelia have on this Tuesday? The times are start o,
b How long is Jessica's appointment? times, e.g. Ella’s hair- —
¢ At what times does Jessica start and finish her appointment? e LD
. ) ) . ) and finishes by 11 am.
d What could Jessica be doing while Amelia cuts Ella‘s hair?
e If Max was running 10 minutes late could Amelia still fit him in?
f If Gary rang in the morning and wanted a hair trim that same day, at what times could Amelia
fit him in?
Layla

g How many customers does Layla have on this Tuesday?

h At what times does Mrs Davis start and finish her appointment?

i How much time is allocated for Zoe’s braiding?

j If Holly’s foils went overtime by 20 minutes, at what time would Layla finish her appointments?
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Using technology

5 For this task, use digital technology such as: a table in Word, an Excel spreadsheet or a day diary
from a digital calendar. Imagine that you are a hairdresser in a hairdressing salon.

a You are to fill in appointment times for your customers, as listed below, who are all coming on
one day. Include the salon’s name, a day and date, your name and the name of each customer.
e Two long, 2.5-hour appointments for ladies with long hair: colour, cut, wash, head massage,
eye-brows, blow-dry and style.
e Four short, 30-minute appointments for haircuts for two men, a boy and a girl.
e A 90-minute appointment for foils, wash and blow-dry.

b Some digital diaries have the option of attaching extra notes to an entry, e.g. in Excel, right-click/
insert comment. Suggest what other information could be included in a hairdresser’s digital
appointment diary.
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1 How many cubes are in each solid stack?

a b c
2 Estimate the area of these shapes by counting squares.
a b c

|
|
L
|
I
I
+
|
1
l}

3 A cube has capacity 1 L. What are its dimensions in cm?

4 A fish tank is 60 cm long, 30 cm wide, 40 cm high and contains 70 L of water. Rocks with a
volume of 3000 cm? are placed into the tank. Will the tank overflow?

5 Find the total surface area of this cylinder.

\syPuzzles and games

4 cm

X
)

6 What proportion (fraction or percentage) of the semicircle does
the full circle occupy?

7 Acircle just fits inside a square. What percentage
of the square is occupied by the circle? / \

A4

8 1.8 L of water is poured into this container.
What will be the depth of the water?

10 cm

30 cm

20 cm

NN /7 & I
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kms3, m3, cm3, mm3
X1000 X1000 X1000
W W TN
mL kL L mL
W W .
+1000 +1000 +1000

1mL=1cm3
1 m3=1000L

Rectangular prism

V= Iwh
=10x20x 30
=6000 cm3
=6L

. S
m Perimeter Triangle i Quadrilaterals
A m —Square A= /2
i —Rectangle A= Iw
10cm 6 cm — Parallelogram A= bh
pum——
E P=2x10+2x4 A Lo — Rhombus A= Ly
=28cm 2 —Kite A= 1xy
: =5%x6x3 — Trapezium A= J(a-+ b)h
=9 sz \ )
m Units
S ~ 1km=1000m Units
1m=100cm 2 2
m 1ecm=10mm ><1/2022 ?—0\‘3 ;l(l ,
“ kmvm \/cm\/mm
Q +1000 +100% +10%
Circumference 1 ha=10000 m? .
> C=27r or d , e
\ =2X7mTx3 A=mr
L ] = 18.85 m? Sl
~{ Area =153.94 cm2
R ] [leasurement
\ 4
Time
- 1min=60s
Hnits 1h =60 min

0311is 03:11 am
2049 is 08:49 pm

)

.

V=Ah
= -;-><3><1><2

=3m3

Triangular prism
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Multiple-choice questions

1 The perimeter of this rectangle is 20 cm. The unknown value x is: H# ;
A 4 B 16 C 5
D 10 E 6 | e (RS
>
em 9
2 A wheel has a diameter of 2m. Its circumference and area (in that order) are given by:
A 7 B 2,7 C 4r.4n D 2,1 E 4.4 8
3 The area of this triangle is: _ d
A 27.5m? B 55m C 55m? ﬁ}-m Q.
D 110m E 1m0 = ©
11m ;
4 Using m = 3.14, the area of a circular oil slick with radius 100 m is: o
A 7850m B 314m? C 31400m? D 78.5m? E 628m?
5 2.5L is the same as:
A 250mL B 2500 cm? C 1ML D 0.025kL E 25000 mL
6 The volume of this rectangular prism is: ;
A 60L B 60cm C 6m’ !
D 600cm? E 6000 cm? I S
10 cm 7
e 30cm
20 cm
7 The rule for the area of the trapezium shown is: N
1 1 1
A 5xh B s(x+y) C Sxy
y
D mx)? E %(X +y)h

8 The volume of a rectangular prism is 48 cm?. If its width is 4 cm and height 3 cm, its length would be:

A 3cm B 4cm C 2am D 12cm E 96cm
9 The diagonals of a rhombus measure 10 cm and 6 cm. Its area is:

A 120 cm? B 16cm’ C 15cm’ g

D 30cm? E 60cm? 6 cm
10 A square has area 49 m?. Its side length is:

A 5m B 8m C 499m

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 0.01km?(m?) h 350 mm? (cm?)
i 4000 mL (L) j 3cm’(mm?) k 400cm’ (L) I 4300kL (ML)
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Find the perimeter/circumference of these shapes. Round the answer to two decimal
places where necessary.

a 5m
3m|:>
| ‘
g
20 mm

|

8 m

b

6 cm

10 cm

c

Find the volume of these rectangular prisms in litres. Recall 1 L = 1000 cm®.

a

20 cm

15cm

30 cm

b

10 cm

45 cm

c

100 cm
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5 Find the volume of each prism.

' "R 2 K
i 2m m

[ S 40 cm 5m oamn

P i 20 em\ [\, >

- 1 t 10 cm e

8 cm 3 cm e A=10cm?2 f E
a 12 cm T ! 2 cm a

! ’__,i\ 4cm 2cm ]

o > 3cm ;

6 An oven is heated from 23°C to 310°C in 18 minutes and 37 seconds. It then cools by 239°C in o

1 hour, 20 minutes and 41 seconds.
a Give the temperature: i increase i decrease

b What is the total time taken to heat and cool the oven?
¢ How much longer does it take for the oven to cool down than heat up?

7 a Whatis the time difference between 4:20 am and 2:37 pm?

b Write 2145 hours in am/pm time. ¢ Write 11:31 pm in 24-hour time.
8 When it is 4:30 pm in Western Australia, state the time in each of these places.
a New South b Adelaide ¢ Darwin d China e Perth
Wales
f Phillipines g New Zealand h Tasmania i Queensland

Extended-response questions
1 A rectangular entertaining area is to be tiled. Tile
The tiles are 10 cm square and the entertaining area is 20 m by 8 m. £ +
A circular pond of diameter 4 m is to be built in the centre. f
. . . 10 cm
a Find the total area of the entertaining area in m?.
b Find the perimeter of the entertaining area. Entertaining area
¢ Find the area of the pond correct to two decimal places.
d Find the area to bg tiled (not including the pond area) Pond 8 m
correct to two decimal places.

e Find the area of one tile in: i m? i m?

f Find the minimum number of tiles required for the job. 20 m
g Why would a tiler need more tiles than the minimum number?

2 Find the area of these composite shapes.
a 10 cm b c

8 cm

6 cm
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Algebra is a powerful tool for studying sport
performance. By varying the input values in an
algebraic equation, virtual reality experiments can
discover how to improve an athlete’s technique and
equipment for better performance.

Sea kayaks, white-water kayaks and competitive
canoes each have a different hull shape for
overcoming the water drag-force that acts on the
underwater surface area. A short kayak is easier to

Online
resources

- Rl éi ¢ Enhanced glossary definitions

- . including illustrations, audio
' and examples
e |nteractive maths literacy
activities
Plus:
 \ideos of all worked examples
e |nteractive widgets
- e Interactive walkthroughs
e Downloadable HOTsheets
e Access to all HOTmaths
Australian Curriculum courses
i o' * Access to the HOTmaths
games library

manoeuvre in white-water rapids but in calmer water
longer kayaks are always faster. This is because
longer kayaks have a faster maximum speed before
the prow (i.e. the front) rises up as it tries to climb
over its own bow wave, making sustained paddling
impossible.

Algebraic formulas and geometric models are built
into virtual reality systems that can then trial various
designs for a kayak’s speed and stability.

“h



Pre-test

Evaluate:
a 8+4x6

b 4x5-2x3
c 12-(6+2)+8
d 3(6+4)

Evaluate:
the sum of 7 and 10

b the product of 2 and 6
¢ thesumof12,10 and 8
d half of 24

If |:| = 10, write the value of:
a [ ]+2 b [ ]x7

Find the value of DXD if:

a [ |=4 b []=2

Write an expression for:
a 5more than x

b 7 less than m
¢ the product of x and y
d

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

Complete the tables using the given rules.
a M=2A4+3

10

Substitute x = 6 and y = 2 into each expression and then evaluate.
a x+y

b xy

c 3x-y
d 2x+3y

Write down the HCF (highest common factor) of:
a 24 and36

b 15and 36
¢ 48 and 96
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Walkthrough

A pronumeral (or variable) is a letter that can
represent any number. For instance, x could represent
the number of goals a particular football player scored
last year.

O Let’s start: Algebra sort

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

Number and Algebra

The language of

algebra

If you know that x is 10, can you sort the four
expressions from lowest to highest?

Give an example of a value of x that would make
x X2 less than x +2.

In algebra, letters can be used to represent numbers. These letters are called
variables or pronumerals.

a x b is written ab and a + b is written %.

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

A term is a part of an expression with only pronumerals, numbers,
multiplication and division, e.g. 94,10¢d and %x are all terms.

A term that does not contain any pronumerals is called a constant term.
A coefficient is the number in front of a pronumeral. If the term is being
subtracted, the coefficient is a negative number, and if there is no number in

front, the coefficient is 1.

Certain English words have mathematical meaning.

CONSOLIDATING

The expression 6x + y gives the total number of points
in an AFL game for a team which kicks x goals and y
behinds.

Pronumeral
A letter or a
symbol used
to represent a
number

Expression

A group of
mathematical
terms containing
no equals sign

Coefficient

A numeral
placed before a
pronumeral to
indicate that the
pronumeral is to
be multiplied by
that factor

Words Symbols * For the expression 3x + y — 7z, the coefficient of x is 3, the

sum N coefficient of y is 1 and the coefficient of z is 7. There are
: three terms in the expression.

difference -

product X

quotient =

239
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UNDERSTANDING 1-4
Find the following values.
a Thesumof3and5 b The product of 2 and 6
¢ The difference between 10 to 7 d Double the value of 5

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 a,b and c.

¢ What is the constant term in 4a + b5 —12¢ + 5?

Solution Explanation

a There are four terms: 4a, b, 12¢ Each part of an expression is a term. Terms get added

and 5. (or subtracted) to make an expression.

b The coefficient of a is 4. The coefficient is the number in front of a variable.
The coefficient of & is 1. For b the coefficient is 1 because b is the same as 1 x b.
The coefficient of ¢ is —12. For ¢ the coefficient is —12 because this term is being

subtracted.

c 5 A constant term is any term that does not have a

variable in it.

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.
b Which of the variables (x,y or z) has a coefficient of 6?

The expression Sa + 7b + ¢ — 3ab + 6 has five terms.
a State the constant term. A constant term has
b State the coefficient of: fo pronumerals.
i a i b i ¢
¢ Write another expression that has five terms.

FLUENCY 5-9

State how many terms there are in each expression.
a Ta+2b+c b 19y-52x+32

c a+2b d 7u-3v+2a+123¢
e 10f+2be f 9-2b+4c+d+e




6 For each of the following expressions, state the coefficient of b.

Number and Algebra

a 3a+2b+c b 3a+b+2c Coeffi_cients are
¢ 4da+9b+2c+d d 3a-2b+f LR oL OB
e Sa—-6b+c f 7JTa-b+c

Example 2 Creating expressions from a description

Write an expression for each of the following.

a Thesum of 3and k
¢ 5is added to one half of k&

Solution

b The product of m and 7

d The sum of a and b is doubled

Explanation

a 3+k

b mx7or7m

1 k
c §k+50r7+5

d (a+b)x2or2(a+b)

The word ‘sum’ means +.

The word ‘product’ means Xx.

One half of k can be written 1 x k (because ‘of’ means x),

2
or % because k is being divided by two.

The values of a and b are being added and the result is
multiplied by 2. Brackets are required to multiply the whole

result by two and not just the value of b.

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

a Thesum of x and 7

3 less than x

x is divided by 2

x is tripled

x is subtracted from 3
x is divided by 3

- 0O Q O T

A 3-—x

Mmoo w
w
<

x+7

8 Write an expression for each of the following.

a 7 more than y
¢ The sumof a and b
e Half of ¢ is subtracted from 4

g The sum of b and ¢ multiplied by 2

3 less than x

= = QT

9 Describe each of the following expressions in words.

a 3+x b a+b

c 2xk d%

10 Describe each of the following expressions in words.

a 4xbxc b 2a+b

¢ (4-b)x2 d 4-2b

The product of 4 and p
One third of r is added to 10
The sum of b and twice the value of ¢

241
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Chapter 5 Algebra

11,12 11-13
Write an expression for: Il
a the total cost of buying 10 litres of petrol at $x per litre. If petrol is $2 per litre, m
b the time spent shopping if you spend 4 minutes in the then the cost is $20.

supermarket and B minutes in the department store.

¢ the difference, in age, between Oliver, who is 22 years old, and his younger cousin, Ben, who
is k years old.

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

Marcela buys 7 plants from the local

nursery.

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

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

¢ If the cost of each plant is
decreased by $3 during a sale,
write an expression for:

i the new cost per plant in dollars
i the new total cost in dollars of
the 7 plants.

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

a in a fortnight

b in one year (of 48 weeks)

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

Tom would like to purchase some DVDs of two television
shows.
a Write an expression for the total cost of:
i 4 seasons of Numbers
ii 7 seasons of Proof by Induction
iii 5 seasons of both shows
iv all 7 seasons of both shows, if the final price is halved in
a sale.
b If ais 20 and b is 30, how many seasons could he buy
for $200 without getting any duplicates?

$ a per season
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Substitution and equivalence

Replacing pronumerals with numbers is
called substitution. \We can evaluate
(find the value of) an expression once we
substitute in numbers.

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

o Let’s start: AFL algebra

In Australian Rules football, the final team
score is given by 6x + y, where x is the
number of goals and y is the number of
behinds scored.

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

Substitute x =3 into 4 + x

Okay!4+x=4+3=7

So it evaluates to 7

e If the score is 29, what are the values of x and y? Try to list all the possibilities.
e If y =9 and the score is a 2-digit number, what are the possible values of x?

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

e.g. If a = 3, then we can evaluate the expression 7a + 13:

Ta+13=7x3+13
=21+13
=34

Evaluate Find
(calculate) the
numerical value of

Substitute
Replace
pronumerals with
numerical values

B Two expressions are equivalent if they have equal values regardless of the
number that is substituted for each pronumeral.

UNDERSTANDING

1-4 4

1 State the value of:
a 5+3x2
c 17-2x4

b 5x3+2
d 20+5+3

2 If [_]=6, determine the value of each expression.

a [ ]+5 b [ |x2

3 Find the value of [ |+11if:
a [ ]=5 b [ ]=10

4 Fill in the blanks.

Two expressions that are always equal are called

c [ ]-3
c [ ]=100

d []+2
d [ ]=59

Brackets first g
then division and
multiplication, then

addition and

subtraction.
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FLUENCY 510 ssemm1011

Example 3 Substituting for a pronumeral
Substitute x = 3 to evaluate 5x.
Solution Explanation
Sx=5x3 Substitute 3 for x and note that 5x means
=15 S5Xx.
5 a What number is obtained when x = 5 is substituted into the expression 3 x x? ,M\\
b What is the result of evaluating 20 — b if b is equal to 12? 32&
\S&/
What is the value of 24 if b is equal to 10? 2RI 2.
6 a State the value of 4+2xif x =5.
b State the value of 40 —2x if x = 5.
¢ Are4+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 for multiple pronumerals
Substitute x = 3and y = 6 to evaluate 3x +2y.
Solution Explanation
3x+2y=3x3+2x6 Replace all the pronumerals by their values
=9+12 and remember the order in which to evaluate
=21 (multiplication before addition).
9 Ifa=4andb =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=10and y=4
b x=4andy=2
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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=4and3—x =4

Because they are not equal for every single value of x, they are not equivalent.
b Yes

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

11 For the following state whether they are equivalent (E) or not (N).
a x+yandy+x b 3xxandxx3 Try different values to
see if the expressions
Cc 4a+b and 4b+a d 4+2X aﬂd 2+4x are a|Ways equa'l
e %Xaand% f 3+6yand32y+1)
12 12,13
12 a A number is substituted for k in the expression 7k and the result is 56. What is the value of k?

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

b The variable m is chosen so that 4m is a two-digit number and 4 + m is a single-digit number.
List the possible values of m.

Find values for a
and b where ab and
a + b are not equal.

a Explain why they are not equivalent.

b If a =0 andb =0, the two expressions are equal. Give an
example of another pair of values that make them equal.

¢ Explain why a +2 and a — 2 are not equivalent.
Will @ +2 and a — 2 ever evaluate to the same number? Why/why not?

14 Copy and complete the following table.

x 3 4 2
y 8 7 -3

x+y 12 5

x—2y —4 8
x) 0 12

245
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Adding and subtracting terms

Two terms with the same pronumerals =X~

are called like terms, and they can be Find the qenVeTng

collected and combined. For example, == 00 WL i

2a + 6a can be simplified to 8a : )iath) " glxtn)- 9 |

because 2a and 6a are like terms. : )
The order of the pronumerals does ‘ -ag) 7z(/ \ Lo Hlodn) )

not matter, so 3ab and 5ba are like Joesan? > L T

terms because they both include a
and b.

o Let’s start: Like terms

The terms 2abc and 5cab are like
terms, and 2abc + 5cab = Tabc.

In a short amount of time, see how
many ways you can fill in the boxes:

[ ]+ |=7abc

Can you explain why abc and cab are equivalent?

Collecting like terms is important even in the most complex mathematics.

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

B Like terms can be combined when they are added or subtracted to simplify an same powers

expression, €.g. 3xy + 5xy = 8xy.
4 — sign stays with following term
3x+7y+3y+x/
=3x-2x+x+7y+3y—-4y
=2x+6y
B A subtraction sign stays in front of a term even when it is moved.

UNDERSTANDING 1-5 5

1 For each term below, list all the pronumerals that occur in it.
a 7a 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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3 a If x =3, evaluate 5x + 2x.
b If x =3, evaluate 7x.
¢ 5x+2x is equivalent to 7x. True or false?

4 a If x=3and y =4, evaluate 5x+2y.
b If x=3and y =4, evaluate 7xy.

¢ S5x+2yisequivalent to 7xy. True or false? 4
) ) Like terms have the ;
5 a List the pronumerals that occur in 3abc. same pronumerals, ‘
b List the pronumerals that occur in 7bca. possibly in a different

¢ Are 3abc and 7bca like terms? Ctes

FLUENCY 6-8,90) G700

Example 6 ldentifying like terms

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

a 3xand12x b 5yand7:z

Solution Explanation

a L 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.

6 Classify the following pairs as like terms (L) or not like terms (N).
a S5xand2x b 5xand2y ¢ 3k and 4k d 2gand7x

Example 7 ldentifying like terms with multiple pronumerals

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

a 2ab and 3ba b 4x and 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 3pg b 2ab and 5bc ¢ 7rsand 12sr d 5ab and 6a
e 7abc and 2cba f 8xand8xy g 12ab and 14ba h 8xyz and 9yzx
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Example 8 Simplifying by combining like terms

Simplify the following by combining like terms.

a Tt+2t-3t b 4x+3y+2x+7y ¢ 8b+7ac—5b+2ca
Solution Explanation
a 7t+2t-3t=6t These are like terms, so they can be combined: 7+2 -3 = 6.
b 4x+3y+2x+7y Move the like terms next to each other.

=4x+2x+3y+Ty

=6x+10y Combine the pairs of like terms.
¢ 8b+Tac—5b+2ca Move like terms together.

=8b—5b+Tac+2ca The subtraction sign stays in front of 55 when it is moved.

= 3b+9ac 8—5=3and7+2=9

8 Simplify the following by combining like terms.

a 3x+2x b 7a+12a ¢ 15x-06x d 9y-2y
e 4xy+3xy f 16uv —3uy g 10ab+4ba h 3pg+12pq
9 Simplify the following by combining like terms.
a Tf+2f+8+4 b 10x+3x+5y+3y Pair up the like terms =~ %4
¢ 2a+5a+13b-2b d 10a+5b+3a+4b Note: ab = ba S
e 10+5x+2+7x f 10a+3+4b-2a-b
g 10x+3ly—-y+4x h lla+4-2a+12a
i 2b+4c+3b+5¢c i 3a-b+4b—-a
k 2gr+3q+4qr+6rq I 12xy —5yx+3x+6x
m 10ab —4b — 6ba +11b n 20kl + 10kl =Tk + 21

10 For each expression choose an equivalent expression from the options listed.

a Tx+2x A 10y+3x
b 12y+3x-2y B 9xy
¢ 3x+3y C 9x
d 8y—-2x+6y—x D 3y+3x
e 4xy+5yx E 14y-3x

11,12 11-13

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

a 3x b 7x ¢ 54— Perimeter =
total distance
around shape

3x Ay 3a+3b

da+2b
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12 Towels cost $¢ each at a shop.

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

b On another occasion, Chris buys n ' S——— SN W NI,
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.

'.- ! 1
"‘-s" e

= _I=
T —

R e —

13 a Make a substitution to prove that 4a + 3b is not equivalent to 7ab.

b Is 4a + 3b ever equal to 7ab? Try to find some values of a and b to make 4a + 3b = Tab a true
equation.

¢ Is 4a+ 3a ever not equal to 7a? Explain your answer.

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:

[ Ja+[ |p+] Ja=10a+7b

b Assuming the blanks above must be filled by positive integers, how many ways could they be
filled to make a true statement?
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Recall that 4ab is shorthand for 4 x a x b. Observing this

helps us to see how we can multiply terms.
4abx3c=4xaxbx3xc

(12ab) + (9ad). To simplify a division we look for common
factors.

4J/Z><¢/><b=@ a+a =1 for any value of a
SOxd xd 3d exceptOso%cancels to 1.

Multiplying and leldmg terms

=4x3xaxbxc

=12abc

2ab
9ad

O Let’s start: Multiple ways

Multiplying 4a x 6b gives you 24ab.
e In how many ways can positive integers fill the blanks in [:la X [:Ib =24ab?

e Can you explain why there are more ways to fill in the blanks for |:|a X Db = 24ab than for

[ ax| |p=25ab?

For example:

12abc means 12xa x b xc.
When multiplying, the order is not important: 2xax4xb=2x4xaxb.
x? means x X x

When dividing, cancel any common factors.

3/1/5}7/
42@’}/2

UNDERSTANDING

1 Are the following true (T) or false (F)?

a

O QL O T

3 X a can be written as 3a.

k x5 can be written as 5k.

2x is short for 2 + x.

4ab could also be written as 4a + b.
¢ X g can be written as ¢>.




2 Which is the correct way to write 3xax b x b?

Number and Algebra

A 3ab B 3ab? C ab? D 3ab
3 Simplify these fractions.
12 5 12 15
420 b 13 ¢ 3 ¢ 75
4 Write these without multiplication signs.
a 3xxxy b Sxaxbxc c 12xaxbxb d 4xaxcxcexe
FLUENCY 5-706,8  [NGSE0A
Example 9 Multiplying terms
Simplify 7a x 2bc x 3d.
Solution Explanation

Tax2becx3d=Txax2xbxecx3xd
=Tx2x3xaxbxcxd

= 42abcd

5 Simplify the following.

a 7dx9
d 4kx6

g 4dax2bxcd

b S5ax2
e 3x2q¢q

Write the expression with multiplication signs
and bring the numbers to the front.

Simplify: 7x2x3=42and ax b x ¢ x d = abcd

h 3ax10bc x2d

c 3x12x
f 3xx10y

i 4ax6dex2b

Example 10 Multiplying terms with repeated pronumerals

Simplify 3xy x 5xz.

Solution

Explanation

3xp X5xz2 =3X XX PXSX XXz
=3XS5XxXXxXyxz

=15x%yz

6 Simplify the following.

Write the expression with multiplication signs and
bring the numbers to the front.

Simplify, remembering that x x x = x2.

c 2g+5

a xXx b axa
e Txx2yxx f Sxyx2x
i 12xyx4x J 9abx2a
7 Write each expression without a division sign.
a k+4 b x+5
e S5+a f a+b

g x+y

¢ 3dxd d
g 4xyXx2xz h
k 3xyx2xx4y I

d 3k+10 i

h 12+¢ %

k

is the same as
+4

5d x2d xe
dabe x 2abd
2ab x 4a x 3b
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Example 11 Dividing terms

.o 10ab
Simplify T5he
Solution Explanation
10ab _ W0 xax } Write the numerator and denominator in full, with
15bc ~ 3185 x B x¢ multiplication signs. Cancel any common factors and
_2a remove the multiplication signs.
" 3¢
Simplify the following divisions by cancelling any common factors.
a 24 e c 10xy d4 ab Cancel numbers and
10a 14y 12y 4b pronumerals where
e Xz f 2 4xy h 3abc  possible.
20yz 2x 9 7 6b
9,10 9-12
Write a simplified expression for the area of the following shapes. Recall that rectangle

area = width x length.
a 4b b 6x c 2y

2a 4x 9x

Simplify the following completely. 4
a 2ax3b+5ab b 6gx2r+4gx3r ¢ 10xx2y—-3yx6x You can combine any m

like terms.
Fill in the missing terms to make the following equivalences true.
a 3x><|:|><z=6xyz b 4a><|:|:12ab c 4Q=7s d %:4[)
r a
Joanne claims that the following three expressions are equivalent: Z?a, % X a, %.

a s she right? 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.

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:

[ax[ o+ lbx[ Ja=16ab

¢ Give an example of an even longer expression that is equivalent to 16ab.
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Two expressions can look different and still be equivalent, like
x+x and 2x.

3 groups of 7+ a, so

This means that 3(7 + a) and 21+ 3a are equivalent.

O Let’s start: Equivalent areas

What is the total area of the rectangle shown to the right? Try t
write two expressions: one with brackets and the other without
brackets.

Number and Algebra

Expanding brackets

Note that 3 x (7 + a) = 3(7 + a), which is equivalent to

37+a)y=T+a+T7+a+T7+a
=21+ 3a

h

ition.
o Position

Expanding brackets involves writing an equivalent expression without
brackets:
2a+b)=a+b+a+b or 2(a+b)=2%xa+2xb
=2a+2b =2a+2b
To eliminate brackets, you can use the distributive law, which states that:

e alb+c)=ab+ac

e alb-c)=ab-ac
The distributive law can be demonstrated by considering rectangle areas:
a(b+c)=ab+ac

<~—— h ——> =< ¢ >

Area=a(b + c)
axc }a(b+c)=ab+ac

axb
Area=ab + ac

-—Q —>

Mathematical expressions only make
sense if brackets are placed in the correct

Expand Remove
grouping symbols
(brackets)

253
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_Exercise 5E uwoEsSTANOIG_ g :

1 What is the area of each of the following rectangles?
a b 2 c 7

10 5

9

2 The rectangle shown has width 4 and length 5+ 3 = 8.
a What is the area of the yellow rectangle?
b What is the area of the blue rectangle?
¢ What is the total combined area?

Example 12 Expanding brackets by simplifying repeated terms

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

Solution Explanation
3Cm+5)=2m+5+2m+5+2m+5 Three copies of the expression 2m + 5.
=6m+15 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 The area of the rectangle shown can be written as 4(x + 3). -~ x — > =<3 —>
a What is the area of the green rectangle?
b What is the area of the red rectangle?
¢ Write the total area as an expression without using brackets.
d

Fill in the blank: The expressions 4(x + 3) and 4x + 12 are
expressions.
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Example 13 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.

Solution Explanation

5

Using brackets: 2(5 + x)

Without brackets: 10 + 2x
so they are added.

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

The whole rectangle has height 2 and width 5+ x.

The smaller rectangles have area 2 x5 =10 and 2 x x = 2x,

a X 2 b a 1 g
| | One of the
4 | 3 i expressions should 7"
| ; have brackets.
c 4 d 3
ko bl
7 5

Example 14 Expanding using the distributive law

Expand the following expressions.

a S5(x+3) b 3(a-4) ¢c 23p-T7q)
Solution Explanation
a 5(x+3)=5x+5x%x3 Using the distributive law

=5x+15

5(x+3)=5%xx+5%x3
Simplify the result.

b 3(a—4)=3a-3x4
=3a-12

Using the distributive law

3(a-4)=3xa-3x4
Simplify the result.
¢ 2(3p-Tq)=2%x3p-2xTq
=6p—14q
2x7q =14q.

Using the distributive law 2(3p —7¢) =2x3p—-2x7¢q
Simplify the result, remembering 2 x 3p = 6 p and
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Use the distributive law to expand the following.

a 6(y+3) b 7(/+4) c 9Ya+7) d 2(t+6)
Use the distributive law to expand the following.

a 2(m-10) b 8(y-3) c 3e-7) d 7(e-3)
Use the distributive law to expand the following.

a 10(6g—7) b 5(3e¢-18) ¢ 5(7w+10) d 5Qu+5)
e 78x-2) f 309v-4) g 72q-4) h 4(5¢-v)
i 4(2+5x) i 3(7+2y) k 8(9-3x) I 11(2 - 4k)
Fill in the missing number in the following expansions.

a 4(x+5)=4x+[ | b 3(x+2)=3x+] |

C 53a+2)=15a+] | d 7(4x-2)=28x—[ |

10, 11 11-13

The perimeter of a rectangle is given by the expression 2(/ + w) where [ is the length and w is
the width. What is an equivalent expression for this?

Expand the brackets in the following and then simplify the result.
a 3(x+2)+4x b 4a+3)-2a ¢ 53b-2)+10 d 6(2c+4)-2¢ yoycan combine
like terms.

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.

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

= 14

The diagram below helps to demonstrate that (a +2)(b + 3) = ab + 2b + 3a + 6.
b 3
a ab E 3a
20 w6

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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1 For each of the following expressions, state the coefficient of b.
a 8a+5b-2c b 12-4b ¢ 15a+7c-11b d a+b-3d

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

a The sum of x and y A x-4
b 4 is subtracted from x B 3Ty
¢ x isquadrupled C 4-x
d xis divided by 3and y is added D x+y
e x is subtracted from 4 E 32C—+ 6
f xishalved and 6 is added F 4x

3 If a =5, find the value of:
a lla b 24-3a
¢ a+2a+3a d 100 —a* +2a

4 Evaluate the expression 4x — 3y when:
a x=8andy=5 b x=2and y=3
¢ x=1land y=0 d x=100and y =1

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

a S5pand5s b 12p and 17pq
¢ 40x and 5x d 21/t and 2t
6 Simplify the following by combining like terms.
a Sh+8h-3h b 12t+7r -3¢
¢ 4x+4xy—5Sy+3xy d 9kt — Sk + 6k — 4tk

7 Simplify the following.
a Swx3 b 6yx3z ¢ 2ax3bx4c d Sef x11x2m

8 Simplify the following.
a yxy b 4rx3t ¢ Shx3jh d 6gx3fx2fxg

9 Simplify the following.

a 3 L ¢ dac a 42
12 Sy 9bcd 21xy

10 Expand the following expressions.
a 4(x+0) b 2(5y-7) ¢ 5(4m-3n) d x(8-3x)

11 Expand the brackets in the following and then simplify the result.
a 6(x+3)-2x b 2(5-3x)+7 ¢ 4(3x—-2y)-8x d x(x+3)+7x
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Factorising expressions

Factorising is the opposite procedure to expanding. Because 3(2x + 5) expands to 6x + 15, this means

| & u that a factorised form of 6x +15is 3(2x + 5).

a:g O Let’s start: Expanding gaps

} e Ty to fill in the gaps to make the following equivalence true: D(D + |:|) =12x+24.
. * In how many ways can this be done? Try to find as many ways as possible.

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

>5.

Walkthrough

B The highest common factor (HCF) of two terms is the largest factor that divides into each term.
e.g. HCF of 15x and 21y is 3.
HCF of 10a and 20c is 10.

HCF of 12x and 18xy is 6x. Highest common factor
B To factorise an expression, first take the HCF of the terms outside the brackets (HCF) The largest term that
and divide each term by it, leaving the result in brackets. :uiqf:g:;’r @l Ehee
e.g.10x+5y
HCF =5 Factorise To write an
Result 5(2x +31) expression as a product

HCF 10x +5 15y +5

UNDERSTANDING 1-5 5

1 Fill in the blanks to make these simple equations true.
a 5x[_|=20 b [ |x4=12 ¢ 10x[ ]=20 d [ x4=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?

Example 15 Finding the highest common factor (HCF) of numbers

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

Solution Explanation

5 5is the largest number that divides into 20 and 35. See Example 16 in
Chapter 1 for more information.
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3 Find the highest common factor of the following pairs of numbers.
a 12and 18 b 15and?25 ¢ 40 and 60 d 24and 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. G
a 34x+D)=[_|x+3 b 5(7-2