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Understanding worksheet

1. Substitute one of the following variables into                         

Example

6 + 17=c
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Students 
practice their 

knowledge and skills 
on a range of Fluency, 

Problem solving, 
and Reasoning 

questions.
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Extra spicy questions 
challenge students wanting 
to stretch themselves, and 

Remember this? questions from 
other lessons provide students with 

spaced repetition that maintains 
students’ knowledge through 

interleaved practice.

This resource deepens 
students’ conceptual 

understanding to develop 
a strong foundation of 

knowledge through print  
and online video lessons.

Each 
question 

section begins with 
an Understanding 

worksheet to aid the 
development of core 

maths skills.
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Big ideas are 
highlighted per 

chapter to guide teaching 
practice. Abstract math is 
closely intertwined with 
visual representations 
throughout each lesson. 
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Misconceptions

Misconception Incorrect

 dding or subtract ng 
 gers, students 

   ong direction 
   ne.

3 + 1 = −4

−5 −4 −3 −2 −1 0 1 2

       

    
    

 

                

    
    

 

               

    
    

 

               
       

    
     

 

       

     

       

     

Stude ts ssume t at di id g 
 t     

    
 

                       

   
    

     
  

               

    
     

 

     
 
           
         
     
 

    
  

           
         
     
 

    
    

    

    
       
     
 

    
       
     
 

     
    

   

           
         
     
 

           
         
     
 

   	

Misconceptions are 
actively highlighted, 

uncovered and 
addressed.

 

                                 

 

       

                        

                 

              

                          

                         

            

            

             

              

                         

            

              

                
 

                          

             

                         

                              

                        

    

                       

    

          

                               

    

           
    

          
     

     

                               

                              

          
            

         
          

 

 

                  

                 

 

 

 

   

 

     

 
  

   

  
  

  
  

Understanding worksheet

1. a.   4.58 × 100 = 458    
 458 ÷ 100 = 4.58 

b               
            

c.  3.25 × 100 = 325    
 325 ÷ 100 = 3.25   

d              
          

2. a.   4.81 × 4 = 19.24    b                

c.   2.34 × 3 = 7.02      d                   

3. subtract; dividing; multiplying; whole
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Problem solving

11. Ingrid buys a new set of airpods for less than $𝑥𝑥𝑥. Write this a  
an inequality where the price of the airpods is represented as p

Key points

• Ingrid buys a new set of airpods for less than $𝑥𝑥𝑥.

• Write this as an inequality where the price of the air   
represented as p.

Explanation

A closed circle is used to indicate that $𝑥𝑥𝑥 is not in

The arrow points to the left as the price of the airpo    
than $𝑥𝑥𝑥.

20050 100 150 250 300 3500

Answer

p 𝑥 𝑥𝑥𝑥

           
    

 

         

     

              

 	

 

Answers are given in the 
back of the book. Full worked 
problem solving solutions are 

stepped out in detail to understand 
the why behind the answer. 

Detailed solutions and videos 
are available online.

     
er en   

Key ideas

1. Percentages represent a value out of 100 parts.

x out of 100 = = x%x
100

11 out of 100 = = 11%11
100
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New ideas and 
vocabulary used 

are highlighted at the 
beginning of each 

lesson.

Worked example 1

Expanding brackets

Expand the brackets in each expression.

a.   4(3𝑥𝑥 − 5)  

Working

  4 (  3𝑥𝑥 − 5 )     = 4 × 3𝑥𝑥 + 4 ×  (  −5 )             
   

  = 12𝑥𝑥 − 20   
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Big ideas
Place value

Chapters: 1, 2
‘Capacity to recognise and work with place-value units and view larger numbers as counts of 
these units rather than a collection of ones. Appreciates the structure in terms of 10 of these is  
1 of those’ (Siemon, 2022, p. 9).

Multiplicative thinking

Chapters: 1, 2, 3, 4
‘Works with multiple representations of multiplication and division (e.g., the ‘for each’,  
‘times as many’ and ‘area’ ideas). Moving to factor-factor-product idea, efficient strategies  
for multiplication facts’ (Siemon, 2022, p. 9).

Equi-partitioning

Chapters: 1, 2, 3
‘uses partitioning strategies to construct line and areas models for fractions and decimals, uses 
representations to compare, order and locate fractions and decimals on number lines, recognise 
that numbers can be divided to create new numbers, solves simple problems involving fractions’ 
(Siemon, 2022, p. 9). 

BiG ideASVIII
 



Proportional reasoning

Chapters: 7, 10, 11, 12
‘Ability to recognise and work with an extended range of concepts for multiplication and division 
including rate, ratio, percent, solves problems involving intensive quantities and proportional 
relationships.’ (Siemon, 2022, p. 9). 

Proportional reasoning

Chapters: 3, 4, 5, 6 
‘Ability to recognise and work with an extended range of concepts for multiplication and division 
including rate, ratio, percent, solves problems involving intensive quantities and proportional 
relationships’ (Siemon, 2022, p. 9). 

Generalising

Chapters: 4, 5, 6 
‘Capacity to recognise and represent patterns and relationships in multiple ways including 
symbolic expressions, devise and apply general rules and properties’ (Siemon, 2022, p. 9). 

Generalising

Chapters: 9, 10, 11, 12, 13
‘Capacity to recognise and represent patterns and relationships in multiple ways including 
symbolic expressions, devise and apply general rules and properties.’ (Siemon, 2022, p. 9). 

Variation with expectation and randomness

Chapters: 8, 10
Rolling a dice, spinning a spinner, drawing names or blocks from a bag are random events and we 
expect the outcomes to be different every time. An average, whether mean, median, or mode, 
expresses an expectation about a data set. the average is a description that varies as new data 
are added or data points are removed.

BiG ideAS IX
 



Variation with informal inference

Chapters: 8, 10
Collecting data is a purposeful activity that describes a situation and can help people make decisions.  
When considering any data set we need to consider aspects such as the sample, how the data 
were collected, and the questions we are asking about the data. 

References and additional reading

Siemon, D. (2022). ISSUES IN THE TEACHING OF MATHEMATICS Teaching with the Big Ideas in Mathematics. https://www.education.vic.
gov.au/Documents/school/teachers/teachingresources/discipline/maths/teaching-with-the-big-ideas-in-mathematics.pdf

Siemon, D. (2022). ISSUES IN THE TEACHING OF MATHEMATICS Teaching with the Big Ideas in Mathematics. https://www.education.vic.
gov.au/Documents/school/teachers/teachingresources/discipline/maths/teaching-with-the-big-ideas-in-mathematics.pdf

http://www.mathseducation.org.au/wp-content/uploads/2020/11/Geometrical-Reasoning-Learning-Progression.pdf

http://www.mathseducation.org.au/wp-content/uploads/2020/11/Statistical-Reasoning-Learning-Progression.pdf

Variation with distribution and expectation

Chapters: 8, 10
distribution describes the ways in which the data are spread out or distributed. A graph is a 
picture of a distribution and the variation it represents. in school it is useful to develop the 
idea that tables, graphs or other representations are ways of visualising variation through the 
distribution of the data.
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Integers
Number and Algebra

Research summary

1A Adding and subtracting whole numbers (Revision)

1B Multiplying and dividing whole numbers (Revision)

1C Adding and subtracting integers

1D Multiplying and dividing integers

1E Order of operations

Chapter 1 extended application 

Chapter 1 review

01
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Chapter 1 research summary
Integers

Big ideas

Place value
This chapter will focus on the specific place or position in a number that defines the value of a digit. For example, 
the number 456, the digit 5 represents the value of 50 because the five is in the position of the tens place. 

Additionally, this chapter will focus on the fact that each place value to the left is ten times greater than the digit 
on the right, and each place value to the right is ten times less than the digit to the left. For example, 20 is ten times 
greater than 2 ( 2 × 10 = 20 ) and 2 is ten times less than 20 ( 20 ÷10 = 2 ). 

Understanding this concept is built upon trusting the count and is essential for grasping future big idea topics such 
as multiplicative thinking, equi-partitioning, and for algebraic, statistical and geometric reasoning and micro topics 
such as fractions, decimals, and percentages.

Multiplicative thinking
This chapter will focus on efficient strategies to multiply and divide based on groups rather than the number in  
each group. For example, three groups of something is the same as doubling it and an additional group.

Multiplicative thinking is built upon an understanding of place value and will underpin future topics such as  
equi-partitioning, algebraic, statistical and geometric reasoning, fractions, decimals, percentages, rates and ratios. 

Equi-partitioning
This chapter will focus on partitioning to deconstruct larger numbers into smaller numbers when adding, 
subtracting, multiplying and dividing. For example,  84 ÷ 6  can be partitioned as    (  60 + 24 )   ÷ 6   to make the 
calculation easier to divide.

Equi-partitioning is built upon an understanding of place value and multiplicative thinking and is essential for 
grasping future big idea topics such as algebraic, statistical, and geometric reasoning and micro-topics such  
as fractions, decimals, rates, and ratios. 

Visual representations

Number line 
A number line is traditionally shown as a horizontal line or axis, but can be 
a vertical line. A number line shows the order and size of numbers. It helps 
deepen the understanding of mathematical concepts such as fractions, 
decimals, percentages, negative numbers, and mathematical operations.

In this chapter a number line will be used to aid in:
 • adding and subtracting with whole numbers and integers
 • support understanding when multiplying and dividing by integers.

Addition:

Multiplication:

0 1 2
2 + 7

+7

3 4 5 6 7 8 9

Subtraction:

2 − 7
−5 −4 −3

−7

−2 −1 0 1 2 3 4 5 6 7

Division:

−16

−8 −8

−8 0−24

4 groups of −6 = 4 × (−6) = −24
−6 −6 −6 −6

−18 −12 −6 0

−16 is made up of 2 groups of −8
(−16) ÷ 2 = −8

Chapter 1: Integers 	2
 



Arrays
An essential model for developing multiplicative thinking is arrays.  
When used frequently, they can provide prolonged support in linking 
skills in multiplication, division, decimals, fractions and algebra (Jacob & 
Mulligan, 2014). An array is formed by arranging objects into rows and 
columns to form a rectangle. The two kinds of arrays used in this chapter 
are grid arrays and open arrays.

Grid arrays show units within the array and are used to give meaning to 
multiplication and division, because they are visual representations of 
these abstract concepts.

Open arrays are helpful for the multiplication of larger numbers and do 
not show units within the array. They promote the use of multiplication 
strategies rather than counting. Additionally, they are practical when 
using the distribution law for two and three-digit multiplications and 
provide a much deeper understanding of the multiplication algorithm.

Number slide 
Number slides can be used when multiplying and dividing decimals by powers 
of 10. They are useful when it comes to addressing misconceptions around the 
decimal point and building knowledge around decimal place value.
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Misconceptions

Misconception Incorrect Correct Lesson

Students add or subtract 
whole numbers without 
considering place value.

2216 + 35 =

3
5

2
+ 5

7

2

1

1

6

6

2216 + 35 =

2

2
+

2

2
+1

3
5

1
5
1

6

1A

When adding whole numbers, 
students use the process 
of algorithms without an 
understanding of regrouping.

5
3

+ 6
1

3

3

8

8

2
+

4

3
+1

5
3

8
6
8

2
1A

When subtracting a whole 
number that has zero as a 
place holder, students do not 
consider place value.

5− 9
2

2

5

0

5

4
−

1

2
1 1410

9

5
4

0
9
5

4

1A

Students think that 
subtraction and division  
are commutative.

20 − 5 = 5 − 20
15 ÷ 3 = 3 ÷ 15

20 − 5 = 15
5 − 20 = −15
15 ÷ 3 = 5
3 ÷ 15 =    1 __ 5   

1A 
1B

When multiplying, students 
use the process of algorithms 
without an understanding of 
place value.

× 9
2 7

3

5

5
× 9

3 1

3

5

5
+4+3 1B

When multiplying and dividing 
by powers of 10, students do 
not consider place value.

33 × 100 = 330
5 800 ÷ 100 = 580

33 × 100 = 3 300
5 800 ÷ 100 = 58

1B

In division, students think that 
remainders represent a  
whole number.

100 ÷ 7 = 14 r 2 or 14.2 100 ÷ 7 = 14 r 2 or 14   2 __ 7   1B

When adding or subtracting 
positive integers, students 
move in the wrong direction 
on the number line.

−3 + 1 = −4

−5 −4 −3 −2 −1 0 1 2

−3 + 1 = −2

−5 −4 −3 −2 −1 0 1 2

1C

When adding a negative 
integer, students increase  
the value.

−2 + 3 = −5 −2 + 3 = 1 1C

When subtracting a negative 
integer, students decrease  
the value.

2 − (−2) = 0 2 − (−2) = 4 1C

When adding two negative 
integers, students get a 
positive sum.

−10 + (−5) = 15 −10 + (−5) = −15
−10 − 5 = −15

1C

When multiplying or dividing 
integers, students move in the 
wrong direction.

2 × (−3) = 6

−2 −1 0

2 groups of −3 = 6

1 2 3 4 5 6

2 × (−3) = −6

−6 −5 −4 −3 −2 −1 0 1 2

2 groups of −3 = −6

1D

Students assume that dividing 
or multiplying by a negative 
number always produces a 
negative result.

   −15 ____ −3     = −5    −15 ____ −3     = 5 1D
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Misconception Incorrect Correct Lesson

When multiplying integers, 
students assume that the 
signs of the integers indicate 
addition or subtraction.

2 × −2 = 0 2 × −2 = −4 1D

Students work from left 
or right regardless of the 
operation sign.

Calculations are performed from left 
to right.
2 + 7 × 5 − 3
= 9 × 5 − 3
= 45 − 3
= 42

Calculations are performed using 
order of operations.
2 + 7 × 5 − 3
= 2 + 35 − 3
= 37 − 3
= 34

1E

When working with inverse 
operations, students do not 
work from left to right.

Working right to left. 
16 ÷ 4 × 2
= 16 ÷ 8
= 2

Work from left to right.
16 ÷ 4 × 2
= 4 × 2
= 8

1E

Students work from left to 
right inside the brackets 
regardless of the operations.

2 + (3 − 10 × 5)
= 2 + (−7 × 5)
= 2 + (−30)
= −28

2 + (3 − 10 × 5)
= 2 + (3 − 50)
= 2 + (−47)
= −45

1E
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Adding and subtracting whole numbers1A

Key ideas

1. The commutative law means that when the order of the numbers in an addition is changed the result is  
not affected. The commutative law does not apply to subtraction.

0 1 2

+7

3 4 5 6 7 8 9

2 + 7

0 1 2

+2

3 4 5 6 7 8 9

7 + 2=

Addition:

0 1−1−2−3−4−5 2

−7

3 4 5 6 7 0 1−1−2−3−4−5 2

−2

3 4 5 6 7

2 − 7 7 − 2=

Subtraction:

2. The associative law means that when the grouping of the numbers in an addition is changed the result is  
not affected. The associative law does not apply to subtraction.

(6 + 3) + 2 = 6 + (3 + 2)
9 + 2 = 6 + 5

11 = 11

(6 − 3) − 2 = 6 − (3 − 2)

Subtraction:Addition:

3 − 2 = 6 − 1
2 = 5

When adding and subtracting whole numbers it is important that the correct 
place value of the digits are being added or subtracted. There are a variety of 
different mental or written strategies that can be used. Changing the order 
of numbers that are added together does not not affect the result. However, 
changing the order of numbers that are being subtracted does affect the result.

LEARNING INTENTIONS

Students will be able to:
 • understand the commutative and associative laws of addition  

and subtraction

 • add and subtract whole numbers using different mental strategies

 • add and subtract whole numbers using the vertical algorithm.

KEY TERMS AND DEFINITIONS

The compensation strategy uses rounded numbers and then adjustments 
to make calculations simpler to solve.

The partitioning strategy deconstructs larger numbers into smaller 
numbers to make calculations simpler to solve.

The vertical algorithm is a written method used to add and subtract numbers.

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

Image: Mitch Hutchinson/Shutterstock.com

Whole number addition and subtraction  
is used in many everyday activities. 
For example, adding up points when 
playing different board games.
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Worked example 1

Using mental strategies

Calculate using a mental strategy.

a. 57 − 29

Working thinking

 57 − 29 = 57 − 30 + 1 Step 1: Round one of the numbers to the nearest ten 
and adjust the calculation so that both sides  
are equal. This is the compensation strategy.

  = 27 + 1 

  = 28 

Step 2: Simplify.

Visual support

27 37 47 5728

+1

−30

b. 782 + 271

Working thinking

 782 + 271 = 700 + 80 + 2 + 200 + 70 + 1 Step 1: Partition each number into its place value parts.

  = 700 + 200 + 80 + 70 + 2 + 1 

  = 900 + 150 + 3 

  = 1053 

Step 2: Regroup and simplify.

Student practice

Calculate using a mental strategy.

a.  84 − 39 b.  697 − 486 

WE1a

WE1b
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Worked example 2

Using the vertical algorithm

Calculate the following.

a. 487 + 32

Working thinking

Step 1: Write the numbers vertically, aligning the digits 
in each place value.

5

4
+ 3

1

8
+1

2
9

7
Step 2: From right to left, add the digits in each place 

value column. If the digits sum to 10 or more, 
regroup to the place value column to the left.

Visual support

490487 500 510

+32

519

b. 2004 − 632

Working thinking

1

2
− 6

3

0
1

9
10 10

3
7

0
2
2

4

Step 1: Write the numbers vertically ensuring the digits 
in each place value line up.

Step 2: From right to left, subtract the digit in the 
bottom row from the digit in the top row.

Step 3: If the value of the digit in the top row is less 
than the bottom digit, regroup using the next 
place value column to the left.

Student practice

Calculate using a mental strategy.

a.  576 + 82 b.  2008 − 255 

WE2a

WE2b
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Understanding worksheet

1. Drawthe‘jumps’onthenumberlineandfillintheblankboxwith=or≠.

Example

30 + 40 + 70 70 + 30 + 40=

30 40 50 60 70 80 90 100 110 120 130 140

+70+40

30 40 50 60 70 80 90 100 110 120 130 140

+30 +40

a.

7 + 5

5 6 7 8 9 10 11 12

5 + 7

5 6 7 8 9 10 11 12

b.

7 − 5

5 6 72 3 4−1−2 0 1 5 6 72 3 4−1−2 0 1

5 − 7

c.

30 + 20 + 10

50 6020 30 400 10

10 + 20 + 30

50 6020 30 400 10

d.

30 − 20 − 10

− 40 − 30 − 20 − 10 0 10 20 30

10 − 20 − 30

− 40 − 30 − 20 − 10 0 10 20 30

2. Fillintheblankboxwith=or≠tomakeeachnumbersentencetrue.

a.    (  7 + 2 )   + 3   7 +  (  2 + 3 )    b.    (  15 − 10 )   − 5   15 −  (  10 − 5 )    

c.   100 −  (  50 − 20 )      (  100 − 50 )   − 20  d.   40 +  (  15 + 5 )      (  40 + 15 )   + 5  

3. Fill in the blanks by using the words provided.

subtraction associative commutative compensation partitioning

The  law means that when the order of the numbers in an addition is changed the result is  

not affected. The  law means that when the grouping of the numbers in an addition is changed 

the result is not affected. Both laws do not apply to  . The  strategy 

partitions numbers into place value parts, whereas the  strategy uses rounded numbers to 

make calculations simpler to solve.

1A Questions
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9

4. Calculate using a mental strategy.

a.  56 − 39 b.  87 − 68 c.  36 + 38 d.  132 + 61 
e.  284 − 73 f.  451 − 62 g.  126 + 147 h.  492 + 169 

5. Calculate using a mental strategy.

a.  23 + 45 b.  362 + 127 c.  56 − 47 d.  875 − 723 
e.  3254 + 7832 f.  480 + 294 + 113 g.  981 − 597 h.  54 540 − 1247 

6. Calculate using the vertical algorithm.

a. 4
3+

5
2

1
5

b. 5
+

6
3

2
6

2
4

c. 8
4−

9
5

4
2

2
1

d. 6
4−

4
7

5
5

e. 2
4
1+

5
7
3

2
8
9

f. 5

3+

4
5
0

5
7
4

2
3
1

g. 9
−

5
5

0
7

0
1

h. 8
1−

0
7

0
6

0
5

7. Calculate.

a.  134 + 265 b.  820 + 39 c.  864 − 543 d.  738 − 83 
e.  5736 + 457 f.  768 + 581 + 37 g.  7082 − 1491 h.  10 001 − 5642 

8. Evaluate.

a.  88 + 11 − 58 b.  987 − 654 + 321 
c.  567 − 214 − 145 d.  4382 + 567 − 258    
e.  4627 − 1298 + 3384 f.  18 550 + 1250 − 16 304    
g.  520 − 461 + 8969    h.  5003 − 2698 + 2985 

9. Calculate.

 2000 − 217 + 104 

A.  274 B.  1887 C.  1679 D.  1870 E.  1783 

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. 1469 + 2334 + 3264

Student A Student B

b. 6000 − 364

Student A Student B

WE1a

WE1b

WE2

3
6

2
1

+ 2
9

3
4

6
5

3
6

4
7

4
9

3
7

2
1

+ 2
0

3
4

+1+1 +1

6
6

3
6

4
7

4
9

6

6
− 3

3

0
6
6

0
4
4

0

5

6
− 3

6

0
10 10 105
9 9

6
3

0
4
6

0
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Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Tao is an Uber driver. Over two weeks he earned $1045 and $632. How much did Tao earn in total?

12. There are 1213 students that attend Plight Street secondary school. 801 of the students travel to 
school by public transport. How many students do not travel by public transport to get to Plight 
Street secondary school?

13. Stevengotanewjobandneedstobuyawholenewoutfit.Hehasabudgetof$900.Hebuysa 
$557 suit, a $125 tie, and matching $212 shoes. How much money does Steven have remaining after 
all his purchases?

14. When Charlotte started her bike ride her bike monitor already displayed 147 km. Halfway through 
her ride the monitor showed 169 km. By the end of her ride, how far had Charlotte travelled?

15. Winstonspent450minutesintotalworkinginhisgardenoverfourdifferentSundays.Inthefirst
week he spent two hours gardening, in the second week 118 minutes and in the third week an hour 
and a half. How much time did Winston spend gardening in the fourth week?

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. Tori and her brother Matthew live together. They both contribute money to a shared bank account. 
They use the bank account to pay for groceries and household bills. At the start of each month Tori 
contributes  $870  and Matthew contributes  $725 .

a. Assuming that they have a balance of $0 at the end of July, what is the balance of the account 
after Tori and Matthew transfer on the 1st of August?

b. Theyfirstusethemoneytopay$790ofrentonthe2ndofAugust.Afterpayingrent,howmuch
money do they have remaining in their account?

c. The other monthly bills are $121 on gas and electricity, $69 for the internet and $25 on a  
Netflixaccount.Monthly,theynormallyspend$500ongroceriestoo.Howmuchmoneycan 
they expect to have in the account at the end of August?

d. If Matthew contributed that same amount of money at the start of August, what would the 
balance have been at the end of August?

e. What strategies could Tori and Matthew use to ensure that they never exceed their monthly budget?

17. Assuming that Sarah and Patrick both earn more than $100 and that their earnings are different,  
usethemathematicalsymbols=or≠tomakeeachstatementtrue.

a. Sarah’searnings + Patrick’searnings ⎕ Patrick’searnings + Sarah’searnings

b. Sarah’searnings − Patrick’searnings ⎕ Patrick’searnings − Sarah’searnings

c. Compare your answers in part a and b and explain why they might be different.
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Extra spicy

18. Which pins need to be knocked over to score a total of exactly 100 points?

4748
24

13
3957

8

19. Assuming all the symbols represent different whole numbers, select the option that is not true.

A.  ★ + ⬤ + ▵ + ▪ = ▪+ ★ + ⬤ + ▵ 
B.   ⬤ + ▵ +  (  ★ + ▪ )   =  (  ⬤ + ▪ )   + ★ + ▵  
C.  ⬤ − ▵ − ★ − ▪ ≠ ★ − ▵− ⬤ − ▪ 
D.    (  ▵ − ▪ )   − ⬤ − ★ − ▪ =  (  ★ − ▵ )   − ▪ − ⬤  
E.   ★ +  (  ▵ + ⬤ + ▪ )   = ⬤ +  (  ▪ + ★ + ▵ )    

20. How many times does the digit 9 appear in the solution to  30 010 000 − 4 010 101 ?

A. 3 B. 4 C. 5 D. 6 E. 7

21. Which two numbers sum to 216 and have a difference of 82?

Remember this?

22. Willowmakes$81selling9flowerpotsatthelocalmarket.Allherflowerpotsarethesameprice.

Howmuchmoneywillshemakeselling13flowerpots?

A.  $90 B.  $100 C.  $117 D.  $130 E.  $108 

23. Lucille has a fruit bowl with 10 mangoes and 9 plums. What percentage of the fruit in the bowl is plums?

A.  53% B.  47% C.  9% D.  19% E.  90% 

24. The heights, in centimetres, of ten AFL players are represented in the following dot plot.

175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195

Select the set of data values that corresponds to the dot plot.

A.  182, 182, 175, 190, 180, 185, 186, 191, 188, 189 
B.  182, 175, 190, 180, 185, 186, 191, 188, 189 
C.  182, 175, 190, 180, 185, 186, 191, 188 
D.  182, 182, 175, 190, 180, 185, 186, 190, 188, 189 
E.  181, 182, 175, 190, 180, 185, 186, 191, 188, 189 
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Multiplying and dividing  
whole numbers1B

Key ideas

1. The commutative and associative laws apply to multiplication but do not apply to division.

Multiplication
The commutative law

7 × 4

a × b = b × a a × (b × c) = (a × b) × c 

4 × 7

2 × (5 × 8) (2 × 5) × 8

=

=

=

=

The associative law
Division
The commutative law

12 ÷ 3 ≠ 3 ÷ 12

a ÷ b ≠ b ÷ a

24 ÷ (3 ÷ 2) ≠ (24 ÷ 3) ÷ 2

a ÷ (b ÷ c) ≠ (a ÷ b) ÷ c

16 ≠ 44 ≠ 0.25

The associative law

2. The distributive law can be used as a mental strategy for both multiplication and division.

5

18

Multiplication Division

5 × 18
48 ÷ 4 (40 ÷ 4) + (8 ÷ 4)

(5 × 10) + (5 × 8)

90 5=

=

10 8

4 4=

=

12 10 2

50 40 48 40 8

Multiplication and division are basic mathematical skills. They build on skills of 
addition and subtraction, and are required for calculations involving fractions 
and powers.

LEARNING INTENTIONS

Students will be able to:
 • understand the associative and commutative laws for multiplication

 • multiply and divide using mental strategies

 • multiply and divide using written algorithms.

KEY TERMS AND DEFINITIONS

A dividend is the first number in a division calculation. It is the number 
that is being divided by the second number.

A divisor is the second number in a division calculation. It is the number by 
which a given value is divided.

The product is the result when two or more values are multiplied together.

The quotient is the result of a division calculation.

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

Image: Colleen Michaels/Shutterstock.com

Multiplication and division are used 
as faster ways of counting and to 
calculate ways of sharing quantities 
equally. For example, calculating the 
total cost of buying five or more gift 
cards for a gift.
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Worked example 1

Multiplying and dividing by powers of 10

Evaluate the following using a mental strategy.

a. 42 × 100

working thinking

42 × 100 = 4200 When multiplying by 100, move the numbers two places 
to the left. Use zeros as placeholders in the tens and 
ones place.

visual support

Ten th
ousa

nds

Thousa
nds

Hundreds

Tens
Ones

24
Ten th

ousa
nds

Thousa
nds

Hundreds

Tens
Ones

2 0 04× 100 =

Move all the digits two places to the left.

b. 330 ÷ 10

working thinking

330 ÷ 10 = 33 When dividing by 10, move the numbers one place to 
the right.

Student practice

Evaluate the following using a mental strategy.

a. 870 × 100 b. 2700 ÷ 10

WE1a

WE1b

Worked example 2

Multiplying and dividing using mental strategies

Evaluate the following using a mental strategy.

a. 7 × 24

working thinking

7 × 24 = 7 × (20 + 4) Step 1: Identify the larger number and partition it into 
its place value parts.

 = (7 × 20) + (7 × 4)

 = 140 + 28

 = 168

Step 2: Use the distributive law. Multiply the two  
parts separately. Add the results together.

visual support

168
24 20

7 = 7 140 28
4

Continues →

WE2a
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b. 84 ÷ 6

working thinking

84 ÷ 6 = (60 + 24) ÷ 6 Step 1: Identify the larger number and partition it into 
numbers that are easier to divide by.

 = (60 ÷ 6) + (24 ÷ 6)

 = 10 + 4

 = 14

Step 2: Use the distributive law. Complete the two 
division operations separately. Add the  
results together.

Student practice

Evaluate the following using a mental strategy.

a. 3 × 26 b. 65 ÷ 5

WE2b

Worked example 3

Multiplying and dividing using a vertical algorithm

Evaluate the following using a vertical algorithm.

a. 127 × 19

working thinking

1
2

+

×

2
4

1

1
+2

+1

+6

7
1

4

1
2

0
3

3

9
7

1

Step 1: Rewrite the numbers aligned vertically with 
the larger number on top.

Step 2: Multiply the top number by the digit in the 
ones place of the bottom number.

Step 3: Place a zero in the ones place under your 
product as a placeholder.

Step 4: Multiply the top number by the digit in the tens 
place of the bottom number.

Step 5: Add the two results together.

b. 1246 ÷ 12

working thinking

    1 2 4 6   
___

  12⟌
0 1 0 3 r 10

  
Step 1: Divide each digit of the dividend by the divisor 

from left to right. If the dividend is less than 
the divisor, use 0 as a placeholder and write 
the remainder alongside the next digit.

 1246 ÷ 12 = 103 r 10 

or 

 103  10 ____ 12   = 103  5 __ 6   

Step 2: Continue to perform the division and write the 
remainder alongside the next digit until the 
remainder is less than the divisor or 0.

Step 3: Write the final answer. Simplify the fraction.

Student practice

Evaluate the following using a vertical algorithm.

a. 245 × 21 b. 2681 ÷ 12

WE3a

WE3b

1 4

	  1B Multiplying and dividing whole nuMBers 15

1B

 



Understanding worksheet

1. Select whether the following show the commutative or associative laws by ticking the box.

Example

Commutative Associative

4 × 6

=

= 6 × 4

✔

Commutative Associative

a.

=

= 7 × 22 × 7

b.

=

=2 × (3 × 4) 3 × (2 × 4)

c.

=

=2 × (5 × 8) 8 × (2 × 5)

1B Questions
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Commutative Associative

d.

=8 × 11

=

11 × 8 = 88

2. Fill in the blanks to apply the distributive law.

Example

4

14 410

56 4=

4 × 14 (4 × 10) + (4 × 4)

40 16

a.

5

13 310

65 5=

5 × 13 (5 × 10) + (5 × 3)

b.

6

58 850

348 6=

6 × 58 (6 × 50) + (6 × 8)

c.

5

59 950

295 5=

5 × 59 (5 × 50) + (5 × 9)

d.

6

47 740

282 6=

6 × 47 (6 × 40) + (6 × 7)

3. Fill in the blanks by using the words provided.

product quotient divisor dividend

In the equation  10 ÷ 5 = 2 , the number ‘10’ is the  and the number ‘5’ is the 

 . The result of ‘2’ is known as the  and applies specifically to division.  

In the equation  3 × 4 = 12 , the result of ‘12’ is known as the  and applies only to multiplication.
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9 (a,b,c,d), 10

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7 (c,d,e,f), 
8 (c,d,e,f), 9 (c,d,e,f), 10

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7 (e,f,g,h), 
8 (e,f,g,h), 9 (e,f,g,h), 10

4. Evaluate using a mental strategy.

a. 6 × 10 b. 41 × 100 c. 123 × 100 d. 257 × 1000
e. 650 × 1000 f. 8109 × 1000 g. 24 × 100 000 h. 755 × 100 × 100

5. Evaluate using a mental strategy.

a. 100 ÷ 10 b. 320 ÷ 10
c. 800 ÷ 100 d. 4900 ÷ 100
e. 53 000 ÷ 1000 f. 707 000 ÷ 1000
g. 2 000 000 ÷ 10 000 h. 81 000 000 ÷ 10 ÷ 100

6. Evaluate using a mental strategy.

a. 3 × 16 b. 9 × 15 c. 16 × 7 d. 54 × 8
e. 12 × 16 f. 33 × 11 g. 9 × 112 h. 86 × 25

7. Evaluate using a mental strategy.

a. 48 ÷ 3 b. 76 ÷ 4 c. 98 ÷ 7 d. 117 ÷ 9
e. 168 ÷ 12 f. 1133 ÷ 11 g. 2550 ÷ 25 h. 16 032 ÷ 16

8. Evaluate using a vertical algorithm.

a. 2
×

9
7

b. 1
×

3 1
4

c. 2
×

9
11

d. 54 × 32

e. 176 × 19 f. 22 × 430 g. 2584 × 53 h. 767 × 97 531

9. Evaluate using a vertical algorithm.

a.     54 
_

 3⟌ 
 
  b.     97 

_
 8⟌ 
 
  c.     132 

_
 5⟌ 
 
  d. 145 ÷ 11

e. 266 ÷ 12 f. 3383 ÷ 16 g. 4144 ÷ 19 h. 30 111 ÷ 27

10. Consider the division: 321 ÷ 5.

Select the mental strategy that is correct.

A. (321 ÷ 10) ÷ 2
B. (300 ÷ 5) + (21 ÷ 5)
C. 5 ÷ 321
D. (300 ÷ 2) + (21 ÷ 3)
E. (3 ÷ 5) + (2 ÷ 5) + (1 ÷ 5)

WE1a

WE1b

WE2a

WE2b

WE3a

WE3b

Chapter 1: integers 	18

1B

 



Spot the mistake

11. Select whether Student A or Student B is incorrect.

a. 89 × 13

Student A

1
+

×

8
1

2

+2

+1

9
5

6

1
8

0
7

7

3
9

Student B

+

×

1

2
8
0

8
1
4
9
3

9
3
7
0
7

b.  2346 ÷ 7 

Student A

    2 3 4 6   
___

  7⟌
0 3 3 5 r 1

  

Student B

    2 3 4 6   
___

  7⟌
3 3 3 5 r 1

  

Problem solving
Question working paths

Mild 12, 13, 14 Medium 13, 14, 15 Spicy 14, 15, 16 

12. Holly counts lollies to place into party bags for her birthday. If there are 120 lollies and a total of 10 
party bags, how many lollies should she put into each bag?

13. Alex receives $5 pocket money each week and saves it all up for a $448 Xbox Series S Console. 
How many weeks would Alex need to save for?

14. The current time is 14:00. How many minutes have passed since midnight?

15. Cassie finds a cookie recipe that makes 10 cookies. The recipe requires 75 g flour, 50 g butter, 50 g 
condensed milk and 20 g caster sugar. How many grams of each ingredient does Cassie need to make 
40 cookies?

16. Exercise books are on sale for 35c each. Karylle requires 2 books per subject and studies 7 subjects 
at school. How much will it cost Karylle to buy exercise books for every subject? Give your answer in 
dollars and cents.

Reasoning
Question working paths

Mild 17 (a,b,d) Medium 17 (a,b,d), 18 (a,b) Spicy all 

17. Charlotte works at McDonald’s and earns $12 an hour.

a. If she works 10 hours a week, how much would Charlotte earn?
b. Charlotte wants to buy a secondhand car worth $2000. How many hours 

does Charlotte need to work to save up for the car?
c. Charlotte turns sixteen at the beginning of her eleventh week working at 

McDonald’s and her pay increases from $12 to $14 an hour. If she works 
10 hours each week, how many weeks would it take Charlotte to save up 
for her car?

d. What is one way for Charlotte to earn more money in order to buy the  
car sooner?

2 3 2 2 3

Image: Sorbis/Shutterstock.com
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18. Consider the two expressions.

 a × 10 
 a × 100 
Use the numbers 1–5 to substitute into  a .

a. What is the smallest product for  a × 10 ?
b. What is the smallest product for  a × 100 ?
c. Comparing your results for a and b, what pattern do you notice when multiplying by 10 versus 

multiplying by 100?

Extra spicy

19. What time is exactly 2000 hours after 9:00 am?

20. Rita draws an owl on a piece of paper, which is approximately 210 mm wide by 30 cm long.  
She would like to photocopy it such that the drawing is 300% of its original size. What is the area  
of the photocopied page, in mm2?

21. It cost Sorcha about 400 000 British pounds (£) to rebuild her home in the United Kingdom after 
the floods in 2021. This is roughly 500 times as much as the cost of the original build in 1923. 
Approximately how much did the home cost to build in 1923?

A. £80 B. £200 C. £800 D. £2000 E. £8000

22. The word ‘thirty’ contains six letters and 6 = 30 ÷ 5. Similarly, the word ‘forty’ contains five letters  
and 5 = 40 ÷ 8. Which of the following numbers is not a multiple of the number of letters it contains?  
Select the correct response.

A. Six B. Twelve C. Eighteen D. Seventy E. Ninety

Remember this?

23. Louise has 1 cat, 3 dogs and 7 rabbits. What fraction of her pets are dogs?

A.     1 ____ 11   B.     3 ____ 10   C.     3 ____ 11   D. 3 E. 11

24. Thanh drew a pyramid dot pattern. 

1 layer 2 layers 3 layers 4 layers

If he continues the pattern, how many dots will 5 layers have? Select the correct response.

A. 5 B. 6 C. 18 D. 20 E. 21

25. Rachel is exactly 12 years old. Her sister Jill is 20 months old. Approximately how many months is 
Rachel older than Jill? Select the correct response.

A. −8 B. 8 C. 10 D. 11 E. 124
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Adding and subtracting integers1C

Key ideas

1. 0 − (−2) = 0 + 2

0

Subtracting −2 is the same as adding 2

Values increase when we add a positive 
integer or subtract a negative integer

−5 5−4 −3 −2 −1 1 2 3 4

2. 0 + (−4) = 0 − 4

0

Adding −4 is the same as subtracting 4

Values decrease when we subtract a positive 
integer or add a negative integer

−5 5−4 −3 −2 −1 1 2 3 4

3. Zero sum pairs (opposite numbers) have the same value but different signs. They always sum to zero.

x + (−x)  

2 + (−2) = 2 − 2 = 0

= 0= x − x

When we add or subtract integers, the + and − signs of the numbers affect the 
overall outcome of the calculations. Although the same addition and subtraction 
strategies we use with whole numbers can be used with integers, there are 
further rules we must apply regarding the signs of the values.

LEARNING INTENTIONS

Students will be able to:
 • use a number line to add and subtract positive and negative integers

 • add and subtract positive and negative integers.

KEY TERMS AND DEFINITIONS

An integer is a whole number that is either positive, negative or zero.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Eagle

Birdy

Bogey

Hole in one

Par

Ablatross

Hole

Handicap

Par

−2

+1

−1

−3

0

4 5 3

6 7 5

321

Adding and subtracting integers is an 
essential skill used in many situations. 
For example, keeping score of a sports 
game often involves the combination 
of both positive and negative values  
to calculate the total number of  
points given.
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Worked example 1

Adding integers

Calculate the following.

a. −5 + 8

Working thinking

−5 + 8 = −5 + 5 + 3 Step 1: Partition 8 into 5, the opposite number to −5, 
and 3 in order to use 0 as the benchmark number.

 = 0 + 3

 = 3

Step 2: Evaluate the expression.

Visual support

0−5 −4 −3 −2 −1 1 2 3 4−6

+5 +3

b. −2 + (−5)

Working thinking

−2 + (−5) = −2 − 5 Step 1: Adding a negative integer is the same as 
subtracting a positive integer.

 = −7 Step 2: Evaluate the expression.

Student practice

Calculate the following.

a. −4 + 6 b. −1 + (−2)

WE1a

WE1b

Worked example 2

Subtracting integers

Calculate the following.

a. −1 − 8

Working thinking

−1 − 8 = −9 A positive integer is being subtracted from a negative 
integer so move 8 units in the negative direction,  
away from 0.

Visual support

0−5 −4 −3 −2 −1 1−6

−8

−7−8−9−10

WE2a

Continues →
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1C Questions

Understanding worksheet

1. Match the following calculations with their number line representations.

Example

0−5 −4 −3 −2 −1 1 2
1 + (−5)

a.

0−3 −2 −1 1 2 3 4 5 6 7
6 − 8

b.

0−3 −2 −1 1 2 3 4 5 6 7−4
4 + (−3)

c.

0−2 −1 1 2 3 4 5
−3 + 7

d.

0−5 −4 −3 −2 −1 1−6−7
−1 − 5

2. Choose whether addition or subtraction will make each of the following calculations true.

Example

3 (−2) = 5−

a. −7   7 = 0 b. −9   2 = −11

c. 8   (−1) = 9 d. −12   (−5) = −17

b. −4 − (−9)

Working thinking

−4 − (−9) = −4 + 9 Step 1: Subtracting a negative integer is the same as 
adding a positive integer.

 = 5 Step 2: Evaluate the expression.

Student practice

Calculate the following.

a. −2 − 4 b. −3 − (−5)

WE2b
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3. Fill in the blanks by using the words provided.

negative positive whole increase zero decrease subtracting

Integers are  numbers that can be positive, negative or  . 

Adding a  integer is the same as subtracting a positive integer.  

a negative integer is the same as adding a  integer. Integers on the number line 

 in value to the right and  in value to the left.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9

4. Calculate.

a. −2 + 4 b. −11 + 3 c. −17 + 11 d. −21 + 30
e. −53 + 40 f. −47 + 100 g. −160 + 54 h. −124 + 253

5. Calculate.

a. 6 + (−3) b. −3 + (−1) c. 20 + (−13) d. −5 + (−11)
e. 23 + (−19) f. −119 + (−24) g. 74 + (−105) h. −107 + (−198)

6. Calculate.

a. 5 − 7 b. −9 − 3 c. 4 − 16 d. −15 − 10
e. 48 − 53 f. −79 − 21 g. 54 − 120 h. −209 − 192

7. Calculate.

a. 2 − (−6) b. −7 − (−1) c. 12 − (−8) d. −22 − (−11)
e. −23 − (−23) f. 68 − (−37) g. −124 − (−39) h. −181 − (−195)

8. Calculate.

a. 2 + (−6) b. 3 − (−7)
c. −2 + (−10) d. −20 − (−6)
e. −11 − (−20) f. 19 + (−2) + (−7)
g. 15 − (−7) + 3 h. −53 − (−21) − (−15)

9. Consider the following incomplete calculation.

(−17) − ⎕ = −34

Select the option to fill in the box to make the calculation true.

A. −34 B. −17 C. 17 D. 34 E. 51

WE1a

WE1b

WE2a

WE2b

ChApter 1: integers 	24

1C

 



Spot the mistake

10. Select whether Student A or Student B is incorrect. 

a. −14 + (−3)

Student A

= −14 + −3
= −14 + 3
= −11

Student B

= −14 + −3
= −14 − 3
= −17

b. −20 − (−6)

Student A

= −20 − −6
= −20 + 6
= −14

Student B

= −20 − −6
= −20 − 6
= −26

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. An iceberg floating in the Arctic Ocean is submerged to −18 metres. If 2 metres of the iceberg is 
sticking out of the water, how tall is the iceberg altogether?

12. Mikko’s bank account has a balance of −$50. $67 is withdrawn from his account. What is the balance 
of Mikko’s account after the withdrawal?

13. A scuba diver dives to 21 metres below sea level. She must make a safety stop at 5 metres below sea 
level on her way back up to the surface to decompress her body. How far towards the surface did the 
diver have to swim before making her safety stop?

14. In Australia, the highest temperature ever recorded was 51℃ in Western Australia in 2022.  
The lowest temperature ever recorded was −23℃ in New South Wales in 1994. What is the 
difference between the highest and lowest temperatures ever recorded in Australia?

15. An ion is a charged atom because there are different numbers of positive protons and negative electrons 
inside of it. If an ion has a charge of −2 and contains 8 protons, how many electrons does it contain?

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy All 

16. Paulie and Christopher are camping during a long weekend. They set up their camp to the west of 
the waterfall they would like to visit. The motel and car park are both an equal distance away on 
either side of the camp.

West East

MotelWaterfallCampCar park

Motel is 11 km east of camp

a. If the camp represents zero on an imaginary number line, express the distance to the motel from 
the camp in km, as an integer.

b. Express the distance to the car park from the camp as an integer.
c. The waterfall is 6 km west of the motel. Express the distance to the waterfall from the camp as 

an integer.
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d. On the second morning of their camping trip, the two friends walk to the waterfall from camp 
and spend the day there before walking back to camp and packing up. After, they walk to the  
car park, pick up the car and drive to the motel. Assuming that they walk and drive on the  
same path, how much further have they driven that day compared to how far they walked?

e. Paulie and Christopher were very tired from all the walking they did when they got back to  
the motel. Suggest some ways that they could have organised their trip and set up camp so as  
to reduce the amount of travel by foot.

17. Consider the following expression, where 𝑥 and 𝑦 can be any integer.

𝑥  − 𝑦 

a. Using only single digit integers −9 to 9, inclusive of zero, substitute values for 𝑥 and 𝑦 to make
the largest result possible. State the values you chose for 𝑥 and 𝑦 as well as the largest result.

b. Using only single digit integers −9 to 9, inclusive of zero, substitute values for 𝑥 and 𝑦 to make
the smallest result possible. State the values you chose for 𝑥 and 𝑦 as well as the smallest result.

c. Compare your answers from parts a and b and explain why subtraction does not always 
decrease the value in a calculation.

Extra spicy

18. −a + b + b − a

Substitute a = 5 and b = −3 into the above expression and evaluate. Pick the correct answer option 
from the ones given below.

A. −16 B. −6 C. −4 D. 6 E. 16

19. Pick an integer to substitute for 𝑥 , so that the five numbers along both diagonals in the following
image sum to the same value.

A. −8
B. −6
C. −2
D. 0
E. 2

20. Marty and Emmett have invented a time machine. First they travelled back in time to when Marty 
was born 18 years ago. Then they travelled forward in time by 25 years and ended up in the  
year 2000. In which year did Marty and Emmett initially start their time travels?

21. All four digits of two 2-digit negative integers are different. What is the largest possible sum of the 
two negative integers?

Remember this?

22. Nancy made $400 from selling four paintings. After she sold the first painting, she earned $30 more 
for each following painting compared to the one sold directly before it. How much did Nancy sell her 
first painting for?

A. $30 B. $40 C. $55 D. $100 E. $180

23. When Pascal stands on Mickey’s shoulders during an acrobatic performance, their total height is  
3.5 metres. If there is a difference of 20 centimetres in Mickey’s and Pascal’s heights, what is the 
height of the taller acrobat?

A. 165 cm B. 170 cm C. 175 cm D. 185 cm E. 195 cm

24. At the International Mathematical Olympiad, each contestant is required to solve six problems  
in total. They can get a maximum of seven points for each correctly solved problem. If Ibrahim got  
31 points, what is the greatest number of problems for which he could have received full points?

A. 2 B. 3 C. 4 D. 5 E. 6

−1
−5

−5

−3
−4

2

8

7

x
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Multiplying and dividing integers1D

Key ideas

1. The product or quotient of two integers with the same directions or signs will always be positive.

Positive
integer

Positive
integer× Positive

integer=
Positive
integer

Positive
integer÷ Positive

integer=
Negative
integer

Negative
integer× Positive

integer=
Negative
integer

Negative
integer÷ Positive

integer=

2. The product or quotient of two integers with different directions or signs will always be negative.

Positive
integer

Negative
integer× Negative

integer=
Positive
integer

Negative
integer÷ Negative

integer=
Negative
integer

Positive
integer× Negative

integer=
Negative
integer

Positive
integer÷ Negative

integer=

3. The product of zero and any integer is zero.

 × 0 = 0 × x x = 0
3 × 0 = 0 × 3 = 0

When we multiply or divide integers, the signs of the numbers affect the 
outcome of the calculations. Although the same multiplication and division 
strategies we use with whole numbers can be used with integers, there are 
further rules we must apply regarding the signs of the values.

LEARNING INTENTIONS

Students will be able to:
 • understand that the product or quotient of a positive and negative 

integer is a negative integer

 • understand that the product or quotient of two negative integers is a 
positive integer

 • calculate the product of more than two integers.

KEY TERMS AND DEFINITIONS

Directed numbers have a direction and value, one direction is positive (+) 
and the other direction is negative (−).

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

Image: vinnstock/Shutterstock.com

When it comes to budgeting, we often 
have to deal with both positive and 
negative values. Tasks such as working 
out savings plans or ensuring that 
regular direct debits do not overdraw 
an account require knowledge of 
multiplication and division.
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Worked example 1

Multiplying integers

Calculate the following.

a. 4 × (−6)

Working Thinking

4 × (−6) = −24 The product of a positive integer and a negative integer 
will be negative. Evaluate the product.

visual support

−24 −18 −12 −6 0

4 groups of −6 = 4 × (−6) = −24 

−6 −6 −6 −6

b. −3 × (−5)

Working Thinking

−3 × (−5) = 15 The product of two negative integers will be positive. 
Evaluate the product.

c. −2 × 6 × (−3)

Working Thinking

−2 × 6 × (−3) = −12 × (−3) Step 1: Going from left to right, multiply the first two 
integers together.

 = 36 Step 2: The product of two negative integers will  
be positive. Evaluate the product.

Student practice

Calculate the following.

a. 5 × (−6) b. −4 × (−7) c. −3 × 5 × (−4)

WE1a

WE1b

WE1c

Worked example 2

Dividing integers

Calculate the following.

a. −16 ÷ 2

Working Thinking

−16 ÷ 2 = −8 The quotient of a negative integer and a positive integer 
will be negative. Evaluate the quotient.

visual support

−16 −8 0

−16 is made up of 2 groups of −8 
(−16) ÷ 2 = −8 

−8 −8

Continues →

WE2a
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1D Questions

Understanding worksheet

1. Circle the direction of the outcomes for each of the following calculations.

Example

Negative
integer

Positive
integer× Positive

integer= or Negative
integer

a. Negative
integer

Negative
integer× Positive

integer= or Negative
integer

b. Positive
integer

Negative
integer× Positive

integer= or Negative
integer

c. Negative
integer

Positive
integer÷ Positive

integer= or Negative
integer

d. Negative
integer

Negative
integer÷ Positive

integer= or Negative
integer

2. Show the direction of each outcome below by placing a negative or positive sign in each of the 
empty boxes.

Example

−4 × 3 = 12−

a. 2 × (−3) =   6 b. −8 ÷ 2 =   4

c. −5 × (−3) =   15 d. −12 ÷ (−6) =   2

3. Fill in the blanks by using the words provided.

left positive opposite right direction

When an integer has value and  , it is called a directed number. Negatively directed numbers 

lie to the  of zero, while positively directed numbers lie to the   

of zero. The product or quotient of two numbers with the same directions will always be  . 

The product or quotient of two numbers with  directions will always be negative.

b.    −18 _ −3    

Working Thinking

   −18 _ −3     = −18 ÷ (−3) Step 1: Rewrite the fraction as a division.

 = −18 ÷ (−3) = 6 Step 2: The quotient of two negative integers will  
be positive. Evaluate the quotient.

Student practice

Calculate the following.

a. −21 ÷ 7 b.    −32 _ −4    

WE2b
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 
7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 
7 (e,f,g,h), 8

4. Calculate.

a.   4 ×  (  −2 )    b.  −7 × 2 c.   0 ×  (  −11 )    d.   −6 ×  (  −1 )    
e.   −9 ×  (  −3 )    f.   −10 ×  (  −6 )    g.   12 ×  (  −7 )    h.   −24 ×  (  −4 )    

5. Calculate.

a. −3 × 1 × 2 b. 7 × 2 × (−1) c. 4 × (−2) × 2 d. 3 × (−8) × 0
e. 2 × (−5) × (−4) f. −5 × (−6) × 2 g. −8 × 3 × (−2) h. −7 × (−3) × (−4)

6. Calculate.

a. −9 ÷ 3 b. −12 ÷ (−6) c. −20 ÷ 5 d.    35 _ −7   

e. −42 ÷ (−6) f.    −14 _ −7    g. 96 ÷ (−6) h. −152 ÷ (−8)

7. Calculate.

a. 13 × (−4) b. −45 ÷ 15 c. 554 × 0 d. 0 × (−791)

e. 1600 ÷ (−40) f. −207 × (−10) g.    −486 _ −9    h. −3133 ÷ (−13)

8. Determine which of the following options is not equivalent to the below calculation.

−4 × 2 × (−6)

A. −24 × 2 B. −8 × (−6) C. −4 × (−12) D. 24 × 2 E. 48

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. 4 × −8

Student A

= 4 − 8
= −4

Student B

= 4 × (−8)
= −32

b.    −56 _ −8    

Student A

= −56 ÷ (−8)
= 7

Student B

= −56 ÷ 8
= −7

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Tyson pays $180 every week for his room in a sharehouse. This includes his rent and $30 for 
electricity, gas and internet access. Over 20 weeks, how much did Tyson pay for only his rent?

11. Jan is competing on a trivia game show. $250 is deducted every time a contestant gives an incorrect 
answer. If Jan has earned $2500 and then incorrectly answers three questions, how much money will 
she be taking home?

WE1a,b

WE1c

WE2

WE1,2
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12. On a school camp, a box of apples is put out for the students. Throughout the day, a total of 266 
students came and took apples out of the box until there were only 2 left. If there were 800 apples to 
begin with, then how many apples on average did each student take?

13. Jez is playing a computer game where he can respawn after failing a mission. Every time he 
respawns, it costs him 1200 coins in the game. Jez has already collected 34 000 coins. How many 
times can he respawn before he runs out of coins and has to restart the mission?

14. Gary is paying for a new gaming console in weekly instalments of $140. If Gary had −$40 in his account 
after 4 weeks of regular payments, then what was the balance of Gary’s account to begin with?

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. The Mariana Trench is the deepest part of any ocean on our planet. Using the diagram below:
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Continental shelf

Continental slope

Continental rise

Depth James Cameron reached 
35 756 feet / 10 898 m

Ocean basin

Image: VectorMine/Shutterstock.com

a. Express the depth of the Mariana Trench as an integer, in metres.
b. Light cannot travel beyond The Twilight Zone, but photosynthesis can only occur in the Sunlight 

Zone. How much further past The Sunlight Zone can light travel, in metres?
c. The deepest part of the ocean lies in the Hadal Zone, or The Trenches, which is very dark  

and cold. How many Sunlight Zones would fit inside the Hadal Zone?
d. An atmosphere (atm) is a unit of pressure. The total atm experienced by a diver increases by 

one unit every 10 metres below the surface. Including the 1 atm of pressure on the surface,  
how many atm would someone experience at the deepest part of the ocean?

e. The Mariana Trench is located in the Pacific Ocean, east of the Mariana Islands. Since its 
discovery in 1875, only seven descents, four manned and three unmanned, have ever  
been achieved. What are the challenges of organising an expedition such as this one, and do  
they outweigh the benefits of the data we might gather as a result? Explain your thinking.
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16. Use the tables below to answer the following questions.

Table 1 Table 2

𝑥 = 𝑦 =

𝑥 × (−1) = 𝑦 × (−1) =

𝑥 × (−1) × (−1) = 𝑦 × (−1) × (−1) =

𝑥 × (−1) × (−1) × (−1) = 𝑦 × (−1) × (−1) × (−1) =

a. Pick any single digit positive integer to represent 𝑥 and substitute it into the expressions in
Table 1. Record your results for each of the substitutions.

b. Pick any single digit negative integer to represent 𝑦 and substitute it into the expressions in
Table 2. Record your results for each of the substitutions.

c. What kind of pattern do the results in each of the tables for 𝑥 and 𝑦 form and what does this
show about the effects of multiplying by a negative?

Extra spicy

17. If a and b are both negative integers, which one of the following statements is false?

A. a ÷ b > 0
B. a × b > 0
C. −a × b < 0
D. a ÷ (−b) < 0
E. −a × (−b) < 0

18. The mean of the average surface temperatures on Mars, the Moon, and Jupiter is −84℃. When the 
average surface temperature of the Earth is included in this mean, it becomes −59℃. What is the 
average surface temperature of the Earth?

A. −59℃ B. −25℃ C. −16℃ D. 16℃ E. 25℃

19. What is the largest even two-digit integer that is a product of two prime numbers?

20. A triangle’s perimeter is 18 cm and all of the side lengths are positive integers. Two of its sides are 3 
and 5 times as long as the third side. What are the side lengths of this triangle?

Remember this?

21. Which pair of shapes have the same area?

A. A and B
B. A and C
C. B and C
D. B and D
E. C and D

22. When Amber goes hiking, she can cover 14 km in 3.5 hours. How many kilometres can Amber cover 
in 2 hours?

A. 1.5 km B. 2 km C. 4 km D. 8 km E. 12 km

23. What is the whole number closest in value to  4. 7   2  ?

A. 9 B. 10 C. 20 D. 23 E. 25

C

A B

D
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Order of operations1E

Key idea

1. Expressions with multiple operations, follow a specific order known as the order of operations.

[3 + 8 ÷ (32 − 10) × 2]

 Brackets/Subtraction

 Brackets/Exponent

= [3 + 8 ÷ (9 − 10) × 2]
= [3 − 8 ÷ (−1) × 2]
= [3 + 8 × 2]
= [3 + 16]
= 19

Multiplication
Division

Addition

1st: Brackets 

3rd: Multiplication or Division - working from left to right
2nd: Exponent

4th: Addition or Subtraction - working from left to right 

Correct order of operations:

When calculating any mathematical expression with multiple operations,  
the order of operations is important. The order in which mathematical 
operations should be performed is as follows: brackets, exponents, 
multiplication or division, addition or subtraction. Sometimes not all the 
operations appear in a problem, but it is essential to check and continue  
with the order of operations.

LEARNING INTENTIONS

Students will be able to:
 • understand the order of operations in expressions

 • apply order of operations when evaluating expressions

 • create and solve equations to represent problems.

KEY TERMS AND DEFINITIONS

Inverse operations are mathematical operations that undo each other. 
The inverse of multiplication is division and the inverse of division is 
multiplication; the inverse of addition is subtraction and the inverse of 
subtraction is addition.

An operation in maths is a mathematical process used to solve problems. 
The four basic operations in maths are addition, multiplication, subtraction 
and division.

A variable is a letter used to represent a value that is unknown or may vary.  
This is also known as a pronumeral or an unknown.

Substitution is the process of replacing a variable or an unknown with a 
given value.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

16
2 + 2 × 4 =

Sir David Maths Mayhem
@SirDavidMathsMayhem

15
14
13

59 %
7 %
8 %

26 %

The order in which we solve maths 
problems is universally the same. 
If we did not have a universally known 
procedure to solve maths problems, 
everyone would get different answers 
(much like the poll above), causing 
global mathematics mayhem.
Note: The poll above does not show 
the correct answer.
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Worked example 1

Completing order of operations calculations

Using the order of operations, complete the calculations.

a.    (  −2 ×  3   2  )   ÷ 6  

Working Thinking

   (  −2 ×  3   2  )   ÷ 6    =  (  −2 × 9 )   ÷ 6 Step 1: Using order of operations, evaluate the 
exponent inside the bracket.

  = −18 ÷ 6 Step 2: Evaluate the multiplication.

  = −3 Step 3: Evaluate the division.

Visual support

= (−2 × 9) ÷ 6
= −18 ÷ 6
= −3

 Brackets/Index
Multiplication
Division

(−2 × 32) ÷ 6

b.    [   √ 
_

 49   − 12 +  (  7 − 3 )   ]    

Working Thinking

   [   √ 
_

 49   − 12 +  (  7 − 3 )   ]      =  [   √ 
_

 49   − 12 + 4 ]   Step 1: Using order of operations, simplify the inner 
bracket by subtracting.

  = 7 − 12 + 4 Step 2: Evaluate the square root.

  = −5 + 4 

  = −1 

Step 3: Addition and subtraction will be calculated 
from left to right.

Student practice

Using the order of operations, complete the calculations.

a.    (  −12 ×  3   2  )   ÷ 2  b.    [   √ 
_

 1   − 5 +  (  9 − 2 )   ]    

WE1a

WE1b

Worked example 2

Evaluating expressions using substitution

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

a.  a − b 

Working Thinking

 a − b   = −1 − 2 Step 1: Substitute the variables for numbers.

  = −3 Step 2: Evaluate the subtraction.

Visual support

a − b
= −1 − 2
= −3

a = −1 b = 2 

Continues →

WE2a
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b.  2ab − b 

Working Thinking

  2ab − b    = 2 (  −1 )   (  2 )   − 2 Step 1: Substitute the variables for numbers.

   = 2 ×  (  −1 )   × 2 − 2  

  = −2 × 2 − 2 

Step 2: Using order of operations, multiply the integers 
from left to right.

  = −4 − 2 

  = −6 

Step 3: Calculate the subtraction.

Student practice

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

a.  a + b b.  3ab − b 

WE2b

Worked example 3

Solving worded order of operation questions

Represent the following sentences as expressions and solve.

a. Three minus the quotient of ten and two.

Working Thinking

 = 3 − 10 ÷ 2 Step 1: Represent the worded problem as an expression.

 = 3 − 5 Step 2: Using order of operations, evaluate the division.

 = −2 Step 3: Evaluate the subtraction.

Note: This can also be expressed as:   3 −  (    10 ____ 2    )    

Visual support

divide 10 by 23 −
10 ÷ 2

Three minus the quotient of ten and two

b. Four squared divided by the product of negative eight and two.

Working Thinking

     4   2  ______________  (  −8 × 2 )     Step 1: Represent the worded problem as an expression.

 =     4   2  __________  (  −16 )     Step 2: Using order of operations, evaluate the brackets.

 =    16 __________ −16   Step 3: Evaluate the exponent.

 = −1 Step 4: Evaluate the division.

Note: This can also be expressed as:    4   2  ÷  (  −8 × 2 )    

Student practice

Represent the following sentences as expressions and solve.

a. Seven minus the quotient of twenty four and two.

b. Twelve squared divided by the product of negative three and six.

WE3a

WE3b
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1E Questions

Understanding worksheet

1. Place brackets around the part that should be calculated first.

Example

4 + (7 × 4) − 6

a.  13 + 12 ÷ 6 − 4 b.  12 ×  3   3  ÷ 10 c.  18 ÷ 3 × 13 ÷13 d.   −8 ×  [  19 − 3 ×  42 ]     

2. Replace the word with the matching mathematical operation.

Example

The product of negative four and two is added to the quotient of sixteen and two.

(−4  ×  2) + (16  ÷  2)

a. Nine less than the sum of 3 and negative 6.
(3 − 6)   9

b. Half of the product of three and thirty.

   3   30 ___________ 2    

c. Three more than the difference of negative  
nine and negative four.

3   (−9   − 4)

d. Eight less than the squared quotient of negative  
twelve and two.

  (−12   2)   2     8

3. Fill in the blanks by using the words provided.

brackets order operations inverse

The order in which mathematical  should be performed is as follows: brackets, exponents, 

multiplication or division, addition or subtraction. Even if some operations are not in the problem, it is important to follow 

the  of operations. When working with  operations we work from left 

to right. When solving an equation with multiple  work from inner brackets to outer brackets.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9 (a,b,c,d), 10

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9 (c,d,e,f), 10

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9 (e,f,g,h), 10

4. Using the order of operations, complete the calculations.

a.  3 + 5 × 6 b.  6 × 7 − 50 
c.  −8 ÷ 2 × 4 d.   −3 ×  (  0 − 4 )    
e.  −9 − 10 × 2 f.   −3 − 5 + 7 ×  (  −9 )    
g.   −14 −  (  25 − 60 + 5 )    h.   4   2  −  √ 

_
 16   

WE1a
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5. Using the order of operations, complete the calculations.

a.    2   2  ×  (  3 − 5 )    b.  −5 × 6 ÷5 
c.   2 ×  (  27 − 40 )   ÷ 2  d.    (  7 −  √ 

_
 49   )   −  (  − 6 )     2   

e.    (  10 − 21 + 80 ÷ 10  )     2   f.  −40 × 30 − 9   2  +   25 ____ 5    

g.     √ 
_

 9   ____ 3    +   36 ____ 6    h.     −100 ________________________   (  80 × 2 )   ÷  (  4 × 4 )     

6. Complete the calculations.

a.    [   (  −3 × 4 )   ÷ 2 ]    b.   0 ×  [   (  −100 − 20 )   ÷ 40 ]    
c.   50 ÷  ( (  3 − 5 )   ×  5   2 )   d.    [   (  8 − 3  )     2  −  (  20 + 30 )   ]    

e.    (  3 −  (  −4  )     2  )   ×  (  −2 )    f.    21 ____ 7       +  [   3   2  −  (  19 − 26 )   ]    

g.    [    √ 
_

 144   ÷  (  2 − 3  )     3  ÷  (  −1 )   ]    h.   √ 
______________

  (  1 0   2  −  8   2  )     

7. Evaluate these expressions using  a = 2  and  b = −3 .

a.  a + b b.  ab c.  2a − b d.   b   2  − 3ab 

e.    (  −2a + 2b )   ÷ a  f.    (  b  − a  )     2  − b g.    3a ____ a   +  √ 
_

  b   2    h.   √ 
______________

  (   2a )     2  +  b   2    

8. Rewrite the following equations and insert brackets to make them true.

a.  2 + 2 × 4 = 16 b.  −15 − 10 × −8 = 65 
c.  −4 − 13 × −2 = 34 d.  6 −  4   2  × −2 = 20 

e.  5 − − 3   2  × −7 = 28 f.  −36 +    √ 
_

 144   _______ 2    = −30 

g.  −3 × 2 × 5 −3 = −12 h.     −30 _______________________________  60 × 2 ÷ 3 × 4   = −3  

9. Represent the following sentences as expressions and solve.

a. Five minus half of twenty.
b. Nine less than negative twenty added to thirteen.
c. The product of negative five and four plus thirty-three.
d. Three times the sum of negative eight and negative two.
e. Three groups of fifteen divided by negative five.
f. The product of negative two and three multiplied by the quotient of negative sixty-six and eleven.
g. The product of negative eight and two divided by four squared.
h. Six halves squared.

10. What is the answer to the following expression:

   [  3 − 24 ÷  (  3 − 6 )   ]   ×  3   2   

A.  −45 B.  6 C.  9 D.  66 E.  99 

Spot the mistake

11. Select whether Student A or Student B is incorrect. 

a.  −6 − 36 ÷ (  −9 )   

Student A

 −6 − 36 ÷  (  −9 )   
= −6 − 4 
= −10

Student B

 −6 − 36 ÷  (  −9 )   
= −6 + 4 
= −2

b.  12 − 60 ÷12 ×  (  −4 )   

Student A

 12 − 60 ÷ 12 ×  (  −4 )  
= −48 ÷ 12 ×  (  −4 )   
 = −4 ×  (  −4 )   
= 16

Student B

 12 − 60 ÷ 12 ×  (  −4 )  
= 12 − 5 ×  (  −4 )   
= 12 + 20
= 22

WE1a

WE1b

WE2

WE3
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Problem solving
Question working paths

Mild 12, 13, 14 Medium 13, 14, 15 Spicy 14, 15, 16 

12. In a game of AFL, each goal is worth six points and each behind is worth one point. Hawthorn scored 
79 points in total. If they scored 11 goals, how many behinds did they kick?

13. Collyn is saving money for a new VR headset which costs $529.00. She has saved $33 a week over 
twelve weeks. How much more money does she need to save in order to purchase the VR headset?

14. Niamh has collected 20 Pop vinyl bobble head figures, half of them have been kept in their original 
packaging. Her dad gave her 152 more figures. Niamh noticed that only an eighth of the figures from 
her dad were in their original packaging. How many figures in original packaging does Niamh have?

15. Mateo wants to knit five jumpers and needs 1496 metres of yarn for each jumper. A single ball of 
yarn is 170 metres long and costs $5. A four pack of yarn is on sale for $16. How much will Mateo 
save by purchasing all the yarn for the jumpers when the price is discounted?

16. Zom-beads make necklaces to sell. A 40 cm necklace has fifty beads, and a 70 cm necklace has twice 
the amount of beads as the 40 cm. A 20 cm necklace is made with a quarter of the beads of a 70 cm 
necklace. How many beads are needed to make three 40 cm, five 70 cm and two 20 cm necklaces?

Reasoning
Question working paths

Mild 17 (a,b,c,e) Medium 17 (a,b,c,e), 18 (a,b) Spicy all 

17. The crown-of-thorns sea star lives in the ocean near Cairns. One sea star has the capacity to destroy 10  
square kilometres of coral every year. Trained scuba divers try to stop the spread of the crown-of-thorns  
sea star by injecting them with low doses of acid. A professional scuba diver can inject 1000 sea stars 
during a 50 minute dive.

Image: Rich Carey/Shutterstock

a. Over a span of 25 years, how many square kilometres of coral can one single crown-of-thorns 
sea star destroy?

b. The rate at which a professional scuba diver can inject the crown-of-thorns sea star in 1 minute 
is the quotient of the number of sea stars and the time it takes. Write an equation and determine 
how many sea stars the scuba divers can inject in 1 minute.

c. A diver can safely descend at a rate of 900 centimetres per minute. If a diver descends to 27 m 
below sea level, spends 40 minutes injecting crown-of-thorns sea stars, and makes a safety stop 
for five minutes before surfacing, then how long was their dive altogether?

d. One diver injected 1108 crown-of-thorns sea stars in a 60 minute dive. During the first half of 
the dive the diver administered half of the injections. In the next 10 minutes they injected a 
fourth of all the sea stars. How many sea stars did the diver inject in the last 20 minutes?

e. Crown-of-thorns sea stars often experience rapid rises in population. One of the reasons for 
this is the overfishing of their natural predators. Suggest some ways that we can control the 
population of crown-of-thorns sea stars.
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18. Fill in the boxes using the numbers 0, 1, 2, 3, 4 only once to make the:

⎕ × (⎕ + ⎕ − ⎕ ÷ ⎕)

a. smallest possible integer answer.
b. largest possible integer answer.
c. Compare your answers from a and b and explain why these results are possible using order  

of operations.

Extra spicy

19. Fill in the boxes to make the equation true.

6 ×   (4 − 9)   3   = (⎕ 9 ⎕   4)   3   × 6

20. Casey operates an e-commerce business repairing phones. The following table shows the cost price 
of each repair and the price charged to customers.

Cost price ($) Price for customers($)

Screen repair 12 120

Back panel repair 10 60

Battery replacement 25 50

Last year Casey paid $67 plus a $7 shipping fee for the tools for the business and fixed 12 screens, 
half of which needed a back panel repair and a third of which needed battery replacements.  
This year they fixed 56 screens, 32 back panels, and replaced 22 batteries. How much more profit 
did the business make this year compared to last year?

21. If  a = −3  and  b = 2 , which of the following equations is false?

A.  a + b = −1 B.  −a − 1 = b C.  b + a = −1 D.  −1 − b = a E.  b − a = −1 

22. For what value of the  ♥  is the following expression true?

     3   1  ×  2   2  × 1 2   1  +  2   ♥   __________________________  
 (  − 2 )     2  ×  (  −5 )  

    =   (−2)3

A.  1 B.  2 C.  3 D.  4 E.  5 

Remember this?

23. These are three different pictures of the same sculpture. The sculpture is made up of:

A. a rectangle and circle.
B. a rectangle and a sphere.
C. a cylinder and a circle.
D. a cylinder and a sphere.
E. a cylinder and a balloon.
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24. On Saturday, Karthik measured the temperature every 2 hours from 8 am to 3 pm.

Time of day 8:00 am 11:00 am 1:00 pm 3:00 pm

Temperature (°C) 12 19 23 16

Which graph shows Karthik’s results?
A.

Time of day

Te
m

pe
ra

tu
re

 (°
C)

B.

Time of day

Te
m

pe
ra

tu
re

 (°
C)

C.

Time of day

Te
m

pe
ra

tu
re

 (°
C)

D.

Time of day

Te
m

pe
ra

tu
re

(°
C)

E.

Time of day

Te
m

pe
ra

tu
re

 (°
C)

25. Clinton made 48 cookies. There was a mix of raisin cookies and chocolate chip cookies. Both types of 
cookies look the same. Satoshi took a cookie. He had a 1 in 8 chance of taking a raisin cookie. 

How many chocolate chip cookies did Clinton make?

A. 6
B. 12
C. 36
D. 40
E. 42
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Chapter 1 extended application
1. The Earth is made up of layers, with the crust being at the very surface. 

It is also where we can find our deepest oceans and highest mountain 
ranges. However, by comparison to the deeper layers inside our planet, 
the crust is by far the most shallow. Below is a diagram showing the 
Earth’s layers as well as their depths.

a. Express the depth of the very centre of the Earth as a negative integer 
relative to the surface.

b. The top layers of the Earth are made out of rock whereas the bottom 
layers become iron. Express the depth at which rock ends and iron 
begins as a negative integer.

c. Which of the layers of Earth is the thickest? Name it and give the value of its thickness as a positive integer.
d. The inner core is a solid ball of iron at the centre of the Earth. According to the above diagram, what is  

its radius? Express the value as a positive integer.
e. Diamonds and other precious gems form in the mantle of our planet and often require special equipment  

to extract. For some time now, we have been able to grow precious stones artificially in a lab without having 
to disturb the natural environment or put miners’ lives at risk. Give possible reasons why natural precious 
stones are still very popular among consumers, despite the devastating effects their extraction can have on 
the environment and people.

2. In an esports tournament, each team played each other once and the results were recorded in a table.

a. Determine how many games were played by each team.
b. Determine the number of points given for a Win, 

Draw, and Loss.
c. What is the maximum number of points a single team 

can possibly get at the end of the tournament?
d. The Koalas’ only win was against the Roos. Who did 

the Echidnas win against?
e. Competitions are a great way to test your skills and engage with other people who share your interests. 

Suggest some ways in which a participant can ensure that they are a good competitor who is fair  
and respectful.

3. Mateo and Silas use TikTok to promote their knitting business. Mateo and Silas take 24 hours each to handknit 
solid coloured jumpers and 32 hours to knit a striped jumper using various styles of stitches. Each jumper 
consists of $36 dollars worth of yarn and their hourly rate to knit is $21.

a. Mateo wants to knit four solid coloured jumpers and Silas wants to knit two striped jumpers. How many 
combined hours will Mateo and Silas spend knitting to complete these jumpers?

b. If Mateo knits for 6 hours a day and Silas knits for 4 hours a day and they both knit four days out of the week,  
how many weeks will it take for the pair to complete the jumpers from part a?

c. Mateo and Silas went viral on TikTok and now there is a waiting list to purchase one of their handmade 
jumpers. There are currently 1384 people who have signed up to purchase a striped jumper and 1830 
people to purchase a solid colour jumper. How many combined weeks will Mateo and Silas spend knitting 
to complete these orders?

d. The cost of a jumper is the product of their hourly rate and the number of hours plus the cost of the yarn. 
Write an equation and determine how much each type of jumper costs.

e. Is it sustainable for Mateo and Silas to handmake jumpers for this amount of people in a year? Suggest ways 
that they can accommodate more customers and expand their business efficiently.

crust

upper
mantle

lower
mantle

outer core

inner core

centre

Depth
0

660 km

2890 km

5150 km

6371 km

rock

rock

iron 
liquid

iron solid

Win Draw Loss Points

Echidnas 2 1 0 7

Roos 1 1 1 3

Wombats 2 0 1 5

Koalas 1 0 2 1

	  Chapter 1 extended appliCation 41
 



Chapter 1 review

Multiple choice

1. Which of the following number lines correctly represents its corresponding equation?

A.

0 10 20

−79

30 40 50
111 − 79 = 42

60 70 80 90 100 110 120

B.

0 10 20

−79

30 40 50
111 − 79 = 32

60 70 80 90 100 110 120

C.

100 120110 130 140 150 170160 190180 200
111 − 79 = 190

−79

D.

0 10 20

−79

30 40 50
111 − 79 = 32

60 70 80 90 100 110 120

E.

120110 130 140 150 170160 190180
111 + 79 = 190

+79

2. Which of the following visual representations correctly represents its corresponding equation?

A.

3

57 ÷ 3

=

=

3

20 1

(60 ÷ 3) − (3 ÷ 3)

B.

3

57 ÷ 3

=

=

3

20 1

(60 ÷ 3) + (3 ÷ 3)

C.

3

57 ÷ 3

=

=

3

20 1

(60 − 3) ÷ (3 − 3)

D.

3

57 ÷ 3

=

=

3

20 1

(19 × 3) ÷ (3 ÷ 3)

E.

3

57 ÷ 3

=

=

3

20 1

(57 − 3) ÷ (3 − 3)

1A

1B
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3. Which of the following number lines correctly represents its corresponding expression?

A.

−17 −15 −10
−17 − 18

−5 0 1

B.

17 20 25
−17 − (−18)

30 35

C.

−17 −10 0
−17 + 18

10 20 30 35

D.

−17 −10
−17 − (−18)

0 1

E.

−35 −30 −20
−17 − (−18)

−10 0 10 17

4. Which of the following visual representations has the correct corresponding equation?

A.

0 5 10

21 is made up of 3 groups of 7 
7 × 3 = 21

2015 21

B.

−21 −20 −15 −10

−21 is made up of 7 groups of 3 
7 × 3 = −21

−5 0

C.

−21 −20 −10

−21 is made up of 7 groups of −3 
7 × (−3) = −21

0

D. −21 is made up of −7 groups of −3 
(−7) × (−3) = −21

−21−20−100

E. 21 is made up of 7 groups of −3 
7 × (−3) = 21

2120100

1C

1D
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5. Which of the following sentences represents the correct expression?

A.

Nine less than the product of square root two and three to the power of two

(−9) + 32 × √2

B.

Nine less than the product of square root two and three to the power of two

9 − 32 × √2

C.

Nine less than the product of square root two and three to the power of two

(−9)− 32 ÷ √2

D.

Nine less than the product of square root two and three to the power of two

9− 32 ÷ √2

E.

Nine less than the product of square root two and three to the power of two

32 × √29+

Fluency

6. Calculate using a mental strategy.

a.  21 + 15 b.  98 − 31 c.  96 + 318 d.  1208 − 879 

7. Calculate using a vertical algorithm.

a.  45 + 54 b.  32 + 78 + 61 c.  912 − 789 d.  100 001 − 779 

8. Calculate using a mental strategy.

a.  76 × 4 b.  2139 ÷ 3 c.  4 × 100 × 100 d.  480 036 ÷ 12 

9. Calculate using a vertical algorithm.

a.  343 ÷ 7 b.  101 × 101 c.  724 × 23 d.  8190 ÷ 546 

10. Calculate.

a.   3 −  (  +91 )     b.   12 +  (  −198 )    
c.   51 −  (  −325 )   −  (  +523 )     d.   −291 −  (  −8 )   −  (  −23 )   +  (  −91 )     

11. Calculate.

a.   −900 ÷  (  −5 )     b.   335 ÷  (  −67 )     
c.   207 ×  (  −15 )   ×  (  −11 )     d.    (  −3822 )   ÷  [  − (  −42 )   ]    

12. Calculate using the order of operations.

a.  5 + 7 × 18 b.   −9 −  (   3   2  +  7   3  )    
c.   √ 

________________________
    [  −7 − 4 ×  (  −1 )   ]     2    d.   42 ÷  (  6 + 1 )   − 56 ×  (  − 2   4  )   ÷ 28  

13. Represent the following sentences as expressions and solve.

a. Seventeen multiplied by seventy.
b. Three less than the quotient of one hundred thirty-two and negative twelve.
c. The sum of negative ninety-two halved and negative twenty-two.
d. Four fifths of the square root of four less than the product of five and seventeen.

1E

1A

1A

1B

1B

1C

1D

1E

1E
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Problem solving

14. Vutha has received his maths test paper. Vutha sees that he has got 18 marks out of 20 for 
multiple choice questions, 31 marks out of 40 for fluency questions, 17 marks out of 20 for 
problem solving questions and 6 marks out of 10 for reasoning questions. What is Vutha’s 
overall mark out of 90, for this test?

15. The pyramids were built in 2490 B.C., and the Luxor Temple was built in 1400 B.C.. Given the  
following timeline, where B.C. years are represented as negative integers, write an equation 
and calculate the number of years there are between the building of the pyramids and the 
Luxor Temple.

−3000 −2000−2490 −1400

B.C. A.D.

−1000 10000 2000 3000

16. On Monday, Becky checked the weather and it forecasted 30 °C . To calculate the degrees in 
Fahrenheit ( °F ), the degrees in Celsius are multiplied by 1.8 then 32 is added to the result. 
What is the temperature on Monday in  °F , if Becky rounds 1.8 to the nearest whole number 
to complete the conversion?

17. During mental health awareness month, St. Rose College decides to start a fundraising event 
to raise money for mental health research by selling chocolate. One chocolate company will 
be providing twenty boxes of chocolate, each containing fifty bars. If each bar of chocolate 
costs $2, how much money will St. Rose College raise if the students sell all the chocolates?

18. Kirra wants to buy a new phone plan. Telstar offers her the following monthly deal: 
 • $20 for the phone

For the first 2000 MB:
 • $5 for every 500MB of data used 

After the first 2000 MB:
 • $14 for every 1000 MB of data used

In March Kirra used a total of 3500 MB of data. How much can Kirra expect to pay in March?

Reasoning

19. Jedda is finding it difficult to see the whiteboard in her maths class. Her parents decided to 
take her to see an optometrist. The optometrist asked Jedda to read off a letter chart.  
For each letter that Jedda reads correctly, the optometrist records three points. For each 
letter that Jedda reads incorrectly, the optometrist records one point. 

a. Jedda reads eight letters in total, five were answered correctly and three were 
answered incorrectly. How many points would the optometrist have recorded?

b. The optometrist performed an eye test and wrote a prescription that Jedda’s right eye 
has a power of −2.75. Given that Jedda knows that positive powers (such as +2.75) 
represent far-sightedness, how should Jedda interpret negative powers?

c. Jedda is trying to decide whether she should get glasses or contact lenses.  
The optometrist showed her the following price list. Over the course of a year,  
which of the two options is cheaper and how much will Jedda save by buying the 
cheaper option?

1A

1C

1B

1D

1E
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Glasses Frame costs $219
Two lens costs $398
Expires after a year

Contact lenses Each box costs $49
Each box provides a month's supply

d. Jedda eventually decides to buy contact lenses. She decided to invest in an insurance  
plan to cover some of the costs. She is introduced to two plans and the information is 
given below.

Plan A Yearly cost $299
Covers 60% of the cost of contact lenses

Plan B Yearly cost $159
Covers 40% of the cost of contact lenses

Based on this new information, and using information from part c, determine which 
plan is cheaper for Jedda.

e. Do you think it’s worth having insurance? Why or why not? Justify your reasons.

20. Using only single digit integers from −9 to 9, inclusive of zero, substitute two different 
values for 𝑥 and  𝑦 in order to:

Expression 1  𝑥  − 𝑦 

Expression 2  𝑥  × 𝑦 

a. find the largest possible answer for expression 1. State all possible values of  𝑥  and  𝑦 .
b. find the largest possible answer for expression 2. State all possible values of  𝑥  and  𝑦 .
c. Compare your answers from part a and part b and outline the pattern that you 

observed regarding the number of possible values of  𝑥  and  𝑦 .
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Chapter 2 research summary
Fractions and decimals

Big ideas

Place value 
This chapter will extend knowledge of the place value of whole numbers to decimals. Just as the base ten 
structure of ‘10 makes 1’ extends to digits in larger and larger place values, it also extends to smaller and 
smaller place values.

Working with and associating decimal digits with whole numbers can cause many misconceptions and are 
difficult for students to overcome (Steinle, 2004). Instead, always view decimals as what they are; base ten 
fractions or, decimal fractions. These are fractions with denominators of 10, 100, 1000, and so forth.  
For example, the number 34.67 is also 34 +     67 _____ 100    and 34 +     6 ____ 10    +     7 _____ 100   .

Understanding this concept is built upon trusting the count and place value of whole numbers. Therefore, 
grasping the topics of operating with decimals and fractions, performing computations with decimals  
and fractions, ordering and rounding decimals, and equi-partitioning, are essential for future topics such  
as percentages.

Multiplicative thinking
This chapter will extend multiplicative thinking about place value and powers of 10 to learn how to 
appropriately add, subtract, multiply and divide decimals. For example, 1 is ten times greater than  
0.1 ( 0.1 × 10 = 1 ) and 0.1 is ten times less than 1 ( 1 ÷10 = 0.1 ). 

Additionally, this chapter will develop an understanding of integers, terminating and recurring decimals and 
the complexities involved with what a number represents, how a number is represented, and what we can 

use to represent a number. For example,  2  1 __ 3   =   7 __ 3   = 2.3333... = 2.    ̄  3  .

Understanding this big idea is built upon place value. It is essential for grasping the next chapter of  
how decimals, fractions, and percentages are related, equi-partitioning, and for future big idea topics such  
as algebraic, statistical and geometric reasoning.

Equi-partitioning
This chapter will extend on partitioning whole numbers to develop an understanding of part-whole comparisons.  
The part represents the numerator and the whole represents the fraction’s denominator. Using various models  
besides area models for part-whole comparisons of fractions will add rigour and avoid potential 
misconceptions (Lamon, 2020).

Additionally, this chapter will focus on establishing the meaning of equivalent fractions. For example, eating 4 

slices of a pizza that was cut into 8 slices    (  4 __ 8  )    is the same as eating one-half of the pizza   (  1 __ 2  )  .

Partitioning fractions and the understanding of equivalent fractions will underpin the efficiency of how 
students will add, subtract, multiply and divide fractions within this chapter. 

Furthermore, understanding this big idea is built upon place value and multiplicative thinking. Therefore, it is 
essential for the next chapter on how fractions relate to decimals, rates and ratios and future big idea topics 
such as algebraic, statistical, and geometric reasoning.
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Visual representations

Number line 
A number line is traditionally shown as a horizontal line or axis, but can also 
be a vertical line. A number line shows the order and size of numbers. It helps 
to deepen our understanding of mathematical concepts such as fractions, 
decimals, percentages, negative numbers and mathematical operations.

In this chapter a number line will be used to aid in:
 • recognising fractions as rational numbers that fall between integers
 • linking equivalent fractions, mixed numbers, and improper fractions 
 • support understanding when performing addition and subtraction  

with fractions
 • ordering and investigating the magnitude of decimals
 • connecting the addition, subtraction, multiplication, and division of 

decimals to the abstract process
 • rounding numbers to any decimal place to make estimations.

Linking fractions

0

0 321
1
31 2

31 1
32 2

322
3

1
3

1
3

2
3

3
3

4
3

5
3

6
3

7
3

8
3

9
3

1
32 7

3=

11
9

12
9

13
9

14
9

Operations with fractions

4
9+

15
9

Operations with decimals

+2.73 +1.3

4
4.072

5 6 7 8 9
6.802 8.102

Rounding decimals

7.26 7.261 7.262 7.263 7.264 7.265 7.266 7.267 7.268 7.269 7.27

7.263 rounded to 2 decimal places is 7.26

Area model 
Area models help us understand the partitioning of a unit based on its area.  
In this chapter, area models will represent a fraction as a two-dimensional 
shape divided into equal parts, connect equivalent fractions, and aid in 
arithmetical operations with fractions.

However, relying solely on area models can limit our understanding of 
fractions as rational numbers and can cause common misconceptions within 
the topic (Lamon, 2020; Sidney et al., 2019; Ervin, 2017). Therefore, using the 
area model alongside other models and non-visual approaches is vital when 
teaching and learning fractions (E.g. Linear arithmetic blocks, cuisenaire rods, 
discrete models, number lines, dominos, geoboards, and volume models). 
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10
15

2
3

3
4

3
4

3
4

1
2

2
3

2
3

1
3

1
3

1
31

2

=

=

Equivalent fractions Adding fractions

Multiplying fractions Dividing fractions

of ×=

3
8

=

+

+

=

=

+

+

=

=1
3

1
2

2
6

3
6

5
6

2 is made up of 3 groups of 2 ÷ 

= 3
1
3

1
3

1
3

Number slides
A number slide can be used when multiplying and dividing decimals by 
powers of 10. In addition they are helpful when addressing misconceptions 
around the decimal point and building knowledge around decimal place value. 

.
Hundreds

Tens
Ones

19

Move all digits two place values to the right.

Tenths

8 ÷ 100 =
Hundredths

2
Thousa

ndths

Ten th
ousa

ndths

.
Hundreds

Tens
Ones

0
Tenths

9
Hundredths

1
Thousa

ndths

Ten th
ousa

ndths

8 2

Misconceptions

Misconception Incorrect Correct Lesson

When finding equivalent 
fractions, students only 
multiply the numerators not 
the denominators.

   3 __ 5    =    3 × 2 _______ 5     =    6 __ 5      3 __ 5    =    3 × 2 _______ 5 × 2    =     6 __ 10   2A

Students divide the whole 
number when simplifying a  
mixed number.

2    6 ___ 12   

= 1   1 __ 2   

÷2÷2
÷2 2    6 ___ 12   

= 1   1 __ 2   

÷2
÷2

2A

Students think any equivalent 
fraction with a smaller 
denominator is the  
simplest form.

   4 __ 8    =    2 __ 4   

4 has a smaller denominator than 8, 
therefore the fraction    2 __ 4    is in  
simplest form.

   4 __ 8    =    2 __ 4    =    1 __ 2   

1 and 2 do not have any common 
factors besides 1, therefore the 
fraction    1 __ 2    is in simplest form.

2A

Students add or subtract 
fractions by combining the 
numerator and denominators.

   3 __ 5    −    1 __ 2    =    2 __ 3   

   3 __ 5    +    1 __ 2    =    4 __ 7   

   3 __ 5    −    1 __ 2    =     6 ____ 10    −     5 ____ 10    =     1 ____ 10   

   3 __ 5    +    1 __ 2    =     6 ____ 10    +     5 ____ 10    =    11 ____ 10   

2B

When adding fractions with 
the same denominator, 
students add the numerators 
and denominators.

   1 __ 5    +    2 __ 5    =     3 ____ 10      1 __ 5    +    2 __ 5    =    3 __ 5   2B

When multiplying fractions, 
students only multiply the 
numerators or denominators.

   3 __ 5    ×    2 __ 7    =    3 × 2 _______ 5     =    6 __ 5   

   3 __ 5    ×    2 __ 7    =     3 _______ 5 × 7    =     3 ____ 35   

   3 __ 5    ×    2 __ 7    =    3 × 2 _______ 5 × 7    =     6 ____ 35   2B

Chapter 2: FraCtions and deCimals 	50

2

 



Misconception Incorrect Correct Lesson

When multiplying a fraction 
by a whole number, students 
multiply both the numerator 
and the denominator by the 
same number.

2 ×    3 __ 4    =    2 × 3 _____ 2 × 4    =    6 __ 8   2 ×    3 __ 4    =    2 __ 1    ×    3 __ 4   

 =    2 × 3 _____ 1 × 4   

 =    6 __ 4   

2C

When cross simplifying, 
students cross multiply.

   2 __ 3    ×     9 ____ 10    =    2 × 10 _________ 3 × 9     =    20 ____ 27      2 __ 3    ×     9 ____ 10    =    1 × 3 _________ 1 × 5    =    3 ____ 5   2C

When dividing fractions, 
students multiply before 
finding the reciprocal of  
the divisor.

   2 __ 5    ÷    2 __ 3    =    2 __ 5    ×    2 __ 3   

 =    2 × 2 _____ 5 × 3    =     4 ___ 15   

   2 __ 5    ÷    2 __ 3    =    2 __ 5    ×    3 __ 2   

 =    2 × 3 _____ 5 × 2    =     6 ___ 10   

2C

Students think multiplication 
always results in larger values 
and division always results in 
smaller values.

   1 __ 2    ×    1 __ 4    =    1 __ 8    

   1 __ 8    is bigger because multiplication 
makes numbers bigger.

   1 __ 2    ×    1 __ 4    =    1 __ 8    
Multiplying or dividing fractions 
increases or reduces the size by 
increasing or decreasing the number 
of parts.

2C

When using a number line to 
subtract fractions, students 
count in the wrong direction.

−5 +    2 __ 3    = −5   2 __ 3   

−6 −5 −4

+ 2
3

−52
3

−5 +    2 __ 3    = −4   1 __ 3   

−6 −5 −4

+ 2
3

−4 1
3

2D

When subtracting a negative 
fraction, students decrease  
the value.

   3 __ 4    −   (−  1 __ 4  )   =    2 __ 4      3 __ 4    −   (−  1 __ 4  )   =    4 __ 4   2D

When dividing by negative 
fractions, students change the 
sign of the negative fraction 
when writing the reciprocal. 

   2 __ 5    ÷   (−  2 __ 3  )   =    2 __ 5    ×    3 __ 2   

 =     6 ___ 10   

   2 __ 5    ÷   (−  2 __ 3  )   =    2 __ 5    ×   (−  3 __ 2  )  

 = −    6 ___ 10   

2D

Students add and subtract the 
whole numbers and decimal 
places separately.

22.16 + 15.89 = 37.105 22.16 + 15.89 = 38.05 2E

Students do not consider 
place value when multiplying 
decimals using the  
vertical algorithm. 

2.13 × 1.2 =

+

×
2

4
2
6

1
1
2
1
3

3
2
6
3
9

2.13 × 1.2 = 0.639

2.13 × 1.2 =

+

×
2

4
12
52

1
1
2
3
5

3
2
6
0
6

2.13 × 1.2 = 2.556

2E

Students use mental strategies 
to multiply and divide 
decimals and do not consider 
place value.

0.5 × 0.5 = ?
5 × 5 = 25
So 0.5 × 0.5 = 2.5

0.5 × 0.5 = ?
5 × 5 = 25
So 0.5 × 0.5 = 0.25
(with two decimal places)

2E

Students think that recurring 
decimals end.

1.  6 ̇    = 1.66 1.  6 ̇    = 1.666... 2F

Students think only one or 
two digits repeat in recurring 
decimals.

4.12123123...
= 4.   ̄  12  

4.12123123...
= 4.12   ̄  123  

2F

Students use the digit to be 
rounded instead of the critical 
digit to round decimals.

2.37 to the nearest tenth is 2.3 
because 3 < 5.

2.37 to the nearest tenth is 2.4 
because 7 > 5.

2G

1
51
3
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Misconception Incorrect Correct Lesson

When the rounding digit is 9, 
students round to 10 instead.

Round 0.95 to the nearest  
whole number.
0.95 ≈ 0.10

Round 0.95 to the nearest 
whole number.
0.95 ≈ 1.0

2G

When lead digit rounding, 
students think the critical digit 
is the first decimal place. 32.82 ≈ 33

Critical digit

Leading digit

0.029 ≈ 0.0

Critical digit

Leading digit

32.82 ≈ 30

Critical digit

Leading digit

0.029 ≈ 0.03

Critical digit

Leading digit

2G
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Equivalent fractions2A

Key ideas

1. A mixed number can be converted to an improper fraction by recognising how many unit fractions are in a whole.

0

1 2 31 1
3 1 2

3 2 1
3 2 2

3

1
3

2
3

3
3

4
3

5
3

6
3

7
3

=2 1
3

7
3

8
3

9
3

1
3

2
3

2. Fractions remain equivalent if the numerator and denominator are both multiplied or divided by the same value.

0 1
15

2
15

3
15

4
15

5
15

6
15

7
15

8
15

9
15

10
15

11
15

12
15

13
15

14
15

15
15

1
3

0
3

2
3

3
3

= 5
15

1
3

÷5

÷5

= 10
15

2
3

×5

×5

Continues →

There are three types of fractions: proper fractions, improper fractions, and 
mixed numbers. Equivalent fractions represent the same quantity but with a 
different number of parts. For example,    2 __ 3    and    4 __ 6    are equivalent because they 
both represent the same quantity but with a different number of parts.

LEARNING INTENTIONS

Students will be able to:
 • convert between mixed numbers and improper fractions

 • identify equivalent fractions

 • write fractions in the simplest form.

KEY TERMS AND DEFINITIONS

The numerator is the value on the 
top of a fraction and represents the 
number of parts of a unit we  
are considering.

The denominator is the value 
on the bottom of a fraction and 
represents the number of parts 
each unit is split into.

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

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

An improper fraction has a 
numerator greater than or equal  
to its denominator.

A mixed number is a combination 
of a whole number and a proper 
fraction.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Equivalent fractions are commonly 
used when comparing quantities and 
amounts. For example, even though 
cakes of the same size can be cut 
into different sized slices, we can 
still compare the quantities using 
equivalent fractions.
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Worked example 1

Converting between mixed numbers and improper fractions

Convert each of the following to the described form.

a.  2  3 __ 5    (improper fraction)

Working thinking

 2  3 __ 5     =   2 × 5 _______ 5    +   3 __ 5   

  =   10 ____ 5    +   3 __ 5   

Step 1: Multiply the whole number by the denominator 
of the fraction and add the numerator of  
the fraction.

  =   13 ____ 5    Step 2: Simplify.

visual support

30 1 2

9
5

8
5

7
5

6
5

5
5

4
5

3
5

2
5

1
5

1
5

2
5

3
5

4
5

0
5

10
5

11
5

12
5

13
5

14
5

15
5

1 1
5 1 2

5 1 3
5 14

5 2 1
5 2 2

5 2 3
5 24

5

b.    22 ____ 7     (mixed number)

Working thinking

 22 ÷ 7 = 3 remainder 1 Step 1: Divide the numerator by the denominator.

   22 ____ 7    = 3  1 __ 7   Step 2: Write the remainder as a fraction with the same 
denominator as the improper fraction.

Student practice

Convert each of the following to the described form.

a.  2  5 __ 6    (improper fraction) b.    12 ____ 5     (mixed number)

WE1a

WE1b

3. The simplest form of a fraction is when the numerator and denominator do not share any common factors.

Highest common factor of 10 and 15 is 5.

= =10
15

10 ÷ 5
15 ÷ 5

2
3
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Worked example 2

Finding an equivalent fraction

Calculate the equivalent fractions.

a.    3 __ 5   =   6 ____ ⎕   =   
⎕

 ____ 15   

Working thinking

   3 _ 5    =     6 _ 10    =       _ 15   

×2

×2

Step 1: Find the relationship between the two known 
numerators. Apply this change to find the 
unknown denominator.

   3 _ 5    =     6 _ 10    =     9 _ 15   

×3

×3

Step 2: Find the relationship between the two known 
denominators. Apply this change to find the 
unknown numerator.

visual support

= =

= =

6
10

9
15

3
5

b.    16 ____ 24   =   
⎕

 ____ 12   =   2 __ ⎕   

Working thinking

   16 _ 24    =      _ 6    =    2 _ 3   

÷8

÷8

Step 1: Find the relationship between the two known 
numerators. Apply this change to find the 
unknown denominator.

   16 _ 24    =    4 _ 6    =    2 _ 3   

÷4

÷4

Step 2: Find the relationship between the two known 
denominators. Apply this change to find the 
unknown numerator.

Student practice

Calculate the equivalent fractions.

a.    6 __ 8   =   12 ____ ⎕   =   
⎕

 ____ 40   b.    12 ____ 48   =   
⎕

 ____ 24   =   1 __ ⎕   

WE2a

WE2b
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2A Questions

Understanding worksheet

1. Write the mixed number or improper fraction from the given number line.

Example

21

1
3

2
3

3
3

4
3

5
3

6
3

7
3

8
3

9
3

2
2

3

Worked example 3

Converting fractions to the simplest form

Write the following fractions in the simplest form.

a.     9 ____ 12   

Working thinking

HCF of 9 and 12 is 3. Step 1: Find the HCF of the numerator and denominator.

    9 ÷ 3 _________ 12 ÷ 3   =   3 __ 4   Step 2: Divide numerator and denominator by the HCF 
to simplify.

visual support

=

=

9
12

3
4

b.    27 ____ 18    

Working thinking

HCF of 27 and 18 is 9. Step 1: Find the HCF of the numerator and denominator.

   27 ÷ 9 _________ 18 ÷ 9   =   3 __ 2   Step 2: Divide numerator and denominator by their 
HCF to find the simplest form of the fraction.

Student practice

Write the following fractions in the simplest form.

a.    10 ____ 15   b.    24 ____ 9    

WE3a

WE3b
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a.
0

0

1 2 3

1
2

1
2

2
2

3
2

4
2

6
2

1 1
2 2 1

2

b.

0 1 2 3

10
4

11
4

12
4

13
4

1
4

1
4

2
4

3
4

0
4

1
2

3
4

4
4

5
4

3
2

7
4

8
4

9
4

1 1
4 1 2

4 1 3
4 2 1

4 2 3
4 3 1

4

c.
0 21

10
5

1
5

2
5

3
5

4
5

0
5

5
5

1 1
5 1 2

5 1 3
5 14

5

d.

1 2

14
7

4
7

5
7

6
7

7
7

2. Use the area model to write the equivalent fractions.

Example

=

=
3

5

6

10

a.

=

=

b.

=

=

c.
=

=

d.

=

=
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3. Fill in the blanks by using the words provided.

improper equivalent simplest mixed number

Fractions with a numerator that is greater than the denominator are  fractions. When an 

improper fraction is expressed as a whole number and a fraction, it is a  . If we multiply 

or divide the numerator and denominator of a fraction by the same number, we form an  

fraction. To find the  form of a fraction we divide the numerator and denominator by their 

highest common factor.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7 (c,d,e,f), 
8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7 (e,f,g,h), 
8 (e,f,g,h), 9

4. Convert the following mixed numbers to improper fractions.

a.  1  3 __ 4   b.  2  2 __ 5   c.  5  3 __ 4   d.  3  2 __ 7   

e.  8  1 __ 4   f.  13  3 __ 5   g.  15  17 ____ 7    h.  61  6 __ 3   

5. Convert the following improper fractions to mixed numbers.

a.    5 __ 2   b.    5 __ 4   c.    8 __ 3   d.    17 ____ 5    

e.    17 ____ 4    f.    41 ____ 6    g.    124 _____ 11    h.    73 ____ 17   

6. Calculate the equivalent fractions. 

a.     7 ____ 10   =   
⎕

 ____ 20   =   21 ____ ⎕    b.     2 __ 5   =   
⎕

 ____ 15   =   
⎕

 ____ 30    c.     100 _____ 80    =   25 ____ ⎕   =   
⎕

 _____ 8    d.     84 ____ 48   =   42 ____ ⎕   =   
⎕

 ____ 12   

e.     7 __ 4   =   
⎕

 ____ 12   =   28 ____ ⎕    f.     13 ____ 6    =   
⎕

 ____ 18   =   78 ____ ⎕    g.     48 ____ 32   =   
⎕

 ____ 16   =   6 ____ ⎕    h.     15 ____ 36   =   
⎕

 ____ 24   =   5 ____ ⎕    

7. Convert the following fractions to an equivalent fraction with a denominator of 48.

a.    1 __ 4   b.    3 __ 2   c.    11 ____ 12   d.    8 __ 6   

e.  3  3 __ 8   f.  5  7 __ 4    g.    5 __ 3   h.    52 ____ 96   

8. Write the following fractions in the simplest form.

a.    6 __ 9   b.    3 __ 6   c.    18 ____ 15   d.    18 ____ 12   

e.    35 ____ 40   f.  5  28 ____ 42   g.    44 ____ 72    h.    108 _____ 84    

9. Express  6  18 ____ 24    in its simplest form.

A.  1  3 __ 4   B.  3   9 ____ 12   C.  6   9 ____ 12   D.  6  6 __ 8   E.  6  3 __ 4   

WE1a

WE1b

WE2

WE3
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Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Find an equivalent fraction to    2 __ 3   .

Student A

   2 __ 3   =   2 × 2 _______ 3    =   4 __ 3   

Student B

   2 __ 3   =   2 × 2 _______ 3 × 2   =   4 __ 6   

b. Express    24 ____ 36    in the simplest form.

Student A

   24 ____ 36   =   24 ÷ 4 ________ 36 ÷ 4   =   6 __ 9   

Student B

   24 ____ 36   =   24 ÷ 12 _________ 36 ÷ 12   =   2 __ 3   

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. If six friends share four cantaloupes, what fraction of a cantaloupe does each person receive?  
Give your answer in its simplest form.

12. How long are each of Carlos’ steps if he took 12 equal steps and crossed his 15 m front garden?  
Give your answer in its simplest form.

13. Papa Joe’s Pizza cuts large pizzas into eighths. Mrs. Gooley wants to buy pizza for her 24 students. 
What is the minimum number of pizzas she needs to order so that each student receives three slices?

14. Yoanna’s car drives 600 km on a tank of fuel. How many tanks of fuel will she need to drive 2600 km 
from Bendigo to Alice Springs?

15. 300 students were surveyed about school camps and 80 chose to camp at Gariwerd (Grampians 
National Park). If half of the remaining students chose to travel to the Gold Coast, express the 
fraction of students who wanted to travel to the Gold Coast in the simplest form.

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy All 

16. Max, Bob, Jane, and Mary organised a bake-a-thon fundraising event to raise awareness for climate 
change at their local scouts group. At the end of the bake-a-thon there were seven cakes left which 
they had baked together.

a. How many cakes does each of the organisers take home if they share the remaining cakes evenly 
between them?

b. Each of the remaining cakes were cut into eight slices. How many slices did each person receive?

c. It took Max, Bob, Jane, and Mary  3   7 ____ 12    hours to set up the scout hall for the bake-a-thon.  

How many minutes did it take them to set up the hall?
d. The following diagram shows the number of cuts required to divide the cake into a specific 

number of slices. What is the minimum number of cuts required so that everyone can take home 
their equal share?

One cut Two cuts Three cuts Four cuts

e. Other than a bake-a-thon, suggest other ways local community groups can raise awareness for 
climate change.
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17. Use a calculator to fill in the missing information to write equivalent fractions and determine 
whether they are in their simplest form.

a.    165 _____ 200   =   
⎕

 ____ 40   b.    504 _____ 567   =   
⎕

 ____ 18   

c. Compare and contrast your answers from part a and b and explain how to determine if a 
fraction is in its simplest form.

Extra spicy

18. Select a number to fill in the missing numerator in the fraction    
⎕

 ___ 9     to create a value between 7 and 9.

A. 8 B. 63 C. 72 D. 81 E. 90

19. If Wendy runs 21 km in 2 hrs and 6 min, how far will Mark need to run in his first hour to be running 
at the same speed as Wendy?

20. Milgroode High School is going to award jellybeans to first, second and thirds in the times tables 
competition. If first gets three times as many as thirds and second gets two times as many as third, 
what fraction of the jellybeans does second place get?

21. If the beads on the following necklace are kept in two separate groups, how many need to slide from 
the left group to the right group so that the fraction of those on the left that are orange is equivalent 
to the fraction on the right that are blue. Beads can’t be removed, they can only slide across

A. 0 B. 1 C. 2 D. 3 E. 4

Remember this?

22. Which statement defines the triangle ABC.

A. The triangle ABC is an equilateral triangle
B. The triangle ABC is a scalene triangle
C. The triangle ABC is an isosceles triangle
D. The triangle ABC is a right-angled triangle
E. Both C and D

23. Which number shows 7 thousands, 4 tens and 3 tenths?

A. 7342.3 B. 23.427 C. 7324.3 D. 73.423 E. 70.413

24. Ying has 7 blue balls and 5 red balls in a bag. She selects balls at random from the bag and records 
the colour of the ball, then puts it back in the bag. If she repeats this experiment 60 times how many 
times should Ying expect to select a blue ball?

A. 12 B. 24 C. 35 D. 42 E. 58

45°45°
BA

C
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Adding and subtracting fractions2B

Key ideas

1. Fractions can only be added and subtracted when they have the same denominator.

+ 4
9

3
9

4
9

5
9

6
9

7
9

3
9

4
9

7
9+ =

Addition

7
10

6
10

5
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4
10

3
10

2
10

1
10

0
10

7
10

6
10

1
10=−

6
10−

Subtraction

2. When fractions with different denominators are added or subtracted, the lowest common denominator (LCD) 
must be determined.

+

+

=

=

+

+

=

=1
3

1
2

2
6

3
6

5
6

Like whole numbers we can add and subtract fractions. A fraction is a part of a 
whole, so when adding and subtracting fractions we are adding or subtracting 
parts of a whole. When adding and subtracting fractions the denominators 
must be the same. This means that when adding and subtracting fractions with 
different denominators we use equivalent fractions.

LEARNING INTENTIONS

Students will be able to:
 • use a number line to add and subtract fractions

 • add and subtract fractions with the same denominator

 • add and subtract fractions with different denominators.

KEY TERMS AND DEFINITIONS

Common denominators are when fractions have denominators that 
are the same.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

1/2

E F

Adding and subtracting fractions are 
commonly used in many everyday 
activities. For example, fractions are 
used to add or subtract quantities and 
units of measurements. Fractions can 
be used to calculate the amount of 
petrol required to fill up a tank. 
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Worked example 1

Adding and subtracting fractions and mixed numbers with the same denominator

Simplify.

a.  11 ____ 9   +  
4 __ 9 

Working thinking

 11 ____ 9   +  
4 __ 9  =  

11 + 4 _________ 9   Step 1: Add the numerators, the denominator values  
do not change as they are the same.

 =  15 ____ 9    

 =  5 __ 3  

 = 1 2 __ 3   

Step 2: Simplify.

 Note:Thefinalanswercanbewrittenin
its simplest form as a mixed number or an 
improper fraction.

Visual support

+ 4
9

11
9

12
9

13
9

14
9

15
9

b.  12 ____ 10  −  
6 ____ 10 

Working thinking

 12 ____ 10  −  
6 ____ 10  =  

12 − 6 _________ 10   Step 1: Subtract the numerators, the denominator 
values do not change as they are the same.

 =  6 ____ 10  

 =  3 ____  5   

Step 2: Simplify.

c. 2 5 __ 8  + 3 
2 __ 8 

Working thinking

2 5 __ 8  + 3 
2 __ 8  = 2 + 3 +  

5 __ 8  +  
2 __ 8  Step 1: Rewrite the addition by partitioning each mixed 

number into a whole number and fraction.

 = 5 +  5 __ 8  +  
2 __ 8   Step 2: Add the whole numbers.

 = 5 7 __ 8   Step 3: Add the fraction parts.

WE1a

WE1b

Continues →

WE1c
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Worked example 2

Adding and subtracting fractions and mixed numbers with different denominator

Simplify.

a.  1 __ 3  +  
2 __ 5 

Working thinking

LCD of 3 and 5 is 15. Step 1: Identify the LCD for both fractions as the 
denominators are different.

   1 __ 3  +  
2 __ 5  =  

5 ____ 15  +  
6 ____ 15   Step 2: Write equivalent fractions with  

equal denominators.

 =  5 + 6 ________ 15    

 =  11 ____ 15   

Step 3: Add the numerators, the denominator values do 
not change as they are the same.

Visual support

+ = =+

+ = =+1
3

2
5

5
15

6
15

11
15

Continues →

WE2a

d. 3 3 __ 6  − 2 
1 __ 6 

Working thinking

3 3 __ 6  − 2 
1 __ 6  =  

21 ____ 6   −  
13 ____ 6   Step 1: Convert the mixed numbers to improper fractions.

 =  21 − 13 ___________ 6    Step 2: Subtract the numerators, the denominator 
values do not change as they are the same.

 =  8 __ 6   

 =  4 __ 3  

 = 1   1 __ 3   

Step 3: Simplify.

Student practice

Simplify.

a.  12 ___ 6   +  
4 __ 6  b.  8 __ 5  −  

4 __ 5  c. 1 3 __ 6  + 2 
2 __ 6  d. 4 4 __ 9  − 1 

1 __ 9 

WE1d
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b.  12 ____ 10  −  
3 __ 6 

Working thinking

LCD of 10 and 6 is 30. Step 1: Identify the LCD for both fractions as the 
denominators are different.

   12 ____ 10  −  
3 __ 6  =  

36 ____ 30  −  
15 ____ 30   Step 2: Write equivalent fractions with  

equal denominators.

 =  36 − 15 ___________ 30    Step 3: Subtract the numerators, the denominator 
values do not change as they are the same.

 =  21 ____ 30  

 =  7 ____ 10   

Step 4: Simplify.

c. 2 2 __ 4  + 3 
1 __ 8 

Working thinking

2 2 __ 4  + 3 
1 __ 8  =  

10 ____ 4   +  
25 ____ 8   Step 1: Convert the mixed numbers to  

improper fractions.

LCD of 4 and 8 is 8. Step 2: Identify the LCD for both fractions as the 
denominators are different.

     10 ____ 4   +  
25 ____ 8   =  

20 ____ 8   +  
25 ____ 8    Step 3: Write equivalent fractions with  

equal denominators.

 =  20+25 _________ 8    Step 4: Add the numerators, the denominator values  
do not change as they are the same.

 =  45 ____ 8   

 = 5   5 __ 8   

Step 5: Simplify.

d. 3 4 __ 5  − 2 
3 __ 6 

Working thinking

3 4 __ 5  − 2 
3 __ 6  =  

19 ____ 5   −  
15 ____ 6   Step 1: Convert the mixed numbers to  

improper fractions.

LCD of 5 and 6 is 30. Step 2: Identify the LCD for both fractions as the 
denominators are different.

     19 ____ 5   −  
15 ____ 6   =  

114 _____ 30   −  
75 ____ 30   Step 3: Write equivalent fractions with  

equal denominators.

 =  114 − 75 ____________ 30    

 =  39 ____ 30   

Step 4: Subtract the numerators, the denominator 
values do not change as they are the same.

 =  13 ____ 10  

 = 1   3 ____ 10   

Step 5: Simplify.

Student practice

Calculate the following.

a.  5 ____ 10  +  
3 __ 4  b.  9 __ 7  −  

2 __ 5  c. 1 3 __ 5  + 2 
2 __ 3  d. 3 2 __ 4  − 3 

1 __ 6 

WE2b

WE2c

WE2d
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2B Questions

Understanding worksheet

1. Complete the jumps on the number line to complete each calculation.

Example

    ______    
11

13
 7 ___ 13  +  

4 ___ 13  = 

1
13

0 2
13

3
13

4
13

5
13

6
13

7
13

8
13

9
13

10
13

11
13

12
13

1

a.  3 ____ 12  +  
6 ____ 12  =  

    ___________  

1
12

0 2
12

3
12

4
12

5
12

6
12

7
12

8
12

9
12

10
12

11
12

1

b.  9 ____ 10  −  
7 ____ 10  =  

    ___________   

1
10

0 2
10

3
10

4
10

5
10

6
10

7
10

8
10

9
10

1

c.  5 __ 8  +  
7 __ 8  =  

    ___________  

1
8

0 2
8

3
8

4
8

5
8

6
8

7
8

8
8

9
8

10
8

11
8

12
8

d. 1 2 __ 9  −  
4 __ 9  =  

11 ____ 9   −  
4 __ 9  =  

    ___________  

1
9

0 2
9

3
9

4
9

5
9

6
9

7
9

8
9

9
9

10
9

11
9
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2. Fillinthemissingboxestowritethevalueofeachfractionandfindtheresult.

Example

+ = +

+  2 __ 5  3 ___ 10  =  3 ___ 10  +   
4

  ___________ 

 
10

 

 

a.
+ = +

   2 __ 14    3 ___ 7 
 6 ___ 14 + = +

     ___________  

b.

− −=

− 7 __ 9   2 ____ 3   7 ____ 9  −=
     ___________  

c.

     ___________  

+ +=

+ 2 __ 4   6 ____ 12   1 __ 2 +=

d.

− −=

     ___________  
− 2 __ 3   3 ____ 5   9 __ 15 −=

3. Fill in the blanks by using the words provided.

simplest lowest common denominator subtract

To add and  fractions, the fractions must have a common  .  

Ifthefractionshavedenominatorsthatarenotequal,wearerequiredtofindthe  

denominatorforthefractions.Thefinalanswermustbeinits  form.
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7 (c,d,e,f), 
8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7 (e,f,g,h), 
8 (e,f,g,h), 9

4. Simplify.

a.  3 __ 7  −  
2 __ 7  b.  5 __ 8  −  

1 __ 8  c.  1 __ 2  +  
3 __ 2  d.  13 ____ 14  +  

15 ____ 14 

e.  12 ____ 8   +  
13 ____ 8   f.  5 ____ 12  +  

15 ____ 12  g.  16 ____ 15  −  
13 ____ 15  h.  16 ____ 8   −  

4 __ 8 

5. Simplify.

a.  1 5 __ 8  −  
7 __ 8  b.  3 1 __ 7  +  

3 __ 7  c.  2 5 ____ 11  −  
2 ____ 11  d.  2 7 ____ 13  +  

2 ____ 13 

e.  2 2 __ 4  + 4 
3 __ 4   f.  3 2 ____ 11  − 1 

9 ____ 11  g.  3 2 __ 6  + 2 
3 __ 6  h.  2 4 __ 6  − 1 

2 __ 6 

6. State the LCD for the following pairs of fractions.

a.  10 ____ 12  +  
4 ____ 24  b.  3 __ 5  +  

3 ____ 15  c.  3 __ 9  −  
7 ____ 27  d.  2 __ 6  −  

3 __ 9 

e.  2 8 ____ 16  − 1 
4 __ 8  f.  1 4 __ 5  − 2 

8 ____ 15  g.  1 4 __ 6  + 3 
2 __ 8  h. 2 2 __ 3  + 2 

4 __ 5 

7. Simplify.

a.  3 __ 2  −  
8 __ 6  b.  5 ____ 12  +  

7 __ 6  c.  11 ____ 3   −  
6 __ 9  d.  4 __ 3  +  

1 __ 4 

e.  9 __ 8  −  
2 __ 3  f.  6 __ 8  +  

7 __ 6  g.  5 __ 3  −  
4 __ 5  h.  9 __ 4  +  

4 __ 8 

8. Simplify.

a.  4 10 ____ 12  − 2 
2 ____ 12  b.  1 12 ____ 15  + 2 

3 ____ 15  c.  2 10 ____ 18  − 2 
3 __ 9  d.  3 8 ____ 12  + 2 

12 ____ 24 

e.  3 5 __ 7  − 3 
1 __ 3  f.  1 11 ____ 3   + 4 

1 __ 6  g.  4 2 __ 9  − 3 
1 __ 5  h.   2 10 ____ 4   + 4 

1 __ 9 

9. Calculate.

   5 __ 8  +  
12 ____ 16  −  

4 __ 8   

A.   13 _______ 1024 
B.  13 _______ 16  C.  14 ____ 16  D.  7 __ 8  E.  8 __ 7 

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a.  2 __ 9  +  
5 __ 9 

Student A

         2 __ 9  +  
5 __ 9  =  

2 + 5 ________ 9       _     

 =  7 __ 9   

Student B

   2 __ 9  +  
5 __ 9  =  

2 + 5 ________ 9 + 9   

 =  7 _____ 18   

b.  3 __ 4  −  
3 __ 8 

Student A

   3 __ 4  −  
3 __ 8  =  

3 − 3 ________ 4 × 8   

 =  0 ____ 32   

  = 0 

Student B

LCDof4 and8is8

   3 __ 4  −  
3 __ 8  =  

6 __ 8  −  
3 __ 8   

 =  6 − 3 ________ 8    

 =  3 __ 8   

WE1

WE1

WE2

WE2
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Problem solving 
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. The junior boys’ basketball team won six games, lost three games, and drew two games.  
What fraction of all the games did the basketball team win or draw?

12. Dusty made breakfast by combining    2 __ 5    of a bowl of Weet-Bix with    1 __ 3    of a bowl of chopped bananas 

and    3 ____ 15 ofabowlofmilk.WhatfractionofthebowlisfilledwithWeet-Bixandbananas?

13. During a training session, Marta spent    2 __ 8    practising free kicks,    3 __ 8 doingfitnessdrillsand 
2 ____ 16     

kicking penalties. If Marta was in the gym for the rest of her training session, what fraction of the 
entire training session did she spend in the gym?

14. Students in the year 8 cohort either play the guitar, the piano, or do not play an instrument.  

What fraction of the students do not play any instrument if    3 __ 7    of the students play guitar and    6 ____ 14    play 

the piano?

15. Cheryl baked a small cake for the Edrolo Christmas party. Meeky ate    3 ____ 20    of the cake, Bretty ate    2 __ 5    and 

also took some home for his children. How much cake did Bretty take home for his children, if there 

was    1 ____ 10    of the cake remaining?

Reasoning 
Question working paths

Mild 16 (a,b,d) Medium 16 (a,b,d), 17 (a,b) Spicy All 

16. Julian is training for the interschool running competition. Julian is a sprinter and does not like 

running long distances. During his training on Monday, he ran    4 __ 5    km and on Tuesday he ran    7 ____ 10    km.

a. Over the two days, what is the total distance Julian ran? Provide your answer in its 
simplest form.

b. The furthest that Julian has ever run over two days is  1  7 ____ 12    km. How much further would Julian 

have had to run to match his record.

c. Julian’s sister, Ambrosia, also trained on Monday and Tuesday and ran a total of    24 ____ 15    km. Who ran 

more and by how far?
d. What strategies could Julian and Ambrosia implement to increase the distance of their  

training runs?

17. For parts a and b,usethemathematicalsymbolstofillintheblankboxwitheither=or≠tomake
each mathematical statement true.

a.    a __ b   +  
c __ b   ⎕  a + c _______ b    

b.    a __ b   +  
c __ d   ⎕  ad ____ bd   +  

cb ____ db   

c. Compare part a and b and explain why fractions with different denominators may need to be 
changed before being added or subtracted.
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Extra spicy

18. Whatvalueisaddedto 12 ____ 8  andresultsin4 
6 ____ 16 .

A.  1  4 __ 8   B.  2  7 __ 8   C.  3  2 ____ 8   D.  4  6 __ 16   E.  4  1.5 ____ 2    

19. In the morning Millhouse drinks  1  6 ____ 14    cups of water. Every hour from midday until 6:00 pm he 

drinks    3 __ 7    cups of water. To drink  5  1 __ 4    cups in total, how much more water does he need to drink 

after 6:00 pm?

20. Calculate the length of the unknown side of the rectangle if the perimeter is  3  12 ____ 20    metres and the 

width is  1  2 __ 3    metres.

21. Whatfractionofa24-hourdaydoesschooltakeup,ifschoolstartsat8:45amandfinishesat3:15pm?

A.  6.5 ____ 24  B.  13 ____ 48  C.  7 ____ 24  D.  
6 1 __ 2  ____ 24  E.  6.5 hours

Remember this?

22. TheAFLgrandfinalmaybeplayedinBrisbaneattheGabbaeverytwoyearscommencingin2020.
HarrywantstoattendthegrandfinalwheneveritisheldattheGabba.Afterthe2020grandfinal, 
in which year may Harry next expect to attend?

A.  2021 B.  2022 C.  2023 D.  2024 E.  2025 

23. Lucille loves cartons of vanilla milk. Each carton contains 250 millilitres of milk. Lucille buys a pack 
of six. How many litres of the milk are in the pack?

A.  0.25  litres B.  1.25  litres C.  1.5 litres
D.  1.75  litres E.  1075  millilitres

24. Rose’s home is shown on the following map.

A

8

7

6

5

4

3

2

1

B C D E F G H

N

S

EW

Key

= 1 kilometre

Rose’s home

Rose’s daughter lives 6 kilometres north and then 3 kilometres east from her home.
In which cell on the map is Rose’s daughter’s home?

A. A6 B. A7 C. F6 D. G6 E. G7
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Multiplying and dividing fractions2C
Multiplying and dividing fractions by whole numbers is similar to working with 
whole numbers. Division with fractions can be thought of as ‘how many groups 
of some amount’. Multiplication with only fractions is different. It can be thought 
of as finding a ‘fraction of a fraction’.

LEARNING INTENTIONS

Students will be able to:
 • multiply with whole numbers and fractions

 • divide with whole numbers and fractions

 • simplify fractions to make it easier to multiply and divide fractions.

KEY TERMS AND DEFINITIONS

The reciprocal of a number is 1 divided by that number.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: Dusan Petkovic/Shutterstock.com

Multiplication and division with 
fractions can be used in many situations.  
For example carpenters often need 
to cut pieces of wood with varying 
lengths into equally sized pieces. 

Key ideas

1. Multiplication is the same as ‘of’.

Divide fourths in half
to make eighths

of

Take one half
There are 3 shaded 
parts out of 8 parts

3
4

3
4×1

2  = 3
8

2. Division is the same as 'made up of how many'.

1
3

1
3

1
3

1
3

1
3

1
3

2 is made up of 3 groups of 23
2
3 =2 ÷ 3 

3. Dividing a fraction by a value is the same as multiplying the fraction by the reciprocal of that value.

3
2 × =4 ÷ 4 2

3
b
c × =a ÷ a c

b

Reciprocal Reciprocal
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Worked example 1

Multiplying with fractions

Evaluate each expression.

a.    2 __ 3   ×   1 __ 2   

Working thinking

   2 __ 3   ×   1 __ 2     =   2 × 1 _______ 3 × 2   

  =   2 __ 6   

Step 1: Multiply the numerators and multiply  
the denominators.

  =   1 __ 3   Step 2: Simplify.

Visual support

Divide thirds in half to
make sixths

Take one half
There are 2 shaded 
parts out of 6 parts

2
3

2
3×1

2  = 2
6

b.    3 __ 5   × 3 

Working thinking

   3 __ 5   × 3   =   3 __ 5   ×   3 __ 1   Step 1: Rewrite the whole number as a fraction with  
a denominator of 1.

  =   3 × 3 _______ 5 × 1   Step 2: Multiply the numerators and multiply  
the denominators.

  =   9 __ 5   = 1  4 __ 5   Step 3: Simplify.

c.  2  1 __ 5   ×   7 __ 2   

Working thinking

 2  1 __ 5   ×   7 __ 2     =   2 × 5 + 1 _____________ 5    ×   7 __ 2   

  =   11 ____ 5    ×   7 __ 2   

Step 1: Convert the mixed number into an  
improper fraction.

  =   11 × 7 _________ 5 × 2    

  =   77 ____ 10   = 7   7 ____ 10   

Step 2: Multiply the numerators and multiply  
the denominators.

  = 7   7 ____ 10   Step 3: Simplify.

  Note: The final answer can be written as a 
mixed number or an improper fraction.

Student practice

Evaluate each expression.

a.    5 __ 7   ×   1 __ 3   b.  8 ×   3 __ 4   c.  1  3 __ 5   ×   5 __ 3   

WE1a

WE1b

WE1c
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Worked example 2

Dividing with fractions

Evaluate each expression.

a.    2 __ 3   ÷   4 __ 6   

Working thinking

   4 __ 6   →   6 __ 4   Step 1: Find the reciprocal of the divisor.

   2 __ 3   ÷   4 __ 6     =   2 __ 3   ×   6 __ 4   Step 2: Rewrite the division as multiplication.

  =   2 × 6 _______ 3 × 4   Step 3: Multiply the numerators and multiply  
the denominators.

  =   12 ____ 12   

  = 1 

Step 4: Simplify.

Visual support

2
3

2
3

2
3

4
6

4
6 is made up of 1 group of  = ÷ 1 

b.    2 __ 9   ÷ 6 

Working thinking

 6 =   6 __ 1   →   1 __ 6     Step 1: Find the reciprocal of the divisor.

Step 2: Rewrite the division as multiplication.

   2 __ 9   ÷ 6   =   2 __ 9   ×   1 __ 6   

  =   2 × 1 _______ 9 × 6   

  =    2 ____ 54   

Step 3: Multiply the numerators and multiply  
the denominators.

  =    1 ____ 27   Step 4: Simplify.

c.  1  1 __ 2   ÷   3 __ 7   

Working thinking

 1  1 __ 2   ÷   3 __ 7     =   1 × 2 + 1 _____________ 2    ÷   3 __ 7   

  =   3 __ 2   ÷   3 __ 7   

Step 1: Convert the mixed number into an  
improper fraction.

   3 __ 7   →   7 __ 3   Step 2: Find the reciprocal of the divisor.

  =   3 __ 2   ×   7 __ 3   Step 3: Rewrite the division as multiplication.

  =   3 × 7 _______ 2 × 3   Step 4: Multiply the numerators and multiply  
the denominators.

    =   21 ____  6   

    =   7 __ 2   = 3  1 __ 2   

Step 5: Simplify.

WE2a

WE2b

Continues →

WE2c
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Worked example 3

Simplifying fractions before multiplying and dividing

Evaluate each expression by first simplifying.

a.    1 __ 5   ×   4 __ 6   

Working thinking

   1 __ 5   ×   4 __ 6     =   1 __ 5   ×   2 __ 3   Step 1: Rewrite the calculation and simplify  
where possible.

  =   1 × 2 _______ 5 × 3   

  =    2 ____ 15   

Step 2: Multiply the numerators and multiply  
the denominators.

b.    7 __ 4   ÷   14 ____ 9     

Working thinking

   14 ____ 9    →    9 ____ 14   Step 1: Find the reciprocal of the divisor.

   7 __ 4   ÷   14 ____ 9      =   7 __ 4   ×    9 ____ 14   Step 2: Rewrite the division as multiplication.

   7 __________ 4   ×    9 ____ 14     =   1 __ 4   ×   9 __ 2   Step 3: Cross-simplify if the numerator of one fraction 
and the denominator of the other share a 
common factor.

  =   1 × 9 _______ 4 × 2   

  =   9 __ 8   = 1  1 __ 8   

Step 4: Multiply the numerators and multiply  
the denominators.

Student practice

Evaluate each expression by first simplifying.

a.    5 __ 7   ×    6 ____ 24   b.    10 ____ 11   ÷    3 ____ 22   

WE3a

WE3b

1
2

Student practice

Evaluate each expression.

a.   4 __ 5   ÷    2 ____ 25  b.   5 __ 6   ÷ 8 c. 2  1 __ 4   ÷   5 __ 3  
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2C Questions

Understanding worksheet

1. Use each diagram to fill in the boxes.

Example

4 groups   of    2 __ 3    is        ___________ 

   

    
1
3

1
3

1
3

1
3

1
3

1
3

1
3

1
3

1
3

3

8

a.

5 groups   of    2 __ 4    is       ___________ 

   

    
1
4

1
4

1
4

1
4

1
4

1
4

1
4

1
4

1
4

1
4

1
4

1
4

b.

   1 __ 3    of 4 is        ___________ 

   

    
1
3

1
3

1
3

1
3

1
3

1
3

1
3

1
3

1
3

1
3

1
3

1
3

c.

   2 __ 5    of 3 is        ___________ 

   

    
1
5

1
5

1
5

1
5

1
5

1
5

1
5

1
5

1
5

1
5

1
5

1
5

1
5

1
5

1
5

d.

2 groups   of    3 __ 2    is       ___________ 

   

    
1
2

1
2

1
2

1
2

1
2

1
2

2. Fill in the boxes to turn the divisions into multiplications.

Example

   1 ____ 5   ÷   3 ____ 7   =    1 __ 5   ×    
7

  ___________ 

 
3

 

    

a.    6 ____ 7   ÷    7 ____ 10    =    6 __ 7   ×       ___________ 

   

   b.    8 ____ 9   ÷   5 ____ 2    =    8 __ 9   ×       ___________ 

   

    

c.    3 ____ 5   ÷   1 ____ 4    =    3 __ 5   ×       ___________ 

   

    d.    9 ____ 2   ÷ 3  =    9 __ 2   ×       ___________ 
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3. Fill in the blanks by using the words provided.

reciprocal denominators cross-simplifying improper

Multiplication involving fractions involves multiplying the numerators and  . 

Division involving fractions can be turned into multiplication by using a number’s  . 

 fractions first can make multiplication and division easier. Mixed numbers must first be 

converted into  fractions.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8

4. Evaluate each expression.

a.    3 __ 6   ×   3 __ 4   b.    2 __ 3   ×   7 __ 2   c.  5 ×   3 __ 5   d.  1  2 __ 3   ×   2 __ 7   

e.  2  2 __ 5   ×   3 __ 2   f.  2   6 ____ 12   × 2 g.  2   6 ____ 11   × 2  3 __ 4   h.  1  2 __ 3   × 3  1 __ 5   × 3  1 __ 3   

5. Evaluate each expression.

a.    1 __ 3   ÷    1 ____ 12   b.    4 __ 5   ÷    5 ____ 10   c.    4 __ 7   ÷ 3 d.  1   1 ____ 10   ÷   3 __ 6   

e.  4  2 __ 7   ÷ 3 f.  2  4 __ 9   ÷   9 __ 2   g.  2   6 ____ 11   ÷ 2  3 __ 4   h.  2  5 __ 6   ÷ 3  1 __ 3   ÷ 6  1 __ 2   

6. Evaluate each expression by first simplifying.

a.    5 __ 7   ×   2 __ 6   b.    4 __ 3   ×   12 ____ 7    c.    8 __ 3   ÷   4 __ 5   d.     8 ____ 10   ×    5 ____ 16   

e.  2  3 __ 8   ×   10 ____ 17   f.  3  3 __ 6   ÷ 1  10 ____ 14   g.    30 ____ 7    ÷    5 ____ 21   ×   15 ____ 6     h.    22 ____ 21   ×   4 __ 2   ÷   2 __ 5   

7. Evaluate each expression using order of operations.

a.     1 __ 2   ×   4 __ 9   +   2 __ 5   b.     2 __ 3   −   1 __ 8   ×   1 __ 9   

c.    (    5 __ 6   +   2 __ 5   )   ÷   3 __ 4    d.     4 __ 7   +    3 ____ 14   ÷   5 __ 7   −   3 __ 5   

e.    (    3 __ 5   −   2 __ 5   +   1 __ 4   )   ÷   1 __ 6    f.    (    4 __ 5   +   24 ____ 3    )   ×  (    6 __ 9   −    2 ____ 11   )    

g.    (    1 __ 8   ×   2 __ 3   )   ÷   1 __ 3   +   4 __ 5    h.     3 __ 5   ×  (    8 __ 9   −   2 __ 3   +    5 __ 8   )   ÷   1 __ 3     

8. Which of the following is equivalent to  3  3 __ 5   ÷ 6  2 __ 3   ?

A.    18 ____ 5    ×   20 ____ 3    

B.   (3 ÷ 6) +  (    3 __ 5   ÷   2 __ 3   )    

C.     5 ____ 18   ×   20 ____ 3    

D.    18 × 3 _________ 5 × 20   

E.    18 ÷ 3 _________ 5 ÷ 20   

WE1

WE2

WE3
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Spot the mistake

9. Select whether Student A or Student B is incorrect.

a.    7 __ 6   × 2 

Student A

   7 __ 6   × 2   =   7 __ 6   ×   2 __ 2   

  =   7 × 2 _______ 6 × 2   

  =   14 ____ 12   

  =   7 __ 6   

Student B

   7 __ 6   × 2   =   7 __ 6   ×   2 __ 1   

  =   7 × 2 _______ 6 × 1   

  =   14 ____ 6    

  =   7 __ 3   

b.    13 ____ 20   ÷   3 __ 2   

Student A

   13 ____ 20   ÷   3 __ 2     =   13 ____ 20   ×   2 __ 3   

  =   13 × 2 _________ 20 × 3   

  =   26 ____ 60   

  =   13 ____ 30   

Student B

   13 ____ 20   ÷   3 __ 2     =   13 ____ 20   ×   3 __ 2   

  =   13 × 3 _________ 20 × 2   

  =   39 ____ 40   

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Hawi initially charged the battery of her electric car to    4 __ 5    of its full capacity. After driving for a  

few days, she saw that she used    3 __ 7    of the initial charge. What fraction of a full charge did she use?

11. A group of students are planning a 24-hour treadmill challenge to raise money for charity. If each 
person runs for two-fifths of an hour, how many students are needed for the full 24 hours?

12. Georgia buys cans of dog food in boxes of 10 cans. She feeds her dog three-quarters of a can every day.  
If she has three-fifths of a full box left, how many days’ worth of food does she have for her dog?

13. The floors in Harish’s rectangular dining room need to be covered in varnish. The room has a length 

of  6  2 __ 3    m and a width of  3  2 __ 7    m. If  4   8 ____ 21    tins were needed, how much area did each tin cover?

14. Maddie and Hugh are playing the board game Blokus that involves placing differently shaped tiles  

on the board.    3 __ 8    of the board is covered in tiles, and    2 __ 5    of those are Maddie’s red tiles. What fraction  

of the board does Maddie still need to cover so that her tiles take up at least half of the board?

Reasoning
Question working paths

Mild 15 (a,b,c,e), 16 (a,b) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. A cinema has one theatre with 300 seats. For one night only, it is showing the blockbuster movie Shrek.  

Each session runs for  1  1 __ 2    hours and tickets cost $24 per person. Those who buy popcorn and drinks 

usually spend an additional $17. Multiple sessions will be run throughout the night.

a. How many people bought tickets for the first session if    3 __ 5    of the available seats were occupied?

b.    1 __ 3    of the people who bought a ticket also bought popcorn and drinks. What fraction of the total 

available seats were occupied by people who bought snacks?
c. If a quarter of an hour is needed to clean the cinema between sessions, how many sessions will 

run between 5:30 pm and 11 pm.
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d. Assuming the same fraction of the theatre was filled for each session and the same fraction of 
each audience bought popcorn and drinks, how much revenue will the cinema earn from all 
sessions on the night?

e. Propose two different ways that the cinema could increase the amount of money they make 
each night.

16. Fill in the boxes using any of the the digits from 1 to 9 one time each to make the:  

   
⎕

 _ ⎕   ÷   
⎕

 _ ⎕   

a. smallest possible answer.
b. largest possible answer.
c. Compare your answers to part a and b to explain whether a fraction divided by a smaller valued 

fraction will result in a larger or smaller fraction.

Extra spicy

17. Which option represents the smallest value?

A.     5 + 4 ________ 6 + 5   B.     5 __ 6   ÷   4 __ 5   C.     54 ____ 65   D.     5 − 4 ________ 6 − 5   E.    5 __ 6   ×   4 __ 5   

18. A ball is dropped from a height of 110 cm. Each time it hits the ground, it bounces back up to    4 __ 5    of  

the height it fell from. What approximate height does the ball bounce to after hitting the ground 
three times?

A. 1 cm B. 22 cm C. 29 cm D. 56 cm E. 88 cm

19. For what value of  ♥  is the expression    ♥ − 3 ________ 2    ÷   1 __ 4    equal to 3.

20. Kathy, Patrick and Warren are eating a cake.

Kathy ate    1 __ 5    of the cake. Then, Patrick ate    2 __ 5    of the remaining cake. Finally, Warren ate    3 __ 5    of the 

remaining cake.
What fraction of the cake is left?

Remember this?

21. Which triangle has the largest area?

C
B

A

D

E

22. Which of the following shows 468 expressed as a product of its prime factors?

A.  36 × 13 B.  4 × 9 × 13 C.  3 × 2 × 78 D.   2   2  ×  3   2  × 13 E.   6   2  × 13 

23. Yindi is constructing a house out of blocks. On one day, she built     7 ____ 30    of the house. On the following day,  

she built     3 ____ 10    of the house.

What fraction of the house does Yindi have left to build?

A.     3 ____ 10   B.    1 __ 3   C.     7 ____ 15   D.     8 ____ 15   E.    2 __ 3   
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Working with negative fractions2D

Key ideas

1. − 2 _ 3  − (− 
4 _ 3 ) = − 

2 _ 3  +  
4 _ 3 

1−3
2−3

1
3

2
3

0

Subtracting 4−3
4
3

 is the same as adding 

Values increase when we add a positive 
fraction or subtract a negative fraction

−1 1

2.  1 _ 4  + (− 
3 _ 4 ) =  

1 _ 4  −  
3 _ 4 

10−1 1−4
1−2

1
4

1
2

Adding 3−4
3
4

 is the same as subtracting 

Values decrease when we subtract a positive 
fraction or add a negative fraction

3−4
3
4

3. Theproductorquotientoftwofractionswiththesamedirectionsorsignswillalwaysbepositive.

=Positive fraction

Negative fraction

Positive fraction

Negative fraction

÷

×

÷

×

Positive fraction

Negative fraction

Positive fraction

Negative fraction

=

=

=

Positive fraction

Positive fraction

Positive fraction

Positive fraction

Continues →

Whenapplyingthefouroperationstonegativefractionswecanusethesame
rulesandprocessesthatareusedfornegativeintegers.Whenwemultiplyor
dividewithfractions,the+and−signsofthefractionsaffecttheoutcomeof
thecalculations.

LEARNING INTENTIONS

Students will be able to:
• addandsubtractnegativefractionsandmixednumberswithcommon
denominatorsonanumberline

• addandsubtractnegativefractionsandmixednumbers

• multiplyanddividenegativefractionsandmixednumbers.

KEY TERMS AND DEFINITIONS

Directed numbershaveadirectionandvalue,onedirectionispositive(+)
andtheotherdirectionisnegative(−).

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

°C

20° 80°

°F

40

20

0

−20

120

80

40

0

−40

One of the most common uses for 
negative numbers is measuring 
temperatures. Calculating the average 
temperature with positive and negative 
degrees involves adding, subtracting, 
multiplying, and dividing fractions of 
positive and negative numbers.
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Worked example 1

Adding and subtracting negative fractions and mixed numbers

Evaluateandsimplify.

a.  2 __ 7  + (− 
5 __ 7 )

Working thinking

 2 __ 7  + (− 
5 __ 7 ) =  

2 __ 7  −  
5 __ 7  Step 1: Addinganegativefractionisthesameas

subtractingapositivefraction.

 = − 3 __ 7  Step 2: Evaluatetheexpression.

b. − 1 __ 5  − (− 
3 __ 2 )

Working thinking

− 1 __ 5  − (− 
3 __ 2 ) = − 

1 __ 5  +  
3 __ 2  Step 1: Subtractinganegativefractionisthesameas

addingapositivefraction.

 = − 2 ____ 10  +  
15 ____ 10 

 =  13 ____ 10  

 = 1 3 ____ 10 

Step 2: Writeequivalentfractionswithequal
denominatorsthenevaluatetheexpression.

c. 1  4 __ 9  + (−2  1 __ 3 )

Working thinking

1 4 __ 9  + (−2 1 __ 3 ) = 1 
4 __ 9  − 2 

1 __ 3  Step 1: Addinganegativefractionisthesameas
subtractingapositivefraction.

 =  13 ____ 9   −  
7 __ 3  Step 2: Convertthemixednumbersto

improperfractions.

 =  13 ____ 9   −  
21 ____ 9  

 = − 8 __ 9 

Step 3: Writeequivalentfractionswithequal
denominatorsthenevaluatetheexpression.

Student practice

Evaluateandsimplify.

a.  3 __ 8  + (− 
5 __ 8 ) b.  2 __ 3  − (− 

1 __ 2 ) c. 1 2 __ 5  + (−2 3 __ 4 )

WE1a

WE1b

WE1c

4. Theproductorquotientoftwofractionswithdifferentdirectionsorsignswillalwaysbenegative.

=Positive fraction

Negative fraction

Positive fraction

Negative fraction

÷

×

÷

×

Negative fraction

Positive fraction

Negative fraction

Positive fraction

=

=

=

Negative fraction

Negative fraction

Negative fraction

Negative fraction
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Worked example 2

Multiplying and dividing negative fractions and mixed numbers

Evaluateandsimplify.

a. − 3 __ 4  × (− 
5 __ 7 )

Working thinking

− 3 __ 4  × (− 
5 __ 7 ) =  

3 × 5 _______ 4 × 7  Step 1: Theproductofanegativefractionanda
negativefractionwillbepositive.

 =  15 ____ 28  Step 2: Multiplythenumeratorsandmultiply
thedenominators.

b.  3 __ 5  ÷ (− 
6 __ 7 )

Working thinking

 3 __ 5  ÷ (− 
6 __ 7 ) = −( 

3 _ 5  ÷  
6 _ 7 ) Step 1: Thequotientofapositivefractionanda

negativefractionwillbenegative.

 = −( 
3 _ 5  ×  

7 _ 6 ) Step 2: Findthereciprocalofthesecondnumberand
rewritethedivisionasmultiplication.

 = −( 
1 __ 5  ×  

7 __ 2 ) Step 3: Cross-simplifyifthenumeratorofonefraction
andthedenominatoroftheothersharea
commonfactor.

 = −( 
1 × 7 _ 5 × 2 )

 = − 7 _ 10 

Step 4: Multiplythenumeratorsandmultiply
thedenominators.

c. (−1 1 __ 4  ) ÷  
2 __ 3 

Working thinking

(−1 1 __ 4 ) ÷  
2 __ 3  = −(1 1 __ 4  ÷  

2 __ 3 ) Step 1: Thequotientofanegativefractionand
apositivefractionwillbenegative.

 = −( 
5 __ 4  ÷  

2 __ 3 ) Step 2: Convertthemixednumbertoan
improperfraction.

 = −( 
5 __ 4  ×  

3 __ 2 ) Step 3: Findthereciprocalofthesecondnumberand
rewritethedivisionasmultiplication.

 = −( 
5 × 3 _______ 4 × 2 )

 = − 15 ____ 8  

 = −1 7 __ 8 

Step 4: Multiplythenumeratorsandmultiply
thedenominators.

Student practice

Evaluateandsimplify.

a. − 2 __ 3  × (− 
5 ____ 11 ) b.  2 __ 5  ÷ (− 

5 __ 9 ) c. (−1 1 __ 6 ) ÷  
3 __ 4 

WE2a

2

1

WE2b

WE2c
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2D Questions

Understanding worksheet

1. Usethenumberlinetochoosethecorrectdirectiontocompletethefollowingcalculations.

Example

− 1 _ 2  − (− 
3 _ 4 ) =   1 _ 4 

1−4
1−2

1
4

1
2

0

3−4

−1 3−4

3+4

5−4

a. − 1 _ 2  −  
2 _ 2  = 

1−2
1
2

0

2−2

3−2

2+2

1−1−2

b. − 1 _ 3  +  
2 _ 3  = 

2−3

−1

2+3

1−3
2−3

1
3

2
3

10

c.  1 _ 4  − (− 
2 _ 4 ) = 

−1 101−4
1
4

2−4
2+4

3−4
2−4

2
4

3
4

d. − 2 _ 5  − (− 
3 _ 5 ) = 

−1 101−5
1
5

3−5
3+5

4−5
3−5

2−5
2
5

3
5

4
5

2. Fillintheblankwiththepositiveornegativesign.

Example

 5 _ 7  ÷ − 
4 _ 9  =  −   45 _ 28 

a. − 10 _ 11  ×  
8 _ 9  =    80 _ 99  b. − 15 _ 7   × − 

3 _ 10  =    9 _ 14 

c. − 13 _ 20  ÷ − 
4 _ 5  =    13 _ 16  d. − 2 _ 11  ÷  

4 _ 5  =    5 _ 22 

3. Fillintheblanksbyusingthewordsprovided.

positive negative direction reciprocal

Whenaddinga fractiononthenumberlinewemovetotheright.Whensubtractingwemove

totheleft.The ofadditionandsubtractionreversesonthenumberlinewhenworkingwith

fractions.Dividingfractionsisthesameasmultiplyingbythe .
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7 (e,f,g,h), 
8 (e,f,g,h), 9

4. Evaluateandsimplify.

a. − 4 __ 8  +  
1 __ 8  b.  2 ____ 11  − (− 

5 ____ 11 ) c. − 4 __ 5  −(− 
3 __ 5 ) d.  2 __ 3  + (− 

7 __ 9 )

e. − 1 __ 4  +  
1 __ 8  f.  2 __ 3  + (− 

3 __ 5 ) g. − 5 __ 7  − (− 
7 __ 5 ) h. − 5 __ 8  − (− 

5 __ 6 )

5. Evaluateandsimplify.

a. 3 3 __ 4  −  
1 __ 4  b. −1 8 ____ 11  +  

5 ____ 11  c. 2 1 __ 3  − 3 
2 __ 3  d. −1 4 __ 9  − (−2 2 __ 9 )

e. −1 1 __ 2  +  
5 __ 8  f. −2 2 __ 5  − (−3 2 __ 3 ) g.  5 __ 6  + (−3 8 __ 9 ) h. − 5 __ 7  + (−3 3 __ 4 )

6. Evaluateandsimplify.

a.  1 __ 2  × (− 
3 __ 5 ) b. (− 

3 __ 8 ) × (− 
5 __ 9 )

c. (− 
2 __ 5 ) ÷  

5 __ 9  d. (− 
12 ____ 21 ) ÷  

6 __ 7 

e.  2 ____ 15  ÷ (− 
5 __ 9 ) f. (− 

8 ____ 15 ) × (− 
2 __ 3 )

g. (− 
9 ____ 10 ) ÷ (− 

6 ____ 25 ) × (− 
1 __ 4 ) h. (− 

7 ____ 12 ) × (− 
3 ____ 10 ) ÷  

14 ____ 15 

7. Evaluateandsimplify.

a. (−1 1 __ 4 ) ×  
5 __ 6  b. 2 1 __ 4  × (−1 2 __ 3 ) c. −1 3 __ 8  ÷ 3 

1 __ 3  d. −24 × 2 5 ____ 12 

e. 36 ÷ (−1 1 __ 2 ) f. (−2 8 ____ 15 ) ÷ (−1 7 ____ 14 ) g. (−1 3 __ 7 ) ÷ 1 
8 ____ 11  h. 1 2 ____ 25  ÷ (−4 3 __ 8 )

8. Evaluateandsimplify.

a.  1 __ 3  × ( 
4 __ 8  +  

1 __ 8 ) b.  2 __ 5  × (2 −  
4 __ 9 )

c.  1 __ 3  ×  
4 __ 8  +  

1 __ 8  d.  4 __ 7  −  
5 ____ 14  ÷  

5 ____ 12 

e. (1 
11 ____ 12  −  

3 __ 8 ) ÷ ( 
3 __ 5  − 2 

1 ____ 10 ) f.  4 __ 7  −  
3 ____ 14  ÷ (− 

5 __ 7 ) −  
3 __ 5 

g.  11 ____ 10  × (− 
1 __ 6 ) ÷ (− 

22 ____ 15 ) h.  13 ____ 24  − ( 
2 __ 5  − (− 

5 __ 9 )) ÷  
2 __ 5 

9. Evaluateandsimplify.

(− 
12 _ 25 ) ÷ (− 

9 _ 10 )

A. − 8 ____ 15  B.  8 ____ 15  C.  54 _____ 125  D.  120 _____ 225  E.  15 ____ 8  

WE1a,b

WE1c

WE2a,b

WE2c

Chapter 2: FraCtiOns and deCimals 	82

2D

 



Spot the mistake

10. SelectwhetherStudentAorStudentBisincorrect.

a. Evaluateandsimplify:

− 5 __ 6  − (− 
3 __ 8 )

Student A

= + 5 __ 6  +  
3 __ 8 

= + 20 ____ 24  +  
9 ____ 24 

=  +20 + 9 ____________ 24  

=  29 ____ 24 

Student B

= − 5 __ 6  +  
3 __ 8 

= − 20 ____ 24  +  
9 ____ 24 

=  −20 + 9 ____________ 24  

= − 11 ____ 24 

b. Evaluateandsimplify:

− 17 ____ 24  ÷ (− 
9 ____ 12 )

Student A

=  17 ____ 24  ÷  
9 ____ 12 

=  17 ____ 24  ×  
12 ____ 9  

=  17 ____ 2   ×  
1 __ 9 

=  17 × 1 _________ 2 × 9  

=  17 _ 18 

Student B

= − 17 ____ 24  ×  
12 ____ 9  

= − 17 ____ 2   ×  
1 __ 9 

= − 17 × 1 _________ 2 × 9  

= − 17 _ 18 

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Ciaraneeds3 1 __ 5 rollsoffabrictocreateherloungeroomcurtainsandhalfasmuchforherbedroom

curtains.Ifshealreadyhas4rollsoffabric,whatfractionofanotherrolldoessheneedtocomplete
thecurtainsforbothrooms?

12. Sarahbrought 3 _ 4 ofalargeblockofchocolatetoclass,andNadiabrought 
3 _ 5 ofthesamesizeblock.

TheycombinedtheirchocolateandgavetheirteacherMrEllistheequivalentofhalfofalargeblock
ofchocolate.WhatfractionofalargeblockdoSarahandNadiahaveleft?

13. Mackenziespendsthreeeighthsofhermonthlysalaryonbills.IfshebuysChristmasgiftswitha
thirdoftheremainingamount,whatfractionofhersalarydoesshehavelefttosave?

14. Patrickislearningthewaltz.Aftereverytwostepsforwardshetakesonestepbackwards.Eachof
hisforwarddancingstepsarefourfifthsofametrelong.Ifthesizeofhisbackwardsstepsarethree
quartersofthelengthofaforwardsstep,howfarforwardhashemovedafter12stepsintotal?

15. Lizafillsanemptybucketfor2 3 _ 5 minutesatarateof12 
1 _ 2 litresperminute.Henrythenputsaholein

thebucket.Howmuchwaterisleftinthebucketifitwasleakingfor4 1 _ 3 minutesatarateof7 
1 _ 6 litres

perminute?
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Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. Vickybrings3 3 _ 2 kgofflourtohercookingclassofninestudents.Todaytheywillbecookingpizza.

Usefractionsormixednumberstoanswerthefollowingquestions.

a. Eachstudentwillrequire 1 _ 8 kgofflourtomakeapizza.IftwoofVicky’sstudentsareabsent,

howmanykgofflourareneededsothateachpresentstudentcanmakeapizza?
b. Atthebeginningofclass,Vickymadetwodemonstrationpizzas.Howmanykgofflourisleft

afterthedemonstrationpizzasandthestudents’pizzashavebeenmade?
c. Thetwoabsentstudentsarriveaftereveryonehascompletedtheirfirstpizza.Howmanymore

pizzascanthestudentsmakewiththeremainingflour?

d. Fiveanchoviesweigh 1 _ 50 kganda20slicepacketofsalamiweighs100g.Vickybought1kg

ofsalamiand250gofanchovies.Howmanyslicesofsalamiandhowmanyanchovieswere
availablefortheclasstouse?

e. Ifyouwerejudgingfortheworldpizzachampionship,whatingredientsandcookingmethods
wouldwinyourvote?

17. Observethefunctionmachinesinthefollowingdiagram.

 + (−3 
1 _ 2 ) × (−3 

1 _ 2 )

0    

 + (3 
1 _ 2 ) × (3 

1 _ 2 )

0    

a. Whatisthemissingvalueinthebluesquare?
b. Whatisthemissingvalueintheredsquare?
c. Consideryouranswerstopartsaandbtoexplainwhythevaluesintheblueandredsquares

areequal.

Extra spicy

18. Daniel’scoffeepotis 4 _ 5 full.Afterpouringoutanother 
1 _ 3 ofthepot,Danielhasexactly2 

1 _ 3 cupsof

coffeeleftinthepot.Howmanycupsintotaldoeshispothold?

A. 5 B. 6 C. 7 D. 8 E. 9

19. Twomonthsago,Vuthamovedintoahousewithtwofriends.Theyreceivedanelectricitybillfor
thepastthreemonths.WhatfractionofthebillisVutharequiredtopayiftheysplittheentirebill
equallyforthetimehehasbeenlivingthere?

20. Ronaldharvests16 2 _ 3 pounds(lbs)ofsoybeans.Henryhas14bagsandeachbagcancarry 
3 _ 4 ofalb.

WhatfractionofRonald’ssoybeanscanHenryputintohisbags?

21. Thetemperatureforathirdofthedaywas−1 1 _ 5 °C,andthetemperaturefor 
1 _ 5 ofthedaywas−2 

1 _ 3 °C.

Thetemperaturefortherestofthedaywasconstant.Whatwasthetemperaturefortherestofthe
dayiftheaverageforthewholedaywas1°C?

A.  7 _ 15 °C B.  8 _ 15 °C C. 1°C D. 1 7 _ 15 °C E. 4°C
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Remember this?

22. Colleenisplanningthedailyremovaloflitterfromthebeachathersurfclub.Shewantstoestimate
thenumberofpiecesoflitterthatareleftonthebeacheveryday.Whichdatasamplingmethod
shouldsheusetogetthemostaccurateestimate?

A. Countthedailynumberofpeoplethatcatchthebusthatpassesthebeach.
B. Postasurveyonlineaskingpeopletostatewhethertheylitteronthebeach.
C. Counttheamountofpiecesoflitterleftonthebeachattheendofafewdifferentdays.
D. Countthenumberofpeoplewhobuyicecreamsatthebeach.
E. UsethegovernmentfiguresforthedailyaveragenumberofpeoplewhovisitanybeachinAustralia.

23. VictoriaandStephenaretilingalongtheirwall.Theyuseapatternof6greentilesto5purpletiles.
Howmanygreentilesdotheyuseiftheyuseatotalof77tiles?

24. Vidaputoneblockontopofanotherblockanddrewthefollowingdrawingsofthefrontandsideviews.

Front view Side view

Whichofthefollowingisthetopview?
A. B. C. D. E.
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Four operations with decimals2E
Written strategies can be used to add, subtract, multiply, and divide decimals. 
The vertical algorithm is applied differently with each operation. When multiplying  
and dividing decimals by powers of 10 the place value of each digit will change.

LEARNING INTENTIONS

Students will be able to:
 • use the four operations with decimals

 • multiply and divide decimals by powers of 10.

KEY TERMS AND DEFINITIONS 

Powers of 10 are the result of multiplying ten by itself a certain number  
of times.

Multiplier is the number by which a given value is multiplied.

Product is the result when two or more values are multiplied together.

Divisor is the second number in a division calculation. It is the number by 
which a given value is divided.

Dividend is the first number in a division calculation. It is the number that 
is being divided by the second number.

Quotient is the result of a division calculation.

Key ideas

1. When adding and subtracting using the vertical algorithm, the decimal points and place values must line up.

7
+ 4

O
ne

s

Te
nt

hs
H

un
dr

ed
th

s

D
ec

im
al

 p
oi

nt

4 2
21 . 

. 

. 

1.52 + 4.27 + 3.34

5

3 3
3

− 1

O
ne

s

Te
nt

hs
H

un
dr

ed
th

s

D
ec

im
al

 p
oi

nt

8 7. 
. 

8.73 − 2.31

2 3
Continues →

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

g

Operations with decimals are 
commonly used with the weight of 
food. For example, customers at 
Yo-get-it make their own cup with 
toppings. The price is calculated based 
on the weight of a serving. For every 
100 grams it costs $2.80.
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2. When multiplying decimals using the vertical algorithm the decimal point is initially ignored. The number of 
decimal places in the answer is the same as the total number of decimal places from the numbers in the question.

3 numbers after decimal point in answer

6.54 × 3.4 = 22.236

3 numbers after decimal point in question

6.54 × 3.4

+

×

0
6

6 2
2 32 2

1 9
66 1

43
46 5

2

+2
+1

+1

+1

+1

+1

3. When dividing with decimals, the divisor is converted into a whole number by multiplying by a power of 10.  
The dividend is multiplied by the same power of 10. The decimal point in the dividend is aligned with the 
decimal point in the quotient.

Divisor

Quotient (answer)

Dividend

5.25 × 10  ÷  0.4 × 10 = 52.5  ÷  4

05 04 2 . 
51 21 3 . 

1 1 25   

Worked example 1

Multiplying and dividing by powers of 10

Calculate.

a.  91.82 ÷ 100 

Working Thinking

 91.82 ÷ 100 = 0.9182    When dividing by 100, move the digits two places to  
the left. Use zeros as placeholders in the ones place.

Visual support

.
Hundreds

Tens
Ones

19
Tenths

8 ÷ 100 =

Move all the digits two place value to the right.

Hundredths

2
Thousa

ndths

Ten th
ousa

ndths

.
Hundreds

Tens
Ones

0
Tenths

9
Hundredths

1
Thousa

ndths

Ten th
ousa

ndths

8 2

b.  6.327 × 10 000 

Working Thinking

 6.327 × 10 000 = 63 270 When multiplying by 10 000, move the digits four places 
to the left. Use zeros as placeholders in the ones place.

Continues →

WE1a

WE1b
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Worked example 2

Adding and subtracting decimals

Calculate.

a.  4.072 + 2.73 + 1.3 

Working Thinking

1 .
8 .

2 .
4 .

+ 3
1

7
0

+1 +1

0
0

3
7

0
2

0
2

Step 1: Write the decimals vertically, ensuring the 
decimal points and the digits in each place 
value line up.

Step 2: Use zeros as a placeholder if there is a place 
value digit missing.

Step 3: From right to left, add the digits in each place 
value column. If the digits sum to 10 or more, 
regroup to the place value column to the left.

Visual support

4 5 6 6.802 8.102

+2.73 +1.3

7 8 94.072

b.  8.477 − 3.38 

Working Thinking

3 .
8 .

− 3
4
3 17

8
7

0
7

5 . 0 9 7

Step 1: Write the decimals vertically, ensuring that 
the decimal points and the digits in each place 
value line up.

Step 2: Use zeros as a placeholder if there is a place 
value digit missing.

Step 3: From right to left, subtract the digits in each 
place value column, regrouping where necessary.

Student practice

Calculate.

a.  5.381 + 1.53 + 2.4  b.  9.856 − 2.56 

WE2a

WE2b

Student practice

Calculate.

a.  3.74 ÷ 100 b.  25.39 × 10 000 
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Worked example 3

Multiplying and dividing decimals

Calculate.

a.  1.52 × 6 

Working Thinking

×
9

1
3 1

1

5
6
2

2
Step 1: Set up the vertical algorithm as if multiplying 

whole numbers and removing decimal points.

Step 2: Perform the multiplication by multiplying 
each place value column, from right to left, 
regrouping where necessary.

 1.52 × 6 = 9.12 Step 3: Count the number of decimals in the question, 
this is the same for the answer.

Visual support

0 3.04 4.56

+1.52 +1.52 +1.52

6 groups of 1.52 = 6 × 1.52 = 9.12

+1.52 +1.52 +1.52

6.08 7.6 9.121.52

b.  68.94 ÷ 0.4 

Working Thinking

 68.94 × 10 = 689.4 

 0.4 × 10 = 4 

 689.4 ÷ 4 

Step 1: Multiply the dividend and the divisor by the same 
power of 10 so the divisor is a whole number.

        6 8 9 . 4 0  
____

  4⟌
1 7 2 . 3 5

  
Step 2: Set up the short division. Align the decimal 

point in the quotient with the decimal point in 
the dividend.

 68.94 ÷ 0.4 = 172.35 Step 3: Perform short division the same way as with 
whole numbers.

Student practice

Calculate.

a.  2.34 × 4 b.  58.95 ÷ 0.6 

WE3a

WE3b

2 1 2
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Understanding worksheet

1. Fill in the missing boxes to make the equations true.

Example

 4.9 ×   =    4900

 4900 ÷   = 4.9 

1000

1000

a.  4.58 × 100 =    b.  5.87 ×   = 58.7   

 458 ÷ 100 =    58.7 ÷   = 5.87   

c.  3.25 ×   = 325   d.   × 1000 = 62 500 

 325 ÷   = 3.25     ÷ 1000 = 62.5 

2. Use the vertical algorithm to write the answer with the decimal place in the correct position.

Example

1
×

5

3
+3 +3

1

7
4
2

8
 3.78 × 4 =  15.12

a.

1
×

9

4
+3

2

8
4
4

1
 4.81 × 4 =  

b.

×
2

1
+1

9

4
2
2

6
 1.46 × 2 =  

c.

×
7

2
+1

0

3
3
2

4
+1

 2.34 × 3 =  

d.

×
7

2
+5

3

8
6
4

9
+5

 2.89 × 6 =  
1

3. Fill in the blanks by using the words provided.

To add and  decimals using the vertical algorithm the decimal points must line up.  

When  decimals by 1000, each digit moves three place values to the right, however when 

 decimals by 1000, each digit moves three places to the left. When dividing decimals by 

decimals, the first step is to multiply the divisor by a power of 10 to make it a  number.

subtract multiplying dividing whole

2E Questions
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8

4. Calculate.

a.  905.21 ÷ 10 b.  65.477 × 100 c.  53.434 ÷ 100 d.  73.434 × 1000 
e.  35.719 ÷ 1000 f.  425.26 × 10 000 g.  7.583 ÷ 1000 h.  788.73 × 1000 

5. Calculate.

a.  113.7 + 124.1 b.  948.7 − 528.1 c.  37.81 + 2.116 d.  73.5 − 63.22 
e.  572.9 + 4.385 f.  26.42 − 0.2082 g.  0.5776 + 345.4 h.  935.9 − 5.886 

6. Calculate.

a.  97.1 × 5 b.  99.8 × 7 c.  8.59 × 4 d.  91.4 × 13 
e.  54.4 × 15 f.  2.48 × 2.7 g.  88.7 × 7.2 h.  8.62 × 65.8 

7. Calculate.

a.  4.53 ÷ 3 b.  8.96 ÷ 8 c.  140.4 ÷ 4 d.  35.64 ÷ 0.9       
e.  177.9 ÷ 0.3 f.  1.782 ÷ 0.8 g.  3.48 ÷ 0.04 h.  2.856 ÷ 1.4 

8. Calculate.

 4.75 + 3.9 + 2.65 

A.  9.230 B.  9.150 C.  11.3 D.  9.2 E.  12 

Spot the mistake

9. Select whether Student A or Student B is incorrect. 

a. 2.15 × 1.8

Student A

5
7

2
1
1

0
0

0
8
5

2
3 .

1
×

1
8

7

2
+1 +4

+

Student B

2
1 .

1
×

+ 1
9

7

2
+1 +4

5
3

2
1
1

0

0
8
5

b.  1.52 + 3.87 

Student A

8
4 .

+ 3 .
1 .

7
1

5

3

2

9

Student B

8
5 .

+ 7
3

5
+1

9

2
3 .
1 .

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Carlos is at JB-HiFi with  $120  to spend. He wants to buy a wireless headset for  $32.87 , a power bank 
for  $48.19  and a mouse for  $37.51 . How much change should Carlos expect?

11. Macca had a drum of cable that was 100.50 metres, which he cut into three pieces. One of the pieces 
was  22.34  metres and another was  58.89  metres. What was the length of the final cut?

WE1

WE2

WE3a

WE3b
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12. Annora jogs to work and Surendra drives to work. Surendra’s average driving speed is 10 times 
faster than Annora’s average jogging pace. Annora’s average pace is 10.24 km/h. What is Surendra’s 
average driving speed in km/h?

13. André’s car has a total fuel capacity of 45.5 litres. When Andre goes to fill up his tank the price of 
each litre of petrol is $2.05. Assuming that his tank is completely empty, how much will it cost André 
to fill the tank? Provide your final answer to the nearest cent.

14. The Melbourne Cricket Ground (MCG) is 172.8 metres long. Max calculates that he can kick the ball 
six times in order for the ball to traverse the total length of the MCG. If all of his kicks have the same 
length, what is the length of one of Max’s kicks?

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. Nazar, Ari, and Jola went to primary school together and now all study at the same secondary school.  
Nazar lives the closest to the secondary school so he walks. He often changes the routes he walks along.  
Ari and Jola live further away so they travel by bus and bike respectively. Nazar records the distance 
walked and presents it in the table below.

Distance walked to school (km) Distance walked from school (km)

Monday 2.79 3.135

Tuesday 3.54 1.5

Wednesday 1.23 1.23

Thursday 3.65 1.7

Friday 2.29 2.87

a. On Monday, how far did Nazar walk in total?
b. How long is Ari’s bus journey to school if it is 10 times longer than the total distance Nazar 

walked on Thursday?
c. On Friday, Jola’s bike journey to school was double the total distance walked by Nazar on Tuesday. 

She took a shortcut home which made the return journey 1.5 km less than her ride to school. 
How far did Jola ride on Friday?

d. The average distance walked is calculated by using the formula    total distance walked  __________________________  number of walks     .  

What was the average distance of Nazar’s walk home?
e. Nazar, Ari and Jola are frustrated by the number of their friends that travel in a car as it has a 

negative impact on traffic and the environment. Propose a strategy to encourage more of their 
school friends to not travel by car to school.

16. Using the calculation  4.67 × 12.23 = 57.1141 :

a. record your answer to  46.7 × 12.23 .
b. record your answer to  4.67 × 1223 .
c. Compare and contrast your answer from part a and b to explain the effect of multiplying one of 

the numbers in a decimal multiplication by a power of 10.

Extra spicy

17. Sid’s square garden box has a total volume of  1.125  metres cubed, where 
volume = length × width × height . The length is  1.5  metres. Calculate the width and the height of 
Sid’s garden box.
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18.  1425.36 × 1 0   3  

A.  −1 425 360.0 B.  −0.01425360 C.  1.42536 D.  142 536 E.  1 425 360 

19.  78.9 ÷ 0.5 + 56.55 ÷ 0.04 

A.  −1255.95 B.  16.425 C.  299.175 D.  5812.8    E.     1571.55 

20. Oliver and Jay each ride a total of  15.4  km. Oliver’s average pace is 18.9 km/h and Jay’s average pace 
is  21.3  km/h. How much longer does it take Oliver to complete the ride? Express your answer to the 
nearest minute.

Remember this?

21. The diagram shows the length and width of a rug.

What is the area of the rug?

A.  2.34  square centimetres        
B.  2.34  square metres
C.  3.1  square metres
D.  6.2  square metres
E. Cannot be calculated

22. Fred has 38 of the identical shape tiles and is using them to make steps on a pathway.  
Each step needs 5 tiles. How many complete steps can Fred make?

A. 6
B. 7
C. 7.6 
D. 8
E. 40

23. Joshua places one tissue box on top of another tissue box. The total height of the two tissue boxes is 
21 centimetres. One box is two times taller than the other.

What is the height of the taller tissue box?

A.  7  cm B.  21  cm C.  14  cm D.  2  cm E.  42  cm

1.8 m

1.3 m
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Terminating and recurring decimals2F

Key ideas

1. Numbers can be classified as terminating, non-terminating and recurring decimals. Repeating patterns of digits 
are indicated using dots and dashes

Decimal

Non-recurring
Infinite digits after 

the decimal with no 
repeating pattern 

Recurring

Terminating
Finite number of

digits
Non-terminating

1.625

2.2360679775... 0.101101110...

2

2.833333...=

2.83 or 2.83
. . .

1.245245...=

1.245 or 1.245
Continues →

Terminating and non-terminating decimals are two ways to classify numbers. 
Decimals that continue in a pattern forever are known as recurring decimals. 
Decimals that stop, or terminate, after a certain number of digits are known as 
terminating decimals.

LEARNING INTENTIONS

Students will be able to:
 • identify terminating, non-terminating decimals, rational and 

irrational numbers

 • write recurring decimals using mathematical notation (dots and dashes)

 • convert a fraction to a terminating or recurring decimal with and 
without digital technology.

KEY TERMS AND DEFINITIONS

A finite amount can be counted, measured or given a value.

An infinite amount cannot be counted, measured or given a value.

A ratio is a set of numbers in the form a : b or    a __ b    that expresses the 

relationship between two quantities or sizes.

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

Knowing whether a number is 
terminating or non-terminating can 
help determine if something can be  
divided into equal groups. For example,  
when dividing a regular circular pizza 
into thirds, since    1 _ 3    is a recurring 

decimal, each person will not get the 
exact same amount.
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2. A rational number is a number that can be expressed as a ratio of two integers, such as a fraction, whereas an 
irrational number cannot.

Rational – terminating and recurring decimals Irrational – non-recurring decimals

   3 __ 4   = 0.75 

   1 __ 3   = 0.3333333... = 0. 3  ̇  

  √ 
_

 4   =   2 __ 1   = 2 

  √ 
_

 5   = 2.2360679775... 
 π = 3.14159265358979… 

Worked example 1

Writing fractions as terminating and recurring decimals

Convert each fraction to a decimal without a calculator.

a.    1 __ 8   

Working thinking

   1 __ 8   = 1 ÷ 8 Step 1: Write the fraction as division.

Step 2: Complete the division using the short  
division algorithm.

   1 __ 8   = 0.125 Step 3: Write the answer.

b.     2 ____ 11   

Working thinking

    2 ____ 11   = 2 ÷ 11 Step 1: Write the fraction as division.

    2 . 0 0 0 0 0  
___

  11⟌
0 . 1 8 1 8 1

  2 2 29 9
Step 2: Complete the division using the short  

division algorithm.

    2 ____ 11   = 0. 1 ̇   8  ̇   or  0.  ̄  18  Step 3: Write the answer using dot or dash notation.

Student practice

Convert each fraction to a decimal.

a.     5 ____ 16   b.     7 ____ 12   

WE1a

    1 . 0 0 0  
___

  8⟌
0 . 1 2 5

  1 2 4

WE1b

Worked example 2

Identifying rational and irrational numbers

Use a calculator or otherwise to determine whether each value is rational or irrational.

a.    412 _____ 999   

Working thinking

   412 _____ 999    is a rational number. State whether the number is rational or irrational. 
Fractions with integer denominators and numerators  
are rational numbers. Continues →

WE2a
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2F Questions

Understanding worksheet

1. Tick the box to state whether each number is a terminating, recurring or non-recurring decimal.

Example

Terminating Recurring Non-recurring

0.142142142… ✔

Terminating Recurring Non-recurring

a. 0.277777…

b. 6.40312436…

c. 0.234234234…

d. 1.625

2. Identify the repeating pattern of each number and write the number using dot and dash notation.

Example

Dot notation Dash notation

4.561561561…
 4. 5 ̇  6 1 ̇     4  .  ̄  561  

Dot notation Dash notation

a. 2.666666…

b. 78.41254125…

c. 0.13257132571…

d. 0.2307923079…

b.   √ 
_

 26   

Working thinking

  √ 
_

 26   = 5.0990195... Step 1: Use a calculator to write down the decimal to 7 
decimal places.

  √ 
_

 26    is an irrational number. Step 2: State whether the number is rational or irrational. 
Non-recurring decimals are irrational numbers.

Student practice

Use a calculator or otherwise to determine whether each value is rational or irrational.

a.    206 _____ 495   b.   √ 
_

 49   

WE2b
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3. Fill in the blanks by using the words provided.

fini e irrational non-recurring infini e

Decimals can be classified as terminating or non-terminating. Terminating decimals have a  

number of digits, whereas non-terminating numbers have an  number of digits.  

Recurring and non-recurring decimals are types of non-terminating decimals.  decimals are 

also known as  numbers.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 7

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7

4. Use a calculator to write the following decimals using dot or dash notation.

a.    4 __ 3      b.    5 __ 9   c.     8 ____ 11   d.     13 ____ 33   

e.    11 ____ 36   f.    52 ____ 99   g.     5 __ 7   h.     21 ____ 13   

5. Convert each fraction to a decimal without a calculator.

a.     7 ____ 10   b.    1 __ 9   c.    3 __ 8   d.     11 ____ 6    

e.    11 ____ 25   f.    17 ____ 12   g.    13 ____ 18   h.     8 __ 7   

6. Use a calculator or otherwise to determine whether each value is rational or irrational.

a.    4 __ 9   b.   √ 
_

 2   c.    25 ____ 3    d.   √ 
_

 64   

e.    199 _____ 333   f.   √ 
_

 7   ÷ 4 g.    154 _____ 125   h.   √ 
_

 7.41   

7. Select the option that shows  4.2076420764207...  using dash notation.

A.  0.  ̄  20764  B.  4.  ̄  2  C.  4.  ̄  207  D.  4.  ̄  20764  E.  4.  ̄  76420  

Spot the mistake

8. Select whether Student A or Student B is incorrect.

a. Convert    169 _____ 333    to a decimal.

Student A

   169 _____ 333     = 0.50750750... 

  = 0.  ̄  50  

Student B

   169 _____ 333   = 0.50750750... 

  = 0.  ̄  507  

b. Determine whether   √ 
_

 50    is rational or irrational.

Student A

  √ 
_

 50   = 7.07106781187 
  √ 
_

 50    is a terminating 
decimal, so it is rational.

Student B

50 is not a perfect 
square, so   √ 

_
 50    is a  

non-recurring decimal. 
This means it is 
irrational.

WE1

WE2
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Problem solving
Question working paths

Mild 9, 10, 11 Medium 10, 11, 12 Spicy 11, 12, 13 

9. Rob is making jelly cups for his daughter’s birthday. He has 4 litres of jelly mix that he will divide 
equally into 25 cups. In litres, how much jelly will each cup contain?

10. Sahir is running a half-marathon, which is 21 km long. He ran    4 __ 9    of the marathon along a beach.  

How many kilometres, written as a decimal, did Sahir run along the beach?

11. There are 99 students in the Year 8 class at McCrawley Grammar. 47 students voted in the school 
election. What portion of the Year 8 students did not vote in the election? Express your answer as 
a decimal.

12. Rowena is packaging 200 colouring pencils into bundles to sell on her online store. Explain whether 
Rowena should divide the pencils into groups of four or six so that every bundle has the exact same 
number of pencils.

13. Warren just started a new book. He read    13 ____ 20    of it in one night and then read half of the rest of the 

book the next night. A week later, he read a third of the pages he had not yet read. Written as  
a decimal, how much of the book does he have left to read?

Reasoning
Question working paths

Mild 14 (a,b,d) Medium 14 (a,b,d), 16 (a,b) Spicy all 

14. Niamh is landscaping her backyard and wants to include a large square veggie patch to grow vegetables.  
She is planning for the veggie patch to have an area of 74 m2.

a. What is the side length of the planned veggie patch? Write to 2 decimal places.
b. Niamh wants to plant 24 vegetables. How much area will each vegetable plant have, correct to 

two decimal places?
c. Explain why it is not possible for Niamh to have a square veggie patch with an exact area of 74 m2.
d. Suggest a possible side length for Niamh’s veggie patch and state the number of vegetable plants 

that she will be able to plant. Your suggestion must meet the following criteria:
 • Each vegetable plant must have at least an area of 3 m2 to grow in.
 • The side length of the veggie patch is physically possible.
 • At least 24 vegetable plants need to be planted.
 • The veggie patch is a square.

15. The following set of fractions contains both terminating and recurring decimals.

   4 __ 5   ,     3 ____ 10   ,    7 __ 8   ,    1 __ 6   ,    5 __ 9   ,    11 ____ 12   ,     7 ____ 15   

a. Which of the fractions represent terminating decimals?
b. Which of the fractions represent recurring decimals?
c. Write the prime factorisation of the denominators of the fractions in parts a and b.  

Compare them and explain how you can determine whether a fraction represents a recurring or 
terminating decimal.
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Extra spicy

16. The time 15 hours, 3 minutes and 20 seconds can be written in hours as  15 +    3 ____ 60   +    20 _______ 3600   .

Write the time 7 hours, 23 minutes and 41 seconds as a decimal in hours.

17. Without using a calculator, determine which of the following lists is in ascending order.

A.    (   √ 
_

 0.4    )     2 ,    7 ____ 11  , 0.36,  √ 
_

 4    

B.  0.36 ,     7 ____ 11   ,    (   √ 
_

 0.4    )     2   ,   √ 
_

 4   

C.  0.36 ,    (   √ 
_

 0.4    )     2   ,     7 ____ 11   ,   √ 
_

 4   

D.   √ 
_

 4   ,     7 ____ 11   ,    (   √ 
_

 0.4    )     2   ,  0.36 

E.     7 ____ 11   ,   √ 
_

 4   ,  0.36 ,    (   √ 
_

 0.4    )     2   

18. Which of the following statements is always true?

A.  recurring + recurring = recurring 
B.  recurring + terminating = recurring 
C.    (  recurring  )     2  = terminating  
D.   √ 

______________
 terminating   = terminating 

E.  recurring − recurring = recurring 

19. The width of A0 paper is 0.841 m. Two possible lengths of A0 paper can be found using either of the 
following facts:

 • The paper size A0 has an area 1 m2.
 • The length is   √ 

_
 2    times the width.

Use both facts to calculate the two possible lengths of the A0 paper. What is the difference between 
the two lengths in millimetres, correct to 3 decimal places?

Remember this?

20. Consider the number sentence    (  3 + 5 )   ×  (  6 − 1 )   + 2 = ⋆  .

What number does  ⋆  represent?

A. 34 B. 36 C. 42 D. 49 E. 58

21. Qantas paid $250.25 million for four aeroplanes. The price did not include the delivery cost of $0.35 
million per plane or the discount of $2.5 million per plane.

What was the total cost of purchasing one aeroplane?

A. $60.41 million
B. $62.03 million
C. $63.10 million
D. $248.10 million
E. $252.40 million

22. Yindi made the following 3D object using 108 wooden blocks.

Which of these has volume that is one third less than Yindi’s object?

A. B. C. D. E.
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Rounding and estimating  
with decimals2G

Rounding is commonly used because some decimal numbers have lots of decimal  
places and it is not practical to work with these numbers. Estimates are used 
as a faster way to calculate a ‘rough idea’ of a quantity rather than calculate an 
exact quantity.

LEARNING INTENTIONS

Students will be able to:
 • round numbers to any decimal place

 • use rounded numbers to make estimations

 • use rounding and estimation in real-world applications.

KEY TERMS AND DEFINITIONS

Approximately equal to is represented in calculations using the ≈ sign.

Estimates are approximate values that are close to the actual value.

Lead digit rounding rounds the number based on the first digit and 
replaces all other digits with zeros.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: BMJ/Shutterstock.com

Rounding numbers and other forms 
of estimation are used to measure 
animal population sizes and other key 
indicators. For example, a biologist 
may need to estimate the number of 
penguins in a colony.

Key ideas

1. When rounding to a specific place value, consider the first digit to the right of the digit being rounded.  
This is the critical digit.

78.39845 ≈ 78.3985

Critical digit

The digit is increased 
as the critical digit is 
5 or more

Round to 4 decimal places

78.39846 ≈ 78.398

Critical digit

The digit is unchanged 
as the critical digit is 4 
or less

Round to 3 decimal places

2. Lead digit rounding is used to make estimates.

18 564.45 ÷ 9.765 ≈ 20 000 ÷ 10 = 2000

Critical digits

Rounded numbers
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Worked example 1

Rounding decimals

Round the following numbers to the specified decimal places.

a. 4.364 (2)

Working thinking

 4.36|4 Step 1: Draw a line between the digit being rounded 
and the critical digit.

 4.364 ≈ 4.36 Step 2: The critical digit is less than 5, so the digit being 
rounded stays the same. Write the number with 
two decimal places.

Visual support

4.36 4.361 4.362 4.363 4.364 4.365 4.366 4.367 4.368 4.369 4.37

b. 11.3799 (3)

Working thinking

11.379|9 Step 1: Draw a line between the digit being rounded 
and the critical digit.

 11.3799 ≈ 11.380 Step 2: The critical digit is more than 5, so the digit 
being rounded increases. As the digit being 
rounded is 9, increase the next digit to the left. 
Write the number with three decimal places, 
using zero as a place holder.

Student practice

Round the following numbers to the specified decimal places.

a. 64.34 (1) b. 7.896 (2)

WE1a

WE1b

Worked example 2

Estimating with lead digit rounding

Estimate the following calculations by rounding each number to the lead digit.

a.  581 × 1.763 

Working thinking

581  ×  1.763  ≈  600  ×  2 Step 1: Round all numbers in calculation to the 
lead digit.

  = 1200 Step 2: Complete the calculation.
Continues →

WE2a
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2G Questions

b.  313 ÷ 21 

Working thinking

313  ÷  21  ≈  300  ÷  20 Step 1: Round all numbers in calculation to the 
lead digit.

  = 15 Step 2: Complete the calculation.

Student practice

Estimate the following calculations by rounding each number to the lead digit.

a.  722 × 6.39 b.  566 ÷ 57 

WE2b

Understanding worksheet

1. Use the number lines to round the following numbers.

Example

2.852.852 rounded to 2 decimal places is

2.85 2.851 2.852 2.853 2.854 2.855 2.856 2.857 2.858 2.859 2.86

a. 0.86 rounded to the nearest 1 decimal place is 

0.8 0.81 0.82 0.83 0.84 0.85 0.86 0.87 0.88 0.89 0.9

b. 2.5 rounded to a whole number is 

2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3

c. 7.263 rounded to 2 decimal places is 

7.26 7.261 7.262 7.263 7.264 7.265 7.266 7.267 7.268 7.269 7.27

d. −1.87 rounded to 1 decimal place is 

−1.9 −1.89 −1.88 −1.87 −1.86 −1.85 −1.84 −1.83 −1.82 −1.81 −1.8
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2. Round both numbers to the leading digit to show the approximation.

Example

= 6000314.7 × 18.38 ≈ ×300 20

a. 53 − 29 ≈   −   = 20

b. 762 × 23 ≈   ×   = 16 000

c. 11.63 × 67.4 ≈   ×   = 700

d.    2823 _______ 613     ≈       __________________       = 5

3. Fill in the blanks by using the words provided.

critical lead approximately equal estimate

If the  digit is five or greater we increase the digit being rounded. If it is four or less the digit 

being rounded is unchanged. When trying to simplify a difficult calculation we can use  

digit rounding. This approximate calculation will give an  of the answer. When simplifying a 

calculation it is important to make sure the solution is shown to not be exact by using the  

 sign.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7 (c,d,e,f), 
8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7 (e,f,g,h), 
8 (e,f,g,h), 9

4. Round the following numbers to the specified decimal places.

a. 0.231 (2) b. 3.8768 (2) c. 6.30045 (3) d. 1.72688712 (4)
e. 4.51098 (3) f. 14.51098 (4) g. 23.4999 (3) h. 19.9999 (2)

5. Estimate the following calculations by rounding each number to the lead digit.

a.  208 − 15 b.  918 + 78 − 31 c.  78 ÷ 23 d.  612 × 43 

e.   67 ×  (  31 − 15 )    f.  584 ÷ 76 g.    23 ___ 77   h.  38 × 0.042 

6. Estimate the following calculations by rounding each number to the digit after the lead digit.

a.  1884 + 513 b.  208 − 15 c.  184 − 615 d.  235 ÷ 30 
e.    (  164 + 22 )   ÷ 91  f.  178 057 × 19.601 g.  39 458 − 15 × 495 h.  178 057 ÷ 8.9701 

WE1

WE2
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7. State whether the following estimates will be less than or greater than the exact calculation.

a.  156 + 85 ≈ 200 + 100 
b.  1518 − 1089 ≈ 2000 − 1000 
c.  65 ÷ 13 ≈ 70 ÷ 10 
d.  518 × 411 ≈ 500 × 400 
e.  16.7 × 0.028 ≈ 17 × 0.03 
f.  629 + 118 − 72 ≈ 600 + 100 − 70 
g.  523 ÷ 45 ≈ 500 ÷ 50 
h.    (  214 + 11 × 9 )   ÷ 131 ≈  (  200 + 10 × 10 )   ÷ 100  

8. Convert the following fractions to decimals and then round them to the specified decimal places.

a.    1 __ 8    (2) b.    1 __ 3    (3) c.    2 __ 6    (4) d.    2 __ 7    (3)

e.     5 ____ 12    (3) f.    8 __ 7    (4) g.    13 ____ 9     (4) h.     9 ____ 13    (4)

9. Round 72.29993 to 3 decimal places.

A. 72.2 B. 72.2910 C. 72.299 D. 72.2999 E. 72.300

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Round 0.5496 to 3 decimal places.

Student A

0.549|6  ≈   0.550    
Student B

0.549|6  ≈   0.5410 = 0.541    

b. Use lead digit rounding to estimate  237 ÷ 41 .

Student A

 237 ÷ 41 ≈ 240 ÷ 40 = 6 
Student B

 237 ÷ 41 ≈ 200 ÷ 40 = 5 

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. According to her GPS, Tracey needs to drive west for 28.74 km to arrive at her desired destination.  
If her speedometer says she has already driven 17.6 km, how much further does she need to drive,  
if she rounded the remaining distance to the nearest km?

12. Aaron is standing next to a stack of 1.9 cm thick books and is as tall as 87 of them. How tall is Aaron, 
if he rounds his height to the nearest cm?

13. 29 of Keenan’s students have booked a parent teacher interview with him. Keenan has 5 hours to 
complete the interviews. If Keenan uses lead digit rounding, how much time does he approximately 
have for each student interview?
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14. Radio signals and other electromagnetic waves travel at 299 792.458 km per second. The distance 
from Earth to the Moon is 384 399 km. Use lead digit rounding to estimate the time it takes for 
electromagnetic waves to travel from the Earth to the Moon. Round your answer to two decimal places.

15. Esther and Katie had a very close finish in the 70 m sprint. Their times were both rounded to the 
nearest hundredth of a second. They both finished in 9.18 seconds, but the photo finish showed that 
Esther won. What is the largest possible time difference between Esther and Katie’s race times,  
in thousandths of a second?

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. Alistar tried to calculate the attendance for the Anzac day game at the Melbourne Cricket Ground 
(MCG) which has a capacity of 100 024 spectators. Alistar rounded the capacity of the MCG using 
lead digit rounding to complete all estimates.

Image: Neale Cousland/Shutterstock.com

a. The Shane Warne stand holds half of the stadium’s seats and appears to have     9 ____ 10    of its seats 

occupied. Estimate how many people are in the Shane Warne stand, to the nearest thousand.

b. The Members Reserve stand has    1 __ 5    of the stadium’s seats and appears to have    3 __ 4    of its seats 

occupied. Estimate how many people are in the Members Reserve stand, to the nearest thousand.

c. The Ponsford stand holds    1 __ 5    of the stadium’s seats and appears to have     8 ____ 10    of its seats occupied. 

Estimate how many people are in the Ponsford stand, to the nearest thousand.

d. The remaining seats are in the Northern stand which appears to have     95 _____ 100    of its seats occupied. 

Estimate how many people are attending the game in total and round your answer to the 

nearest thousand.
e. Other than looking at how full each stand appears, propose another strategy to estimate how 

many people attended the game.

17. The first thirteen decimal places of π are 3.141592653589.

According to a scientific calculator the circumference of the Earth is:
 π × 12 742 km = 40 030.17359 km 

a. Round π to 4 decimal places to estimate the circumference of  
the Earth. Round your answer to the nearest km.

b. Round π to 3 decimal places to estimate the circumference of  
the Earth. Round your answer to the nearest km.

c. Compare the estimates in parts a and b to the exact result and 
explain how rounding to different decimal places can affect the 
accuracy of an estimation.

Image: gladder/Shutterstock.com
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Extra spicy

18. Which of the following calculations can be estimated by  30 × 60 ?

A.  24 × 56 B.  31 × 53 C.  26 × 51 D.  34 × 56 E.  35 × 55 

19. Reece selected two numbers from the following list:

44.37 44.44 44.48 44.48 44.53 

44.55 44.63 44.67 44.71

When he rounded the numbers to 1 decimal place they were the same. When he rounded them to the 
digit following the lead digit they were not equal.
Which two numbers did he choose?

20. Albert was asked to list the value of every number from 1 to 100 divided by 7 rounded to 3  
decimal places. How many of the numbers will have the decimals ⎕.143?

A. 6 B. 13 C. 15 D. 85 E. 94

21. The exchange rate between the Australian dollar and the Euro is 1 to 0.67 respectively. Estimate how 
many Australian dollars can be exchanged for 50 Euros using lead digit rounding, to the nearest dollar.

Remember this?

22. Which of these is not equal to  48 × 30 

A.  48 × 10 × 3 
B.  480 × 3 
C.  40 × 30 + 8 × 30 
D.  40 + 8 × 30 
E.    (  4 × 10 + 8 )   × 30  

23. Drago uses the same rule to change each  into a  .

3

7

2 4

7

19

Select the option that represents the rule.

A.  =    × 1 + 2 
B.  =    × 2 + 5 
C.  =    × 3 − 2 
D.  =    × 4 − 5 
E.  =    × 2 + 1 

24. Which of the following expressions could be used to calculate the 
area of the shape in cm squared.

A.    (  8 × 4 )   +  (  11 × 5 )    
B.    (  11 × 8 )   −  (  7 × 5 )    
C.    (  8 × 3 )   +  (  7 × 3 )    
D.    (  11 × 8 )   −  (  7 × 3 )    
E.    (  5 × 11 )   +  (  3 × 7 )    

5 cm

11 cm

8 cm

3 cm

7 cm

4 cm
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Chapter 2 extended application

Image: kovop58/Shutterstock.com

1. The following table shows the five fastest recorded 100 m times. Usain Bolt, who is considered one of the 
greatest sprinters of all time, holds the world record for the fastest 100 m time.

Average speed 
(m/sec)

Time Athlete Country Rank Venue Date

10.43841336 9.58 Usain BOLT JAM 1 Berlin (GER) 16-Aug-09

10.31991744 9.69 Tyson GAY USA 4 Shanghai (CHN) 20-Sep-09

10.31991744 9.69 Yohan BLAKE JAM 5 Lausanne (SUI) 23-Aug-12

10.28806584 9.72 Asafa POWELL JAM 8 Lausanne (SUI) 2-Sep-08

10.26694045 9.74 Justin GATLIN USA 10 Doha (QAT) 15-May-15

a. State how far each athlete runs in a tenth of a second. Round your answers to two decimal places.
b. Average speed × Usain Bolt's record time = distance traveled compared to Bolt. Using a calculator and 

the formula, determine the distance, in m, traveled by each athlete in the time that it took Usain Bolt to 
complete his world record. Round the answer to 2 decimal places.

c. Convert the distances from part b to cm (hundredth of a m). Calculate the distances, in cm, by which Usain 
Bolt would have beaten each athlete if they were all running in the same 100 m race.

d. Super slow motion cameras take 1000 pictures per second. Rounded to the nearest mm, how far would 
Usain Bolt have traveled in 0.001 seconds?

e. In 1922 the world record for the 100 m sprint was 12.8 seconds. Explain the possible reasons why a human 
today is able to run so much faster than a human 100 years ago.
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3. Marcel loves to go hot air ballooning every Saturday morning. Each Saturday, the maximum altitude that his 
balloon can ascend to changes based on the atmospheric conditions and how many sandbags he flies with.

The sandbags on his balloon are used to control 
the altitude he can float to. If he flies without any 
sandbags he is able to reach the balloon’s maximum 
altitude. The weight of each sandbag decreases his 

altitude by     3 _ 16    of the balloon’s maximum.

a. If Marcel was carrying one sandbag, what 
fraction of the maximum altitude would he be 
able to float to?

b. How many sandbags does Marcel need to have 
in his balloon to be sitting on the ground?

c. How many sandbags would he need to be 
floating at a quarter of the maximum altitude?

d. How many sandbags would he have if he 

removed another 2   1 _ 4    bags from when he was 

floating at a quarter of the maximum altitude?
e. Use the number of bags you calculated that he 

had left in part d to determine the altitude he 
would be floating at.

f. Where in the world would you like to go hot 
air ballooning and spend a few hours floating 
above with a bird’s eye view?

0
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15
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2. Gold is an important part of computer circuits and chip boards due to its high electrical conductivity and 
resistance to corrosion (rusting). The gold from old discarded computers can be recycled. Some computer 
shops offer trade-ins for old computers as they can recycle a computer’s old parts.

Image: Troggt/Shutterstock.com

a. Half of a standard circuit board has a third of its surface covered by metals. The other half has a quarter of 
its surface covered by metal. What fraction of a standard circuit board is covered by metals?

b. If a circuit board was covered completely with metal, all the metal alone would weigh 2    2 _ 11    grams.  

How much does all the metal on a standard circuit board, like the one in part a, weigh?

c. Calculate the weight of copper, silver and gold on a standard circuit board, in fractions of a gram, if    1 _ 6    of the 

metal is gold,    1 _ 3    is silver and    1 _ 2    is copper.

d. How many standard circuit boards would need to be collected to accumulate five grams of recycled gold?
e. Gold sells for $59.72 per gram, silver sells for $0.71 per gram and copper sells for $0.01 per gram. Using a 

calculator, determine the total value of all the metals gathered from enough circuit boards for 5 g of gold.
f. Many computer shops offer a trade in service for customers to recycle their old computers. What are other 

strategies to encourage people to recycle old computer products?

Image: Krzysztof Bubel/Shutterstock.com
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Multiple choice

1. Fill in the missing boxes.

+ +=

1
2

2
3

3
6

A.  2 __ 6   B.  4 __ 6   C.  1 __ 3   D.  2 __ 3   E.  5 __ 6   

2. Threegroupsof 5 __ 6 is:

A. 1
6

1
6

1
6

1
6

1
6

1
6

1
6

1
6

1
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1
6

1
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3. Use the number line to choose the correct direction of the arrow to complete the  
followingcalculation:

 1 __ 6  −  (  − 5 ____ 12  )    

−1 0 1− 11
12 − 7

12 − 1
12− 5

12

− 5
12 + 5

12

5
6− 1

6−3
4− 1

4−2
3− 1

3−1
2− 11

12
7
12

1
12

5
12

5
6

1
6

3
4

1
4

2
3

1
3

1
2

A. Left, because subtracting a negative fraction is the same as subtracting a positive fraction.
B. Left, because subtracting a negative fraction is the same as adding a positive fraction.
C. Right, because subtracting a negative fraction is the same as subtracting a positive fraction.
D. Right, because subtracting a negative fraction is the same as adding a positive fraction.
E. Both arrows produce the same answer.

2A, 2B

2C

2D
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4. A student is using the vertical algorithm to solve  76.2 × 0.41 . Has the student done this 
correctly and, if not, what mistake have they made?

 76.2 × 0.41 = 3.712 

A. The student has done this correctly.
B. The student has done this incorrectly, since the student ignored the decimal point 

during multiplication.
C. The student has done this incorrectly, since they have not used 0 as a placeholder.
D. Thestudenthasdonethisincorrectly,sincethenumberofdecimalplacesinthefinal

answer is incorrect.
E. The student has done this incorrectly, since whole numbers and decimals were dealt 

with separately.

5. Use the following number line to round 0.   ̄  18   to one decimal place.

0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.2

A. 0.1 B. 0.18 C. 0.19 D. 0.2 E. 1

Fluency

6. Convert each of the following to the described form.

a.  2 1 ____ 10 (improperfraction) b.  5 2 __ 3 (improperfraction)

c.  15 ____ 2  (mixednumber) d.  95 ____ 12 (mixednumber)

7. Calculatetheequivalentfractionsbyfindingthemissingvalues.

a.  1 __ 5  =  
⎕
 ____ 10  =  

⎕
 ____ 50  b.  6 ____ 18  =  

⎕
 ____ 36  =  

2 ____ ⎕  c.  2 3 __ 4  = 2 
36 _____ ⎕  =  

⎕
 _____ 4    d.  54 ____ ⎕  =  45 ____ 25  = 1 

⎕
 ____ 5  

8. Simplify.

a.  12 ____ 13  −  
11 ____ 13   b.  8 __ 4  +  

1 __ 4   c.  15 ____ 21  −  
1 __ 7   d.  31 ____ 4   +  

1 ____ 12   

9. Evaluate each expression.   

a.  3 __ 2  ×  
4 __ 9   b.  1 __ 3  ÷  

13 ____ 9    c.  18 ____ 11  ×  
11 ____ 3   ÷ 4 d.  16 ____ 5   ÷  

24 ____ 7   ÷  
3 __ 5   

10. Evaluate and simplify.

a.    (   1 __ 5  ÷  
15 ____ 60  )   −  2 ____ 12    b.  1 __ 8  ÷  (   1 ____ 48  +  

11 ____ 12  −  
1 ____ 10  )    

c.  1 __ 2  ×  (   3 __ 4  +  
4 __ 5  −  

6 __ 7  )    d.  4 2 __ 5  ÷ 2 
1 __ 5  × 3 

1 ____ 10   

11. Evaluate and simplify.

a.  − 1 __ 5  −  
1 __ 6   b.  8 __ 3  ×  (  − 1 __ 6  )    

c.   − 7 __ 8  −  (  − 4 __ 3  + 1 )    d.  9 ____ 55  −  (   4 __ 5  −  (  − 1 ____ 11  )   )    

12. Calculate.

a.  14.1 + 3.8 b.  23.1 + 1.9 c.  8.32 − 2.44 d.  13.1 − 7.3292 

13. Calculate.

a.  10.55 × 4 b.  410.05 ÷ 2 c.  99.1 × 1.16 d.  82.08 ÷ 3.42 

2E

6 2
8
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× 4
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4 1

+2

6 27

+1

3 0
3 7
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14. Convert each fraction to a decimal without a calculator.

a.  3 __ 8   b.   7 _____ 250   c.  5 __ 3   d.  44 ____ 13   

15. Roundthefollowingnumbersasspecified.

a. 639.17(1) b. 4.99999(2)
c. 451.21(roundtotheleaddigit) d. 81.11(roundtodigitaftertheleaddigit)

16. Estimatethefollowingcalculationsbyroundingeachnumberasspecified.

a.  304.2 ÷ 18.97(roundtoleaddigit)
b.    (  212.4482 + 104.5119 )   × 2.01888 (roundtoleaddigit)
c. 1.1234 + [(7.340912 × 7.0001) ÷ (8.7005 − 6.70102)](roundtoleaddigit)
d. (12.3112 × 0.9348) ÷ (2.555 − 1.01)(roundtodigitafterleaddigit)

Problem solving

17. Sienna spends $4 per day on chai lattes. How many chai lattes will she drink to have spent 
$24 on chai lattes?

18. Clelia has written a short story for a competition, and is checking the word count at the 

beginning, middle and end. The word count at the beginning and middle sum to    4 __ 5    of the 

whole story. The middle and ending sum to    2 __ 3    of the whole story. What fraction of the whole 

story was the middle?

19. A group of friends are comparing their hourly rates at their part-time jobs. John makes    2 __ 5    of 

what Sam makes. Sam makes    7 __ 6    of what Tracey makes. Ishir makes    4 __ 5    of what Tracey makes. 

If Ishir makes $24 per hour, how much does John make per hour?

20. Onaparticularday,thetemperatureintheSouthPoleinAntarcticawas−62 4 ____ 10 ℃andin

MountBulleritwas−1 4 __ 5 ℃.FindhowmuchwarmerMountBullerwasthantheSouthPole,

as a mixed number. 

21. At the beginning of last year, one ounce of silver was $15.65. At the end of last year, one ounce  
of silver was $17.90. If Nadia bought 0.4 ounces of silver at the beginning of last year and 
solditattheendoflastyear,whatprofitdidshemake?

22. In a laboratory, Ellett is measuring the speed of a snail using very precise equipment. If the 
distance a snail travels in two minutes is  1.    ̄  3   m, calculate its speed in metres per minute. 
Write your answer as a decimal using appropriate notation.

23. A doctor is prescribing some medication for a patient. The dosage depends on the weight of 
thepatient,andisdescribedbythefollowingrule:

 dosage = 1.105 × 80.54 − 1.0418  mg
It is important to ensure that a patient has the correct dosage, so after performing the 
calculation, she performs lead digit rounding to check the reasonableness of her answer. 
What answer does lead digit rounding obtain?
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Reasoning

24. A soft drink company has just released a new soft drink called Berry Blitz.

a. Some of Berry Blitz’s nutritional information is provided below. By law, the nutritional 
information needs to be listed on the packet to one decimal place. Round each value to 
one decimal place.

Per 100 mL (to 7 decimal places) Per 100 mL (to 1 decimal place)

Fat(total) 0.1705473 g

 Saturated fat 0.0058101 g

Carbohydrate(total) 14.2188915 g

 Sugar 14.0611112 g

Protein 0.0000101 g

Salt 0.0000001 g

b. Use these rounded values to estimate the amount of each component in 250 mL.
c. Claire introduces her friend to Berry Blitz. She pours out one third of her drink for him. 

If she also drinks one third of her drink, how much of the drink is left? Provide your 
finalanswerasafraction.

d. Write your answer from part c as a recurring decimal.
The company also sells another soft drink called Zing Zang. Customers can purchase 
multipacks of each drink. These are sold in rectangular prism cartons as shown below.  

The area of the square face of Berry Blitz is    2 __ 3    of the area of the square face of Zing Zang.  

The length of Berry Blitz is    2 __ 3    of the length of Zing Zang.

BB
Berry
Blitz

ZZ
Zing
Zang

e. The  volume of rectangular prism = area of square face × height . If the volume of the 
Zing Zang carton is 450 cm3, calculate the volume of Berry Blitz.

f. Claire’s school is looking into having more healthy drink options in the canteen.  
What strategies could Claire’s school implement to improve their students’ health?

25. Yvonne is exploring different ways to multiply lots of fractions together.

a. Evaluate       1 __ 2  ×  
2 __ 3    and    998 _____ 999  ×  

999 _______ 1000   .

b. Evaluate    1 __ 2  ×  
2 __ 3  ×  

3 __ 4    and    997 _____ 998  ×  
998 _____ 999  ×  

999 _______ 1000    

c. Compare the strategies you used to solve parts a and btoefficiently

evaluate    1 __ 2  ×  
2 __ 3  ×  

3 __ 4  ×  
4 __ 5  × ... ×  

999 _______ 1000   . Explain the technique you used.
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Chapter 3 research summary
Percentages and financial mathematic

Big ideas

Multiplicative thinking
This chapter will extend multiplicative thinking about place value, powers of 10, decimals, and fractions to build 
knowledge of how to work with the language of percentages appropriately.

Scattered throughout the chapter is the use of multiplicative and additive language structures. This chapter will 
address how to decode some of the confusing multiplicative and additive words when working with percentages.  
For example increasing by 10% sounds additive, but it has multiplication and addition (first calculate 10% and then 
add it to the original value), or only multiplication (multiply the original value by 110%).

The language structures of percentages can be ambiguous and suppress an intuitive understanding of percentages 
(Parker & Leinhardt, 1995); thus, the most effective way to start percentage topics is to explore students’ existing 
knowledge of what percentages mean to them (Reys et al., 2004). For example, students can often be confused when 
percentages are over 100%. It is impossible to give more than 100% of what you have, but going over 100% of the 
screen time limit your parents set is possible.

Understanding this big idea is built upon the knowledge of decimals, fractions, and percentages. It is crucial for 
grasping topics within this chapter, for future lessons such as rates and ratios, and for future big idea topics such as 
algebraic, statistical and geometric reasoning.

Equi-partioning
This chapter will extend on partitioning fractions and decimals to understand how to find percentages of  
quantities efficiently.

While using an algorithm and pictures are methods to solve percentage problems, benchmarking or partitioning 
is one sustainable method to solve percentages (Lembke & Reys, 1994). Starting with familiar benchmarks allows 
students to develop competence in 10%, and then the unitary method (Burfitt, 2014). For example, students who 
know half is 12 and 50% can use this knowledge to find 25%.

Understanding this big idea is built upon place value and multiplicative thinking. Therefore, equi-partioning 
percentages is essential for this chapter and future lessons, such as rates and ratios, and future big idea topics,  
such as algebraic, statistical, and geometric reasoning.

Proportional reasoning
This chapter will focus on students’ ability to identify and apply their extensive multiplication, division, and number 
sense knowledge to solve problems with varying levels of proportional relationships.

In this chapter, students will connect the relationship of percentages with fractions, decimals, multiples, portions, 
and proportional differences. Having a solid understanding and connection to decimals and fractions, connecting 
the part-whole relationships of an object or set of objects with numbers, connecting language they are already 
familiar with, and connecting real-world experiences can remedy common misconceptions (Parker & Leinhardt, 
1995), thus increasing proportional reasoning skills within this chapter.

For example, decimal fractions aid in recognising what the term per cent and the percentage symbol (%) means.  
Students should understand that percentages and the symbol (%) are a standard ratio where the denominator is 

100 and can be substituted for the term hundredths. For example, 37% is 37 per 100 and is the same as     37 _____ 100    or 0.37.

Within this chapter, students will be exposed to readily accessible workable procedures (benchmarks, proportional 
thinking strategies, formal proportions, visual representations). While some researchers agree that percentages 
are an extension of identifying fractions, decimals, ratios and proportions and require no new concepts and 
skills beyond this (Drews et. al., 2005; Killen & Hindhaugh, 2018; Reys et al., 2004) percentages are multifaceted, 
complex, and lush. Major misconceptions can occur if instruction is oversimplified to ‘no new skills required’ or to 
package percentages into an algorithm.
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Understanding this big idea is built upon place value and multiplicative thinking. Therefore, it is not only 
essential for this chapter and future lessons such as rates and ratios but heavily impacts future big ideas in 
mathematics such as generalising and influencing students’ learning journey, beliefs and attitudes  
toward mathematics.

Visual representations

Grids
Grids are visual representations that aid in performing 
operations with decimals and fractions and promote the 
language to describe fractions and decimals. Additionally, 
they can be used to provide a conceptual link when it comes 
to computation with percentages and can make working 
with these ratios simpler. Grids can be broken into fractions, 
such as tenths, hundredths, and thousandths. These grids 
can be used to connect the relationship between decimals, 
fractions and percentages.

This chapter will use various numbered grids to connect 
percentages with decimals and fractions. Students with a 
solid pictorial representation that ‘per cent’ is ‘per hundred’ 
are more likely to solve percentage problems (Reyes, 2004). 
Students who use various tools and visual representations, 
such as discrete objects and models and other methods of 
calculating percentages, can solve percentage problems 
effectively and quickly.

Number line
A number line is traditionally shown as a horizontal line or axis but can 
be a vertical line. A number line shows the order and size of numbers and 
helps deepen our understanding of mathematical concepts such as fractions, 
decimals, percentages, negative numbers and mathematical operations.

This chapter uses a double number line to aid in learning about percentages. 
Number lines have been shown to support student learning, organise thinking 
of what is known and unknown, and aid in the teaching of the three common 
percentage problems (State Government Victoria, 2008). In addition to 
number lines, discrete models, pie charts, percentage tables, and area models 
can be used to aid in student’s conceptual understanding of percentages 
(Dole, 1999).

0% 20% 40% 60% 80% 100% 140%120%

$168$144$120$96$72$48$24$0

An increase of 40%

Hundredths grid

Decimal PercentageFraction
29

100 0.29= 29%=

Tenths grid

Fraction Decimal

6
20

30
100= = 0.3 =

Percentage

30%
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Misconceptions

Misconception Incorrect Correct Lesson

Students use the numbers in 
a fraction to convert them to 
decimals and percentages.

   2 __ 5    = 0.25 = 25%    2 __ 5    = 0.4 = 40% 3A

Students believe that 
percentages are the same as 
whole numbers.

23% = 23 23% =     23 ____ 100    = 0.23 3A 
3B 
3C 
3D

When converting fractions 
to decimals, students divide 
the denominator by the 
numerator. 

   5 __ 8    = 8 divided by 5 =     8 . 0 
_

 5⟌
1 . 6

     5 __ 8    = 5 divided by 8 =     5 . 0 0 0 
___

 8⟌
0 . 6 2 5

  
3A

Students believe percentages 
are between 1 and 100%.

12 out of 10 as a percentage is 

   10 ____ 12    × 100% =    10 ____ 12    ×    100 _____ 1    

 = 83   1 __ 3   %

12 out of 10 as a percentage is 

   12 ____ 10    × 100% =    12 ____ 10    ×    100 _____ 1    

 = 120%

3B

When calculating percentage 
amounts, students decode the 
word ‘of’ to represent ‘out of’ 
and divide values.

75% of 30 

   75 ___ 30    =    5 __ 2    ×    100 ____ 1    

 =    5 __ 1    ×    50 ___ 1    

 = 250

75% of 30 

    75 ___ 100    × 30 =    3 __ 4    ×    30 ____ 1    

 =    3 __ 2    ×    15 ___ 1    

 =    45 ____ 2    

 = 22   1 __ 2   %

3B

When calculating the final 
price, students calculate the 
increase/decrease amount. 

Increase 60 by 20%:
60 × 0.20 = 12

Increase 60 by 20%:
60 × 0.20 = 12
60 + 12 = 72

3C

When calculating the original 
price, students multiply the 
percentage change by the  
final price. 

Original price: ? 
Percentage increase: 50%
Final price: $3.00 
Original price = 3 ×     50% ________ 100%    = $1.50

Original price: ? 
Percentage increase: 50%
Final price: $3.00 
Final value percentage = 150%
1% of original 
price =     3 ________ 150%    = $0.20

100% of original 
price = $0.20 × 100% = $2.00

3C

Students believe that 
increasing and decreasing by 
percentages are additive.

Decrease 80 by 20%
80 − 0.20 = 79.80 
or
80 − 20 = 60 

Decrease 80 by 20%:
80 × 0.20 = 16
80 − 16 = 64

3C

When calculating percentage 
change or error, students 
believe it is additive. 

What is the percentage decrease from 
60 to 24? 
60 − 24 = 34%

What is the percentage decrease from 
60 to 24? 

   60 − 24 _______ 60     × 100% = 60%

3D

Students do not understand 
the importance of number 
order when calculating  
the difference.

What is the percentage change from 
3 to 5? 
   3 − 5 _____ 3     × 100% = decrease of 66   2 __ 3   %

What is the percentage change from 
3 to 5?

   5 − 3 __ 3     × 100% = increase of 66   2 __ 3   % 

3D

3 2 4

Chapter 3: perCentages and finanCial mathematiCs 	116

3

 



References and additional readings

Burfitt, J. (2014). Identifying a hierarchy of learning about percentages [Master’s Thesis, University of Western Australia]. https://api.
research-repository.uwa.edu.au/ws/portalfiles/portal/18784434/THESIS_MASTER_BURFITT_Joan_2014.pdf

Dole, S. L. (1999). Percent knowledge: Effective teaching for learning, relearning and unlearning [Doctoral Thesis, Queensland University of 
Technology]. https://eprints.qut.edu.au/36602/7/36602_Digitised%20Thesis.pdf

Parker, M., & Leinhardt, G. (1995). Percent: A Privileged Proportion. Review of Educational Research, 65(4), 421–481. https://doi.
org/10.3102/00346543065004421

Drews, D., Dudgeon, J., Lawton, F., & Surtees, L. (2005). Children’s errors in mathematics: Understanding common misconceptions in 
primary schools (A. Hansen, Ed.). Learning Matters.

Killen, P., & Hindhaugh, S. (2018). How Big is a Big Number?: Learning to teach mathematics in the primary school. Learning Matters 
(SAGE). https://doi.org/10.4135/9781526447784

Lembke, L. O., & Reys, B. J. (1994). The Development of, and Interaction between, Intuitive and School-Taught Ideas about Percent. 
Journal for Research in Mathematics Education, 25(3), 237–259. https://doi.org/https://doi.org/10.2307/749337

Reys, R. E., Lindquist, M., Lambdin, D. V., & Smith, N. L. (2004). Helping children learn mathematics. John Wiley & Sons.

Department of Education and Training. (2008). Teaching Secondary Mathematics Module 6 Using a range of strategies and resources: 
Focus on percentages 6. Student Learning Programs Division. https://www.education.vic.gov.au/Documents/school/teachers/
teachingresources/discipline/maths/mod6percent.pdf

Misconception Incorrect Correct Lesson

When calculating percentage 
change or error using a formula,  
students use the wrong value 
in the denominator. 

What is the percentage increase from 
120 to 150?

   150 − 120 _________ 150     × 100% = 20%

What is the percentage increase from 
120 to 150?

   150 − 120 _________ 120     × 100% = 25%

3D

Students believe that the ‘best 
buy’ is the one that has a lower 
total cost.

What is the best buy:
220 mL bottle that costs $1.70 or 
1 L bottle that costs $6.
$1.70 is cheaper than $6.00.
The 220 mL bottle is the best buy.

What is the best buy:
220 mL bottle that costs $1.70 or 
1 L bottle that costs $6.
220 mL costs $1.70
100 mL costs $1.70 ÷ 2.20 = $0.77
and 
1 L costs $6.00
100 mL costs $6.00 ÷ 100 = $0.60
The 1 L bottle is the best buy

3E

Students do not understand 
how to use division to 
calculate 1 unit in cost  
or quantity.

What is the cost of 1 unit if 250 mL 
costs $2?
250 ÷ 2.5 = 100 or $1.00 is the  
unit price.

What is the cost of 1 unit if 250 mL 
costs $2?
250 ÷ 2.5 =100 mL 
$2 ÷ 2.5 = $0.8 per 100 mL

3E

When calculating the original 
value from a final value, 
students do not understand 
how to use the percentage. 

Original price: ? 
Percentage decrease: 20%
Final price: $5.20
1% = $5.20 ÷ 20 = $0.26
100% = $0.26 × 100 = $26
The retail price is $26.

Original price: ? 
Percentage decrease: 20%
Final price: $5.20
Final value percentage = 80%
1% = $5.20 ÷ 80 = $0.065
100% = $0.065 × 100 = $6.50
The retail price is $6.50.

3E
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Percentages, decimals, and fractions3A

Key idea

1. Fractions, decimals, and percentages are three equivalent ways of expressing any given value.

Fraction Decimal Percentage
29

100 0.29 29%= =

The following are some commonly used fractions, decimals and percentages.

Fraction  1 _ 2   1 _ 3   1 _ 4   1 _ 5   1 _ 10   3 _ 4 

Decimal 0.5 0. ̄  3  0.25 0.2 0.1 0.75

Percentage 50% 33 1 _ 3 % 25% 20% 10% 75%

Percentages, decimals, and fractions are three different ways of expressing the 
same value. The ability to convert between the three representations is useful in 
situations when whole numbers are not appropriate, or are not accurate enough.

LEARNING INTENTIONS

Students will be able to:
 • convert between percentages, decimals, and fractions.

KEY TERMS AND DEFINITIONS

Converting is the process of rewriting a value in a different form, with no 
change to the value.

A percentage represents a value out of 100 parts, where 100 parts 
represents one whole.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

20% 
OFF

$250

Percentages, decimals, and fractions 
are used together in the real world. 
For example, to calculate the price of 
runners in a storewide sale, it is helpful 
to first convert the percentage to a 
fraction or a decimal.
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Worked example 1

Converting percentages to decimals and fractions

For the following percentages.

a. Convert 45% to a decimal.

Working thinking

45% =  45 _ 100  Step 1: Write the percentage as a fraction out of 100.

45 ÷ 100 = 0.45 Step 2: Write the fraction as a division and calculate.

Visual support

Percentage Decimal
0.4545% =

b. Convert 120% to a mixed number.

Working thinking

120% =  120 _ 100  Step 1: Write the percentage as a fraction out of 100.

 120 _ 100  =  
6 _ 5 

 = 1 1 _ 5   

Step 2: Simplify the fraction and convert to a  
mixed number.

Student practice

For the following percentages.

a. Convert 27% to a decimal. b. Convert 250% to a mixed number.

WE1a

WE1b

Worked example 2

Converting decimals to percentages and fractions

For the following decimals.

a. Convert 0.06 to a percentage.

Working thinking

0.06 × 100 = 6 Step 1: Multiply by 100.

0.06 = 6% Step 2: Insert a percentage sign (%).

Visual support

Decimal Percentage
6%0.06 =

WE2a

Continues →
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b. Convert 0.125 to a fraction.

Working thinking

0.125 =  125 _ 1000   Step 1: Write the decimal as a fraction.

 125 _ 1000  =  
1 _ 8  Step 2: Simplify the fraction.

Student practice

For the following decimals.

a. Convert 0.01 to a percentage. b. Convert 0.75 to a fraction.

WE2b

Worked example 3

Converting fractions to decimals and percentages

For the following fractions.

a. Convert 3 _ 5 toadecimal.

Working thinking

 3 _ 5  = 3 ÷ 5 Step 1: Write the fraction as division.

    3.0 
_
 5⟌

0.6
  Step 2: Evaluate using short division.

Visual support

Fraction Decimal

0.6=3
5

b. Convert 2 _ 9 toapercentage.

Working thinking

 2 _ 9  × 100 =  
200 _ 9   Step 1: Multiply by 100.

    2 0 0    
___

  9⟌ 
0 2 2 r 2

  

 = 22 2 _ 9   

Step 2: Set out the fraction as short division.

  2 _ 9  = 22 
2 _ 9 % Step 3: Add a percentage sign (%).

Student practice

For the following fractions.

a. Convert 4 _ 5 toadecimal. b. Convert 2 _ 3 toapercentage.

WE3a

2 2

WE3b
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3A Questions

Understanding worksheet

1. Select if each of the following is a fraction, decimal or percentage.

Example

Fraction Decimal Percentage

0.87 ✔

Fraction Decimal Percentage

a.  1 _ 5 

b. 1.36

c. 8%

d. 0.1%

2. Complete the missing values.

Example

Fraction Decimal Percentage

0.5 50%= =1
2

a.

0.4= =2
5

Fraction Decimal Percentage b.

0.83= = 83%

Fraction Decimal Percentage

c.

15%= =3
20

Fraction Decimal Percentage d.

0.55= = 55%

Fraction Decimal Percentage

3. Fill in the blanks by using the words provided.

percentage decimal fraction convert

 1 _ 10 isanexampleofa  . Fractions, decimals, and percentages are three different ways of 

representing equivalent values. We can  1 _ 10 tothe  0.1, or write it 

as a  , which would be 10%.
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9 (a,b,c,d), 10

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9 (c,d,e,f), 10

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9 (e,f,g,h), 10

4. Convert the following percentages to decimals.

a. 25% b. 78% c. 123% d. 4%
e. 39.1% f. 602.7% g. 5.3% h. 0.02%

5. Convert the following percentages to fractions. Give your answer as a proper fraction or mixed number.

a. 13% b. 7% c. 40% d. 130%
e. 8% f. 225% g. 0.7% h. 2.5%

6. Convert the following decimals to percentages.

a. 0.25 b. 1.6 c. 0.473 d. 0.08
e. 56.02 f. 110.9 g. 0.005 h. 0.0104

7. Convert the following decimals to proper fractions or mixed numbers.

a. 0.9 b. 0.8 c. 0.58 d. 1.1
e. 3.09 f. 0.05 g. 18.26 h. 0.072

8. Convert the following fractions and mixed numbers to decimals.

a.  1 _ 2  b.  7 _ 10  c.  1 _ 3  d.  5 _ 8 

e. 1 1 _ 4  f. 2 9 _ 20  g.  4 _ 9  h.  32 _ 3  

9. Convert the following fractions and mixed numbers to percentages.

a.  1 _ 4  b.   2 _ 100  c.  99 _ 100  d.  3 _ 8 

e. 1 4 _ 5  f. 3 2 _ 3  g.  36 _ 5   h.  7 _ 9 

10. Selectthecorrectresponse. 5 _ 9 isequalto:

A. 0. ̄  5  B. 0.59 C. 1.8% D. 5.9 E. 59%

Spot the mistake

11. Select whether Student A or Student B is incorrect. 

a. Convert 127% to a decimal.

Student A

 127% =  127 _ 100   

127 ÷ 100 = 1.27

Student B

127% = 127.0

b. Convert 7 _ 8 toapercentage.

Student A

   7 _ 8  = 7.8%

Student B

   7 _ 8  × 100 =  
700 _ 8    

    7 0 0 . 0  
___

  8⟌
0 8 7 . 5

  

    7 _ 8  = 87.5%

WE1a

WE1b

WE2a

WE2b

WE3a

WE3b

6 4
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Problem solving
Question working paths

Mild 12, 13, 14 Medium 13, 14, 15 Spicy 14, 15, 16 

12. Bela estimates that three-quarters of the Australian population own a mobile phone.  
What percentage does this represent?

13. Ittakes5 1 _ 2 minutesforMatchootoheatuphisfrozenlasagneforlunch.Expressthetimeasadecimal.

14. In its simplest form, what fraction of Tori’s hair is straight if 55% of it is curly?

15. Kathycutsherpizzaintosixequalpieces.Writedownthevaluethatonepiecerepresents, 
as a fraction, decimal, and percentage.

16. Patrickhas0.8hourslefttofinishascienceexperiment.Rewritetheamountoftimeasafractionout
of 60, so that Patrick knows how many minutes he has left.

Reasoning
Question working paths

Mild 17 (a,b,c,e), 18 (a,b) Medium 17 (a,b,c,e), 18 (a,b) Spicy all 

17. VuthaisbakingANZACbiscuitsforhisfriends.Hefindsthefollowingrecipefor12biscuitsandgoes
to the supermarket to purchase the ingredients.

plain flour

rolled oats

dessicated coconut

unsalted butter

golden syrup (approx 4 tablespoons)

100 g

90 g

80 g

150 g

80 g

ANZAC Biscuits Recipe

a. Whatpercentageoftherecipeisplainflour?
b. In its simplest form, what fraction of the recipe are rolled oats?
c. The ingredients normally cost $13.30 to purchase. How much would it cost Vutha if he was able 

tousehiscousin’s5%staffdiscount?Roundyouranswertothenearestcent.
d. List the amount of each ingredient Vutha will need if he wants to make 15 cookies.
e. Suggest a way Vutha can save money but still do something nice for his friends.

18. Considerthefollowingvalues: 1 _ 5   , 8%, 0.12, 35%, and    2 _ 3   .

a. Which is the smallest value?
b. Which is the largest value?
c. Compare your answers from parts a and bandproposeanefficientmethodtocomparethe

values in the list.

Extra spicy

19. Lenaleaveshomeandwalksone-fifthofthewaytoschoolwhensherealisesthatsheforgot 
her homework. She returns home to get it, then walks to school. As a percentage of the distance  
from home to school, how much does she walk in total? Select the correct response.

A. 1.4% B. 1 2 _ 5  C. 120 D. 125% E. 140
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20. Warren wants to score at least 90% on his Maths test and receives the mark 51 out of 55.  
By what whole percentage was Warren above or below his goal? Select the correct response.

A. 2% below B. 2% above C. 3% below D. 3% above E. 4 marks below

21. Human infants are born with approximately 270 bones. By adulthood, humans have 206 bones. 
Whatpercentageofbonesfusewithothersinthegrowthprocess?Roundyouranswertothe
nearest percent.

22. What fraction is halfway between 25% and 0.0625?

Remember this?

23. Whichofthefollowinghasthesamevalueas15 × 3?
A. 10 × 3 + 5 × 1
B. 10 + 5 × 3
C. 15 × 2 + 1
D. 10 × 5 × 3
E. (10 + 5) × 3

24. A number is doubled and then 3 is added. The answer is 11. What is the number?

A. 2 B. 4 C. 8 D. 14 E. 28

25. Another way of writing 93 is

A. 9 × 3 B. 9 × 9 × 9 C. 27 D. 81 E. 93
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Expressing as a percentage and 
percentages of quantities3B

Key ideas

1. Percentages represent a value out of 100 parts.

x out of 100 = = x%x
100

11 out of 100 = = 11%11
100

2. Expressing one quantity as a percentage of another is the same as finding the fraction of a whole.

11 out of 20 can be rewritten as the fraction

11
20

The first number is the numerator or ‘part amount’.

The second number is the denominator or ‘whole amount’.

The words ‘per cent’ come from the Latin per centum, which means ‘out of  
one hundred’. This gives rise to words such as century (100 years), cents (where 
100 cents = $1) and centimetres (where 100 cm = 1 m). Much as a century is 
always 100 years, percentages always represent values out of 100.

LEARNING INTENTIONS

Students will be able to:
 • express one quantity as a percentage of another

 • calculate the percentage of a given quantity.

KEY TERMS AND DEFINITIONS

A percentage represents a value out of 100 parts, where 100 parts 
represents one whole.

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

Image: MarySan/Shutterstock.com

Percentages are used in many everyday  
situations, such as topic test results, 
battery level and the amount of a file 
that has been downloaded.

Worked example 1

Expressing one number as a percentage of another

Express the following as a percentage.

a. 12 out of 25

Working Thinking

12 out of 25 =    12 ____ 25   Step 1: Rewrite as a fraction.

   12 ____ 25   ×   100 _____ 1   % =   12 ____ 1    ×   4 __ 1  % Step 2: Multiply the fraction by 100%.
Continues →

WE1a
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 =   48 ____ 1   % 

 = 48% 

Step 3: Simplify.

Visual support

=

=12
25

48
100

b. 15 out of 24, as a mixed number percentage

Working Thinking

   15 ____ 24   ×   100 _____ 1   %  =    5 __ 8   ×   100 _____ 1   % Step 1: Rewrite as a fraction.

  =   500 _____ 8   % Step 2: Multiply the fraction by 100%.

  = 62  1 __ 2  % Step 3: Simplify.

Student practice

Express the following as a percentage.

a. 13 out of 20 b. 18 out of 27, as a mixed number percentage

WE1b

Worked example 2

Expressing quantities with units as percentages of each other

Express the following as a percentage.

a. 6 cm out of 20 cm

Working Thinking

    6 ____ 20   ×   100 _____ 1   %   =   6 __ 1   ×   5 __ 1  % Step 1: Rewrite as a fraction.

  =   30 ____ 1   % Step 2: Multiply the fraction by 100%.

  = 30% Step 3: Simplify.

Visual support

=

=6
20

30
100

WE2a

Continues →
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b. 80 cm as a percentage of 3 m, rounded to the nearest percentage

Working Thinking

3 m = 300 cm Step 1: Convert both quantities to the same unit.

    80 _____ 300   ×   100 _____ 1   %   =   80 ____ 3    ×   1 __ 1  % 

  =   80 ____ 3   % 

Step 2: Rewrite as a fraction and multiply by 100%.

  = 26. 6 ̇  % Step 3: Write the answer as a decimal.

  = 27% Step 4: Round to the nearest percentage.

Student practice

Express the following as a percentage.

a. 80 mL as a percentage of 400 mL

b. 35 cm as a percentage of 2 m, rounded to the nearest percentage.

WE2b

Worked example 3

Calculating the percentage of a given quantity

Evaluate the following.

a. 30% of 50

Working Thinking

    30 _____ 100   ×   50 ____ 1      =   3 __ 1   ×   5 __ 1   Step 1: Write the percentage and whole number as 
fractions. Replace ‘of’ with a multiplication sign.

  =   15 ____ 1    

  = 15 

Step 2: Multiply the fraction by 100%.

Visual support

0% 10% 20% 30% 40%

20151050

50% 60% 70% 80% 100%

4540353025 50

90%

b. 11% of 167, to 1 decimal place.

Working Thinking

    11 _____ 100   ×   167 _____ 1      =   1837 _______ 100    Step 1: Write the percentage and whole number as 
fractions. Replace ‘of’ with a multiplication sign.

  = 18.37 

  ≈ 18.4 

Step 2: Convert the answer to a decimal, rounded to 1 
decimal place.

Student practice

Evaluate the following.

a. 40% of 75 b. 17% of 230, to 1 decimal place.

WE3a

WE3b
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Understanding worksheet

1. State the percentage described in the following visuals.

Example

= 67 %

a.

= %

b.

= %

c.

= %

d.

= %

2. Use the number lines to calculate the percentage of each quantity.

Example

25% of 36 is: 9

0% 25% 50% 75% 100%

36271890

a.
50% of 24 is: 

0% 25% 50% 75% 100%

24181260

b.
40% of 60 is: 

24120 4836 60

0% 20% 40% 60% 80% 100%

c.
33    1 _ 3   % of 90 is: 

0% 100%

9060300

33 1
3 % 66 2

3 %

d.
125% of 80 is: 

0% 25% 50% 75% 100%

806040200 100

125%

3. Fill in the blanks by using the words provided.

out of fractions percentages multiplication

 are always  one hundred. When expressing one 

quantity as a percentage of another, or calculating the percentage of a quantity, we often convert the numbers 

to  first. Calculating the percentage of a quantity replaces the word ‘of’ with the 

 symbol.

3B Questions
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7 (c,d,e,f), 
8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7 (e,f,g,h), 
8 (e,f,g,h), 9

4. Express the following as a percentage.

a. 28 out of 100 b. 15 out of 30 c. 42 out of 200 d. 15 out of 10
e. 57 out of 76 f. 39 out of 65 g. 72 out of 180 h. 117 out of 450

5. Express the following as mixed number percentages.

a. 3 out of 8 b. 25 out of 200 c. 7 out of 12 d. 11 out of 8
e. 39 out of 45 f. 48 out of 112 g. 91 out of 84 h. 117 out of 143

6. Express the following as a percentage.

a. 50 g out of 200 g b. Level 12 of 120 levels in a video game
c. 80 cents out of $2.50 d. 0.25 L out of 200 mL
e. 1750 g out of 5 kg f. 185 cents out of $0.74
g. 81 mm out of 13.5 cm h. 21 minutes out of 2.5 hours

7. Evaluate the following.

a. 50% of 12 b. 25% of 60 c. 70% of 40 d. 130% of 50

e. 15% of 180 f. 42% of 250 g. 98% of 2450 h. 264% of 525

8. Evaluate the following to 1 decimal place.

a. 10% of 25 b. 35% of 63 c. 47% of 106 d. 54% of 172

e. 108% of 99 f. 262% of 162 g.  33  1 __ 3   % of 50 h. 56   1 __ 5   % of 778

9. Which of the following represents the largest value? Select the correct response.

A. B. 33% of 2022 C. 51% of 1300 D. 98% of 681 E. 124% of 539

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Express 42 out of 35 as a percentage.

Student A

   35 ____ 42   × 100%   =   35 ____ 42   ×   100 _____ 1    

  =   5 __ 3   ×   50 ____ 1    

  =   250 _____ 3    

  = 83  1 __ 3  % 

Student B

   42 ____ 35   × 100%   =   42 ____ 35   ×   100 _____ 1    

  =   6 __ 1   ×   20 ____ 1    

  =   120 _____ 1    

  = 120% 

WE1a

WE1b

WE2

WE3a

WE3b

0.17% of 39 250
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b. Calculate 70% of 20.

Student A

    70 _____ 100   × 20   =   7 __ 1   ×   2 __ 1   

  =   14 ____ 1    

  = 14 

Student B

   70 ____ 20     =   7 __ 2   ×   100 _____ 1    

  =   7 __ 1   ×   50 ____ 1    

  = 350 

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Hunter has 1 yellow, 2 green and 3 pink chocolate clinkers. What percentage of clinkers are pink?

12. Casio piano mini-keyboards have a marked price of $110 but are discounted by 20% as part of an 
end of financial year (EOFY) sale. What dollar amount is the discount?

13. A standard running track is 400 m. What percentage of the track does Boyd run, if the race is 5 km?

14. 23 minutes have elapsed in a 90-minute multiple choice exam, where each question is worth  
one mark. If Cas has completed 8 out of 40 questions, would they want to go faster or slower in  
order to finish the exam in time?

15. Sally-Anne owns a veterinary business and pays 25% company tax, down from the old tax rate  
of 27.5%. If the business had taxable income of 1.78 million dollars, how much tax is saved at the 
new tax rate, compared to the old one? Give your answer in dollars.

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. The minimum wage in Australia for employees aged 21 and over is $20.33. The following table 
shows the minimum wage of workers aged under 21. Casual workers receive 25% more pay 
compared to the minimum wage of part-time and full-time staff.

Age of employee Wage as a percentage of 
$20.33

Part-time and full-time 
wage (per hour)

Casual wage (per hour)

Under 16 36.8% $7.48 a

16 47.3% $9.62 $12.03

17 57.8% $11.75 $14.69

18 68.3% $13.89 $17.36

19 82.5% $16.77 $20.96

20 97.7% $19.86 $24.83

a. Calculate the minimum wage of a 15-year-old casual employee.
b. Express the minimum wage of a 17-year-old casual employee as a percentage of the wage of an 

18-year-old casual employee. Round your answer to 2 decimal places.
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c. Tajah-Rose is a 17-year-old casual employee. She earned $293.80 last week and wants to save 
$200 towards a hairdressing course. What percentage of pay would Tajah-Rose need to save? 
Round your answer to the nearest percentage.

d. Jordan is an 18-year-old part-time employee and estimates that he is spending 45% of his pay 
on food. If he works 25 hours a week on average, how much money is Jordan spending on food? 
Round your answer to 2 decimal places.

e. Many people wish to save for big items, such as a new phone, car or house. What is one way to 
better manage money in order to save for these items?

17. Complete the following. 

a. Calculate 40% of 120.
b. Calculate 20% of 120.
c. Compare your answers for a and b, explain how changes to the percentage might affect the answer.

Extra spicy

18. Donald’s height is 87% of Eddie’s height. Donald is 1.32 m tall. What is Eddie’s height in metres? 
Round your answer to 2 decimal places.

19. For the numbers 1 to 24 (inclusive), what percentage of whole numbers are exact multiples of 5? 
Give your answer as a mixed number.

20. A town has 7500 residents, of whom 60% voted in the latest local council elections. Of those  
who voted, 29% voted for candidate A, 38% for candidate B and 33% for candidate C. The number  
of residents who voted for the winning candidate was:

A. 1305 B. 1485 C. 1710 D. 2850 E. 4500

21. Approximately 100 cm of organic matter (peat) forms in a bog every thousand years. Roughly what 
percentage forms each day? Select the correct response.

A. 0.0003% B. 0.003% C. 0.03% D. 0.3% E. 3%

Remember this?

22. What value is the blue arrow pointing to on the number line?

−6 −5 −4 −3 −2 −1 0 1 2 3 4 5 6

What number does the arrow point to?

A. −3 B. −3    1 _ 2   C. −4 D. −4   1 _ 2   E. −4.5

23. The following table shows the times for 3 of the first 4 runners in a sprint.

Place Time (seconds)

1st 12.39

2nd 12.93

3rd ?

4th 13.01

The time of the runner in 3rd place could be:

A. 12.01 seconds B. 12.26 seconds C. 12.31 seconds D. 12.98 seconds E. 13.95 seconds

24. Two friends’ houses are 3.2 cm apart on a map. If 1 cm represents 5 km on the map, what is the 
actual distance between the two places? Select the correct response.

A. 3.2 km B. 8.2 cm C. 15.10 km D. 16 km E. 32 km
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Increasing and decreasing by  
a percentage3C

Key ideas

1. Different types of prices are created by increasing or decreasing by a given value or percentage.

The retail price is found by applying a mark-up to the cost price.

Retail price = cost price + mark-up
The retail price can be lowered by applying a discount.

Discounted price = retail price − discount
Continues →

It is very common to increase or decrease values by percentages, rather than by 
a whole number amount. There are two methods for increasing and decreasing 
by a percentage, both methods involve using multiplication and either addition 
if increasing, or subtraction if decreasing.

LEARNING INTENTIONS

Students will be able to:
 • increase and decrease a number or quantity by a given percentage

 • calculate discounts and mark-ups

 • calculate prices before and after GST is applied.

KEY TERMS AND DEFINITIONS

The cost price or wholesale price is the amount spent by businesses to 
make or buy an item for sale.

A mark-up describes the percentage or amount that the cost price is 
increased by.

The marked price, also known as the selling price, retail price,  
or recommended retail price (RRP) is the price an item is sold for 
after mark-up.

A discount describes the percentage or amount that the marked price is 
decreased by.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: Ian_Stewart/Shutterstock.com

Decreasing by a percentage is 
commonly seen in sales events, such 
as a 20% storewide sale. Inflation is 
an example of general prices rising by  
a percentage.
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Worked example 1

Increasing and decreasing by a percentage

Determine the new price of the following.

a. $120 increased by 40%

Working thinking

Method 1

40% of $120 =     40 _ 100    ×    120 _ 1    

 =    4 _ 1    ×    12 _ 1    

 = $48

Method 1

Step 1: Calculate the dollar amount of the increase.

New price = $120 + $48

 = $168

Step 2: Add the dollar amount to the original amount.

WE1a

Continues →

2. Goods and Services Tax (GST) in Australia is 10% of the cost of goods, and charged on all non-essential goods.

In Australia, it is a legal requirement that businesses display the price including GST. Consumers (people who buy 
goods and services) pay the GST to businesses as part of payment. Businesses then pass on the GST to the government.

Example of essential goods and 
services that do not attract GST

Example of non-essential goods 
and services that do attract GST

Fruit and 
vegetables

Flour Rice

Healthcare and 
basic medicine

Housing Water, gas and 
electricity (utilities)

Clothes Restaurant meals Musical instruments

Airfares Toys and games Laptops

FLOUR RICE

3. Formulas for calculating GST:

Price after GST = Price before GST × 1.1
Price before GST = Price after GST ÷ 1.1

Price 
before 

GST

Price 
after 
GST

× 1.1

÷ 1.1
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Method 2

100% + 40% = 140%

Method 2

Step 1: Calculate the percentage after the increase.

New price = 140% of $120

 =    140 _ 100    ×    120 _ 1    

 =    14 _ 1     ×    12 _ 1    

 = $168

Step 2: Calculate the dollar amount of the percentage 
after the increase.

Visual support

0% 20% 40% 80% 100% 120%60% 140%

$0 $24 $48 $96 $120 $144$72 $168

An increase of 40%

b. $60 decreased by 30%

Working thinking

Method 1

30% of $60 =     30 _ 100    ×    60 _ 1    

 =    3 _ 1    ×    6 _ 1   

 = $18

Method 1

Step 1: Calculate the dollar amount of the decrease.

New price = $60 − $18

 = $42

Step 2: Subtract the dollar amount from the  
original amount.

Method 2

100% − 30% = 70%

Method 2

Step 1: Calculate the percentage after the decrease.

New price = 70% of $60

 =     70 _ 100    ×    60 _ 1    

 =    7 _ 1    ×    6 _ 1   

 = $42

Step 2: Calculate the dollar amount of the percentage 
after the decrease.

Student practice

Determine the new price of the following.

a. $80 increased by 25% b. $50 decreased by 20%

WE1b
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Worked example 2

Calculating the new price after a discount or mark-up

Determine the new price of the following, rounding to the nearest cent where relevant.

a. A $2 yoga mat that is marked up by 150%.

Working thinking

Method 1

150% of $2 =    150 _ 100    ×    2 _ 1   

 =    3 _ 1    ×    1 _ 1   

 = $3

Method 1

Step 1: Calculate the dollar amount of the mark-up.

New price = $2 + $3

 = $5

Step 2: Add the dollar amount to the original amount.

Method 2

100% + 150% = 250%

Method 2

Step 1: Calculate the percentage after the mark-up.

New price = 250% of $2

 =    250 _ 100    ×    2 _ 1   

 =    5 _ 1    ×    1 _ 1   

 = $5

Step 2: Calculate the dollar amount of the percentage 
after the mark-up.

Visual support

0% 50% 200%100% 150% 250%

$0 $1 $2 $4 $5$3

An increase of 150%

b. A $399 mobile phone that is discounted by 10%.

Working thinking

Method 1

10% of $399 =     10 _ 100    ×    399 _ 1    

 =     1 _ 10    ×    399 _ 1    

 = $39.90

Method 1

Step 1: Calculate the dollar amount of the discount.

New price = $399 − $39.90

 = $359.10

Step 2: Subtract the dollar amount from the  
original amount.

Method 2

100% − 10% = 90%

Method 2

Step 1: Calculate the percentage after the discount.

New price = 90% of $399

 =     90 _ 100    ×    399 _ 1    

 =     9 _ 10    ×    399 _ 1    

 = $359.10

Step 2: Calculate the dollar amount of the percentage 
after the discount.

Student practice

Determine the new price of the following, rounding to the nearest cent where relevant.

a. A $5 wireless mouse is marked up by 175% b. A $7 pair of socks is discounted by 20%.

WE2a

WE2b
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Worked example 3

Calculating prices before and after GST is applied

Determine the following, rounding to the nearest cent where relevant.

a. The price after GST of a glass jar whose price excluding GST is $4.54.

Working thinking

Price after GST = Price before GST × 1.1 Step 1: Write down the formula for price after GST.

 = 4.54 × 1.1

 = 4.994

Step 2: Substitute the price before GST into the formula 
and calculate.

 ≈ $4.99 Step 3: Round to the nearest cent, which is 2  
decimal places.

Visual support

Price 
before 

GST

Price 
after 
GST

× 1.1

÷ 1.1

$4.54 $4.99

b. The price before GST of a set of headphones whose selling price is $65.

Working thinking

Price before GST = Price after GST ÷ 1.1 Step 1: Write down the formula for price before GST.

 = 65 ÷ 1.1

 = 59.0909…

Step 2: Substitute the price after GST into the formula 
and calculate.

 ≈ $59.09 Step 3: Round to 2 decimal places where necessary.

Student practice

Determine the following, rounding to the nearest cent where relevant.

a. The price after GST of a video game whose price excluding GST is $63.64.

b. The price before GST of nail polish whose selling price is $10.

WE3a

WE3b
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Understanding worksheet

1. Fill in the blanks.

Example

Cost price = $21

Mark-up = $27

Retail price = $ 48

a. Cost price = $12

Mark-up = $33

Retail price = $ 

b. Cost price = $7 per kg

Mark-up = $2 per kg

Retail price = $  per kg

c. Cost price = $15

Mark-up = $ 

Retail price = $50

d. Cost price = $ 

Mark-up = $22

Retail price = $34

2. Fill in the blanks.

Example

Retail price = $4

Discount = $1.50

Discounted price = $ 2.50

MILK

a. Retail price = $50

Discount = $10

Discounted price = $ 

b. Retail price = $20

Discount = $4

Discounted price = $ 

c. Retail price = $15

Discount = $ 

Discounted price = $12.50

d. Retail price = $ 

Discount = $75

Discounted price = $225

3C Questions
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3. Fill in the blanks by using the words provided.

discount GST mark-up cost price

When selling a product, '20% off' is an example of a  . The amount added to the 

 is called the  , and together, these form the selling price.  

For non-essential goods and services, the government imposes a spending tax, called  .

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9 (a,b,c,d), 10

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9 (c,d,e,f), 10

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9 (e,f,g,h), 10

4. Determine the new price of the following, rounding to the nearest cent where relevant.

a. $100 is increased by 20% b. $20 is increased by 50%
c. $75 is increased by 10% d. $50 is increased by 100%
e. $380 is increased by 25% f. $1.30 is increased by 1%
g. $7.20 is increased by 4% h. $432 is increased by 260%

5. Determine the new price of the following, rounding to the nearest cent where relevant.

a. $40 is decreased by 10% b. $60 is decreased by 25%
c. $80 is decreased by 40% d. $110 is decreased by 100%
e. $240 is decreased by 30% f. $4.80 is decreased by 60%
g. $2.45 is decreased by 5% h. $3003 is decreased by 99%

6. Determine the new price of the following, rounding to the nearest cent where relevant.

a. A $2 stapler is marked up by 50% b. Broccoli sold at $5 per kg is marked up by 20%
c. A $12 backpack is marked up by 150% d. A $2.50 lunchbox is marked up by 160%
e. A $1.70 can of cat food is marked up by 40% f. A $20.56 scientific calculator is marked up by 60%
g. A $2.07 cup of hot chocolate is marked up by 232% h. A $0.78 box of tissues is marked up by 321%

7. Determine the new price of the following, rounding to the nearest cent where relevant.

a. A $10 pack of highlighters is discounted by 20%.
b. A $20 pair of headphones is discounted by 10%.
c. A $80 space heater is discounted by 25%.
d. An avocado priced at $2 that is discounted by 5%.
e. A $25 bag of cat litter is discounted by 32%.
f. A giant soft toy priced at $50 that is discounted by 7%.
g. A glitter pen pack priced at $5.99 that is discounted by 15%.
h. A $39.99 pair of jeans on clearance with a discount of 55%.

WE1a

WE1b

WE2a

WE2b
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8. Determine the price after GST for the following, rounding to the nearest cent where relevant.

a. A plastic ruler whose price excluding GST is $1.
b. A dog toy whose price excluding GST is $6.82.
c. A USB cable whose price excluding GST is $8.18.
d. A lasagna whose price excluding GST is $9.05.
e. A pair of sunglasses whose price without GST is $19.09.
f. A lawn mowing service whose price excluding GST is $54.55.
g. A relaxation massage whose price excluding GST is $81.82.
h. A vacuum cleaner whose price excluding GST is $272.72.

9. Determine the price before GST for the following, rounding to the nearest cent where relevant.

a. A game of Uno whose selling price is $8.
b. A t-shirt whose selling price is $15.
c. A haircut where the customer pays $30.
d. A box of green tea whose RRP is $3.50.
e. A Spotify subscription whose selling price is $11.99 per month.
f. A Billie Eilish concert ticket priced at $139.90.
g. A smart watch whose retail price is $249.95.
h. A 55 inch television whose RRP is $1199.99.

10. Calculate the price before GST of a $35 newspaper subscription.

A. $3.18 B. $3.50 C. $31.82 D. $31.50 E. $38.50

Spot the mistake

11. Select whether Student A or Student B is incorrect. 

a. Calculate the new price when $50 is increased by 12%.

Student A

New price = 12% of $50

 =     12 _ 100    ×    50 _ 1    

 =    6 _ 1    ×    1 _ 1   

 = $6

Student B

12% of $50 =     12 _ 100    ×    50 _ 1    

 =    6 _ 1    ×    1 _ 1   

 = $6
New price = $50 + $6
 = $56

b. Calculate the discounted price when a $15 drink bottle is discounted by 20%.

Student A

100% − 20% = 80%
New price = 80% of $115

 =     80 _ 100    ×    15 _ 1    

 =    4 _ 1    ×    3 _ 1   

 = $12

Student B

New price = $15 − $0.20
 = $14.80

WE3a

WE3b
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Problem solving
Question working paths

Mild 12, 13, 14 Medium 13, 14, 15 Spicy 14, 15, 16 

12. Lorelai buys a monkey lamp online that is usually $30. If there is a 10% storewide sale and  
free delivery, how much does she pay for the lamp?

13. Luke owns a cafe and sells sprinkled and glazed donuts at a 100% mark-up. If the retail price per 
donut is $4, what is the cost price?

14. Rory wants to earn $50 per hour for writing magazine articles. Including GST, how much would 
clients need to pay per hour?

15. Ceol buys gravy cheese chips at a chip shop in St Kilda for $12. What is the price before GST?

16. Dashy sells personalised mugs online. The wholesale price of each mug is $5. If she puts a mark-up 
of 120% and then GST of 10% onto the marked-up price, what is the price that customers are paying 
for the mug?

Reasoning
Question working paths

Mild 17 (a,b,c,e) Medium 17 (a,b,c,e), 18 (a,b) Spicy all 

17. Beatrix owns a small cake shop on the Gold Coast.

a. At the shop, Beatrix sells packs of candles at $5 a pack. She decides to discount the price by 20%. 
What is the discounted price of a pack of candles?

b. A blackforest cake costs approximately $12 in ingredients and takes roughly 2 hours to make. 
Beatrix marks up the cost by 450% to cover her rent, electricity, wages and other bills.  
How much does Beatrix sell each blackforest cake for?

c. If a piece of vanilla slice costs $5.91 before GST, what is the price after GST? Give your answer to 
the nearest cent.

d. Cakes attract GST because they are considered a non-essential product. What is the price before 
GST of a $50 cake? Give your answer to the nearest cent.

e. Why might a business sell a product if it results in a loss?

18. Start with the number 199.

a. Decrease the value by 20%.
b. Increase the lower value by 20%.
c. Compare your answer for b with the original number. Comment on why the values might be the 

same or different.

Extra spicy

19. Boris’ wage increases by 2.4% to $86 243. How much did Boris earn before his wage increase? 
Round your answer to the nearest dollar.

20. Rawnak collects 3 coupons to use on eBay. The coupons are for 20% off, 10% and 5%. Due to a  
system issue, Rawnak manages to use all 3 coupons in a single purchase when she manually enters  
one at a time, which results in the second and third coupons providing further discounts on the already  
discounted price. What is the best percentage discount that Rawnak can receive on her order, 
assuming she can use them in any order?
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21. If each side length of a square is increased by 50%, what percentage does the area of the square 
increase by? Select the correct response.

A. 50 B. 100 C. 125 D. 150 E. 225

22. Yan buys wireless headphones just before receiving a set for Christmas. At first, she decides to sell 
her headphones for 20% less than the price she paid. However, Yan eventually decides to increase 
the price by 10% of the lower price. What is the net percentage change? Select the correct response.

A. 10% increase B. 10% decrease C. 12% increase D. 12% decrease E. 30% decrease

Remember this?

23. In Victoria, women were first granted the right to vote in 1908.  
By 2024, women in Victoria will have been able to vote for:

A. 76 years B. 98 years C. 104 years D. 116 years E. 124 years

24. A standard bathtub has a capacity of 0.18 kilolitres. How many litres of water does the bathtub hold 
when it is filled to capacity?

A. 18 B. 108 C. 180 D. 1800 E. 18 000

25. Lena spins the arrows on the following circular boards. She adds up the numbers where the arrows 
stop and gets a total of 6.

2 3

4 7 5

2 3

4

Lena spins both arrows again. How many different ways can she get a total of 7?

A. 2 B. 3 C. 4 D. 5 E. 6
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Percentage change3D

Key ideas

1. Percentage change calculates the increase or decrease in value, as a portion of the original value.

Percentage change =  
change

original value
× 100%

2. Profit and loss describe whether a business makes money.

Profit Revenue is greater than costs.

Loss Revenue is less than costs.

Break-even Revenue is equal to costs.

Percentage profit =  
profit
cost

× 100%

Percentage loss =  
loss
cost

× 100%

3. Percentage error describes the difference between a predicted and the actual value, relative to the actual value. 
If the predicted value is the same as the actual value, percentage error = 0.

Percentage error =  
di�erence

actual
× 100%

Percentage change captures the amount that a value has increased or decreased by,  
compared to the original value. Different versions of the same formula are used 
for percentage change, percentage profit, percentage loss and percentage error.

LEARNING INTENTIONS

Students will be able to:
 • calculate the percentage change when values are increased 

or decreased

 • calculate percentage error

 • calculate profit and loss.

KEY TERMS AND DEFINITIONS

Revenue is the income that a business receives from selling goods 
and services.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: photocritical/Shutterstock.com

Percentage change calculations are 
often used in business. Whether a 
plumber, cafe owner or a large store like 
Woolworths, percentage profit and loss 
calculations are carried out to make 
sure that there is enough money for 
owners to pay for business expenses, 
and their own living expenses.
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Worked example 1

Calculating percentage increase and decrease

Calculate the percentage increase or decrease for the following.

a. 20 becomes 45

Working thinking

Increase  = 45 − 20 

  = 25    

Step 1: Write down if it is an increase or decrease and 
calculate the difference.

Percentage change  =   25 ____ 20   × 100% 

  = 125%  increase

Step 2: Substitute values into the percentage change 
formula and evaluate.

Visual support

Percentage change =  
change

original value
× 100%

45 − 20 = 25 

20 

b. The population changes from 6.89 million to 6.78 million, rounded to one decimal place.

Working thinking

Decrease  = 6.89 − 6.78 

  = 0.11    

Step 1: Write down if it is an increase or decrease and 
calculate the difference.

Percentage change  =   0.11 ______ 6.89   × 100% 

  = 1.597% 

Step 2: Substitute values into the percentage change 
formula and evaluate.

  ≈ 1.6%  decrease Step 3: Round the answer as specified.

Student practice

Calculate the percentage increase or decrease for the following, rounded to one decimal place where necessary.

a. 30 becomes 36

b. The population changes from 1540 to 1370.

WE1a

WE1b
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Worked example 2

Calculating percentage profit and lo s

Determine whether the following describe a profit or loss and calculate the percentage. Round your answer to the nearest 
percentage where necessary.

a. Cost price = $12.50, retail price = $18

Working thinking

Profit  = 18 − 12.50 

  = $5.50    

Step 1: Write down if it is a profit or loss and calculate 
the difference.

Percentage profit  =    5.50 _______ 12.50   × 100% 

  = 44% 

Step 2: Substitute values into the percentage profit 
formula and evaluate.

A 44% profit was made. Step 3: Write the answer in words.

Visual support

Percentage profit =  
profit
cost

× 100%

18 − 12.5 = $5.50 

$12.50 

b. Michelle buys a theatre ticket for $120, but falls sick. She sells it for $75.

Working thinking

Loss  = 120 − 75 

  = $45    

Step 1: Write down if it is a profit or loss and calculate 
the difference.

Percentage loss  =    45 _____ 120   × 100% 

  = 37.5% 

Step 2: Substitute values into the percentage loss 
formula and evaluate.

  ≈ 38% Step 3: Round the answer as specified.

Michelle made a 38% loss. Step 4: Write the answer in words.

Student practice

Determine whether the following describe a profit or loss and calculate the percentage. Round your answer to the 
nearest percentage where necessary.

a. Cost price = $4, retail price = $7

b. John buys a clock for $25 and later sells it for $10.

WE2a

WE2b

ChaPter 3: PerCentages and finanCial mathematiCs 	144

3D

 



Worked example 3

Calculating percentage error

Calculate the percentage error of the following, to two decimal places.

a. 4.2 mm of rainfall is predicted, while actual rainfall is 4.5 mm.

Working thinking

Error  = 4.5 − 4.2 

  = 0.3    

Step 1: Calculate the error by taking the difference 
between predicted and actual values.

Percentage error  =   0.3 ____ 4.5   × 100% 

  = 6.  ̄  6 % 

Step 2: Substitute values into the percentage error 
formula and evaluate.

  ≈ 6.67% Step 3: Round the answer as specified.

Visual support

Percentage error =  
di�erence

actual
× 100%

4.5 − 4.2 = 0.3 

4.5 

b. Dante measures the length of a table as 80 cm but the actual length is 82 cm.

Working thinking

Error  = 82 − 80 

  = 2    

Step 1: Calculate the error by taking the difference 
between assumed and actual values.

Percentage error  =    2 ____ 82   × 100% 

  = 2.  ̄  43902 % 

Step 2: Substitute values into the percentage error 
formula and evaluate.

  ≈ 2.44% Step 3: Round the answer as specified.

Student practice

Calculate the percentage error of the following, to one decimal place.

a. Jayde predicts the temperature is 10°C when the actual temperature is 12°C.

b. Rhys weighs his dog and reads 7.80 kg on the scales but the actual reading is 7.00 kg.

WE3a

WE3b
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3D Questions

Understanding worksheet

1. Circle the correct response.

Example

Cost/wholesale price = $1.50

Retail price = $1

This results in a 

profit loss break-even

COLOUR

a. Wholesale price = $12
Retail price = $39
This results in a 
profit loss break-even

CLASSIC
b. Cost price = $19

Retail price = $15
This results in a 
profit loss break-even

c. Wholesale price = $12.63
Retail price = $14.95
This results in a 
profit loss break-even

d. Cost price = $1.75
Retail price = $1.75
This results in a 
profit loss break-even

MAYO

2. Fill in the blanks to calculate the percentage change for the following.

Example

This is a     200 ________________  

   

    × 100% decrease.
600

600 mL 400 mL

a.

This is a     100 ________________  

   

    × 100% increase.

500 mL 600 mL

b.

This is a     500 ________________  

   

    × 100% decrease.

800 mL 300 mL

c.

This is a     200 ________________  

   

    × 100% increase.

250 mL 450 mL

d.

This is a     800 ________________  

   

    × 100% decrease.

900 mL 100 mL
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3. Fill in the blanks by using the words provided.

break-even profi loss retail price

A  occurs when the cost price is lower than the  , allowing the 

business to make money.  is when the cost price is equal to the retail price, whereas a 

 is when the cost price is higher than the retail price.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9

4. Calculate the percentage change for the following.

a. 10 becomes 15 b. 24 becomes 30 c. 35 becomes 28 d. 20 becomes 100
e. 48 becomes 72 f. 80 becomes 76 g. 60 becomes 135 h. 110 becomes 44

5. Calculate the percentage population increase or decrease for the following, rounded to one decimal place  
where necessary.

a. The population changes from 200 to 250.
b. The population changes from 1100 to 1000.
c. The population changes from 2350 to 2200.
d. The population changes from 10 500 to 15 000.
e. The population changes from 523 800 to 522 700.
f. The population changes from 4.99 million to 5.05 million.
g. The population changes from 3.08 million to 3.06 million.
h. The population changes from 123.6 million to 123.9 million.

6. Determine whether the following describe a profit or loss and calculate the percentage.

a. Cost price = $5, retail price = $6 b. Cost price = $10, retail price = $11
c. Cost price = $2, retail price = $1 d. Cost price = $1.20, retail price = $0.90
e. Cost price = $2.50, retail price = $2.75 f. Cost price = $2.20, retail price = $2.09
g. Cost price = $1.80, retail price = $4.95 h. Cost price = $9.20, retail price = $7.82

7. Determine whether the following describe a profit or loss and calculate the percentage.  
Round your answer to the nearest percentage where necessary.

a. Yas buys highlighter packs for $3 and sells them for $5.
b. Hussein sells drawings for $6 each where materials cost him $3 per drawing.
c. Suzi spends $10 on a lamp that she later sells for $8.
d. Liv buys a Science textbook for $60 and sells it for $35.
e. It costs Richmond $100 to buy paint and he charges $400 to complete a paint job.
f. Shivantha buys a printer for $120 and later sells it for $75.
g. Jac spends $450 on a smart TV that they sell for $300 a few years later.
h. Omid buys a car for $27 000 and sells it for $15 000 after three years.

WE1a

WE1b

WE2a

WE2b
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8. Calculate the percentage error for the following, to two decimal places.

a. Paige predicts that their AFL team will win 15 games and there are 17 actual wins.
b. Yifei estimates that she will give birth after 40 weeks, but her baby is born after 38 weeks.
c. Jared guesses that there are 60 skittles in his bag, but counted 52 when he opened it.
d. June believes the Eureka Tower has 89 floors but it actually has 91 floors.
e. Starr estimates that he will get 95 questions correct, but he gets 99 questions correct.
f. Noah won a jelly bean guessing competition, guessing 205 when the answer was 202.
g. Leif measures his height as 1.60 m but his actual height is 1.62 m.
h. Nandini expects 0.5 mm of rain but the actual rainfall is 10.2 mm.

9. Which of the following is the correct formula for calculating percentage loss?

A. Percentage loss =    
profit

 _______ cost    × 100% 

B. Percentage loss =     loss _____________ retail price   × 100% 

C. Percentage loss =     loss _______ profit   × 100% 

D. Percentage loss =    loss _____ cost   × 100% 

E. Percentage loss =    loss _____ cost   

Spot the mistake

10. Select whether Student A or Student B is incorrect. 

a. Calculate the percentage increase or decrease when 
30 becomes 24.

Student A

Increase  = 30 − 24 
  = 6 
Percentage change 
 =    6 ____ 30   × 100% 

 = 20%  increase

Student B

Decrease  = 30 − 24 
  = 6 
Percentage change  
=    6 ____ 30   × 100% 

 = 20%  decrease

b. Calculate the percentage error where the expected 
result is 6 and the actual result is 5.

Student A

Error  = 6 − 5 
  = 1 
Percentage error  
=   1 __ 5   × 100% 

 = 20% 

Student B

Error  = 6 − 5 
  = 1 
Percentage error  
=   1 __ 6   × 100% 

 = 16   2 __ 3   % 

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. The height of a tree is measured each year. If it measured 2.5 m in 2022 and 3 m in 2023, by what 
percentage did the tree’s height increase?

12. Raoul owns a furniture store and sells a particular type of rug for $150. If the cost price is $60,  
what is Raoul’s percentage profit?

13. At the local supermarket, pastries that are close to their use by date are heavily reduced. If the cost 
price of a croissant is $1.83 and the discounted price is $0.95, what is the percentage loss? Round your 
answer to the nearest percentage.

WE3
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14. Alanna thinks that she will get    39 ____ 50    on her Physical Education test, but her actual mark is    43 ____ 50   .  

What was the percentage error in Alanna’s prediction? Give your answer to one decimal place.

15. The maximum temperature in Melbourne on a winter day was 13°C, but decreased by  
115% overnight. What was the overnight temperature, rounded to the nearest degree Celsius?

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. The population in Australia over time is shown in the following table.

Year Population

1970 12 595 034

1980 14 706 322

1990 17 048 003

2000 19 017 963

2010 22 019 168

2020 25 670 051

a. Round the population figures for 2010 and 2020 to the nearest million.
b. Using your answers from part a, what was the percentage increase in population between 2010 

and 2020? Give your answer to one decimal place.
c. By what percentage did the population increase or decrease between 1970 and 2020?  

Round your answer to the nearest percentage.
d. Bingley believed that the population was at 26 million in 2020. Calculate the percentage error in 

Bingley’s prediction, rounded to two decimal places.
e. Explain whether there might be more harm in human overpopulation or underpopulation for  

future generations.

17. Consider the numbers 3 and 4.

a. Calculate the percentage increase when 3 becomes 4.
b. Calculate the percentage decrease when 4 becomes 3.
c. Compare your answers for parts a and b. Explain why the order might or might not matter,  

in terms of which number is first and which number is second when calculating 
percentage change.

Extra spicy

18. When    13 ____ 7     is written as a recurring decimal complete with the recurrence symbol, what percentage of 

digits are less than 5? Round your answer to the nearest percentage.

19. A clock is set correctly at 9 am. At 7 am the next day, the clock reads 5:54 am. What percentage of 
time has been lost?

20. In a square, the lengths of two sides are reduced by 10% whilst the lengths of the other two sides 
are increased by 10%, creating a rectangle. Compared to the area of the square, the area of the 
rectangle is:

A. The same B. 1% greater C. 1% less D. 5% greater E. 5% less
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21. Profit of $800 is divided between Ben, Duncan and Jeremy. Ben receives $120 and Duncan receives 
two and a half times as much as Ben. Each person receives a set percentage of the total profit.  
If Jeremy wishes to receive exactly $570, what percentage would total profit need to increase or 
decrease by?

A. 16.25% decrease
B. 50% increase
C. 71.25% increase
D. 100% increase
E. 190% increase

Remember this?

22. Determine which of the following options is equivalent to the below calculation.

2.305 × 100

A. 0.2305 B. 2.305 C. 23.05 D. 230.5 E. 2305

23. The following jug is partially filled with orange juice.

If Greg adds an extra 300 mL of orange juice to the jug, how many millilitres (mL)  
of orange juice will then be in the jug?

A. 1.2 L
B. 300 mL
C. 1050 mL
D. 1100 mL
E. 1200 mL

24. Julie uses the following currency conversion graphs.

50 100 1500

100

75

50

25U
S 

do
lla

rs
 (U

SD
)

Australian dollars (AUD)

Australian dollars to US dollars

50 100 1500

1 500 000

1 000 000

500 000

In
do

ne
si

an
 ru

pi
ah

s 
(I

D
R)

Australian dollars (AUD)

Australian dollars to Indonesian rupiahs

Approximately how many Indonesian rupiahs are equal in value to 100 US dollars?  
Select the best response.

A. 100 Indonesian rupiahs
B. 6667 Indonesian rupiahs
C. 15 000 Indonesian rupiahs
D. 1 000 000 Indonesian rupiahs
E. 1 500 000 Indonesian rupiahs

2L

1L
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The unitary method3E

Key ideas

1. In the context of best buys, the unitary method calculates the price when the quantity is one unit. This is called 
the unit price. This allows prices to be compared when the quantities are different. The unit price may refer to 
the price per 100 grams, per 100 mL or for a single item.

Shampoo

Shampoo

125 mL for

$2! 500 mL for

$5!

125 mL of shampoo costs $2
÷1.25÷1.25

100 mL of shampoo costs $1.60

500 mL of shampoo costs $5
÷5÷5

100 mL of shampoo costs $1

or

2. Percentage mark-ups and percentage discounts are treated the same way as percentage increases and decreases.

For mark-ups:

Percentage of cost price = 100% + percentage of mark-up
For discounts:

Percentage of retail price = 100% − percentage of discount

The unitary method is based off calculating the value when the quantity is one, 
and using that to either calculate original values, whole amounts or a particular 
percentage. It is also useful for determining what purchases are better value 
when decisions are based purely on price and quantity.

LEARNING INTENTIONS

Students will be able to:
 • calculate best buys using the unitary method

 • apply the unitary method with percentages

 • determine original values after a percentage increase or decrease has 
been applied.

KEY TERMS AND DEFINITIONS

Best buy refers to comparing the price of two or more goods for the 
same quantity.

The unitary method is a process of calculation where the first step is to 
determine the value of one unit.

The unit price refers to the price for when the quantity is one.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

$2.75

$3.90

750 mL 1.5 L

Which is 

better value?

When looking at prices alone, it can be  
difficult to compare different quantities  
of the same product. Using the unitary 
method, it is possible to see what the 
cost would be if the quantity was the 
same. This is a possible strategy for 
saving money.
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Worked example 1 

Determining the best buy

Determine the best buy out of the following.

a. Two mangoes for $3 or three mangoes for $5.

Working Thinking

Two mangos cost $3

One mango costs  $3 ÷ 2 = $1.50 

Step 1: Calculate the cost for one unit.

or

Three mangos cost $5

One mango costs  $5 ÷ 3 = $1.67 

Step 2: Compare and determine which option is less 
expensive per unit.

Two mangos for $3 is the best buy. Step 3: State which item is the best buy.

Visual support

2 mangos for $3 is the best buy

2 mangos cost $3
÷2÷2

1 mango costs $1.50

3 mangos cost $5
÷3÷3

1 mango costs $1.67

or
2 for $3

3 for $5

b. 500 mL bottle of body wash for $6.50 or 1 L bottle of body wash for $10.

Working Thinking

One unit = 100 mL Step 1: Determine the quantity of one unit.

500 mL costs $6.50
÷5÷5

÷10÷10

100 mL costs $1.30

1 L costs $10

100 mL costs $1

Step 2: Calculate the cost for one unit.

The 1 L bottle is the best buy. Step 3: Compare and determine which option is less 
expensive per unit. State which item is the  
best buy.

Student practice

Determine the best buy out of the following.

a. Two jam donuts for $3 or five for $10.

b. 300 g of coconut sugar for $6.90 or 500 g for $17.

WE1a

WE1b
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Worked example 2

Calculating the new percentage using the unitary method

For the following:

a. Calculate 100% of the cost if 30% is $6.

Working Thinking

30% costs $6
÷30 ÷30

×100 ×100
1% costs $0.20

100% costs $20

Step 1: Calculate 1% of the price using division.

Step 2: Calculate 100% of the price by multiplying  
by 100.

100% of the cost is $20. Step 3: Write the answer in a sentence.

b. If 20% of the price is $3, what is the cost of 50%?

Working Thinking

20% costs $3
÷20 ÷20

×50 ×50
1% costs $0.15

50% costs $7.50

Step 1: Calculate 1% of the price using division.

Step 2: Calculate 50% of the price by multiplying by 50.

The cost of 50% is $7.50. Step 3: Write the answer in a sentence.

Student practice

For the following:

a. Calculate 100% of the cost if 20% is $3.

b. If 10% of the price is $2, what is the cost of 40%?

WE2a

WE2b

Worked example 3 

Determining the original value after a percentage change has been applied

Calculate the following.

a. Original value if final value = 5, percentage decrease = 20%

Working Thinking

Final value percentage = 100% − 20%

 = 80%

Step 1: Express the final value as a percentage given 
the decrease.

80% of original value = 5
÷80 ÷80

×100 ×100
1% of original value = 0.0625

100% of original value = 6.25

Step 2: Calculate 1% of the value using division.

Step 3: Calculate 100% of the value by multiplying  
by 100.

The original value is 6.25. Step 4: Write the answer in a sentence. Continues →

WE3a
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Understanding worksheet

1. Circle the best buy.

Example

The best buy is:

300g for $2.00
Price per 100g = $0.67

555g for $3.20

Price per 100g = $0.58

HANS

BEANS

HANS

BEANS

a. The best buy is:

$1.68 each

SOAP

SOAPSOAP

SOAP

6 for $8.80
$1.47 each

SOAP

SOAP
SOAP

SOAP

SOAP SOAP

4 for $6.70

b. The best buy is:

120 g for $4
$3.33 per 100 g

Air F
reshener

174 g $6.50 
$3.47 per 100 g

Air F
reshener

c. The best buy is:

200 g for $2.75
$1.38 per 100 g

1 kg for $14.50
$1.45 per 100 g

SPORTO
SPORTO

d. The best buy is:

450 g for $6
$1.33 per 100 g

Fancy
feets!

1.4 kg for $17.50
$1.25 per 100 g

Fancy
feets!

3E Questions

b. The cost price of a picture frame if the retail price is $9 and it is marked up by 80%.

Working Thinking

Percentage after mark-up = 100% + 80%

 = 180%

Step 1: Express the final value as a percentage after  
the mark-up.

180% costs $9
÷180 ÷180

×100 ×100
1% costs $0.05

100% costs $5

Step 2: Calculate 1% of the value using division.

Step 3: Calculate 100% of the value by multiplying  
by 100.

The cost price is $5. Step 4: Write the answer in a sentence.

Student practice

Calculate the following.

a. Original value if final value = 3, percentage decrease = 40%

b. The cost price of a folder if the retail price is $3 and it is marked up by 50%.

WE3b
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2. Fill in the blanks.

Example

A mobile phone that has been marked up by 60%. The retail price is  % of the  
cost price.

160

a.

Once upon a 

tim
e...

by G.E Locks

A book that has been marked up by 20%

The retail price is  % of the cost price.

b.

Washed white
 

potatoes

2kg

A bag of potatoes that has been marked up by 30%.

The retail price is  % of the cost price.

c.

A yoga mat is discounted by 40%.

The discounted price is  % of the original price.

d.

A hairdresser that has a 10% discount on all services.

The discounted price is  % of the  

original price.

3. Fill in the blanks by using the words provided.

best buy unitary method unit price one

The  is used for a variety of calculations and the method involves finding the  

 , or the value when the quantity is  . The   

describes the item that is better value when comparing identical quantities of the same item.

Fluency
Question working paths

Mild 
4 (a,b), 5 (a,b), 6 (a,b,c,d), 7 (a,b,c,d),  
8 (a,b,c,d), 9 (a,b,c,d), 10

Medium 
4 (b,c), 5 (b,c), 6 (c,d,e,f), 7 (c,d,e,f),  
8 (c,d,e,f), 9 (c,d,e,f), 10

Spicy 
4 (c,d), 5 (c,d), 6 (e,f,g,h), 7 (e,f,g,h),  
8 (e,f,g,h), 9 (e,f,g,h), 10

4. Determine the best buy out of the following.

a. One pack of Shapes biscuits for $2.75 or two packs for $5.
b. Two avocados for $5 or three avocados for $7.
c. A four-pack of highlighters for $7.98 or a six-pack for $9.99.
d. A 20-pack of toilet paper for $11 or a 24-pack for $13.60.

WE1a
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5. Determine the best buy out of the following.

a. A 500 g bag of frozen peas for $2.30 or a 1 kg bag for $4.70.
b. A 1.25 L bottle of spring water for $1.65 or a 1.5 L bottle for $2.
c. A 140 g tube of toothpaste for $1.02 or a 180 g tube for $3.50.
d. A 330 mL bottle of kombucha for $3.20 or a 700 mL bottle for $7.

6. Calculate 100% of the cost given the information provided.

a. 50% of the cost is $2 b. 20% of the cost is $5
c. 25% of the cost is $8 d. 200% of the cost is $30
e. 40% of the cost is $24 f. 75% of the cost is $81
g. 92% of the cost is $67.16 h. 135% of the cost is $166.05

7. Calculate the price for the percentage specified.

a. If 50% of the price is $4, what is the cost of 25%? b. If 10% of the price is $3, what is the cost of 30%?
c. If 20% of the price is $5, what is the cost of 75%? d. If 40% of the price is $6, what is the cost of 60%?
e. If 25% of the price is $8, what is the cost of 80%? f. If 30% of the price is $12, what is the cost of 55%?
g. If 15% of the price is $2.55, what is the cost of 40%? h. If 110% of the price is $9.90, what is the cost of 35%?

8. Calculate the original value of the following.

a. Final value = 3, percentage decrease = 50% b. Final value = 4, percentage decrease = 20%
c. Final value = 5, percentage increase = 25% d. Final value = 11, percentage increase = 10%
e. Final value = 14, percentage decrease = 30% f. Final value = 24, percentage increase = 60%
g. Final value = 32, percentage decrease = 80% h. Final value = 51, percentage increase = 2%

9. Calculate the specified price, rounding to the nearest cent where relevant.

a. The retail price of a pack of batteries which is discounted by 50%, if the discounted price is $9.
b. The retail price of a herbal tea pack which is discounted by 20%, if the discounted price is $2.40.
c. The cost price of a shampoo bottle which is marked up by 40%, if the retail price is $5.
d. The cost price of a 7.5 kg bag of dog food which is marked up by 30%, if the retail price is $19.23.
e. The retail price of a pair of jeans which is discounted by 20%, if the discounted price is $31.96.
f. The cost price of a roll of masking tape which is marked up by 60%, if the retail price is $2.80.
g. The retail price of an oil paint set which is discounted by 20%, if the discounted price is $71.17.
h. The cost price of a large woollen quilt which is marked up by 55%, if the retail price is $129.95.

10. If 15% of the cost is $3, what is the full cost?

A. $0.45 B. $2.55 C. $3.15 D. $6.67 E. $20

WE1b

WE2a

WE2b

WE3a

WE3b

ChapTEr 3: pErCEnTagEs and finanCial maThEmaTiCs  	156

3E

 



Spot the mistake

11. Select whether Student A or Student B is incorrect.

a. Calculate the best buy if a 220 mL bottle of tomato sauce costs $1.70 and a 1 L bottle costs $6.

Student A

220 mL costs $1.70
100 mL costs $1.70 ÷ 2.20 = $0.77
or
1 L costs $6.00
100 mL costs $6.00 ÷ 100 = $0.60
The 1 L bottle is the best buy.

Student B

220 mL costs $1.70
or
1 L costs $6.00
$1.70 is cheaper than $6.00.
The 220 mL bottle is the best buy.

b. Dog treats are discounted by 20% and the discounted price is $5.20. Calculate the retail price.

Student A

Final value percentage = 20%
20% costs $5.20
1% = $5.20 ÷ 20
 = $0.26
100% = $0.26 × 100
 = $26
The retail price is $26.

Student B

Final value percentage = 100% − 20%
 = 80%
80% costs $5.20
1% = $5.20 ÷ 80
 = $0.065
100% = $0.065 × 100
 = $6.50
The retail price is $6.50.

Problem solving
Question working paths

Mild 12, 13, 14 Medium 13, 14, 15 Spicy 14, 15, 16 

12. Prasad is looking to buy chew toys for his guinea pigs. He can buy a twin pack for $4 or a four-pack 
for $7. Which is less expensive per chew toy?

13. Emile creates handmade face cream at home and sells it online. If the mark-up is 150% and the retail 
price is $30, what is Emile’s cost price?

14. Brian drinks 40% of the water from his drink bottle and there is 300 mL left. How much water was 
in the drink bottle to begin with?

15. Dexter buys ingredients to bake cookies for friends. He is choosing between a 200 g bag of chocolate 
chips for $3 and a 375 g bag for $5.50. Which option is the best buy?

16. Diep buys a portable speaker during a 10% storewide sale. She then decides to buy one for her sister 
the following year for $103.95, even though the sale has ended and the retail price has increased by 5%. 
What price did Diep pay for her own speaker?
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Reasoning
Question working paths

Mild 17 (a,b,d) Medium 17 (a,b,d), 18 (a,b) Spicy all 

17. Reina is buying new school shoes for her twin sons and has the following options.

Spendlittle Shoes: $59 each
Larks Shoes: three pairs for $100
Billy’s Shoes: $80 for the first pair and half-price on the second pair

a. If choosing between Spendlittle and Larks, which is the best buy?
b. If choosing between all three shoe shops, which is the best buy?
c. Splendlittle Shoes have a 40% mark-up on their shoes. What is their cost price?
d. Apart from price per unit, what other factors might be important when deciding which shoes to buy?

18. For the following:

a. solve for  𝑥, if  1.25𝑥 = 4.8
b. solve for  𝑥, if  𝑥 + 0.25𝑥 = 4.8
c. Compare your solutions for parts a and b. Why might someone prefer one method over the other?

Extra spicy

19. Ms Withers buys stationery as prizes for her students and needs to decide which prize is the least 
expensive per unit. Out of the following options, which is the best buy:

A. One plastic ruler for $0.50 B. Two-pack of correction tape for $1
C. Six-pack retractable gel pens for $2.25 D. Six-pack of highlighters for $3
E. Ten-pack gel ink pens for $4.50

20. Rupi is a textbook writer and it takes her longer to write her first lesson than subsequent lessons.  
It takes 49.1 hours to complete the second lesson, which is 18% less time than was needed for the  
first lesson. How long did Rupi take to write her first lesson? Round your answer to one decimal place.

21. During a sale, Hawra buys a pair of earrings at a 20% discount, but noted that the original price had 
been raised by 5% from when she first saw them. If the final price was $2.31, what was the original 
price of the earrings?

22. Felix buys a box of 50 chocolate frogs for $30 to fundraise money for his school musical. If he expects 
to sell 40 chocolate frogs and needs to make a profit of $20, what percentage mark-up should Felix use?

A.  8  1 __ 3  % B. 20% C. 50% D.  66  2 __ 3  % E.  108  1 __ 3  % 

Remember this?

23. Rune has $5.35 in coins. What is the least number of coins he can have?

A. 3 coins B. 4 coins C. 6 coins D. 8 coins E. 107 coins

24. Last week 1748 people attended a local footy match. The number of people attending this week is    3 __ 4    
of last week’s figure. How many people attended this week’s match?

A. 437 B. 1311 C. 1714 D. 2185 E. 2331

25. Duyen collects Pokemon cards and decides to sell some of the duplicates at the following prices:

$1, $1, $2, $2, $5, $5, $7, $7, $10, $50. What is the median price?

A. $1 B. $5 C. $6 D. $9 E. $49
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Chapter 3 extended application
1. Reina is deciding on a new mobile phone plan and chooses between the following.

Plan 1: $49 per month with 30 gigabytes (GB) of data and unlimited calls.
Plan 2: $58 per month with 40 GB of data and unlimited calls.
Plan 3: $68 per month with 180 GB of data and unlimited calls.

a. Express the monthly cost of Plan 1 as a fraction of Plan 2.
b. Rewrite your answer from part a as a percentage and a decimal, rounded to two 

decimal places.
c. The phone company for Plan 1 offers a 15% discount for a limited time. Calculate the 

discounted monthly price of Plan 1.
d. If choosing based on price per gigabyte of data, which plan is the best buy?
e. Price and data allowance are factors to consider when choosing a mobile plan. Name at 

least two other factors that should be considered.
f. Use the internet to research mobile plans to find the one that you think is best for you. 

Write down the phone company, monthly fee, data inclusion and an explanation of why 
the plan is right for you.

2. Ms Muscat wants to buy a new car and considers the following options.

Razor RX-3 Vroom Vell Motor Moon 
Cross (hybrid)

Haiku HR-V

Cost $29 500 $31 300 $33 100 $36 700

Fuel economy 6.3 L/100 km 6.8 L/100km 5.4 L/100km 5.8 L/100km

a. Prices are currently increasing approximately 5% per year for vehicles. If the listed 
price is for this year, how much would the Razor RX-3 cost next year?

b. If it costs the dealership $30 615 to buy the Motor Moon Cross, what is their  
percentage profit? Round your answer to the nearest percentage.

c. All prices quoted include Goods and Services Tax (GST) of 10%. State the price of the 
Vroom Vell before GST, rounded to the nearest dollar.

d. Determine the cost price of the Haiku HR-V if a mark-up of 12% was applied.
e. Is a lower or higher value better for fuel economy? Based on your answer, state which 

car has the best fuel economy.
f. Based on the information provided, what car should Ms Muscat choose?  

Justify your choice.
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3. Bhutan was the first country to officially consider the concept of happiness as a goal.

In 1972, the fourth King of Bhutan declared 'Gross National Happiness is more important 
than Gross Domestic Product'. In 2019, New Zealand was one of the first countries to base 
their government budget on the idea of well–being ahead of indicators for income and wealth.  
In 2022, the Australian government announced plans to follow in New Zealand’s footsteps, 
which may lead to changes in Australia’s happiness index ratings.
The following table shows Australia’s happiness index ratings from 2017–2022.

Year Happiness Index Rating (out of 10)

2017 7.284

2018 7.272

2019 7.228

2020 7.223

2021 7.183

2022 7.162

a. What was the percentage increase or decrease in Australia’s happiness index rating 
between 2017 and 2022? Round your answer to one decimal place.

b. Mr Robertson predicts that the happiness index rating for 2023 will increase by  
0.5% compared to 2022. Calculate Mr Robertson’s index rating, rounded to three 
decimal places.

c. Miss Qin predicted that the rating for 2022 would be the same as the figure for 2019. 
What was the percentage error in her prediction? Round your answer to two  
decimal places.

d. If the 2017 happiness index rating in Australia is 0.4% higher than the figure for 2016, 
what was the rating for 2016? Give your answer to three decimal places.

e. Dr Victor Frankl wrote that, 'when we are no longer able to change a situation, we are  
challenged to change ourselves.' In the context of happiness and the events of the 
Coronavirus pandemic, do you believe that it is possible to adapt to circumstances  
and find happiness, despite hardship? Discuss.
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Chapter 3 review

Multiple choice

1. What percentage, fraction and decimal is coloured in the following visual?

A. 0.42, 42%,     42 _____ 100   

B. 0.52, 52%,     52 _____ 100   

C. 0.62, 62%,     62 _____ 100   

D. 0.72, 72%,     72 _____ 100   

E. 0.82, 82%,     82 _____ 100   

2. Which of the following is the correct percentage described in the visuals?

A. 10%
B. 30%
C. 50%
D. 70%
E. 100%

3. Which of the following represents $50 increased by 30%? 

A.

0%

$0

30%

$30 $60 $90 $120

60% 90% 120% 150%

$150

An increase of 30%

B.

0%

$0

30%

$50 $100 $150 $200

60% 90% 120% 150%

$250

An increase of 30%

C.

0%

$0

10%

$30 $60 $90 $120

20% 30% 40% 50%

$150

An increase of 30%

D.

40%

$20

70%

$35 $50 $65 $80

100% 130% 160% 190%

$95

An increase of 30%

E.

40%

$15

70%

$30 $50 $60 $80

100% 130% 160% 190%

$90

An increase of 30%

4. Tia bought a $36 jacket and resold it for $45. Which of the following equations represent 
her percentage profit?

A.     9 ____ 45    × 100% = 20%

B.     9 ____ 36    × 100% = 25%

C.     45 _____ 100    × 100% = 45%

D.     75 _____ 100    × 100% = 75%

E.    36 ____ 45    × 100% = 80%

3A

3B

3C

3D
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5. Determine the best buy out of the following.

A. 5 for $20 B. 2 for $10.50

C. 1 for $3.50 D. 6 for $19

E. 4 for $12

Fluency

6. Convert the following decimals to percentages.

a. 0.75 b. 0.95 c. 1.97 d. 0.035

7. Convert the following decimals to a proper fraction or mixed numbers.

a. 0.45 b. 2.5 c. 380.3 d. 0.672

8. Express the following as a percentage. Give your answer to 1 decimal place. 

a. 34 out of 95 b. 7 out of 24 c. 6.5 out of 3 d. 85 out of 135

9. Evaluate the following. Give your answer to 1 decimal place.

a. 25% of 65 b. 87% of 124 c. 120% of 73 d. 35   1 __ 4   % of 180

10. Determine the new price of the following. 

a. $60 is increased by 15%
b. $50 is increased by 60%
c. $5.20 is decreased by 10%
d. $414 is decreased by 70%

11. Determine the price before GST for the following.

a. A ring whose selling price is $95.
b. A massage where the customer pays $37.50.
c. A laptop whose RRP is $1280.99.
d. A scientific calculator whose selling price is $42.85.

12. Calculate the percentage change for the following. 

a. 10 becomes 11 b. 15 becomes 12 c. 30 becomes 150 d. 125 becomes 85

13. Determine whether the following describe a profit or loss and calculate the percentage. 

a. Cost price = $8, retail price = $10
b. Cost price = $12, retail price = $18
c. Cost price = $50, retail price = $28
d. Cost price = $2.50, retail price = $1.50

3E

3A

3A

3B

3B

3C

3C

3D

3D
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14. Determine the best buy out of the following.

a. One can of corn for $0.90 or five cans for $3.90.
b. A five-pack of pens for $3.20 or a twenty-pack for $22.50.
c. 1 L of milk for $2.16 or 3 L of milk for $4.35.
d. A 250 mL bottle of Fanta for $2.24 or a 750 mL bottle for $7.45.

15. Calculate the original value of the following.

a. Final value = 15, percentage decrease = 50% b. Final value = 30, percentage increase = 20%
c. Final value = 45, percentage decrease = 25% d. Final value = 204, percentage increase = 36%

Problem solving

16. Jimmy ate three-eighths of a pizza and saved the rest for the next day. What percentage of 
pizza did Jimmy save for the next day?

17. Daisy was aiming to do 15 laps at the local swimming pool. She was only able to complete 
60% of her goal. How many laps did she swim in total?

18. Berty has a budget of $500 and wants to buy a new phone. The one he wants costs $756. 
After a couple of months, the phone has been discounted by 25%. Calculate and determine 
whether or not Berty has enough money?

19. Lilly bought all of the art supplies to create a painting. The resources were $95 in total. 
Lilly then had to pay $12 to advertise her artwork online. She sold the painting for $115. 
Calculate the percentage profit or loss. Give your answer to one decimal place. 

20. Morgan needs fresh fruit for a grazing box. He looks at two different stalls at a market.  
Stall A has a 1 kg bag of grapes for $15.20 and 250 g of strawberries for $5.25. Stall B has a  
500 g bag of grapes for $11 and 500 g of strawberries for $8.50. Which stall has the best buy 
for grapes and which stall has the best buy for strawberries?

Reasoning

21. Ava has a small shop, where she sells an array of items. The items are listed below with  
the prices.

Item Button-up shirts: Fun socks: Bucket hats: Hoodies:

Sale price 
per unit

$15 $7.50 $12.50 $45.00

a. On the same day, Ava had 75 pairs of socks in stock. Ava was able to sell 20% of the 
stock by the end of the day. How many pairs of socks did Ava sell?

b. On a particular day Ava had 40 button up shirts in stock. She was able to sell    1 __ 4    of her 

stock that day. Write the percentage that represents portion shirts she sold on that 
particular day.

3E

3E

3A

3B

3C

3D

3E
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c. Ava decided to mark-up the price of the bucket hats by 46%. What is the new price of 
the bucket hats?

d. Ava bought a bundle of 35 shirts from her supplier for $420. What is the profit 
percentage when she sells the shirts in her shop?

e. What are some other items of clothing that would be appropriate for Ava to sell at  
her stall?

22. Consider the number 120.

a. Increase the value by 30%.
b. Using your answer from part a, decrease the value by 30%. 
c. Compare your answer from b with 120. Comment on why the values may be the same 

or may vary.
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Chapter 4 research summary
Indices

Big ideas

Multiplicative thinking
This chapter will extend multiplicative thinking regarding the negative sign, additive and multiplicative inverses, 
and additive and multiplicative identities to build structural and conceptual knowledge of indices.

This chapter will combine students’ understanding of the negative sign as a subtraction (a binary operation) and 
additive inverse (a unary operation). For example, the expression    (  − 4 )     2  −  9   2    has negative signs representing a 
binary operation and a unary operation.

Using colloquial language, such as ‘opposite’, is a great way to engage students in the language of mathematics, 
however, using more formal language such as ‘additive inverse’ can strengthen students’ understanding of 
exponents when bases are negative (Cangelosi et al., 2013).

For example,  − 4   2   and    (  −4  )     2    is often described as ‘negative four to two’, but this phrase makes no distinction 
between the two numbers and can lead to misconceptions about exponents into college years (Cangelosi et al., 
2013) and impact algebraic reasoning (Booth et al., 2016; Booth, 2014; Bush 2011). Cangelosi et al., (2013) writes 
one way to avoid ambiguity is by reading  − 4   2   as ‘the additive inverse of [pause] four to two’ and by reading    (  −4  )     2    
as ‘the quantity negative four [pause] to two’.

This big idea is built upon a strong understanding of the negative sign, additive and multiplicative inverses  
and identities. Therefore, understanding the relationship of the negative and positive bases of indices is essential  
for this chapter and future lessons such as algebra, equations, and geometry and impacts the future big ideas  
of generalising.

Proportional reasoning
This chapter will focus on students’ ability to identify and apply their extensive multiplication, division, fractions, 
and number sense knowledge to build structural and conceptual knowledge of indices.

Within this chapter, students' knowledge of multiples, factors, and fractions will provide additional information 

about relationships of those numbers in the form of exponents. For example,   4 × 4 = 4   2   and is less than     4   3  ____ 
 4   3 
  .

Additionally, students need a strong foundation of multiples, factors and repeated addition to work with indices 
(Ulusoy,2019).Forexample𝑦 + 𝑦 + 𝑦 + 𝑦 = 4𝑦, and  𝑦   4  = 𝑦 × 𝑦 × 𝑦 × 𝑦.

Strong knowledge of multiples, factors and fractions is needed to connect exponential proportions and their laws to 
increase conceptual understanding (Bush, 2011), and reduce the misconception of numbers raised to the  

1 and 0 power. For example,    3 × 3 _______ 3 × 3  =  
9 __ 9  = 1 and  

 3   2  ____ 
 3   2 
  =  3   2−2  =  3   0  = 1 .

Understanding this big idea is built upon place value, multiplicative thinking, and fractions. Therefore, it is not 
only essential for this chapter and future lessons but heavily impacts future big ideas in mathematics, such as 
generalising and algebraic reasoning.

Generalising
This chapter will focus on combining multiplicative thinking and proportional reasoning skills to recognise and 
represent patterns and relationships of indices. Additionally, this chapter will build structural and conceptual 
knowledge of the properties of indices and their symbolic relationship.

Within this chapter, students will be exposed to workable procedures of index laws. However, misconceptions can 
occur when index rules are over generalised (Cangelosi et al., 2013). Relating indices to functions and geometry can 
lead toanincreased conceptualund erstand ingofind exlaws.Forexample,𝑥is linear and represents length,  𝑥   2   is 
quadratic and represents area, and   𝑥   3   is cubic and represents volume; therefore, is it possible to add the area of an 
object to its volume (   𝑥   2  +  𝑥   3  )    ?

Chapter 4: IndICes 	166
 



By using patterns to explain indices, students can expand their knowledge about patterns of numbers which could 
lead to students relying more on their sense-making skills and lessen their reliance on computation (Slavit, 2006).
For example, if you were to evaluate   5   16  , the digit in the ones' place will be 5 and    (  − 4 )     13    will result in a  
negative number.

Additionally, a structural understanding of indices is needed within this chapter. Good mathematical conventions 
underpin conceptual understanding of indices, and these conventions are essential for the communication of 
mathematics. Unfortunately, students often come to the correct answer without the correct mathematical conventions 
(Cangelosi et al., 2013) and often see that the parentheses are optional or have personal shorthand notation.  
For example, the problem might ask students to evaluate    (  − 3 )     2   , and students write,  − 3   2  = 9  ignoring the brackets.

Understanding the idea of exponents, negative exponents, and how to generalise properties of indices and their 
symbolic relationship is needed for factoring, solving equations, identifying shapes, and shapes of functions. 
Furthermore, understanding the conceptual and procedural knowledge of indices underpins students’ algebraic 
reasoning skills throughout the rest of the book.

Misconceptions

Misconception Incorrect Correct Lesson

Students multiply the base 
number by the index.

  2   3  = 2 × 3   2   3  = 2 × 2 × 2 4A

Students do not include the 
base number when writing 
numbers in index form.

 6 × 6 × 6 × 6 =  6   3   6 × 6 × 6 × 6 =  6   4  4A

Students use repeated 
addition to express numbers 
in expanded form.

  3   5  = 3 + 3 + 3 + 3 + 3   3   5  = 3 × 3 × 3 × 3 × 3 4A

Students misunderstand the 
meaning of the negative sign 
when calculating indices.

 − 4   2  = 16 
   (  − 4   2  )   = −16  

 − 4   2  = −16 
   (  − 4   2  )   = 16  

4A 
4B

Students multiply/divide 
different bases and add/
subtract the indices when 
simplifying numbers  
with indices.

   5   3  ×  4   3  =  (  5 × 4  )     3+3  = 2 0   6   

   1 2   4  _____ 
 4   2 
   =   (  1 2 ÷ 3 )     4−2  =  3   2  

 5 × 5 × 5 × 4 × 4 × 4 =  5   3  ×  4   3  
and cannotbesimplified further.

   12 × 12 × 12 × 12  ________________________ 4 × 4   =  1 2   4  _____ 
 4   2 
     

and cannotbesimplified further.

4B 
4C

Students multiply/divide the 
bases when simplifying indices.

   7   4  ×  7   3  =  (  7 × 7  )     4+3  = 4 9   7   
  9   6  ____ 
 9   3 
  =  (   9 __ 9   )     6−3  =  1   3   

  7   4  ×  7   3  =  7   4+3  =  7   7  
  9   6  ____ 
 9   3 
  =  9   6−3  =  9   3  

4B 
4C

Students use repeated 
addition, or multiply the 
indices or a combination 
of both when simplifying 
numbers with indices.

   5   3  ×  5   2  =  (  5 + 5  )     3+2  = 1 0   5   
  8   4  ×  8   5  =  8   4×5  =  8   20  

  5   3  ×  5   2  =  5   5  
  8   4  ×  8   5  =  8   9  

4B

Students divide indices similar 
to how they divide integers 
when simplifying numbers 
with indices.

 1 1   8  _____ 
1 1   2 

  = 1 1   8÷2  = 1 1   4   1 1   8  _____ 
1 1   2 

  = 1 1   8−2  = 1 1   6  4C

When raising powers, students 
add the powers together.

   (  3   4   )     2  =  3   4+2  =  3   6     (  3   4   )     2  =  3   4×2  =  3   8  4D

Students do not raise the 
coefficientsinsid ethebrackets
to the power outside  
the bracket.

   (  5r   5   )     3  =  5r   5×3  =  5r   15     (  5r   5   )     3  =  5   3  r   5×3  =  5   3  r   15  4D
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Index notation4A

Key ideas

1. A number written in index notation consists of a base and an index (also called power).

83Base Index

2. When expressed in expanded form, the index (or power) indicates the number of repeated factors of the base.

83 = 8 × 8 × 8
3 factors of 8

Indices are used to represent repeated factors of the same number. They can  
be used to investigate things that grow by repeated multiplication. There is a  
particular way that we write numbers with indices so that they can be 
understood by everyone who uses them.

LEARNING INTENTIONS

Students will be able to:
 • know the meaning of the terms base, index, expanded form,  

and index form

 • convert between expanded form and index form

 • evaluate indices as whole numbers in expressions.

KEY TERMS AND DEFINITIONS

Index notation is a way of representing repeated factors of the same number.

Expanded form is a way of representing repeated multiplications (factors) 
of all numbers in an expression.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Numbers with indices are used to 
predict the growth of the human 
population. This is important to  
help plan food production, how  
many houses and schools to build.

Worked example 1

Identifying the base and index of a number

Identify the base and index of the following expressions.

a.   5   3  

Working Thinking

The base is 5. Step 1: Identify the base (first number).

The index is 3. Step 2: Identify the index (top right of the base).

Visual support

53Base Index

WE1a

Continues →
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Worked example 2

Converting between expanded form and index form

Write the following expressions in the described form.

a. 7 × 7 × 𝑦 × 𝑦 × 𝑦 (index form)

Working Thinking

  7 × 7 =  7   2  Step 1: Write the first base in index  form by counting 
the number of repeated factors.

   𝑦 × 𝑦 × 𝑦 = 𝑦   3  Step 2: Repeat for the other base.

 7 × 7 × 𝑦 × 𝑦 × 𝑦 =   7   2  ×  𝑦   3  Step 3: Write the expression in index notation.

Visual support

7 × 7 × y × y × y = 72 × y3

3 factors of y

2 factors of 7

b.   a   4  ×  4   2   (expanded form)

Working Thinking

   a   4  = a × a × a × a Step 1: Write the first base as repeated factors. The index   
indicates the number of repeated factors.

   4   2  = 4 × 4 Step 2: Repeat this for the other bases.

  a   4  ×  4   2    = a × a × a × a × 4 × 4 Step 3: Write the expression in expanded form.

Student practice

Write the following expressions in the described form.

a.  8 × 8 × 8 × 8 × m × m  (index form) b.   2   5  ×  𝑦   2   (expanded form)

WE2a

WE2b

b. 𝑥5

Working Thinking

The base is 𝑥. Step 1: Identify the base (first number).

The index is 5. Step 2: Identify the index (top right of the base).

Student practice

Identify the base and index of the following expressions.

a.   2   7  b.   z   4  

WE1b
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4A Questions

Understanding worksheet

1. Fill in the missing boxes with the bases and indices.

Example

Base Index Index form

8 6
  8   6  

Base Index Index form

a. 4 6

b. 7 2

c. 𝑥 3

d. 12 b

Worked example 3

Evaluating expressions with indices

Evaluate each expression using order of operations.

a.   3   4  − 4 × 2 

Working Thinking

  3   4  − 4 × 2   = 81 − 4 × 2 Step 1: Evaluate the expression according to the order 
of operations. Indices are evaluated first.

  = 81 − 8 Step 2: Evaluate the multiplication.

  = 73 Step 3: Evaluate the subtraction.

b.   (8 ÷ 4)  +  2   5  

Working Thinking

  (8 ÷ 4)  +  2   5    = 2 +  2   5  Step 1: Evaluate the expression according to the order 
of operations. The expression in the brackets is 
evaluated first.

  = 2 + 32 Step 2: Evaluate the index.

  = 34 Step 3: Evaluate the addition.

Student practice

Evaluate each expression using order of operations.

a.  16 ÷ 4 +  2   4  b.   8 ×  3   3  −  (  12 − 9 )    

WE3a

WE3b
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2. Fill in the boxes to convert from expanded form to index form.

Example

4 × 4 × 4 × 4 × 4 = 4
5

a.
2 × 2 × 2 × 2 = 2

b.
9 × 9 × 9 = 9

c.
y × y × y × y × y × y = y

d.
3 × 3 × 5 × 5 × 5 = 3 × 5

3. Fill in the blanks by using the words provided.

base power factors expanded form

An expression written in index form consists of a  and an index. The index indicates how 

many  of the base are in written in the  . The index is also referred 

to as a  .

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 
7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 
7 (e,f,g,h), 8

4. Identify the bases and indices in the following expressions.

a.   7   5  b.   2   3  c.   1   8  d.   12   3  
e.   9   11  f.   p   2  g.   y   15  h.   a   c  

5. Write the following expressions in index form.

a.  8 × 8 × 8 × 8 b.  3 × 3 × 3 
c.  1 × 1 × 1 × 1 × 1 × 1 × 1 d.  5 × 6 × 5 
e.  0.2 × 4 × 4 × 0.2 × 4 × 7 f.  k × 9 × k × k × k × 9 
g.  3 × 𝑥 × 𝑦 × 𝑥 × z × 3 × 4 h.  m × 5.3 × 5.3 × 1 × m × n × n × n × 5.3 

6. Write the following expressions in expanded form.

a.   6   3  b.   4   6  
c.   2   2  ×  9   4  d.   a   3  ×  8   6  
e.   1.7   4  ×  10   1  ×  5   4  f.   a   3  ×  8   2  ×  13.2   1  ×  𝑥   2  ×  y   5  
g.   q   3  ×  r   4  ×  s   1  h.   n   3  ×  m   2  × 8 ×  3   4  ×  k   4  

7. Evaluate the following expressions using order of operations.

a.   8   2  + 9 − 6 b.  3 × 4 −  1   3  
c.  8 ÷  2   2  − 4 d.   3   2  +  (12 − 1)  
e.   (19 +  2   2 )  × 3 −  8   2  f.   (6 + 7)  ×  (9 − 4)  −  9   2  
g.   ( 3   4  −  (2 +  3   2 ) )  ÷ 5 h.     (9 − 2)    2  + 20 ÷  (  26 −  2   4  )    

WE1

WE2a

WE2b

WE3a
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8. Which option shows the expression   3   2  ×  7   3   in expanded form?

A.  3 + 3 + 7 + 7 + 7 
B.  3 × 3 × 3 × 7 × 7 × 7 × 7 
C.  3 × 2 × 7 × 3 
D.  2 × 2 × 2 × 3 × 3 × 3 × 3 × 3 × 3 × 3 
E.  3 × 3 × 7 × 7 × 7 

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Write   3   2  ×  b   3  × j  in expanded form.

Student A

  3   2  ×  b   3  × j   = 3 × 2 × 3 × b × j 
  = 6 × 3b × j 

Student B

  3   2  ×  b   3  × j = 3 × 3 × b × b × b × j 

b. Write  4 × 3 × 4 × a × 3 × a × 4  in index form.

Student A

 4 × 3 × 4 × a × 3 × a × 4 =  4   3  ×  3   2  ×  a   2  
Student B

 4 × 3 × 4 × a × 3 × a × 4 =  4   2  ×  3   1  ×  a   1  

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Julia received 5 Amazon gift cards for Christmas. If she can buy 5 movies with each card, how many 
movies can she buy in total?

11. Fatima is stacking LEGO blocks. Every day, the number of blocks she stacks is equal to double the 
number of blocks she had the previous day. On day 1, she stacks 2 blocks. Write an expression in 
expanded form to represent the number of blocks she stacks on day 4.

12. When bread is left out at room temperature, it begins to spoil and mould begins to grow. The initial 
area of the mould is 2 cm2 and multiplies by 1.5 every day. How big is the area of mould on a piece of 
bread after 3 days?

13. John receives $10 of pocket money every week. In the first week that Tanaka was given pocket 
money she received $2. Afterwards, her parents gave double the amount from the previous week. 
Assuming that they both started receiving pocket money in the same week, after seven weeks,  
who has more money and by how much?

14. At 1 pm, Kareem, Geoff and Bela, were told a secret. One hour later, they each told the secret to three 
of their own friends. Every hour each person who hears the secret tells three other people. At what 
time were 243 people told the secret, excluding Kareem, Geoff, and Bela?
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Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy All 

15. Megan is studying two species of bacteria (singular bacterium) called E. coli  
and D. coli. She observed two samples of species bacteria under a microscope. 
She counted 40 individuals each. She knows that E. coli reproduces two 
identical copies every hour whereas D. coli reproduces three identical copies.

For E. coli

 • 1 hour after counting the bacteria, Megan expects there to be  
 40 × 2 = 80  bacteria.

 • 2 hours after counting the bacteria, Megan expects there to be  
80 × 2 = 40 × 2 × 2 = 160  bacteria.

a. Write the expression  40 × 2 × 2 × 2  in index form.
b. How many E. coli bacteria does Megan expect there to be 4 hours after counting them?
c. What does the index of the base 2 represent?
d. How many more D. coli compared to E. coli does Megan expect after 4 hours?
e. After many days, the number of bacteria will be very large. Devise a way that Megan could 

approximate the number of bacteria, instead of counting, to verify her predictions.

16. Fill in the box  with 1, 2, 3 or 4 to find the number with the:

(−3)⎕

a. Greatest number
b. Smallest number
c. Compare the values of your answers from parts a and b and explain the difference between 

negative bases with odd powers and negative bases with even powers.

Extra spicy

17. Jared deposits $500 in a bank account. Every year, the amount in the bank account increases by 3%. 

How much money, to the nearest dollar, will be in the bank account after 4 years?

A.  $560 B.  $563 C.  $672 D.  $1428 E.  $2060 

18. A 10 g sample of radioactive material halves in mass every 45 minutes.

Which of the following expressions evaluates the mass of the sample after 24 hours?

A.  10 ×  0.5   32  B.  10 ×  2   32  C.   0.5   32  D.   0.5   45  E.  10 ×  2   24  

19. 78 written as a sum of powers of 2 is   2   6  +  2   3  +  2   2  +  2   1  .

Write the number 90 as a sum of powers of 2.

20. A particular combination lock has five spinners that can be combined in different ways to create  
a passcode. The first three of the spinners have the digits from 0 to 9. The final two spinners have  
the letters a, b and c.

How many possible passcode combinations are there?

Image: fusebulb/Shutterstock.com
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Remember this?

21. Luk painted     5 ____ 12    of his bedroom wall.

What fraction of their bedroom room did Amiel paint if they painted the same amount as Luk?

A.     5 ____ 15   B.     9 ____ 12   C.    5 __ 6   D.    10 ____ 24   E.     7 ____ 12   

22. In which of the following options are all numbers equivalent?

A. 65%, 0.65,    5 __ 6   

B. 650%, 65,    650 _____ 100   

C. 0.65%, 0.0065,     65 ________ 10000   

D. 0.65%, 0.65,     65 _____ 100   

E.  65%,  65,     65 _____ 100   

23. Which one of these has the same value as   16   2  ?

A.  16 × 2 B.  4 × 4 × 4 C.  2 ×  8   2  D.  8 ×  4   2  × 2 E.   32   2  ÷ 2 
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Multiplying indices4B
Operations on numbers written in index form are governed by the Index Laws. 
The first of these laws outlines the rule for multiplying indices. The base 
and index of any number written in index form must be considered before 
multiplication can be performed.

LEARNING INTENTIONS

Students will be able to:
 • multiply terms with the same base in index form

 • simplify expressions containing multiplication of terms in index form.

KEY TERMS AND DEFINITIONS

The First Index Law states to add the indices (or powers) when 
multiplying terms with the same base in index form.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Earthquake magnitude scale

Micro
Minor

Light
Moderate

Strong
Major

Great

1.0 4.0 5.0 6.0 7.0 8.0−10.02.0−3.0

The multiplication of numbers in index 
form is the basis for many complex 
systems. For example, a logarithmic 
scale is used to measure the strength 
of earthquakes and involves the 
multiplication of index terms with 
base 10.

Key ideas

1. The First Index Law only applies to terms with the same base.

82 × 83 45 × 32

Same base − law applies Different bases − law does not apply

2. When multiplying terms with the same base, add the indices.

82 × 83 = 82 + 3 = 85 

x p  × x q  = x p + q

Worked example 1

Using the First Index Law

Multiply the following.

a.   2   4  ×  2   6  

Working Thinking

 =  2    (  4+6 )    =  2   10  Identify the common base of the terms being multiplied. 
Add the indices of the terms to get the index of the product.

Visual support

24 × 26 = 24 + 6= 210 

Add the indices 4 and 6

WE1a

Continues →
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Worked example 2

Simplifying expressions by using the First Index Law

Simplify the following expressions.

a.  3 ×  7   5  ×  3   4  ×  7   6  

Working Thinking

 =  3    (  1+4 )    ×  7    (  5+6 )    Step 1: Identify the terms with common bases and add 
their indices.

 =  3   5  ×  7   11  Step 2: Simplify the expression.

Visual support

3 × 75 × 34 × 76 = 31 + 4 × 75 + 6 = 35 × 711

Add all the powers of base 7

Add all the powers of base 3

b.   a   4   ×   b   4   ×   a   3   ×   b   5  

Working Thinking

 =  a    (  4+3 )    ×  b    (  4+5 )    Step 1: Identify the terms with common bases and add 
their indices.

 =  a   7  ×  b   9  =  a   7  b   9  Step 2: Simplify the expression.

c.  2 𝑥   3  × 3 𝑦   6  ×  𝑥   4  × 5 𝑦   2  

Working Thinking

 = 2 × 3 × 5 ×  𝑥   3  ×  𝑥   4  ×  𝑦   6  ×  𝑦   2  Step 1: Identify the terms with common bases and 
group them together.

 = 30 ×  𝑥    (  3+4 )    ×  𝑦    (  6+2 )    Step 2: Multiply the numbers together. Add the indices 
of terms with common bases.

 = 30 𝑥   7  𝑦   8  Step 3: Simplify the expression.

Student practice

Simplify the following expressions.

a.   2   2  ×  5   3  × 2 ×  5   5   b.   u   6  ×  v   7  ×  u   4  ×  v   3   c.   4t   3  × 5 r   2  ×  t   5  × 2 r   6  

WE2a

WE2b

WE2c

b.   𝑥   7  ×  𝑥   2  

Working Thinking

 =  𝑥    (  7+2 )    =  𝑥   9  Identify the common base of the terms being multiplied. 
Add the indices of the terms to get the index of the product.

Student practice

Multiply the following.

a.   3   5  ×  3   4  b.   𝑦   2  ×  𝑦   3  

WE1b
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Understanding worksheet

1. Determine whether the First Index Law applies to each of the following expressions.

Example

Expression Law applies Law does not apply

  3   7  ×  3   9  ✔

Expression Law applies Law does not apply

a.   5   6  ×  5   7  

b.   2   10  ×  4   6  

c.   b   4  ×  c   5  

d.  2𝑥 ×  𝑥   4  

2. Fill in the missing indices so that each of the following expressions is true.

Example

53 × 5 
7

= 510

a.
42 × 4 = 47

b.
7       × 7 = 75

   

c.
(−3)4 × (−3)

          

= (−3)6
d.

5y       × 2y9 = 10y12

3. Fill in the blanks by using the words provided.

added index bases First simplify

When we  expressions, we must always check if the  Index 

Law can be applied to any terms written in  form. It states that only terms with common 

 can be multiplied and their indices must be  together.

4B Questions
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8  

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8

4. Multiply.

a.   6   2  ×  6   4  b.   1   3  ×  1   9  
c.  1 0   7  × 1 0   4  d.   t   3  ×  t   10  
e.    (  −4  )     5  ×  (  −4  )     3   f.   5   9  ×  5   2  ×  5   10     
g.  𝑦 ×  𝑦   11  ×  𝑦   3     h.    (  −z  )     7  ×  (  −z  )     5  ×  (  −z )    

5. Simplify.

a.   2   5  ×  2   2  ×  4   6  ×  4   3  b.   3   10  ×  3   4  × 8 ×  8   7  
c.   5   2  ×  7   3  ×  5   2  ×  7   3  d.  1 0   3  ×  4   7  ×  4   10  × 1 0   5  
e.  1 2   4  ×  8   3  × 1 2   10  ×  8   4  f.    (  −11  )     3  ×  (  −11  )     9  ×  6   11  ×  6   9   
g.    (  −7  )     2  ×  (  −8  )     4  ×  (  −7  )     8  ×  (  −8  )     12   h.   4 ×  5   7  ×  (  −3  )     13  ×  5   8  ×  (  −3  )     11   

6. Simplify.

a.   𝑥   3  ×  𝑥   2  ×  𝑦   6  ×  𝑦   2  b.   t   4  ×  r   2  ×  t   7  ×  r   10  
c.   u   10  ×  v   4  × u ×  v   5  d.  a × c × a × c 
e.  2 𝑦   3  ×  𝑦   2  ×  𝑥   5  ×  𝑥   3  f.  4 𝑥   2  × 3 𝑦   4  ×  𝑥   10  ×  𝑦   8  
g.  7 g   4  × 3h × 3 g   9  × 10 h   8  h.  −5 d   6  × 2 f   3  × 3 d   5  × 2 f   9  

7. Simplify.

a.  4 𝑥   2  × 𝑥 × 7 𝑥   5  b.  4 ×  a   3  ×  b   4  ×  a   2  
c.   2   5  ×  𝑥   2  ×  2   2  ×  𝑥   4  d.    (  −j  )     6  ×  5   2  ×  (  −j  )     7  × 5  
e.  3 𝑦   7  ×  3   2  × 5𝑦 ×  3   4  f.  −6 t   2  ×  5   2  × 3 t   13  ×  2   7        
g.    k   4  ×  (  −k  )     2  × 5 k   8  × 2 (  −k  )     7      h.   3 m   4  ×  (  −4 )   n   5  ×  (  −m  )     3  × 2 n   5   

8. Which of the following is not equivalent to the below expression?

  2   5  ×  3   4  

A.  2 × 2 × 2 × 2 × 2 × 3 × 3 × 3 × 3 
B.   2   3  ×  2   2  ×  3   3  × 3 
C.   2   2  × 3 ×  2   3  ×  3   3  
D.    (  2 × 3  )     5+4   
E.   3   4  ×  2   5  

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a.   4   8  ×  4   5  

Student A

=   (4×4)   8+5  
=   16   13  

Student B

=   4   8+5  
=   4   13  

b.   7   2  ×  7   13     

Student A

=   7   2+13  
=   7   15  

Student B

=   (7×7)   2+13  
=   14   15  

WE1

WE2a

WE2b,c
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Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. A sunflower’s height increases by a factor of six every month. If the height of a fully grown sunflower 
is 216 cm, then how many months have passed since the sunflower was 1 cm tall?

11. At Papa’s Gelateria, there are five flavours of gelato available. A customer can also choose to add one 
of three types of sauces and one of three types of sprinkles. Express the number of combinations of 
ice cream, sauce, and sprinkles in index notation.

12. A single dandelion can spread up to 200 seeds. If each one of these seeds grows and produces its own 
seeds, then what is the expected number of seeds produced by the second generation of one plant? 
Express your answer in index notation.

13. Simon posts a funny picture on his personal social media page. Forty of his friends proceed to share 
the picture with four of their own friends each. Then all of these people share the post with another 
four friends each. Express the number of times Simon’s post has been shared by friends of friends,  
in index notation.

14. All of Mrs Doubtfire’s offspring, including children and grandchildren have had two kids of their own 
each. If Mrs Doubtfire has 12 great-grandchildren altogether, then how many of her own children 
did she have?

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. The following table shows a list of commonly used units for storing digital information.

Unit Value (bytes) Abbreviation

Byte 1 B

Kilobyte   10   3  kB

Megabyte   10   6  MB

Gigabyte   10   9  GB

Terabyte   10   12  TB

a. How many bytes are there in one kB?
b. How many kB can be multiplied together to make up one GB?
c. Express the size of a TB in terms of kB.
d. Amber loves movies and prefers to watch them in 4K resolution. If each film of this quality 

is around 20 GB in size, then how many of them can Amber store on a 1 TB hard drive?
e. With the kind of technology available in the world today, we store most of our important 

information digitally. List some ways in which you use digital data storage every day of your life.

16. Substitute a single-digit positive integer 𝑥 into the following expressions and calculate the results 
for parts a and b.

a.    (  −𝑥  )     4  ×   (  −𝑥 )     2   
b.    (  − 𝑥 )     4  ×   (  −𝑥 )     3   
c. Compare your answers from parts a and b and note their similarities and differences.  

How does the index affect the directionality of the number?
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Extra spicy

17. Consider the following equation

 u ×  u   4  = 1024 
Pick a value for  u  from the options given below, so that the above equation is true.

A.  u = 2 B.  u = 3 C.  u = 4 D.  u = 5 E.  u = 6 

18. A colony of rabbits initially consists of six members. If rabbit populations can grow at a rate of 20% 
per month, then which of the following calculations represents the expected number of rabbits in the 
colony after a year?

A.  1. 2   12  B.  6 × 1. 2   12  C.  6 × 12 D.  6 × 20 E.  2 0   12  

19. Find two single-digit non-zero integers  a  and  b  so that   a   b  =  b   a  .

20. Simplify the following expression using the First Index Law.

   𝑥   𝑦  ×  𝑦   𝑥  × 3 𝑥   2𝑦  ×  (  −4 )   𝑦   6𝑥   

Remember this?

21. Five postal workers have to deliver 120 parcels each. This table shows how many hours it took each 
of the workers to deliver all the parcels.

Postal worker Number of hours

Sam 3.5

John 4

Eileen 5

Michael 3

Christian 7

Which worker delivered approximately 35 parcels per hour?

A. Christian B. Eileen C. John D. Michael E. Sam

22. Eduardo gets paid the same amount every month. In a year he earns $54 000. How much does 
he earn in 7 months?

A. $4500 B. $7714 C. $22 500 D. $31 500 E. $37 800

23. Which of the following calculations is equivalent to   4   3  ?

A.  4 × 3 B.  4 + 4 + 4 C.   4 ×  (  4 + 4 )    D.  16 × 4 E.    (  4 + 4 + 4  )     3   
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Dividing indices4C

Key ideas

1. The Second Index Law only applies to terms with the same base.

59

53
76

42
Di�erent bases – law does not applySame base – law applies

2. When dividing terms with the same base, subtract the index of the divisor from the index of the dividend.

59

53 = 59−3 = 56

x p

x q = x p−q

3. Any non-zero number, raised to the power of zero has the value 1.

28

28 = 28−8 = 20 = 1

x r

x r = x r−r  = 1= x0

Operations on numbers written in index form are governed by the Index Laws. 
The second of these laws outlines the rule for dividing indices. The base and 
index of any number written in index form must be considered before division 
can be performed.

LEARNING INTENTIONS

Students will be able to:
 • divide terms with the same base in index form

 • simplify expressions containing division of terms in index form.

KEY TERMS AND DEFINITIONS

The Second Index Law states to subtract the index of the divisor  
(or denominator) from the index of the dividend (or numerator)  
when dividing terms with the same base in index form.

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

Faint

Extremely loud

0 db
40 db 80 db

120 db
160 db

Image: BlueRingMedia/Shutterstock.com

The scale on which we measure sound 
intensity increases and decreases by 
factors in index form. This means that 
when you change the volume of your 
music, it becomes loud and intense 
very rapidly, but needs to be muted  
to disappear completely.
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Worked example 1

Using the Second Index Law

Divide the following.

a.     8   11  _____ 
 8   5 
   

Working Thinking

8(11−5) = 86 Identify the common base of the terms being divided. 
Subtract the indices of the terms to get the index of  
the quotient.

Visual support

811

85 = 811−5 = 86

Subtract the index of the denominator (5) 
from the index of the numerator (11)

b.     𝑥   13  ____ 
 𝑥   10 

   

Working Thinking

𝑥(13−10) = 𝑥3 Identify the common base of the terms being divided. 
Subtract the indices of the terms to get the index of  
the quotient.

Student practice

Divide the following.

a.   3   14  _____ 
 3   8 
  b.   z   17  ____ 

 z   9 
 

WE1a

WE1b

Worked example 2

Simplifying expressions by using the Second Index Law

Simplify the following expressions.

a.    12 u   8  _______ 
4 u   6 

    

Working Thinking

= (12 ÷ 4)u(8−6) Step 1: Simplifythecoefficientsandsubtractthe
indices of the terms.

= 3u2 Step 2: Simplify the expression.

Visual support

12u8

4u6 = 3u8−6 = 3u2
Subtract the indices

Simplify the coe�cients 
by dividing both by 4

Continues →

WE2a
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4C Questions

Understanding worksheet

1. Determine whether the Second Index Law applies to each of the following expressions.

Example

Expression Law applies Law does not apply

   1 2   7  _____ 
 4   5 
    ✔

Expression Law applies Law does not apply

a.     6   8  ___ 
 3   4 
   

b.     4   5  ___ 
 4   2 
   

c.     𝑥   6  ___ 
 𝑦   3 
   

d.    5 t   7  _____ 
 t   2 
    

2. Fill in the missing indices so that each of the following expressions is true.

Example

11
117 = 113

10

b.    1 1   6  ×  9   4  ____________ 
 9   2  × 1 1   3 

   

Working Thinking

= 11(6−3) × 9(4−2) Step 1: Identify the terms with common bases and 
subtract their indices.

= 113 × 92 Step 2: Simplify the expression.

c.    6 a   15  b   10  ___________ 
3 a   11  b   7 

   

Working Thinking

= (6 ÷ 3)a(15−11)b(10−7) Step 1: Simplifythecoefficients.Identifythetermswith
common bases and subtract their indices.

= 2a4b3 Step 2: Simplify the expression.

Student practice

Simplify the following expressions.

a.  15 t   9  ______ 
3 t   4 

   b.   2   15  ×  5   10  ____________ 
 5   3  ×  2   7 

   c.  8 u   6  v   14  __________ 
2 u   3  v   6 

 

WE2b

WE2c
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a.
35

3

= 33
b.

7
75 = 74

c.

8y
4y3 = 2y4

d.
(−2)10

(−2)

= (−2)5

3. Fill in the blanks by using the words provided.

common dividend zero subtract Second

The  Index Law is used to divide terms in index form. It only applies to indices with a 

 base. To divide the terms,  the index of the divisor from the  

index of the  . The value of any non-zero number to the power of   

is always equal to one.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8

4. Divide.

a.   3   10  _____ 
 3   6 
  b.   9   12  _____ 

 9   7 
  c.  

 𝑦   13 
 ____ 

 𝑦   13 
  d.  

 (  −2  )     6 
 __________ 

 (  −2  )     4 
 

e.  
 (  −𝑥  )     20 
 __________ 

 (  −𝑥  )     12 
  f.   7   4  ×  7   9  __________ 

 7   8 
   g.    8   16  __________ 

 8   4  ×  8   5 
  h.  

 𝑦   11  ×  𝑦   3 
 ___________ 

 𝑦   4  ×  𝑦   4 
 

5. Simplify.

a.  10 𝑥   8  _______ 
5 𝑥   2 

   b.  24 v   10  ________ 
3 v   3 

   c.  
 𝑦   6 
 _____ 

3 𝑦   2 
  d.  4 t   5  ______ 

16 t   2 
 

e.  12 r   7  _______ 
8 r   3 

   f.  −2 w   17  __________ 
 w   14 

   g.  4 b   12  × 2 b   5  _______________ 
6 b   17 

   h.  3 d   20  × 5 d   22  ________________ 
35 d   29 

  

6. Simplify.

a.   2   5  ×  3   9  __________ 
 2   2  ×  3   4 

  b.   9   10  ×  7   11  ____________ 
 7   6  ×  9   4 

  

c.   5   2  ×  8   4  __________ 
 8   2  × 5

   d.  
 (  −4  )     9  × 1 0   14 

  ___________________  
1 0   8  ×  (  −4  )     3 

 

e.   6   5  ×  t   7  _________ 
 6   3  ×  t   4 

  f.  
 f   18  × 1 5   19 
 _____________ 

1 5   13  ×  f   17 
 

g.   𝑥   5  ×  9   3  ×  𝑥   15   _________________ 
 9   2  ×  𝑥   13 

   h.  
 (  −z  )     7  × 1 2   30  ×  (  −z  )     8  × 1 2   10 

   ________________________________________  
1 2   40  ×  (  −z  )     15 

  

7. Simplify.

a.   b   10  c   10  _________ 
 c   3  b   7 

   b.  
 𝑥   4  𝑦   9 
 ______ 

𝑥 𝑦   6 
   c.  2 t   7  s   4  ________ 

 t   5  s   2 
   d.  4 u   12  v   16  ___________ 

2 v   9 u
  

e.  
18 𝑥   11  𝑦   3 
 ___________ 9𝑥𝑦   f.   n   18  m   24  ___________ 

13 n   6  m   8 
  g.  

10 k   17  p   34 
 ____________ 

70 p   19  k   5 
  h.  −5 v   21  w   29  ______________ 

25 w   18  v   7 
  

WE1

WE2a

WE2b

WE2c
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8.    1 0   4  _____ 
 5   2 
    

Which of the following is not equivalent to the above expression?

A.  10 × 10 × 10 × 10  _______________________ 5 × 5  B.  1 0   2  × 1 0   2  _____________ 
 5   2 
   C.   1 0   4  _______ 5 × 5  D.  1 0   4  ×  1 ___ 

 5   2 
  E. 22

Spot the mistake

9. Select whether Student A or Student B is incorrect. 

a.   6   14  _____ 
 6   7 
 

Student A

= 614−7

= 67

Student B

= 614÷7

= 62

b.  3 × 1 2   10  ___________ 
1 2   6 

  

Student A

= 3 ×  ( 
12 _ 12 ) 

10−6
  

= 3 × 14

Student B

= 3 × 1210−6

= 3 × 124

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Acompetitionstartswithagroupof64players.Thefinalroundoccurswhenonlytwoplayersare
left. If in each round, half of the players are eliminated, then how many rounds does it take to get  
tothefinaltwoplayers?

11. The number of people employed at a company has grown from just four to well over  200  staff.  
If staff numbers quadrupled every year, then what is the minimum number of years that the 
company has been around for?

12. A small piece of algae with an area of 1 cm2 doubles in size every day for 28 days until it completely 
covers the whole lake. When copper is added to the water to remove the algae, it halves in size  
every day until it disappears completely. What was the area of the algae patch on the 15th day  
of treatment? Express your answer in index notation.

13. When Tori opened up an online tutoring service, she had only two students. This number has been 
increasingsteadilybyafactoroffiveeverysixmonths.IfatthebeginningofJanuary2022,thenumber
ofstudentssubscribingtoTori’sservicehasgrownto250,thenwhendidshefirstopenherbusiness?

14. When Gavin was born, his parents invested $1000 for him. The investment tripled every four  
yearsandreducedbyafactorofthreeeveryfiveyears.Includingtheinitialinvestmentamount, 
express how much money Gavin has accumulated after 60 years, in index form.

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. Sione bakes a brownie for his family. Using the information given in the image of the 
brownie below, answer the following questions.

a. Find the area of the brownie using the dimensions given, in cm2.
b. If the brownie is cut in equal pieces, as pictured above, then what are the 

dimensions of one square piece, in cm?

16 cm
16 cm

Image: Atsushi Hirao/Shutterstock.com
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c. Using your answers from parts a and b, express the area of the whole brownie as powers of four 
using index notation.

d. Each time someone comes into the kitchen, the brownie halves in size. How many people have 
helped themselves to the brownie by the time only one 1 cm2 piece remains?

e. Sionethinksitisunfairthatwhoevergottothebrowniefirstatemostofit.Suggestsomeways
in which he can ensure that next time, everyone gets an equal share.

16. Consider the following expression.

    3   p  ___  3   q   =  3    (  p−q )    

a. Substitute p for 4 and q for 2. Evaluate the expression, with or without a calculator.
b. Swap the values of p and q so that the index of the quotient is negative. Evaluate the expression, 

with or without a calculator, leaving the answer as a fraction.
c. Compare and contrast your answers for parts a and b. How does a negative index affect  

the outcome?

Extra spicy

17. If a, and b,and𝑥 are all integers greater than one where a > b, then which of the following 
expressions is not true?

A.    𝑥   a  ___ 
 𝑥   b 
  =  𝑥    (  a−b )    

B. 𝑥a > 𝑥b

C. 𝑥a × 𝑥b = 𝑥b × 𝑥a

D.    𝑥   a  ___ 
 𝑥   b 
  ×   𝑥   b  ___  𝑥   a   = 1 

E.    𝑥   a  ___ 
 𝑥   b 
  =   𝑥   b  ___  𝑥   a    

18. Luke uses a hard drive to store all his computer games. He has found that on average, he manages to 
fillupathirdoftheemptyspacewithcontenteveryweek.Whichofthefollowingexpressionsshows
how much data is left on a two TB hard drive after n weeks of usage?

A.  1 ___  3   n   B. 2 × 3n C.  2 ___  3   n   D.  2 −  1 ___  3   n   E.  2 −  2 ___  3   n  

19. Find the value of p.

  3   4p  =  3   p  ×   3   8  ___  3   p    

20. Withoutusingacalculator,findthefractionthathasthesamevalueasthefollowing.

  √ 
____

   6   2  ___ 
 2   6 
  

Remember this?

21. Sally works from 9 am until 5 pm every day Tuesday to Thursday. She stays for a longer shift on 
Fridays from 9 am until 8 pm. How many hours a week does Sally work altogether?

A. 19 B. 32 C. 35 D. 40 E. 43

22. The Amazon River is 6 992 000 metres long. The Murray River is 2 508 000 metres long.  
How many kilometres longer is the Amazon River than the Murray River?

A. 4.848 m B. 4848 m C. 4.484 km D. 4484 km E. 4 484 000 m

23. Which of these has the same value as 22 × 33 × 53?

A. 4 × 9 × 5 B. 4 × 9 × 15 C. 4 × 27 × 5 D. 4 × 27 × 15 E. 4 × 27 × 125
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Raising powers4D

Key ideas

1. The Third Index Law applies to terms in index form raised to a power.

(52)4 = 52 × 52 × 52 × 52
Multiplied 4 times

2. When raising a power to another power, multiply the indices.

(x p)q = x p×q = x pq

(52)4 = 52×4 = 58

Operations on numbers written in index form are governed by the Index Laws. 
The third of these laws outlines the rule for raising indices to a power. The indices 
of all components of a term are affected by the power to which it is being raised.

LEARNING INTENTIONS

Students will be able to:
 • raise a power to another power

 • simplify expressions using index laws.

KEY TERMS AND DEFINITIONS

The Third Index Law states to multiply the indices when raising a term  
in index form to another power.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: Martin Bergsma/Shutterstock.com

Games like pinball and Scrabble allow 
the player to multiply their score 
repeatedly if certain conditions are met. 
This means that a strategic and skilled 
player can increase their score rapidly 
with the right succession of moves and 
the application of Index Laws.
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Worked example 1

Using the Third Index Law

Simplify the following expressions.

a. (42)5

Working Thinking

42×5 = 410 Multiply the index of the number inside the brackets by 
the index on the outside of the brackets.

Visual support

(42)5 = 42 × 42 × 42 × 42× 42
Multiplied 5 times

= 42+2+2+2+2

= 42×5 = 410 

b. (7𝑦3)4

Working Thinking

71×4𝑦3×4 = 74𝑦12 Multiply the indices of the coefficient and pronumeral inside 
the brackets by the index on the outside of the brackets.

Student practice

Simplify the following expressions.

a. (53)8 b. (4p7)5

WE1a

WE1b

Worked example 2

Simplifying expressions by using index laws

Simplify the following expressions.

a. (3b5)2 × (b6)3

Working Thinking

32b5×2 × b6×3 = 32b10 × b18 Step 1: Use the Third Index Law to simplify the indices 
of terms raised to a power.

 32b(10+18) = 32b28 Step 2: Simplify the expression by using the First Index 
Law on indices with common bases.

Visual support

(3b5)2 × (b6)3 = 3b5 × 3b5 × b6 × b6 × b6
Multiplied 2 times

= 32b5×2 × b6×3

= 32b10 × b18

= 32b10+18 = 32b28

Multiplied 3 times

WE2a

Continues →
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4D Questions

Understanding worksheet

1. Write the expanded form of each of the following expressions.

Example

(72)6 =    7   2   ×    7   2   ×    7   2   ×    7   2   ×    7   2   ×    7   2  

a. (38)3 =   ×   × 

b. (𝑥4)5 =   ×   ×   ×   × 

c. (5t5)2 =   × 

d. (43z6)4 =   ×   ×   × 

2. Fill in the missing indices so that each of the following expressions is true.

Example

54 × 54 × 54 × 54 × 54  × 54 = (54) 6

a.
82 × 82 × 82 = (82) 

b.
y5 × y5 × y5 × y5 × y5 × y5 × y5 = (y5) 

c.
3d6 × 3d6 × 3d6 × 3d6 = (3d6) 

d.
94f 3 × 94f 3 × 94f 3 × 94f 3 × 94f 3 = (9         f 3) 

b.    
 (  8 a   9   )     4 

 _________ 
 (   a   3   )     2 

    

Working Thinking

     8   4  a   9×4  _________ 
 a   3×2 

    =    8   4  a   36  ________ 
 a   6 

    Step 1: Use the Third Index Law to simplify the indices 
of terms raised to a power.

  8   4  a    (  36−6 )    =  8   4  a   30  Step 2: Simplify the expression by using the First Index 
Law on indices with common bases.

Student practice

Simplify the following expressions.

a. (2𝑥8)2 × (𝑥4)3 b.    
 (  10 b   5   )     4 

 ___________ 
 (   b   6   )     3 

    

WE2b
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3. Fill in the blanks by using the words provided.

simplify coefficien indices Third multiplied

The  Index Law states that in order to raise a term to a power, the indices must be 

 together. It applies to all parts of a term shown to be in brackets, including any

 . A combination of index laws can be used to  expressions  

involving  with common bases.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9

4. Simplify.

a. (34)2 b. (910)5 c. (136)4 d. (a9)2

e. (𝑥12)3 f. (p25)4 g. (t16)0 h. (y0)154

5. Simplify.

a. (2b4)3 b. (7𝑥5)4 c. (10p2)8 d. (9u8)9

e. (6s7)10 f. (11𝑥8)0 g. (52t)7 h. (33r11)3

6. Simplify.

a. (54)2 × 56 b. 48 × (43)4 c. (y3)2 × y5 d. 𝑥10 × (𝑥4)8

e. (27)3 × (22)3 f. (v3)3 × (v6)2 g. (a4)3 × (4a3)5 h. (2w5)4 × (w4)2

7. Simplify.

a.    
 (   7   2   )     4 

 ________ 
 7   3 

    b.      6   15  ________ 
 (   6   3   )     2 

   c.    
 (   𝑥   5   )     3 

 ________ 
 𝑥   6 

    d.    
 𝑦   20 

 ________ 
 (   𝑦   4   )     2 

   

e.    
 (  2 p   10   )     4 

 ___________ 
 p   15 

    f.      u   17  _________ 
 (  4 u   8   )     2 

   g.    12 k   25  ________ 
 (   k   6   )     3 

   h.    
 (  8 r   11   )     8 

 __________ 
 (   r   8   )     11 

    

8. Simplify.

a.    
 (   3   4   )     2 

 ________ 
 (   3   2   )     3 

   b.    
 (   𝑥   9   )     2 

 ________ 
 (   𝑥   5   )     2 

   c. (5q3)4 × (5q5)3 d. (6c5)2 × (2c9)4

e.    
 7   5   (  v   10   )     5 

 ____________ 
 7   2  (   v   6   )     4 

   f. 2(q3)5 × (2q5)4 g.    
 (   3   4  n   7   )     6 

 ___________ 
 3   5  n   22 

    h. (82𝑥10)5 × (83𝑥2)7

9. (3𝑥7)3

Which of the following is not equivalent to the above expression?

A. 3𝑥7 × 3𝑥7 × 3𝑥7

B. 33𝑥21

C. 3 × 3 × 3 × 𝑥21

D. 3𝑥21

E. 33 × 𝑥7 × 𝑥7 × 𝑥7

WE1a

WE1b

WE2a

WE2b
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Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. (96)3

Student A

= 96+3

= 99

Student B

= 96×3

= 918

b. (6r7)5

Student A

= 6r7×5

= 6r35

Student B

= 65r7×5

= 65r35

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Genna shares a link to her online store with 102 people. In a few days, the number of people who 
have the link to Genna’s store has increased by a power of three. Express the number of people who 
received the link in index form.

12. Alex’s current phone contains 24 gigabytes (GB) of storage space. The store manager says she can 
offer her more than double her storage if she upgrades to the new model which has 28 GB of storage 
space. Calculate and state whether the manager is correct or incorrect.

13. A meal deal at the Double R Diner consists of a hot dog with a piece of cake. A customer can have  
one of five different types of toppings on their hot dog. There are five types of cake available,  
which comes with one of five types of ice cream. In index form, how many possible combinations  
of hot dogs with toppings and cakes with ice cream are possible?

14. The basic version of a computer game has four different types of helmets, armour and boots that the 
player can mix and match to dress their character. Downloading extra content will raise the number 
of available combinations of outfits by a power of two. Express this number in index form.

15. Shelby breeds tropical fish. Over three months, the number of fish Shelby has increased by a power 
of three. When Shelby bought another fish tank and more fish, the total number of fish increased  
by a power of two. If Shelby initially had three fish, then how many fish does she have now?

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. In a game of Meltdown, each contestant starts with one point.  
This score is multiplied by three every time they clear a platform. 
This total is then raised to the power of two for every time they 
avoid touching the rotating barrier as well. The following table  
shows the results after one round of Meltdown.

Image: Atfie SahidMY/Shutterstock.com

ChapTer 4: IndICeS 	192

4D

 



Contestant Number of platforms 
cleared

Number of barriers 
cleared

Final score

Ali 7 1 (1 × 37)2 = (37)2

Anna a 2 (39)4

Oleg 11 b (311)2

Patrick 8 1 (38)2

Rebecca 6 2 c

a. Find the number of platforms Anna cleared.
b. How many times did Oleg clear the barriers?
c. Express Rebecca’s final score in index form. 
d. Who got the highest score in the round? State their name and score.
e. Group activities, like sports, are a great way to spend more time with the people in your life  

and make new friends. List some other ways in which you can meet people in a safe and  
fun environment.

17. Substitute 𝑥 for 3 into the below expressions and evaluate the results for parts a and b, with or 
without a calculator.

a. 6(𝑥2)3 = 6 × 𝑥2 × 𝑥2 × 𝑥2

b. (6𝑥2)3 = 6𝑥2 × 6𝑥2 × 6𝑥2

c. Compare and contrast your answers for parts a and b. How do brackets affect the outcome of 
raising a term in index form to another power?

Extra spicy

18. An investment of $1500 is expected to grow according to the following formula, where t represents 
the number of years the money has been in the account.

1500 × (1.32)t

How much money will there be in the account after four years, to the nearest thousand?

A. $7000 B. $8000 C. $12 000 D. $13 000 E. $14 000

19. Helen is a seasonal worker at an apple orchard. Over six weeks, she works for six hours per day and 
six days per week. She gets paid $0.50 for every tree that she plants. How many trees should Helen 
aim to plant in an hour of work if she wants to make at least $7000 over the whole season?

A. 32 B. 64 C. 65 D. 195 E. 216

20. Solve for 𝑥.

4𝑥 = (24)6

21. Given that the volume of the cuboid is 54 cm3, what is the area of one square face, in index form?

x

x

2x
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Remember this?

22. Harvey attends hockey training three times a week during winter sports season. If term two was 11 
weeks long, then how many times has Harvey attended hockey training in all of term two?

A. 3 B. 11 C. 14 D. 33 E. 77

23. Chloe is saving up for a new skateboard. If the skateboard costs $220 and Chloe has already saved 
55% of it, then how much more money does she need to save?

A. $45 B. $99 C. $121 D. $165 E. $219.45

24. In a square pattern, half of the tiles are black. There are half as many red tiles as there are black and 
the rest are white. If the area of the whole pattern is 64 tiles, then how many tiles are white?

A. 4 B. 8 C. 16 D. 32 E. 48
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Chapter 4 extended application
1. In the study of Astronomy, numbers become relatively large. For example, the distance between Neptune  

and the Sun is approximately 4 474 000 000 km in decimal notation. Given the length of the number, scientific 
notation is a common way to write the distance.

For example, the distance 4 474 000 000 km between Neptune and the Sun can be 
rewritten as 4.474 × 109 in scientific notation. The index of ‘9’ indicates that there are nine 
zeros after the first digit.

Decimal notation Index notation

Base Index

4 474 000 000 = 4.474 × 10 9

Another way of describing distances in space is to use astronomical units (AU). 
Astronomical units are based on the distance between Earth and the Sun, which is defined 
as 1 AU. All other distances in the solar system are therefore relative to this distance.  
For example, the distance between Earth and Jupiter is 4.2 AU, which means that it is a little 
over four times the distance compared to how far Earth is from the Sun.

Image: ESA/Hubble

The distance between planets change, due to planets having elliptical orbits which are 
not perfect circles. The distance between Mercury and Earth can range from 77 million 
kilometres at the closest point (perihelion) and 222 million kilometres at the furthest point 
(aphelion). The following table shows the average distance from Earth to the destination 
listed, rounded to the nearest million kilometres.

Destination Distance (km) Distance (AU)

The Sun 150 000 000 1

Mercury 92 000 000 0.61

Venus 41 000 000 0.28

Mars 78 000 000 0.52

Jupiter 629 000 000 4.2

Saturn 1 275 000 000 8.52

Uranus 2 724 000 000 18.21

Neptune 4 351 000 000 29.09

a. The distance between Earth and the Sun can be written as  1.5 ×  10   8   km in scientific 
notation. State the base and the index for   10   8  .

b. What is the kilometre distance between Earth and Venus, in scientific notation?
c. The distance between Earth and dwarf planet Pluto is  5.0488 ×  10   9   km. Convert this to 

decimal notation.
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d. In the Pleiades open star cluster, there is a star called Atlas, which is 431 light years 
away from Earth. If one light year is approximately 63 000 AU, calculate the distance  
in kilometres between Earth and Atlas, giving your answer in scientific notation to  
1 decimal place.

e. The concept of using the human foot as a unit of measurement was introduced at least 
4000 years ago. The idea of measuring the distance between the Earth and the Sun, 
which became known as the astronomical unit, is also suspected to be thousands of 
years old. What other unit of measurement might humans have invented, or invent in 
the future, that is based on ourselves and our planet?

2. The seahorse is one of the fastest reproducing creatures in the  
animal kingdom. There are several oddities in the way that seahorses 
reproduce. For example, couples dance together for hours or days, 
change colour and entwine their tails as part of the mating ritual. 
Couples also tend to remain monogamous for an entire  
breeding season.

Unlike most other animals, male seahorses become pregnant and 
carry the eggs to term. The female deposits between 5 and 1500 
unfertilised eggs into the male’s brood pouch, which he fertilises and 
carries for two to three weeks. After giving birth, male seahorses 
can become pregnant again within hours. Sadly, only 0.5% of babies 
survive to adulthood.

a. A particular male seahorse births an average of  10 × 10 × 10  babies, called fry, every 
fortnight. Determine the number of fry that would be birthed in an 8-week period.

b. The large Australian pot-bellied female seahorse deposits   4   2  ×  4   3  eggs into the brood 
pouch of her mate. Assuming all eggs survive and are birthed, how many babies will 
this result in? Give your answer in index form.

c. If the number of fry that survive to adulthood from each clutch (group of eggs) is 50, 
how many babies would survive from   3   4   clutches?

d. Assuming there are   2   4   clutches a year,   2   9   eggs per clutch and   2   2   fertile years,  
how many fry would be birthed over the lifespan of one male seahorse?  
Give your answer in index form.

e. Many seahorse species are either endangered or vulnerable. This is due to a 
combination of pollution, habitat loss, fishing nets and the capture of seahorses for 
traditional medicine. Suggest one way that we can protect seahorses from being  
further endangered.

Image: Bernard S Tjandra/Shutterstock.com

3. Cars are known to depreciate (fall in value) year on year. The average depreciation of a car’s values is 10% every 
year. For example, the price of a brand new Electro car sedan is $54 000. After one year, it is worth 90% of the 
original price. Every year the car depreciates, it is only worth 90% of the price of the previous year. In other words, 
the value of the car over time = original price  × 0.9 × 0.9 × 0.9 ...  for the amount of time the car is owned.

Value of car over time = original price × 0.9 × 0.9 × 0.9 × ... × 0.9
Number of 0.9 = number of years after purchase
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a. Determine the value of a three year old Electro car sedan with the equation  
  $54 000 ×  (  0.9  )     3   . Rounded to the nearest dollar, how much has it reduced in price?

b. Rounded to the nearest dollar, determine the value of the car when it is 10 years old.
Andrew turns 14 years old in 2030 and wants to save up to purchase a car for his 18th 
birthday. He already has  $3000  in his saving account and has figured out he can save  $2500  
per year from his paper round.

c. Calculate how much Andrew will have saved in 4 years time.
d. Andrew does not have enough money to buy a brand new car and will have to buy an 

older pre-owned car. Determine the year of the Electro car sedan Andrew can afford by 
using the equation   54 000 ×  (  0.9  )     years    and substituting different numbers of years.

e. Andrew is trying to decide if he should buy a car at 18 or wait a few more years to buy a 
better car. He creates the table below to help him calculate his options. Complete the table 
and show all working below to help Andrew decide if he should buy a car at 18 or wait.

Year Savings Age of car (years) Year car made

2031 $5500 22 years 2009

2032 $8000 19 years 2013

2033 $10 500 16 years 2017

2034 $13 000

2035 $15 500

2036 $18 000

f. Based on the information calculated in the table should Andrew buy a car at 18 or wait a 
few more years to buy a car? Explain your reasoning using the calculations from the table.
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Chapter 4 review

Multiple choice

1. Which of the following has been written incorrectly in index form?

A. 12 × a × b × a × 12 × 12 = 12 3 × a 2 × b

B. 9 × 𝑥 × 𝑥 × 𝑦 × 𝑦 × 𝑥 = 9 × 𝑥 3 × 𝑦 2  

C. 4.2 × m × 4.2 × n × m × n × 1 × 𝑥  = 4.2 2 ×   m 3 × n 2 × 𝑥 
D. 3.6 × 7 × 7 × 3.6 × 𝑥  × 𝑥  × z = 3.6 2 × 7 2 × 𝑥 2 × z

E. 8 × q × r × 8 × r × q × p × r = 8 2 × q 2 × r 3 × p

2. Which of the following indices would make this expression true?

(−8) ⎕  × (−8) 2 = (−8) 8  

A. 4 B. 6 C. 8 D. 10 E. 16

3. WhichofthefollowingcannotbesimplifiedusingtheFirstIndexLaw?

A. 4 8 × 4 3 × 𝑥  × 𝑦
B. 2 4 × 4 6 × b 5   × c
C. 3𝑥 × 𝑥 3 × 𝑦 4 × 𝑦 2  
D. 6 2 × m 2 × n 3 × 6 3 × n × p

E.   a 5 × 5 2 × b 4 × b × 5

4. Whichofthefollowinghasbeenincorrectlysimplified?

A.     12𝑥 7  ______ 
 6𝑥 5 

   = 2𝑥 2  

B.     10a 11  b 3  __________ 
 5a 4 b

   = 2a 7    b 2  

C.    14 
3  _____ 

14 3 
  = 14 0 = 1

D.    
(−3) 8 
 ________ 

(−3) 2 
  = 3 4  

E.     30t 9  ______ 
 2t 8 

   = 15t

5. Which of the following is not equivalent to the below expression?

   8 
8  ____ 
2 4 
   

A.    8 
4 × 8 4  __________ 
2 2 × 2 2 

   

B.     8 6 × 8 2  __________________  2 × 2 × 2 × 2   

C.      
(8 2 ) 4  __ 
  (2 2 ) 2  

   

D.   8 8 ×   1 __________ 
2 2 × 2 2 

   

E.   4 4  

4A

4B

4B

4C

4C, 4D
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Fluency

6. Write the following expressions in index form.

a.  4 × 4 × 4 × 4 
b.  8 × 7 × 8 × 7 × 8 
c.  5 × 2 × a × b × a × b × c × 5 
d.  −2.3 × 𝑥 × 𝑦 × 𝑦 × 𝑦 × 𝑥 × 2.3 × z 

7. Evaluate the following expressions using order of operations.

a.   5   2  +  2   3  − 6 + 3 
b.  20 ÷  2   2  +  3   2  − 10 
c.    (  8 + 2 )   ×  (  10 + 6 )   −  4   2  × 2  
d.    (  15 − 11  )     2  + 3 ×  (  40 −  2   5  )    

8. Simplify.

a.   3   2  ×  3   4  ×  5   7  ×  5   3  
b.  1 2   2  ×  8   4  ×  8   6  × 12 
c.    (  −9  )     2  ×  6   9  ×  (  −9  )     10  ×  6   8   
d.   1 5   2  ×  (  −2  )     10  ×  4   5  ×  (  −2  )     3  × 1 5   5   

9. Simplify.

a.   5   2  ×  a   4  ×  b   6  ×  a   2  
b.    3   3  ×  (  −p  )     5  × 3 ×  (  −p  )     8   
c.  −7 a   3  ×  4   2  ×  2   5  × 3 a   15  
d.   −5 𝑥   2  × 8 𝑦   5  ×  (  −𝑥  )     10  × 3 𝑦   8   

10. Simplify.

a.  20𝑥5
 ______ 

4 𝑥   2 
   b.  

4 p   6 
 _______ 

32 p   3 
  c.  −9 w   20  __________ 

36 w   12 
  d.  5 c   18  × 6 c   20  _______________ 

48 c   17 
  

11. Simplify.

a.   a   10  b   9  _______ 
 b   5  a   3 

  b.  
16 p   17  q   6 
 __________ 

12 p   8  q   6 
  c.  − 7 k   39  r   13  _____________ 

42 k   22  r   5 
   d.  48 v   14  w   28  ____________ 

70 w   15  v   12 
   

12. Simplify.

a.    (   8   2   )     3  ×  8   4   b.    (  3 a   5   )     5  ×  (  2 a   3   )     7   c.  
 (  4 v   13   )     3 
 _________ 

 (   v   2   )     17 
   d.  

 (  5 p   4   )     4 
 _________ 

 (   p   8   )     2 
  

13. Simplify.

a.   6 (   a   4   )     6  ×  (  6 a   3   )     8   b.  
 2   10  (   𝑥   8   )     4 
 ___________ 

 2   5  (  𝑥  )     8 
  

c.    (  1 2   3  v   16   )     4  ×  (   12v   10   )     7   d.  
 (   4   5  n   7   )     6 
 __________ 

 4   28  n   14 
  

4A

4A

4B

4B

4C

4C

4D

4D
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Problem solving

14. The force of gravity on the Sun’s surface is 33timesstrongerthanitisonEarth.Iftheforce
ofgravityonEarthis9.8Newtons(N),thenwhatistheforceofgravityontheSun’ssurface,
written in index and expanded form?

15. MariaisvisitingherlocalMexicanrestaurantFlexicaMexicana.Therearefourdifferent
typesofmealsavailable(tacos,quesadilla,burrito,nachos).Shecanchoosetoaddonto
thosemealsoneoffourdifferenttypesofmeat,oneofthreedifferenttypesoffillingand
oneofthreedifferenttypesofsauces.Whatarethecombinationsofmeals,meat,fillingand
sauce that she can have? Express in index notation.

16. Tom’sparentsinvested$10000intoasavingsfundthedayTomwasborn.Everyfiveyears,
theinvestmentwouldquadruple,butthenwouldbereducedbyafactoroffourevery
sixyears.HowmuchmoneywouldTomhaveonhis60thbirthday,includingtheinitial
investment amount? Express in index form.

17. Alannah is trying to grow her Tiktok account by posting more videos. She initially had three 
followers.Afteroneweek,hernumberoffollowersincreasedbyapoweroftwo.Twodays
later,Alannahpostedavideoofherselfsinging,andthetotalnumberoffollowersincreased
by a power of six. Express how many followers Alannah has now in index form.

Reasoning

18. Bradispaintingfloortiles.Onesectioncontains10rowsoftiles,witheachrowcontaining
10 tiles. He is assigned to paint 3 sections.

PAINT!PAINT!

a. How many tiles are in one section? Express in index form.
b. Expresstheentirepaintjob(includingallthreesections)inindexnotation,andfind

the number of tiles Brad has to paint in total.
c. Brad estimates it will take 5 minutes to paint one tile. How long will the entire paint  

jobtake?Firstexpressinindexformandthenevaluate.
d. IsitpossibleforBradtofinishtheentirepaintjobwithin20hours?Ifnot,howmany

more hours does he need to complete it?
e. Paints(especiallyacrylicpaint)areknowntobeharmfulfortheenvironmentin 

many ways. Suggest some ways that Brad can ensure his painting is eco-friendly.

19. Evaluate the following expressions. 

a.    (   2   3   )     4   
b.    (   2   4   )     3   
c. Compare your answers from parts a and b and determine if they are equal.  

Explainthereasoningbehindyourfindings.

4A

4B

4C

4D
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Chapter 5 research summary
Algebra

Big ideas

Proportional reasoning
This chapter will focus on students’ ability to identify and apply their extensive conceptual and structural 
understanding of numbers and their properties, order of operations, ratios and proportions, equivalence,  
and number sense to build structural and conceptual knowledge of algebra.

Students will use their understanding of number (especially fractions and integers) and number properties 
(addition, subtraction, multiplication, division) to develop a conceptual understanding of variables that underpins 
the conceptual understanding of algebra (Bush, 2011; Darley, 2009). For example, this chapter will get students to 
investigate why  a × b  is the same as  b × a , but  a ÷ b  is not always the same as  b ÷ a .

Reviewing number properties and using a calculator can strengthen students’ understanding of the connection 
between number and algebra (Bush, 2011; Darley, 2009). For example, this chapter will get students to justify the 

reasoning why    
𝑦
 __ 𝑦   = 1and 

a __ b   ×  
b __ a   = 1.

Using the phrase ‘cancelling’ or ‘goes away’ may cause misconceptions in algebra. Instead, students and teachers are 
encouragedtousephrasessuchas‘sumstozero’and‘simplifiesto1’.Thiswillhelpstrengthenstudents’connection

ofnumberpropertiesinalgebra.Forexample,3𝑥 − 3𝑥 sums to zero and  
4𝑦
 ___ 4𝑦  simplifiesto1.

Additionally, this chapter will draw upon students’ interpretation of the equal sign and equivalence. Students will 
need a relational understanding of the equal sign to strengthen algebraic reasoning (Carpenter et. al. 2000) and to 
avoidmisconceptionsinalgebra(Welder,2012).Forexample,30 − 3𝑥 = 𝑦 is the same as 𝑦 = 30 − 3𝑥.

Supporting the idea of equivalence in arithmetic is critical before students apply it to algebra so they do not see this 
idea as an outlier. Balance scales, physical and pictorial models, reversing the amount of quantities on either side of 
the equal sign, and using number sentences with operations on either side can be applied to strengthen the idea of 
equivalence in both arithmetic and algebraic reasoning and thinking (Welder, 2012; Kieran 1981).

This big idea is built upon a strong understanding of number, number properties, ratios and proportions, and equality.  
Therefore, understanding the connection between number, number properties, equality, and algebra is pivotal for 
future success in mathematics. Progress in this chapter and future lessons such as equations and geometry impacts 
the future big ideas of generalising.

Generalising
This chapter will focus on combining multiplicative thinking and proportional reasoning skills to recognise and 
represent patterns and relationships of algebra. Additionally, this chapter will build structural and conceptual 
knowledge of the properties of algebraic notation, letter usage, and their symbolic relationship within expressions 
and the language of mathematics.

It is essential to realise that it takes time for students to make algebraic generalisations (Bush, 2011).  
Algebra is plagued with potential pitfalls for students. Algebra requires students to navigate and combine their 
skills of analysing mathematical words and text, graphs, and tables. They must manoeuvre familiar and foreign 
mathematical symbols to work with various numbers and properties to conclude evidence or assumptions.

In this chapter, algebra will be introduced using letters and symbols to represent unknown numbers and 
relationships between quantities in the form of expressions and equations. The success of algebra and general 
problem solving is underpinned by the conceptual understanding and mastery of variables (Tooher & Johnson, 
2020). For example, there are six times as many students as teachers at this school can be represented by  s = 6t , 
where  s = thenumberofstudentsandt = thenumberofteachers.
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Visual representations

Algebra tiles
Algebra tiles are an extension of the area model. Algebra tiles represent 
constants and variables and are used to support students in conceptualising 
and visualising the abstract ideas of algebra. They usually represent a small 
square with dimensions 1 by 1 square unit and area of 1 square unit; an oblong  
rectangularshapewithdimensions1by𝑥and an area of 𝑥 square units;  
andalargesquarewithdimensions𝑥by 𝑥 and an area of 𝑥 2   square units.  
The side length of the larger square is designed so that it cannot be made 
using a certain number of smaller squares.

In this chapter, algebra tiles will be used to aid with:
 • adding and subtracting like terms and integers
 • multiplying and dividing integers
 • the distributive property
 • factorising and grouping.

While concrete manipulatives increase understanding of abstract algebraic 
ideas, if they are not applied correctly, they could reinforce misconceptions 
regarding equality and variables (MacGregor & Stacey, 1997). Therefore, it is 
vital to use a range of manipulatives and visual models, such as number lines 
and balance scales, to support students understanding of algebraic concepts.

x

x

x

x

x x x y

1 1 1

1 1 1

y −y

4x + 2y − y

x x x x y

4x + y

3x + 6

Expanded Factorised

Like terms

=

Adding and subtracting

Distributive property and factorising 

x

x

x

1 1

1

1 1

1

3 groups of (x + 2) 3(x + 2)

Additionally, this chapter will assess students’ ability to translate words into equations and expressions. Word to 
equation/expression translation plays a vital role in the developmental success of algebra. Practicing problems that 
are relatable, substituting numbers to make sure their equation makes mathematical sense, and using cognitive 
dissonance can promote algebraic generalisation (Tooher & Johnson, 2020). For example,  4s + 7r = 42, 
where scones cost  s  and rolls cost  r , makes students stop and consider what the variables represent since  4  scones 
and  7  rolls does not equal  42 .

Furthermore, to promote algebraic thinking and generalisations, representing unknown quantities with completely 
different abbreviations than the item’s name can reduce the misconception that letters are objects or labels instead 
of numbers (McNeil et al., 2010). For example,  u = numberofapples. 

Lastly, this chapter will use tables and graphs to promote algebraic generalisations. Connecting patterns with 
equations, tables, graphs, and words promotes algebraic thinking and understanding of functions (Kieran & Sfard, 
1999). Additionally, these connections are fundamental for generalising mathematical proofs. For example,  
creating a rule that represents the   n thterminthesequenceofnumbers3, 6, 9, 12, n th  .

This big idea is built upon a strong understanding of proportional understanding, number and number properties, 
patterns, and equality. Therefore, a conceptual understanding of variables and the relationship and connection of words,  
equations, tables, graphs, and patterns is essential for success in future mathematics topics.

	  Chapter 5 researCh summary 203

5

 



Bar model
Bar models, also known as tape or strip diagrams, help students construct a  
pictorial equation from a word problem as a whole rather than as distinct parts.  
The bar model is usually represented by a rectangle representing the 
relationship between the known and unknown quantities and can be divided 
to represent proportional relationships. In this chapter, bar models will aid in 
relational thinking, algebraic thinking, and substitution.

x x 5

8 8 5

2x + 5

If x = 8

=

21

x x 5

4 4 5

2x + 5

If x = 4

=

13

Open array
Open arrays are helpful for the multiplication of larger numbers and do not 
show units within the array. They promote the use of multiplication strategies 
rather than counting. While they are practical for the distribution law for digits,  
they are also practical for conceptualising algebraic expressions and equations.  
This chapter will use open arrays to aid in understanding multiplying and 
dividing terms, factorising and expanding algebraic expressions.

ba ba

ba ba

2b

2b × 2a = 4ba = 4ab 2(2x + 3) = 4x + 6

+2x +3

+2

2a

ab

ab

ab

ab

2b

2a=

Multiplying and dividing Expanding and factorising

64x

Misconceptions

Misconception Incorrect Correct Lesson

Students include some or 
none of the fraction when 
describing terms. 

   m ___ 3  + 3

Terms:    1 __ 3   , m, 3

   m ___ 3  + 3

Terms:    m ___ 3   , 3

5A

Students do not include 
the operation sign when 
describingcoefficients.

4 − 3i
Coefficientofi is 3

4 − 3i
Coefficientofiis−3

5A

Studentsthinkthecoefficient
of a variable with no number 
in front is 0. 

s + 81
Coefficientofs is 0

s + 81
Coefficientofs is 1

5A

Students reverse the order 
when translating worded 
problems to algebraic 
equations or expressions.

There are six times as many 
capybaras (c) as numbats (n).
6c = n

There are six times as many 
capybaras (c) as numbats (n).
6n = c

5A

Students match the order 
of words when translating 
worded problems to algebraic 
equations or expressions.

Three less than n.
3 − n

Three less than n.
n − 3

5A
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Misconception Incorrect Correct Lesson

Students place the larger 
number with the larger 
group when translating 
worded problems to algebraic 
equations or expressions.

There are seven times as many 
crocodiles (c) as echidnas (e).
7c = e

There are seven times as many 
crocodiles (c) as echidnas (e).
7e = c

5A

Students think that letters 
represent a word rather than 
a value. 

5p + 6t
5pizzas + 6tacos

5p + 6t
5p + 6t, where p = costofpizzaand
t = costoftaco

5B

Students do not apply order 
of operations when solving 
algebraic equations. 

4 + 6i, where i = 3
4 + 6i = 4 + 6 × 3
 = 10 × 3
 = 13

4 + 6i, where i = 3
4 + 6i = 4 + 6 × 3
 = 4 + 18
 = 22

5B

Students think that a variable 
only represents one  
specificnumber.

x x 5

58 8

2x + 5

If n = 8

=
21

n is always equal to 8.

x x 5

58 8

2x + 5

If n = 8

=
21

n is only equal to 8 for this question.

5B

Students think that variables 
cannot represent the  
same number.

s = 6andp = 6isnottruebecause
variables must always represent a 
different number of quantities.

s = 6andp = 6istruebecause
variables can represent the same 
number of quantities.

5B

Students will combine unlike 
terms together to form a 
single term when simplifying 
expressions. 

2l + 3a = 5al 2l + 3a
Thisexpressioncannotbesimplified
further because 2l and 3a are  
unlike terms.

5C

Students ignore the sign of the 
coefficientofthetermwhen
combining like terms. 

10g − 6g = 16g 10g − 6g = 4g 5C

Students will combine 
unlike terms together when 
simplifying terms with powers. 

5u2 + u + 3eu2 + e2u
= 4e2u3 + 6u3

5u2 + u + 3eu2 + e2u
Thisexpressioncannotbesimplified
further because 
5u2, u, 3eu2, and e2u are unlike terms.

5C

Students believe that only like 
terms can be multiplied  
and divided.

3a × 2L × 4a = 12a × 2L 3a × 2L × 4a = 24a2L 5D

When multiplying two terms 
students multiply each 
factor from one term by the 
coefficientoftheotherterm.

3 × 6g = 3 × 6 × 3 × g = 54g 3 × 6g = 18g 5D

When simplifying expressions 
with multiplication and 
powers, students use repeated 
addition or combine  
terms incorrectly. 

4b2 × 2b3 = 8b2b3

or
3b2 × 4r = 12(br)2

4b2 × 2b3 = 8b5

or
3b2 × 4r = 12b2r

5D

When dividing terms, students 
believe that terms with the 
same variable ‘cancel’ and ‘go 
away’ instead of simplifying. 

8a2b ÷ 2a =  8a2b ____ 2a    

 = 4b

8a2b ÷ 2a =  8a2b ______ 2a    

 =  8 × a × a × b  __________________ 2 × a    

 = 4ab

5D4

1 4 1

1 1
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Misconception Incorrect Correct Lesson

When adding algebraic 
fractions, students multiply 
the numerators and/or 
denominators.

   2e ___ 7   +  
4e ___ 7   =  

4 × 2 × e × e  _________________ 7 × 7   =  8e2
 _____ 49   

   2e ___ 7   +  
4e ___ 7   =  

6e ___ 7    
5E

When converting a whole 
term to a fraction, students 
use the entire term as both 
the numerator and the 
denominator. 

2w =  2w ____ 2w   2w =  2w ____ 1    
5E

Students don't multiply the 
reciprocal of the divisor.

   7 __ a    ÷  
a __ 3  =  

7 __ a    ×  
a __ 3  =  

7a ___ 3a   
   7 __ a    ÷  

a __ 3  =  
7 __ a    ×  

3 __ a  =  
21 ___ 
a2   

5E

When expanding, students 
multiplythefirstterminside
the bracket only. 

6(r + 8) = 6r + 8 6(r + 8) = 6r + 48 5F

Students add or subtract when 
expanding terms. 

10(4e − 8) = 14e − 2 10(4e − 8) = 40e − 80 5F

Students ignore negative signs 
when expanding. 

−2(3k − 7) = 6s − 14 −2(3k − 7) = −6s + 14 5F

Studentsfindacommonfactor
and not the highest common 
factor when factorising. 

27 + 18i = 3(9 + 6i)
3 is the highest factor

27 + 18i = 9(3 + 2i)
9 is the highest factor

5G

Students factor some of  
the terms. 

15d − 10 = 5(3d − 10) 15d − 10 = 5(3d − 2) 5G

Students factor some of the 
operational signs. 

−24 − 6s = −6(4 − s) −24 − 6s = −6(4 + s) 5G
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Introduction to algebra5A
This lesson covers the foundational language of algebra. It is essential to 
understand this language so that equations and expressions can properly be 
represented and manipulated in the future. Equations and expressions can 
model real life situations.

LEARNING INTENTIONS

Students will be able to:
 • define and identify the pronumerals, coefficients, terms and constants

 • understand the difference between an expression and an equation

 • write algebraic expressions and equations from worded situations

 • write worded statements that represent algebraic expressions 
and equations.

KEY TERMS AND DEFINITIONS

A coefficient is the number that a variable is being multiplied by.

A constant is a number that cannot change its value in an expression 
or equation.

An equation is another name for a number sentence. An equation can 
contain letters, numbers and operations, as well as an equals sign. Each side 
of an equation is equal.

An expression is a number of terms grouped together by operations.

A term is a part of an expression or equation made up of a number and/or 
pronumerals. Terms are separated by addition or subtraction.

A variable is a letter used to represent a value that is unknown or may vary. 
This is also known as a pronumeral or an unknown.

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

I am mystified!

That’s just a 
maths equation!

Is your
answer 3?

Magic and algebra are closely related. 
Magic and algebra both rely on 
producing illusions to complicate 
and distract the audience. However, 
when we unveil the charms, spells and 
trickery we can see that the unknown 
was known all along. 

A classic maths trick goes like this:
Pick any number from 1–10. Multiply 
that number by 2. Multiply the new 
number by 5. Divide that number by 
your original number. Then subtract 7.

Key ideas

1. Variables represent unknown quantities.

Words Pictorial Algebraic
Three rectangles that each 
have an area of
𝑦2 cm2, 1𝑦 cm2, and     cm2.

y2 y

Area   =   𝑦2   +   𝑦  +

2. Equations and expressions can both contain variables, coefficients, and constants with operations.  
Equations also contain an equal sign.

−2a + 5 = 91

Coe�cient Variable Constant

Terms: −2a, 5, 91 Continues →
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3. When writing expressions and equations, the coefficient is placed before the variable.

Correct maths conventions: Incorrect maths conventions:

− 4a − a4

Worked example 1

Identifying parts of algebraic expressions and equations

For each expression or equation state:

i. if it is an expression or equation.
ii. the terms.
iii. the coefficient of  b .
iv. the constants.

a. 3 a  −  b  − 9

Working Thinking

i. Expression Step 1: If the (LHS) of the equal sign equals the (RHS) 
of the equals sign, then it will be an equation. 
Otherwise it is an expression.

ii. The terms are  3a ,  −b ,  −9     . Step 2: Determine the terms. Terms are separated by 
addition or subtraction.

iii. The coefficient of  b  is  −1 . Step 3: Identify the coefficients. Coefficients are the 
numbers multiplied by the variables.

iv. The constant is  −9 . Step 4: Identify the constant. The constant is a number 
without a variable.

Visual support

3 a − b − 9

Coe˘cient Variable Constant

Terms: 3a, − b, − 9

b. 7 a  − 9 b  − 81 = 71 − c

Working Thinking

i. Equation Step 1: An equation has an equal sign, whereas 
expressions do not.

ii. The terms are 7 a , −9 b , −81, 71, −c Step 2: Determine the terms. Terms are separated by 
addition or subtraction.

iii. The coefficient of  b  is  −9 . Step 3: Identify the coefficients. Coefficients are the 
numbers multiplied to the variables.

iv. The constants are  −81  and  71 . Step 4: Identify the constant. The constant is a number 
without a variable.

WE1a

WE1b

Continues →
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Student practice

For each expression and equation state:

i. if it is an expression or equation.
ii. the terms.
iii. the coefficient of  b .
iv. any constants.

a.  7a − 2b + 9 b. 4a − b − 161 = 43 − c 

Worked example 2

Writing algebraic expressions and equations

Write an expression or equation to represent each of the statements.

a. The product of  b  and negative two is added to five.

Working Thinking

 −2 × b  or  −2b Step 1: ‘product of  b  and negative two’ means we need 
to multiply  b  and  −2 .

 −2b + 5 Step 2: ‘is added to five’ means we add 5.

Visual support

The product of b and negative two is added to five.

−2 × b +5

b. One third of negative  e  is added to eight and is equal to thirty-two.

Working Thinking

 −  e __ 3    or  −  1 __ 3   e Step 1: ‘one third of negative  e ’ means we need to 
divide  −e  by 3 or multiply    1 __ 3    and  −e .

 −  e __ 3   + 8 Step 2: ‘is added to eight’ means we add 8.

 −  e __ 3   + 8 = 32 Step 3: ‘and is equal to thirty-two’ means we equal the 
two terms to 32.

Student practice

Write an expression or equation to represent each of the statements.

a. The product of  e  and negative five is added to twelve.

b. One half of negative  m  is added to four and is equal to thirty-five.

WE2a

WE2b
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Worked example 3

Writing algebraic equations

Write a statement that describes the following expression or equation.

a.  15 − a = 9 

Working Thinking

 a  is subtracted from fifteen. Step 1: The first term is  15  and is being subtracted by a.

 a  is subtracted from fifteen and equals nine. Step 2: The two terms  15  and  −a  equals  9 .

Note: There are multiple answers.

Visual support

15 − a = 9
Subtract/Subtracted
Minus
Di erence

Equal to
Equivalent
Total

b.    n __ 2   + 3𝑦

Working Thinking

Half of  n . Step 1: The first term is  n  divided by 2.

Half of  n  is added to three groups of  𝑦. Step 2: The second term is added to three groups of  𝑦.

Student practice

Write a statement that describes the following expression or equation.

a.  18 − b = 9 b.    e __ 4   + 2t 

WE3a

WE3b

5A Questions

Understanding worksheet

1. Circle the coefficients of the expression or equation.

Example

8 b = 19 − 4 a

a.  8𝑦 + 7 = 3 b.  3 − 9a c.  6𝑦 − 0.5m d.     1 __ 3  at = 3hs 

2. Fill in the blanks so that the expression shows the sum of the visual.

Example

x2 x y

−1 −1 −1

𝑥²  + 𝑥  + 𝑦  − 3
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a.

y2 1 1 1 1 1

b.

−x2 −1 −1 −1

c.

−1 −1

x y

d.

−11

−xyxy

3. Fill in the blanks by using the words provided.

constant 1 variable term equation

In the expression  2 + 𝑥, the coefficient in front of the variable is  . The number that 

cannot change its value in the expression or equations is called a  . A constant and a 

 can also be called a  if they are separated by addition or 

subtraction. If  2 + 𝑥 should equal  14 , then this expression will change to an  .

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9 (a,b,c,d), 10

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9 (c,d,e,f), 10

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9 (e,f,g,h), 10

4. Use the words coefficient, term, variable, constant, expression, or equation to describe what is circled.

a. 8t − 6r + 3e + 𝑥 b. 3m + 2a − 4t − s = 54

c. 5w − 3.2a + 𝑥 d.    1 _ 4   𝑦 −    3 _ 5   a =    1 _ 2   

e. 42g +    1 _ 2   a − m = e f. 0.5ja − 87ws

g. 27b − a + m = 54 h.     a _ 54    − 8.7 = 10.4

5. For each expression and equation state:

i. if it is an expression or equation.
ii. the terms.
iii. the coefficient of  b .
iv. any constants.

a.  2b + 3u − g b.    1 __ 2  a − 7b − 2.5 = 5 c.   c   2  −  a   2  =  3   2  d.  −  11 ____ 6   b − at 

e.  ca − 0.5b = s f.    b __ 4   − ak + 9e − 8r g.    d __ 5   = 25  a   2  + 6 − b h.    3b ____ 4    +   1a ____ 4    

6. State all the terms in the following expressions.

a.  𝑦 + 8 + 4e b.  8h − a − 56w 

c.    1 __ 2   − 2sp − 32a d.  0.5s − 2k + 78 +   1 __ 2   𝑦

e.   e   2  + 2el +  s   2  + 1 f.    a __ 4   − 4rc − 100 

g.  8.9  w   2  −   1 ____ 12  r +  √ 
_

 𝑦   h.     a _____ 100   −   a __ b  −    b _____ 100   

𝑦2   −3

−2   +𝑦 

WE1
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7. Write an expression or equation to represent each of the statements.

a. Nine less than  a .
b. The difference between thirteen and the sum of  a  and  b .
c. The product of  b  and  c  is equal to negative ten.
d. The quotient of negative  d  and eight is equal to thirty-two.
e. One third of the product of  f ,  g , and  h  is equal to ninety.
f. Half of three groups of  d  is added to four groups of  e .
g. A quarter of  e  is added to  f  squared.
h.  g  is multiplied by itself and equals the square root of  h .

8. Write a statement that describes the equation or expression.

a.  a + 7 b.  a − b 

c.  10 = 7 − b d.  ab = − 15 

e.  2a − 3b f.    a __ 2   + 3𝑦

g.   81 ÷  (  c − 2 )    h.   g   2  + r + r + r =  √ 
_

 25   

9. Write an equation or expression to represent each description

a. Each basketball team has  t  players. There are 10 teams with a total of 110 players.
b. A hotel had 234 rooms and had  w  rooms on each floor. There were a total of 18 floors.
c. Uzair has a total of  $B  in his checking account. He started with  $8200  in his checking account 

and paid  $62  each month for his internet over the next  p  months.
d. The total distance ( d ) in kilometres a skier can travel is equal to the product of speed ( s )  

in kilometres per hour and time ( t ) in hours.
e. The perimeter    (  P )     of a rectangle is equal the sum of two times the length    (  l )     and two times the 

width    (  w )    .
f. The area of a square that has a side length of 𝑥 metres is added the area of a rectangle with  

a side length of  𝑥 metres and a width of 1 metre.
g. Three classes from Edrolo High School went to the airport with  r  students from each class. They 

met another school at the airport that had exactly half as many students. There were a total of  z  
students at the airport.

h. The volume of a cube is calculated by cubing the side length  𝑦 cm and is added to the volume  
of a rectangular prism with a side length  𝑦 cm width of  e  cm and depth of  p  cm.

10. Which option shows the coefficients of m and t for the expression  7m −   t __ 3    .

A.  m :  7  and  t :  −1 B.  m :  −7  and  t :    1 __ 3   C.  m :  7  and  t :  −  t __ 3   D. E. 

Spot the mistake

11. Select whether Student A or Student B is incorrect.

a. State the terms in the expression.

   a __ 3   − 9b + c 

Student A

Terms:    a __ 3   ,  −9b ,  c 
Student B

Terms:     1 __ 3   ,  a ,  9b ,  c 

b. State the coefficients of a, b and c in the equation

   3a ____ 5    − 6b = 5 

Student A

Coefficient of a is  3 
Coefficient of b is  6 
Coefficient of c is  0 

Student B

Coefficient of a is    3 __ 5   

Coefficient of b is  −6 
Coefficient of c is  0 

WE2

WE3

 m :  7  and  t :  −  1 __ 3    m :  7m  and  t :  −  t __ 3   
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Problem solving
Question working paths

Mild 12, 13, 14 Medium 13, 14, 15 Spicy 14, 15, 16 

12. Kavitha’s sister is  s  years old and Kavitha is currently half of her sister’s age. Write an expression  
to represent how old Kavitha is.

13. A person’s maximum heart rate can be calculated by subtracting seven tenths of their age from  207 . 
Write an equation that describes the maximum heart rate    (  R )     for somebody that is  𝑦 years old.

14. Atsuko and Lena bought art supplies. Atsuko bought seven tubes of paint that cost  $k  each and  
$72.20  worth of paintbrushes. Lena purchased three of the same tubes of paint and three canvases 
that cost  $r  each. Write an expression that represents the difference that Atsuko and Lena spent.

15. Alex wants to improve his magic show by using maths. He tells the audience to select any number 
( 𝑥) and multiply it by three and then by two. Afterward he instructs them to divide the result by
the number they started with and then subtract one. Without simplifying, write an expression that 
describes the scenario of Alex’s mathematical magic act in terms of  𝑥.

16. A large square is made up of two rectangles each with an area of  𝑥 cm2, a small square with an area 
of   𝑥   2   cm2 and a smaller square with an area equal to  1  cm2. Express the area of the large square.

x2 x

x 1

Reasoning
Question working paths

Mild 17 (a,b,c,e) Medium 17 (a,b,c,e), 18 (a,b) Spicy All 

17. Amir and his friends got a new job at Coolworths. Employees receive a percentage of the base rate of 
pay depending on their age. The current base pay rate is  $r  per hour.

Age % of base rate of pay

16 years and under 50%

17 years 60%

18 years 70%

19 years 80%

20 years 90%

a. Amir’s youngest friend, Kofi is 16. Write an equation that represents how much money    (  $K )     Kofi 
would receive per hour.

b. Using part a, write an expression that represents how much Kofi would receive in a week if he 
works four hours twice a week, and five hours once a week.

c. Amir turns 18 in two days. Write an expression that represents the difference between his pay 
rate as a 17 and 18 year old.
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d. Hanna is 18 years old and wants to work over various public holidays. The holiday rate is 
calculated by adding 125% of the base rate to the employee’s regular pay. Write an equation 
that represents how much total money ( $H ) Hanna would receive if she worked on two public 
holidays for 6 hours each day.

e. If the base pay rate is $22 per hour, do you think this base pay rate is a livable wage for a person 
who is aged 16–20 years old? Why or why not?

18. Apply the number  0  as the coefficient of  a  or  b  so that the expression  a − b  is transformed into an;   

a. expression containing one term with a positive coefficient.
b. expression containing one term with a negative coefficient.
c. Why is it possible to have a positive or a negative coefficient when there is no number written  

in front of the variable?

Extra spicy

19. Which of the following options is not equivalent to  3r + 1.5𝑦?

A.  3r +   3 __ 2  𝑦 B.  3r +   
3𝑦
 ___ 2    C.  3r +    3 ___ 2𝑦  D.   3r +  (  3𝑦 ÷ 2 )    E.  3r +   3 __ 2   × 𝑦

20. The magician Alex wants to switch up his mathematics magic act. He is currently using the 

equation    
4 (  2p )  

 _______ p    − 1 = 7 , where p is any number the audience chooses and through various 

operations the audience gets an answer of 7. He wants the audience to get an answer of 15.  
What should the coefficient of  p  change to?

21. Which of the following statements always produces an even number if  x  and  y  are integers?

A.   𝑥   2  B.  3𝑥 + 2 C.   2 (  𝑥 + 𝑦 )    D.   3 (  𝑥 + 2𝑦 )    E.  𝑥 + 𝑦 + 1 

22. A square with side length  s , has a quarter of its area removed from one corner. What is the perimeter 
of the new square in terms of  s ?

Remember this?

23. Clinton wants to give    1 __ 5    of his  80  stickers to his brother.

How many stickers will he give to his brother?

A.  10 B.  16 C.  20 D.  40 E.  64 

24. Edrolo bought brand new monitors and laptops for their employees worth  $ 1 750 000 . They were 
given a  10%  discount. What was the price Edrolo paid after the discount?

A.  $15 750 B.  $17 500 C.  $157 500 D.  $175 000 E.  $1 575 000 

25. At the food stall, a can of soda and a burger each cost  $4 . The food stall owner uses a formula to 
calculate the amount of money collected from the sale of  w  cans of soda and  z  burgers daily.  
Select all the formulas the owner could use to determine the correct amount of money collected 
daily in dollars.

A.  4wz B.  8wz C.  4w + 4z D.   4 (  wz )    E.   8 (  w + z )    
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Substitution5B

Key idea

1. Variables are letters or symbols that represent an unknown value. Variables are replaced with values to then 
evaluate the expression.

x x 5

8 8 5

2x + 5

If x = 8

21

=

x x 5

4 4 5

2x + 5

If x = 4

13

=

Substitution is an essential building block for algebra. If a value of a variable is 
known, we substitute that value into the equation and evaluate. Substitution can 
also be used for a formula or a rule.

LEARNING INTENTIONS

Students will be able to:
 • substitute positive integers into expressions

 • substitute negative integers into expressions

 • use substitution and formulas to solve real world problems.

KEY TERMS AND DEFINITIONS

Substitution is the process of replacing a variable with a given value.

Evaluate means to carry out mathematical operations in the correct order 
to find a value of an expression or equation.

Formula is a rule written using mathematical symbols and pronumerals 
that are connected using an equals sign.

Order of operations is a set of rules that tells us what calculations are  
performed first in a number sentence or equation. The order follows brackets,  
indices, division or multiplication and then addition or subtraction.

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

Noles
Register: 126
Date: 01/08/2022

Snickers 6. 00
6  @  $1. 00 EACH

Chupa Chup 0. 60

Total of 9 items $6. 60

Cash $6. 60
GST INCLUDED IN TOTAL $0. 66

3  @  $0. 20 EACH

Receipt: 1179
Time:     18:12

Algebraic substitution is used in many 
real world situations. For example, we 
purchase three Chupa Chups and six 
Snickers. For each Chupa Chup it costs 
$0.20 and for each Snickers bar it 
costs $1.00. Our receipt will show that 
0.20 x 3 and 1.00 x 6.
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Worked example 1

Substitution

Substitute  p = 4  and  q = −5 .

a.  8p + 3 

Working thinking

 8 × 4 + 3 Step 1: Substitute the value for the variable.

 = 32 + 3 

 = 35 

Step 2: Simplify.

Visual support

p p p p p p p p 3

4 4 4 4 4 4 4 4 3

8p + 3

If p = 4

35

=

b.  −6p −   
4q
 ____ 2    

Working thinking

 −6 ×  (4)  −   4 ×  (−5)  _________ 2    Step 1: Substitute the values for the variables.

   = −24 −   −20 ____ 2    

 = −24 −  (−10)  

 = −24 + 10 

 = −14 

Step 2: Simplify.

Student practice

Substitute  a = 9  and  b = −8 

a.  7a + 5 b.  −3a −   6b ____ 3    

WE1a

WE1b
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Worked example 2

Using a rule

A bathtub is being filled up at a constant rate. The rule  W = 100t + 20  is used to calculate how many litres of water is in 
the bathtub at any given time.  W  represents water in litres, and  t  represents time in hours.

Use the rule to construct and complete a table of values when  t = 1 ,  3 , and  5 .

Working thinking

 t = 1, W   = 100t + 20 

   = 100 (  1 )   + 20  

  = 100 + 20 

  = 120 

 t = 3, W = 100t + 20 

   = 100 (  3 )   + 20  

  = 300 + 20 

  = 320 

 t = 5, W = 100t + 20 

   = 100 (  5 )   + 20  

  = 500 + 20 

  = 520 

Step 1: Substitute the  t  values into the rule to find the  
W  values.

Time(t),  
in hours

1 3 5

Water(w),  
in litres

120 320 520

Step 2: Complete the table using the  
 W  values calculated.

Student practice

A bathtub is being filled up at a constant rate. The rule  W = 100t + 20  is used to calculate how much litres of water is 
in the bathtub at any given time.  W  represents water in litres, and  t  represents time in hours.

Use the rule to construct and complete a table of values when  t = 2 ,  4 , and  6 .

WE2
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Understanding worksheet

1. Substitute  a = 4  and  c = 2  to solve each bar model.

Example

 2a + 3c 

aa c c c

44 2 2 2

14

a.  a + 8 

8a

4 8

b.  2c + a 

c c a

2 2 4

c.  40 + 2c 

40 c c

40 2 2

d.  4a + 3c 

a a cc caa

4 4 22 244

2. Substitute  a = 2, b = 5  and  c = 3  for each expression.

Example

 3c + a 

3 ×  3  +  2  = 11

a. 4a

4 ×   = 8

b. a + 3c

 + 3 ×   = 11

c. a + b − c

 +   −   = 4

d. −b − 3b = −20

−  − 3 ×   = −20

3. Fill in the blanks by using the words provided.

value variable substitute operations

If a  has a known value, it is possible to evaluate the expression. To evaluate an expression, 

 the variable for the  and simplify. The order in which the 

expression is simplified is referred to as the order of  .

5B Questions
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 7

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7

4. Substitute  a = 3 ,  b = 2  and  c = 4  to evaluate the expression.

a.  3b + 4 b.  9a + 2c c.  −8b + a d.   a (  4 − 7c )    

e.  4b +   3c ___ a   f.   1.5 (  b + 4a )    g.   −6 (  a − 4c )    h.   −1.2 (   a   2  − 2c )       

5. Substitute  l = −2 ,  m = −4  and  n = −3  to evaluate the expression.

a.  2m − 3 b.  3n + 4 c.  −4l − 6m d.  8l + 2n 

e.  5n +   3m ____ n   f.   2.5 (  n − 3l )    g.   −4 (  m − 2n )    h.   −1.5 (   m   2  + 3n )    

6. The cost of hiring a set of skis is given by the rule  $C = 20 + 60d . Where  C  is the total cost and  d  is the  
number of days. Substitute and determine the specified unknown value.

a. One day    (  C )    b. Three days    (  C )    
c. Three and a half days    (  C )    d. One week and a half    (  C )    
e. The month of June    (  C )    f.  $140     (  d )    
g.  $320     (  d )    h.  $500     (  d )    

7. Using the following expression   −3 (  −6 + ab )     substitute and solve when  a = 7  and  b = −9 .

A.  −1134 B.  27 C.  207 D.  351 E.  1134 

Spot the mistake

8. Select whether Student A or Student B is incorrect. 

a. Using the following expression  3 (  c + 4a )   , substitute and evaluate when a = 3 and c = 8.

Student A

  3 (  c + 4a )      = 3 (  8 + 4 × 3 )   
   = 3 (  12 × 3 )    
   = 3 (  36 )    
  = 108    

Student B

  3 (  c + 4a )      = 3 (  8 + 4 × 3 )   
   = 3 (  8 + 12 )    
   = 3 (  20 )    
  = 60 

b. Substitute p = −4 and r = −6 to evaluate the expression  −5 (   3p − r )    .

Student A

  −5 (  3p −  r )       = −5 (  3 ×  (  −4 )   −  (  −6 )   )   
   = −5 (  −12 + 6 )    
   = −5 (  −6 )    
  = 30 

Student B

  −5 (   3p − r )       = −5 (  3 ×  (  −4 )   −  (  −6 )   )   
   = −5 (  12 − 6 )    
   = −5 (  6 )    
  = −30 

WE1a

WE1b

WE2
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Problem solving
Question working paths

Mild 9, 10, 11 Medium 10, 11, 12 Spicy 11, 12, 13 

9. Zora wants to print out the photos from her thirteenth birthday. The cost of printing out her photos 
from Officeworks costs  $C = 1.5 + 0.25p , where  p  is the number of photos and  C  is the cost.  
How much should Zora expect to pay for 50 photos?

10. Arnie is focusing on her fitness skills and wants to make sure that every time she attends the gym 
she reaches her maximum heart rate. This is calculated using  R = 207 − 0.7a , where  R  is heart rate 
and  a  is age. Arnie is 29 years old, what is her maximum heart rate?

11. Kathy takes an Uber home from work everyday. The total cost is calculated by adding $2.50 per 
kilometre travelled plus an additional $0.75 per minute of idle time in traffic. How much will Kathy’s 
total ride cost if she travelled 7.25 km and spent 12.5 minutes sitting idly in traffic?

12. Claire went skiing at Mt. Hotham. She went down the Big D slope at a constant speed of 18 km/h.  
The rule used is  k = 18𝑥, where  k  is total kilometres and  𝑥 is time, in hours. How many kilometres
can Claire expect to have skied after 45 minutes?

13. Cindy is baking some cupcakes in an oven.

 t =  time in minutes
c = number of cupcakes
She has two ovens:
Convection oven:  t = 15 + 7.5c 
Fan forced oven:  t = 25 + 5c 
How much quicker is it to cook 10 cupcakes in a fan forced oven?

Reasoning
Question working paths

Mild 14 (a,b,d) Medium 14 (a,b,d), 15 (a,b) Spicy All 

14. Izzy, Colette and Isaiah all play football. Izzy has scored  
 2j + 3  points. Colette has scored  3j + 2  points. Isaiah has 
scored  4j − 3  points. Where  j  represents the number of goals. 
At the end of the season their coach has displayed their 
performance on the following graph.

a. How many goals will it take for Izzy and Collete to have an 
equal number of points?

b. After three goals, Izzy and Isaiah have the same amount  
of points. How many points will each have?

c. What is the difference in total points between Colette and 
Isaiah after 20 goals?

d. Izzy, Colette and Isaiah all want to increase their accuracy  
of goals for next season. What are some strategies they  
could implement?

15. Both  a  and  b  are different unknown numbers.

a. Substitute two values for the variables in    (  a + b  )     2    and solve.
b. Substitute two values for the variables in   a   2  +  b   2   and solve.
c. Compare and contrast your answer from part a and part b and explain the effects to expressions 

with and without brackets.

N
um

be
r o

f p
oi

nt
s

Number of goals

Izzy
Colette

Isaiah

2

2 4 6 8 100

4

6

8

10

x

y
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Extra spicy

16. Ricardo multiplies an unknown number   (r)  by 2, then adds 5, then divides all this by 4.

What number needs to be substituted for  r  to get 17 as a result?

17. If  n = 2 , solve   n   2  − 4  and calculate which expression will also give the same answer.

A.   3 (  2n − 3 )    B.   6 (  n − 2 )    C.   2 (  n − 1 )    D.   5 (  n − 3 )    E.   4 (  n − 1 )    

18. For the following equation,  n  is equal to  9 .

   
6 (    n __ 3   + 2 )  

 ____________ 5    − 4 = 2 

If the value of  n  is doubled, what will the equation now be equal to?

19. The value of  𝑥 = 7 . Substitute and calculate the perimeter, in cm, of the rectangle.

A.  28  cm
B.  50  cm
C.  70  cm
D.  98  cm
E.  1064  cm

Remember this?

20. The clock below shows the time in the 24-hour system.

Using the 12-hour system, what is the equivalent time?

A.  2:47  am
B.  11:47  am
C.  2:47  pm
D.  3:47  pm
E.  11:47  pm

21. The shaded area on this graph shows the days that Gemma ran over a 30 day period.

What percentage of days has Gemma run?

A.  30% 
B.  40% 
C.  50% 
D.  70% 
E. Not enough information

22. Beacon Lighting is wanting to buy a new shop for a new location. The shop is worth  $2 650 000. 
The agent is currently offering a 5% discount. What is the price Beacon Lighting will pay after 
the discount?

A.  $1325 B.  $2650 C.  $132 500 D.  $2 517 500 E.  $2 782 500 

4x − 11

x + 1

2 3 4 7

M T W Th F
M T W Th F
M T W Th F

M T W Th F
M T W Th F

M T W Th F
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Adding and subtracting terms5C

Key ideas

1. Terms with the same variables (and their powers) are like terms. This includes constants.

Like terms Unlike terms
 7𝑦 and  −2𝑦  7𝑦 and  7 
 3 n   2   and   n   2   3 n   2   and  3n 

 2qr  and  5rq  2 q   2 r  and  5 r   2 q 
3, 4 and  −5 3,  4𝑥 and  5𝑦

2. Expressions with like terms can be simplified  by collecting the like terms.

Like terms

4x + 3 + −x + 2y 3x + 3 + 2y

y y

x x x

1

1

1

=

x x x x

−x
y y1

1

1

Expressions can be simplified  if they contain like terms. Like terms contain 
the same variables, and  can be combined  by ad d ing and  subtracting the 
coefficients of the like terms. All constants are like terms and  can just be ad d ed  
or subtracted . A fully simplified  expression contains no like terms.

LEARNING INTENTIONS

Students will be able to:
 • id entify like terms

 • simplify expressions by combining like terms.

KEY TERMS AND DEFINITIONS

A constant is a number that cannot change its value in an expression  
or equation. 

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

L

W

Image: photocritical/Shutterstock.com

We create expressions when we don't 
know the values of some variables.  
For example if we want to calculate 
the costs of different sized perimeters 
of a paddock on a farm, we can use the 
expression P = L + L + W + W and 
simplify it to P = 2L + 2W.
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Worked example 1

Identifying like terms

Id entify groups of like terms in each expression.

a.  3𝑥 − 2𝑥 + 9𝑦

Working thinking

 3𝑥 and −2𝑥 are like terms. Id entify terms that have the same variables or  
are constants.

Visual support

3x − 2x + 9y

Same variable

b.  8ab − 3 + 9ba + 4 

Working thinking

 8ab  and  9ba  are like terms.

−3 and  4 are like terms.

Id entify terms that have the same variables or  
are constants.

Student practice

Determine the like terms in each expression.

a.  7f − 2g + 3f b.  −2qw + 5qw − 2 + 8wq 

WE1a

WE1b

Worked example 2

Simplifying expressions with like terms

Simplify each expression by collecting like terms.

a.  4𝑥 + 2𝑦 − 𝑦

Working thinking

𝑦 and  2𝑦 are like terms. Step 1: Id entify terms that have the same variables or 
are constants.

 4𝑥 + 2𝑦 − 𝑦 = 4𝑥 + 𝑦 Step 2: Simplify the expression by collecting like terms.

Visual support

Like terms
4x + 2y − y

x x x x y y −y

4x + y

x x x x y

=

Continues →

WE2a
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Worked example 3

Substituting by fi st simplifying expressions

Simplify each expression and  substitute the values for the variables.

a.  3i + 4j − 2i  ( i = 2 ,  j = 3 )

Working thinking

 3i + 4j − 2i   = 3i − 2i + 4j 

  = i + 4j 

Step 1: Simplify the expression by collecting like terms.

  = 2 + 4 × 3 

  = 2 + 12 

  = 14 

Step 2: Substitute the values for the variables.

b.  −5𝑥𝑦 + 9𝑥𝑦 + 3z + 𝑥𝑦 ( 𝑥 = 1 ,  𝑦 = 2 ,  z = 4 )

Working thinking

 −5𝑥𝑦 + 9𝑥𝑦 + 3z + 𝑥𝑦  = −5𝑥𝑦 + 9𝑥𝑦 + 𝑥𝑦 + 3z

  = 5𝑥𝑦 + 3z 

Step 1: Simplify the expression by collecting like terms.

  = 5 × 1 × 2 + 3 × 4 

  = 10 + 12 

  = 22 

Step 2: Substitute the values for the variables.

Student practice

Simplify each expression and  substitute the values for the variables.

a.  10b − 5a − 4b  ( a = 5 ,  b = 3 ) b.  fg + 3fg − 3h − 7h  ( f = 2 ,  g = 3 ,  h = 4 )

WE3a

WE3b

b. −2nm + 5mn + 3m + 8nm

Working thinking

−2nm, 5mn and 8nm are like terms. Step 1: Id entify terms that have the same variables or 
are constants.

−2nm + 5mn + 3m + 8nm

= −2nm + 5mn + 8nm + 3m

Step 2: Group together the like terms.

= 11nm + 3m Step 3: Simplify the expression.

Student practice

Simplify each expression by collecting like terms.

a.  4a − b + 6a b.  2p + 9pq + 8qp − 2q 

WE2b
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Understanding worksheet

1. In each expression, circle the like terms.

Example

6d + 6e − 2d + 4e2

a.  2a + 4b + a b.  10p − 2p + 3n − 7p 
c.  4km + 6k + 2m + 8mk d.   𝑥   2  + 6𝑥 − 9 𝑥   2  + 2 

2. Complete each pyramid . Each expression is the sum of the two expressions below it.

Example

4a + 8

2a + 1 a + 3 1

3a + 4 a + 4

a.

p + 2 p + 4 p

2p + 42p + 6

b.

3p + 1

4p − 2 2p − 1

p − 3 p + 2

c.

3p + 4

4p + 2

3p + 2

p − 2 −2p + 2

d.

3 − p

8p

5p − 4

4p + 1 p − 5

5C Questions
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3. Fill in the blanks by using the word s provid ed .

simplify constants powers commutative

Like terms have the same variables, which means they can be ad d ed  or subtracted  to  

expressions. Since multiplication is  , terms with the same variables but in d ifferent ord ers are 

still like terms. Terms that are just numbers are called   and  are also like terms. If two terms 

have the same variables, but d ifferent  of those variables, they are not like terms.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8

4. Id entify groups of like terms in each expression.

a.  3𝑥 + 2𝑥 b.  1 + 2k + 4 
c.  7m + 2l − 3m d.  4 − 6p + 2 + p 
e.  4𝑥𝑦 + 8𝑥 + 4𝑦 + 3𝑥 f.  10𝑥𝑦 − 7𝑥𝑦 − 10z − 8𝑦𝑥
g.  10 𝑥   2  − 5𝑦 + 4 𝑥   2  h.  6ab + 9ab + 10 c   2  − b + 7 c   3  

5. Simplify each expression by collecting like terms.

a.  8𝑥 + 7𝑥 b.  2p + 3 + 2 
c.  9u − 4u + 2j d.  3q + 2 − 2q + 8 

e.  0.5a + 4.2 + 3.5a f.    4 __ 5  b +   2 __ 5   −   1 __ 5  b +   1 __ 5   

g.  3𝑥 − 2𝑦 + 4𝑥 + 7𝑦 h.  −  2 __ 3  m +   5 __ 6  n −   5 __ 3  m −   2 __ 3  n 

6. Simplify each expression by collecting like terms.

a.  3jk + 2jk b.  4pr − 2p + 4p 
c.  2 a   2  + 3a − 2a d.  4 k   2  + 6 − 2 k   2  + 2 
e.  − 7 h   2  + 4h   3  + 3 h   2  − h f.  6m + n + 7mn − 5m 
g.  13ab − 3c + 4ba − 4 h.  3mn + 2 l   2 m − 2nm + 5 m   2 l 

7. Simplify each expression and  substitute the values for the variables.

a.  15f − 6f  ( f = 5 )
b.  13t + 4t − 5t  ( t  = 3)
c. 12𝑦 + 3𝑥 − 2𝑦 (𝑥 = 2, 𝑦 = 5)
d.  −3r + 6u + 10r − 9u  ( r = 3 ,  u = 1 )
e.  5a − 7ab + 4a + 7ba  ( a = 6 ,  b = 7 )
f.  14tu − 3tu − ut − 5ut  ( t = 3 ,  u = 6 )
g. 3  a   2 b  − b  a   2   + 2 (a = 2, b = 3)
h.  7 𝑥   2  − z − 12 𝑥   2  − 5z + 𝑥𝑦 ( 𝑥 = 2 ,  𝑦 = −1 ,  z = 3 )

8. Which option is the fully simplified  expression of  6 a   2  + 2a − 4a + 2 ?

A.  6 a   2  B.  6 a   2  − 2a + 2 C.  6 a   2  + 6a + 2 D.  10a + 2 E.  4 a   2  + 2 

WE1

WE2a

WE2b

WE3
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Spot the mistake

9. Select whether Stud ent A or Stud ent B is incorrect.

a. Simplify  4𝑥 + 8𝑦 + 2𝑦 

Student A

  4𝑥 + 8𝑦 + 2𝑦      = 14𝑥𝑦
Student B

  4𝑥 + 8𝑦 + 2𝑦    = 4𝑥 + 10𝑦   

b. Simplify  3ab + 5a b   2  − 2 a   2 b + 4ab 

Student A

 3ab + 5a b   2  − 2 a   2 b + 4ab 
 = 7ab + 3a b   2  

Student B

 3ab + 5a b   2  − 2 a   2 b + 4ab 
 = 7ab + 5a b   2  − 2 a   2 b 

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Vasili and  Ivy went shopping at Officeworks. Vasili bought 4 pencils that cost $ n  each and 5 exercise 
books that cost $ m  each. Ivy bought 2 of the same pencils and  1 of the same exercise book. Write an 
expression to represent the total amount of money they both spent together.

11. What expression can be written for the perimeter of the shape below?

3p

p

3q

q

12. The Mirand a family has a shared  d ata pool for their mobile internet plans. Fahrad  used   p  gigabytes  
of d ata. Jina used  5 gigabytes less than Fahrad . Garath used  2 times as many gigabytes as Fahrad . 
What is the simplified  expression for the total amount of d ata the family used ?

13. Naheed  took an Uber to get home from a concert. The Uber costs $1.45 per kilometre ( d ), plus a 
$0.55 booking fee. If the Uber d istance is 4.5 km, how much will it cost Naheed  to get home?
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14. Rebecca has d rawn a d esign for a wood en roof of an outd oor area in her backyard . It consists of four 
brown rectangles.

y

x

Write a simplified  expression that represents the total area of the roof.

Reasoning
Question working paths

Mild 15 (a,b,d) Medium 15 (a,b,d), 16 (a,b) Spicy All 

15. In a mod ified  game of basketball, a free throw is worth  a  points, a goal mad e within the 3 point line 
is worth  b  points, and  a goal mad e outsid e the 3 point line is worth  c  points.

A goal is consid ered  a field  goal if it’s mad e within or outsid e the 3 point line, and  is not a free throw.

Inside 3 point line

Outside 3 point line
3 point line

a. In a game, Kai scored  5 goals insid e the 3 point line, 4 goals outsid e the 3 point line, and  mad e  
3 free throws. Write an expression to find  the total number of points Kai scored  in the game.

b. If free throws and  goals mad e outsid e the 3 point line are worth the same number of points, 
write a new expression for the total number of points Kai scored  in the game.

c. If:
 • goals insid e the 3 point line are worth 4 points
 • goals outsid e the 3 point line are worth 6 points
 • free throws are worth 3 points

Use the expression from part a to calculate how many points Kai scored  in the game.
d. List two things that a game d esigner should  consid er when d etermining how many points each 

type of goal is worth.

16. Find  2 equivalent expressions that simplify to  3a + 4b − 2  and  have:

a. 5 terms where only one term is a constant.
b. 6 terms where one term has a negative coefficient of  a .
c. Substitute  a = 3  and  b = −2  into each expression and  evaluate. What can you say about the 

values of equivalent expressions?
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Extra spicy

17. Write an expression that represents the sum of five consecutive even integers, where  𝑥 is the
first integer.

18. Expressions insid e brackets can be consid ered  as single terms which can be collected  as like terms. 
Which of the following options is a simplified  expression of  
   (  2𝑥 + 1 )   + 2 (  2𝑥 + 1 )   − 3 (  𝑥 + 1 )   +  (  1 + 2𝑥 )    ?

A.    (  1 + 2𝑥 )    
B.    (  7𝑥 + 4 )    
C.   4 (  6𝑥 + 3 )   − 3 (  𝑥 + 1 )    
D.   4 (  2𝑥 + 1 )   − 3 (  𝑥 + 1 )    
E.   3 (  2𝑥 + 1 )   − 3 (  𝑥 + 1 )   +  (  1 + 2𝑥 )    

19. A large square with sid e length  j  cm has 4 smaller squares cut from its corners.

k
k

The sid e lengths of the smaller squares are all  k  cm.
Write an expression for the area of the shape?

20. Two groups of   √ 
_

 2    can be written as  2 √ 
_

 2   . Using this, d etermine which of the following options is the 
simplified  expression of  2𝑥 + 𝑥 √ 

_
 2   + 3 √ 

_
 2   − 4𝑥 − 5 √ 

_
 2   .

A.  −6𝑥 √ 
_

 2   
B.  6𝑥 − 2𝑥 √ 

_
 2   

C.  −2𝑥 + 𝑥 √ 
_

 2   − 2 √ 
_

 2   
D.  −2𝑥 − 2𝑥 √ 

_
 2   

E.     5𝑥 ___ 2    − 2 √ 
_

 2   

Remember this?

21. Which number will make the number sentence correct?

 2.  ̄  3  × ? = 1.    ̄  6  ?

A.    2 __ 3   B.    5 __ 7   C.  1  2 __ 5   D.  3  8 __ 9   E. 4

22. Jareem spend s $20, which is 40% of his pocket money. How much pocket money d id  he have before 
spend ing the $20?

A. $28 B. $40 C. $50 D. $60 E. $100

23. Matthew and  Tori saved  $200. Tori saved  three times as much money as Matthew.

Which expression represents the amount of money Matthew saved , if Tori saved  $ 𝑥?

A.  3𝑥 − 200 B.  𝑥 + 200 C.  200 − 3𝑥 D.  200 − 𝑥 E.  197 + 3𝑥
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Multiplying and dividing terms5D

Key ideas

1. Multiplication is commutative, therefore order does not matter.

=

ba ba

ba ba

ab ab

ab ab

2b × 2a = 4ba = 4ab

2b

2a

2a

2b

2. Exponent notation is used to indicate repeated variable factors.

3a × ac = 3 × a × a × c = 3a2c
Exponent form

Repeated factor

3. Express the division of algebra terms as a fraction and simplify all common factors.

6a2 ÷ 3ac =           =                           =
3 and a are common factors

6a2

3ac 3 × a × c
3 × 2 × a × a 2a

c

1 1

1 1

An algebra term is a variable, multiplied by a coefficient. When multiplying algebra  
terms together all of the factors are multiplied together to create a new term. 
Dividing two terms can be written as a fraction. A new term is created by 
simplifying all common factors.

LEARNING INTENTIONS

Students will be able to:
 • multiply positive and negative algebra terms

 • divide positive and negative algebra terms

 • express algebra terms in simplest form.

KEY TERMS AND DEFINITIONS

Common factors are the same factors that occur between two or 
more numbers.

The commutative law means that the order of the numbers in an addition 
and multiplication calculation can change without affecting the result.

A divisor is the second number in a division calculation. It is the number by 
which a given value is divided.

The product is the result when two or more values are multiplied together.

A fraction is in its simplest form when the numerator and denominator 
have no common factors other than 1.

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

Image: Jasen Wright/Shutterstock.com

Multiplying and dividing algebra terms  
can be used by businesses. For example,  
factories may use the productivity 
formula    𝑥 _ 𝑦   , where 𝑥 represents the 

total output of goods, and 𝑦 represents 
the total input of labour, materials,  
and other production expenses.
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Worked example 1

Multiplying terms

Simplify.

a. 3b × 6c

Working thinking

3b × 6c = 3 × b × 6 × c Step 1: Write the expression with multiplication signs.

 = 3 × 6 × b × c

 = 18bc

Step 2: Rearrange the expression using the 
commutative law, combining the common 
factors and simplify the product.

visual support

6c

3b

bc bc bc bc bc bc

bc bc bc bc bc bc

bc bc bc bc bc bc

b. −5cf × −2𝑦

Working thinking

−5cf × −2𝑦 = 5cf × 2𝑦 Step 1: Determine if the product is positive or negative.

 = 5 × c × f × 2 × 𝑦 Step 2: Write the expression with multiplication signs.

 = 5 × 2 × c × f × 𝑦

 = 10cf𝑦

Step 3: Rearrange the expression using the 
commutative law, combining the common 
factors and simplify the product.

Student practice

Simplify.

a. 8a × 5b b. −4de × −3f

WE1a

WE1b

Worked example 2

Dividing terms

Simplify.

a. 2𝑥𝑦 ÷ 5𝑥
Working thinking

2𝑥𝑦 ÷ 5𝑥 =   
2𝑥𝑦

 _ 5𝑥    Step 1: Represent the expression as a fraction.

 =    
2 𝑥 𝑦

 _ 5 𝑥    

 =    
2𝑦

 _ 5    

Step 2: Simplify all common factors.

Continues →

WE2a

1

1
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Worked example 3

Multiplying and dividing terms with exponents

Simplify.

a. 5b𝑦 × bz

Working thinking

5b𝑦 × bz = 5 × b × 𝑦 × b × z Step 1: Write the expression with multiplication signs.

 = 5 × b × b × 𝑦 × z

 = 5b2𝑦z

Step 2: Rearrange the expression using the 
commutative law, combining the common 
factors and simplify the product.

b. 5p3𝑦 ÷ p𝑦z

Working thinking

5p3𝑦 ÷ p𝑦z =    
5p3𝑦 

 _ 
p𝑦z     Step 1: Represent the expression as a fraction.

 =    
5 × p × p × p × 𝑦

  ___________  p × 𝑦 × z    Step 2: Write the expression with multiplication signs.

 =    
5 × p × p × p × 𝑦

  ___________  p × 𝑦 × z    

 =    
 5p   2 

 __ z    

Step 3: Simplify all common factors. Repeated 
multiplication is simplified using  
exponent notations.

Student practice

Simplify.

a. 2ab × ac b. 7b3a ÷ abc

WE3a

WE3b

1 1

1 1

b. 8qrt ÷ (−4qtu)

Working thinking

8qrt ÷ (−4qtu) = −(8qrt ÷ 4qtu) Step 1: Determine if the result of the division is positive 
or negative.

 = −   
8qrt

 _ 4qtu   Step 2: Represent the expression as a fraction.

 = −   
8 q r t

 _ 4 q t u   

 = −   2r _ u   

Step 3: Simplify all common factors.

Student practice

Simplify.

a. 4ts ÷ 3s b. 12abc ÷ (−4acd)

WE2b

2

1 1 1

1 1
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5D Questions

Understanding worksheet

1. Use the area models to complete the multiplication.

Example

2m × 3n = 6mn

3n

2m

mn

mn

mn

mn

mn

mn

a. 2h × 3 = 

3

2h

h h h

h h h

b. 4𝑥 × 3𝑦 = 

3y

4x

xy xy xy

xy xy xy

xy

xy

xy

xy

xy

xy

c. 2p × 4p = 

4p

2p

p2 p2 p2 p2

p2 p2 p2 p2

d. a × (2b + 2) = 

2b

a

2

ab ab a a

2. Find all the factors of the following terms.

Example

10pr

×××5 2 p r

a.
3hk

× ×

b.
6bc

×××
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c.
2b2a

×××

d. 6x2y

××× ×

3. Fill in the blanks by using the words provided.

coefficie variables factors exponent

An algebra term is defined as one or multiple  and a  .  

Because they are all multiplied together to create a term, they are all  of the term.  

The  notation is used when a variable is multiplied by itself more than one time.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 
7 (c,d,e,f), 8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 
7 (e,f,g,h), 8 (e,f,g,h), 9

4. Simplify.

a. 2g × 5 b. 7 × 3r c. j × 8k d. 6𝑥 × 𝑦

e. 3a × 5𝑥 f. 4𝑥𝑦 × 9z g. 1.5s × 6t𝑦 h.    2 _ 3   d × 12ef

5. Simplify.

a. 3𝑥 ÷ 5 b. 2 ÷ 5p c. 2g ÷ 3gh d. 10𝑥 ÷ 5𝑦z
e. 2qr ÷ 8q f. 12w𝑥y ÷ 18𝑥yz g. 51mg ÷ 27bm𝑥 h. 3.5p ÷ 7tp

6. Simplify.

a. 5e × −3f b. −8jk ÷ 2k c. −𝑥 × −6ap d. 12qp ÷ −2k

e. −24𝑥 ÷ −18𝑥k f. −7t × 2.3r g. −   4 _ 3   𝑥 × 9z h. −12b ÷ −0.6q

7. Simplify.

a. 𝑥 × 9𝑥 b. 9bz × b c. 2q2 ÷ q d. 5𝑦2𝑥 × 4z𝑦
e. d4 ÷ cd2 f. k2p × 8p2k3 g. 30u4w ÷ 18u3w h. 26r2s ÷ 18rs2

8. Simplify.

a. c × 9𝑥 × 2𝑥c b. (a3 ÷ 9b) × 3ab2

c. (3a3b)2 d. (2𝑥𝑦2)3 ÷ 16𝑦4

e. −   3 _ 8    × (2a2 ÷ ab) f. (25d ÷ 6b4) × (8ab2 ÷ 15cd2)

g. 7wq × (11q2 + 15hw) h. (9𝑥 + 15f ) ÷ 2𝑦

WE1a

WE2a

WE1b,2b

WE3
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9. Simplify.

(4a2b × 3ab) ÷ 6ab

A. 4a2b ×    3ab _ 6ab   

B.    12a2b _ 6ab    

C.    12a3b2
 _ 6ab    

D. 2a2b

E.    4a2b × 3 × 4a2b × a × 4a2b × b   ___________  6ab    

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Simplify 10a × 5ab

Student A

10a × 5ab = 10 × 5 × a × a × b
 = 50 × a2 × b
 = 50a2b

Student B

10a × 5ab = (10a × 5a) × b
 = 50a × b
 = 50ab

b. Simplify 15e2f ÷ 12ef 2

Student A

15e2f ÷ 12ef 2 = 15 × e2f ÷ 12 × ef 2

 = 15 × 12 ÷ e2f × ef 2

 = 180 ÷ e3f 3

 =    180 _ 
e3f 3 

   

Student B

15e2f ÷ 12ef 2 =    
15e2f 

 _ 
12ef 2 

   

 =    
3 × 5 e e f

 ___________ 3 × 4 e f f   

 =    5e _ 4f   

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Hera wants to calculate the area of her rectangular cargo bay. She uses the arm spans of Ezra and Kanan.  
Write an equation for the area if the width is three times Kanan’s arm span (k) and the length is four 
times Ezra’s arm span (e).

12. Maxine’s Hardware shop wanted to keep track of the number of nails that arrive in a particular order.  
Write an expression to determine how many nails are in an order that arrives with (c) amount of crates.  
The crates contain (b) amount of boxes. The boxes contain (n) amount of nails.

13. Freeda was organising fruit snacks for her childcare centre. Each day a number of parent volunteers 
(v) would cut the same amount of pieces (p) each and Freeda would share them equally among the 
children (c). Write an expression that would allow Freeda to determine how many pieces each child 
would receive once she knew how many parents and how many children attended that day.

11

11

1

1
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14. How many tiles would Dimitry need for the great dining hall in his palace if it is 𝑥 metres wide and  
𝑦 metres long and the tiles are a millimetres wide and b millimetres long?

15. Dylan has enough lawn seed for 16 m2. His back fence is 𝑦 metres long. Write an algebraic expression
to describe the distance (d) away from the fence he can plant the seed for a rectangular lawn.

d

y

Reasoning
Question working paths

Mild 16 (a,b,d) Medium 16 (a,b,d), 17 (a,b) Spicy all 

16. Pinewall College has constructed a large new building and have  
contacted Mario to give them a quote to waterproof the roof. 
Mario has decided to arrive with prepared expressions to 
use once they give him the measurements so he can quickly 
calculate the pricing for them.

a. Use the following diagram to calculate the volume of one 
container of waterproofing membrane.

h cm

b cm

Super
Water

Proofing

b cm

b. The membrane needs to be applied 0.4 cm thick. Use the diagram of the roof to calculate the 
volume of membrane needed.

h cm

w cm

c. Write an expression that will calculate the amount of containers required.
d. Water damage is detrimental to concrete, would you focus on spending more on the  

initial waterproofing, or would you keep costs down initially and plan to regularly maintain  
the water proofing?

17. Algebra allows mathematicians to test general cases and define rules and conventions.

a. Express (3𝑥 ÷ 4𝑦) ÷ 5z as a fraction.
b. Express 3𝑥 ÷ (4𝑦 ÷ 5z) as a fraction.
c. Compare and contrast your answers in part a and b to then explain why brackets are important 

when writing expressions.

Image: Aisyaqilumaranas/Shutterstock.com
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Extra spicy

18. If

a + a = b
a + b = c
a + b + c = d
𝑥a = d
Then 𝑥 is equal to:

A. 2 B. 3 C. 4 D. 5 E. 6

19. Use the following rectangle to determine the value of bc.

15 m2

d

24 m2

88 m2

c

c d

a

b

a

b

20. Last year at Matthew’s Mathematics college there were 315 girls out of 600 students. This year the 
number of students has increased to 640. If the proportion of girls is the same as last year, how many 
girls are there?

21. Let n and m be any positive single digit whole number. How many possible solutions are there to nm?

A. 9 B. 36 C. 45 D. 81 E. 99

Remember this?

22. Rebecca’s flight was scheduled to depart at 10:30 pm. If the flight took 1   1 _ 2    hours but was delayed by 

1   1 _ 4    hours, what time did she arrive?

A. 12:45 am B. 1:00 pm C. 1:00 am D. 1:15 am E. 1:15 pm

23. Cameron and Michael rounded the number 129 988 in different ways but got the same answer. 
Which two ways of rounding did they use?

A. Rounding to the nearest unit and nearest ten
B. Rounding to the nearest ten and nearest hundred
C. Rounding to the nearest ten and nearest thousand
D. Rounding to the nearest hundred and nearest thousand
E. Rounding to the nearest thousand and nearest hundred thousand

24. Two 6 sided dice are rolled and the outcomes are added. Which of the following totals is most 
likely to occur?

A. 2
B. 4
C. 7
D. 10
E. 12
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Algebraic fractions5E

Key ideas

1. The arithmetic for an algebraic fraction is the same as a fraction.

Same denominator = no change Same denominator = no change

Fraction Algebraic fraction
+

8
3 + = =8

2
8
5

8
2 + 3

+

8
3p + = =8

2p
8

5p
8

2p + 3p

2. Multiplying and dividing algebraic fractions is calculated the same way as multiplying and dividing fractions.

× ×

Fraction Algebraic fraction
×

3
2 ×

× ×

= =5
3

15
6

3 × 5
2 × 3

×

3
2r + = =5

3r
15

6r2

3 × 5
2r × 3r

Fraction Algebraic fraction

7
4 ÷ = =5

3
7
4

3
5

21
20

7
4a

7
4a÷ = =5

3b
3b
5

21b
20a

The concepts with algebraic fractions are the same as those for other fractions. 
To add and subtract a pair of fractions they need to have the same denominator. 
To multiply fractions, multiply the numerators and the denominators. To divide 
fractions, multiply by the reciprocal of the divisor.

LEARNING INTENTIONS

Students will be able to:
 • add and subtract algebraic fractions 

 • multiply algebraic fractions

 • divide algebraic fractions.

KEY TERMS AND DEFINITIONS

Algebraic fraction is a fraction using a variable in the numerator,  
or the denominator, or in both the numerator and the denominator. 

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

3x
5

x
2

7x
10

Algebraic fractions are used in many 
real world situations. For example we 
can use algebraic fractions to scale the 
dimensions of a triangular roof  
on blueprints.
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Worked example 1

Adding and subtracting algebraic fractions

Simplify.

a.  2a ____ 9   +  
4a ____ 9  

Working thinking

 2a  and  4a  are like terms. Step 1: Identify terms with the same variables.

 2a ____ 9   +  
4a ____ 9   =  

2a + 4a __________ 9   Step 2: Add the numerators. The denominator values 
do not change as they are the same.

 =  6a ____ 9   

 =  2a ____ 3  

Step 3: Simplify.

Visual support

9
2a 2a+ 4a

9
4a
9

6a
9= =+

+

Same denominator = no change

b.  9𝑥 ___ 8   −  
3𝑥 ___ 8  

Working thinking

 9𝑥and 3𝑥are like te rms. Step 1: Identify terms with the same variables.

 9𝑥 ___ 8   −  
3𝑥 ___ 8   =  

9𝑥 − 3𝑥 __________ 8   Step 2: Subtract the numerators. The denominator 
values do not change as they are the same. 

  =  6𝑥 ___ 8  

 =  3𝑥 ___ 4  

Step 3: Simplify.

Student practice

Simplify.

a.  2s ___ 7  +  
3s ___ 7  b.  7d ____ 12  − 

2d  ____ 12    

WE1a

WE1b

Worked example 2

Multiplying algebraic fractions

Simplify.

a.  3 __ a  ×  
5 __ b  

Working thinking

   3 __ a  ×  
5 __ b  =  

3 × 5 _______ a × b 

  =  15 ____ ab  

Multiply the numerators and multiply the denominators.

Continues →

WE2a
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Worked example 3

Dividing algebraic fractions 

Simplify.

a.  
𝑦
 __ 6  ÷  

z __ 4 

Working thinking

 z __ 4  →  
4 __ z  Step 1: Find the reciprocal of the divisor.

 
𝑦
 __ 6  ÷  

z __ 4  =  
𝑦
 __ 6  ×  

4 __ z  Step 2: Rewrite the division as multiplication.

 =  
𝑦 × 4
 _______ 6 × z   Step 3: Multiply the numerators and multiply  

the denominators.

 =  
4𝑦
 ___ 6z  

  =  
2𝑦
 ___ 3z 

Step 4: Simplify.

Visual support

4y
6z=

y
6

z
4 =÷ ×

y
6

4
z

b. 4 ÷   𝑥 ____ 2𝑦 

Working thinking

4 =  4 __ 1  Step 1: Rewrite the whole number as a fraction with a 
denominator of 1.

 𝑥 ____ 2𝑦   →  
2𝑦
 ____ 𝑥    Step 2: Find the reciprocal of the divisor.

WE3a

Continues →

WE3b

Visual support

3
a

3 × 5
a × b

5
b ab

15= =×

×

×

b. 7 ×  c __ 6 

Working thinking

7 ×  c __ 6  =  
7 __ 1  ×  

c __ 6  Step 1: Rewrite the whole number as a fraction with a 
denominator of 1.

 =  7 × c _______ 1 × 6 

 =  7c ___ 6  

Step 2: Multiply the numerators and multiply  
the denominators.

Student practice

Simplify.

a.  2 __ g  ×  
6 __ h  b. 4 ×  

q
 __ 3 

WE2b
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Understanding worksheet

1. Determine the missing value to make the following equations true.

Example

 2𝑥 ___ 4   +  
𝑥 __ 4  =  

3𝑥
 _________ 4  

a.  4a ____ 7   +  
2a ____ 7   =    

______ 7   b.  8t ___ 5  −  
2t ___ 5  =    

______ 5  

c.  3a ____ 5   =    
______ 10   d.  

2q
 ____ 13  =  

6q
 ______  

2. Determine the missing value to make the following equations true.

Example

 a __ 7  ×  
c __ 6  =  

ac
 _________ 42  

a.  3rs ____ 4   ×  
8 __ 2  =  

24rs _______________   b.  
5p
 ____ 2   ×  

2 __ 7  =    
_______________ 14  

c.  2a ____ 4   ÷  
2 __ 8  =  

2a ____ 4   ×  
8 _______________   d.  3m ____ 4   ÷  

2n ____ 9   =  
3m ____ 4   ×  

9 _______________  

3. Fill in the blanks by using the words provided.

algebraic denominator reciprocal product

The sum or difference of  fractions must have a common  .  

To divide algebraic fractions, the dividend must be multiplied by the  of the divisor.  

Tomultiplyalge braicfractions,find the   of the numerators and the denominators. 

5E Questions

4 ÷   𝑥 ____ 2𝑦  =  
4 __ 1  ×  

2𝑦
 ____ 𝑥    Step 3: Rewrite the division as multiplication.

 =  
4 × 2𝑦
 _________ 1𝑥    Step 4: Multiply the numerators and multiply  

the denominators.

 =  
8𝑦
 ____ 𝑥    Step 5: Simplify.

Student practice

Simplify.

a.  c __ 4  ÷  
d __ 8  b.  6 ÷  

6j
 ___ k   
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 7

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7

4. Simplify.

a.  l __ 5  +  
3l ___ 5  b.  12a _____ 7   −  

9a ____ 7     c.  2t ____ 15  +  
3t ____ 15  d.  

5𝑦
 ____ 16  −  

𝑦
 __ 8 

e.  5b ____ 4   +  
3b ____ 8   f.  

5g
 ____ 7   −  

3g
 ____ 14  g.  2e ___ 4   +  

8e ____ 16  h.  t __ 4  −  
t __ 5 

5. Simplify.

a.  c __ 7  ×  
d __ 5  b.  r __ 5  ×  

s __ 4  c.  1 __ 2  ×  
m ___ n   d.  3 ×  5 __ c  

e.  4 ×  4 ____ 2d  f.  a __ 3  ×  
5a ____ 5   g.  2 ___ m  × n  h.   𝑥   2  ___ 2   ×  

2𝑥 ___ 4  

6. Simplify.

a.  a __ 3  ÷  
2 __ 𝑥   b.  5 __ a  ÷  

b __ a  c.  1 __ 5  ÷  
m ___ n  d.  7 __ t  ÷  

t __ 3 

e. 12 ÷  c __ d  f.  4 __ 9  ÷ z g.  2a ____ 5   ÷  
3c ___ 7   h.   5 _____ 12b  ÷  

2b ____ 3  

7. Simplify.

   7 __ h  ÷  
h __ 3 

A.  7h ____ 3h  B.  7 __ 3  C.  21 ____ 
 h   2 
  D.  21 ____ h   E.   h   2   ____ 21 

Spot the mistake 

8. Select whether Student A or Student B is incorrect.

a.  2z ___ 7   +  
4z ___ 7  

Student A

   2z ___ 7   +  
4z ___ 7   =  

2z + 4z __________ 7    

  =  6z ___ 7    

Student B

   2z ___ 7   +  
4z ___ 7   =  

z × z × 4 × 2  _________________ 7    

  =   8z   2   _____ 7    

b.  2v ___ 3   × 3v 

Student A

   2v ___ 3   × 3v =  2v ___ 3   ×  
3v ___ 3v 

  =  6 v   2  _____ 9v   

Student B

   2v ___ 3   × 3v =  2v ___ 3   ×  
3v ___ 1    

  =  2v × 3v __________ 3 × 1    

  =  6 v   2  _____ 3   

 =  2 v   2  _____ 1   

 = 2 v   2  

Problem solving
Question working paths

Mild 9, 10, 11 Medium 10, 11, 12 Spicy 11, 12, 13 

9. The Muscat and Axiak family are having pizza for dinner. The bill for the pizza comes to a total of  $p  
and each family pays half. Write an algebraic fraction for the amount the Muscat family needs to pay.

WE1

WE2

WE3
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10. Lewis has gone to the shops. He spent half of his money on Christmas gifts and a third of his money 
on a pair of shoes. Let  m  be the total amount of Lewis’ money. Write an expression to show how 
much money Lewis has left.

11. BlossomColle ctive buysflowe rsfromthe localflowe rmarke t.Le td  represent the total money 
Marielle spent at the market. She spent one eighth on tulips, one quarter on dahlias and one half  
onranunculus.Write ane xpre ssiontoshowhowmuchmone yMarie lle hasspe ntonflowe rs.

12. Jaxson has a number, represented as  h , written on a piece of paper. On a different piece of paper he 
has a number written that is three times  h . The sum of their reciprocals is unknown. Construct an 
algebraic expression to represent this scenario and simplify it.

13. Inaparticularod d taxi,Od okawathe d rive rcharge s $  7d ____ 2   pe rkilome tre .The re isalsoabase fe e 

of  c __ 3  re gard le ssofthe d istance trave lle d .IfShirakawatake sthistaxiand trave ls  
n __ 6  kilome tre s, 

how much does Shirakawa have to pay Odokawa, in terms of  c, d  and  n ?

Reasoning 
Question working paths

Mild 14 (a,b,c,e) Medium 14 (a,b,c,e), 15 (a,b) Spicy All 

14. Mary has started playing senior netball. The senior and junior netball courts for her team are shown 
below. The junior netball court has a length that is a half of the senior netball court and a width that 
is two-thirds of the senior netball court. 

Note: Images are not to scale.

Junior netball court
Length

Width

Senior netball court
Length, l

Width, w

a. Write an expression for the area of the senior netball court.
b. Write an expression for the length and an expression for the width of the junior netball court.
c. Write an expression for the area of the junior netball court.
d. Write ane xpre ssiontofind the d iffe re nce be twe e nthe se niorne tballcourtand the junior

netball court.
e. Mary is coaching the junior netball team and needs to provide them some suggestions on how 

they can best prepare for the transition to the senior team. Outline two suggestions on how they 
can go about improving their skills.

15. Calculate the following.

a. 1 ×  𝑥 __ 𝑦  b. 1 ÷  𝑥 __ 𝑦 

c. Compare and contrast your answer from part a and b. Explain the difference between 
multiplying and dividing algebraic fractions.

chAptEr 5: AlgEbrA 	244

5E

 



Extra spicy

16. Forthe followinge xpre ssion,find ane quivale ntalge braicfraction.

 2e ___ 5   +  
e __ 2  −  

e __ 5 

17.  3 𝑥   −2   ise qualto:

A.  3 __ 𝑥  B.  9 ___ 
 𝑥   2 
  C.  3 ___ 

 𝑥   2 
  D.   1 _____ 

3 𝑥   2 
  E.   1 ______ 

9 𝑥   2 
 

18. Simplify.

 𝑥 − 1 _______ 3z   ×  
𝑥 + 2 _______ 6z  

19.  1 __ 4 istriple d byad d ingthe same numbe rtoboththe nume ratorand d e nominator.Thatnumbe ris:

A.  2 B.  3 C.  5 D.  8 E.  9 

Remember this?

20. Jason plans to leave Melbourne at 10:30 am and drive through Bright to Falls Creek. 

He generates some information regarding travel times. 

Melbourne to Bright 3 hours 45 minutes
Bright to Falls Creek 1 hour 30 minutes

Jason plans to have a 45 minute rest break stop at Bright. 
With reference to these driving times and rest breaks, when should Jason arrive at Falls Creek?

A.  2:15  pm B.  3:30  pm C.  4:00  pm D.  4:15  pm E.  4:30  pm

21. Boyd needs to measure the distance from his friend’s house back to his house. Which of these units 
of measurement would be the most appropriate?

A. Hectares B. Metres C. Kilometres D. Cubic metres E. 

22. Thistable showsthe le ngthand wid thoffive d iffe re ntblocksofland inane we state .

Block Length (m) Width (m)
Block A 20 15
Block B 11 22
Block C 19 13
Block D 17 19
Block E 22 30

Which block has a perimeter of  66  metres?

A. Block A B. Block B C. Block C D. Block D E. Block E

Metres squared 
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Expanding brackets5F

Key ideas

1. Brackets are used to represent multiplying expressions.

2x + 3

x

x 1

1 1

2(2x + 3)

x

x

1

1

1

x

x

1

1

1

2. Expanding brackets involves applying the distributive law to find an equivalent expression without brackets.

2(2x + 3)

2(2x + 3) = 2 × 2x + 2 × 3

= 4x + 6

64x+2
+2x +3

Brackets can be used to group expressions together that are being multiplied or 
divided by some number. When simplifying expressions that contain multiple 
terms and expressions inside brackets, it is usually helpful to expand, or remove, 
the brackets first. This involves using the distributive law.

LEARNING INTENTIONS

Students will be able to:
 • expand brackets using the distributive law

 • simplify expressions by expanding brackets and collecting like terms.

KEY TERMS AND DEFINITIONS

The distributive law for multiplication means that multiplying a number 
by a group of numbers is the same as multiplying the number by the sum of 
the other numbers. 

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: fototip/Shutterstock.com

Brackets help group together 
expressions that involve variables. 
The expression 2w + I can represent 
the volumes of water and lemon juice 
in a bottle of lemonade. The volume 
in 20 bottles can be represented as 
20(2w + l) to help figure out how 
many litres will be produced.
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Worked example 1

Expanding brackets

Expand the brackets in each expression.

a.   4(3𝑥 − 5)  

Working Thinking

  4 (  3𝑥 − 5 )      = 4 × 3𝑥 + 4 ×  (  −5 )   Step 1: Multiply each term inside the brackets by the 
coefficient of the bracket.

  = 12𝑥 − 20 Step 2: Simplify.

Visual support

4

+3x
4(3x − 5) = 12x − 20

12x −20

−5

b.   3a (  2a + 1 )    

Working Thinking

  3a (  2a + 1 )      = 3a × 2a + 3a × 1 Step 1: Multiply each term inside the brackets by the 
coefficient of the bracket.

  = 6 a   2  + 3a Step 2: Simplify.

Student practice

Expand the brackets in each expression.

a.   3 (  4m − 6 )     b.   8b (  1 + 2b )    

WE1a

WE1b

Worked example 2

Simplifying expressions by expanding brackets

Expand the brackets in each expression and simplify.

a.   2 (  t + 3 )   + 4t  

Working Thinking

  2 (  t + 3 )   + 4t    = 2 × t + 2 × 3 + 4t 

  = 2t + 6 + 4t 

Step 1: Multiply each term inside the brackets by the 
coefficient of the bracket.

    = 6t + 6 Step 2: Simplify by collecting like terms.

Visual support

2 +4t

+t

2t +6

+3
2(t + 3) + 4t = 2t + 6 + 4t

= 6t + 6

Continues →

WE2a
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5F Questions

b.   5 (  q + 2 )   + 3 (  q + 6 )    

Working Thinking

  5 (  q + 2 )   + 3 (  q + 6 )    

 = 5 × q + 5 × 2 + 3 × q + 3 × 6 

 = 5q + 10 + 3q + 18 

Step 1: Multiply each term inside the brackets by the 
coefficient of the bracket.

 = 8q + 28 Step 2: Simplify by collecting like terms.

Student practice

Expand the brackets in each expression and simplify.

a.   4 + 7 (  v − 2 )        b.   3 (  j − 2 )   + 4 (  j + 5 )    

WE2b

Understanding worksheet

1. Fill in the blanks to expand the brackets.

Example

x −1 −1 x −1 −1

x −1 −1

x −1 −1

𝑥 − 2  (𝑥 − 2) =  3𝑥 − 63

a.

a

a

a

a

a

a

1 1

1

2a + 1 2(2a + 1) =  b.

k −1 −1 −k 1

1

1

1

1 1

−k

−k

k − 2 −3(k − 2) = 

c.

−p −1

−p −1

−1

p 1

p

p

p

1

1

1

1

1

−2p − 3 −2(−2p − 3) =  d.
−3n + 2  (−3n + 2) = 

−n 1

1−n

−n

−n 1 −n 1

1−n 1−n

−n −n
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2. Expand the expression using the distributive law.

Example

+x +4

123 3x

3(𝑥 + 4) =  3𝑥 + 12

a.

4(h + 5) = 

+h +5

+204

b.

3(−4 + 3l) = 

−4 +3l

−123

c.

f (b + 7) = 

+b +7

f

d. +3m +2j −1

5 +10j

5(3m + 2j − 1) = 

3. Fill in the blanks by using the words provided.

distributive law simplifying expanding coefficie

 brackets means to find an equivalent expression without brackets.  

The  states that each term inside the brackets is multiplied by the  

of the brackets. This is a useful first step when  expressions.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8

4. Expand the brackets in each expression.

a.   6 (  f + 1 )    b.   3 (  c − 4 )    c.   8 (  −2 + 𝑥 )    d.   −10 (  p − 8 )    
e.   −5 (  −s − 4 )    f.   k (  k + 3 )    g.   3 (  z + g − 5 )    h.   2 (  10 + h + 3w )    

5. Expand the brackets in each expression.

a.   𝑥 (  𝑥 + 5 )    b.   4u (  2u + 5 )    c.     1 __ 2  (8k + 4)  d.   −2g (  6 − g )    

e.   0.3v (  0.6h + 1.2f )    f.   9h (  3r − 2s )    g.      3 __ 4  p(−2d − 4)  h.   5w (  3wc − 6w + 4f )    

6. Expand the brackets in each expression and simplify.

a.   2 (  v + 7 )   + 8v  b.   9 (  w − 2 )   + 1   
c.   10f + 3 (  6 − f )   + 2  d.   8 (  b + 3 )   − 10 (  b + 1 )     
e.   24 + 6𝑦 (  𝑦 − 4 )   + 6𝑦  f.   4 (  n + h )   + 8h + 5n (  n − 2 )    
g.   3r (  2g + 1 )   − 8g (  r + 4 )     h.   3q (  2q − 3m )   + 4q (  7m − 2q )   + 2  

WE1a

WE1b

WE2
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7. Write expressions with brackets for each of the following statements.

a. A number  a  is added to 4 and the result is multiplied by 2.
b. 1 is subtracted from a number  p  and the result is multiplied by 6.
c. 9 has the number  r  subtracted from it, which is then multiplied by 3.
d. The result of 8 subtracted from a number  m  is tripled.
e. The result of 3 added to half a number  f  is multiplied by 8.
f. Four times a number  g  is subtracted from 10. The result is multiplied by a quarter.
g. Negative 4 is added to a number  𝑦 and the result is multiplied by  w .
h. A number k is doubled and subtracted from five-halves. The result is halved.

8. Expand and simplify the expression   3 (  u − 6 )   + 7u  .

A.  4u B.  8u − 3 C.  10u − 6 D.  10u − 18 E.  10u + 18 

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Expand   6 (  h + 4 )    

Student A

  6 (  h + 4 )      = 6 × h + 6 × 4 
  = 6h + 24 

Student B

  6 (  h + 4 )      = 6 × h + 4 
  = 6h + 4 

b.  Expand  −10 (  𝑦 − 2 )    

Student A

  −10 (  𝑦 − 2 )      = −10 × 𝑦 − 10 × 2 
  = −10𝑦 − 20 

Student B

  − 10 (  𝑦 − 2 )      = −10 × 𝑦 − 10 ×  (  −2 )   
  = −10𝑦 + 20 

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Stacey spends $15 flat rate for parking at uni from 9 am to 3 pm. The fee for parking is an additional 
$5 an hour for every hour  h  after 3 pm. Write an expression with brackets to represent how much 
Stacey pays for parking for 5 days, if she parks for the same time every day.

11. Cindy is building a table that has a width of 0.5 m. She doesn’t know how long it will be, but it will 
have a length of at least 1.5 m. What expanded expression represents the area of this table?

12. Bihai is creating a footpath with rectangular tiles. Each tile has a length of  a + 3  m and a width of  
a − 2  m. He puts three together, as shown below. 

a + 3

a − 2

Write an expanded and fully simplified expression for the total perimeter of this shape.
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13. Tickets for a theme park cost  $𝑥 per adult ticket and  $𝑦 per child ticket. A family package consists of
two adult tickets and two children’s tickets and is $5 less than buying the tickets individually.  
A group of adults and kids buy 3 family packages, and two extra adult tickets. Find an expression that 
represents the total cost of all the tickets.

14. John, Jeremy, Melissa and Fatima are running a relay marathon. At different intervals, a new runner 
takes over. John is the first runner. Jeremy is the second runner, and thinks he can run 5 km more 
than John. Melissa is next, and thinks she can run twice as far as Jeremy. Fatima is the last runner, 
who can run 3 times as far as John. Construct a fully simplified expression to represent the total 
distance run by all runners, where  𝑥 is the distance run by John.

Reasoning
Question working paths

Mild 15 (a,b,d) Medium 15 (a,b,d), 16 (a,b) Spicy all 

15. Felix runs an online store where he sells pottery items he makes, such as plates, vases and plant pots.  
If a customer orders less than five items, Felix pays for the materials only at $3 per item, with the 
shipping paid for by the customer. If a customer orders five or more items, Felix also offers free shipping,  
which costs him an additional $8. Use s to represent the selling price of each item in Felix’s store 
when answering the questions below.

a. Construct an expression that represents the profit he earns per item, for an order with less 
than 5 items. 

b. A  customer orders 5 items. Write an expanded and simplified expression to represent the profit 
he earns from this order. 

c. What price should each item be if Felix wants to earn  $52  profit from the customer’s order 
in part b?

d. List two other things that Felix needs to consider when figuring out how much he should sell his 
pottery items for.

16. Expand and simplify the expressions:

a.   12 (  n + 2 )   − 2 (  n + 2 )     and   10 (  n + 2 )    .
b.   −3 (  2 − p )   + 6 (  −p + 2 )     and   3 (  2 − p )    .
c. What similarities are in the expressions in part a, and the expressions in part b? If you have 

multiple of the same sets of brackets, how can you simplify equations without expanding?

Extra spicy

17. Simplify the expression    
𝑦 − 2

 _______ 2     +    
𝑦

 __ 3   

A.     
2𝑦 − 2

 _________ 5    B.    
2𝑦 − 2

 _________ 6    C.     
4𝑦 − 2

 _________ 6    D.     
4𝑦 − 6

 _________ 6    E.     
5𝑦 − 6

 _________ 6    

18. The expression    (  𝑥 + 2 )   (  𝑥 + 3 )     can be expanded as shown below.

x

x

+3

(x + 2)(x + 3) = x2 + 5x + 6

+2

3x

2x

6

x2

Using the above example, expand the expression    (  𝑥 − 3 )   (  𝑥 + 4 )    .

A.  3𝑥 B.   𝑥   2  + 7𝑥 + 12  C.   𝑥   2  + 𝑥 + 1 D.   𝑥   2  + 𝑥 − 12 E.  −3 𝑥   2  + 4𝑥 − 12 
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19. Prove that   3 (  5n − 2 )   − 3 (  3n + 4 )     is always a multiple of 6, where  n  is an integer.

20. A  large square with side length 50 cm has 4 smaller squares cut from its corners.

The side lengths of the smaller squares are all  k  cm. The sides fold up to form a box.

k
k

50 cm

k

Write an expression involving brackets for the volume of the box.

Remember this?

21. Reid recorded the total distance they ran each week over a month.

Week Distance

1 24.92 km

2 12.23 km

3 33.11 km

4 29.87 km

To estimate how far they ran for the month, Reid rounded the weekly distances to the nearest 10 km 
and added them.
How far did Reid run?

A. 80 km B. 90 km C. 98 km D. 100 km E. 120 km

22. What is an equivalent expression for  𝑥 ×  2   5  ×  𝑥   3  ?

A.  2 𝑥   9  B.  10 𝑥   4  C.  10 𝑥   5  D.  32 𝑥   4      E.  32 𝑥   5  

23. Ruergan is 18 years old.

Jack is 3 years more than twice Ruergan’s age.
How old is Jack?

A.  21 B.  23 C.  36 D.  39 E.  56 
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Factorising expressions5G

Key ideas

1. The purpose of factorising is to group expressions, which is the opposite of expanding expressions.

3x + 6

Expanded Factorised

=

x

x

x

1 1 1

1 1 1

x

x

x

1 1

1

1 1

1

3 groups of (x + 2) 3(x + 2)

2. To factorise expressions, group terms by their highest common factor (HCF).

4f + 8

HCF is 4

4f + 8 = 4 × f + 4 × 2

= 4(f + 2)

+ 2

4

+ f

+ 84f

3. When factorising expressions, the leading term inside the brackets should be positive.

−4(2x + 1)

Correct maths conventions: Incorrect maths conventions:

4(−2x + 1)

The opposite of expanding algebraic expressions is factorising algebraic expressions.  
Much like the opposite of multiplication is division. While expanding focuses on 
multiplying algebraic terms, factorising is similar to division by creating groups 
of terms from expressions.

LEARNING INTENTIONS

Students will be able to:
 • understand the relationship between expanding and factorising

 • determine the highest common factor(s) of algebraic terms

 • factorise algebraic expressions.

KEY TERMS AND DEFINITIONS

Factorising in algebra is the opposite of expanding brackets.

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

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Factorising is used to create common 
groups of the unknown. When ordering 
from a sushi train, the colours of the 
plates indicate the different prices of 
the dishes. We can group the coloured 
plates to quickly determine the cost 
and split the bills amongst friends.
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Worked example 1

Finding the HCF of algebraic terms

Find the highest common factor of the following pairs of terms.

a. 6n and 36

Working thinking

6n = (1 × 6)n

6n = (2 × 3)n 
 
36 = 1 × 36

36 = 2 × 18

36 = 3 × 12

36 = 4 × 9

36 = 6 × 6

Step 1: Calculate the factors of each term.

The highest common factor of 6n and 36 is 6. Step 2: Determine the HCF.

Visual support

6n = (1 × 6)n
6n = (2 × 3)n

36 = 1 × 36
36 = 2 × 18
36 = 3 × 12
36 = 4 × 9
36 = 6 × 6

HCF of 6n and 36 is 6

b. 20s and 24s

Working thinking

20s = (1 × 20)s

20s = (2 × 10)s

20s = (4 × 5)s 
 
24s = (1 × 24)s

24s = (2 × 12)s

24s = (3 × 8)s

24s = (4 × 6)s

Step 1: Calculate the factors of each term.

The highest common factor of 20s and 24s is 4s. Step 2: Determine the HCF.

Student practice

Find the highest common factor of the following pairs of terms.

a. 8k and 30 b. 27w and 63w

WE1a

WE1b
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Worked example 2

Factorising algebraic expressions

Factorise the expressions.

a. 7t − 14

Working thinking

 7t − 14 = 7(t − 2) Step 1: Determine the HCF of all the terms in order to 
factorise the expression.

7(t − 2) = 7t − 14 Step 2: Check the answer by expanding.

Visual support

t

−1 −1 −1

−1 −1 −1

7 groups of (t − 2) = 7(t − 2)

−1 −1 −1

−1 −1 −1

−1

−1

t t t t t t

b. −121h + 22

Working thinking

 −121h + 22 = 11(−11h + 2) Step 1: Determine the HCF of all the terms in order to 
factorise the expression.

 = −11(11h − 2) Step 2: Make the leading term positive by factorising 
−1 from the terms inside the brackets.

−11(11h − 2) = −121h + 22 Step 3: Check the answer by expanding.

Student practice

Factorise the expressions.

a. 8e − 16 b. −81n + 18

WE2a

WE2b
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Worked example 3

Factorising and simplifying expressions

Factorise the expressions.

a. −3ke − ep

Working thinking

 −3ke − ep = e(−3k − p) Step 1: Determine the HCF of all the terms in order to 
factorise the expression.

 = −e(3k + p) Step 2: Make the leading term positive by factorising 
−1 from the terms inside the brackets.

−e(3k + p) = −3ke − p Step 3: Check the answer by expanding.

Visual support

−3ke − ep = −e(3k + p)

+ p

−ep−3ke

+ 3k

−e

b.    3a + 9 _ 3    

Working thinking

   3a + 9 _ 3     =    
3(a + 3)

 ___________ 3    Step 1: Factorise the numerator.

 =    
3(a + 3)

 ___________ 3    

 = a + 3

Step 2: Simplify the terms of the numerator  
and denominator.

Student practice

Factorise the expressions

a. −9ne − ed b.    12a + 24 ____________ 12    

WE3a

WE3b

1

1
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Understanding worksheet

1. Factorise the expressions by filling in the blanks.

Example

x

x

x

1

1

1

1

1

1

x

x

x

= 6(𝑥 + 1)6 groups of 𝑥 + 1

a. 1

1

1

1

1

1

1

1

4 groups of  = 4 × 2

b.

t

−1 −1 −1

−1 −1 −1

−1

−1

t t t

4 groups of  = 4(t − 2)

c.

h

−1 −1 −1

−1 −1 −1

h h

 groups of h − 2 =   (h − 2)

d.

1 1 1 1

e e e e

e e e e

4 groups of  = 4(  )

5G Questions
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2. Factorise the expressions by filling in the blanks.

Example

+L

84L

+2

4

(L + 2)4L + 8 = 4

a. +1

164

+4

4 + 16 =   (1 + 4)

b. +3y

721y

+1

21𝑦 + 7 =   (3𝑦 + 1)

c.
2x

−24−16x

+3

−16𝑥 − 24 =   (2𝑥 + 3)

d.

−12n27

−4n

27 − 12n =   (  − 4n)

3. Fill in the blanks by using the words provided.

expanded multiplied 8 −4

In the factorised expression −4(𝑥 − 2), the number  is the highest common factor.  

The number −4 is  by the sum of 𝑥 and −2. When  , this expression 

is equivalent to the sum of −4𝑥 and  .

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9 (a,b,c,d), 10

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9 (c,d,e,f), 10

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9 (e,f,g,h), 10

4. Find the highest common factor.

a. 12 and 8 b. 81 and 63 c. 5j and 25 d. 14 and 49a
e. 144b and 36b f. 8er and 2ers g. 80a2 and 94a h. 28rg and 4h

5. Factorise.

a. 2u + 4 b. 49n − 14 c. 60 − 120p d. 9u − 9
e. 32 − 8g f. 72L + 140 g. 63 + 54g h. 81e − 99d + 45

WE1

WE2a
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6. Factorise.

a. −6t − 6 b. −4 − 4e c. −n − 1 d. −25c + 75
e. −28 + 46h f. −44 − 46i g. −115 + 180q h. −36u + 34e − 22

7. Factorise.

a. 5m + 6um b. 4d + 12ad c. 63si − 27s d. −18to + 3t
e. −10ke − 2ep f. −e − els g. −6as + 8si + 2st h. 4da + 16ta2

8. Correct the factorised expression so that it is equivalent to the expanded expression on the left hand side.

a. 10a + 14 = 10(a + 4) b. 9n − 18 = 9(n − 18)
c. −3s + 3 = −3(s + 1) d. −14w −14 = −14(w − 14)
e. 10er + 5r = 5r(2es + 0) f. 12e + 4er + 2ie = 2e(10 + 2r + 0i)
g. t2u + 14tu = tu(t + 14u) h. 6e2 + 10pe + 2e = 2e(4e2 + 8p + e)

9. Factorise the algebraic expressions and simplify.

a.    4𝑥 + 4 _ 4    b.    16𝑥 − 32 ____________ 8    c.     6 _ 3𝑥 +12   d.    3𝑥 − 3 _ 𝑥 − 1    

e.     2𝑥 − 4 ___________ −4𝑥 + 8   f.    −6r + 12b ___________ 2r − 4b    g.    −144r − 12br  ___________  −8br − 72r    h.    100r2 + 20r _______________ 
 2r   2  − 4r

   

10. Which statement is equivalent to the expression: −16s + 16

Statement 1: 16(1 − s)
Statement 2: −16(s + 1)
Statement 3: −16(s − 1)

A. Statement 1 only
B. Statement 2 only
C. Statement 3 only
D. Statement 1 and 2
E. Statement 1 and 3

Spot the mistake

11. Select whether Student A or Student B is incorrect.

a. Factorise the expression.
−4 − 44w

Student A

−4 − 44w = −4(1 + 11w)
Student B

−4w − 44 = −4(0 − 11w)

b. Factorise the expression.
− 54er + 36e

Student A

−54er + 36e = −18e(3r − 2)
Student B

−56er + 36e = −18e(3r − 2e)

WE2b

W3a

WE3b
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Problem solving
Question working paths

Mild 12, 13, 14 Medium 13, 14, 15 Spicy 14, 15, 16 

12. A Year 8 class is planning where to sit for a play. Currently there are 8 rows with s students in each row.  
An additional 16 students want to watch the play and sit with their classmates. If the Year 8 class 
wants to sit together and divide themselves equally, write an expression that represents the total 
number of rows and students that are now in each row.

13. The number of family membership plans sold by the Sydney Living Museum can be represented by the 
expression 𝑥 + 4𝑦, where $𝑥 is the cost per adult ticket and $𝑦 is the cost per child ticket. How many
family membership plans did the museum sell if they sold 4 adult tickets and 16 children tickets?

14. Scientists are studying ancient life in Australia. They dig in two different sites and their total findings 
can be represented by the expression 6p + 4a, where p is the number of fossilised plants, and a is 
the number of fossilised animals. Write an expression to represent the number of fossilised plants 
and animals if two of the scientists split the findings equally between them.

15. Riley forgot their measuring tape and used the length of their shoe (s) in cm and the width of 
their phone (p) in cm to calculate the length and width of a rectangular room. The area equaled 
144s2 + 12sp. Factorise the expression so that area represents the multiplication of the length  
and width of the room in terms of s and p.

16. Emmanuelle is re-designing her rectangular backyard and only knows the area of the shed which  
is 32 m2. She mocks up a design that includes 2 rectangular garden beds with the same area,   
a rectangular flower bed,  a rectangular pool,  and a square shaped patio.

Garden area 
= 16x

Patio area 
= 8x2

Pool area 
= 8xy

Flower bed area 
= 16y

Shed area 
= 32

Garden area 
= 16x

What is the length and width of her backyard in terms of 𝑥 and 𝑦?

Reasoning
Question working paths

Mild 17 (a,b,c,e) Medium 17 (a,b,c,e), 18 (a,b) Spicy all 

17. Jeremy and Lena go to a sushi train restaurant. Various types of nigiri, sashimi, maki, and hot dishes 
are placed on coloured plates that indicate the prices of each dish.

Colour Cost per plate in dollars

Red $r

Pink $p

Gold $g
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a. Jeremy eats from six red plates and four gold plates. Lena eats from two red plates and six  
gold plates. Write an expression that represents the total cost of their combined bills.

b. They want to split the bill equally and will need to create two equal groups of red and gold 
plates. Write an expression that shows how much they will each pay in terms of red and 
gold plates.

c. On another occasion, Jeremy and Lena go out for dinner with two other friends to eat sushi. 
They group the plates by colour and count that they have eaten a combined amount of 16 red 
plates,  24 pink plates and eight gold plates. Write an expression that shows how much each 
friend will pay if they split the total cost into four equal groups.

d. The waiter groups the total amount of the four friends’ plates into two equal groups. Write an 
expression that shows how much the bill will be if the total cost is split into two equal groups.

e. Is it fair to split bills equally? Why or why not?

18. Fill in the missing boxes to make the expressions equivalent.

a. Fill in the missing boxes to make the expression equivalent.
−33 + 11𝑥 = ⎕(3 − 𝑥)

b. Fill in the missing boxes to make the expression equivalent.
−33 + 11𝑥 = 11(𝑥 ⎕)

c. Why are the factorised expressions from part a and b equivalent?

Extra spicy

19. Using the expression product puzzle as an example,  fill in the missing boxes to make the second 
puzzle true.

2n + 1

2

5

2n − 1

4n + 2 10n − 5

4n − 2

10n + 5

Expression Product Puzzle Example

2

15e − 6 8e + 6

12e + 9

10e − 4

20. The area of the shape is equal to 𝑥2(1 + 1). What assumptions do you have to make about the shape 
in order for the area to be true?

A. The shape has a square with dimensions 𝑥 by 𝑥, and two triangles are the same and have a base of 1 and height of 𝑥.
B. The shape has a square with dimensions 𝑥 by 𝑥, and the two triangles are the same and have a base of 1 and height of 1.
C. The shape has a square with dimensions of 𝑥 by 𝑥, and the two triangles are the same and have a base of 𝑥 and height of 𝑥.
D. The shape has a rectangle with dimensions of 𝑥 by 1, and the two triangles are the same and have a base of 𝑥 and

height of 1.
E. The shape has a rectangle with dimensions of 𝑥 by 1, and the two triangles are the same and have a base of 𝑥 and

height of 𝑥.
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21. The expression −𝑥3 − 3𝑥2 + 6𝑥 − 18 is not fully factorised below.

−𝑥3 − 3𝑥2 + 6𝑥 − 18
−𝑥2(𝑥 + 3) + 6(𝑥 + 3)
Which expression shows the full factorisation of the expression?

A. −𝑥2(𝑥 + 3) + 6
B. (𝑥 + 3) − 𝑥2 − 6
C. (𝑥 + 3) − (𝑥2 + 6)
D. (𝑥 + 3)(𝑥2 + 6)
E. (𝑥 + 3)(6 − 𝑥2)

22. A large rectangle has dimensions 𝑥 by 𝑦. What is the area of the shaded rectangle in terms of 𝑥 and 𝑦,  
if all the other shapes inside the larger rectangle are squares?

x

y

Remember this?

23. Which of the expressions is equal to p5?

A.  5 √ 
_

 p   
B. p3 + p2

C. p × 5
D. p + p + p + p + p
E. p × p × p × p × p

24. The fraction    1 _ 8    is equal to 0.125 as a decimal. What does     3 _ 16    equal as a decimal?

A. 0.042 B. 0.0625 C. 0.1875 D. 0.25 E. 0.375

25. Sourab makes a large cake by placing two square cakes of different sizes next to each other.  
The cakes have areas of 4 cm2 and 16 cm2. Sourab uses icing to draw a line from the bottom  
right to the top left,  and fills in the icing above the dotted line.

How much icing covers the cake?

A. 8 cm2 B. 10 cm2 C. 18 cm2 D. 20 cm2 E. 64 cm2
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Chapter 5 extended application
1. Dion and Rebecca are going to Hobart for 6 days and each want to rent e-scooters to scoot around the city.  

They plan out how much they will need to use the scooter over the next 6 days.

From hotel 
to city

Explore the 
city

From city to 
hotel

Travel to 
and from 
city in the 
morning

Travel to 
and from 
city in the 
afternoon

Travel to 
and from 
city in the 
evening

Day 1–4 10 minutes No scooter 
needed

15 minutes ✔ ✔ ✔

Day 5 10 minutes No scooter 
needed

15 minutes ✖ ✖ ✔

Day 6 Rest

Proton Scooter has a few options for how they price their rides. There is a normal fee of  $1  
dollar to activate the scooter and  45  cents per ride minute. They also offer a 7-day pass that 
is paid in full and costs  $4.71  per day with a 90 minute per day ride limit and no activation fee.  
The third option is a 3-day pass that must be paid in full and is represented by the equation  
C = 8.33d , where  C  represents total cost per (  d )     day.

a. Write an equation that represents the total    (  C )     cost in dollars of how much they will 
each pay when they purchase a 7-day pass from Proton Scooter every ( d ) day.

b. The activation fee will be applied each time they use the scooter to travel to and from 
the city. If they don’t purchase a pass, calculate the total cost of how much they will 
each pay on the first day.

c. Using part b if they don’t purchase a pass, calculate the total cost of how much they 
each will pay over the 6 days.

d. Dion proposes that they purchase a 3-day pass and then pay the normal rate for their 
last 3 days. Rebecca says they should pay for a 7-day pass. Calculate the cost difference 
and determine which plan saves them more money.

e. When travelling you often don’t have a car and are limited to the available public transport.  
Determine at least two cost effective modes of transportation that Rebecca and Dion 
should consider when travelling.

2. Bernadine is designing her square garden to maximise 
the amount of produce she can grow. She draws her 
design on grid paper where each grid square represents 
an area of   s2 units2.

a. What is the perimeter and area of her garden in  
 s  units?

b. Currently the length and width of the garden box for  
the lettuce, onions and carrots is  12s  by  6s . She wants  
to divide the lettuce, onions, and carrots into three 
equal rows. What will be the width of each of these 
rows in  s  units?

c. Bernadine researched that plants thrive better in  
raised garden beds and created a sketch of her garden  
beds side by side. She wants each of her 7 rectangular  
garden beds to be enclosed by a wooden frame. 
What will be the total perimeter of the 7 rectangular 
beds in  s  units?

Spinach

Chilli

Watermelon

Swiss chard

Carrots
Lettuce

Onions

Red onion
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3. Bernadine re-draws her garden to include walking paths and four garden beds and sketches the design of her 
new garden plot and the raised garden beds. She isn’t sure what the new length and width of each box is and 
denotes this with ? and ?? in her design. She does know the following information:

 • The thickness of the boxes are all the same.
 • The garden plot is is  2.4  m by  2.4  m.
 • Garden box 1 and 4 will have the same exterior length as the garden plot.
 • Garden box 2 and 3 will have the same interior widths but have different  

interior lengths.
Raised garden bed design

Top view

Top view
Side view

Garden plot design

h

(? − 5) cm

exterior

(?? − 5 ) cm

garden box

box 2 box 3

box 4

2.4 m

2.4 m

Walking path

a

b

c

d e

interior

a. Describe what ?, ??, and  h  represent in the raised garden bed design.
b. Describe what ‘5 cm’ represents in the raised garden bed design.
c. The interior dimensions of the garden boxes are measured in cm and represented 

by variables  a ,  b ,  c ,  d , and  e . Assume the width of all walking paths are exactly 50 cm, 
determine the length of the entire garden plot using the variables  d  and  e , and the 
width of the entire garden bed using the variables  a ,  b , and  c .

d. If the walking path is at least  50  cm wide between the garden boxes, determine if the 
following dimensions will meet the criteria of the garden design:

 •  a = 45  cm and  b  is one half of  a .
 •  c  is a two thirds of  b .
 • Garden box 2 is half the exterior length of garden box 1.
 • The exterior length of garden box 3 is a fourth of the exterior length of garden box 4.

e. Bernadine uses different dimensions to maximise her garden bed dimensions to 
replace the diagram given in the question stem. Determine the exterior dimensions of 
garden boxes 1, 2 and 3, and 4, if garden box 1 and 4 have the same width, and garden 
box 3 has an exterior length of 52.10 cm and area of 1953.75 cm2 and the walking path 
is 50 cm between all garden boxes.

f. Using the whole length of railway sleepers without cutting them avoids waste. Propose 
two other options why someone would want to use the entire length of the railway sleepers.

d. Using part a Bernadine redesigns her garden bed so 
that each crop has space to grow in an area of  4s  by  4s .  
Determine the number of crops she can grow with 
these requirements.

e. Bernadine wants the swiss chard spaced equally.  
Each swiss chard plant needs approximately 20 cm of 
room on all four sides to grow and when fully grown 
will take up  40  cm2 of area. If  s = 10  cm, determine 
how many swiss chards plants are in each of the two 
rectangular plots.

f. A good garden bed design should consider being able to reach past the middle of the 
garden bed. If  s = 10  cm, and the garden beds are placed next to each other with  
no gaps, will Bernadine be able to reach her arm across all the garden beds to tend to 
her produce? If not, propose a solution so she is able to tend to all of her crops.
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Chapter 5 review

Multiple choice

1. Which of the following expressions shows the fully simplified sum of the visual?

xy xy −x
1

A.  2𝑥𝑦 − 𝑥 + 1 B.  𝑥𝑦 + 𝑥𝑦 − 𝑥 + 1 
C.  2𝑥𝑦 − 𝑥𝑦 + 1 D.  2𝑥𝑦 + 𝑥 + 1 
E.  𝑥 − 2𝑥𝑦 + 1 

2. Substitute  a = 3  and  b = 4  to solve the bar model.

a a a a b b

3 3 3 3 4 4

A.  16 B.  20 C.  24 D.  28 E.  32 

3. Which area model correctly evaluates  2𝑥 × 2𝑦?

A.
2xy

2x

2y

2x × 2y = 8xy
2xy

2xy 2xy

B.
4xy

2x

2y

2x × 2y = 16xy
4xy

4xy 4xy

C.
xy

2x

2y

2x × 2y = 4xy
xy

xy xy

D.
2x

2x

2y

2x × 2y = 8x
2x

2x 2x

E.
x

2x

2y

2x × 2y = 4x
x

x x

4. Determine the missing value to make the equation true.

   m ___ 6    ÷    8 __ n    =    
⎕

 ____ 48   

A.  1 B.  8m C.  6n D.  48mn E.  mn 

5A, 5C

5B

5D

5E
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5. Using the following visual, determine which option correctly shows an expanded expression 
and its fully factorised equivalent.

x

x

x

x

x

x

x

x

1 1
1 1 =

x
x

x
x

x
x

x
x

1

1

1

1

A.  8𝑥 + 4 = 4𝑥 − 8 B.   8𝑥 + 4 = 4 (  2𝑥 + 1 )    C.   8𝑥 + 4 = 2 (  4𝑥 + 2 )    
D.   8𝑥 + 4 = 4 (  8𝑥 + 1 )    E.   8𝑥 + 4 = 4 (  2𝑥 + 4 )    

Fluency

6. Write an equation or expression to represent each statement.

a. 12 more than  𝑥.
b. Four groups of  u  are added to  v .
c. Half of five groups of  a  is equal to the product of  b ,  c  and  d .
d.  m  is squared. This equals one third of the square root of  n .

7. Substitute  a = −1 ,  b = 2  and  c = −3  to evaluate each expression.

a.  3b + 10 
b.   2 (  b − a )    
c.  4c +   2a ____ b   
d.   −0.1 (   c   2  − 2b )    

8. Simplify each expression by collecting like terms.

a.  3 + 4𝑦 + 5𝑦 + 6 

b.   m   3  + 12 − 8m + 3 m   2  
c.  7cd −  c   2 d − 3cd + 5 c   2 d 

d.    1 __ 2  a −   1 __ 4  b −   3 __ 4  a +   3 __ 2  b 

9. Simplify.

a.  3a × 5b b.  10𝑥 ÷ 2𝑥𝑦 c.  mn × 9m d.   27p   2 q ÷ 10p q   2  

10. Simplify.

a.  3a × 4 b.  6p ÷ 12 c.  8ab ÷ −2b d.    2 __ 3  f × 6g  

11. Simplify.

a.    𝑥 __ 7   +   2𝑥 ___ 7    b.    m ___ 8   +   5m ____ 24   c.    8a ____ 3    −   3a ____ 8    d.  
q
 __ 3    −    

q
 __ 5   

12. Simplify.

a.  a __ 4    ×    b __ 3   b.    6 __ c  ÷   d __ c   c.  𝑦 ×   5 __ 𝑥  d.     9 _____ 16u  ÷   2u ____ 3    

5F, 5G

5A

5B

5C

5D

5D

5E

5E

	     Chapter 5: algebra 	266

5

 



13. Expand the brackets in each expression.

a.   5 (  𝑥 + 2 )    b.   −10 (  9 − 𝑦 )    c.   d (  d −  3 )     d.   3 (  5 + f + 2g )    

14. Expand the brackets in each expression.

a.   7w (  7w + 2 )    b.   −4𝑥 (  5 − 𝑥 )    c.   3𝑥 (  4𝑦 − 5z )    d.   2f (  5f g − 8f + g )     

15. Factorise.

a.  10 + 20𝑥 b.  −f − 4 
c.  14𝑥 + 49𝑦 − 21z d.  2m − 2mno − 2mo 

16. Factorise each algebraic expression and simplify.

a.    11a + 22 ____________ 11    b.     −2 __________ 2𝑥 + 40   c.     −r + 2b ____________ 5r − 10b  d.      r   2  − 4r ___________ 
2 r   2  − 8r

  

Problem solving

17. Elsa bought  𝑥 cupcakes for $20 from the supermarket to decorate and sell at her school fete.
She aims to make a profit of  $𝑦 per cupcake. Find an expression for the selling price of  
each cupcake. 

18. At an animal shelter, there are birds, cats and dogs. Bill collects food for all the animals each week.  
The kilograms of food every week is  0.01b + 1.4c + 2d , where  b  is the number of birds,  c  is the 
number of cats and  d  is the number of dogs. If there are  10  birds,  20  cats and  30  dogs, what is 
the weight of food that Bill is collecting?

19. What expression can be written for the perimeter of the shape below?

7a

11b

14a

20. A recipe CJ wants to make requires 𝑥 grams of sugar and twice as much flour. The sugar costs  
$𝑦 per gram. The flour is half this price per gram. How much will CJ pay for sugar and flour  
in total, in terms of 𝑥 and 𝑦?

21. Amaja queues up with an empty plate at an all-you-can-eat buffet restaurant. Let  p  
represent the area of the plate. She fills one third of her plate with a steak and one quarter 
with a salad. She then fills half of the remaining space with garlic bread. Write an expression 
to show how much of Amaja’s plate is left to fill up with dessert.

22. Dr W’s Year 8 mathematics class sits an algebra test. The average score per student can  
be represented by the expression 5𝑥 + 20. Find the sum of all marks in Dr W’s class of  
25 students, in terms of 𝑥. 

23. The area of Vicki’s rectangular canvas is  13𝑥 + 26𝑥𝑦 + 39𝑥z  m2. The canvas does not have 
a length or width of 1 m. Vicki’s assistant attempts to express this area as the product of its 
dimensions and writes down three potential solutions. Use factorisation to determine these 
three potential solutions.

5F

5F

5G

5G

5A

5B

5C

5D

5E

5F

5G
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Reasoning

24. Hankan is making an open tray from a piece of thick recycled cardboard  𝑥 cm long and
8 cm wide. Equal squares of side length 2 cm are cut from each corner. The tray is then 
constructed by folding up each of the four sides. 

x cm

2 cm

8 cm
2 cm

a. Write an expression for the length of the base of the tray, and use it to calculate the 
length of the base of the tray if  𝑥 = 12  cm. 

b. In terms of  𝑥, write a factorised and expanded expression for the area of the base of  
the tray. 

Hankan decides that the tray is too small to be useful. He creates two new designs. In design 1,  
he multiplies the area of the base by  z . In design 2, he multiplies the width of the base and 
the length of the base by  z .

c. Express the areas of the base for each design in terms of 𝑥 and z, giving your answer as 
expanded expressions. 

d. Hankan decides to sell these recycled trays, and makes $ c  profit. He spends one half 
of this amount on movie tickets, and one third of the remaining amount on paint for 
future trays. If he already has  $10c  in savings, how much money does he now have in 
his savings account?

e. Hankan made the open tray from recycled materials. Give another example of 
something you could make at home from recycled materials. 

25. Roslyn is trying to write the following algebraic expression as a single fraction.

   1 __ a  −     1 _______ a + h 

a. Substitute  a = 2  and  h = 3  into    1 __ a  −     1 _______ a + h   and simplify. Write your answer as a  

single fraction.

b. Substitute  a = 5  and  h = 4  into    1 __ a  −     1 _______ a + h  and simplify. Write your answer as a  

single fraction.
c. Compare your answers from parts a and b. How can we write expressions of the 

form    1 __ a  −     1 _______ a + h  as a single fraction?
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Chapter 6 research summary
Equations

Big ideas

Proportional reasoning
This chapter will focus on students’ ability to identify and apply their extensive conceptual and structural 
connection of algebra and number and their properties, order of operations, and equivalence, to build structural 
and conceptual knowledge of equations and inequalities.

Using the phrase ‘cancelling’ or ‘goes away’ may cause misconceptions in algebra and when solving equations.  
Instead, students and teachers are encouraged to use phrases such as ‘sums to zero’ and ‘simplifies to 1’. This will 

help strengthen students’ connection of number properties in algebra. For example,  3𝑥 − 3𝑥 sums to zero and    
4𝑦

 ____ 4𝑦    

simplifies to 1.

This chapter will ask students to solve equations with variables on both sides of the equal signs. This topic can 
be challenging for students because they cannot rely solely on arithmetic. Students need a solid conceptual 
understanding of equality, inequality, brackets, negative signs, subtraction signs, and inverse operations to solve 
algebraic equations (Booth; 2017). For example,  3𝑥 − 7 = 5𝑥 + 9 .

Lastly, another helpful activity students can do is check their work by substituting their answers into the original 
equation. This process helps students understand the idea of equivalence. By having students use order of operations 
to check their work, they realise the importance of how inverse operations are needed to solve equations.

Supporting the idea of equivalence in arithmetic is critical before students apply it to algebra so they do not see this 
idea as an outlier. This chapter will use balance scales, bar models, reverse which side the variable is placed, inverse 
operations, and use number sentences with operations on either side to strengthen arithmetic and algebraic thinking.

Generalising
This chapter will focus on combining multiplicative thinking and proportional reasoning skills to build conceptual 
and procedural knowledge of equations and inequalities. Additionally, this chapter will use the general properties  
of algebraic notation, letter usage, and their symbolic relationship to formulate and solve equations and inequalities.

As a reminder, it is essential to realise that it takes time for students to make algebraic generalisations (Bush, 2011). 
They must manoeuvre familiar and foreign mathematical symbols to work with various numbers and properties to 
conclude evidence or assumptions.

Students are often better at verbally explaining what they need to do than writing symbolically when solving equations  
(Swafford & Langrall, 2000). Having students connect their verbal and written skills through balance models, 
number lines, tables, and graphs can help them bridge their symbolic, conceptual and procedural knowledge. 
Additionally the use of these skills will help students understand the connection between inverse operations and 
solving equations.

This big idea is built upon a strong understanding of proportional understanding, number and number properties, 
patterns, and equality. Therefore, a conceptual understanding of how to manipulate equations and inequalities is 
essential for success in future mathematics topics.

Chapter 6: equations 	270
 



Visual representations

Balance scale
Like the traditional pan balances, balance scales help develop relational 
thinking by drawing attention to the idea that for the scales to be balanced, 
both sides have to be the same or equal. For this to be true, whatever operation  
is applied to one side must also be applied to the other side. In this chapter,  
balance scales will aid in relationship thinking, algebraic thinking, 
substitution, and provide students with a conceptual and procedural 
understanding of how to solve equations.

Bar model
Bar models, also known as tape or strip diagrams, help students construct a 
pictorial equation from a word problem as a whole rather than as distinct parts.  
The bar model is usually represented by a rectangle representing the 
relationship between the known and unknown quantities and can be divided 
to represent proportional relationships. In this chapter, bar models will aid  
in relational thinking, algebraic thinking, substitution, and provide students  
a conceptual and procedural understanding of solving equations.

mmm

m

9

3

3m = 9

Solving one and 
multi-step equations

Solving equations with 
unknowns on both sides

2y + 5 = 5y + 1

y y 5

y y y y y 1

Number line
A number line is traditionally shown as a horizontal line or axis but can  
also be a vertical line. A number line shows the order and size of numbers.  
It helps deepen our understanding of mathematical concepts such as fractions, 
decimals, percentages, negative numbers and mathematical operations.

In this chapter, a number line will be used to aid in:
 • representing inequalities
 • formulating inequalities
 • solving inequalities.

x
0 6−3 5−2 −1 1 2 3 4

−2 < x < 5

5 + 9
11 + 4

=

k + 12 18=
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Misconceptions

Misconception Incorrect Correct Lesson

When the same variable is on 
either side of the equal sign, 
students don’t realise that it  
is part of the sum.

 3e + 2 = e + 3  where  e = 3 
  3 (  3 )   + 2 = e + 3  
 11 = e + 3 
 8 = e 

 3e + 2 = e + 3  where  e = 3 
  3 (  3 )   + 2 = 3 + 3  
 11 ≠ 6 

6A

Students see the equal sign as 
'the answer is' rather than a 
statement of equal value.

 10 + 5 = q + 7 
 q = 15 

 10 + 5 = q + 7 
 10 + 5 = 8 + 7 
 q = 8 

6A

Students multiply some of  
the terms on either side of  
the equation.

   u __ 2    = 5 − 2

u = 10 − 2
×2 ×2

   u __ 2    = 5 − 2

u = 10 − 4
×2 ×2

Students don’t understand  
the order of operations  
when solving for an  
unknown variable.

   a + 2 _______ 5    = 5 

   a + 2 _______ 5    − 2 = 5 − 2 

   a + 2 _______ 5    = 5 

   a + 2 _______ 5    × 5 = 5 × 5 

6B

Students only apply the 
inverse operation to one  
side of the equation.

 9t + 2 = t + 4 
 9t + t = 4 − 2 

 9t + 2 = t + 4 
 9t − t = 4 − 2 

6B, 
6C

Students collect like terms by 
adding all the algebraic and 
numerical terms together on 
either side of the equals sign.

 3i + 4 = i + 8 
 3i + i = 8 + 4 

 3i + 4 = i + 8  
 3i − i = 8 − 4 

6B 
6C

Students don’t apply inverse 
operations when isolating 
variables on one side of the 
equals sign.

 2o + 5 = −3o − 11 
 2o − 3o = −11 + 5 

 2o + 5 = −3o − 11 
 2o + 3o = −11 − 5 

6B 
6C

Students try to solve a formula 
for a value when it contains 
more than 1 variable.

 3n + s = 6 
 s = 6 − 3 
 s = 1 

 3n + s = 6 6D

Students solve equations  
as separate steps instead  
of line-by-line.

 2a + 1 = 3 
 3 − 1 = 2 
 2a = 2 
 2 ÷ 2 = 1 
 a = 1 

 2a + 1 = 3 
 2a + 1 − 1 = 3 − 1 
 2a = 2 
 2a ÷ 2 = 2 ÷ 2 
 a = 1 

6D

Students reverse the order 
when translating worded 
problems to algebraic 
equations or expressions.

There are six times as many 
capybaras    (  c )     as numbats    (  n )    .
 6c = n 

There are six times as many 
capybaras    (  c )     as numbats    (  n )    .
 6n = c 

6D

Students match the order 
of words when translating 
worded problems to algebraic 
equations or expressions.

Three less than  n .
 3 − n 

Three less than  n .
 n − 3 

6D

Students place the larger 
number with the larger 
group when translating 
worded problems to algebraic 
equations or expressions.

There are seven times as many 
crocodiles    (  c )     as echidnas ( e ).
 7c = e 

There are seven times as many 
crocodiles    (  c )     as echidnas ( e ).
 7e = c 

6D

Students misinterpret the 
empty and full circle notation 
on a number line.

x
3 41 2 5

x > 2

x
3 41 2 5

x > 2 6E
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Misconception Incorrect Correct Lesson

Students misinterpret  
the meaning of the  
inequality symbols.

 𝑥 is greater than or equal to  −8 
 −8 < 𝑥

𝑥 is greater than or equal to  −8 
 −8 ≤ 𝑥

6E

When solving inequalities, 
students only apply the 
inverse operation to one  
side of the statement.

 2r + 5 > −3r − 11 
 2r − 3r > −11 − 5 

 2r + 5 > −3r − 11 
 2r + 3r > −11 − 5 

6E
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Introduction to equations6A

Key ideas

1. Balance scales can be used to show if equations are true or false.

Balanced or true equation

7 + 9 12 + 4=

Unbalanced or false equation

8 + 9
12 + 7

=

2. Different keywords are used to generate equations.

Operation Key words

Addition ( + ) sum, added to, plus, increase, more, combined, 
together, more than

Subtraction ( − ) subtracted from, less than, difference, decreased, 
reduced, minus

Multiplication    (  × )    per, times, of, factor, multiplied by, product, each

Division (  ÷ )    out of, divided, quotient of

Equal ( = ) result, equals, equal to, total

An equation is two expressions that are set apart using an equals sign    (  = )    .  
The equals sign shows that the left-hand side (LHS) of the equation is equal to the  
right-hand side (RHS). If an equation has a variable, it requires you to substitute 
a value for the pronumeral, that will make the equation true and balanced.

LEARNING INTENTIONS

Students will be able to:
 • generate equivalent equations

 • use substitution and test if an equation is true.

KEY TERMS AND DEFINITIONS

The equals sign (=) in an equation or number sentence indicates that the 
value on the left of the sign is the same value as on the right.

An equation is another name for a number sentence. An equation can 
contain letters, numbers and operations, as well as an equals sign. Each side 
of an equation is equal.

A false equation is when the left-hand side and right-hand side of an 
equation are not equal.

A number sentence is an equation expressed using numbers and operations.

Substitution is the process of replacing a variable with a given value.

A true equation is when the left-hand side and right-hand side of an 
equation are equal.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

$ FARE

Dollars

TAXI

Receipt

85.00

Cents

equations can be used in a variety of 
different transportation companies. 
For example, John’s taxi ride from 
home to work was calculated using  
$c = 10 + 1.5d , where  $c  is cost in 
dollars and  d  is distance in km. John 
was charged  $85 , which then requires  
$85  to be substituted for  $c .
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Worked example 1

Classifying equations

State whether the equations are true or false.

a. 5 + 9 = 11 + 4

Working thinking

LHS  = 5 + 9 

  = 14 

Step 1: Calculate the left-hand side (LHS).

RHS  = 11 + 4 

  = 15 

Step 2: Calculate the right-hand side (RHS).

 5 + 9 = 11 + 4  ✖

False

Step 3: Check to see if the LHS equals the RHS.

Visual support

5 + 9
11 + 4

=

b.     22 − 4 = 9 × 2 

Working thinking

LHS  = 22 − 4 

  = 18 

Step 1: Calculate the LHS.

RHS  = 9 × 2 

  = 18 

Step 2: Calculate the RHS.

 22 − 4 = 9 × 2  ✔

True

Step 3: Check to see if the LHS equals the RHS.

Student practice

State whether the equation is true or false.

a.  6 + 15 = 7 + 14 b.  9 − 4 = 1 × 5 

WE1a

WE1b
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Worked example 2

Find the solution to an equation

Determine which value of  m  is required to make each equation balanced.  m = 4, m = 7, m = 12 

a.  2m + 12 = 26 

Working thinking

 2 × 4 + 12 ≠ 26  ✖

 2 × 7 + 12 = 26  ✔

 2 × 12 + 12 ≠ 26  ✖

Step 1: Substitute each value of  m  into the equation.

 m = 7 Step 2: Determine which value of  m  makes the  
equation true.

Visual support

2 × 7 + 12 26=

b.  m + 15 = 4m + 3       

Working thinking

 4 + 15 = 4 × 4 + 3     ✔

 7 + 15 ≠ 4 × 7 + 1  ✖

 12 + 15 ≠ 4 × 12 + 1  ✖

Step 1: Substitute each value of  m  into the equation.

 m = 4 Step 2: Determine which value of  m  makes the  
equation true.

Student practice

Determine which value of  p  is required to make each equation balanced.  p = 4, p = 5, p = 12 

a.  3p + 10 = 25 b.  p + 16 = 4p + 1 

WE2a

WE2b

Worked example 3

Writing balanced equations

Write an equation for each of the given descriptions.

a. Twelve more than k and the result is 18.

Working thinking

 k + 12 Step 1: Twelve more than  k .

 = 18 

 k + 12 = 18 

Step 2: Result is  18 .

Visual support

k + 12 18=

WE3a

Continues →
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b. Eight plus double  h  and the result is  16 .

Working thinking

 8 + Step 1: Eight plus

 2h Step 2: Double  h 

 = 16 Step 3: Result is  16 .

 8 + 2h = 16 Step 4: Construct a formula to represent the equation.

Student practice

Write an equation for the given scenarios.

a. Nine more than  p  and the result is  15 . b. Four plus double  d  and the result is  18 .

WE3b

6A Questions

Understanding worksheet

1. Substitute one of the following variables into the equation to make it true.  a = 6, b = 13, c = 11 

Example

6 + 17=c

a.
3 − 10=

b.
66 6=

c.
4  + 1 53=

d.
7  −2 40=

2. Classify each of the following equations as true or false.

Example

True False

 4 + 8 = 16 − 4 ✔

True False

a.  3 + 9 = 5 + 8 

b.  14 − 10 = 20 − 16 

c.   3 + 14 = 6 +  (  10 + 1 )    

d.   14 − 10 = 8 +  (  14 − 11 )    
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3. Fill in the blanks by using the words provided.

false substituted balanced equations

Mathematical statements can be represented as an equation.  can be true or false.  

4 + 6 = 20 − 9  is an equation that is  , whereas  20 − 12 = 19 − 11  is an equation that is true.  

The left-hand side (LHS) of an equation is  when it is equal to the right-hand side (RHS). If  a  is 

 for  5 , then  8 + 7a = 42  is a true and balanced equation.   

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8

4. State whether the equations are true or false.

a.  10 − 4 = −5 b.  24 + 36 = 60 c.  8 + 5 = 12 + 1 d.  5 − 24 = 3 × 8    
e.  3 + 3 − 4 = 5 × 0 f.  5 + 20 = 25 ÷ 5 g.  2.5 − 0.1 = 6 × 0.4 h.  5 − 2.4 = 0.3 × 8    

5. Determine which value of  a  is required to make each equation balanced.

 a = 5, a = 8, a = 12 

a.  3a = 15 b.  a + 3 = 15 c.  8 − a = 0 d.  6a − 4 = 44 

e.  3a + 12 = 48 f.  3 − 9a = −42 g.    5a ____ 4    − 3 = 12 h.  24 −   6a ____ 6    = 19 

6. Determine which value of  𝑥 is required to make each equation balanced.

 𝑥 = 3, 𝑥 = 5, 𝑥 = 8 

a.  2𝑥 + 6 = 4𝑥 b.  6𝑥 − 6 = 4𝑥 c.  𝑥 + 9 = 3𝑥 + 3 d.  𝑥 + 18 = 4𝑥 + 3 
e.  −4𝑥 − 30 = 2 − 8𝑥 f.  3𝑥 + 6 = 4𝑥 − 2 g.  −5𝑥 + 2 = −4𝑥 − 3 h.  −3𝑥 + 45 = 3𝑥 − 3 

7. Write an equation for each of the given descriptions.

a. A number  m  is multiplied by three and this is equal to twelve.
b. Two is added to a number  v  and the result is equal to nine.
c. Four is subtracted from a number  q  to give a result of sixteen.
d. Seven is equal to the result of a number  k  multiplied by three and added to one.
e. A number  a  is added to four and the result is multiplied by two. This is equal to eight.
f. Nine is equal to the result of three multiplied by the expression six subtracted from a number  j .
g. Three is added to twice a number  v . This is equal to the same unknown number  v .
h. Nine is added to a number  p , then the result is divided by seven to give six.

8. Determine a value for  a  to make the equation true.

 3 + a = 2a 

A.  −1 B.  3 C.  −6 D.  6 E. Not possible

WE1

WE2a

WE2b

WE3
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Spot the mistake

9. Select whether Student A or Student B is incorrect. 

a. Determine a value for  r  to make the equation true.
 21 + 10 = r − 10 

Student A

LHS  = 21 + 10 
  = 31 
RHS  = 41 − 10 
  = 31 
∴  r = 41 

Student B

LHS  = 21 + 10 
  = 31 
RHS  = 31 
∴  r = 31 

b. Determine a value for  a  to make the equation true.
 a + a + a + 4 − 3 = 16 

Student A

LHS  = a + a + a + 1 
  = 5 + 5 + 5 + 1 
  = 16 
RHS  = 16    
∴  a = 5    

Student B

LHS  = a + a + a + 1 
  = 6 + 5 + 4 + 1 
  = 16 
RHS  = 16    
∴  a = 6, 5, 4    

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Mary’s height is  h  cm and her sister Katie is  23  cm taller. Katie’s height is  161  cm. Write an equation 
to show Katie’s height.

11. Robert buys  k  kg of dried apricots at  $2.40  per kg. He spends a total of  $4.80 . Write an equation to 
describe this situation.

12. Rebecca is working on a group project and buys everyone in her group a hot chocolate. Construct an 
equation for an order of six large hot chocolates and five medium hot chocolates which costs a total 
of  $60,  if a large hot chocolate costs  $l  per cup and a medium hot chocolate costs  $m .

13. Joanne wants to hire a bus to go to Phillip Island. There is a fixed rate of  $10  and then it costs  $1.20  per 
km,    (  k )    . At the end of the trip she is charged  $370.  Write an equation that displays Joanne’s bus fees.

14. Construct an equation for the area of a trapezium    (  A )    , where the sum of the parallel sides   (  a   and   b )     is 
halved and then multiplied by the height ( h ).

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. Danielle is going to Six the Musical. Tickets go on sale in six weeks and each ticket costs $100.  
Over the last few weeks, she has stopped buying coffees before work and has saved a total of  $25 , 
which will go towards her ticket.

a. Write an equation to show how much money    (  $m )     she will have in six weeks if she continues to 
not buy coffees and save  $c  per week.

b. If Danielle saves  $15  per week on coffees, use the equation generated in part a to show that she 
will have enough money for a ticket to the musical.

c. Danielle’s mother, Rose, also wants to go to the musical. Rose saves  $l  per week on coffees but 
owes her daughter Tori  $ 10. Write an equation to show how much money    (  $m )     Rose will have in 
six weeks’ time if she repays Tori.

d. If Rose saves  $17  per week on coffees, use the equation generated in part c to determine 
whether or not she will have enough money for a ticket to the musical.

e. After the show, Danielle and Rose start to buy coffees from their favourite cafe again. List two 
suggestions for how they can continue to buy coffees but help the environment.
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16. State whether the equation in part a and b are true or false when  p = 16 .

a.    
p
 __ 4   + 2 = 6 

b.    
p + 2

 _______ 4    = 6 

c. Compare and contrast your answers from part a and b Note the similarities and differences.  
Are both equations true if  p  is substituted for  16 ? Why/Why not?

Extra spicy

17. Determine the value for  n  in the equation   n   2  = 36. 

18. Determine what values need to be substituted for  c  and  d  to make the equations true.

 d + c = 20 
 c − d = 10 

A.  c = 5, d = 15 
B.  c = 15, d = 5    
C.  c = 10, d = 10 
D.  c = −10, d = −10 
E. Not possible   

19. State a solution for  f  to the following equation   − (  2d  )     2  +  e   3  + f = 88  , if  d = 3, e = 5  and  f =  ⎕.

A.  −1 B.  −73 C.  0 D.  73 E.  89 

20. In order for the equation below to be true, the value of  𝑦 must have a value of what?

 𝑥 + 𝑦 = 2 + 𝑥

Remember this?

21. Michelle drives her electric scooter a distance of  30  km at a constant speed of  40  km/h. 
How long will it take Michelle to travel  30  km?

A.  25  minutes
B.  30  minutes
C.  45  minutes
D.  1  hour  30  minutes
E.  1  hour  45  minutes

22. Calculate     2.84 + 7.1 _____________ 2.84    = ⎕  

A.  2.84 B.  3.5 C.  7.1 D.  8.1 E.  9.94 

23. The fraction    1 __ 5    is equal to  0.2  as a decimal. What does     1 ____ 10    equal to as a decimal?

A.  0.01 B.  0.1 C.  0.2 D.  1.0 E.  10% 
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Solving one-step and  
multi-step equations6B

Key ideas

1. To isolate and find the value of the unknown in an equation, use the inverse operation.

Addition
+

Subtraction
−

Multiplication
×

Division
÷

Square
x2

Square root
√x

2. When solving equations, it is important to understand the order of operations involved in constructing 
the equation.

1 Brackets ()
2 Exponents aⁿ
3 Multiplication and Division (left to right) × ÷
4 Addition and Subtraction (left to right) + −

Solving one, two and multi-step equations are all similar. Solving equations 
requires the inverse operation(s) to isolate the variable. Some equations include 
fractions and brackets. Fractions are used to represent division and brackets are 
used to clarify the order of operations.

LEARNING INTENTIONS

Students will be able to:
 • solve one-step equations algebraically

 • solve multi-step equations algebraically

 • verify the value of unknowns using substitution.

KEY TERMS AND DEFINITIONS

Solving equations is a process to find the value of the unknown by 
performing a series of inverse operations.

A one-step equation is an equation that can be solved by applying a single 
inverse operation.

A two-step equation is an equation that can be solved by applying two 
inverse operations.

A multi-step equation is an equation that can be solved by applying more 
than two inverse operations.

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

solving equations can be used to help 
make decisions.
steve, an electrician with his own 
business, can build and solve equations 
to determine the number of customers 
he has to work for to make a weekly 
profit of $1150.
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Worked example 1

Solving one and two-step equations

Solve.

a. 𝑥 + 6 = 17

Working thinking

+6 Step 1: Identify the operation being applied to the 
pronumeral 𝑥. 

 𝑥 + 6 − 6 = 17 − 6 Step 2: Isolate  𝑥 by applying the inverse operation
(subtraction). To keep the equation true,  
apply the same operation on both sides of the 
equal sign.

𝑥 = 11 Step 3: Simplify both sides of the equation to find the 
solution for 𝑥.

Check:  11 + 6   = 17  ✔ Step 4: Check to see if the LHS equals the RHS.

Visual support

6

17

x

11

x

b. 7p + 7 = 140

Working thinking

+7 and ×7 Step 1: Identify the operations being applied to the 
pronumeral  p . The first inverse operation will 
be the opposite of the last operation used to 
construct the equation.

  7p + 7 − 7 = 140 − 7 

  7p = 133 

Step 2: Isolate  p  by applying the inverse operations. 
To keep the equation true, apply the same 
operations on both sides of the equal sign.

     
7p
 ____ 7    =   133 _____ 7    

  p = 19 

Step 3: Simplify both sides of the equation to find the 
solution for  p .

Check: 7   ×  19  +   7   =   140 ✔ Step 4: Check to see if the LHS equals the RHS.

Student practice

Solve.

a.  a + 7 = 19 

b.  10b + 15 = 65 

WE1a

𝑥 + 6 = 17

WE1b

𝑥 = 11
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Worked example 2

Solving equations with fractions

Solve.

a.    8d + 15 __________ 2    = 8 

Working thinking

 ÷2 ,  +15  and  ×8 Step 1: Identify the operations being applied to the 
pronumeral  d . The first inverse operation will 
be the opposite of the last operation used to 
construct the equation.

    8d + 15 __________ 2    × 2 = 8 × 2 

  8d + 15 = 16 

  8d + 15 − 15 = 16 − 15 

  8d = 1 

Step 2: Isolate  d  by applying the inverse operations. 
To keep the equation true, apply the same 
operations on both sides of the equal sign.

    8d ____ 8    =   1 __ 8   

  d =   1 __ 8   

Step 3: Simplify both sides of the equation to find the 
solution for  d .

Check:    
8 ×   1 _ 8   + 15

 __________ 2      = 8  ✔ Step 4: Check to see if the LHS equals the RHS.

Visual support

8d =   1

d =      1 _ 8   

8d +   15   = 16

   8d + 15 _ 2    = 8 
×2 ×2

−15 −15

÷8 ÷8

b.    5a ____ 2    − 8 = 12 

Working thinking

 −8 ,  ÷2  and  ×5 Step 1: Identify the operations being applied to the 
pronumeral  a . The first inverse operation will 
be the opposite of the last operation used to 
construct the equation.

    5a ____ 2    − 8 + 8   = 12 + 8 

    5a ____ 2    = 20 

Step 2: Isolate  a  by applying the inverse operations. 
To keep the equation true, apply the same 
operations on both sides of the equal sign.

    5a ____ 2    × 2 = 20 × 2 

  5a = 40 

    5a ____ 5    =   40 _ 5    

  a = 8 

Step 3: Simplify both sides of the equation to find the 
solution for  a .

Check:    5 × 8 _______ 2    − 8   = 12  ✔ Step 4: Check to see if the LHS equals the RHS.

Student practice

Solve.

a.    4c + 15 __________ 9    = 3    b.    
4f
 ____ 10   + 11 = 13 

WE2a

WE2b
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Worked example 3

Solving equations with brackets

Solve.

a.   6 (  4l − 2 )   = 204  

Working thinking

 ×6 ,  −2  and  ×4 Step 1: Identify the operations being applied to the 
pronumeral  l . The first inverse operation will 
be the opposite of the last operation used to 
construct the equation.

    6 (  4l − 2 )   ____________ 6    =   204 _____ 6    

  4l − 2 = 34 

  4l − 2 + 2 = 34 + 2 

  4l = 36 

Step 2: Isolate  l  by applying the inverse operations. 
To keep the equation true apply the same 
operations on both sides of the equal sign.

    4l ___ 4   =   36 ____ 4    

  l = 9 

Step 3: Simplify both sides of the equation to find the 
solution for  l .

Check:   6 (  4 × 9 − 2 )      = 204  ✔ Step 4: Check to see if the LHS equals the RHS.

Visual support

4l = 36

l = 9

4l − 2 = 34

6(4l − 2) = 204
÷6 ÷6

+2 +2

÷4 ÷4

b.  12 =   2 (  k − 10 )   ____________ 5    

Working thinking

 ÷5 ,  ×2  and  −10 Step 1: Identify the operations being applied to the 
pronumeral  k .

  12 × 5 =   2 (  k − 10 )   ____________ 5    × 5 

   60 = 2 (  k − 10 )    

Step 2: The first inverse operation will be the opposite of 
the last operation used to construct the equation.

    60 ____ 2    =   2 (  k − 10 )   ____________ 2    

  30 = k − 10 

Step 3: Isolate  k  by applying the inverse operations. 
To keep the equation true apply the same 
operations on both sides of the equal sign.

 30 + 10   = k − 10 + 10 

  40 = k 

Step 4: Simplify both sides of the equation to find the 
solution for  k .

Check:  12   =   2 (  40 − 10 )   ______________ 5     ✔ Step 5: Check to see if the LHS equals the RHS.

Student practice

Solve.

a.   2 (  9a − 5 )   = 80   b.  15 =   
2 (  𝑦 − 20 )  

 ____________ 10     

WE3a

WE3b
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Understanding worksheet

1. Complete the missing boxes to show how each equation is solved.

Example

5

2x

x

3

𝑥 + 2 = 5

a.  3a = 12 

3a = 12
12

a aa

a

b.  5p = 10 

p p p p p

10

p

5p = 10

c.  4𝑥 + 2 = 10 

x x x x

x x x x

x

10

8

2

4𝑥 + 2 =10

4𝑥 = 8

d.  3m + 5 = 14 

14

m m m 5

9

m m m

m

3m + 5 = 14

3m = 9

2. Complete the missing boxes to show how each equation is solved.

Example

8a = 8

𝑥 = 1

8a − 1 = 7

7(8a − 1) = 49

+1 +1

÷8 ÷8

÷7 ÷7

6B Questions
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a.

3p = 45

p = 15

3p + 8 = 53

3(3p + 8) = 159

−8 −8

÷3 ÷3

b.

7j = 28

j = 4

7j − 1 = 27

8(7j − 1) = 216

÷7

÷8 ÷8

÷7

c.

8l = 64

l = 8

(8l − 10) = 54

   8l − 10 _ 9    = 6 

+10 +10

÷8 ÷8

d.

𝑥 + 2 = 6

𝑥 = 4

5(𝑥 + 2) = 30

   
5(𝑥 + 2)

 ___________ 15    = 2 

−2

×15×15

−2

3. Fill in the blanks by using the words provided.

undo subtracting inverse multiplying

   4𝑥 + 6 ________ 5    = 10  is an example of an algebraic fraction. To solve this equation, the  operation is 

applied to both sides of the equal sign. To isolate  𝑥, start by  by five on both sides, followed by 

 six, then divide by four on both sides. Inverse operations are mathematical operations that 

 each other.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9

4. Solve.

a.  z + 10 = 25 b.  m − 8 = 18 c.  5 = 𝑥 + 3 d.    𝑥 __ 4   = 4 

e.  −36 = −4𝑥 f.  h ÷ 4 = −4 g.  −4c = 8 h.  −8b = 24 

5. Solve.

a.  2𝑥 + 2 = 22    b.  10𝑥 − 10 = 20 c.  5e − 12 = −7 d.  5 =    𝑥 ____ 12   + 3 

e.    𝑥 __ 2   − 10 = −13 f.  14 + −8𝑥 = 6 g.  −12 = 4𝑥 + 8 h.   𝑥   2  − 15 = 21 

6. Solve.

a.    c + 3 _______ 4    = 2 b.     c − 7 _______ 2    = 5 c.    10a _____ 10    = 4 d.  −1 =    s − 2 _______ 8     

e.    4v + 15 __________ 9    = 3 f.    4b ____ 3    − 8 = −8 g.  2 +   5k ____ 3    = 12 h.  10 −   2m ____ 3    = 4 

WE1a

WE1b

WE2
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7. Solve.

a.   2 (  k + 3 )   = 20  b.   −4 (  𝑥 − 2 )   = 4  
c.   15 = 5 (  −4 + 7𝑥 )    d.   4 (  5h − 1 )   = 56     
e.   5 (  2f + 5 )   = 25  f.   9 (  −4 − 3b )   = −45  
g.   −8 (  −5 + 3v )   = 54.4  h.   −2 (  − 9e + 7 )   = −12.2  

8. Solve.

a.     2 (  l + 1 )   __________ 4    = 5 b.    3 (  𝑥 − 10 )   ____________ 3    = 10 c.  4 =   
6 (  2 − j )  

 __________ 9           d.  −5 =   15 (  a − 4 )   ____________ 3    

e.     2 (  10 − h )   ____________ 6    =   2 __ 3       f.    g.     1.5 (  a + 2 )   _____________ 3    = 1.5 h.   

9. Solve.

   
2p − 4

 _________ 5    = 1 

A.  1 B.  4.5 C.  6.5 D.  22.5    E.   2 (    1 __ 5   − 4 )    

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a.    a + 4 _______ 5    = 2 

Student A

    a + 4 _______ 5    = 2 

   a + 4 _______ 5    × 5   = 2 × 5 

  a + 4 = 10 
  a + 4 − 4 = 10 − 4 
  a = 6 

Student B

    a + 4 _______ 5    = 2 

   a + 4 _______ 5    − 4   = 2 − 4 

    a __ 5   = − 2 

    a __ 5   × 5 = 2 × 5 

  a = 10 

b.  2a + 4 = 20 

Student A

  2a + 4 = 20 
 2a + 4 − 4   = 20 − 4 
 2a = 16

    2a ____ 2    =   16 ____ 2    

  a = 8 

Student B

  2a + 4 = 20 
 2a + 4 − 4   = 20 
    2a ____ 2    = 20 
  a = 20 

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Sally wants to buy doughnuts for her colleagues. She has  $15 . The price ( p ) of doughnuts is given 
by the equation  p = 1.2b + 3 . Where  b  is the number of doughnuts being bought. How many 
doughnuts can Sally expect to purchase?

12. Joanne had  l  number of lollies. She divided these lollies amongst eight people, including herself.  
Her nanna gave her an additional 10 lollies. She was left with 14 lollies. How many lollies ( l ) did 
Joanne have to begin with?

13.  32  is two times the difference between Jonah’s age ( j ) and  36 . Assume Jonah is older than  36 .  
Write an equation and solve for Jonah’s age,  j .

14. Amber is participating in a star jump challenge and does a total of 16 star jumps at the start of  
each day. She wants to increase the number of star jumps she does each day by four until she  
reaches 40 star jumps each day. Using  d  to represent the number of days since Amber started her 
star jump challenge, what day can Amber expect to reach her goal?

WE3a

WE3b

   3 (  −h − 40 )   ________________ 12    = 0.5  −  14 (  −𝑥 − 10 )    _________________ 7    = 7 
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15. Moana and Billy both ran 12 kilometres together. Moana then ran twice as far as Billy. Altogether she 
ran 35 km. Let Billy’s individual running distance be represented as  b . Create and solve an equation 
for the number of kilometres Billy ran on his own.

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. The height of a sunflower can be found using the equation  h =   3 (  2d + 15 )   ______________ 4    , where  h  is the height in 

cm and  d  is the number of days.

a. Solve for the number of days ( d ), it will take for the sunflower to have a height of  15  cm.
b. Solve for the number of days ( d ), it will take for the sunflower to double the height given 

in part a.
c. Rearrange the equation to solve for  d  instead of  h ?
d. Using part c solve for the height    (  h )    , in cm, of the sunflower, on day 0.
e. Suggest some ways the growth of the sunflower can be enhanced.

17. Solve for  a .

a.  −  2 (  a − 5 )   ___________ 3    = 2 

b.     2 (  a − 5 )   ___________ 3    = 2 

c. Compare the value of  a  in both parts a and b. Note their similarities and differences. Is the final 
answer the same value for  a ? Why/why not?

Extra spicy

18. The area of a triangle is  A =   bh ____ 2    . Solve for  h  if  b =  √ 
_

 64    cm and  A = 20  cm  2

19. Solve for  a .

 a + b = 1000 
 a − b = 700 

A.  −150 
B.  −850 
C.  150 
D.  850 
E. no solution

20. The solution to   6 (   a   2  + 2 )   = 18   is:

A.  a = ± 2.667 
B.  a = ± 1.663 
C.  a = ± 1 
D.  a = 0 
E.  a =  √ 

_
 a    

21. Lou hires a scooter and travels  k  kilometres, then walks half as far as she scoots. If the total distance 
traveled is  38  km, solve to find how many kilometres Lou is on the scooter. Provide your final answer 
to two decimal places.
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Remember this?

22. Remi measures a distance of 4 kilometres and 20 metres.

How far did Remi measure in kilometres?

A.  4.020  km B.  4.20  km C.  5.20  km D.  5.020  km E.  420  km

23.   185.9 + 56.7 = ⎕  

A.  131.6 B.  242.6 C.  752.9 D.  1426 E.  7529 

24. Augustus is facing south-west. He makes a three quarter turn to his right.

Which direction is he facing after the turn?

A. North B. West C. East D. North-west E. South-east
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Solving equations with unknowns on 
both sides6C

Key idea

1. Equating two expressions results in equations with variables on both sides of the equals sign.

y y 5 2y + 5

y y y y y 5y + 11

2y + 5 = 5y + 1
y y 5
y y y y y 1

When two expressions are equal to each other, this will give an equation with 
variables on both sides. These equations can be solved for the variable in the 
same way as having a variable only on one side. The same rules for using inverse 
operations with numbers can be applied to variables.

LEARNING INTENTIONS

Students will be able to:
 • solve equations with unknowns on both sides.

KEY TERMS AND DEFINITIONS

An expression is a number of terms grouped together by operations.

Solving equations is a process to find the value of the unknown by 
performing a series of inverse operations.

When you equate expressions, you make them equal to each other.

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

Image: TP71/Shutterstock.com

equating expressions is useful to 
compare situations involving the same 
quantity, such as money. For example, 
you can compare the cost of buying a 
car to using fuel with using the train 
every day and figure out how many days 
it will take for buying and driving the car 
to be cheaper than taking the train.

Worked example 1

Solving equations with variables on both sides

Solve each equation for the given variable.

a.  3𝑥 − 3 = 2𝑥 + 4 

Working thinking

  3𝑥 − 3 = 2𝑥 + 4 

 3𝑥 − 3 − 2𝑥 = 2𝑥 + 4 − 2𝑥

  𝑥 − 3 = 4 

Step 1: Simplify the expression by collecting like terms. 
When collecting like terms, apply the inverse 
operation where necessary.

Continues →

WE1a
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    𝑥  − 3 + 3 = 4 + 3

 𝑥 = 7

Step 2: Solve for 𝑥.

Check: 

3 × 7 − 3 = 2 × 7 + 4

 18 = 18 ✔

Step 3: Check to see if the LHS equals the RHS.

Visual support

𝑥 − 3 = 4

𝑥 = 7

3𝑥 − 3 = 2𝑥 + 4
−2𝑥−2𝑥

+3+3

b.  3k = 2k − 2 

Working thinking

  3k = 2k − 2 

 3k − 2k = 2k − 2k − 2 

Step 1: Simplify the expression by collecting like terms. 
When collecting like terms, apply the inverse 
operation where necessary.

  k = −2 Step 2: Solve for k.

Check:

  3 ×  (  −2 )      = 2 (  −2 )   − 2 (  −2 )   − 2 

  −6 = −6  ✔

Step 3: Check to see if the LHS equals the RHS.

c.   3 (  k − 5 )   = 2 (  k − 1 )    

Working thinking

  3 (  k − 5 )      = 2 (  k − 1 )   

 3k − 15 = 2k − 2

Step 1: Expand the brackets.

 3k − 15 − 2k = 2k − 2k − 2 Step 2: Simplify the expression by collecting like terms. 
When collecting like terms, apply the inverse 
operation where necessary.

  k − 15 + 15 = −2 + 15 

  k = 13 

Step 3: Solve for  k .

Check:

   3 ×  (  13 − 5 )      = 2 ×  (  13 − 1 )   

  24 = 24  ✔

Step 4: Check to see if the LHS equals the RHS.

Student practice

Solve each equation for the given variable.

a.  4𝑥 − 1 = 3𝑥 + 2 b.  4k = 5k + 4 c. 

WE1b

WE1c

  2 (  k + 5 )   = 3 (  k − 1 )    
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Understanding worksheet

1. Complete the missing boxes to show how each equation is solved.

Example

y y 8

k 2

8

k k k 2

6

kkk

k k k k

k

2

5k + 2 = 2k + 8

3k + 2 = 8

3k = 6

k =  2

a.

6

y

y

y

y y

6

y y

3𝑦 = 𝑦 + 6

2𝑦 = 6

𝑦 = 

b.

4

g

g

g

g 1

4

g 1

2g + 1 = g + 4

g + 1 = 4

g = 

c.

10

u

u

u

uuu u 6

10

u uu u 6

u uu u

5u + 6 = u + 10

4u + 6 = 10

4u = 

u = 

d.
mmm

m m m m m m

m 8

2

m m

8

2

m m

m

4m + 8 = 6m + 2

8 = 2m + 2

 = 2m

 = m

6C Questions
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2. Complete the missing boxes to show how each equation is solved.

Example

a + 3 = 5

a = 2

3a + 3 = 2a + 5

−3−3

−2a −2a

a.

g − 2 = 3

g = 5

4g − 2 = 3g + 3

−3g−3g

b.

2 = k + 1

1 = k

2 + 4k = 5k + 1

−4k−4k

c.

2a = 10

a = 5

2a − 5 = 5

6a − 5 = 4a + 5

+5 +5

÷2 ÷2

d.

12 = 3t

4 = t

8 = 3t − 4

5t + 8 = 8t − 5

+4 +4

÷3 ÷3

3. Fill in the blanks by using the words provided.

expanded inverse constants variables

When two expressions are made equal to each other, this will result in an equation where there are 

 on both sides of the equation.  operations can be applied to 

variables as well as  to solve these equations. If there are brackets involved, they should be 

 first.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 7

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7

4. Solve each equation for the given variable.

a.  4m + 3 = 3m + 8 b.  5e − 3 = 4e + 1 c.  5g + 6 = 6g − 5 d.  4r − 6 = 2r 

e. 𝑦 + 3 = 5 +    
𝑦

 __ 2   f. g.  −6j − 6 = 2j + 10 h.  −9 +   3t ___ 2   =   5t ___ 6   + 1 

5. Solve each equation for the given variable.

a.   4 (  w + 3 )   = 7w + 15  b.   2 (  2v + 3 )   = 27 − 3v  
c.   2 (  4j + 5 )   = 9j  d.   7d = 3 (  2d − 3 )    
e.   3 (  5z + 2 )   = 2 (  5z + 8 )    f.   2 (  3𝑥 − 15 )   = 3 (  6𝑥 − 16 )    
g.   3 (  7e − 23 )   = 9 (  −13 + 3e )    h.   3 (  4 + 2𝑦 )   = 2 (  −4 − 2𝑦 )    

WE1a,b

 −2 − 3w = 5w − 34 

WE1c
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6. Solve each equation, when necessary write fractions as improper fractions.

a.  4a + 3 = 2a + 8 b.  5j − 1 = j + 1 
c.  5c − 6 = 2c + 2 d.  2n − 1 = 7n − 2 
e.  8z + 5 = 1 + 3z f.  −6r + 5 = −2r + 8 
g.  −2 + 9b = 4b − 7 h.  −8s − 1 = −7 − 2s 

7. The solution to the equation  7𝑥 − 3 = 5 + 3𝑥 is

A.  𝑥 =   1 __ 5   B.  𝑥 =   1 __ 2   C.  𝑥 =   4 __ 5   D.  𝑥 = 1 E.  𝑥 = 2 

Spot the mistake

8. Select whether Student A or Student B is incorrect.

a. Solve the equation  8f + 3 = −2f − 9 

Student A

  8f + 3 = −2f − 9 
 8f − 2f + 3   = −9 
  6f + 3 = −9 
  6f = −12 
  f = −2 

Student B

  8f + 3 = −2f − 9 
 8f + 2f + 3   = −9 
  10f + 3 = −9 
  10f = −12 
  f =   −6 _____ 5    

b. Solve the equation  8q + 3 = 10q + 6 

Student A

  8q + 3 = 10q + 6 
 8q + 10q   = 6 + 3 
  18q = 9 

  q   =  9 ____ 18   

  =   1 __ 2   

Student B

 8q + 3   = 10q + 6 
  3 = 2q + 6 
  −3 = 2q 

    −3 _____ 2    = q 

Problem solving
Question working paths

Mild 9, 10, 11 Medium 10, 11, 12 Spicy 11, 12, 13 

9. An equilateral triangle has side lengths  𝑥 + 1 , and a rectangle has width  𝑥 and length  𝑥 + 1 .

For what value of  𝑥 are the perimeters of both shapes the same?

10. Get Fit! Gym charges $20 per month plus a $80 sign-up fee. Just Do It! Gym charges $40 per month 
but charges no sign-up fee. After how many months will the cost of gym membership be equal at 
both locations?

11. Two 2000 L water tanks are being filled. Tank 1 was initially one-quarter full and is filled at a rate of 
200 L per minute. Tank 2 was initially half-full and is filled at a rate of 100 L per minute. After how 
many minutes will the water tanks have the same amount of water?

12. In 3 years’ time, Joe’s current age will double. What is Joe’s current age?

13. In 2019, a school had the same number of Year 7 boys and girls. The following year, 50 female 
students joined in Year 8 which meant there were now twice as many girls compared to boys.  
How many students were there in Year 7?
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Reasoning
Question working paths

Mild 14 (a,b,c,e) Medium 14 (a,b,c,e), 15 (a,b) Spicy all 

14. The table below compares the taxi fares in Melbourne and Sydney. The flat fee is the cost of ordering 
the taxi and is the same regardless of distance travelled.

Flat fee ($) Cost per kilometre

Sydney 5.20 1.20

Melbourne 2.50 1.43

a. Write an expression that calculates the cost of a taxi in Sydney using the distance ( d ) travelled.
b. Write an expression that calculates the cost of a taxi in Melbourne using the distance ( d ) travelled.
c. Equate the expressions in part a and b to each other. Solve this equation to find the travel 

distance where the cost of taking a taxi is the same in both cities. Round to two decimal places.
d. How much does it cost to travel the distance found in part c in Sydney and Melbourne?
e. Some taxi services also charge per minute of driving time. Discuss which should have the 

highest dollar value: cost per minute or cost per kilometre.

15. Using the digits 1 to 9 at most two times each, make equations where:

⎕𝑥 + ⎕ = ⎕𝑥 + ⎕

a. there is a whole number solution for 𝑥.
b. it is not possible to solve for 𝑥.
c. Comparing your answers from parts a and b, when is it the case that there is no possible 

solution for any equation with unknowns on both sides of the equals sign?

Extra spicy

16. The shape below is a parallelogram.

4x − 6

2x

What is the value of  𝑥?

17. For the three angles in a triangle, one is double the smallest and the other is 40° more than  
the smallest. What are the three angles?

A. 46°, 92°, 42° B. 40°, 80°, 60°
C. 35°, 70°, 75° D. 15°, 55°, 110°
E. 30°, 60°, 90°

18. What is the solution to    
𝑦 + 1

 _______ 2    =   
𝑦 + 3

 _______ 5    ?

19. The shape below is a rectangle with width  𝑥 and length  𝑥 + 1 :

Which equation can be solved to find the value of  𝑥 for which the perimeter is equal to the area?

A.  𝑥 = 𝑥 + 1 
B.  2𝑥 = 2𝑥 + 1 
C.  4𝑥 + 2 = 𝑥 + 1 
D.  4𝑥 + 2 =  𝑥   2  + 𝑥
E.  2𝑥 + 1 =  𝑥   2  + 𝑥

x + 1

x
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Remember this?

20. Emma is looking through a catalogue and sees a number of items that have been discounted from 
their original prices.

Which of the following represents the largest percentage discount?

Original price New price

A. $25 $12

B. $15 $10

C. $32 $22

D. $50 $38

E. $100 $90

21. The table shows women’s shoe sizes in Australia and Japan.

Australian size 4 5 6 7 8 9

Japanese size 21 22 23 24 25 26

Which rule describes the relationship between Japanese and Australian women’s shoe sizes?

A.  Japan = Australia + 17 
B.   Japan =  (  5 × Australia )   + 1  
C.  Japan = Australia − 17 

D.  Japan =   Australia ___________ 2    − 6 

E.   Japan =  (  2 × Australia )   + 8  

22. The table shows the amount of revenue that a paint store earned from sales over four days.

Day Revenue from sales

Thursday $12 321

Friday $15 642

Saturday $21 546

Sunday $22 312

Each litre of paint costs $30.
What was the mean volume of paint, to the nearest litre, sold per day?

A. 333 L B. 411 L C. 599 L D. 17 955 L E. 538 650 L
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Formulas and applications  
of equations6D

Key idea

1. A formula is an equation that describes the relationship between two or more variables.

P = 2l + 2w F =    C + 329
5

Perimeter of a rectangle Converting between Celsius and Fahrenheit

Perimeter Length Width Temperature in Fahrenheit Temperature in Celsius

Solving equations is a powerful tool in problem solving. However, a mathematician  
first needs to read a problem and then build an equation that can be used to solve  
the problem. Formulas are also used a lot in problem solving, particularly in 
science when calculations are needed. This can include converting temperatures 
or distances or determining the speed of an object.

LEARNING INTENTIONS

Students will be able to:
 • understand what a formula is

 • use substitution with formulas

 • apply formulas to real world problems

 • build and solve equations from worded situations.

KEY TERMS AND DEFINITIONS

A rule is another term to describe an equation or formula. It usually refers 
to equations that produce sequences of numbers. 

The subject of a formula is a variable that occurs by itself, usually on the 
left-hand-side of an equation. It indicates what the formula calculates.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Celsius Fahrenheit

37°C

100°C

98°F

212°F

32°F0°C

−273°C −459°F Absolute zero

Water freezes

Human body 
temperature

Water boils

in the united states and other 
countries and territories, the 
Fahrenheit scale is used to measure 
temperature. however, in most parts 
of the world the Celsius scale is used. 
the formula F =    9 __ 5    C + 32 is used to 

convert Celcius to Fahrenheit.

Worked example 1

Applying formulas

Substitute the given values for the variables and solve for the unknown variable.

a. Perimeter of a rectangle:  P = 2l + 2w  ( l = 3  m and  w = 5  m)

Working thinking

P = 2 × 3 + 2 × 5 Step 1: Substitute the values for the variables.

  = 6 + 10 

  = 16 

Step 2: Simplify.

 P = 16 m Step 3: State the units. Continues →

WE1a
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Worked example 2 

Building formulas

For each scenario, build a simplified formula that represents the relationship between the given variables.

a.  A baker used 192 sticks of butter to make 32 pie crusts. 
( s =  number of sticks of butter,  c =  total number of pie crusts)

Working thinking

 192 ÷ 32 = 6  sticks per pie crust Step 1: Determine how many sticks of butter are 
needed to make 1 pie crust.

 s = 6c Step 2: Write a formula with  s  as the subject.

b.  A chicken cooks for 45 minutes per kilogram plus an extra 20 minutes. 
( T =  total cooking time,  w =  weight of chicken)

Working thinking

 45w Step 1: Determine the cooking time per kilogram.  
‘Per’ refers to multiplication.

 45w + 20 Step 2: Add the extra time.

 T = 45w + 20 Step 3: Write the formula with  T  as the subject.

Student practice

For each scenario, build a simplified formula that represents the relationship between the given variables.

a.  Beatrice bought 12 kg of honey for $180.  
( w =  weight of honey,  p  = total price)

b.  People can claim a flat fee of $50 in addition to $5 per hour in tax back from the government for working from home. 
( t =  tax return,  c =  amount of hours)

WE2a

WE2b

Visual support

l = 3 m w = 5 m

P = 2l + 2w
P = 2 × 3 + 2 × 5
P = 16 m

b. Volume of a cuboid:  V = lwh  ( V = 40    cm   3  ,  l = 8  cm,  h = 10  cm)

Working thinking

  40 = 8 × w × 10 Step 1: Substitute the values for the variables.

  40 = 80 × w Step 2: Simplify.

 0.5 = w Step 3: Solve for the unknown variable.

  w = 0.5 cm Step 4: State the units.

Student practice

Substitute the given values for the variables and solve for the unknown variable.

a. Area of a triangle:  A =   1 __ 2  bh  ( b =  3 m,  h =  2 m)

b. Newton’s second law:  F = ma  ( F = 20  N,  m = 4  kg and the unit of  a  is m/s2)

WE1b
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Worked example 3 

Building and solving equations

For each scenario:

i. Choose a variable to represent the unknown quantity.
ii. Construct an equation to solve.
iii. Solve the equation for the unknown.
iv. State the answer.

a.  A business makes and sells doughnuts for $3 per doughnut. The total cost of electricity, wages and  
salaries is $6000 per month. How many doughnuts must be sold to cover the business’ costs?

Working thinking

Let  n  be the number of doughnuts sold. i. Choose a variable to represent the unknown quantity.

 3n = 6000 ii. Construct an equation to solve. ‘Per’ refers  
to multiplication.

 3n ÷ 3 = 6000 ÷ 3 

 n = 2000 

iii. Solve the equation for the unknown.

2000 doughnuts need to be sold. iv. State the answer.

b.  Elanor bought 5 lobsters and a jumbo tray of oysters from the fishmonger for a total of $140.  
If the tray of oysters cost $40, what is the price per lobster, in dollars?

Working thinking

Let  c  be the price, in dollars, per lobster. i. Choose a variable to represent the  
unknown quantity.

 5c + 40 = 140 ii. Construct an equation to solve. ‘Total’ refers to an 
equal sign.

 5c + 40 − 40 = 140 − 40 

 5c ÷ 5 = 100 ÷ 5 

 c = 20 

iii. Solve the equation for the unknown.

The price per lobster is $20. iv. State the answer.

Student practice

For each scenario:

i. Choose a variable to represent the unknown quantity.
ii. Construct an equation to solve.
iii. Solve the equation for the unknown.
iv. State the answer.

a. Dion has $360 and wants to buy video games that each cost $60. How many video games can he buy? 

b.  Rob bought a meat pie for $7 and 6 bags of chips for his family. He spent a total of $37. How much does each bag 
of chips cost?

WE3a

WE3b
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Understanding worksheet

1. Match the descriptions to the equations from the list below.

Example

Description Equation

Two more than the product of nine and a number q is 
equal to seven.  2 + 9q = 7 

 •  9k − 2 = 4 

 •  6r = 36 

 •    
g
 __ 2   + 4 = 10 

 •  8 = h − 4 

Description Equation

a. The product of six and a number r is equal to thirty-six.

b. Eight is the result of four less than a number h.

c. A number k is multiplied by nine minus two equals four.

d. The result of half a number g added to four is ten.

2. For each description, tick which is the unknown variable.

Example

Description Unknown variable

Elise has a collection of comic books. One day she 
bought 4 new comic books so she now has a total of 10 
comic books.

Original number of comic books

Number of comic books bought

✔

Description Unknown variable

a. Duyen has $45 to spend on books that cost $9 each. Price per book

Number of books

b. After buying 4 house plants, Ying had a total of 23 
house plants.

Total number of house plants

Original number of house plants

c. A water tank fills up at a rate of 200 L per minute 
which has a total volume of 2000 .

Current volume of the tank

Total time taken to fill tank

d. Chris used half of his weekly salary on rent, and spent 
$200 on groceries.

Cost of weekly rent

Weekly salary

6D Questions
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3. Fill in the blanks by using the words provided.

substitute variables rule subject

An equation with two or more  is called a formula. The  indicates 

what it calculates. When all but one of the variables have a value, you can  to find the value. 

Another term that describes an equation is a  .

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c), 7

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (b,c,d), 7

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (c,d,e), 7

4. Substitute the given values for the variables, and solve for the unknown variable. Round any 
decimals to two decimal places.

a. Area of a rectangle:  A = lw  ( l = 6  m and  w = 10  m)

b. Average speed of an object:  v =   𝑥 __ t    ( 𝑥 = 10  km,  t = 2  hours and the unit of speed is km/h)

c. Volume of a cone:  V =   1 __ 3   × b × h  ( b = 4  mm2,  h = 2.5  mm)

d. Area of a trapezium:   A =   1 __ 2  h    (  a + b )    ( h = 2  cm,  a = 3  cm and  b = 7  cm)

e.  I = PRt  ( I =  $10,  R =  0.03,  t =  3 months and the unit of  P  is dollars) 

f. Distance travelled by an object:  𝑥 = vt +   1 __ 2  a t   2   ( v = 3  m/s,  t = 5  seconds and  a = 2  m/s2)

g. Converting from Fahrenheit to Celsius:  F =   9 __ 5  C + 32  ( F = −5 °F)

h. Volume of a sphere:  V =   4 __ 3  π r   3   ( V = 56  m3)

5. For each scenario, build a simplified formula that represents the relationship between the  
given variables. 

Use the first variable given as the subject of the formula. Round any decimals to two decimal places.

a. A chef bought 4 bags of potatoes for her restaurant and it cost $12.  
( c  = total cost of buying potatoes,  b  = number of bags of potatoes)

b. Pam travelled 50 kilometres in 2 hours. 
( d =  distance travelled,  t =  time taken)

c. A painter was able to paint 80 vases, using 400 millilitres of paint. 
( v =  number of litres of paint,  n =  number of painted vases)

d. Adult tickets to a movie cost $24, plus an online booking fee of $2 for the whole order. 
( c =  total cost of buying adult tickets online,  a =  number of adult tickets)

e. A company is buying loaves of bread in bulk. Each loaf costs $1.50 and they get a discount of $20 
on the whole order. 
( c =  total cost of buying the bread,  l =  number of loaves of bread). 

f. Fahrad wants to extend the length of his veggie patch that is already 3 metres long and 2 
metres wide.  
( A =  area of the veggie patch,  𝑥 =  extra length of veggie patch) 

g. A farm has a number of chickens (that have two legs) and sheep (that have four legs). 
(  l =  total number of legs,  c =  number of chickens,  s  = number of sheep)

h. Kirsty makes pies, which cost $3.50 each, and sausage rolls, which cost $2.60 each, for a football 
canteen. It costs $0.60 cents to make each item.  
( t =  total profit made from selling pies and sausage rolls,  p =  number of pies sold,  s =  number 
of sausage rolls sold).

WE1

WE2
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6. For each scenario:

i. Choose a variable to represent the unknown quantity.
ii. Construct an equation to solve.
iii. Solve the equation for the unknown.
iv. State the answer.

a. Feliks is raising money for a charity by running 80 km. He thinks he can run 4 km per day.  
How many days will it take to reach his goal?

b. The cost of an ad on YouTube is approximately $0.20 per view. How many views can a video 
game studio get with a budget of $3000?

c. Teagan is told that two-thirds of all the customers on one day at her coffee shop ordered food.  
If 50 customers ordered food, how many customers came to the coffee shop?

d. Two classes, 7A and 7B, have a total of 43 students. One class has 5 more students than the 
other. How many students are in each class?

e. Surae bought some PS5 controllers that each cost $75 and two games that cost $79 each.  
The total cost of her purchase was $383. How many PS5 controllers did she buy?

7. Kai’s Kayaks rents out their kayaks with a base rate of $15 plus $10 per hour. Kathy hired a kayak and prepaid $60,  
but can only rent the kayak in whole number of hours. How long can she rent the kayak for?

A. 2 hours B. 3 hours C. 4 hours D. 5 hours E. 6 hours

Spot the mistake 

8. Select whether Student A or Student B is incorrect.

a. 96 students went on an excursion to the museum. Two buses were completely filled and 4 
students travelled in a car. How many students fit in each bus?

Student A

Let  s =  number of students per bus
 2s + 4 − 4   = 96 − 4 
  2s ÷ 2 = 92 ÷ 2 
  s = 46 
There are 46 students per bus.

Student B

Let  s =  number of students per bus

   s __ 2   + 4 − 4   = 96 − 4 

    s __ 2   × 2 = 92 × 2 

  s = 184 
There are 184 students per bus.

b. The sum of three consecutive numbers is 84. What is the value of the smallest number?

Student A

Let  𝑥 be the smallest number.
  𝑥 +  (  𝑥 + 1 )   +  (  𝑥 + 2 )      = 84 
  3𝑥 + 3 − 3 = 84 − 3 
  3𝑥 ÷ 3 = 81 ÷ 3 
  𝑥 = 27 
The smallest number is 27.

Student B

Let  𝑥 be the smallest number.
 𝑥 + 1 + 2 = 84 
 𝑥 + 3 − 3   = 84 − 3 
  𝑥 = 81 
The smallest number is 81.

WE3
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Problem solving
Question working paths

Mild 9, 10, 11 Medium 10, 11, 12 Spicy 11, 12, 13 

9. A bag of 12 hockey balls cost $120. Individually each ball costs $12. How much cheaper is it to buy 
the bag of hockey balls compared to buying 12 individual balls?

10. A basketball team played 21 games. They lost twice as many games as they won. How many games 
did the team lose?

11. Lena is paving a rectangular area of her backyard with stone slabs. The width of the area is 3.5 metres  
and she has budgeted $2000 for the slabs. If the stone slabs cost $90 per square metre, what is the 
maximum length of the area she can pave? Round your answer to two decimal places.

12. Janine is a sheep farmer, and she knows she can shear 6 kg of wool per sheep. Usually, 5 kg of wool is  
wasted from a flock of sheep (no matter how many sheep) because it is low quality and cannot be sold.  
How many sheep does Janine need if she wants to sell 350 kg of wool?

13. Daniel owns a car washing business. The cost of detergent and labour is $3 per car. The buckets, 
hoses, sponges and brushes cost $24 for a day’s work. If Daniel charges $6 per car, what is the 
minimum amount of cars they need to clean to make a profit?

Reasoning 
Question working paths

Mild 14 (a,b,c,e) Medium 14 (a,b,c,e), 15 (a,b) Spicy all 

14. A family decides to take two cars to travel from Melbourne for a holiday. Car B leaves 1 hour 
after Car A. 

Car A travels at a speed of 60 km/h and Car B travels at a speed of 80 km/h. The distance travelled 
can be calculated by multiplying the speed by the time. Use  t  as the time travelled by Car B.

a. Write an expression for the time travelled by Car A in terms of  t .
b. Write an expression for the distance travelled by Car A and an expression for the distance 

travelled by Car B.
c. Write an equation that can be solved to find when Car B catches up to Car A (this is when they 

have travelled the same distance).
d. How long does it take for Car B to catch up to Car A?
e. List a reason for, and a reason against, taking two cars instead of one for a holiday.

15. The formula  v =   𝑥 __ t   is used to calculate the average speed of an object that has travelled a distance  𝑥 
in a time period  t , in hours. The average speed of a car that travelled  120  km in 2 hours is  60  km/h.

a. Calculate the average speed of a car that travelled  240  km in 2 hours.
b. Calculate the average speed of a car that travelled  120  km in 4 hours. 
c. Compare what happens to  v  when the numerator is doubled to what happens when the 

denominator is doubled.
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Extra spicy

16. The average of a number  g  and  15  is  6.5 . Calculate the value of  g . 

17. The equation to convert Celsius to Fahrenheit is  F =   9 __ 5  C + 32 . Rearrange the equation to make 

Celsius ( C ) the subject.

A.  C =   9 __ 5  F + 32  

B.  C =   5 __ 9  F − 32 

C.   C =   5 __ 9      (  F − 32 )   

D.   C =   9 __ 5    (  F − 32 )   

E.   C =   9 __ 5    (  F + 32 )   

18. Heron’s formula can be used to find the area of any triangle if all the side lengths are known:

 A =  √ 
__________________________

  s (  s − a )   (  s − b )   (  s − c )     

where  s =   a + b + c ____________ 2     (this is known as the semi-perimeter or half-perimeter) and  a,   b  and  c  are the 

side lengths of the triangle.
Calculate the area of a triangle with side lengths  4 cm ,  5 cm  and  6 cm  to two decimal places.

A. 3.62 cm2 B. 9.92 cm2 C. 30.00 cm2 D. 44.05 cm2 E. 120.64 cm2

19. The formula below was created to predict the prices of houses (in $USD) in Boston:

  House price = 1000 (  14.86 + 0.22 × a − 0.036 × 𝑦 + 0.033 × f − 0.081 × t )    
Calculate the difference in house price for the following two properties:

Feature House 1 House 2

Area (a) 96.5 m2 120 m2

Age (𝑦) 122 105

Number of floors (f) 2 3

Time to treavel to CBD (t) 22 12

Remember this?

20. Point R is translated 4 units right and 5 units down.

1

1

−1

−2

−2

−3

−4

−3

2

2

3

4

3 4−4−5 −1

R

What are the coordinates of the new position of point R?

A.    (  −3,2 )     B.    (  −3,1 )    C.    (  1,−3 )    D.    (  2,−2 )    E.    (  2,−3 )    
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21. Ms González’s class of 30 Year 8 students recorded the time it took to travel to school one day.

Ms González made a dot plot to show the travel times. 

0 5 10 15 20 25 30 35

What fraction of the Year 8 students’ travel times is greater than 10 minutes but less than 
25 minutes?

A.     3 ____ 10   B.     4 ____ 10   C.    1 __ 2   D.     8 ____ 15   E.    21 ____ 30   

22. The graph below can be used to approximately convert pounds to kilograms.

1.8

21 3 5 7 94 6 8 100
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s 

(k
g)

Weight in pounds (lb)

Using the graph, a weight of 9 pounds is closest to

A. 0.45 kg B. 3.6 kg C. 4.1 kg D. 5.4 kg E. 6.8 kg
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Inequalities6E

Key ideas

1. Inequalities can be represented as different symbols that mean different things.

Symbol Symbol to words Inequation example Example in words

> Greater than 𝑥 > 4 𝑥 is greater than four

≥ Greater than or equal to 𝑥 ≥ 12 𝑥 is greater than or equal to twelve

< Less than 𝑥 < 5 𝑥 is less than five

≤ Less than or equal to 𝑥 ≤ 11 𝑥 is less than or equal to eleven

2. To display inequalities on a number line, there are different symbols that represent the inequality symbols.

Symbol Symbol to word Number line diagram

Greater than, >
Less than, <

Greater than or equal to, ≥
Less than or equal to, ≤

4 5 86 7
x

Open circle indicates that 5 is not included.

x > 5

4 52 3
x

Closed circle indicates that 4 is included.

x < 4

An inequality is like an equation, however equations are used to represent 
when two expressions are equal. Inequalities are used to indicate when two 
expressions are not equal and are greater than or less than each other.

LEARNING INTENTIONS

Students will be able to:
 • represent inequalities on a number line

 • solve inequalities

 • describe real-life situations using inequalities.

KEY TERMS AND DEFINITIONS

Inequality is a statement when one value or algebraic expression is less 
than or greater than another.

Inclusive is including the value(s).

Exclusive is excluding the value(s).

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: Giorgio Souza/Shutterstock.com

speed limits are an example of 
inequalities. inequalities don’t 
represent an exact amount, however 
represent a limit of what is allowed. 
For example, the limit on a particular 
street is 70 km/h. as an inequality this 
would be represented as s ≤ 70 where 
s represents speed.

Continues →
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Worked example 1

Representing inequalities on a number line

Represent the inequalities on a number line.

a. 𝑥 ≤ 3

Working thinking

x
3 41 2

Step 1: To show the solution on a number line, use a 
closed circle to indicate the number given is 
also included in the set.

Step 2: Generate a number line that includes the  
given number.

Step 3: Draw an arrow pointing to the left to all 
numbers less than or equal to the given number.

b. 𝑥 > 5

Working thinking

x
6 74 5

Step 1: To show the solution on a number line, use an 
open circle to indicate the number given is not 
included in the set.

Step 2: Generate a number line that includes the  
given number.

Step 3: Draw an arrow pointing to the right to all 
numbers greater than the given number.

c. −2 ≤ 𝑥 < 5

Working thinking

x
0 6−3 5−2 −1 1 2 3 4

Step 1: To show the solution on a number line, use an 
open circle to indicate the number(s) given is 
not included in the set and use a closed circle to 
indicate the number(s) given is also included in 
the set.

Step 2: Generate a number line that includes the  
given numbers.

Step 3: Draw a line between the two circles.

Student practice

Represent the inequalities on a number line.

a. 𝑥 ≤ 4 b. 𝑥 > 3 c. −4 ≤ 𝑥 < 2

WE1a

WE1b

WE1c

3. To solve an inequality, isolate the unknown variable by using the inverse operation.

Addition
+

Multiplication
+

Subtraction
−

Division
÷
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Worked example 2

Using inequalities in real-life situations

Represent the following scenarios as an inequality, using 𝑥 as the unknown quantity.

a. The product of two and an unknown number is less than twelve.

Working thinking

Step 1: Use 𝑥 to represent the unknown number.

2𝑥 < 12 Step 2: 𝑥 is less than, ∴ 𝑥 is <.

b. Harry is at least as tall as Kerry, Kerry is 164 cm.

Working thinking

Step 1: Use 𝑥 to represent the unknown number.

𝑥 ≥ 164 Step 2: 𝑥 is at least, which indicates that it is greater
than or equal to, ∴ 𝑥 is ≥.

c. Johnny ran between 25 and 40 minutes, inclusive.

Working thinking

Step 1: Use 𝑥 to represent the unknown number.

25 ⎕ 𝑥 ⎕ 40 Step 2: 𝑥 is between 25 and 40.

25 ≤ 𝑥 ≤ 40 Step 3: Inclusive indicates that 25 and 40 are  
both included, ∴ ≤ 𝑥 ≤.

Student practice

Represent the following scenarios as an inequality, using 𝑥 as the unknown quantity.

a. The product of three and an unknown number is less than ten.

b. Bobby is at least as tall as Lewis, Lewis is 155 cm.

c. Sammy ran between 40 and 55 minutes, inclusive.

WE2a

WE2b

WE2c
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Worked example 3

Solving inequalities

Solve for 𝑥.

a. 3𝑥 + 2 > 20

Working thinking

+ 2 and × 3 Step 1: Identify the operations being applied to the 
pronumeral 𝑥. The first inverse operation will
be the opposite of the last operation used to 
construct the inequation.

3𝑥 + 2 − 2 > 20 − 2

 3𝑥 > 18

Step 2: Isolate 𝑥 by applying the inverse operations.

    3𝑥 _ 3     >    18 _ 3    

 𝑥 > 6

Step 3: Simplify both sides of the inequation to solve 
for 𝑥.

b.    −6 + 4𝑥 ___________ 12     ≤ 8

Working thinking

÷ 12, −6 and × 4 Step 1: Identify the operations being applied to the 
pronumeral 𝑥. The first inverse operation will
be the opposite of the last operation used to 
construct the inequation.

   −6 + 4𝑥 ___________ 12     × 12 ≤ 8 × 12

 −6 + 4𝑥 ≤ 96 
 
 −6 + 6 + 4𝑥 ≤ 96 + 6

 4𝑥 ≤ 102

Step 2: Isolate 𝑥 by applying the inverse operations.

    4𝑥 _ 4     ≤    102 _ 4    

 𝑥 ≤ 25.5

Step 3: Simplify both sides of the inequation to solve 
for 𝑥.

c. 5(2𝑥 − 4) ≥ 40

Working thinking

× 5, −4 and × 2 Step 1: Identify the operations being applied to the 
pronumeral 𝑥. The first inverse operation will
be the opposite of the last operation used to 
construct the inequation.

    
5(2𝑥 − 4)

 ____________ 5     ≥    40 _ 5    

 2𝑥 − 4 ≥ 8

2𝑥 − 4 + 4 ≥ 8 + 4

 2𝑥 ≥ 12

Step 2: Isolate 𝑥 by applying the inverse operations.

    2𝑥 _ 2     ≥    12 _ 2    

 𝑥 ≥ 6

Step 3: Simplify both sides of the inequation to solve 
for 𝑥.

Student practice

Solve for 𝑥.

a. 4𝑥 + 8 > 32 b.    −5 + 15𝑥 ___________ 10     ≤ 10 c. 6(5𝑥 − 9) < 36

WE3a

WE3b

WE3c
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6E Questions

Understanding worksheet

1. Represent the inequality statement on the number line given.

Example

2 ≤ 𝑥 ≤ 4

x
3 41 2 5

a. 0 < 𝑥 < 5

x
3 41 2 650

b. 1 ≤ 𝑥 ≤ 3

x
3 41 2 50

c. −2 ≤ 𝑥 < 3

x
31 20−1−2−3

d. −3 ≤ 𝑥 < −1

x
0−2−3−4 −1

2. Determine what inequality symbol is listed in each statement.

Example

Greater than   Greater than or 
equal to

Less than Less than or  
equal to

𝑥 > 12 ✔

Greater than   Greater than or 
equal to

Less than Less than or  
equal to

a. 𝑥 ≥ 6

b. 𝑥 < 8

c. 𝑥 ≤ 24

d. 𝑥 > 13

3. Fill in the blanks by using the words provided.

included number line inequality symbols

Inequalities can be represented using different  . An inequation such as 4𝑥 ≤ 2 is an

 statement. When displaying an inequality using a  , a closed circle 

is used to represent when a value is  , whereas an open circle is used to represent when a 

value is not included.
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9

4. Represent the inequalities on a number line.

a. 𝑥 > 2 b. 𝑥 ≤ 5 c. 𝑥 < 3 d. 𝑥 ≥ 4
e. 6 > 𝑥 f. 4 ≤ 𝑥 g. 𝑥 < −5 h. 𝑥 ≥ −3

5. Represent the inequalities on a number line.

a. 4 < 𝑥 < 6 b. 2 ≤ 𝑥 ≤ 7 c. 9 < 𝑥 < 12 d. 5 ≤ 𝑥 < 10
e. 1 < 𝑥 ≤ 5 f. −4 ≤ 𝑥 ≤2 g. −7 ≤ 𝑥 ≤ −3 h. −3 ≤ 𝑥 < 3

6. Represent the following scenarios as an inequality, using 𝑥 as the unknown quantity.

a. Five is added to an unknown and the result is greater than ten.
b. Three is subtracted from an unknown number and the result is less than five.
c. The sum of an unknown number and six is less than or equal to eleven.
d. The temperature on a particular Tuesday is less than 14°C.
e. Claire is more than twenty seven years old.
f. On Wednesday night, Harry spent less than or equal to forty five minutes on TikTok.
g. The temperature on Wednesday is between −10°C and 4°C inclusive.
h. John’s age is between 28 and 34 exclusive.

7. Solve for 𝑥.

a. 𝑥 + 3 < 9 b. 𝑥 − 3 > 7 c. 5𝑥 ≥ 15 d.    𝑥 _ 3    ≥ 4

e. 3𝑥 − 5 > 16 f. 4𝑥 + 8 < 32 g. 9 ≤ 2𝑥 + 1 h. 68 ≥ 5𝑥 − 2

8. Solve for 𝑥.

a.    𝑥 _ 2    + 1 ≤ 5 b.    𝑥 _ 9    − 6 > 4 c.    𝑥 + 3 _ 2     > 6 d.    𝑥 − 5 _ 4     ≥ 2

e. 12(𝑥 + 4) ≤ 36 f. 6(𝑥 + 8) < 42 g. 2(5𝑥 + 1) ≤ 5 h. 3(2𝑥 + 7) ≤ 9

9. State the inequality displayed on the number line.

x
−2−5 −4 −3 −1 0

A. 0 < 𝑥 < 5 B. 0 < 𝑥 ≤ −5 C. −5 < 𝑥 ≤ 0 D. −5 ≤ 𝑥 ≤ 0 E. 𝑥 < −5

WE1a,b

WE1c

WE2a,b

WE3a,b

WE3c
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Spot the mistake

10. Select whether Student A or Student B is incorrect. 

a. Represent the following scenarios as an inequality, using 𝑥 as the unknown quantity.
𝑥 is greater than or equal to −8, and less than 3.

Student A

𝑥 = unknown number
−8 ⎕ 𝑥 ⎕ 3
−8 ≤ 𝑥 < 3

Student B

𝑥 = unknown number
−8 ⎕ 𝑥 ⎕ 3
−8 < 𝑥 < 3

b. Show these inequalities on a number line.
𝑥 > 2

Student A

x
3 41 2 5

x > 2

Student B

x
3 41 2 5

x > 2

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Ingrid buys a new set of airpods for less than $350. Write this as an inequality where the price of the 
airpods is represented as p.

12. The price of a new electric scooter (s) is $2500 or more. Write this as an inequality.

13. Form an inequality in terms of s. Julia has saved $150. She went online and purchased four pairs of 
shoes and a dress. The dress cost $45. Each pair of shoes cost $s.

14. Mike has $600 in a savings account at the beginning of winter. He wants to have at least $900 in the 
account by the end of winter. He adds $30 each week. Solve and calculate how many weeks Mike is 
expected to add $30 into his account in order to reach his goal.

15. Dylan and Brittany are twins. It is known that Dylan is between 17 and 22, inclusive and Brittany is 
between 19 and 24, exclusive. Generate two inequalities on the same number line, for both Dylan 
and Brittany to evaluate what the range of their age is.
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Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. Jessica is going on a holiday and is calculating whether it would be cheaper to use Uber or Yellow Taxi. 
Uber charges $2.50 flat rate and an additional $1.50 per kilometre (k). Yellow Taxi charges $3.00 flat 
rate and an additional $1.00 per kilometre (k). Jessica has no more than $500 to spend.

a. Write an inequality to represent Uber as an option.
b. Write an inequality to represent Yellow Taxi as an option.
c. How many kilometres can Jessica travel with Uber without exceeding her budget?
d. How many more kilometres can Jessica expect to travel using Yellow Taxi compared to Uber?
e. List two physical activity options Jessica could use during her holiday.

17. In part a and b state the inequalities from the given number lines.

a.
x

0−3 −2 −1 1 2 3 4−4

b.
x

0−3 −2 −1 1 2 3 4−4

c. Compare the inequalities in both parts a and b. Note their similarities and differences.

Extra spicy

18. Solve the following inequality.

4𝑥 + 3 > 2𝑥 + 11

19. Which two whole numbers can be substituted into the inequality statement.

−2 < 𝑥 ≤ 3

A. −2.5, −2 B. −1, −3 C. −2, −1 D. −1, 3 E. 0, 4

20. 𝑥 is a prime number and also satisfies 7 < 2𝑥 − 3 ≤ 25. List the three possible values of 𝑥.

21. The sides of a triangle have lengths of 7.5 cm and 11 cm and 𝑥, where 𝑥 is a whole number.  
What is the smallest possible value of 𝑥?

A. 2 B. 3 C. 4 D. 5 E. 6

Remember this?

22. How many degrees does the minute hand turn in 45 minutes?

A.    3 _ 4   B. 45° C. 90° D. 180° E. 270°

23. Chirag has a bag of Skittles. 20% of the Skittles are yellow. He takes a purple Skittle from the bag and 
eats it. Without looking, he takes another Skittle from the bag.

What is the chance the skittle is yellow?

A. Equal to 20%
B. Less than 20%
C. Greater than 20%
D. Greater than 30%
E. No chance

24. Simplify    4 _ 7    +    2 _ 3   .

A.    3 _ 5   B.    2 _ 7   C.     6 _ 10   D.     6 _ 21   E. 1    5 _ 21   
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Chapter 6 extended application
1. An electronics store has a number of bundles available for purchase. The contents of each bundle are  

outlined below.

A period of two weeks

ED
ROLO
GAMES

Bundle 1 Bundle 2 Bundle 3
Includes:
1 console
1 controller

Includes:
1 console
2 controllers

Includes:
1 console
1 controller
1 game

a. Bundle 2 has a value of $850. Write an equation for the value of the bundle, using  𝑥 to
represent the value of the console and  𝑦 to represent the value of one controller.

b. The retail value of one controller is $79. Determine the value of one console.
c. Determine the value of Bundle 1.
d. Determine the value of the game in Bundle 3 if its total price is $849.95.
e. Bundle 4 has been added and it includes a console, one game, and two controllers.  

This new bundle has a special price of $859.90. Calculate the amount of money saved 
by buying the bundle instead of each included item individually.

f. Shops often advertise items at discounted prices. Considering that all successful 
businesses must make a profit, suggest a way that they can afford to lower prices and 
continue to operate.

2. Michael and Wayne decide to meet at the skatepark. They live 5 km away from each other and the skatepark is 
located between their houses. Use the information provided in the diagram to answer the questions below.

Michael’s house

Skatepark

5 km

Wayne’s house
speed =

distance
time

a. It takes Michael 30 minutes to skate from his house to Wayne’s without making  
any stops. What is Michael’s skating speed, in km/h?

b. Michael leaves his house and gets to the skatepark in 12 minutes. How far away does 
Wayne live from the skatepark, in km?

c. Wayne’s skating speed is 1 km slower per hour than Michael’s. How long will it take 
Wayne to get to the skatepark from his house, in minutes?

d. How long does it take Wayne to skate to Michael’s house without making any stops,  
to the nearest minute?

e. Michael and Wayne both leave their houses and skate towards each other at their 
normal speeds. They meet exactly in the middle between their houses. How much 
earlier did Wayne have to leave in order to meet Michael on time? Round your answer 
to the nearest minute.

f. Skateparks are generally communal places open to the public at no cost. How can the 
local community ensure that these kinds of spaces are looked after and able to be 
enjoyed by everyone?
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3. A group of 20, consisting of adults, elderly people, and children go to a school fair. They all pay a total of $20 to 
attend and there are five elderly people in the group. Use the information provided in the diagram to answer the 
following questions.

Sc
hool fair ticket prices

Adults = $3
Senior Citizens = $2

Children = $0.50

a. Write an equation to represent the total number of people in the group, using  𝑥 for the
number of adults and  𝑦 for the number of children.

b. Write an equation to represent the total amount of money paid by the group to attend 
the fair.

c. How much of the total amount paid can be attributed to the adults and children?
d. Write the number of adults in the group as an inequality.
e. Determine the number of adults and children in the group.
f. Tickets to events are often priced differently based on the age of the customer.  

Suggest a possible reason why this might be the case.
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Multiple choice

1. Which of the following equations is correctly balanced?

A. 3 + 9 4 + 10= B. 5 2 × 3 − 1=

C. 77 7 × 7= D. 6 − (−4) 2=

E. 4 − 3 3 − 4=

2. Using the bar model, solve for  a .

18

aaa

a

A. a = 6 B. a = 7 C. a = 8 D. a = 9 E. a = 10

3. Which of the following complete the missing boxes to show how this equation is solved?

10 = 5𝑥

2 = 𝑥

3 = 5𝑥 − 7

4𝑥 + 3 = 9𝑥 − 7

+7+7

÷5 ÷5

A.  +4𝑥, +4𝑥 B.  −4𝑥, −4𝑥 C.  ÷4𝑥, ÷4𝑥 D.  ×4𝑥, ×4𝑥 E.  +3, +3 

4. Which bar model matches the following scenario: 
Three friends are comparing their ages. The oldest of them is two years older than the 
middle one. The middle one is two years older than the youngest one, who is 𝑥 years old.
Their age sums to 66.

A.

66

xxx 2 4 B.

66

x 2 4

C.

66

x x x D.

66

2 2 2

E.

66

xxx 2 4

6A

6B

6C

6D
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5. Which of the following correctly represents the inequality  −3 ≤ 𝑥 < 2  statement on the 
number line?

A.
x

0−3 −2 −1 1 2 3 4−4

B.
x

0−3 −2 −1 1 2 3 4−4

C.
x

0−3 −2 −1 1 2 3 4−4

D.
x

0−3 −2 −1 1 2 3 4−4

E.
x

0−3 −2 −1 1 2 3 4−4

Fluency

6. Determine which value of 𝑥 is required to make each equation balanced.

 𝑥 = 1 ,  𝑥 = 8 ,  𝑥 = 10 

a.  𝑥 − 7 = 1 b.  𝑥 + 2 = 3𝑥 c.  3𝑥 + 8 = 48 − 𝑥 d.  𝑥 − 10 = 20 − 2𝑥

7. Solve.

a.  11 = 𝑥 + 6 b.  2𝑦 − 1 = 3 c.  4 +   2k ____ 5    = 14 d.   24 = 6 (  8𝑥 − 4 )    

8. Solve.

a.     1 + u _______ 6    = 3 b.    3 (  𝑥 + 10 )   ____________ 8    = 6       c.  −4 =   16 (  a − 1 )   _____________ 4    d.     2 (  3b − 1 )   _____________ 8    =   2 __ 4      

9. Solve each equation for the given variable.

a.  5k + 1 = k + 13 b.  5j − 5 = 2j + 7 c.  −𝑥 − 4 = 2 − 2𝑥 d.  z = 3 −   z __ 2   

10. Solve each equation for the given variable.

a.   3a = 7 (  a − 4 )    b.   6b = 3 (  b + 3 )    
c.   5 (  2c + 1 )   = 35 − 5c  d.   2 (  8d − 10 )   = −4 (  4d − 3 )    

11. For each scenario:

i. Choose a variable to represent the unknown quantity.
ii. Construct an equation to solve.
iii. Solve the equation for the unknown.
iv. State the answer.

a. Vicky buys four pencils for $12. How much was each pencil?
b. CJ spent a third of his weekly pay on a $120 coat. How much does CJ get paid per week?
c. Madison spent eight hours in total watching anime and drawing. If she spent three 

more hours watching anime than drawing, how long did she draw for?
d. Clement is adding up all the marks he received over the semester in maths. He got 40 

marks per test in the first few topics, and in the last two topics got 45 marks. If he got 
210 marks overall, how many tests did he score 40 marks in?

12. Represent the inequalities on a number line.

a.  𝑥 < 5 b.  4 ≥ 𝑥      c.  −1 < 𝑥 < 4 d.  −8 ≤ 𝑥 ≤ −1 

6E

6A

6B

6B

6C

6C

6D

6E
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13. Solve for 𝑥.

a.  𝑥 − 1 > 8 b.  3𝑥 ≥ 18    c.    𝑥 __ 5   − 4 > 6 d.   4 (  𝑥 + 9 )   ≥ 48  

Problem solving

14. Mandy spends $200 on 𝑥 books. Each book costs $16. Write an equation to describe  
this situation.

15. Damien bought some cupcakes from a local bakery to share with his 𝑥 students.  
Every student receives three cupcakes. Damien found that there were six leftover  
cupcakes. If there are 30 cupcakes in total, how many students does Damien have?

16. Daniel did  2t  push-ups on one day, and on the next day Daniel did four push-ups. Tasha did  
t  push-ups each day for 4 days. Overall, Daniel and Tasha did the same number of push-ups. 
How many push-ups does  t  represent?

17. David spent $33 dollars in total to prepare for his party. He purchases a $25 jumbo pack of 
lollies, then purchases mesh bags to divide up the lollies so that each of his guests gets one 
mesh bag. The cost for each mesh bag is 50 cents. How many guests are there at the party?

18. Vutha and Jayden are stacking lego blocks. It is known that Jayden has between 90 and 95 
lego blocks, inclusive, and Vutha has between 87 and 93 lego blocks, exclusive. Generate 
two inequalities on the same number line, for both Vutha and Jayden, to evaluate what the 
range of their number of lego blocks are.

Reasoning

19. James and Bethany are planning a fundraising raffle for a school fete. During the school fete, 
students will enter competitions to win either first or second prize. James and Bethany have 
a budget of $300, but they have different proposals in terms of how to spend the money.

James’ proposal Bethany’s proposal

Spend the entire budget on prize money. 
First prize is  $3j . Second prize is  $2j .

Spend $b on advertising. First prize is 
$2b. Second prize is $b.

a. Write an equation to represent James’ proposal.
b. Solve the equation from part a to determine how much money the first prize winner 

receives under James’ proposal.
c. For Bethany’s proposal, write an equation to show that:

Prize money  =  budget money  −  advertising money
d. Solve the equation from part c to determine how much money Bethany proposes to 

spend on advertising.
e. Ms Muscat thinks the budget is not enough. She proposes a budget that is greater 

than $300, exclusive, and smaller than $450, inclusive. Represent this inequality on a 
number line.

f. Do you think James or Bethany’s proposal is better? Explain your reasoning.

20. Renae is solving the following inequalities in class. For parts a and b:

a. solve  7𝑦 < 21 . Represent your solution on a number line.
b. solve  21 < 𝑦 + 2 . Represent your solution on a number line.
c. Compare your number lines in parts a and b. Explain why both inequalities cannot be 

true at the same time.

6E

6A

6B

6C

6D

6E
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Chapter 7 research summary
Congruence and transformations

Big ideas

Hierarchy and properties
This chapter will focus on the properties and classifications of angles, parallel lines, and the properties of quadrilaterals.  
Additionally this chapter will focus on the properties of congruent 2-D shapes, quadrilaterals, and triangles and how 
to prove congruence for quadrilaterals and triangles.

It is important to understand that angles can have multiple definitions and the views of angles can hinder students’ 
conceptual understanding of angles and future topics of geometry such as right angles and trigonometry  
(Mullins, 2020; Biber et al., 2013). An angle can be defined as a relation, a quantity, or a quality and angles can be 
dynamic and static (Mullins, 2020: Tallman & Frank, 2018). One way to help students develop their understanding 
of angles, is to show angles using multiple representations (Keiser, 2004).

To fully understand how to find missing angles, students must combine their skills for memorization and 
understanding of arbitrary and necessary things (Salim, 2019). Arbitrary things are concepts in the realm of 
students’ memory, while necessary things are in the students’ realm of awareness (Salim, 2019). 

Students can have difficulty memorising, creating, and implementing the hierarchical properties of shapes when 
they do not look like the 'typical' example (Sinclair et al., 2016). For example, parallelograms may be overlooked 
because the shape is not slanted.

One way to improve student’s hierarchical definitions is to give students the opportunity to create definitions and 
properties of triangles and quadrilaterals and discuss what are not properties of the shapes (Sinclair et al., 2016; 
Fujita et al., 2019). It is important that students are exposed to less familiar quadrilaterals so they can understand 
the need for explicit and sufficient definitions (Sinclair et al., 2016). For example, have students define an  
isosceles trapezium.

Congruence is a major learning curve for students in this grade (Sinclair et al., 2016; Winer & Battista, 2022). 
Students can have difficulty in recognising what appears to be true, what justifications they can use based on  
reason and the various forms of mathematical reasoning such as explanation, argument, verification, and proof,  
and devising a plan to the proof process (Herbst, 2002; Jones 2000; Wang et al., 2018).

However, students can form logical arguments (Winer & Battista, 2022) and when given the opportunities and 
appropriate strategies students can develop their skill in constructing and formalising proofs (Ding et al., 2015).

One strategy to improve students’ understanding of congruence is to recognise the importance of language in 
geometry (Ding et al., 2015; Uyen et al., 2021). For example, have students practise how to correctly translate words 
of a theorem to the symbols and diagrams. It is crucial that students are provided time to analyse the structure of 
proof to develop their analytic thinking and to transform their logical arguments to formulising their own proofs 
(Ding et al., 2015; Uyen et al., 2021; Winer & Battista, 2022). For example, have students start to think about  
'what are we proving' and 'what is given' to reason about what is given, and make connections between theorems 
and definitions and the structure of writing proofs (Ding et al., 2015).

The hierarchy and properties of angles, lines, congruence, and 2D shapes is essential for further topics in 
mathematics such as trigonometry and hierarchy, properties and measurement of 3D figures.

Transformations of relationships
This chapter will include transformations of shapes on the Cartesian plane to support the ideas congruence. 
Students will view objects from different perspectives and will transform objects on a Cartesian plane. 
Transformations of shapes are necessary for spatial thinking in geometry.

Spatial thinking is essential for thinking about how 2-D and 3-D shapes and objects move, change, interact, and is 
a core concept in geometry (Bruce & Hawes, 2014). For example, interlocking cubes, tangrams, and pattern blocks 
can be used to create and physically rotate shapes.
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Transformation of relationships and spatial thinking is necessary for geometry and a predictor of mathematics 
achievement at all grade levels (Bruce & Hawes, 2014). Spatial thinking underpins further ideas in mathematics 
such as scaling objects, transformations of functions, and area and volume of figures.

Geometric measurement
This chapter will include key ideas around measurement of length to determine congruence of shapes,  
and transformation of shapes on a Cartesian plane.

It is crucial that there is consistency in explaining angles depending on the representation of angles. When students 
are working with angles particularly with circles, it is essential that quantitative reasoning is applied rather than 
portraying the angle as an arithmetic measurement or non-quantitative measurement. 

Students who have a strong understanding of the multiple representations of geometric measurement, spatial thinking,  
and mental rotation of shapes will find it beneficial for proving symmetry, understanding area measurement tasks, 
creating and decomposing 2D and 3D figures (Bruce & Hawes, 2014).

Misconceptions

Misconception Incorrect Correct Lesson

Students identify vertically 
opposite angles when four 
different lines meet at a point.

a°
b°

 ∠a = ∠b 

a°
b°

 ∠a ≠ ∠b 

7A

Students apply the angle 
properties of parallel lines 
when the lines are not parallel. 

d°

c°

 ∠c and ∠d are equal corresponding 
angles .

d°

c°

 ∠c and ∠d are not equal 
corresponding angles .

7A

Students think that alternate 
or corresponding angles in 
parallel lines sum to 180˚.

134°

e°

 ∠e + 134° = 180°
∠e = 46° 

134°

e°

 ∠e = 134° 

7A

Students identify the sizes  
of the angles based on  
their appearance.

52°

40°

g°

 ∠g = 90°  because the angle looks like 
a right angle.

52°

40°

g°

 ∠g + 52° + 40° = 180°
  ∠g = 88   ° 

7B
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Misconception Incorrect Correct Lesson

Students think that the sum 
of interior angles of all shapes 
does not change with the 
number of sides.

The sum of interior angles of both 
triangles and quadrilaterals is 180°.

The sum of interior angles of 
triangles is 180° and quadrilaterals 
is 360°.

7B

Students believe that opposite 
angles in quadrilaterals are 
always equal because opposite 
angles in parallelograms  
are equal. 

108°

72°
h°

 ∠ h = 72°, because the angles are 
opposite to each other.

108°

72°
h°

 ∠ h = 108°, because they are  
adjacent angles. 

7B

Students incorrectly draw a 
reflection when the mirror line 
is not horizontal or vertical but 
the object is horizontal  
or vertical.

7C

Students misinterpret 
Cartesian plane coordinates 
and confuse horizontal and 
vertical movements of  
a translation.

[8,7] is 8 units up and 7 units right. [8,7] is 8 units right and 7 units up. 7C

Students reverse clockwise 
and anticlockwise direction.

270°

Clockwise

270°

Anticlockwise

7C

Students think there is only 
one rotation size and angle for 
a given rotation. 270°

270° clockwise is the only way to 
achieve this rotation.

270°

−90°

There are multiple ways to achieve 
this rotation. It could be achieved 
with either a 90° clockwise rotation 
or a 270° anticlockwise roation.

7C

Students think that similar 
figures are congruent.

A

B
C

D

F

E
a°

a°
b°

b°c°

c°

 △ ABC is congruent to  △ DEF 
because they have the same angle 
measurements.

A

B
C

D

F

E
a°

a°
b°

b°c°

c°

 △ ABC is not congruent to  △ DEF 
because they have different side 
lengths.

7D 
7E

Students use RHS for all right 
angled triangles when SAS  
is appropriate.

2 cm

3 cm

2 cm

3 cm

Triangles are congruent by RHS.

2 cm

3 cm

2 cm

3 cm

Triangles are congruent by SAS.

7F

When using SAS, students 
use any angle to prove the 
triangles are congruent. 

a°
x xy y

a°

Triangles are congruent by SAS, 
because they both have the same side 
length and angle measurement.

a°
x xy y

a°

Triangles are not congruent by SAS, 
because not all angles and sides are 
the same. 

7F
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Angles and parallel lines7A

Key ideas

1. Angles meeting at a vertex can share special relationships.

a + b = 90°

a

b

a

d

b

c

a + b + c + d = 360°

b

a

d

c

b = d and a = c 

y

x

x + y = 180° 

A full revolution is when all angles at a point sum to 360°. Vertically opposite angles are equal to each other.

Complementary angles sum to 90°. Supplementary angles sum to 180°.

Continues →

Geometry is the basis of humans’ pursuit to understand the natural world.  
The foundation of geometry are straight lines and the angles they create at 
their intersections. Thousands of years ago ancient Greeks began to establish 
and write down the laws of geometry. The most important geometry book was 
written by Euclid of Alexandria.

LEARNING INTENTIONS

Students will be able to:
 • identify complementary, supplementary and vertically opposite angles

 • identify corresponding, alternate and co-interior angles

 • calculate missing angles around a point or in parallel lines using  
angle properties.

KEY TERMS AND DEFINITIONS

Adjacent angles are angles that share a vertex and a common side.

Parallel lines never touch and are always the same distance apart.

Perpendicular lines meet at a right angle (90°).

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: metamorworks/Shutterstock.com

A number of car companies are 
attempting to create autonomous cars. 
They use angles and straight lines to 
determine the position and direction 
of other cars and objects around them.
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Worked example 1

Angles at a point

Determine the value(s) of the pronumeral(s), with reasons, for each diagram.

a. 

Working Thinking

a° and 34° are complementary angles.

a° + 34° = 90°

 a° = 56°

Establish the relationships between the unknown angles 
and known angles, then solve. 

a°, 34° and b° form a full revolution.

a° + 34° + b° = 360°

 90° + b° = 360°

 b° = 270°

WE1a

34°

a°
b°

Continues →

2. When a transversal line crosses two or more lines it forms pairs of angles:

a°

a°
a°

b°

b°
b°

Transversal

Transversal

Transversal

Corresponding angles are in matching 
positions. They are on the same side 
of the transversal.

Alternate angles are on either side of 
the transversal. They are either both 
in between two straight lines, or both
outside of two straight lines.

Co-interior angles are in between 
two straight lines and on the same 
side of the transversal.

3. When a transversal crosses two parallel lines:

Corresponding angles must be equal. Alternate angles are equal. Co-interior angles sum to 
180° (supplementary).

a°

a°

Transversal

a° + b° = 180° 

a°

a°

a°

Transversal

a°

a°

Transversal
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Visual support

a° + 34° = 90°  a° + 34° + b° = 360°  

34°

a°

34°

a°

b. 

Working Thinking

a° and 46° are vertically opposite angles.

a° = 46°

a° and b° are supplementary angles.

Establish the relationships between the unknown angles 
and known angles, then solve.

 a° + b° = 180°

46° + b° = 180°

 b° = 134°

Student practice

Determine the value(s) of the pronumeral(s), with reasons, for each diagram.

a. b. 

WE1bb°

a° 46°

25°

a°

b°

35°

p°

q°
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Worked example 2

Angles with transversals of parallel lines

Determine the value(s) of the pronumeral(s), with reasons, for each diagram.

a. 

Working Thinking

a° and 66° are alternate angles.

a° = 66°

Establish the relationships between the unknown angles 
and known angles, then solve. 

b. 

Working Thinking

a° and 44° are corresponding angles.

a° = 44° 

Establish the relationships between the unknown angles 
and known angles, then solve.

a° and b° are vertically opposite angles.

b° = a°

b° = 44°

or

b° and 44° are alternate angles.

b° = 44°

Visual support

Corresponding Alternate Vertically opposite

b°

a°

44°
b°

a°

44°

b°

a°

44°

Student practice

Determine the value(s) of the pronumeral(s), with reasons, for each diagram.

a. b. 

WE2a

a°

66°

WE2b
a°

b°

44°

a°

48°

a°

b°

56°
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Worked example 3

Parallel lines with multiple transversals

Determine the value(s) of the pronumeral(s), with reasons, for each diagram.

a. 

Working Thinking

a° and 119° are alternate angles.

a° = 119°

a° and b° are co-interior angles.

Establish the relationships between the unknown angles 
and known angles, then solve.

 a° + b° = 180°

119° + b° = 180°

 b° = 61°

Visual support

a°
b°

119°
a°

b°

119°

Alternate
angles

Co-interior
angles

Parallel
Parallel

b. 

Working Thinking

a° and 45° are alternate angles.

a° = 45°

Establish the relationships between the unknown angles 
and known angles, then solve.

a°, b° and 70° are supplementary angles.

 a° + b° + 70° = 180°

45° + b° + 70° = 180°

 b° + 115° = 180°

 b° = 65°

Student practice

Determine the value(s) of the pronumeral(s), with reasons, for each diagram.

a. b. 

a°
b°

119°

WE3a

WE3b
a°

b°
70°

45°

b°
a°

55°

a°
b°

70°

65°

ChApTer 7: CongruenCe And TrAnsformATions  	328

7A

 



7A Questions

Understanding worksheet

1. Circle the relationship between the angles in these diagrams.

Example

Complementary

Supplementary

Vertically opposite
b° a°

a. Complementary

Supplementary

Vertically opposite
b°

a°

b. Complementary

Supplementary

Vertically opposite
b°a°

c. Complementary

Supplementary

Vertically oppositeb°
c°

a°

d. Complementary

Supplementary

Vertically oppositeb°
a°

2. Circle the relationship(s) between the angles in these diagrams.

Example

Corresponding

Alternate

Co-interior

b°

a°

a. Corresponding

Alternate

Co-interior

b°

a°

b.

b° a°

Corresponding

Alternate

Co-interior

c. Corresponding

Alternate

Co-interior

b°

a°

d.

b°

a° Corresponding

Alternate

Co-interior
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3. Fill in the blanks by using the words provided.

supplementary complementary alternate co-interior

If angles at a point sum to 90° they are  angles and if the angles sum to 180° they are 

 angles. If a transversal crosses two parallel lines then the corresponding angles must be  

the same. By combining this fact with the rules about angles at a point we can reason that  

angles are equal and  angles are supplementary.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8

4. Determine the value(s) of the pronumeral(s), with reasons, for each diagram.

a. b. c. d.

e.

a°

b°
43°

f.
a°

33° g.

a°

25°

h.

a°

39°

5. Determine the value(s) of the pronumeral(s), with reasons, for each diagram.

a.

a°
60°

b.

36°

b° c.

a° 50°

d.

a°56°
22°

e.

a° a°

130° f.

a°

74°

21° g.
a°

b°

45°

30° h.

a°

b°
25°

70°

6. Determine the value(s) of the pronumeral(s), with reasons, for each diagram. Name the relationship between  
each angle.

a.
a°

59°

b.

a°
b°

67°
c.

a°
b° 127°

d.
a°

40°

WE1a

a° 20° a°
62°

p° 18°
25°

20°
a°

WE1b

WE2
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e.

58°
a°

f. a°

59°

g.

a°
110°

h.

113°
a°

7. Determine the value(s) of the pronumeral(s), with reasons, for each diagram.

a.

70°
a°

b°

b.

80°

50°

a°
b°

c.

85°

a°

d°
c°

b°

d.
a°b°

61°

e.

55°

74°

b°a°

f.

47° 64°

a°

c°
b°

g.
b° c°

a°

45°

113°

h. a°

59°

131°

8. Determine the value of the pronumeral, with reasons. 

43°

51°

a°

A. 43°, vertically opposite angles B. 137°, supplementary angles
C. 51°, alternate angles D. 129°, co-interior angles
E. 47°, complementary angles.

Spot the mistake

9. Select whether Student A or Student B is incorrect. 

a. Determine the value of the pronumeral,  
with reasons.

a°

121°

46°

Student A

 a°  and  121°  are 
supplementary angles:
 a° + 121°   = 180° 
  a° = 59° 

Student B

 a°  and 46 °  are vertically 
opposite angles:
 a° = 46° 

b. Determine the value of the pronumeral,  
with reasons.

135°

53°

a°

Student A

 a°  and  53°  are  
co-interior angles:
 a° + 53° = 180° 
  a° = 127° 

Student B

 a°  and  135°  
are vertically 
opposite angles:
 a° = 135° 

WE3
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Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Nadia and Lena wanted to insert their tent pegs at an angle of 40° to the ground. What angle could 
they measure above the ground to ensure they had placed them correctly?

a°

40°

11. Kathy is renovating her house and needs to place a wedge in the door to keep it in place.  
What angle ( a ) should she cut the bottom of her door so the wedge fits perfectly.

40°

a°

12. Mr Morrow built a two-turn track for BMX sprint racing as a lunch time activity. He wanted one easy 
turn and one sharp turn. If the start and finish straights were parallel to each other, and the easy turn 
was 148°, what was the angle of the sharp turn?

148°

Start

Finish

a°

13. An ancient trident of Neptune had parallel prongs. If the outside angle was measured at 215°, what is 
the measurement of angle  a ?

a°

215°

14. Tony had eight friends visit for his birthday. He decided to cut the cake into nine equal slices.  
What angle is each slice?

a°
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Reasoning
Question working paths

Mild 15 (a,b,c,e), 16 (a,b) Medium 15 (a,b,c,e), 16 (a,b) Spicy All 

15. Susan is the engineering manager of a large network of gas pipes. She wants to determine the angles 
where all the points join to ensure that the network is compliant with safety regulations. Gas flows 
from left to right, parallel pipes are marked with arrows.

c°

a° b°

d°

96°

128°

218°

a. A join is measured as  128° , determine the value of the angle  a° , explain your reasoning.
b. A join is measured as  96° , determine the value of the angle  b° , explain your reasoning.
c. Determine the value of the angle  c° , explain your reasoning.
d. A join is measured as  218° , determine the value of the angle  d° .
e. Human civilisation has many complex networks and systems that can be mapped schematically 

like this. Can you think of any networks or systems that you interact with?

16. Consider the following angles below.

a. What geometric rule makes the two angles marked  a°  equal, and the two angles 
marked  b°  equal?

a°

a°

b°

b°

b. What is  a° + b° + c°  equal to and what geometric rule allows us to know this?

a°
c°

b°

c. Using the answers from part a and b, what can we prove about the internal angle sum of  
all triangles?

c°

a° b°
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Extra spicy

17. Two parallel lines are transversed by another line. This creates eight equal angles. What is the size of 
each angle?

A. 45° B. 90° C. 270° D. 360° E. 720°

18. A circular cake is cut into slices that have the angles  a° ,  2a° ,  4a° , and 8 a° . Determine the value of  a° .

4a°

8a°

2a°

a°

19. Determine the value of  a° .

55°

46°

a°

20. The larger angle between the hands of a clock at 1:24 is:

A.  102° B.  210° C.  240° D.  258° E.  317.5° 

Remember this?

21. Which of these has the same value as  47 × 3 + 5 .

A.  100 − 6 
B.  47 + 50 
C.  70 × 2 − 3 × 2 
D.  70 × 2 + 6 
E.  47 × 5 

22. The number of people at Central Station was recorded every 5 minutes. Marita graphed the data:

0
3:00 3:20 3:40 4:00 4:20 4:40 5:00

50

100

N
um

be
r o

f p
eo

pl
e

Time

At what time was the greatest number of people at the station?

A. 3:40 B. 4:00 C. 4:05 D. 4:15 E. 4:20

23. Ajay paid  $24.80  for eight Slinkys. What is the price of one Slinky?

A.  $3.00 B.  $3.10 C.  $3.80 D.  $4.10 E.  $4.80 
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Triangles and quadrilaterals7B

Key ideas

1. Triangles can be classified by either angles or side lengths.

Angles:

Right-angled triangle

One interior angle is 90°. All three interior angles are acute. One interior angle is obtuse.

Acute-angled triangle Obtuse-angled triangle

40°

50°

52° 58°

32°
43°

105°70°

90°

Sides:

Equilateral triangle

All three side lengths are equal.
All three angles are equal (60°).

Two side lengths are equal.
Two angles are equal.

All three side lengths are di�erent.
No angles are equal.

Isosceles triangle Scalene triangle

60°

60° 60° a° a°

b°

a°

b°

c°

Continues →

Triangles are three-sided polygons that have internal angles that sum to 180°. 
Quadrilaterals are four-sided polygons that have internal angles that sum to 360°. 
We classify triangles and quadrilaterals by their angles and side lengths.

LEARNING INTENTIONS

Students will be able to:
 • classify triangles using either angles or side lengths

 • classify quadrilaterals using angles and side lengths

 • calculate missing side lengths and angles in triangles and quadrilaterals.

KEY TERMS AND DEFINITIONS

An acute angle is any angle that is greater than 0° but less than 90°.

An obtuse angle is any angle greater than 90° but less than 180°.

To bisect a line or an angle is to divide it into two equal parts.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: Happy_Soul/Shutterstock.com

Triangles are used to build all 3D 
computer graphics. Any surface can 
be approximated with triangles for the 
required level of clarity.
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2. The exterior angle of a triangle is equal to the two opposite interior angles.

b°

a°

= 180°    

= c° + d°
a° + b°

c°

d°

= 180°
a° + c° + d°

b°

3. A quadrilateral is a four-sided polygon where all the angles sum to 360°. Quadrilaterals are defined by the 
following conditions:

Trapezium: One pair of opposite sides are parallel. 
Two separate pairs of internal angles add up to 180°.

a°

a°

Kite: Two pairs of adjacent sides have lengths that 
are equal.
One pair of opposite interior angles are equal.
Diagonals are perpendicular to each other. 

b°

b°

a°

a°

Parallelogram: Both pairs of opposite sides are parallel. 
Both pairs of opposite side lengths are equal. 
Both pairs of opposite interior angles are equal.
Adjacent interior angles are supplementary 
(sum to 180°).
Diagonals bisect each other.

b°

b°

a°

a°

Rhombus: All side lengths are equal. 
Both pairs of opposite interior angles are equal.
Diagonals bisect each other.
Diagonals are perpendicular to each other. 

Rectangle: Opposite side lengths are equal. 
All interior angles are 90°.
Diagonals bisect each other.
Diagonals have an equal length.

Square: All side lengths are equal 
All interior angles are 90°
Diagonals bisect each other.
Diagonals are perpendicular to each other. 
Diagonals are equal length.
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Worked example 1

Finding angles in a triangle

Find the value(s) of the pronumeral(s) in the diagrams.

a. 

Working Thinking

 a° + 42° + 94°   = 180° Step 1: Determine the unknown value by making the 
sum of all three angles equal to  180° .

  a° + 136° = 180° 

  a° = 44° 

Step 2: Solve.

b. 

Working Thinking

a° + a° + 44° = 180° Step 1: Determine the unknown values by making  
the sum of all three angles equal to 180° ,  
with reference to an isosceles triangle.

 2a° + 44° = 180°

 2a° − 44° = 180° − 44°

    2a° _____ 2     =    136° ______ 2    

 a° = 68°

Step 2: Solve.

Student practice

Find the value(s) of the pronumeral(s) in the diagrams.

a. b. 

WE1a

a°

94°

42°

WE1b

44°

a°

47°
55°

a° 88°

a°
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Worked example 2

Using the exterior angle theorem

Find the value(s) of the pronumeral(s) in the diagrams.

a. 

Working Thinking

 a° = 34° + 74° Step 1: Add the two interior angles to give the value of 
the opposite exterior angle.

 a° = 108° Step 2: Solve.

b. 

Working Thinking

a° + 38° = 137° Step 1: Find the unknown interior angle by finding the 
difference of the opposite exterior angle and the 
known interior angle. 

  a° = 99° Step 2: Solve.

Student practice

Find the value(s) of the pronumeral(s) in the diagrams.

a. b. 

WE2a

74°34°
a°

WE2b

137°
38°

a°

85°

42°
a°

122°

84°

a°

Worked example 3

Finding angles in a quadrilateral

Find the value(s) of the pronumeral(s) in the diagrams.

a. 

Working Thinking

 a° + 48° + 139° + 85°   = 360° 

  a° + 272° = 360° 

Step 1: Determine the unknown value by making the 
sum of all four interior angles equal to  360° .

  a° = 88° Step 2: Solve.

Continues →

WE3a
139°

48° 85°

a°
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b. 

Working Thinking

  a° = 68° Step 1: Opposite angles in a parallelogram are equal.

 b° + 68°   = 180° Step 2: Adjacent angles in a parallelogram sum to  180° .

  b° = 112° Step 3: Solve.

Student practice

Find the value(s) of the pronumeral(s) in the diagrams.

a. b. 

WE3b

68°

b°

a°

126°

39°
83°

a° 58°

b°

a°

Worked example 4

Finding unknown lengths in special quadrilaterals

Find the value(s) of the pronumeral(s) in the diagrams.

a. 

Working Thinking

 a = 6 cm Opposite sides of a rectangle are parallel and have 
lengths that are equal.

b. 

Working Thinking

 a = 12 cm Adjacent side lengths of a kite are equal.

Student practice

Find the value(s) of the pronumeral(s) in the diagrams.

a. b. 

WE4a

3.8 cm
6 cm

a

WE4b
130°

130°12 m 9 m

a

30 mm

18 mma
140°

140°
10 m 15 m

a

	  7B TriAngles AnD quADrilATerAls 339

7B

 



Understanding worksheet

1. Circle all of the types of triangles the following could be classified as.

Example

55°

42°

83°

Equilateral Acute

Obtuse
RightIsosceles

Scalene

a. Equilateral Acute

Obtuse
RightIsosceles

Scalene
53°

37°

b. Equilateral Acute

Obtuse
RightIsosceles

Scalene

60°

60°

60°

c. Equilateral Acute

Obtuse
RightIsosceles

Scalene

78°

51°

51°

d. Equilateral Acute

Obtuse
RightIsosceles

Scalene
35° 110°

35°

2. Circle all of the shapes the following diagrams could be classified as.

Example

122°

122°58°

58°

Kite

Square

Rhombus

Quadrilateral

Trapezium

Parallelogram

Rectangle

a.

124° 110°

70°56°

Kite

Square

Rhombus

Quadrilateral

Trapezium

Parallelogram

Rectangle

b.

17 cm

17 cm10 cm

10 cm

Kite

Square

Rhombus

Quadrilateral

Trapezium

Parallelogram

Rectangle

c. 16 cm

9 cm 16.6 cm

4.2 cm
70°

92°

133°
65°

Kite

Square

Rhombus

Quadrilateral

Trapezium

Parallelogram

Rectangle

d. Kite

Square

Rhombus

Quadrilateral

Trapezium

Parallelogram

Rectangle

7B Questions
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3. Fill in the blanks by using the words provided.

parallelogram rhombuses  internal angles side lengths

When triangles are classified by their  they can be called equilateral, isosceles, or scalene.  

If they are classified by their  they are called right-angled, acute, or obtuse.  

Quadrilateral classifications share many characteristics. For example rectangles,  , or squares 

could also be classified as a  . 

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9

4. Find the value(s) of the pronumeral(s) in the diagrams.

a.

a° a°

76°
b.

a°

a°

50°

c.
71°

a°

d.
a°

44°

e.
54°

a°

f.

29°
a°

g.

a°

a°

h.

2a°

a°

5. Find the value(s) of the pronumeral(s) in the diagrams.

a.
a°

35°
47°

b.

44°

84°

a°

c.

a°60°
62°113°

d.

a°
125°

104° 65°

e.

a°
107°

53°
f.

76°

a°

59°

g.
68°

66°
a°

a°

h.
3a°

4a°

2a°

6. Find the value(s) of the pronumeral(s) in the diagrams.

a.

a° 64°

50°

b.
a°84°

42°

c.
71° 44°

a°

d. a°
159°

62°

e.

105°

37°
a°

f. 122° a°
g.

a°140°
h.

136°
a°

WE1

WE1a,3a

WE2
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7. Find the value(s) of the pronumeral(s) in the diagrams.

a.
a°

123°

4 m 7 m b.
3 m

76°

a°
c.

36°

a°

d.

a°

138°

e.
a°

53°

f.

23°

a°
g.

72°

42° a°

h.

142°

43°
a°

8. Find the value(s) of the pronumeral(s) in the diagrams.

a.

10 cm

w b.
h

12 cm

c. 34 mm
68°

68°

44°

x

d.
60°

60°

60°
b

8 mm

e.

96°

84°

84°

96°
ab

17 m

f.

d
11 m

g.

120° 120°3.
8 

km h
h.

72° 72°
108°11 cm

a° w

9. Find the value of the pronumeral in the diagram. 

a°

78°
108°

74°

A. 98° B. 100° C. 102° D. 106° E. 108°

Spot the mistake

10. Select whether Student A or Student B is incorrect. 

a. Find the value of the pronumeral in the diagram.
104°128°

a°

Student A

a° + 128° = 180°
 a° = 52°

Student B

a° + 104° = 128°
 a° = 24°

WE3b

WE4
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b. Find the value of the pronumeral in the diagram.

a°
46° 44°

140°

Student A

a° and 140° are opposite interior angles.
a° = 140°

Student B

a° + 46° + 140° + 44° = 360°
 a° + 230° = 360°
 a° = 130°

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Nillah leaned a ladder up against a wall. If the ladder was leaning at an angle of  35°  to the ground, 
what angle would it make at the wall?

12. Dylan and Andrew are racing on the parallelogram track. Dylan starts from the starting point, travels 
up and then across. Andrew starts from the starting point, travels across and then up. Who travels 
the furthest?

Start

Dyl
an

Dylan

Andrew

An
dr

ew

Finish

13. Phillipa is making kites for her friends. She is using fibreglass sticks as structural support. 
What angle does she need to ensure they join at?

 

14. Dorian and Raja are deciding what shape to frame their business logo. Dorian wants the frame to 
have four equal side lengths. Raja wants the pairs of opposite interior angles of the frame to be equal. 
What shape can satisfy both of them?

15. Sameera is building a triangular frame for ivy to grow along her wall. She has two beams that are 
three metres long. She has placed one at an angle of  50°  to the ground. What angle to the ground 
should Sameera set the other beam at to meet the current beam at the tip?
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Reasoning
Question working paths

Mild 16 (a,b,e), 17 (a,b) Medium 16 (a,b,c,e), 17 (a,b) Spicy All 

16. Cindy has been asked to design walking tracks in a new park. She wants to recreate the geometric 
designs of French Gardens and settles on this design:

A

B

C
F

E H

G

D I

a°

b°

c°

d°

54°

Image: Tomas Hasl/Shutterstock.com

Her understanding of triangles and quadrilaterals is going to be required. She will only measure  
one angle, the rest will be deduced.

a. Cindy begins by making an isosceles triangle with the points A, B and C, where    ̄  AC    =    ̄  BC    
She measures the angle at B as  54° . What is the angle  a°  at point C.

b. Cindy then marks the points D and E by creating two right-angled triangles ACD and BCE with 
the right angle for both at C. What is the angle  b°  at point E?

c. Cindy then creates a parallelogram with point F. What is the angle  c°  at the point E?
d. Cindy creates two identical parallelograms with points H, I, and G. Determine the size of angle d° 

at point F.
e. Maintaining a manicured garden can use a lot of water. Suggest some methods of collecting 

water that is not from the main drinking supply.

17. Use the rules of angles created by transversals of parallel lines for parts a and b.

a. What does  a° + b°  equal?

a°

b°

b. What does  b° + c°  equal?

b°

c°

c. Demonstrate how this implies that  a° = c°  and that the opposite angles of a parallelogram 
must be equal.
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Extra spicy

18. What is the value of  a° + b° + c° ?

b°

a°c°

A. 180 ° B. 360 ° C. 720 ° D. 900 ° E. 1080 ° 

19. The diagram has an equilateral triangle inside a rectangle.

 

a°

b°

What does  a° + b°  equal?

A. 30 ° B. 45 ° C. 60 ° D. 75 ° E. 90 ° 

20. Determine the value of  a°  in the following diagram.

a°32°

7°

21. Determine the value of  a°  in the following diagram.

a°28°

71°

Remember this?

22. This table shows some information about cities in Queensland and New South Wales

Name of city Amount of people State
Albury 146 748 New South Wales
Central Coast 352 249 New South Wales
Greater Brisbane 5 338 993 Queensland
Greater Sydney 5 445 244 New South Wales
Sunshine Coast 456 345 Queensland
Toowoomba 187 434 Queensland
Wollongong 248 726 New South Wales

How much busier is New South Wales’ busiest city than Queensland’s busiest city?

A. 97 920 people
B. 98 145 people
C. 106 161 people
D. 106 251 people
E. 106 730 people
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23. This list shows the ages of 15 workers.

32, 45, 19, 21, 48, 35, 61, 53, 19, 22, 36, 21, 42, 31, 39
What is the range of ages?

A. 12 B. 18 C. 22 D. 36 E. 42

24. To make jelly, 4 cups of boiling water need to be used for every 6 cups of gelatine.

How many cups of boiling water are needed for 9 cups of gelatine?

A. 2 cups B. 4 cups C. 6 cups D. 8 cups E. 10 cups
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Transformations on the  
Cartesian plane7C

Translation, rotation and reflection are different ways of transforming the 
location of an object in 2D space. It is important to consider carefully how each 
describes a very different type of movement.

LEARNING INTENTIONS

Students will be able to:
 • translate points and shapes on the Cartesian plane using worded 

descriptions or vectors

 • reflect points and shapes over a mirror line on the Cartesian plane

 • draw the rotation of a point or shape around a central point in the 
Cartesian plane.

KEY TERMS AND DEFINITIONS

A Cartesian plane is a set of two perpendicular number lines that intersect 
at the origin.

Cartesian coordinates are the numbers that indicate the location of a 
point on a Cartesian plane. The 𝑥–coordinate is written before  
the 𝑦-coordinate.

The 𝑥𝑥-axis is the horizontal axis that runs left to right through zero.

The 𝑦𝑦-axis is the vertical axis that runs up and down through zero.

Clockwise is the same direction that the hands of a clock move around.

Anticlockwise is the opposite direction that the hands of a clock 
move around.

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

Image: Rainer Lesniewski/Shutterstock.com

Transformations mapped with a 
coordinate system are used every day.  
One of the most important applications  
is weather predictions. A coordinate 
system is used to track the movement 
of weather events and predict patterns 
in those movements.

Key ideas

1. A point or shape can be translated in the Cartesian plane using the words up, down, left,right or by a vector.

1

−1

−2

−2−3−4

2

2

3

4

5

3 4 5−1

3 units down

2 units right

A B

CD

A’ B’

D’ C’

1

The trapezium is translated by the vector (2,−3) which is two units to the right and three units down (plus 2 in the 
𝑥 direction, minus 3 in the 𝑦 direction). Continues →
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2. A point or shape can be reflected in any line.

Same perpendicular distance 
from mirror line

Mirror lineP3’

P3
P2

P4
P1

P4’

P1’

P2’

3. A point or shape can be rotated about a point.
Anticlockwise is a positive rotation. 
E.g. The parallelogram below has been rotated by  100° .

Clockwise is a negative rotation.
E.g. The parallelogram below has been rotated by  − 90° .

A

A’

BB’

C

C’

P

A

A’

B’ C’

B

C

P

Worked example 1

Translating points and shapes on the Cartesian plane

Translate.

a. The trapezium ABCD by the vector    (  −2,4 )    .

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
−2

A B

D C

WE1a

Continues →
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Working Thinking

   (  −2,4 )     is moving two units to the left and 
four units up.

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
−2

A

A’

B

B’

D

D’

C

C’

Step 1: Translate all of the vertices, by the given vector.

1

2

3

1
−1

−1

−2

3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
−2

A

A’

B

B’

D

D’

C

C’

2 left

4 up

Step 2: Join the translated vertices.

b.   A =  (  3,−5 )     by the vector    (  −1,2 )    .

Working Thinking

𝑥–value = 3 + (−1)

𝑦–value = −5 + 2

Step 1: Add the 𝑥-value of the vector to the 𝑥-value of 
the original point and then add the 𝑦-value of 
the vector to the 𝑦-value of the original point.

A' = (2,−3) Step 2: Complete the sums to determine the 
new point.

Student practice

Translate.

1

2

3

1
−1

−1

4

5

2 3 4 5

y

x
−2

A B

C

a. The triangle ABC by    (  2,−1 )    .

b.   B =  (  4,−3 )     by the vector    (  −2,1 )    .

WE1b
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Worked example 2

Reflecting points and shapes in mir or lines

Reflect.

a. The triangle ABC in the  𝑥-axis.

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
6−2

A

B

C

Working Thinking

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
−2

A

A’

B’

C’

B

C

Step 1: Reflect each vertex in the  𝑥–axis.

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
6−2

A’

B’

C’

Step 2: Connect the image of the reflected vertices to 
create the reflected triangle.

WE2a

Continues →
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b.   A = (3,3)   and   B =  (  −2,−2 )     in the line  𝑥 = 1 .

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
6−2

A

B

x = 1

Working Thinking

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
6−2

A

B

x = 1

2

3

A is 2 units from  𝑥 = 1 

B is 3 units from  𝑥 = 1 

Step 1: Find the perpendicular distance from the point 
to the line.

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
6−2

AA’

B B’

x = 1

22

3 3

Step 2: Find the point that is the same distance,  
but opposite direction from the line.

Continues →

WE2b
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Student practice

Reflect.

a. b. The triangle ABC in the  𝑥–axis.

1

2

3

1
−1

−1

−2

−3

−4

−3−4

4

2 3 4

y

x
−2

A B

C

  A =  (  2,3 )     and   B =  (  −4,−3 )     in the line  𝑥 = −1 .

1

2

3

1
−1

−1

−2

−3

−4

−3−4

4

2 3 4

y

x
−2

x = −1

A

B

Worked example 3

Rotating points and shapes on the Cartesian plane

Rotate.

a. The trapezium ABCP  90°  anticlockwise about P.

B

CP

A

Working Thinking

B
B’

C

C’

P

A
A’

Step 1: Rotate each vertex 90° anticlockwise around 
the point of rotation.

B
B’

C

C’

P

A

A’

Step 2: Connect the rotated vertices.

WE3a

Continues →
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b. The trapezium ABCD  180°  clockwise about P.

B

CD

P

A

Working Thinking

B

C
D

P
180°

A

A’

D’C’

B’

Step 1: Rotate each vertex  180°  clockwise around the 
point of rotation.

B

CD

P

A

A’

D’C’

B’

Step 2: Connect the rotated vertices.

Student practice

Rotate.

a. b. 

WE3b

The trapezium ABCP  90°  anticlockwise about P.

B

CP

A

B

C

P
A

The triangle ABC  180°  clockwise about P.
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7C Questions

Understanding worksheet

1. Complete the descriptions of the translations below.

Example

−4 1,( )The kite ABCD by the vector 

1

2

3

1
−1

−1

−2

−3−4−5

4

5

2 3 4 5

y

x
−2

A

B

C

D

A’

B’

C’

D’

4 left
1 up

a. b. 

c. d. 

,( )

A = (1,1) was translated by 

the vector

1

2

3

1
−1

−1

−2

4

5

2 3 4 5

y

x
−2

A’

A

,( )

The square ABCD was translated by

the vector

1

2

3

−1
−1

−2

−3

−4

−3−4

4

2 4

y

x
−2

A B

CD
A’ B’

C’D’
31

,( )

The rectangle ABCD was translated by

the vector

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

5

2 3 4 5

y

x
−2

C

C’

D

D’

A

A’

B

B’
4

1

,( )

The kite ABCD was translated by

the vector

1

2

3

1
−1

−1

−2

−3

−4

−3−4−5

4

5

2 3 5

y

x

6

7

−2

A

A’
B

B’

D’

C

D

C’
−5

4
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2. Determine what type of transformation was made.

Example

1

2

3

1
−1

−1

−2

−3

−4

−3−4−5

4

2 3

y

x
−2

A

A’

B

B’

D’
C

D

C’

4

Translation

Rotation about 
origin

Reflection in 
𝑥–axis

Reflection in 
𝑦–axis

a.

1

2

3

1
−1

−1

−2

−3

−4

−3−4

4

2 3 4

y

x
−2

A

B’

B

A’

D’

C D

C’

Translation

Rotation about 
origin

Reflection in 
𝑥–axis

Reflection in 
𝑦–axis

b.

1

2

3

1
−1

−1

−2

−3

−4

−3−4

4

2 3 4

y

x
−2A

A’

B

B’

D’

CD

C’

Translation

Rotation about 
origin

Reflection in 
𝑥–axis

Reflection in 
𝑦–axis

c.

1

2

3

1
−1

−1

−2

−3

−4

−3−4

4

2 3 4

y

x
−2

AA’

D’

C

D

C’

B B’

Translation

Rotation about 
origin

Reflection in 
𝑥–axis

Reflection in 
𝑦–axis

d.

1

2

3

1
−1

−1

−2

−3

−4

−3−4

4

2 3 4

y

x
−2

A

A’

D’

D

C

C’

B
B’

Translation

Rotation about 
origin

Reflection in 
𝑥–axis

Reflection in 
𝑦–axis

3. Fill in the blanks by using the words provided.

vector reflectio rotation translation

There are three ways to transform points and shapes on the Cartesian plane. A  

moves all points either left or right and up or down, a  creates a mirror image and a 

 moves in a circular motion around a point. A  can be used to 

replace the words 'left' or 'right', which are represented by its  𝑥–value and 'up' or 'down', which are represented  

by its  𝑦–value.
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Fluency
Question working paths

Mild 
4 (a,b), 5 (a,b,c,d), 6 (a,b), 7 (a,b), 8

Medium 
4 (b,c), 5 (c,d,e,f), 6 (b,c), 7 (b,c), 8

Spicy 
4 (c,d), 5 (e,f,g,h), 6 (c,d), 7 (c,d), 8

4. Translate.

a. The rectangle ABCD by the vector (2,2).

1

2

3

1
−1

−1

4

5

2 3 4

y

x
A

C

D

B

b. The trapezium ABCD by the vector (3,−1).

1

2

3

1
−1

−1

4

5

2 3 4

y

x
−2

A

CD

B

c. The quadrilateral ABCD by the vector (−1,−2).

1

2

3

1−1
−1

−2

−3−4

4

2

y

x
−2

A

CD
B

d. The parallelogram ABCD by the vector (−4,−2).

1

2

3

1−1
−1

−2

−3−4

4

2

y

x
−2

A

D

B

C

5. Translate.

a.   A =  (  2,4 )     by the vector    (  1,1 )    b.   B =  (  3,1 )     by the vector    (  3,4 )    
c.   C =  (  3,4 )     by the vector    (  3,1 )    d.   D =  (  −5,1 )     by the vector    (  −1,3 )    
e.   E =  (  11,−4 )     by the vector    (  −15,13 )    f.   F =  (  −27,−15 )     by the vector    (  −11,12 )    
g.   G =  (  29,−51 )     by the vector    (  −14,14 )    h.   H =  (  33,−41 )     by the vector   − (  12,−23 )    

6. Reflect.

a. The triangle ABC in the  𝑦–axis.

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2

A

B

C

b. The triangle ABC in the  𝑥–axis.

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2

A

B

C

WE1a

WE1b

WE2
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c. The parallelogram ABCD in the line  𝑥 = 2 .

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2

A

B

C

D

x = 2

d. The rectangle ABCD in the line  𝑦 = −2 .

1

2

3

1
−1

−1

2

−3

−4

−5

−6

−7

−3−4−5−6

4

5

2 3 4 5 6

y

x
−2

A

B

C

D
y = −2

7. Rotate.

a. The points A, B, C and D  90°  anticlockwise about P.

B

C
P

A

b. The parallelogram ABCP  90°  anticlockwise about P.
B

C

P

A

c. The trapezium ABCP  90°  clockwise about P.

P

A B

C

d. The quadrilateral ABCD  180°  clockwise about C.

B
A

D

C

8. Reflect the point    (  2,3 )     in the line 𝑥 = 1 .

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y x = 1

x
−2

A.    (  −3,2 )    B.    (  2,−3 )    C.    (  −2,3 )    D.    (  2,−1 )    E.    (  0,3 )    

WE3
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Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Translate the trapezium ABCD by the vector    (  3,2 )   . 

1

2

3

1
−1

−1

−2

−3

4

5

2 3 4 5 6 7

y

x
−2

A

B

D C

Student A

1

2

3

1
−1

−1

−2

−3

4

5

2 3 4 5 6 7

y

x
−2

A’

B’

D’ C’

Student B

1

2

3

1
−1

−1−3

4

5

6

2 3 4 5 6 7

y

x
−2

A’

B’

D’ C’

b. Rotate the rectangle ABCD  90°  anticlockwise about the origin.

1

2

3

1
−1

−1−3−4−5

4

5

6

2 3 4 5

y

x
−2

A B

D C

Student A

1

2

3

1
−1

−1−3−4−5

4

5

6

2 3 4 5

y

x
−2

A’

B’

D’

C’

Student B

1

2

3

1
−1

−1−3−4−5

4

5

6

2 3 4 5

y

x
−2

A’B’

D’C’
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Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Matthew is studying graphic design. He makes a design by reflecting triangle ABC over the mirror line. 
What shape is the design that Matthew has made?

A

B

C

11. Grid town’s major delivery company is called Vectors and Rogers. Drivers are given vectors to 
describe the journey from one stop to the next. A driver leaves the depot with the instructions: 
   (  3,5 )  ,  (  −2,−2 )     and    (  1,3 )    . What is the delivery vector that goes directly from the depot to the 
final delivery?

Depot

12. Larry and his friend Buzz are playing Laser Tag. Buzz is hiding behind a wall. Larry thinks he can 
tag his friend buzz by reflecting a laser off the mirror labeled in the diagram below. If T represents 
Larry’s aim through the mirror, will Larry be able to tag Buzz?

T

Mirror

LarryBuzz

13. The points A and B are 4 m apart. If both points are rotated  90°  around point C, how far apart are 
their images A’ and B’?

C

A B4 m
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14. Name the transformations from Fig 1 to Fig 2 to Fig 3 to Fig 4 that Patrick used to create the 
following pattern so that Kysaiah can replicate it.

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2

A’’

A’’’ B’’’

C’’’

B’’

C’’

A’

A B’B

C’C

Fig 4

Fig 1
Fig 2

Fig 3

Reasoning
Question working paths

Mild 15 (a,b,e) Medium 15 (a,b,e), 16 (a,b) Spicy All 

15. Mr Nicholas has divided his learning area into four rooms. He wants to transform the rooms around 
for term two. Help Mr Nicholas decide which layout to use by drawing the new lay out for each 
part below.

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−7

−8

−3−4−5−6−7−8

4

5

6

7

8

2 3 4 5 6 7 8

y

x

−9

9

9−9 −2

R3 R4

R1

C1
C2

C3 C4

R2

Whiteboard Screen

Desks

Reading lounge

Conference table

Fish tank

Chairs

a. He begins by translating all of the desks in room 2    (  −1,−1 )     to create more space at the front of 
the classroom.

b. Next he rotates room 1  180°  clockwise around   C  1    so the screen is not distracting the students 
in room 2.

c. He swaps room 3 and room 4 by reflecting both of them in the  𝑦–axis. Draw the final layout of 
Mr Nicholas’ learning space following all transformations.

d. Does altering the layout of a learning space help students be more engaged with their lessons?
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16. Complete the following transformations.

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−7

−8

−3−4−5−6−7−8

4

5

6

7

8

2 3 4 5 6 7 8

y

x
−2

D

C

A

0

B

a. Rotate the points A, B, C and D  180°  anticlockwise around  O .
b. Reflect the points A, B, C and D in the 𝑥 –axis and then the 𝑦–axis
c. Compare your answers in parts a and b to determine what happens to any coordinates (𝑥,𝑦) 

when rotated anticlockwise 180°.

Extra spicy

17. Which two points does the line of reflection for the two shapes in this image pass through?

 

1

2

3

1
−1

−1

−2

−3
−4

−5

−3−4−5

4

5

2 3 4 5

y

x
−2

D

A P4

P3

P3’ P4’

P2’

P1’

P2
P1

C

B

A. A,B B. A,C C. A,D D. B,C E. C,D

18. What is the minimum amount of times a point need to be rotated by  50°  to be rotated the 
equivalent of  190° ?

19. A point was rotated anticlockwise  90°  then translated    (  −1,−1 )     and then reflected in the  𝑥–axis.  
If the image after transformation is    (  3,3 )    , what was the original point?
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20. What is the minimum amount of transformation(s) required for the image of the square ABCD.

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−7

−3−4−5−6−7−8

4

5

6

7

8

2 3 4 5 6 7 8

y

x
−2

A’

B’

C

B

D

A

0 D’

C’

A. Reflection
B. Rotation
C. Translation
D. Rotation and translation
E. Translation and reflection

Remember this?

21. This stem–and–leaf plot shows the number of children that went to the local pool each day for the 
last three weeks.
Stem Leaf Key

0 2 3 3 | 6 = 36

1 1 5 7 8

2 3 5 6 8 9

3 0 3 6 8

4 0 7 9

5 2 4 7

How many days were there less than 49 children?

A. 9 B. 11 C. 17 D. 28 E. 36

22. Which of these is 53.29892 rounded to 3 decimal places?

A. 53.298 B. 53.2989 C. 53.299 D. 53.2999 E. 5329

23. James decides to join in on a running marathon to raise money.

He has 4 sponsors.
His mother donates $6.50 for every kilometre he runs.
His grandfather donates $4 for every kilometre.
His sister donates $15 in total.
His friend donates $26 in total.
How many kilometres does James need to run to raise at least $210?

A. 15 kilometres B. 30 kilometres C. 45 kilometres D. 60 kilometres E. 90 kilometres
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Congruent 2D shapes7D

Key ideas

1. A pair of shapes are congruent if they are exactly the same shape and size. The symbol ≡ or ≅ indicates shapes 
are congruent. 

E

F G

H

A

C

B
F

E

D

A
C

B

D

ABCD = EFGH ABC = DEF

2. Two congruent figures have corresponding geometric properties  ABCD ≡ EFGH .

63°
80°

B

E

H

G
F

A

C

D

80° 130°

130°

63°

87°

87°

7

7
 ̄  AD  is adjacent to  ∠BAD = 63°  and  ∠ADC = 87° .
   ̄  EH    is adjacent to  ∠FEH = 63°  and  ∠EHG = 87° .
∴    ̄  AD    and    ̄  EH    are corresponding sides and    ̄  AD    =    ̄  EH   .

Continues →

Two shapes are congruent if they are essentially the same shape but in different 
positions or orientations. They share exactly the same features such as side 
lengths and internal angles. Translations, reflections and rotations are called 
isometric transformations because the image following transformation is 
congruent with the original shape.

LEARNING INTENTIONS

Students will be able to:
 • define and identify congruent shapes

 • identify corresponding geometric features of congruent shapes

 • recognise that reflections, translations and rotations of a shape are 
congruent to the original shape.

KEY TERMS AND DEFINITIONS

A line segment between vertices  A  and  B  is denoted    ̄  AB   .

The angle between line segments  AB  and  BC  is denoted  ∠ABC .

An isometric transformation does not change the size or shape of the 
original image after the transformation.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: ace03/Shutterstock.com

Congruent figures are very important 
for 2D video games. The greatest video  
game ever made, Tetris, challenges 
players to stack congruent shapes 
together as tightly as possible. 
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Worked example 1

Corresponding features in congruent shapes

Name the corresponding features in these congruent shapes.

A

B

C

D

E

F

a. The side in  △DEF  that corresponds to    ̄  AC  .

Working Thinking

   ̄  DE   ̄  AC  is the longest side in  △ABC  and    ̄  DE  is the longest side 
in  △DEF .

Visual support

A

B

C

D

E

F

WE1a

Continues →

3. Translations, rotations and reflections are isometric transformations therefore, they are congruent.

1

2

3

1
−1

−1

−2

−3−4−5

4

5

6

2 3

y

x
−2

D’

B’

C’

A’
B

A D

C
2

3

1
−1

−1

−2

−3−4−5

4

6

2 3

y

x
4 5−2

D’

B’

C’

A’

B

A D

C

D’

B’

C’

A’

D

B

C

A

1

2

3

1
−1
−1

−2

4

5

6

2 3

y

x
4 5−2

1

5
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b. The vertex in  △ABC  that corresponds to vertex  F .

Working Thinking

Vertex  B Vertex  F  is connected to the two shortest sides. Vertex  B  
is also connected to the two shortest sides.

Student practice

Name the corresponding features in these congruent shapes

A

B

C

D

E
F

a. The side in  △ABC  that corresponds to    ̄  FE  b. The vertex in  △DEF  that corresponds to vertex  A 

WE1b

Worked example 2

Missing values in congruent shapes

Find the values of the missing side lengths or angles for the congruent shapes.

a.    ̄  HG 

A
B

C

D

5
6

3

2

E

H

G
F

Working Thinking

Side    ̄  HG  is the shortest side, it is also connected to an 
obtuse angle and a right angle.

Side    ̄  CB  is also the shortest side and connected to an 
obtuse angle and a right angle.

 ̄  HG  =    ̄  CB 

Step 1: Compare the lengths and the angles at  
the vertices.

 ̄  HG  = 2 Step 2: Solve

WE2a

Continues →
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b.    ̄  OA′   

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2

B’

B

0

A’

A

Working Thinking

   ̄  OA′    and    ̄  OA   are the sides that are opposite to the  
right angle.

 ̄  OA'  =    ̄  OA 

Step 1: Compare the lengths and the angles at  
the vertices.

 ̄  OA'  = 5 Step 2: Solve

c.  ∠XYZ 

D

W

X

Y

Z

A 91°

89°

120°
60°

C

B 60°

Working Thinking

 ̄  DC  and    ̄  YZ  are corresponding sides connected to the 
60° angle.

∠XYZ and ∠ADC are both adjacent to the 60° angle.

Step 1: Compare the lengths and the angles at  
the vertices. 

∠XYZ = ∠ADC

∠XYZ = 120°

Step 2: Solve

WE2b

Continues →
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Student practice

Find the values of the missing side lengths or angles for the congruent shapes.

a.   

b. 

c. 

   ̄  HG  

B

D

C
H G

E F

A

4

5

3

1

   ̄  OB′   

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2

00 B
B’

A

A’

61°

61°

83° 70°

70°

97° 110°

S R

C

B

A
D

P Q

 ∠ABC 

	  7D CongruenT 2D shapes 367

7D

 



7D Questions

Understanding worksheet

1. Circle the congruent shapes.

Example

a. b.

c. d.

2. How many types of congruent shapes are there in the following tessellations.

Example

Hi-Point/Shutterstock.com

different shapes create this tessellation.3

a.
different shapes create this tessellation.

Hi-Point/Shutterstock.com

b.
different shapes create this tessellation.

Yeshe-la/Shutterstock.com
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c.

Hi-Point/Shutterstock.com

different shapes create this tessellation.
d.

Hi-Point/Shutterstock.com

different shapes create this tessellation.

3. Fill in the blanks by using the words provided.

isometric congruent equal reflec ed

Two  shapes are essentially the same shape. They may be in a different position or oriented 

differently, but their corresponding side lengths and interior angles are  . Because the image 

of a shape that has been translated, rotated or  is congruent with the original shape, they are 

called  transformations.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b), 7 (a,b,c), 8

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (b,c), 7 (b,c,d), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (c,d), 7 (c,d,e,f), 8

4. Name the corresponding features in these congruent shapes.

a. The side in  △ ABC that corresponds to side    ̄  DF .
E

FA C

B

D

b. The vertex in WXYZ that corresponds to vertex B.

A X

Z
Y

B

C

D

W

35

35

40.3

40.368

68

56

56

c. The side in ABCD that corresponds to side    ̄  HG .
E

G

H

FA

C
B

D

54°

54°

97°
97°

119°

119°

d. The vertex in  △ PQR that corresponds to vertex S.

P

R

Q

T

S
U

WE1
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e. The vertex in  QRTS  that corresponds to vertex  O .

P

S

T

R

Q

M

N

O

f. The vertex in  ABC  that corresponds to vertex  F .

C

B
D

E

F

A

g. All sides in  STUV  that could correspond with side    ̄  ZY .

U

V

W

X

Y

Z

S

T

h. The vertex in  EFGH  that corresponds to vertex  B .

A B

C

D H G

E

F

5. Find the values of the missing side lengths or angles for the congruent shapes.

a.   ̄  AB 

A

B 4 C

D

4

3

E

F G

H

b.  ∠DEF 
A

B C10

60°
30°

D

E F10
30°

c.  ̄  AC  

5

6

3

A

C

B

5

6

E F

D

d.    ̄  XY 

Y Z

X
E

D

F

5

2

5

WE2a,c
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e.  ∠TSV 

66°

114°

J

K L

M

S

T U

V

f.  ∠PRQ 
M

L

P R

Q

N
72°

72°45

36°

g.    ̄  FG 

F

G

H

K

L

M

5

8

4

33°

33° 26°

h.  ∠WXY 

Z

W

Y

X

3.5

S

R

Q
P 2

3
3.5

2.5

104°

59°

134°

6. Find the values of the missing side lengths or angles for the congruent shapes.

a.    ̄  AB   

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2

0

4.1

B

A

C

D

B’

A’

C’

D’

b.  ∠DAB 

 

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2

0

B’ A’

C’ D’

BA

CD

114°

WE2b,c
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c.    ̄  OA 

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2

0B

A
B’

A’

d.  ∠B′C′D′ 

1

2

3

1
1

−1

−2

−3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2

0

C

D

C’

D’

B

A

B’

A’

0

56°

3.6

7. Find the values of the missing side lengths or angles for the congruent shapes.

M

N

O

P

20

Q

R

X

Y

Z

7.5
16

115°
19°

46°

a.    ̄  PR  b.    ̄  XY  c.    ̄  NO  d.  ∠RQP 
e.  ∠XYZ f.  ∠NMO 

8.  ABCD ≡ EFGH . Determine the length of side    ̄  FG .

6

5

3

2

D
E

H

G
F

A
B

C

A. 3 B. 4 C. 5 D. 6 E. 90
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Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Determine if  △ABC  is congruent to  △DEF .
B

3

3

3

A C

60°

60° 60°

E

D F

2

2

2

60° 60°

60°

Student A

Yes they are congruent because they are both 
equilateral triangles.

Student B

No they are not congruent because they have different 
side lengths.

b.  △XYZ ≡ STU . Determine the value of    ̄  TU  .

53°
37°

5
3

4Z

X

Y

S

T U

Student A

Sides    ̄  TU  and    ̄  ZY  are both on the bottom of 
congruent right triangles.
 ∴   ̄  TU    =   ̄  ZY 
    ̄  TU  = 4 

Student B

 ∠TSU = 37° 
 ∴ ∠SUT = 53° 
Side    ̄  TU  is adjacent to  ∠SUT  and the right angle.
Side    ̄  XZ  is adjacent to angle of  53°  and the right angle.
 ∴  ̄  TU    =   ̄  XZ 
    ̄  TU    = 3

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Euclid town was planned with streets creating congruent shapes alongside each other. We can see a 
pair of congruent shapes in the diagram.

Play 
ground

Gym Cafe

Cinema

125 m

Central station

Town hall

What is the distance from the playground to Central station if the distance from the cinema to 
Central station is 125 m?
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11. Dakota is welding metal pieces together following the design in the diagram. She has cut a 20 cm 
piece and a 30 cm piece as shown in the diagram. What angle does she need to join them at?

25 cm

40 cm

20 cm

30 cm

28 cm
140°

130°

12. Gabriel decided to paint a mural on the wall of his solar panel shop. The design was a parallelogram 
that has a height of 1 m and width of 0.5 m rotated repeatedly  36° . Use the rule for the area of a 
parallelogram, base  ×  height, to determine the total area Gabriel will need to paint.

A

BC

D

1 m

13. Noah built a square box frame with 4 congruent trapeziums. If the area of the box including the 
frame was 32 cm2 and the area inside the frame was 2.82 cm2, what was the area of  
one trapezium?

2.8 cm

3 cm

14. Tran wants to mow a shape in the back right corner of the lawn to mirror the shape Trevor cut in 
the back left corner. Tran measured 3 m along the back fence and began mowing parallel to the right 
fence. Tran mows 4 m and then needs to turn to complete the shape. What angle does Tran need to 
turn to ensure they mow the same shape as Trevor?

3 m Back fence

Right fence

3 m

5.7 m

3.46 m

4 m
120°
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Reasoning 
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. Toby is using trapeziums to create a geometric logo for his 
gym shirt brand called Traps. He draws the line segment    ̄  PA  
with length 5,    ̄  AB  with length 4, and    ̄  BC  with length 2. To 
complete the trapezium  PABC  he draws the line segment    ̄  PC  
with  ∠CPA = 53° . He then rotates it around  P  to create  PDEF  
and finally reflects them both in the line    ̄  FA   .

a. List all of the line segments with length 2.
b. List all of the line segments with length 4.
c. List all of the line segments with length 5.
d. Determine the value of all of the internal angles that are 

not right angles.
e. Toby wants his company to make a positive impact. Should he have the t-shirts made overseas 

so that they are cheaper and more people can afford them or should he have them made in 
Australia to create more jobs here?

16. Two congruent right–angled triangles are placed next to each other as is displayed below.

a°

a°

c°

b°

b°

a. What must the value of  c°  equal?
b. What is the angle of rotation around  O  from    (  3,2 )     to    (  −2,3 )     and from    (  −3,4 )     to    (  −4,−3 )    ?

1

2

3

1
−1

−1

−2

3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2 O O

(−2,3)
(3,2)

c°

c°

(−3,4)

(−4,−3)

c. Use your answers to part b to prove that any point    (  𝑥,𝑦 )     rotated  90°  anticlockwise around  O  
is    (  −𝑦,𝑥 )    .

H

G

E

F

D

A

2

P

C B

JI

4

553°
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Extra spicy

17. Nine isosceles triangles form a regular nonagon. What are the values of  a°  and  b° .

a°

a°

b°

b°

18. Each side of an isosceles triangle is a whole number in centimetres. Its perimeter has a length  
of 20 cm. How many possibilities are there for the lengths of its sides?

A. 3 B. 4 C. 5 D. 6 E. 7

19.  △PQR  has an internal angle  ∠QPR = 40° . If  △QRS  is formed with    ̄  QR   and line segments    ̄  QS  and    ̄  RS  
that bisect  ∠PQR  and  ∠PRQ  respectively, what is the size of  ∠QSR ?

P

Q R

S

40°

a°

a°b°

b°

A.  110° B.  120° C.  130° D.  135° E.  140° 

20. Eirron takes a sheet of paper and folds it in half 4 times and cuts a hole all the way through the sheet, 
as shown in the diagram. 

How many holes are showing after they unfold the sheet of paper?

Remember this?

21. Simplify:     3   2  ×  4   2  ×  5   4  × 8  ______________________  
3 × 3 ×   (  5 × 2 )     5 

   

A.  0.8 B.  1.25 C.    64 ____ 45   D.  64 E.  6445 
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22. What is the rule connecting shoe sizes in Australia and Europe?

Women’s Shoe Sizes in Australia and Europe

Australian size 5 6 7 8 9 10 11

European size 36 37 38 39 40 41 42

A. European Size = (Australian size × 2) + 20
B. European Size = (Australian size × 5) + 11
C. European Size = Australian size + 31
D. European Size = Australian size − 31
E. None of the above

23. Jessica has 2 kilograms of prosciutto.

She uses 1.25 kilograms for charcuterie boards.
How much prosciutto does she have left?

A.    1 __ 4    kg B.    1 __ 2    kg C.    3 __ 4    kg D.  1  1 __ 4    kg E.  1  3 __ 4    kg
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Rules for congruent triangles7E

Key idea

1. Two triangles are congruent if they satisfy the conditions of these tests:

All three sides in each triangle have a corresponding side length (SSS).

Two pairs of corresponding sides and a corresponding angle (the angle between them) (SAS).

a° a°

Two corresponding pairs of angles and one corresponding pair of side lengths.

a°
b°

a°

a°

a°

b° b° b°
(ASA)(AAS)

Two right-angled triangles have a corresponding hypotenuse and another pair of corresponding side lengths (RHS).

A triangle has six geometric features: three side lengths and three angles. It is 
possible to determine if two triangles are congruent with just the knowledge 
of the same three geometric features in each triangle, as long as one of those 
features is a side length.

LEARNING INTENTIONS

Students will be able to:
 • understand that SSS, SAS, ASA and RHS rules are sufficient and 

necessary conditions for congruent triangles

 • use the SSS, SAS, ASA and RHS rules to show that two triangles 
are congruent

 • solve problems with congruent triangles.

KEY TERMS AND DEFINITIONS

The hypotenuse is the longest side of a right-angled triangle; it is always 
opposite to the right angle. 

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: satit_srihin/Shutterstock.com

A geodisic dome is constructed with 
multiple congruent triangles. This is an 
example of how a 3D surface can be 
approximated with triangles.
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Worked example 1

Testing triangles for congruency

Determine if the following triangles are congruent. Explain using the congruence tests.

a. 

Working Thinking

Two corresponding internal angles:  50°  and  62° .

One corresponding side length: 2.5 units.

Step 1: Find corresponding features.

The corresponding side lengths are in the same 
position with respect to the corresponding angles.

∴ These triangles are congruent by ASA.

Step 2: Decide if corresponding features satisfy a 
congruence test.

b. 

Working Thinking

Two corresponding side lengths of 2.3 and 3.1.

One corresponding angle of  54° .

Step 1: Find corresponding features.

The corresponding angle is adjacent to both 
corresponding side lengths.

∴ These triangles are congruent by SAS

Step 2: Decide if corresponding features satisfy a 
congruence test.

Student practice

Determine if the following triangles are congruent. Explain using the congruence tests.

a.  b. 

WE1a

50°

50°

62° 62°

2.5

2.5

WE1b

54°

2.3

2.33.1

3.1

54°

68°

68°

45° 45°

3

3

65°

4

3 65°

4

3
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Worked example 2

Congruent triangles in geometry

Determine the values of the pronumerals. Explain using the congruence tests.

a. 

Working Thinking

 △ABD  has sides    ̄  AB  = 4.1 ,    ̄  AD  = 6.5  and    ̄  BD  .

 △BCD  has sides    ̄  BC  = 4.1 ,    ̄  CD  = 6.5  and    ̄  BD  .

 ∴ △ABD ≡ △ BCD  by SSS.

Step 1: Outline key features from the two triangles to 
identify if they are congruent and if they satisfy 
the conditions.

 ∠DAB  is corresponding with  ∠DCB .

 a° = 30° 

Step 2: Find the side or angle that corresponds with 
the pronumeral.

b. 

Working Thinking

 △ABC  has angles  ∠CAB = 80°  and  ∠ABC = 50°  with 
side length    ̄  AB  = 20  between them.

 △CDE  has angles  ∠CDE = 80°  and  ∠DEC = 50°  with 
side length    ̄  ED  = 20  between them.

 ∴ △ ABC ≡ △ 

Step 1: Outline key features from the two triangles to 
identify if they are congruent and if they satisfy 
the conditions.

 ∴ △ ABC ≡ △ CDE  by ASA or AAS.

   ̄  BC   is corresponding with    ̄  CE  .

 𝑥 = 27 

Step 2: Find the side or angle that corresponds with 
the pronumeral.

Student practice

Determine the values of the pronumerals. Explain using congruence tests.

a. b. 

WE2a

6.5

4.1 4.1
B30°

A C

D

6.5

a°

WE2b

x

80° 80°

50°

50°
27

20

E

D20

A
C

B

20

a°B

D

4 4
CA

9 9

40°

x

68°

68°

67°

12

9

A

B

C

E

D12

67°
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Understanding worksheet

1. Circle the corresponding sides and angles.

Example

47°

47°

103°

56°3.4°

3

3

4

3.4

a.
112°

8

112°

38°
8

5 5
b.

51°
51°

31°5.4

5.4
2.9

4.8

c.
53°

53°

87°

40°
40°

4
5

3.2

4
d.

58°

58°

23°

23°
2

2

5 4.4

2. Fill in the blanks for the following congruent triangles.

Example

50° 50°

7.51

7.51

6.3

9.8
6.3

a.

7

7

9 9

5

5

51°

b.

41°

41°

5

5

4

6

7E Questions
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c.
72°

72°

3.8 4.8

4.3

49°
49°

59° 59°

d.

6

3. Fill in the blanks by using the words provided.

side lengths equal hypotenuse angles adjacent

It is necessary and sufficient to know if 3 particular features of two triangles are equal to know that they are congruent 

and all 6 features are  . The SSS test is satisfied if all three  are 

equal. The SAS test is satisfied if the lengths of two sides and an  angle are equal. The AAS test 

is satisfied if two  and a corresponding side length are equal. The RHS test is satisfied if two 

right-angled triangles have an equal  and one other corresponding side length.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 7 

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7

4. Determine if the following triangles are congruent with reasons.

a.

7
9 97

44

b.

3.5 3.5

3 3

c.

49°

46°

3
49°

46° 3

d.

5

56 6
37°

37°

e.

7
99

4 4
7

f.

2.8

4.5
4.5

2.8

g.

37° 37°
5

56.6

6.6

h.

85°

85°

3.4 3.4

57°

57°

WE1
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5. Determine if the following triangles satisfy a test for congruence.

a.

93° 93°

38° 38°
49°

49°

b.

62°

62°

5

5

c.

40°

4

4

33 40°
d.

5 5

e.

3
3

f.
4

43

3

g.

62°

62°

4

4

7

h.

65°

49°

49°

66°

4.3

4.3

6. Determine the values of the pronumerals. Explain using the congruence tests.

a.

A D C

B

29 29

25 x

b.

25

25
D

C

19

19A
B

a°
40°

c.

60°

A D C

B

a°

d.

2.7 cmh

e.

a°

b°

30°

75°

f.

28°

28°
47°

47°
2

3

w
l

WE2
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g.

10

10

10

6.2
10

1010

w

36°

36°36°36°

36°

h.

x40°
40°

120°

60° 60°

A 4 4

3

B

D

G

F

E

C

7. How do we know these triangles are congruent?

A. All three angles are equal.
B. Two sides are equal.
C. One angle and a side are equal.
D. Two angles are equal.
E. Two angles and a side are equal.

Spot the mistake

8. Select whether Student A or Student B is incorrect.

a. Determine if  △ABC ≡ △DEF  with reasons.

BA

C

F

D E
28°

28°

Student A

 ∠ABC = ∠FDE  and  ∠BAC = ∠DFE  and the 
side between them is the same length.
∴  △ABC ≡ △DEF  by (ASA).

Student B

 △ABC  and  △DEF  are not congruent because 
(RHS) requires the hypotenuse to be equal.

b. Determine if  △ABC ≡ △DEF  with reasons.

B

CA

E
D

F

Student A

 △ABC  and  △DEF  are not congruent because 
(RHS) requires the hypotenuse to be equal.

Student B

 ∠ABC = ∠FDE  and both adjacent sides to the 
angles are equal.
∴  △ABC ≡ △DEF  by (SAS).

5.2

5.2
3.1

7 7

25°

45°
110° 110°

45°
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Problem solving
Question working paths

Mild 9, 10, 11 Medium 10, 11, 12 Spicy 11, 12, 13 

9. I have three logs and make a triangle. I don’t like the triangle that I have made, can I make a different 
triangle with the same three logs? Why or why not?

10. Mishie and Rex are securing a pole in the ground and using ropes and pegs to secure the pole.  
The pole is 3 m high. Mishie places a peg at 4 m along the ground from the pole. Mishie measures the 
rope from the top of the pole to the peg. This has a measurement of 5 m. Rex places his peg directly 
opposite to Mishie’s peg, also 4 m away from the pole. Will Rex also require 5 m of rope? Explain.

Pole 3 m
 Rope 5 m

Mishie
Rex

4 m4 m

11. Petro’s ladder is touching the ground 4 m away from the wall. It has an angle of 35° with the ground.

35°

4 m

At what angle with the ground does Petro’s ladder need to be to reach 4 m up the wall?

a°

4 m

12. Héritier and Alywn are playing rugby. They face off 15 m apart. Round one Héritier turned left  30°  and 
Alywn turned right  52° . Alwyn ran 7.5 m to intercept Héritier where he would be after running 9 m. 
In the next round, Héritier turns right at  30°  and Alwyn turns left at  52° . How far does Alwyn need to 
run to intercept Héritier when he runs 9 m?

H A

7.5 m9 m

30°

30°

9 m

15 m

52°

52°
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13. Alice and Bob hold a rope at either end, while Chris and Dianne hold another rope at either end.  
If their ropes cross exactly in the middle of each other, how do we know that there is the same 
distance between Alice and Charlie as there is between Bob and Dianne?

A
D

C
B

Reasoning
Question working paths

Mild 14 (a,b,c,e) Medium 14 (a,b,c,e), 15 (a,b) Spicy All 

14. Maggie and Michael are decorating their guest room with triangle nanoleaf LED lights. They begin 
with an isosceles triangle  △ABC .

B

A

C

a. What is the relationship between side lengths    ̄  AB   and    ̄  AC    and between the angles  
∠ABC  and  ∠ACB ?

Maggie and Michael decide to cut the triangle in half, so they can work on a different design each.

 B

A

CD

b. If side lengths    ̄  BD   and    ̄  DC   are the same length, how do Maggie and Michael know that  
△ABD ≡ △ADC ?

c. What is the relationship between  ∠BAD  and  ∠DAC ?
d. Explain if Maggie and Michael have a right-angled triangle each.
e. Create your own nanoleaf light design.

15. Draw a 5 cm line marking the vertices A and B at either end.

a. Draw a line that is at  35°  to the line    ̄  AB  starting at A. Draw another line that is at  65°  to the 
line    ̄  AB  starting at B. Mark the intersections of the lines with the vertex C. How many possible 
points could these lines meet at?

b. Draw a line that is at  35°  to the line    ̄  AB  starting at B and another a line that is at  65°  to the 
line    ̄  AB  starting at A. Mark the intersections of the lines with the vertex C. How many possible 
points could these lines meet at?

c. Using your answers in parts a and b, demonstrate why AAS as a congruence test must be true.
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Extra spicy

16. What is the value of  a°  in the diagram?

a°
132°

134°

A.  46° B.  48° C.  86° D.  92° E.  94° 

17. The value of  a°  in the diagram is equal to the mean of  b°  and  c° . What is the value of  a° ?

a°

b° c°

18. How many triangles are there of any size in this diagram?

19. In the diagram    ̄  AB  =   ̄  AC   and    ̄  BD  =   ̄  BC  

What is the value of  ∠ABD ?

A.  15° B.  20° C.  25° D.  30° E.  35° 

BA
40°

D

C

Remember this?

20. Stefanie is a manager at a bakery.

She notices that 64 of their 1000 orders are for chocolate croissants.
Which decimal represents this?

A. 0.0064 B. 0.064 C. 0.64 D. 6.4 E. 64

21. What is the best estimate for the total capacity of this blowup pool?

A. 270 millilitres B. C. 2.7 litres D. 27 litres E. 270 litres

22. How many degrees does the minute hand turn in 45 minutes?

A.  0° B.  90° C.  180° D.  270° E.  360° 

2700 millilitres
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Congruence and quadrilaterals7F

Key ideas

1. Properties of quadrilaterals can be investigated by breaking them into triangles with diagonals.

D
D

D

D

E

Parallelogram

Diagonal

Diagonals

Diagonal

Diagonals

Rectangle

Rhombus

Square

A
A

A
A

B

B

B
B

E

C C

C

C

Continues →

All convex quadrilaterals can be represented as triangles by drawing diagonals 
between opposite vertices. The properties of special quadrilaterals and their 
relationship to each other can be deduced by investigating the relationship 
between the triangles using tests for congruence and angles created at a point.

LEARNING INTENTIONS

Students will be able to:
 • understand the relationship between special quadrilaterals 

(parallelograms and rectangles, squares and rhombuses)

 • establish properties of quadrilaterals using congruent triangles.

KEY TERMS AND DEFINITIONS

A diagonal line joins one corner to the opposite corner of a four-sided 
shape and is not an edge.

All internal angles of a convex polygon are less than 180°. 

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: VTT Studio/Shutterstock.com

Almost every wall in a building is  
a quadrilateral. Triangles create the 
strongest possible structure. 
Engineers and architects usually 
rely upon triangles to increase the 
structural integrity of large buildings.
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2. A flow chart can represent the relationships between special quadrilaterals.

Quadrilaterals
4 sided polygon.

Rhombus
A parallelogram that is a kite.

Square
A rectangle that 
is a rhombus.

Trapezium
A quadrilateral with a pair of 
opposite sides parallel to 
each other.

Parallelogram
A trapezium with both pairs
of opposite sides parallel to
each other.

Rectangle
A parallelogram with internal
angles of 90°.

Kite
A quadrilateral with 2 pairs 
of adjacent sides of equal length.

3. Some quadrilaterals are special cases of other quadrilaterals.

a°

a°

b°

b°

a°

a°

b°

b°

a°

a°

Trapezium 
All trapeziums are quadrilaterals.

Parallelogram
All parallelograms are quadrilaterals.

Rectangle
All rectangles are parallelograms.

Square
All squares are rhombuses 
and rectangles. 

Kite
All kites are quadrilaterals. 

Rhombus
All rhombuses are kites and parallelograms.
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Worked example 1

Finding congruent triangles in quadrilaterals

Determine which test establishes the triangles are congruent.

a. 

 △ADB  and  △DBC 

Working Thinking

   ̄  AD  =   ̄  BC  ,    ̄  AB  =   ̄  DC   and    ̄  BD   is shared. Step 1: Establish corresponding sides or angles.

∴  △ABD ≡ △DBC  by SSS Step 2: Determine if they satisfy a congruence test.

b.  △AEB  and  △DEC 

D
C

A

E

B

Working Thinking

   ̄  AE  =   ̄  EC  ,    ̄  BE  =   ̄  ED   and  ∠AEB = ∠DEC  (vertically 
opposite angles)

The corresponding angle is adjacent to two 
corresponding sides.

Step 1: Establish corresponding sides or angles.

∴  △AEB ≡ △DEC  by SAS Step 2: Determine if they satisfy a congruence test.

Student practice

Determine which test establishes the triangles are congruent.

a. b. 

WE1a

D

C

A

B

WE1b

 △ABC  and  △DAC

D C

A B D C

A

E

B

 △AED  and  △CEB
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Worked example 2

Proving properties of special quadrilaterals

Prove the following properties of the quadrilaterals.

a.  ∠DAB = ∠DCB 

A

B

C

D

Working Thinking

The diagonal    ̄  BD   creates triangles  △BAD  and  △BCD . Step 1: Determine the relevant triangles.

   ̄  BA  =   ̄  BC  ,    ̄  AD  =   ̄  CD   and    ̄  BD   is shared.

∴  △BAD ≡ △BCD  by SSS.

Step 2: Determine if they are congruent.

 ∠DAB  is adjacent to    ̄  BA   and    ̄  AD  .

 ∠DCB  is adjacent to    ̄  BC   and    ̄  CD  .

∴  ∠DAB = ∠DCB 

Step 3: Explain how that proves the property.

Visual support

B

C

A

D

b.    ̄  AB  =   ̄  DC  

A
B

D
C

Working Thinking

The diagonal    ̄  BD   creates triangles  △BAD  and  △BCD . Step 1: Determine the relevant triangles.

 ∠BDC = ∠DBA  (alternate angles)

 ∠ADB = ∠DBA  (alternate angles)

   ̄  BD   is shared and corresponding to both equal angles.

A
B

D
C

∴  △BAD ≡ △BCD  by ASA

Step 2: Determine of they are congruent.

   ̄  AB   and    ̄  DC   are corresponding because they are  
adjacent to corresponding angles.

∴    ̄  AB  =   ̄  DC  

Step 3: Explain how that proves the property.

WE2a

Continues →

WE2b
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Student practice

Prove the following properties of the quadrilaterals below.

a. b. 
A

B

C

D

 ∠CDA = ∠CBA  

A
B

C
D

   ̄  AD  =   ̄  BC  

7F Questions

Understanding worksheet

1. Circle the relationship between the following pairs of angles.

Example

Alternate angles

Vertically opposite angles

Complementary angles

Supplementary angles

a. Alternate angles

Vertically opposite angles

Complementary angles

Supplementary angles

b. Alternate angles

Vertically opposite angles

Complementary angles

Supplementary angles

c. Alternate angles

Vertically opposite angles

Complementary angles

Supplementary angles

d. Alternate angles

Vertically opposite angles

Complementary angles

Supplementary angles
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2. Circle the names of the following shapes.

Example

A

B
C

D

Quadrilateral

Trapezium

Parallelogram

Rectangle

Rhombus

Square

Kite

a.
B

A
D

C Quadrilateral

Trapezium

Parallelogram

Rectangle

Rhombus

Square

Kite

b. A B

C

D

Quadrilateral

Trapezium

Parallelogram

Rectangle

Rhombus

Square

Kite

c.

D

A

B

C

Quadrilateral

Trapezium

Parallelogram

Rectangle

Rhombus

Square

Kite

d.

D

B

C

A Quadrilateral

Trapezium

Parallelogram

Rectangle

Rhombus

Square

Kite

3. Fill in the blanks by using the words provided.

intersections quadrilateral transversals triangles

A diagonal of a  is a line between two opposite vertices. The  that 

are created with diagonals make it possible to establish all of the known properties of quadrilaterals. We can use the 

diagonal lines as  when opposite sides are parallel. The  made by 

the diagonals form vertically opposite and supplementary angles. 
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Fluency
Question working paths

Mild 
4 (a,b), 5 (a,b,c), 6 (a,b,c,d), 7 (a,b,c),  
8 (a,b,c), 9

Medium 
4 (b,c), 5 (b,c,e), 6 (c,d,e,f), 7 (c,d,e,f),  
8 (b,c,e), 9

Spicy 
4 (c,d), 5 (c,d,e), 6 (e,f,g,h), 7 (e,f,g,h),  
8 (c,d,e), 9

4. State whether the triangles formed by the following quadrilaterals and diagonals are:

 • scalene
 • isosceles
 • right-angled.

a. D

A

B

C

b.
D

C

A

B

c.

A
B

C

E

D d. B

A

C

D

5. State whether the following groups of angles are:

 • supplementary
 • alternate
 • vertically opposite.

A

B
C

D

E

a.  ∠ AED and  ∠ BEC
b.  ∠ BEC and  ∠ DEC
c.  ∠ ECB and  ∠ EAD
d.  ∠ ACD and  ∠ CAB
e.  ∠ DAB and  ∠ ABC

6. Determine the values of the following angles and side lengths.

a.  ∠ECB 

A

E

23°
D

C

B

b.    ̄  DC  .
A

D C

B

E

14

WE1a,b

WE2
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c.  ∠CEB

62°

CD

E

A B

d.  ∠ABC 

B
A

C

64°

D

e.  ∠CED 

80°

A

E

B

D

C

f.    ̄  CD  

B

A

8.7

D

C

g.  ∠DEA 

D

C

E

A
B

h.  ∠ECD + ∠EDC 
D A

C B

E 106°

7. Determine which test establishes the triangles are congruent.

a.  △ADC  and  △ABC 

B

D
A

C

b.  △ABC  and  △DBC 

b°

a°

a°

b°

A

C

B

D

c.  △BEA  and  △DEA 

BC

D

E

A

d.  △ABD  and  △DBC 

C

A

D

B

a°

a°

e.  △ABC  and  △DBC 
B

E

C

D

A

f.  △AED  and  △BEC 

b°

b°

a°

a°

B

C

E

D

A

WE1
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g.  △AEB ,  △AED ,  △DEC , and  △CEB 

E

B

D C

A

h.  △AEB  and  △DEC 

B

D

C

E

A

a°

a°

8. Prove the following properties for the quadrilaterals below.

a.    ̄  AD  =   ̄  BC  

B

C

D

A

b.    ̄  AC  =   ̄  BD  
C

D

A
B

c.    ̄  AE  =   ̄  EC  

E

A B

D C

d.  ∠DCE = ∠DAE

E

D

A B

C

e.  ∠DEC = 90° 
A

B

D C

E

9. Which quadrilateral has diagonals that bisect each other?

A. Square
B. Rectangle
C. Parallelogram
D. Rhombus
E. All of the above

WE2
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Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. List the quadrilaterals that have diagonals that are perpendicular to each other.

Student A

Rhombus, kite
Student B

Rhombus, kite, square

b. Prove  △ADC ≡ △BCD 
B C

DA

Student A

   ̄  CD  =   ̄  BA  ,    ̄  AD  =   ̄  BC   and 
both diagonals are the 
same length.
∴  △ADC ≡ △BCD  by SSS

Student B

   ̄  CD  =   ̄  BA  ,    ̄  AD  =   ̄  BC   and  
∠ADC = ∠BCD 
∴  △ADC ≡ △BCD  by SAS

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Makena has four right angled triangular shaped blocks, as shown in the diagram. He puts them 
together to make a quadrilateral. What are the names of the shapes Makena can make with the 
triangular blocks?

50°

40°

4 cm
2.6 cm

3 cm

12. Rebecca has two triangular stickers that are scalene and congruent. Draw a diagram of the three 
parallelograms Rebecca can make with the stickers, including any measurements.

30°

50°

100°
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13. When Angelo is creating house frames he uses a tape measure to check for right angles in the 
quadrilateral shapes he creates. He measures all four sides and the diagonals. Show how Angelo can 
prove that all interior angles in a quadrilateral are equal to exactly 90° by using the diagram below.

C

BA

D

14. Donato has a pair of blue carpet triangles, pictured below, that he knows are congruent because 
they both have an angle of 70° between side lengths of 7 m and 5 m. Use the given information 
to determine as many of the length and angle measurements as possible in the diagram of the 
pattern below.

70°
7 m

5 m

A A

E

E B

B

15. Toula has a kite that has diagonals with lengths 48 cm and 60 cm, pictured below. Calculate the area 

of Toula’s kite using the formula for the area of a triangle,    
base × height

  _________________ 2    .

60 cm
48 cm

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy All 

16. Salvadore was planning to build a slanted garden feature for hanging plants with four 3 m beams  
of wood. He began by laying one along the ground and another that was raised at an angle of  68°  to 
the beam on the ground, pictured below.

3 m

3 m

68°

a. What shape could Salvadore make with his four identical beams, using the  68°  join? 
Salvadore marks the corners of the shape from part a with letters A, B, C, and D to help explain 
his plans to his friends.

3 m

C

BA

D

3 m

3 m

3 m

68°

d°

b. What is the size of the angle joining the beams at point D?
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c. To help stabilise his feature with structural supports, Salvadore is going to install an extra beam 
between points A and C, and another one between points B and D. At what angle will these two 
beams intersect?

d. What is the angle the structural supports from part c will make with the horizontal ground?
e. What sorts of plants can be displayed in a hanging garden?

17. Consider the isosceles triangles below.

A

A

E

E

C

C
B

D

a. If side    ̄  AE  =   ̄  EC   how do we know that  △ABE ≡ △BEC  and  △ADE ≡ △DEC  ?
b. How does your answer in part a demonstrate that the diagonals are perpendicular to each other 

in a kite and the diagonal    ̄  BD   bisects the angles  ∠ABC   and  ∠ADC  ?

A E C

B

D

c. How does your answer to part b demonstrate that the diagonals of a rhombus and square are 
perpendicular to each other and bisect the internal angles?

Extra spicy

18. A square is folded exactly in half and folded in half again. Which of the following could not be the 
resulting shape?

A. B. C. D. E.

19. A square is divided into three congruent rectangles.

The middle rectangle is removed from the square and placed on the side to 
create an octagon, see diagram.
What is the ratio of the length of the perimeter of the square to the length of the 
perimeter of the octagon?

A. 3 : 5 B. 2 : 3 C. 5 : 8 D. 1 : 2 E. 1 : 1

20. The perimeter of a regular decagon  P  is 8 times the perimeter of a regular octagon  Q .

Each edge of the regular octagon  Q  is 10 cm long.
How long is each edge of the regular decagon P?

10 cm

Not to scale:

Octagon Q Decagon P
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21. An equilateral triangle is surrounded by three squares, as shown.

What is the value of  a° ?

a°

Remember this?

22. There are 15 family members at an all you can eat restaurant for dinner.

The cost was $22.50 per person, plus $45 for the drinks.
Which of these shows how to calculate the total cost of the dinner in dollars?

A. 22.50 + 45 + 15
B. 45  ×  22.50
C. (22.50  ×  15) + 45
D. (45  ×  15) + 22.50
E. (22.50  ×  45) + 15

23. Jane created an equation  4𝑥 + 2 = 22 .

What does  𝑥 equal?

A. 2 B. 3 C. 4 D. 5 E. 6

24. This table shows the attendance of people at a festival.

Male Female

18-25 years old 554 624
25+ years old 432 390

What fraction of the females at the festival were 18–25 years old?

A.     390 _______ 2000   B.     625 _______ 2000   C.     624 _______ 1014   D.    390 _____ 554   E.    625 _____ 432   
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Chapter 7 extended application
1. A player is moving around the board shown below. Starting at  

any gem, the aim of this game is to collect all gems using the  
shortest path possible.

a. Describe the translation from gem A (15,20) to gem B (70,30).
b. Describe the translation from gem B to gem C (90,80).
c. Determine the type and properties of the quadrilateral formed 

by joining the points A, B, C and D with straight lines.
d. Using congruent triangles, prove that the direct distance from A 

to B to C is equal to the distance from A to D to C.
e. The shortest direct distance between any two gems is D to B. 

Starting at any gem on the board and moving in any direction, 
including diagonally, show the shortest path possible whilst 
collecting all gems. List the vectors describing this translation.

f. Board games often require us to use arithmetic and spatial reasoning.  
Name at least one game that can be won by applying maths.

20

20

A
B

D
C

40

60

40

y

x

80

100

60 10080

2. Ben is making a wooden puzzle for his daughter.  
He sketched the design below on a piece of A4 paper 
using a ruler, and he measured three of the angles 
using a protractor. The puzzle must be cut accurately, 
so that it fits perfectly when assembled the  
correct way.

a. Count the number of pieces in the puzzle.
b. Determine the sizes of angles A to F.
c. Determine the sizes of angles G to K.
d. Use different colours to identify the pairs of congruent  

shapes made by the lines in Ben’s design.
e. Determine the sizes of the interior angles of the shapes from part d.
f. Do you like to receive homemade gifts? Give a reason for your preference.

b°

f °

g° k°
j°

a°d°
h°

c°
i°

e°

32°

135°
131°

45°

77°

3. Ria and Dana have reached the tops of two mountains, 500 and  
400 metres tall. They will zipline along the blue lines down to camp 
and the cabin. The zip lines are equal in length in the view below.

a. Determine the distance between point A and the cabin.
b. Determine the distance between point B and camp.
c. The horizontal distance between the camp and the cabin is 600 m.  

Write an expression for the length of 𝑥 in terms of 𝑦.
d. Determine the lengths of 𝑥 and 𝑦, using the information provided.
e. Determine the distance between points A and B.
f. Name three things you should always take with you when 

going camping.

500 m

400 m

x m y m

Rita

Camp A B Cabin

Dana
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Multiple choice

1. Which option describes the relationship between  
the two angles in the following diagram?

A. Complementary
B. Supplementary
C. Vertically opposite
D. Alternate
E. Co-interior

2. What type(s) of triangle could the following triangle be  
classified as?

A. Scalene triangle
B. Acute angled triangle
C. Obtuse angled triangle
D. Options A and B
E. Options A and C

3. Which vector translated ABCD to its image?

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
−2

A’

B’

D’

C’

A B

D

C

A. (−1,−1) B. (1,4) C. (5,−4) D. (−5, 4) E. (5, 1)

4. Identify which shapes are congruent in the scaled diagram below.

E

A
B

C

D

A. B and E B. C and D C. C, D and E D. A, B and C E. C, D and E

7A

a°
b°

7B

102°

51°

27°

7C

7D,7F
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5. The following two scalene triangles are congruent. Which side is equal to 1?

50° 50°

Side A

Side B

Side C
1

A. Side A
B. Side B
C. Side C
D. Sides B and C
E. Impossible to determine from the given information.

Fluency

6. Determine the value(s) of the pronumeral(s), with reasons, for each diagram.

a. m°

163°

b.

p°

c.

37°

m° d.
103°

t° x°

7. Determine the value(s) of the pronumeral(s), for each diagram.

a.

f °

55°
b.

a°
104°

c.

a

D

B

3

C

A d. r° 145°

8. Determine the value(s) of the pronumeral(s), for each diagram.

a.

6 cm g cm

b.

m cm8 cm

c.

c°

74°

62°

d.

7 km

y km

d°

54°

7E

7A

7A

7B

	  Chapter 7 review 403

7

 



9. Translate.

a. The square ABCD by the vector    (  2,1 )    .

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
−2

A B

C D

b. The triangle ABC by the vector    (  −3,5 )    .

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
−2

A

BC

c. The point   B =  (  8,1 )     by the vector    (  1,10 )    . d. The point   D =  (  −7,−25 )     by the vector    (  10,11 )    . 

10. Perform the following transformations on the rectangle ABCD.

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−7

−8

−9

−3−4−5−6−7−8−9

4

5

6

7

8

9

2 3 4 5 6 7 8 9

y

x
−2

A

B

D

C

a. Reflect in the 𝑦-axis.
b. Reflect in the line  𝑦 = −2
c. Rotate clockwise by 270° about the origin.
d. Rotate clockwise by 270° about (0,1).

7C

7C
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11. Name the corresponding features in these congruent shapes.

a. The side in  △ABC  that corresponds to    ̄  XY  .
A B

X

Z Y

B

b. The side in  JKLM  that corresponds to side    ̄  EH  .
E F

H G

J K

M L

112°

112°

129°

129°

51°

51°

68°

68°

c. The vertex in TUVWXYZ that corresponds to 
vertex A.

A
B

C
D

E

X

W

VU

T

Y Z

F

G

d. All sides in WXYZ that could correspond with 
side    ̄  OP  .

M

N

P

O

Z

W

X

Y

12. Find the values of the missing side lengths or angles for the pairs of congruent shapes.

a. Side    ̄  BC  
C

BA 3

3

5

4

Y

X Z

b.  ∠HKJ 

D

C
H

I

JK

B

A

60° 49
49

35

57

57

67°

143°

c. Side    ̄  F′G′   

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
−2

A’

A

F’

F 17

G’

G

d.  ∠DAB .

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
−2

A B

D
D’

A’

B’
C’

C

113°

7D

7D
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13. Determine if the following triangles are congruent, with reasons.

a. 34

34 32

32 1515
b.

45

45

75

c.

7

7
4

4

23°

23°

d. 89°

56°
56°

10
10

89°

14. Determine the value(s) of the pronumeral(s). Explain using the congruence tests

a.

38°38°

g11

b.

K 72°
72°

72° 72°

72° 5

c.

10

14.5
36°

120°

120°

36°

d

d.

Z

60°

4

a°

15. Prove the following properties of the quadrilaterals below.

a.  ∠ABC = ∠ADC

 

A

B

C

D

b.    ̄  LP  =   ̄  MO  
L M

R

OP

c.  AB = BC .
A B

D C

E

d.  ∠ZWO = ∠XWO 

Z

W X

Y

O

7E

7E

7F
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Problem solving

16. At the local playground, the slide is at an incline of 30°. If the platform at the top of the slide 
is parallel to the ground, what is the angle between the slide and the ground?

30°
Slide

Platform

Ground

17. A pantry is being built into the corner of a kitchen as shown in the diagram. The second 
diagram shows the top of the pantry.

45°
45°

45°Pantry door

y°
y°

The walls of the kitchen are perpendicular to one another. Inside the pantry, the pantry 
doors form a 45° angle with the right-hand wall. Calculate the exterior angle that the pantry 
doors make along the left-hand wall ( 𝑦°).

18. Alistair and Zoe are playing a game of chess, but they don’t know the rules. The starting position  
of Alistair’s knight (K) at B2 and Zoe’s queen (Q) at D1 is shown below. Alistair makes two  
moves with his knight, which can be described by the vectors: (1,2), (−1,2). Then Zoe makes  
one move with her queen, which can be described by the following vectors (2,1), (−3,4). 
State the final positions of the knight and queen and determine whether they are next to 
each other.

A

8
7
6
5
4
3
2
1

B C D E F G H

K
Q

19. A decorative tiling pattern is made from congruent trapeziums. So far, the tiler has laid 
down sixteen tiles, as shown in the diagram below. If the tiler needs to create a row of tiles 
with a length of 200 cm, how many tiles do they still need to lay?

2 cm

3 cm

7A

7B

7C

7D
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20. Mahima wishes to make the following paper fan out of blue and yellow sticks which she 
will need to purchase. As the blue sticks are all identical, Mahima thinks that she will need 
nearly 50 cm of yellow sticks in total because  4.5 × 11 = 49.5.  Is Mahima correct? How can 
we verify her measurements?

16.36°

4.5 cm

12.8 cm

=

21. Pam has drawn a quadrilateral. Both diagonals bisect internal angles. If the diagonals are of 
equal length, prove that Pam’s quadrilateral must be a square.

Reasoning

22. A group of engineers are planning a bridge, as shown in the diagram below. The sides of  
the bridge are made from five congruent squares (orange), as well as eight identical 
supports (blue).

a. What is the value of angle  𝑥?

45° x°

b. Given that the five squares are congruent, can we conclude that all five squares have 
the same side length? Explain why or why not.

c. Consider the leftmost and rightmost triangles formed by the supports.  
Are they congruent? Justify your answer.

d. Consider the middle square. Prove that the blue supports bisect each other.

e. What are some different materials that could be used for bridge construction?

23. 

a. Rotate the points A, B, C and D clockwise  90°  around  O. 
b. Reflect the points A, B, C and D over the line  𝑦 = 𝑥, and then over the 𝑥 -axis.
c. Compare your answers in parts a and b to determine the new coordinates when    (  𝑥, 𝑦)     

is rotated 90° clockwise about the origin for any  𝑥 and  𝑦.

7E

7F

2

3

1
−1

−1

−2

−3

−3−4−5

4

6

2 3

y

x
4 5−2

B

A

DO

C

1

5
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Chapter 8 research summary
Statistics

Big ideas

Variation with expectation and randomness
This chapter will focus on students’ ability to make reasonable expectations about data sets using the mean, median, 
mode, range, and various types of visual representations such as histograms and stem and leaf plots. Statistical literacy  
is an essential skill for students inside and outside the classroom.

The language of statistics can cause many misconceptions for students. This chapter will use words such as mean, 
median, mode, range, and the names for various data types (numerical, categorical, discrete, continuous, nominal, 
and ordinal) which all take on new altered meanings. It is important that students understand not only the noun of 
statistics but also have clear definitions of the verbs. For example, the words ‘formulate’ questions, and ‘interpret’, 
‘analyse’, and ‘collect’ data are all verbs that have distinct meanings but vast agreements of what they mean in statistics.

It is up to the teacher on how students should learn the definitions for these words. Some students see success when  
the words are defined using student-friendly language before they work on statistical problems and then re-define 
the definitions after (Sutherland et al., 2022). While other students see success when they work on problems without  
any definitions beforehand and then learn the definitions later (Konold & Harradine, 2014; Watson, 2018).

This big idea is built upon a strong understanding of number, number properties, ratios and proportions.  
Therefore, understanding the connection between number, number properties, equality, and algebra is pivotal for 
future success in mathematics. Progress in this chapter and lessons such as probability impacts connection between 
probabilistic and statistical thinking and reasoning.

Variation with informal inference
This chapter will explore the concepts of different types of data and how data is collected. Students will understand 
how sampling and population affects data and draw inferences and conclusions of data.

Distribution of data within various visual representations is a powerful cognitive tool that allows learners to 
interact with complex ideas. When given data (created or collected), students work with variation, think about the 
context and model to determine what graphical representations are appropriate, and draw informal inferences 
(Pfannkuch et al., 2018).

While creating visual representations are relevant when students are learning statistics, digital technology can 
aid in the understanding of distribution and expectation (Watson, 2018). Students can develop an origin story of 
how the results came to be and create a deeper meaning of the results, without the constraints of having to create 
graphs or perform the experiment themselves (Watson, 2018; Konald & Miller 2015). For example, the digital tool 
Tinkerplot and Wolfram Alpha can create graphical representations of many different various search results.

Learning about statistics through the PPDAC cycle (Pose a question, Plan the investigation to answer that question,  
collect the Data, Analyse the data, draw a Conclusion and write a report), can be a lengthy and time-consuming practice,  
however worthwhile (Watson & English, 2015). Teachers must be aware that students benefit from their feelings  
of uncertainty, backtracking, frustration, and re-thinking certain points of the investigation and outcome as this 
leads to a stronger understanding of statistical reasoning (Watson, 2018).

This big idea is built upon a strong understanding of number, number properties, and statistical reasoning. 
Therefore, understanding the connection between probabilistic and statistical reasoning is pivotal for future 
success in each of these topics and for real life situations. For example, drawing inferences from data is a key to 
understanding sports scores, rates of loans, and election results.

Variation with distribution and expectation
This chapter will focus on students’ ability to interpret, create, and organise data to represent variation that occurs 
within statistics. Students will expand their existing knowledge of tables and tree diagrams to create and interpret 
frequency tables, pie charts, dot plots, and histograms in order to determine how data is spread out or distributed. 
Additionally, students will understand how to collect data, and the different types of data sources.
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Visual representations

Frequency tables
A frequency table is used to summarise the tally of unique data in a data set. 
Some statisticians analyse very large sets of data. Frequency tables are a 
useful way to group these large data sets for easier analysis.

Category Tally Frequency

<Category 1> iiii iiii iii 13

Pie charts
A pie chart is used to show the frequency of unique data in the form of a 
percentage and splits categories up into sectors that represent proportions  
of each category.

Green

Yellow

Orange

Blue

Purple

Dot plots
A dot plot is used to display a visual frequency by stacking equally sized and 
spaced dots to represent the frequency of each unique data in a data set.  
By keeping the dots equally sized and spaced, it is easy for us to determine  
the mode of the data by visual inspection of the tallest stack.

2

0

4

6

8

10

12

Green Yellow Orange Blue Purple

When students collect data, they often rely on their intuitions about samples and fairness rather than considering the  
likelihood of the sample being representative and unbiased (Watson, 2018). Rather than students collect data themselves,  
one way to promote the thinking and rich discussion of unbiased sampling is to give data to students to make informal  
inferences or from self-generated statistical inquiries (Watson, 2018; Meletiou-Mavrotheris & Paparistodemou, 2015).

Students can often have underdeveloped expectations and representatives of mean (Watson, 2018). Some students 
recognize the algorithm, but cannot apply this to open-ended questions, and visual representations such as box 
plots due to density of the data rather than the size of the box (Watson, 2018). Students can already intuitively 
look at data and understand how the data is ‘clumped’ and the shapes of clusters and distribution (Watson, 2018). 
Talking about ‘clumps’ of data rather than formal language and using inquiry based learning experiences can 
support the conceptions of central tendency (Konold & Harradine, 2014; Watson, 2018).

This big idea is built upon a strong understanding of number, number properties, and statistical reasoning. 
Therefore, understanding the connection between probabilistic and statistical reasoning is pivotal for future success 
in each of these topics. Progress in this chapter and lessons such as statistics impacts the big ideas of probability.
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Histograms
Histograms contain data grouped in exclusive intervals, and have no gaps 
between the bars. Histograms can be symmetric, skewed, or bi-modal.

0
2
4
6
8

10
12
14
16

2 4 6 8 10

Stem-and-leaf plots
A stem-and-leaf plot is used in a similar way to dot plots and column graphs. 
A stem-and-leaf plot allows visualisation of data in horizontal stacks, but also 
retains the integrity of each individual data value for future analysis. A key is 
always included with a stem-and-leaf plot.

9
Stem

3 | 4 = 34
Key

1 2 2 3 4
4 5 9

7
0
4
1
7

0
Leaf

1
2
3
4
5

Misconceptions

Misconception Incorrect Correct Lesson

Students think that number-
based data is always numerical.

Rating out of 5 is numerical because 
it is number based.

Rating out of 5 is categorical ordinal 
because that data is ordered into 
categories.

8A

Students think that word based  
data is always categorical. Excellent Very

good
Satisfactory Ok Poor

The rating is categorical because it is 
word-based.

Excellent Very
good

Satisfactory Ok Poor

The rating is categorical ordinal 
because the order matters.

8A

Students think that primary 
data does not have to be 
gathered first hand because  
it is raw and unfiltered.

Public archives that are accessed by  
citizens is primary data because it is  
raw data gathered by the government.

Public archives that are accessed by 
citizens is secondary data because it 
was not collected by the citizens.

8A

Students think all sample sizes 
should be  30 .

Minimum sample size for any 
population is  30 , therefore the 
minimum sample size for a 
population of  2000  is  30 .

Minimum sample size of  2000  is
 ≈  √ 
_

 2000   
 ≈ 45 

8B

Students use sampling 
techniques that lead to biases.

Surveying a random group of people 
walking by about local playgrounds  
is not biased, because the sample  
is random.

Surveying a random group of passers 
by about local playgrounds is biased. 
The sample must consist of parents, 
childrens, or people who use the  
local playground for the survey to  
be meaningful.

8B
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Misconception Incorrect Correct Lesson

Students do consider place 
value when interpreting stem-
and-leaf plots.

Stem Leaf Key

8 4 9 | 0 = 90

9 5

10 3

The number highlighted is 3.

Stem Leaf Key

8 4 9 | 0 = 90

9 5

10 3

The number highlighted is 103.

8C

When the data set contains 0, 
students do not write this in 
the stem and leaf plot.

{0, 1, 2, 3, 16, 23}

Stem Leaf Key

0 1 2 3 9 | 0 = 90

1 6

2 3

{0, 1, 2, 3, 16, 23}

Stem Leaf Key

0 0 1 2 3 9 | 0 = 90

1 6

2 3

8C

Students put gaps between the 
bars of a histogram.

1
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8D

Students group data in 
overlapping or incomplete 
intervals.

Group the data in exclusive class 
intervals of size 2    {  21, 25, 28, 29, 29,  
30, 31, 31, 31, 33, 35 }    
 21−23 
 23−25 
 25−27 
 27−29 
 29−31 
 31−33 
 33−35 

Group the data in exclusive class 
intervals of size 2    {  21, 25, 28, 29, 29,  
30, 31, 31, 31, 33, 35 }    
 21−<23 
 23−<25 
 25−<27 
 27−<29 
 29−<31 
 31−<33 
 33−<35 

8D

Students do not consider the 
interval when grouping values.

15 cm is in the interval  10−<15 15 cm is in the interval  15−<20 8D

Students assume that the 
mean and median are always 
the same value.

   {  1, 3, 7, 8, 11, 11, 12, 15, 17 }    
Median = 11
Median = mean
Mean = 11

   {  1, 3, 7, 8, 11, 11, 12, 15, 17 }    
Median =  11 

Mean =    85 ____ 9    = 9.44 

8E

Students assume that all  
the averages are affected  
by outliers.

The mean, median, and mode are all 
affected by outliers.

The mean is generally the only 
average that is significantly affected 
by outliers.

8E

Students find the median of 
unordered data.

   {  7, 5, 8, 1, 3, 4, 5, 7 }    

Median  =   1 + 3 _______ 2    =   4 __ 2   = 2 

   {  7, 5, 8, 1, 3, 4, 5, 7 }    
{ 1, 3, 4, 5, 5, 7, 7, 8 }

Median  =   5 + 5 _______ 2    =   10 ____ 2    = 5 

8E
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Misconception Incorrect Correct Lesson

Students treat the stem and 
leaf as individual numbers 
when calculating mean, 
median, mode or range.

Stem Leaf Key

5 9 10 | 2 = 102

6 3 5  customers

7 0 2

Mean:

   5 + 9 + 6 + 3 + 5 + 7 + 0 + 2   ____________________________________  8    

 =   37 ____ 8    = 4.625 

Range:  2 − 9 = −7 
Mode:  5 
Median:

Stem Leaf

5 9

6 3 5

7 0 2

   Median 3 + 5  ___________ 2    = 4 

Stem Leaf Key

5 9 10 | 2 = 102

6 3 5  customers

7 0 2

Mean:

   59 + 63 + 65 + 70 + 72   _____________________________  5    

 =   329 _____ 5    = 65.8 

Range:  72 − 59 = 13 
Mode:  None 
Median:

Stem Leaf

5 9

6 3 5

7 0 2

Median = 65

8E
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Classifying data8A

Key ideas

1. Sampling can be used to statistically analyse a population. A sample is a selected group from  
an entire population. Data can be collected using a census or a survey.

A census is used to collect
data from the population

A survey is used to
collect data from a sample

Sample

Population

Continues →

Classifying data is the process by which we organise data so that it can be  
used efficiently. Data can be numerical or categorical, drawn from a sample  
or population, and come from a primary or secondary source.

LEARNING INTENTIONS

Students will be able to:
 • define the terms population, sample, survey, and census

 • understand the difference between primary and secondary data sources

 • determine whether a variable is numerical discrete, numerical continuous,  
categorical nominal or categorical ordinal.

KEY TERMS AND DEFINITIONS

Numerical data is quantitative data that can either be discrete or continuous.

Categorical data is descriptive information and separated into groups.

A variable is a quantity that changes and can include qualities that are 
given numerical values.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: GRADIENT BACKGROUND/Shutterstock.com

Data classification plays an important 
role in our everyday lives. From 
customer satisfaction surveys to more 
complex processes, such as email 
filtering systems, data is constantly 
being gathered and analysed around us.
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2. Variables can be descriptive or quantitative.

Categorical
ordinal

Order matters

A number

Variable is...

A description

Order doesn’t
matter

Categorical
nominal

Numerical
discrete

Numerical
continuous

Categorical
ordinal

Categorical
nominal

Descriptive
E.g. rating,

phone number

Counted
E.g. number of

people in a family

Measured
E.g. length

Order matters
E.g. income

bracket

Order doesn’t
matter E.g. type

of pet

1 2 3

4 5 6

7 8 9

* 0 #

Worked example 1

Defining the sample and populatio

For each of the following

i. State whether a sample or population is being used.
ii. State the name of the method used for data collection.

a.  100 randomly selected 13-year-olds from around Australia were asked to complete an online task  
as part of a study on reaction times.

Working thinking

A sample of 100 13-year-olds in Australia  
is being used.

i. Identify whether the whole group (population)  
or part of the group (sample) is included.

The reaction times were collected using a survey. ii. State whether a survey or census is used to obtain 
data. A survey is used to collect data from samples.

Visual support

Population

Sample

100 13-year-
olds in Australia

All 13-year-olds in Australia

Continues →

WE1a
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Worked example 2

Defining ypes of data

For each of the following, state whether primary or secondary data is being used.

a. A school using a questionnaire they sent to every student to make uniform changes.

Working thinking

The school is using primary data. Identify whether the data is collected firsthand or by  
an external source. Firsthand data is a primary source.

Visual support

Gathered firsthand?

The school is using primary data
to make uniform changes

Yes, the school sent
a questionnaire

Not gathered firsthand?

The school is using secondary data
to make uniform changes

Data is...

b. A high school student using public records for a maths assignment.

Working thinking

The student is using secondary data. Identify whether the data is collected firsthand or  
by an external source. Data not collected firsthand  
is a secondary source.

WE2a

Continues →

WE2b

b. A school sends out a questionnaire about the uniform to every student in the school.

Working thinking

The data comes from the population of students. i. Identify whether the whole group (population)  
or part of the group (sample) is included.

The school is using a census. ii. State whether a survey or census is used to obtain  
data. A census is used to collect data from populations.

Student practice

For each of the following
i. State whether a sample or population is being used.
ii. State the name of the method used for data collection.

a. A journalist asks 30 random people on the street for their opinions of local politicians.

b. All the residents in a rest home are asked to rate the new dinner menu.

WE1b
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Student practice

For each of the following, state whether primary or secondary data is being used.

a. Jack measures the pH levels in his tropical fish tank every day and keeps records of the data.

b. Miriam uses the data from a DNA ancestry website to complete her family tree.

Worked example 3

Organising data

For each of the following

i. State the variable.
ii. Determine whether the variable is numerical discrete or continuous, categorical nominal or ordinal.

a. A computer game company obtains data on reaction times, in milliseconds.

Working thinking

The variable is reaction times, in milliseconds. i. Determine which quantity or quality is being 
measured, counted, or observed.

Reaction time is a numerical continuous variable. ii. Determine whether the variable is numerical  
or categorical first, then whether it is counted  
or measured, if it is numerical.

Visual support

A number

Variable is...

A description

Descriptive Counted Measured

Numerical
discrete

Numerical
continuous

Order
matters

Order doesn’t
matter

Categorical
ordinal

Categorical
nominal

Categorical
ordinal

Categorical
nominal

Order matters Order doesn’t
matter

b.  The CEO of a company asks employees to rate their work happiness on a whole number scale from  
1 to 10.

Working thinking

The variable is happiness rating as a whole number  
out of 10.

i. Determine which quantity or quality is being 
measured, counted, or observed.

Work happiness is an categorical ordinal variable. ii. Determine whether the variable is numerical  
or categorical first, then whether it is counted  
or measured, if it is numerical.

WE3a

WE3b

Continues →
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8A Questions

Understanding worksheet

1. For each of the following, determine whether a sample or the population is being used.  
Circle the correct option.

Example

Sample

Population

Image: angellodeco/Shuttertock.com

a. Sample

Population

Image: Happy_Nati/Shuttertock.com

b. Sample

Population

Image: mundissima/Shuttertock.com

c. Sample

Population

Image: Beekeepx/Shuttertock.com

d. Sample

Population

Image: Rich Carey/Shuttertock.com

Student practice

For each of the following
i. State the variable.
ii. Determine whether the variable is numerical discrete or continuous, categorical nominal or ordinal.

a. A teacher gets the students in their maths class to measure their arm spans, in centimetres.

b. A teacher asks their students to rate an activity out of 5 stars through an anonymous survey.
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2. Determine whether the following will result in numerical or categorical data.  
Circle the correct option.

Example

Numerical

Categorical

a. Numerical

Categorical

b. Numerical

Categorical

c. Numerical

Categorical5 4 3 2 1

d. Numerical

Categorical

3. Fill in the blanks by using the words provided.

numerical categorical continuous discrete sample population

We can use a  to statistically analyse a  . Data we 

obtain can be  or categorical. Numerical data is either counted, in which case it is 

 , or measured, in which case it is  .   

data can be word or number-based and is descriptive in nature.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 7

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7

4. For each of the following

i. State whether a sample or population is being used.
ii. State the name of the method used for data collection.

a. Everyone in the house getting to vote on which board game to play next.
b. Trying flavours of ice cream before you decide which one you would like to buy.
c. Watching trailers of movies to decide which one you and your friends would like to go to.
d. A scientist gathering soil to analyse the types of minerals present in the area.
e. Every second shopper at a supermarket is asked if they would like to try out a new 

product for free.
f. A referendum where everyone in a country gets to vote on a new law change.
g. Reading online reviews on a specific website to make a decision about your next  

holiday destination.
h. A shop owner using an automatic counter above the entrance to keep track of how many 

customers come in every day.

WE1
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5. For each of the following, state whether primary or secondary data is being used.

a. Using Wikipedia to look up information for an assignment.
b. Keeping a diary to write down your thoughts every day.
c. A sports team changing their name based on poll results gathered on their official site.
d. A journalist publishing an interview they conducted with a movie star.
e. Making a post online about something that happened to you.
f. A doctor prescribing medicine using laboratory test results for reference.
g. Using the photographs you took in Europe to tell people about your holiday.
h. A police officer using a portable speed camera to monitor the speeds of cars driving past.

6. For each of the following

i. State the variable.
ii. Determine if the variable is numerical discrete or continuous, categorical nominal or ordinal.

a. Asking each member of your household what their favourite food is.
b. Suparna keeping a record of how fast she can solve a Rubik’s Cube every day.
c. Song Hee recording her daughter’s height on the wall every year.
d. A birdwatcher keeping a log of the types of birds they see in the park.
e. A personal trainer keeping a log of how many crunches their client can do every session.
f. Making a class birthday calendar to put on the wall in your homeroom.
g. A marine biologist monitoring the temperature of a salt water lake every day for a month.
h. A car park monitoring the registration numbers of all the cars that come in and out of 

the building.

7. A Likert scale is often used to measure attitudes and opinions. A version of it is shown below visually,  
as well as on a spectrum.

Strongly disagree Strongly agree

Which of the following words is the most appropriate to fill in the blank space on the scale above?

A. Disagree B. Neutral C. Agree D. Likely E. Dissatisfied

Spot the mistake

8. Select whether Student A or Student B is incorrect.

a. Determine if the National Archives of Australia website is a primary or secondary data source 
for a school assignment.

Student A

It is a primary data source because it is raw and has not 
been analysed by anyone else before the student.

Student B

It is a secondary data source because although it is raw, 
it was not gathered firsthand by the student.

WE2

WE3
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b. Determine whether car number plates represent categorical ordinal or categorical nominal data.

123 EDL
VICTORIA - THE EDUCATION STATE

Student A

They represent categorical nominal data because 
they are randomly generated and used for 
identification only.

Student B

They represent categorical ordinal data because  
the numbers and letters have an order.

Problem solving
Question working paths

Mild 9, 10, 11 Medium 10, 11, 12 Spicy 11, 12, 13 

9. Mr Aykroyd is a Year 8 coordinator and wants to get feedback about recent uniform changes from 
the students. Should he use a sample or the population to conduct his investigation?

10. Eddie wants to investigate how long his classmates spend on homework every night.  
State the variable of this investigation, with appropriate units, and determine its type.

11. Ying is trying to decide what kind of outfits she needs to pack for her trip to Bali. She does some 
research online on the kind of weather to expect during the time of the year she will be visiting.  
Is Ying using primary or secondary data sources to make her decision?

12. A confectionery company weighs every second bag of gummy worms on the production line to make 
sure it matches with what it says on the packet. What is the sample and population of this process?

13. Donnie has to complete an assignment on the most popular music in the year he was born. To obtain 
the appropriate data, should Donnie just talk to his parents and relatives or go online to look up top 
ten hits from the year he was born?

Reasoning
Question working paths

Mild 14 (a,b,c,e) Medium 14 (a,b,c,e), 15 (a,b) Spicy All 

14. As part of a study on the extracurricular activities of  
Australian teenagers, a group of 50 people aged 13 to 16 
were given the questionnaire shown in the table.

a. What is the sample and population of this study?
b. State the variable resulting from question 3 and 

suggest appropriate units for it.
c. Which of the questions will result in categorical 

nominal data?
d. Once the study is complete, the results are published 

on a website. Mr Cronenberg is a maths teacher who 
would like to use some of this data in his lessons.  
Is Mr Cronenberg using primary or secondary data?

e. List two extra-curricular activities 13 to 16 year olds 
may be involved in. 

Question # Question

1 How old are you, in years and months?

2 Are you involved in extracurricular 
activities this year?

3 How much time per week do you spend 
on extracurricular activities?

4 What is your favourite activity?

5 Rate the importance you place on 
extracurricular activities as a whole 
number out of 10.

6 How likely are you to continue pursuing 
your favourite activity again next year?
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15.  1, 1, 5, 3, 2, 7, 7, 6, 3, 5, 4, 1, 2, 8, 7, 9, 2, 4, 5 

a. Put the above data in any order and classify it as numerical continuous, numerical discrete, 
categorical nominal or categorical ordinal.

b. Group the data by breaking it up into categories of your choice and classify it as numerical 
continuous, numerical discrete, categorical nominal or categorical ordinal.

c. Compare your answers for parts a and b and determine which aspects of data sets help  
with classification.

Extra spicy

16. An online content provider is trying to come up with some ideas for a new teenage drama series. 
Which of the following sample groups is the most appropriate for their focus group?

A. 50 primary school students
B. 2 secondary school students
C. 25 adults and 25 secondary school students
D. 30 secondary school students
E. 20 adults and 30 three-year-olds

17. From the questions listed below, choose the most appropriate for obtaining census data on 
education levels around the country.

A. Did you graduate from a university?
B. List all of your qualifications in the space provided.
C. What is the highest qualification you currently hold?
D. What is your current occupation?
E. What is your annual income?

18. The variable describing the area of a house is metres squared, what type of variable is this?

19. If possible, it is always much better to use the target population as opposed to a sample for  
statistical analysis. What is the main reason for this?

Remember this?

20. There are  27 853  people at a BTS concert. One-quarter of them are over the age of  25 . Which of these 
is the closest to the number of people at the concert who are over  25 ?

A.  70 B.  700 C.  800 D.  7000 E.  8000 

21. Junji spent  95%  of his money on comic books. The comic books cost  $250  in total.

How much money does Junji have left after he bought the books?

A.  $13.16 B.  $62.50 C.  $187.50 D.  $250 E.  $312.50 

22. Matthew recorded how many cars were parked in the car park  
next to his fish and chip shop. He created a column chart of the 
results below.

In total, he recorded 100 cars that day. How many cars were 
parked next to the fish and chip shop at 2 pm?

A.  6 
B.  20 
C.  40 
D.  60 
E.  80 

10:00 am 11:00 am 12:00 pm 1:00 pm 2:00 pm

Cars parked
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Collecting data8B

Key ideas

1. Sample size must be representative of the population.

1000 or less

Sample size ≥ 30 Sample size ≈ √Population size

More than 1000

Size of population

2. When an unbiased random sample is selected, each member of the population has an equal chance of 
being picked.

Population

1 2 3 4 5 6

7 8 9 10 11 12

Sample is selected in no particular order

Sample

2 6

9 12

Collecting data is an essential part of statistical research. Carefully chosen 
sampling techniques can help us gather data on a population, thus avoiding 
the time and expense of conducting a census. In order to draw meaningful 
conclusions from a sample, it must be appropriately sized and selected.

LEARNING INTENTIONS

Students will be able to:
 • understand that a sample has to be representative of the population  

in order for the conclusions to be meaningful

 • determine whether a sample contains bias

 • analyse the strengths and weaknesses of sampling as a data 
collection method.

KEY TERMS AND DEFINITIONS

A population refers to the entire group that the conclusions of the study 
are applied to as opposed to part of the group.

A sample, or sampling, refers to the collection of data from a small group 
that is representative of the population.

Statistical bias occurs when a sample is not representative of the  
target population.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: SmartPhotoLab/Shutterstock.com

Sampling at the very basic level helps 
us make financial decisions, such as 
buying furniture or painting the house. 
Retailers often rely on samples to 
showcase and sell products. 
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Worked example 1

Sampling techniques

Determine which of the given methods will produce a random sample that is representative of the population.

a.  Conducting a survey about the well-being of staff in a company with just over 100 workers.
 Method 1: Sending an anonymous survey link to ten random employees.
 Method 2: Sending an anonymous survey link to thirty random employees.

Working thinking

Method 2 Determine which of the two given methods uses a sample 
size appropriate for a population of just over 100. 

Visual support

1000 or lessThe population size is
approximately 100

Sample size must
be at least 30

Sample size ≥ 30 Sample size ≈ √Population size

More than 1000

Size of population

b.  Picking participants for a survey on employment satisfaction.
 Method 1: Interviewing people in the central city at lunchtime on a Wednesday.
 Method 2: Interviewing people walking out of a school on a Friday afternoon.

Working thinking

Method 1 Determine which of the two given methods ensures that 
a sample is taken from the target population and will not 
introduce bias based on location.

c.  Selecting students from a school of 400 for a survey on school facilities.
  Method 1: Picking every second entry on an alphabetical roll of students’ names until 50 students are selected  

in total.
 Method 2: Putting all of the students’ names in a box and picking 50 names out one by one without looking.

Working thinking

Method 2 Determine which of the two given methods ensures that 
each member of the population has an equal chance of 
being chosen for the sample.

Student practice

Determine which of the given methods will produce a random sample that is representative of the population.
Selecting a sample for a study on average household income.
Method 1: Putting an ad on the internet asking for participants in exchange for a $50 supermarket voucher.
Method 2: Using the household income data gathered by the Australian Bureau of Statistics to randomly select  
a sample.

WE1a

WE1b

WE1c
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Worked example 2

Biased sampling

Determine the source of bias in the described sampling methods.

a.  Conducting a survey about the well-being of staff in a company with just over 100 workers.
 Data was collected by sending an anonymous survey link to 10 random employees.

Working thinking

The method will produce a sample that is too small  
to be representative of the population.

Check if the described data collection method will 
produce an appropriately sized sample representative  
of the whole target population. 

Visual support

The sample only includes 10 people

The sample must include at least 30 people

b.  Picking participants for a survey on career satisfaction.
 Data was collected by interviewing people walking out of a school on a Friday afternoon.

Working thinking

The method will produce a sample which is not 
representative of the target population of employed 
adults due to the location of the survey.

Check if the described data collection method will 
produce an appropriately sized sample representative  
of the whole target population.

c.  Selecting students from a school of 400 for a survey on school facilities.
  Data was collected by picking every second entry on an alphabetical roll of students’ names until 50 students 

were selected in total.

Working thinking

The method will produce a sample where only the  
first 100 people on the school roll have a chance of 
being selected.

Check if the described data collection method will 
produce an appropriately sized sample representative  
of the whole target population.

Student practice

Determine the source of bias in the described sampling method.
Selecting a sample for a study on average household income.
Data was collected from participants in exchange for a $50 supermarket voucher.

WE2a

WE2b

WE2c
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8B Questions

Understanding worksheet

1. Pick the correct sample size option for each population.

Example

Population description Population size Sample size ≥ 30 Sample size ≈   √ 
___________

  (population size)   

All the people attending a 
footy game

35 000 ✔

Population description Population size Sample size ≥ 30 Sample size ≈   √ 
___________

  (population size)   

a. Every person who lives in 
Melbourne.

5.1 million 

b. All the people who have 
travelled to space.

566

c. All the billionaires in the world. More than 2700

d. A current Year 8 cohort in an 
Australian secondary school. 

50–400 

2. Determine if the samples will be biased using the given descriptions.

Example

Sample description Biased Unbiased

The supporters at a children’s soccer game are asked to complete a survey on the 
average number of children.

✔

Sample description Biased Unbiased

a. 3 random people in Australia are asked to complete a government survey about the 
Prime Minister.

b. A random group of people at a shopping centre are surveyed about the shops they visit 
most often.

c. 500 Northern Territory residents are asked to complete a survey about public transport 
in Victoria.

d. 2 people from each year level at a secondary school are chosen randomly to complete 
an anonymous survey about the principal.

3. Fill in the blanks by using the words provided.

thirty equal randomly representative

With the right sampling techniques, a  sample can be drawn from the population.  

The sample must have a size of at least  for a population under 1000. It must be chosen 

 and fairly, so that every member of the population has an   

chance of being selected.
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Fluency
Question working paths

Mild 
4 (a,b), 5 (a,b), 6 (a,b), 7 (a,b,c,d), 8

Medium 
4 (b,c), 5 (b,c), 6 (b,c), 7 (c,d,e,f), 8

Spicy 
4 (c,d), 5 (c,d), 6 (c,d), 7 (e,f,g,h), 8

4. Determine which of the given methods will produce a random sample that is representative of  
the population.

a. Conducting a study on the kind of chores your peers do at home by
Method 1: Asking your closest four friends at school to complete a questionnaire.
Method 2: Asking everyone in your homeroom at school to complete a questionnaire.

b. Conducting a study on your workmates’ favourite sport by
Method 1: Sending a link to an anonymous survey about sport to everyone you work with.
Method 2: Asking the same small group of six people you sit with at lunch what their 
favourite sport is.

c. Surveying university students about their employment status by
Method 1: Posting an ad on the university notice board asking for 100 participants for 
your study.
Method 2: Spending an hour walking around university on a weekday and interviewing  
20 random students.

d. Working out the average size of fish in a lake you visit by
Method 1: Weighing three fish you have caught in one trip and using this data to work out their 
average mass.
Method 2: Weighing every fish you have caught in the lake over at least five fishing trips and 
working out their average mass.

5. Determine which of the given methods will produce a random sample that is representative of the population.

a. Researching the popularity of the school library by
Method 1: Asking people in the library at lunchtime how often they come to the 
library per week.
Method 2: Asking a random group of students across the school how often they visit the 
school library.

b. Researching the average number of people in an Australian family by
Method 1: Using census results on household numbers from the Australian Bureau of Statistics.
Method 2: Putting a questionnaire about family in every household’s letterbox on your street.

c. Researching the number of hours of exercise that 14-year-olds complete each week by
Method 1: Surveying students as they enter the school in the morning.
Method 2: Surveying all the players at footy training.

d. Investigating the age at which the children in your suburb first started using digital devices by
Method 1: Visiting a grade one class at the local primary school to ask the children.
Method 2: Asking parents to complete a survey in a local Facebook group.

6. Determine which of the given methods will produce a random sample that is representative of the population.

a. Investigating the most popular music genre in Australia by
Method 1: Searching in the Spotify music app for top played songs in Australia.
Method 2: Asking a large number of students at school.

b. Researching the number of hours of sleep high school students get by
Method 1: Going to the city and surveying the sleeping habits of anyone who looks under 18.
Method 2: Sending a link to an anonymous survey about sleep through to the school email 
system to everyone at your school.

WE1a

WE1b

WE1c
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c. Studying the average age that people get married in Victoria by
Method 1: Asking people at the local church about when they got married.
Method 2: Checking the Australian Bureau of Statistics website for data on the ages of Victorians 
at the time of their weddings.

d. Studying the wages of workers across different countries by
Method 1: Surveying tourists on the street and asking them about average wage in their 
home country.
Method 2: Surveying friends whose parents are immigrants for information on wages in their 
home country.

7. Determine the source of bias in the described sampling methods.

a. Researching the most popular mobile games among teenagers by asking your teenage  
male relatives.

b. Researching the number of siblings people at your school have by writing down what you 
remember about your friends’ families.

c. Finding the percentage of people in New South Wales who have been to university by asking 
people in Sydney central city about their education levels.

d. Finding the average lifespan of large dogs by interviewing people about their dogs at the 
greyhound rescue group.

e. Researching the average number of kittens a cat has by recording how many kittens were in 
your pet cat’s last two litters.

f. Finding out how much water adults drink per day by asking five of your teachers about it 
at school.

g. Gathering one cup of water from the Pacific Ocean for a study on the presence of microbeads in 
the world’s oceans.

h. Conducting research on the numbers of students involved in extracurricular activities by asking 
for volunteers for your survey.

8. A cafe changes their opening hours after surveying all of their customers who get coffees on the way to  
work in the morning for a week. Determine the source of bias of this sampling method.

A. The sample is too small.
B. The sample was selected in the wrong location.
C. The sampling method was not fair or random.
D. The sample was not chosen from the right population.
E. The sample is not biased.

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Choose an appropriate sample size for a population of 3000.

Student A

Sample size for any population  ≥  30
Therefore, an appropriate sample size is 30.

Student B

For a population of over 1000:

sample size  ≈  √ 
____________________

   (  population size )     
So, for a population of 3000:
sample size  ≈  √ 

_
 3000   = 54.8 ≈ 55 

Therefore, an appropriate sample size is 
approximately 55.

WE2
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b. Suggest a location for gathering a sample of soil to study the effects of mining on the Australian environment.

Student A

The soil sample should be taken from a rural area 
in Australia close to a mining site and away from 
major cities.

Student B

The soil sample can be taken from anywhere  
in Australia.

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Miriam is a scientist who lives in New Zealand and likes to birdwatch every day. She keeps a record 
of all the native birds she sees when she travels around the country. What is the target population of 
Miriam’s research?

11. The director of a large company is organising a staff lunch. She wants to know if the employees have 
any dietary requirements before booking a caterer. Explain why she must use the population as 
opposed to a sample of her employees in order to get this data.

12. Marco is planning on travelling to Thailand. He gathers data on yearly rainfall and finds that the 
probability of heavy rain on any day in Thailand is 34%. The majority of rainfall in Thailand occurs 
during the monsoon season late in the year, whereas Marco is travelling there in March. Did Marco’s 
data provide him with a meaningful conclusion relevant to his situation? Explain your reasoning.

13. Dawn has found that out of the 100 cars that passed her house on a Friday evening between 8 pm 
and 10 pm, two were speeding. She presents her findings to the local council and asks for speed 
bumps to be installed due to the high likelihood of drivers speeding on her street. Does Dawn’s 
survey support her claim? Explain your reasoning.

14. Callum is an engineer at a robotics company. His job is to test every third robot on the assembly line 
over the course of a month. If a total of 1500 robots were produced that month, find the number of 
robots in Callum’s test sample and comment on whether it is representative of the population.

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. Luke is studying film at university and would like to find the top ten films  
of all time based on a sample of 50 of his peers. He records the following 
responses to the question ‘Which of the listed movies is your favourite of 
all time?’.

a. According to Luke’s survey results, which of the listed films is the 
most popular?

b. What is the target population of Luke’s survey?
c. Is the sample chosen by Luke likely to be representative of the  

target population? Explain your reasoning.
d. Identify at least one problem and/or source of bias in Luke’s 

sampling and survey methods and suggest an improvement.
e. With the introduction of new technology, we have unlimited access 

to any media we desire, including movies, TV, and video games.  
List one advantage and disadvantage of having such a variety of 
content at your fingertips.

Movie Frequency

2001: A Space Odyssey 18

Casablanca 0

Citizen Kane 2

The Godfather 7

Gone with the Wind 0

Parasite 7

Shawshank Redemption 5

Singin’ in the Rain 1

Spirited Away 8

Vertigo 2
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16. Determine whether the following samples are representative of the target population.

a. A group of pensioners participate in a study on average reaction times.
b. A group of pensioners participate in a study on average reaction times of people over 65.
c. Compare your answers for parts a and b and give reasons for your decisions in each case.

Extra spicy

17. The current population of the world is 7.753 billion people. Which of the following random sample 
sizes is representative of the world’s population?

A. 30 people
B. 3500 people
C. 88 000 people
D. 3.5 million people
E. 2.5 billion people

18. If the population of the world was reduced to 100 people, 26 of them would be children.  
How many children would you expect to find in a random sample of 5000 people?

19. A sample was selected by approaching 15 random people in the city every day for 5 days.  
What is the most suitable population size for this sample?

A. 50 B. 75 C. 150 D. 5500 E. 15 000

20. Todd is an editor who is checking every third page of a book with 364 pages. He finds mistakes on 
4 of the pages he checks. He has to return the book to the writer for revisions if the percentage of 
pages with mistakes in his sample exceeds 4%. Calculate the percentage of pages with mistakes in 
Todd’s sample and state whether he should return the book for revisions.

Remember this?

21. Sarah is painting a fence with a total area of 92 m2. Each square metre requires two litres of paint. 
If the hardware store only sells the paint Sarah needs in three litre tins, then how many tins will she 
need altogether to paint the whole fence?

A. 60 B. 61 C. 62 D. 63 E. 64

22. An adult’s ticket to an amusement park costs 1.5 times as much as a child’s. If a family of 2 adults and 
2 children paid $120 for all their tickets, then what is the price of a ticket for 1 child?

A. $24 B. $30 C. $36 D. $40 E. $48

23. Matthew would like to open a fish and chip shop. He wants to estimate the number of cars that drive 
past the corner shop he wants to lease every day during lunchtime. Which method of data collection 
should he use?

A. Count the number of cars in the car parks close to the shop during lunchtime.
B. Ask his friends about how often they drive past the corner at lunchtime.
C. Survey other businesses around the shop about how many customers they get in at lunchtime.
D. Count the number of cars that drive past the shop on a random day in the week during lunchtime hours.
E. Count the number of cars that drive past the corner shop every day between 12 pm and 2 pm for a week.
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Interpreting data displays8C

Key ideas

1. A frequency table can be used to record and organise data.

Category Tally Frequency

<Category 1> IIII IIII III 13

Tally is converted to a numerical 
value, i.e. frequency

2. Displays can be used to visualise data for different purposes.

9
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Favourite colours

Colours

Green Yellow Orange Blue Purple

Favourite colours

A pie chart splits categories up into sectors
that represent proportions of each category.

A dot plot shows the frequency
of data points.

A stem-and-leaf plot shows
the overall shape of data.

Green

Yellow

Orange

Blue

Purple

Raw data alone does not provide us with useful information until we statistically 
analyse it. Data displays can reveal insights that we can use to draw meaningful 
conclusions. Different types of data are suited for a variety of charts and displays 
and it is important to know how to read and interpret them.

LEARNING INTENTIONS

Students will be able to:
 • interpret frequency tables

 • interpret dot plots, pie charts, and stem-and-leaf plots.

KEY TERMS AND DEFINITIONS

Frequency refers to how many times something occurs.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

The entertainment industry relies 
heavily on data analysis. Lists of top  
songs and movies provide consumers 
and companies with reliable information.  
Artists who top the charts are able 
to demand higher payments for 
performances and merchandise.
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Worked example 1

Interpreting frequency tables

The following table shows the tallied votes for favourite Pokémon characters.

Favourite Pokémon character Tally

Bulbasaur IIII

Mewtwo IIII IIII

Muk I

Pikachu IIII IIII IIII III

Squirtle III

a. Convert the tallies to frequencies for each Pokémon character in the table.

Working Thinking

Bulbasaur = 5 

Mewtwo = 5 + 4 = 9 

Muk = 1 

Pikachu = 5 + 5 + 5 + 3 = 18 

Squirtle = 3 

AddthetallymarksforeachPokémoncharactertofind
their frequencies.

b. What was the total number of votes?

Working Thinking

 5 + 1 + 9 + 18 + 3 = 36 

Totalnumberofvotes = 36 

Add all the frequencies together for the total number  
of votes.

Student practice

The following table shows the tallied votes for favourite computer game characters.

Favourite character Tally

Donkey Kong I

Kirby III

Mario IIII IIII IIII I

Pac-Man IIII III

Sonic the Hedgehog IIII

a. Convert the tallies to frequencies for each character in the table.

b. What was the total number of votes?

WE1a

WE1b
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Worked example 2

Interpreting dot plots

The following dot plot shows the frequency of votes for favourite Pokémon characters.
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Favourite Pokémon character

Pokémon

Bulbasaur Mewtwo Muk Pikachu Squirtle

a. Which Pokémon character is the least favourite?

Working Thinking

Muk is the least favourite Pokémon. Find the Pokémon character with the least amount of 
plotted dots.

b. How many more people voted for Pikachu compared to Squirtle?

Working Thinking

Pikachu = 18 Step 1: Use the dot plot to determine the number of 
votes for Pikachu.

Squirtle = 3 Step 2: Use the dot plot to determine the number of 
votes for Squirtle.

 18 − 3 = 15 

Pikachu had 15 more votes than Squirtle.

Step 3: Find the difference between the number of 
votes for Pikachu and Squirtle.

Student practice

The following dot plot shows the frequency of votes for favourite computer game characters.
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Favourite computer game character

Character

Donkey Kong Kirby Mario Pac-Man Sonic the
Hedgehog

a. Which character is the least favourite?

b. How many more votes did Mario get compared to Kirby?

WE2a

WE2b
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Worked example 3

Interpreting pie charts

The following pie chart shows the proportions of votes for favourite Pokémon characters.

Mewtwo

Bulbasaur

Muk Squirtle

Pikachu

Favourite Pokémon character

a. Which Pokémon character has the largest proportion of the votes?

Working Thinking

Pikachu has the largest proportion of the votes. Find the sector with the largest area. It represents which 
Pokémon has the largest proportion of votes.

b. If nine of the votes were cast for Mewtwo, then how many votes were cast altogether?

Working Thinking

 1 __ 4 or25%  of the votes were cast for Mewtwo. Step 1: Determine the percentage out of 100 represented  
by Mewtwo’s sector in the pie chart.

 25%ofthetotalnumberofvotes = 9 

 25%of𝑥 = 9 

   25 _____ 100  × 𝑥 = 9 

Step 2: Write an equation showing 9 as a percentage of 
thetotalnumberofvotes,using𝑥 to represent
the total.

𝑥 = 9 ÷  25 _____ 100  =  
9 __ 1  ×  

100 _____ 25    

  =  900 _____ 25   = 36 

There was a total of  36  votes.

Step 3: Solvetheequationfor𝑥.

Student practice

The following pie chart shows the proportions of votes for favourite computer game characters.

Pac-Man

Kirby

Donkey Kong Sonic the Hedgehog

Mario

Favourite computer game character

a. Which character has the largest proportion of the votes?

b. If 8 of the votes were cast for Pac-Man, then how many votes were cast altogether?

WE3a

WE3b
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Worked example 4

Interpreting stem-and-leaf plots

The following stem-and-leaf plot shows the ages of 30 people at a Pokémon convention.

Stem Leaf Key

1 1 1 2 2 4 4 5 5 5 6 6 6 7 7 8 8 9 9 4 | 0 = 40years

2 0 4 9

3 3 4 5 6 7

4 0 4 5 8

a. Determinetheagesoftheyoungestandoldestpeopleinthegroupandfindtheirdifference.

Working Thinking

Youngestperson’sage = 11  years Step 1: Determine the lowest value. This is represented 
bythefirstnumber,inthefirstrow,listedinthe
‘leaf’ column.

Oldestperson’sage = 48  years Step 2: Determine the highest value. This is represented  
by the last number, in the last row, listed in the 
‘leaf’ column.

48 − 11 = 37 years Step 3: Find the difference between the highest and 
lowest values.

Visual support

Stem Leaf Key

1 1 1 2 2 4 4 5 5 5 6 6 6 7 7 8 8 9 9 4 | 0 = 40years

2 0 4 9

3 3 4 5 6 7

4 0 4 5 8

48 − 11 = 37 years

Oldest

Youngest

b. According to the plot, the Pokémon convention was most popular with people of which age group?

Working Thinking

The Pokémon convention was most popular with 
people whose ages ranged from 11 to 19.

Determine the age range with the most data points  
by looking at the longest ‘leaf’ on the plot.

Student practice

The ages of 30 people at a video game convention were recorded on a stem-and-leaf plot below.

Stem Leaf Key

1 4 5 6 7 8 8 8 9 9 2 | 6 = 26years

2 0 0 1 1 1 1 2 2 3 3 4 5 6 7 7 9

3 0 0 1 2 4

a. Determinetheagesoftheyoungestandoldestpeopleinthegroupandfindtheirdifference.

b. According to the plot, the video game convention was most popular with people of which age group?

WE4a

WE4b
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8C Questions

Understanding worksheet

1. Fill in the table by converting the frequencies to tallies.

Example

Favourite Pikachu Tally Frequency

Cosplay Pikachu 8
IIII III

Favourite Pikachu Tally Frequency

a. Summer Style Pikachu 4

b. Detective Pikachu 10

c. Flying Pikachu 6

d. Pretend Boss Pikachu 12

2. Choose whether a dot plot, pie chart or a stem-and leaf plot is suitable for each of the following.

Example

Purpose Pie chart Dot plot Stem-and-leaf plot

Recordingandorganisingmarathonfinishtimes,inminutes. ✔

Purpose Pie chart Dot plot Stem-and-leaf plot

a. Recording and organising heights of apple trees, in cm.

b. Comparing the frequency of 30 votes for favourite ice 
creamflavours.

c. Comparing percentages or proportions of people who voted  
for their favourite TV show.

d. Analysing the results of whole school votes for the next 
School Captain.

3. Fill in the blanks by using the words provided.

proportions dot numerical frequency

 tables are used to record and organise data resulting from a repeated number of votes or trials.  

 plots can be used to show relative frequencies of categories, while pie charts show 

 or percentages out of a whole. Stem-and-leaf plots are used for  

data, which is either counted or measured.
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Fluency
Question working paths

Mild 
4 (a,b), 5 (a,b), 6 (a,b), 7 (a,b), 8

Medium 
4 (b,c), 5 (b,c), 6 (b,c), 7 (b,c), 8

Spicy 
4 (c,d), 5 (c,d), 6 (c,d), 7 (c,d), 8

4. The following table shows the tallied votes for favourite family movies in 2022.

Favourite family movie Tally

The Bad Guys IIII III

Marmaduke IIII IIII

The Bob’s Burgers Movie IIII IIII IIII

Turning Red IIII IIII IIII II

Home Team IIII IIII I

Cheaper by the Dozen IIII IIII II

a. Which of the movies was the overall favourite?
b. Which of the movies was least favourite?
c. What was the total number of votes?
d. WritethenumberofvotesforTheBob’sBurgersMovieasasimplifiedfraction,outofthetotal

number of votes.

5. The following dot plot shows the frequency of votes for favourite family movies in 2022.
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a. Label each of the categories on the horizontal axis using the frequency table from Q4.
b. Which of the movies had 9 votes?
c. How many more people voted for Cheaper by the Dozen compared to The Bad Guys?
d. How many people voted for Marmaduke or Turning Red?

6. The following pie chart shows the proportions of reported mythological creature sightings.

a. Which of the creatures had the most sightings reported?
b. Which of the creatures had the least sightings reported?
c. Name the creature whose sightings make up 25% of all 

the reports.
d. There were 18 Bunyip sightings reported. If this number 

makes up 15% of all the reports, then what was the total 
number of sightings of all the creatures in the pie chart?

WE1

WE2

Mothman

Mythological creature sightings

Bunyip

Bigfoot
Yowie

Loch Ness monster

WE3

ChApTer 8: STATISTICS 	438

8C

 



7. The following stem-and-leaf plot shows the  
number of customers a movie theatre has each 
day in September.

a. What was the highest number of customers 
the theatre had in one day?

b. For how many days did the theatre have  
79 customers?

c. What is the difference between the most and 
least number of daily customers the movie 
theatre had in September?

d. Ifthemovietheatrehaslessthan80customersinaday,itwillnotmakeaprofit.Writeafraction
to represent the number of days out of the total number of days in September on which the 
movietheatredidnotmakeaprofit.

8. State the number represented by the highlighted value in the stem-and-leaf plot below.

A. 0.09
B. 0.9
C. 9
D. 90
E. 109

Spot the mistake 

9. Select whether Student A or Student B is incorrect.

a. Determine the value of the highlighted number.

Stem Leaf Key

8 4 9 | 5 = 9.5

9 5

10 3

Student A

10.3
Student B

3

b. Write 13 on a stem-and-leaf plot.

Student A

Stem Leaf Key

0 1 3 0 | 17 = 17

Student B

Stem Leaf Key

1 3 1 | 7 = 17

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Zeus asks 11 members of his council to vote on a new secretary. Each member will vote only once. 
Zeus wants to use a dot plot to record the data. How long should Zeus make the vertical scale of his 
dot plot to ensure that all the potential votes can be included?

Stem Leaf

5 9 Key

6 3 4 7 7 7 10 | 2 = 102customers

7 0 2 3 9 9

8 2 4 5 5 5 5 6 9

9 3 3 5 6 9

10 0 1 1 1 2 4

WE4

Stem Leaf Key

0 9 2 | 1 = 21

1 5

2 1 2 9
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11. Ms Muscat is a Year 8 coordinator who has 400 grades to analyse for an end-of-year mathematics exam.  
If each student received a grade from A to E for this assessment, suggest a suitable data display that 
Ms Muscat can use in order to compare the proportions of grades.

12. The winner of an election must have at least half of all the votes. What is the minimum size of the 
angle of the sector that represents the winner in a pie chart?

13. The following back-to-back stem-and-leaf plot shows the marks out of 100 for an English assignment 
for two classes, 8X and 8Y.

8X Stem 8Y Key

9 5 2 0 3 1 6 | 1 = 61marks

8 4 0

9 9 8 8 5 4 3 3 5 4

9 3 2 2 6 1 4 5 8

6 5 5 3 3 7 3 7 8 8

0 0 8 2 3 4 5 5 6 7 8 9

2 9 0 1 4 5 9

Which class received higher marks for the English assignment overall? Explain your reasoning.

14. Sammy is a wedding planner. He asks a sample of 30 guests to try different entrees and vote for  
their favourite. He recorded the results in a frequency table.

Entree Tally Frequency

Fish cakes IIII 5

Spring rolls IIII I 6

Arancini balls IIII III 8

Samosas IIII II 7

Bread and dips IIII 4

There are 240 guests coming to the wedding. According to the table, at least how many servings of 
arancini balls should be prepared for the event?

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy All 

15. Thefollowingpiechartshowstheproportionsoffirst 
languages around the world.

a. Besides ‘Other’, which of the listed languages is spoken 
by the highest percentage of people in the world?

b. 62% of people in the world speak a language that falls  
in the ‘Other’ category. What percentage of the world  
speaks all the listed languages, not in the ‘Other’ category?

c. An equal number of people speak Arabic, Hindi, Bengali, 
and Portuguese. If they make up 12% of the world’s 
population, then what percentage of the world speaks 
each of the aforementioned languages individually?

d. SpanishandEnglisharefirstlanguagesfor5%ofthe
world’s population each. Russian and Japanese speakers 
make up 4% of the world’s population together. Determine the percentage of people who 
considerChinesetobetheirfirstlanguage.

e. The majority of the world’s population speaks a language that falls in the ‘Other’ category.  
List two languages that could be included in this category.

First languages around the world

Other
Arabic

English

Spanish

Chinese

Bengali
Hindi

Japanese
Russian
Portuguese
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16. State the type of variable (numerical or categorical) described in parts a and b and determine 
whether a dot plot, pie chart, or stem-and-leaf plot is suitable to display the data.

a. Asurveywhere30participantshavetorateanactivityasawholenumberoutoffive.
b. A study on the number of seconds it takes people to solve a Rubik’s Cube.
c. Compare your answers for parts a and b and comment on the restrictions of displaying certain 

types of variables.

Extra spicy

17. Matthew wants to sort all the numbers from 1 to 100 into prime, composite, and neither.  
What percentage of the numbers will be composite?

A. 1% B. 25% C. 74% D. 75% E. 76%

18. The following pie chart shows the proportions of votes for favourite movie characters of 120 people.

Shrek

Favourite movie characters

Luke Skywalker

Marty McFly

Indiana Jones

Harry Potter

How many people chose Marty McFly as their favourite character?

A. 8 B. 10 C. 24 D. 30 E. 40

19. The following dot plot shows the number of coffees bought at a cafe between 7 am and 8 am on a 
Wednesday morning.
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Co�ees bought on Wednesday morning

Types of co�ee

Americano Cappuccino Espresso Flat white Latte Macchiato

If each customer bought an average of two coffees, then how many customers did the cafe have 
during this time?

20. Artemis counted all the wild animals in the park. She counted 400 deer, 300 rabbits, 250 squirrels, 
150 foxes, 75 wolves, and 25 bears. In a pie chart of this data, which type of animal would be 
represented by a 45° sector?
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Remember this?

21. What is ★?

  8 −  (  2 + 4 × 6 − 18 )   = ★  

A.  −10 B.  0 C.  5 D.  16 E.  42 

22. A mobile phone has a storage capacity of 256 GB. If 174 GB is available, what percentage of the 
storage has been used? Express your answer to the nearest percentage.

A.  19% B.  32% C.  54% D.  68% E.  73% 

23. Masaki made two long pieces of sushi rolls.

Shecutsthefirstpieceinquartersandthesecondintenths.
The longer pieces were 6 cm longer than the shorter pieces.

6 cm

What is the length of the original piece before cutting?

A. 10 cm B. 18 cm C. 24 cm D. 32 cm E. 40 cm
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Frequency tables and histograms8D

Key ideas

1. Discrete data is grouped in inclusive class intervals, where the minimum and maximum values of each interval 
are included.

0 1 2

0 to 4 people

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

5 to 9 people 10 to 14 people 15 to 20 people

0–4 5–9 10–14

No decimal values are included

Number of people is a discrete variable

15–20

2. Continuous data is grouped in exclusive class intervals, where the maximum values of each interval are 
not included.

20 21 22

20 cm to less
than 24 cm

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

24 cm to less
than 28 cm

28 cm to less
than 32 cm

32 cm to less
than 36 cm

36 cm to less
than 40 cm

20–<24 24–<28 28–<32 32–<36 36–<40

No gaps between intervals as all decimals are included

Measurements in cm is a continuous variable

Continues →

Frequency tables and histograms are used to organise and display large sets  
of data. The purpose of a histogram is to show the shape of a distribution.  
This is useful for identifying any special features or trends within a data set.

LEARNING INTENTIONS

Students will be able to:
 • construct and interpret grouped frequency tables

 • construct and interpret histograms

 • define the terms symmetric, skewed, and bi-modal.

KEY TERMS AND DEFINITIONS

A class interval defines the width of the groups into which a set of data has 
been organised.

The range measures the spread of data. It is the difference between the 
maximum and minimum values.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: Antonio Guillem/Shutterstock.com

Histograms are often used by 
companies to analyse data, such as 
customer wait times. A company that  
cares about their customers will do  
this regularly. This allows for processes  
to be put in place to ensure all 
customers feel valued and supported.
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Worked example 1

Constructing grouped frequency tables of discrete data

The following list contains the letter counts of the 20 longest words in the English language.

25, 15, 36, 45, 28, 26, 27, 22, 25, 20, 21, 15, 30, 28, 15, 15, 29, 26, 15, 25

a. Organise the data into inclusive class intervals of size 5.

Working Thinking

Maximum value  = 45 

Minimum value  = 15 

Range  = 45 − 15 

  = 30 

Step 1: Calculate the range of the data by identifying 
the minimum and maximum values.

Number of class intervals =  30 ÷ 5 = 6 Step 2: Divide the range by 5 and round up to the 
nearest whole number. This will be the number 
of ordered groups, containing 5 values.

The intervals will be 15–20, 21–26, 27–32,

33–38, 39–44, and 45–50 letters per word.

Step 3: Starting with the minimum value, group the data  
in inclusive class intervals, 5 letters long each. 
Make sure that the last interval contains the 
maximum value.

Visual support

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

15–20 21–26 27–32 33–38 39–44 45–50

45 must be included in the last class interval

Number of letters

WE1a

Continues →

3. Histograms must contain data grouped in exclusive intervals only as there must not be any gaps between  
the bars. Histograms can be symmetric, skewed, or bi-modal.

Negatively skewed histogram Positively skewed histogram

The overall shape is
symmetrical.

Symmetric histogram

The overall shape shows
two peaks.

Bi-modal histogram

‘Tail’ on the left, closer to
negative values indicates

the direction of skew.

‘Tail’ on the right, closer to
positive values indicates

the direction of skew.
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b. Record the grouped data in a frequency table.

Working Thinking

Letters per word Tally Frequency

15–20 iiii i 6

21–26 iiii i 7

27–32 iiii 5

33–38 i 1

39–44 0

45–50 i 1

Step 1: Draw a frequency table and list the class 
intervals in the first column.

Step 2: Go through the list of values and tally each class 
interval occurrence in the middle column.

Step 3: Convert the tallied results to frequencies.

Student practice

The following list contains the number of times 20 people have been to a hairdresser in one year.
16, 25, 4, 0, 1, 13, 15, 20, 9, 12, 12, 5, 2, 4, 10, 17, 8, 10, 12, 10

a. Organise the data into inclusive class intervals of size 5.

b. Record the grouped data in a frequency table.

WE1b

Worked example 2

Constructing grouped frequency tables of continuous data

The following list contains the heights of the tallest 20 people in human history, in cm.

269, 258, 251.4, 250, 267, 264, 272, 262, 257, 258, 256, 249, 251, 268, 262, 249, 248, 255, 255, 254

a. Organise the data into exclusive class intervals of size 5.

Working Thinking

Maximum value  = 272 

Minimum value  = 248 

Range  = 272 − 248 

  = 24 

Step 1: Calculate the range of the data by identifying 
the minimum and maximum values.

Number of class intervals  = 24 ÷ 5 = 4.8 ≈ 5 Step 2: Divide the range by 5 and round up to the 
nearest whole number. This will be the number 
of ordered groups, each containing 5 values.

The intervals will be 248–< 253 cm, 253–<258 cm,  
258–<263 cm, 263–<268 cm, and 268–<273 cm.

Step 3: Starting with the minimum value, group the data  
in exclusive and equally sized class intervals. 
Make sure that the maximum value is included 
in the last class interval.

Visual support

248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273

248–<253 253–<258 258–<263 263–<268 268–<273
Height in cm

Continues →

WE2a
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Worked example 3

Constructing and interpreting histograms

The following frequency table shows the heights of the 20 tallest people in human history.

Height in cm Tally Frequency

248–<253 iiii i 6

253–<258 iiii 5

258–<263 iiii 4

263–<268 ii 2

268–<273 iii 3

a. Construct a histogram of the data.

Working Thinking

1
0

2
3
4
5
6

Fr
eq

ue
nc

y

Heights of the 20 tallest humans in history

240 245 250 255 260 265 270 280275
Height in cm

Step 1: Identify the smallest and largest value from the 
frequency table to determine how to scale the 
horizontal (𝑥) axis.

Step 2: Identify the smallest and largest value from the 
frequency table to determine how to scale the 
vertical (𝑦) axis.

1
0

2
3
4
5
6

Fr
eq

ue
nc

y

Heights of the 20 tallest humans in history

240 245 250 255 260 265 270 280275
Height in cm

Step 3: Draw the bars of the histogram using the 
frequencies and class intervals given in the table.  
Title the histogram.

WE3a

Continues →

b. Record the grouped data in a frequency table.

Working Thinking

Height in cm Tally Frequency

248–<253 iiii i 6

253–<258 iiii 5

258–<263 iiii 4

263–<268 ii 2

268–<273 iii 3

Step 1: Draw a frequency table and list the class 
intervals in the first column.

Step 2: Go through the list of values and tally each class 
interval occurrence in the middle column.

Step 3: Convert the tallied results to frequencies.

Student practice

The following list contains the heights of 20 Year 8 netball players, in cm.
147, 160, 171, 170, 161, 165, 150, 157, 155.6, 168, 152, 169, 171, 175, 165, 166, 163, 168, 170, 171

a. Organise the data into exclusive class intervals of size 5.

b. Record the grouped data in a frequency table.

WE2b
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Visual support

1
0
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3
4
5
6
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y

Heights of the 20 tallest humans in history

240 245 250 255 260 265 270 280275
Height in cm

240 245 250 255 260 265 270 280275

248–<253

There are no data values between 0 cm and 240 cm,
therefore there is a line break displayed on the horizontal axis.

253–<258 258–<263 263–<268 268–<273

b. Determine the shape of the histogram.

Working Thinking

1
0

2
3
4
5
6
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y

Heights of the 20 tallest humans in history

240 245 250 255 260 265 270 280275
Height in cm

The histogram has a ‘tail’ on the right, so it is  
positively skewed.

Step 1: Trace a rough outline of the shape of  
the histogram.

Step 2: Determine whether the histogram is symmetric, 
skewed, or bi-modal.

Student practice

The following frequency table shows the rent amounts, in Australian dollars, per week of 20 three-bedroom properties  
in Melbourne.

Rent per week (AUD) Tally Frequency

460–<560 iiii 5

560–<660 iiii 5

660–<760 iiii 4

760–<860 i 1

860–<960 iii 3

960–<1060 i 1

1060–<1160 i 1

a. Construct a histogram of the data.

b. Determine the shape of the histogram.

WE3b
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8D Questions

Understanding worksheet

1. Fill in the missing class intervals.

Example

The number line represents weights, in grams.

100 300

100–<150 g 150–<200 g 250–<300 g
200–<250 g

a. The number line represents the number of people.

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

10–14 people 20–24 people 25–29 people

b. The number line represents the number of goals.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

0–3 goals 4–7 goals 8–11 goals 16–19 goals

c. The number line represents times, in minutes.

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

30–<34 min 34–<38 min 38–<42 min 42–<46 min 50–<54 min 54–<58 min

d. The number line represents lengths, in cm.

200 300 400 500 600

150–<250 cm 250–<350 cm 350–<450 cm 450–<550 cm

2. Circle the correct description for the overall shape of each histogram.

Example

Symmetric

Bi-modal

Negatively skewed

Positively skewed
2
0

4
6
8

10

20 40 60 80 100 120

a.
Symmetric

Bi-modal

Negatively skewed

Positively skewed
2
0

4
6
8

10

20 40 60 80 100 120

b.
Symmetric

Bi-modal

Negatively skewed

Positively skewed
2
0

4
6
8

10

20 40 60 80 100 120
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c.
Symmetric

Bi-modal

Negatively skewed

Positively skewed
2
0

4
6
8

10

20 40 60 80 100 120

d.
Symmetric

Bi-modal

Negatively skewed

Positively skewed
2
0

4
6
8

10

20 40 60 80 100 120

3. Fill in the blanks by using the words provided.

continuous shape histogram intervals inclusive

Numerical data can be grouped in class  . Discrete values are organised in 

 class intervals, whereas  data must be organised in exclusive class 

intervals. Grouped continuous data can be displayed on a  . It is a chart used for analysing the 

overall  of a distribution.

Fluency
Question working paths

Mild 
4 (a,b), 5 (a,b), 6 (a,b,c), 7 (a,b,c), 8

Medium 
4 (b,c), 5 (b,c), 6 (b,c,d), 7 (c,d,e), 8

Spicy 
4 (c,d), 5 (c,d), 6 (c,d,e), 7 (d,e,f), 8

4. The following list contains the average class sizes in 20 countries around the world.

24, 25, 36, 27, 21, 23, 17, 20, 22, 32, 33, 26, 25, 24, 18, 19, 32, 32, 23, 24

a. Find the range of the data.
b. Organise the data into inclusive class intervals of size 5.
c. Record the grouped data in a frequency table using the class intervals from part b.
d. According to the frequency table in part c what is the most common class size range in 

the world?

5. The following list contains the heights of 20 randomly chosen Year 8 students, in cm.

136, 164, 152, 153, 155, 170, 150, 165, 151, 170, 162, 170, 154, 149, 152, 140, 156, 158, 164, 160

a. Find the range of the data.
b. Organise the data into exclusive class intervals of size 5.
c. Record the grouped data in a frequency table using the class intervals from part b.
d. If a random student was picked from the group, approximately how tall are they most 

likely to be?

6. The following list contains the weekly pay of 20 Victorians, in Australian dollars.

658, 795, 1247, 982, 703, 594, 795, 1168, 912, 788, 655, 817, 
659, 481, 701, 529, 1015, 1019, 1013, 1008

a. Using the data provided, fill in the tally and frequency 
columns of the following table. 

b. Determine the size of the exclusive class intervals in the 
frequency table.

c. Construct a histogram of the data.
d. What is the most common salary range?
e. Determine the shape of the histogram.

WE1

WE2

WE3

Weekly salary (AUD) Tally Frequency

481–<581

581–<681

681–<781

781–<881

881–<981

981–<1081

1081–<1181

1181–<1281
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7. The following list contains the rent amounts per week of 20 one-bedroom properties in Melbourne, 
in Australian dollars.

450, 350, 540, 600, 620, 440, 550, 600, 600, 700, 410, 450, 575, 430, 470, 730, 380, 540, 650, 575

a. Calculate the range of the data.
b. Group the data into exclusive class intervals of size 50.
c. Construct a frequency table of the data.
d. Construct a histogram of the data.
e. What is the most common price range for a one-bedroom property in Melbourne, according to 

the histogram?
f. Determine the shape of the histogram.
g. What does the shape of the histogram tell you about the distribution?

8. Rex wants to group values ranging from 45 minutes to 90 minutes in exactly 5 exclusive class intervals. Determine the 
size of each class interval.

A. 5 B. 8 C. 9 D. 10 E. 11

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Enter a measurement of 150 m in the given frequency table.

Student A

Length (meters) Tally

0–<50

50–<100

100–<150

150–<200 i

200–<250

Student B

Length (meters) Tally

0–<50

50–<100

100–<150 i

150–<200

200–<250

b. Group 0 to 60 minutes in exclusive class intervals of size 10.

Student A

Time (minutes)

0–<10

11–<20

21–<30

31–<40

41–<50

51–<60

Student B

Time (minutes)

0–<10

10–<20

20–<30

30–<40

40–<50

50–<60
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Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Giuseppe is analysing his profits for the month of April. He collects data in Australian dollars every 
day and records it in a frequency table. Should Giuseppe choose inclusive or exclusive class intervals 
to group the data for a histogram?

11. Patrick is a teacher who wants to record the assignment results for his class of 28 students in a 
frequency table. The marks of the students ranged from 25 to 100, including decimals. How many 
exclusive class intervals of size 10 will be in Patrick’s table?

12. Stacey has collected data ranging from 50 cm to 350 cm. Determine the size of each exclusive class 
interval if Stacey organises the measurements in 6 equal ordered groups.

13. Lena is an accountant who is analysing her client’s daily spendings during the previous financial year.  
She has to group amounts ranging from $15 to $500 dollars in exclusive class intervals of size 100. 
List the class intervals starting with the minimum of $15 and including the maximum of $500.

14. Sally asks 29 people how long it takes them to get to school in the morning. She records the results in 
the following table.

Time to get to school (minutes) Tally Frequency

1–11 iiii iiii ii 12

11–21 iiii iii 8

21–31 iiii 5

31–41 ii 2

41–51 i 1

51–61 i 1

Predict the overall shape of the histogram Sally constructs from the data.

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy All 

15. The following histogram shows the prices of Big Macs in  
30 countries, in US cents.

a. The cheapest Big Mac on the list is in Estonia at $3.90,  
while the most expensive is in Switzerland at $6.80.  
What is the range of the data, in cents?

b. Determine the size of the exclusive class intervals in  
the histogram.

c. What is the most common price range for a Big Mac, 
according to the histogram, in dollars?

d. Transfer the data from the histogram to a frequency table.
e. Suggest a reason why a common item, such as a Big Mac may 

be priced differently, depending on the country.
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Price of Big Mac in 30 countries

400 450 500 550 600 650 700
Price of Big Mac (US cents)
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16. Match the histograms with the descriptions in parts a and b.
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Histogram A

10 20 30 40
Daily average temperature (°C)
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Histogram B

5 10 15 20
Daily average temperature (°C)

a. The distribution of daily average temperatures in Melbourne, Victoria during summer.
b. The distribution of daily average temperatures in Melbourne, Victoria during winter.
c. Compare your answers for parts a and b. What does the shape of a distribution tell you about 

a data set?

Extra spicy

17. Sam collects and graphs the data for customer wait times on a histogram. The values range from  
1.5 minutes to 25 minutes and the data has been grouped into exclusive class intervals of size 5.  
The distribution is symmetric with a distinct peak in the middle of the graph. What is the most 
common wait time for a customer?

A.  6–11  minutes
B.  6.5–11.5  minutes
C.  11–16  minutes
D.  11.5–16.5  minutes
E.  11.75–16.75  minutes

18. Warren collects data on the heights of 1000 children ranging in age from 10 to 16 years old.

When he constructs a diagram of the data, he finds that the distribution is bi-modal. Choose the most 
likely reason for the two modes at 140 cm and 165 cm.

A. Warren did not graph the data accurately.
B. The average heights of younger children and teenagers are significantly different.
C. Warren’s data was not collected properly.
D. The sample is not large enough to be accurate.
E. It is a coincidence and does not mean anything.

19. An outlier in a set of data is a value that differs significantly from the others in the list. How does an 
outlier affect the shape of a histogram?

20. Anita is analysing her screen time for the week. She spent at least half of the total 40 hours playing 
World of Warcraft and no more than 5 hours doing her accounts. The rest of the time Anita spent 
watching movies and listening to music. Express the amount of time Anita spent watching movies 
and listening to music as an exclusive time interval. 

Remember this?

21. Dom is trying to write down all the prime numbers between 20 and 40.

He writes: 21, 23, 29, 31, 37.
One of these numbers is not a prime number. Which is it?

A. 21 B. 23 C. 29 D. 31 E. 37
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22. Uncle Bray bought three 4-litre cartons of apple juice for his party. There are 23 guests at his party.

If he is to serve his guests equal volumes of apple juice, how much apple juice is each guest receiving?  
Write your answer to 2 decimal places.

A. 0.13 L B. 0.17 L C. 0.34 L D. 0.52 L E. 0.60 L

23. Joey is trying to build a small ship. He uses 3 cylindrical blocks as smokestacks and places them on 
top of a large block.

Below are drawings of the front view and side view.

Front view Side view

Which of these is the correct top view?
A. B. C. D. E.
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Measures of centre and spread8E

Key ideas

1. To be considered an outlier, a numerical value must differ significantly from others in the distribution.
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of values, gradual change.

This value is not an outlier as there is no significant
gap between it and the rest of the values.

This value is an outlier due to the significant
gap between it and the rest of the values.
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of values, abrupt change.

2. Outliers affect the range and mean of numerical data, and have little to no effect on the median and mode.
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Histogram of a distribution with no outliers.
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Histogram of a distribution with an outlier.

In order to draw meaning from gathered data, its central tendency and spread 
must be analysed. There are a number of factors that can affect the accuracy of 
data analysis, outliers being one of them. Outliers can be identified by graphing 
the distribution and assessing summary statistics of data sets both including 
and excluding outliers.

LEARNING INTENTIONS

Students will be able to:
 • understand that the range is a measure of spread for numerical data

 • compare the range of two or more sets of numerical data

 • understand and compare the effect of outliers on the mean, median, 
and range.

KEY TERMS AND DEFINITIONS

A statistical average is a value which measures the central tendency of a set 
of numbers. It can be a mean, median, or mode.

A statistical distribution describes how values are distributed on a scale.  
The shape of a distribution tells us which values are common and 
which are not.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Including outliers in summary 
statistics is one way that companies 
and institutions can present the 
public with inaccurate information. 
Universities often release data on the 
salaries of their past alumni, making 
sure to include any maximum outliers. 
This distorts the mean of the data and 
gives the illusion of above average 
employment opportunities to any 
prospective students.
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Worked example 1

Calculating summary statistics

Determine the mean, median, mode, and range of the following data sets. Round your answers to 1 decimal place,  
where applicable.

a. 6, 1, 14, 1, 0, 8, 5, 3, 1, 6, 2, 11, 8, 9, 13, 10, 1, 2, 0, 6

Working Thinking

0, 0, 1, 1, 1, 1, 2, 2, 3, 5, 6, 6, 6, 8, 8, 9, 10, 11, 13, 14 Step 1: Organise the data in ascending order.

Mean  =   sum of all values  ____________________  number of values   =   107 _____ 20    = 5.35 ≈ 5.4 Step 2: Calculate the mean by adding all the values 
together and dividing by the total number  
of values.

Median  =   5 + 6 _______ 2    =   11 ____ 2    = 5.5 Step 3: Identify the median by the ‘middle’ value in the  
ordered set. If there is no distinct middle number,  
then add the two middle numbers together and 
divide the result by two.

Mode  = 1 Step 4: Identify the mode by the value with the highest 
frequency in the data set.

Range = 14 − 0 = 14 Step 5: Calculate the range of the data by subtracting 
the minimum from the maximum value in the 
data set.

Visual support

Range = 14 − 0 = 14

Mode = 1 Median = = = 5.5

0, 0, 1, 1, 1, 1, 2, 2, 3, 5, 6, 6, 6, 8, 8, 9, 10, 11, 13, 14
5 + 6

2
11
2

b.  Complete the third column    (  n × f  )     of the table below and determine the mean, median, mode,  
and range of the data set. Round your answers to 1 decimal place, where applicable.

Number Frequency

1 3

2 4

3 5

4 8

5 5

6 4

Total 29

WE1a

WE1b

Continues →
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Working Thinking

Number (n) Frequency (f) n × f

1 3 1 × 3 = 3

2 4 2 × 4 = 8

3 5 3 × 5 = 15

4 8 4 × 8 = 32

5 5 5 × 5 = 25

6 4 6 × 4 = 24

Total 29 107

Step 1: Multiply the numbers    (  n )     by the corresponding 
frequencies    (   f  )  .   Enter these values in a third 
column in the table and find their total.

Mean  =   107 _____ 29    = 3.7 Step 2: Calculate the mean by dividing the total    (  n × f  )     
by the total frequency    (   f  )    .

Location of median value  =   
total frequency

  __________________ 2     

=   29 ____ 2    = 14.5 ≈ 15 

Step 3: Identify the location of the median value by  
dividing the total frequency by two and rounding  
the answer to the nearest whole number.

When the total frequency is equal to 15,  n = 4 

∴ Median  = 4 

Step 4: Determine the median from the frequency table 
by locating the interval where the median  
value falls.

Mode  = 4 Step 5: Identify the mode by the number    (  n )     with the 
highest corresponding frequency    (   f  )    .

Range  = 6 − 1 = 5 Step 6: Calculate the range of the data by subtracting the  
minimum from the maximum value in the set.

Visual support

Number (n) Frequency ( f )

1 3

2 4

3 5

4 8

5 5

6 4

Total 29

Sum of f = 3 + 4 = 7, so f < 15

Sum of f = 7 + 5 = 12, so f < 15

Sum of f = 12 + 8 = 20

The median is 4 because the sum of frequencies, 
f = 15 occurs when n = 4

f = 15 in this interval

Student practice

Determine the mean, median, mode, and range of the following data sets. Round your answers to 1 decimal place, 
where applicable.

a. 5, 1, 3, 5, 12, 3, 8, 2, 9, 6, 2, 12, 15, 12, 5, 15, 11, 14, 2, 12, 8

b. Number (n) Frequency ( f )

1 2

2 5

3 6

4 5

5 2

6 3

Total 23
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Worked example 2

Determining the effects of outliers

Using the following set of data, answer the questions. Round your answers to 1 decimal place, where applicable.

6, 1, 14, 1, 0, 8, 5, 3, 50, 1, 6, 2, 11, 8, 9, 13, 10, 1, 2, 0, 6

a. Identify the outlier in the data set.

Working Thinking

0, 0, 1, 1, 1, 1, 2, 2, 3, 5, 6, 6, 6, 8, 8, 9, 10, 11, 13, 14, 50 Step 1: Organise the data in ascending order.

The maximum value (50) is significantly larger than  
the previous value, 14.

∴ Outlier = 50

Step 2: Determine if the minimum or maximum value 
in the data set is an outlier.

b. Determine the mean, median, mode, and range of the data with and without the outlier included.

Working Thinking

Without the outlier the summary statistics are:

Mean  = 5.4 

Median  = 5.5 

Mode  = 1 

Range  = 14 

Step 1: Calculate the mean, median, mode, and range of 
the data without the outlier included.

With the outlier the summary statistics are:

Mean  = 7.5 

Median  = 6 

Mode  = 1 

Range  = 50 

Step 2: Calculate the mean, median, mode, and range of 
the data with the outlier included.

c. Determine the effects of the outlier on the distribution.

Working Thinking

The mean increased from 5.4 to 7.5.

The median increased from 5.5 to 6.

The range increased from 14 to 50.

The mode did not change from 1.

Identify the statistics that changed when an outlier  
was included in the data, compared to when it was  
not included.

Student practice

Using the following set of data, answer the questions. Round your answers to 1 decimal place, where applicable.
5, 1, 3, 5, 12, 3, 8, 2, 9, 6, 2, 12, 15, 12, 5, 60, 15, 11, 14, 2, 12, 8

a. Identify the outlier in the data set.

b. Determine the mean, median, mode, and range of the data with and without the outlier included.

c. Determine the effects of the outlier on the distribution.

WE2a

WE2b

WE2c
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8E Questions

Understanding worksheet

1. Locate the outliers in the following distributions.

Example
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2. Determine if the following statements are true or false.

Example

Statement True False

The median of a distribution is significantly affected by outliers. ✔

Statement True False

a. The mean of a distribution will increase if a large maximum outlier is included.

b. The mean of a distribution will decrease if a small minimum outlier is included.

c. The range of a distribution is always affected by outliers.

d. The mode of a distribution can often be affected by outliers.
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3. Fill in the blanks by using the words provided.

maximum mean range median

The average of a numerical data set can be shown by calculating the mean,  , or mode.  

The spread of a distribution is represented by the  . An outlier is a minimum or 

 value that varies significantly from the others in the distribution. Outliers have an effect  

on the  and range of a numerical data set or distribution.

Fluency
Question working paths

Mild 
4 (a,b,c), 5 (a,b), 6 (a,b,c), 7 (a,b,c), 8

Medium 
4 (c,d,e), 5 (b,c), 6 (c,d,e), 7 (b,c,d), 8

Spicy 
4 (e,f,g), 5 (c,d), 6 (e,f,g), 7 (c,d,e), 8

4. Determine the mean, median, mode, and range of the following data sets. Round your answers to  
1 decimal place, where applicable.

a.  3, 9, 8, 9, 7, 11, 15, 7, 13, 9, 11, 4, 5, 15, 7, 2, 11, 2, 4, 8 
b.  8, 12, 12, 12, 19, 6, 20, 7, 13, 9, 7, 5, 6, 7, 5, 17, 8, 10, 10 
c.  21, 12, 10, 15, 22, 22, 21, 29, 12, 18, 16, 10, 17, 28, 21, 25, 20, 17, 25, 22 
d.  67, 42, 57, 14, 29, 48, 10, 69, 16, 13, 44, 59, 64, 30, 67, 15, 63, 18, 40 
e.  9.5, 7.5, 1, 15.5, 5.5, 15.5, 5, 3, 12, 7, 9.5 
f.  14, 10, 18.2, 10.4, 16.6, 16, 21.4, 16.8, 18, 10, 21.6, 11.3, 18, 19.5, 14, 28 
g.  0.3, 14, 3, 1.5, 12.4, 5.4, 5.3, 10.9, 19.1, 11.6, 15.1, 18.8 

5. Complete the third column    (  n × f  )     of the tables below and determine the mean, median, mode,  
and range of each data set. Round your answers to 1 decimal place, where applicable.

a. Number (n) Frequency ( f ) n × f

0 3

1 4

2 6

3 8

Total 21

b. Number (n) Frequency ( f ) n × f

1 2

2 4

3 6

4 2

5 4

Total 18

c. Number (n) Frequency ( f ) n × f

5 1

6 4

7 4

8 5

9 3

10 2

Total 19

d. Number (n) Frequency ( f ) n × f

10 5

20 3

30 4

40 6

50 4

Total 22

WE1a

WE1b
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6. Determine whether the following data sets contain outliers. State the value(s) of the outlier(s), 
where applicable.

a.  5, 40, 8, 4, 10, 4, 13, 13, 16, 10, 5, 11, 10 
b.  16, 11, 14, 13, 14, 17, 19, 12, 15, 15, 15, 14 , 16, 10 
c.  11, 18, 25, 25, 15, 20, 14, 20, 23, 12, 22, 21, 21, 23, 18 
d.  21, 32, 30, 20, 36, 9, 35, 24, 24, 37, 38, 25, 37, 37, 34, 32, 35, 20, 28 
e.  7, 13, 5, 10, 9, 11, 8, 8, 0, 7, 5, 9, 9, 11,13 
f.  50, 27, 23, 29, 26, 33, 31, 23, 29, 26, 20, 24, 27, 23, 25, 24, 29, 32, 31 
g.  80, 107, 82, 115, 93, 94, 106, 98, 117, 99, 101, 102, 102, 115, 138, 103, 105, 107, 108, 115, 116 

7. The following data set contains the times 30 random secondary school students spent standing on 
their left legs, in seconds.

 25, 6, 69, 88, 20, 50, 90, 46, 36, 15, 87, 48, 27, 30, 23, 44, 22, 42, 5, 49, 20, 7, 14, 30, 130, 60, 
22, 36, 1, 23 

a. Identify the outlier in the data set.
b. Determine the mean, median, mode, and range of the data with the outlier included. Round your 

answers to 1 decimal place, where applicable.
c. Determine the mean, median, mode, and range of the data without the outlier included.  

Round your answers to 1 decimal place, where applicable.
d. Which of the summary statistics were/were not affected by the outlier?
e. Calculate the change in the affected statistics from part d and state whether each change was an 

increase or decrease.

8. Determine the value of the median in the following data set.

 14, 20, 25, 14, 26, 2, 27, 28, 14, 21, 28, 9, 29 

A.  14 B.  19.8 C.  20.5 D.  21 E.  27 

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Determine how the mean, median and mode are affected by the minimum outlier in the 
following data set.
 7, 17, 18, 21, 24, 24, 24, 25, 25, 27, 30 

Student A

The mean decreases, while the median and mode do 
not change.

Student B

The mean, median and mode all decrease.

b. Determine the median value of the following data set.
7, 8, 16, 9, 16, 10, 14, 17, 14, 2, 3, 14, 17, 19, 15

Student A

The median is 17.
Student B

The median is 14.

WE2a

WE2
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Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Zoe measures the temperature inside a terrarium every day for a month. After gathering the data, 
she can see one outlier caused by the wrong setting on her thermometer. Should Zoe use the mean 
or median to estimate the average temperature inside the terrarium that month?

11. Cindy asks 10 of her classmates how many times they have been overseas. When she organised  
the responses, the minimum value was 0, and the range was 7. Cindy then records one more friend’s 
response and the range of her data increases by 5. How many times has the last friend Cindy 
surveyed been overseas?

12. Jeffrey wants to become a court typist. He needs to be able to type an average of 200 spoken words 
per minute in order to qualify. It took Jeffrey 1.5 hours to type up a speech 19 000 words long.  
Does he qualify for the job?

13. Carol is studying for an exam every day of the school week Monday until Friday. She studied  
for 4 hours on Monday, 2 hours on Wednesday, 3 hours on Thursday, and 2 hours on Friday.  
How long did Carol study for on Tuesday if the mean number of hours she studied per day  
was 3 that school week?

14. 5 friends are comparing their scores for a test. The median and mode of their scores are both  
equal to 75 out of 100. If the range of their scores is 50, then what is the lowest possible mark  
in the data set?

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. The following stem-and-leaf plot shows the total number of red cards of 20 professional footballers.

Stem Leaf Key

1 4 4 4 5 6 7 7 7 8 8 8 9 2 | 0 = 20 red cards

2 0 0 1 1 2 7 7

3

4 6

a. Determine the value of the outlier in the data set.
b. What are the values of the three modes in the distribution?
c. Calculate the mean, median and range of the data, including the outlier. Round your answers to 

1 decimal place, where applicable.
d. Calculate the mean, median and range of the data, not including the outlier. Round your answers 

to 1 decimal place, where applicable. Compare your answer to part c and comment on any 
changes in the statistics.

e. Organised sports and other group activities often have clear rules and guidelines that must be 
followed by all participants. List two rules you think is most important for an activity you enjoy 
watching or participating in.
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16. Calculate the mean, median, mode and range for each of the following sets of data. Round any 
answers to 1 decimal place, where applicable.

a.  2, 2, 3, 4, 4, 5, 6, 8, 9, 10 
b.  2, 5, 10,10, 22, 25, 28, 29, 30, 50 
c. Compare the statistics you calculated in parts a and b and state which of the data sets had 

more consistent results, i.e. less variation between the averages. How does the range affect the 
reliability of small data sets?

Extra spicy

17. On a street where the house numbers are odd on one side and even on the other, the mean house 
number on each of the sides is 13. Assuming that the house numbers begin at 1, find the total 
number of houses on the street.

18. A set of 21 values has a mean of 12 before an outlier with a value of 50 is included. Calculate the 
difference between the means of the set with and without the outlier. Round your answer to 1 
decimal place.

A.  0.5 B.  1.7 C.  2.3 D.  2.4 E.  4.2 

19. The following dot plot shows the number of sales of each ticket type to an Ellie Beilish concert.  
What is the mean price per ticket a concert goer paid to see the show?
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Ellie Beilish concert ticket sales

Upper tier General admission Section B Section A

Upper tier $250
General admission $290
Section B $325
Section A $460

A.  $55.21 B.  $325 C.  $331.25 D.  $357.50 E.  $460    

20. A set of 5 single digit numbers has the same mean, median, mode and range, which is equal to 4. 
What are the 5 numbers?

Remember this?

21. Steve pays $58 per month for his mobile data plan.

If he goes over his data allowance, he automatically is given a 1GB block of data for $10. Every time 
he uses an extra 1GB block before the end of the month, another 1GB is automatically added for 
another $10.
In May, Steve used his monthly allowance plus an additional 𝑦 GB. How much was he charged in May?

A.  10𝑦 B.  58𝑦 C.  58𝑦  + 10 D.  58 + 10𝑦 E.  68𝑦 

22. Vutha and Zoe are playing snakes and ladders with 2 six-sided dice. 1 is purple and 1 is red.  
Zoe needs to roll a 4 to win.

There are 3 different ways Zoe can roll a 4:

and and

Vutha needs to roll a 7 to win.
How many ways can Vutha roll a 7?

A. 2 B. 3 C. 4 D. 5 E. 6
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23. Clo Yee is revising for her upcoming Statistics test by doing practice tests. All tests have the same 
number of marks available.

On her first practice test, she scored 25 marks.
On her second practice test, her score increased by 40%.
On her final practice test, her score increased by 20%.
How many marks did Clo Yee get on her final practice test?

A. 40 B. 41 C. 42 D. 43 E. 44

	  8e MeaSUreS of CenTre and Spread 463

8E

 



Chapter 8 extended application
1. Andy, Barbara, Conrad, Donna and Ernie are siblings who are standing in order from youngest to oldest,  

as shown in the diagram. Use the pronumerals  a, b, c, d,  and  e  to represent the ages of the siblings,  
respective to the order in which they are standing.

Andy Barbara Conrad Donna Ernie

a. The mean age of the five siblings is 17 years. Write an equation for and calculate their 
combined age.

b. Assume that the mean age of the youngest three siblings is  15  1 __ 3    years. Write an 

equation for and calculate the youngest three siblings’ combined age.

c. Assume that the mean age of the oldest three siblings is  18  1 __ 3    years. Write an equation 

for and calculate the oldest three siblings’ combined age.
d. Determine Conrad’s age.
e. Andy and Barbara are twins, and the range of the five siblings’ ages is 6 years. 

Determine the ages of all the siblings.
f. Living in a large family can teach you how to communicate and share with other people. 

What is the most important rule to you when it comes to sharing a house with others?

2. Milo is moving from Average Town to Sleepy Village. He works from home, and his annual income is $80 000. 
Use the given information to answer the questions.

Average Town:
Population = 2000

Mean annual income = $85 000

Sleepy Village:
Population = 250

Mean annual income = $40 000

a. Calculate the total annual income of Average Town.
b. Calculate the mean annual income of Average Town after Milo moves away, correct to 

the nearest dollar.
c. Calculate the mean annual income of Sleepy Village after Milo moves there, correct to 

the nearest dollar.
d. Before Milo moves there, if Sleepy Village was to try to match the mean annual income 

of Average Town, then by how much should their total annual income increase by?
e. A person from Average Town moves to Sleepy Village, thus doubling Sleepy Village’s 

mean annual income. Calculate the mean annual income of Average Town after the move.
f. Give a reason for moving from the city to the countryside or vice versa.
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3. At the GamerGo store, computer games can be categorised into five main genres, including action, adventure, 
platformer, role-playing games (RPG) and simulation. The following two pie charts show GamerGo sales by 
genre in 2022 and 2023.

RPG: 1472

Sales by genre in 2022

Platformer: 890

Simulation: ?

Adventure: 964

Action: 1508

RPG: 1500

Sales by genre in 2023

Platformer: 1003

Simulation: 957

Adventure: ?

Action: 1393

a. Platformer games made up 15.203% of all sales in 2022. To the nearest whole number, 
how many computer games in total were sold in 2022?

b. Action games made up 24.005% of all sales in 2023. To the nearest whole number,  
how many adventure games were sold in 2023?

c. Calculate the percentage increase or decrease in game sales from 2022 to 2023.  
Round to 1 decimal place.

d. Complete the following table. Round all percentages to 3 decimal places.

Game genre Number of sales 
in 2022

Number of sales 
in 2023

Sales increase/
decrease (%)

Action 1508 1393 −7.626%

Adventure 964

Platformer 890 1003 12.697%

RPG 1472 1500

Simulation 957

e. GamerGo predicts that the genres will continue to grow and decrease in popularity at a 
similar rate in 2024. Construct a new pie chart showing the predicted sales proportions 
of each game genre based on these estimations. Round the number of sales for each 
genre to the nearest whole number.

f. Most types of entertainment, such as music, movies, books and video games can be bought  
and stored digitally. What is an advantage of acquiring these items in physical form?
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Multiple choice

1. Which image represents numerical data?

A.

5 4 3

PLEASE GIVE YOUR FEEDBACK

2 1

B. 300
280
260
240
220
200
180
160

170 cm
160 cm

140

C.
Survey

D. My annual household income is:
<$20 000
<$20 001 to $50 000
<$50 001 to $100 000
<$100 001 to $150 000
<$150 001 to $200 000
<$200 001 to $250 000

    

E.

2. Below are the people in a given workplace.

The manager wants to do an anonymous survey with a sample of 
individuals in the workplace. What would be the best option for the 
random sample to ensure the survey is not biased.

A. Sending an anonymous survey to all of the female employees.
B. Sending an anonymous survey to all of the male employees.
C. Sending an anonymous survey to fifteen random staff.
D. Sending an anonymous survey to thirty random staff.
E. Sending an anonymous survey to all of the staff.

3. The following table shows the tallied results of a survey on the  
types of pets students prefer. Each student gave one response.

What is the total number of students in this class?

A. 15
B. 25
C. 35
D. 45
E. 55

8A

8B

8CType of pet Tally

Dog IIII IIII I

Cat IIII IIII

Guinea Pig III

Rabbit IIII II

No Animal IIII
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4. What is the correct description for the following histogram?

A. Symmetric
B. Bi-modal
C. Negatively skewed
D. Positively skewed
E. None of the above

5. Which of the following sets of data has a median of 6?

A. 2, 2, 2, 4, 4, 5, 5, 5, 6, 6, 7, 7, 8, 8, 9
B. 6, 6, 6, 6, 6, 6, 7, 7, 8, 8, 8, 8, 8, 9, 9
C. 3, 3, 3, 3, 3, 5, 5, 5, 5, 5, 6, 6, 7, 9, 9
D. 0, 0, 1, 1, 2, 3, 4, 5, 6, 6, 6, 6, 8, 9, 9
E. 1, 1, 1, 2, 3, 4, 6, 6, 7, 7, 8, 9, 9, 9, 9

Fluency

6. For each of the following

i. State whether a sample or population is being used.
ii. State the name of the method used for data collection.

a. Asking everyone in a classroom what their favourite colour is.
b. Having grade 5 and 6 students decide on what the new uniform should look like.
c. Reading every second review on restaurants when deciding where to eat out.
d. Everyone votes on what song to play next when on a road trip.

7. For each of the following, state whether primary or secondary data is being used.

a. Writing a review about a personal experience at a restaurant on their website.
b. Posting photos and videos on social media from a concert you went to.
c. Using the information in a textbook to complete a project.
d. An individual publishing a podcast interview they conducted with an artist.

8. Determine which of the given methods is more likely to produce a random sample that is 
representative of the population.

a. Surveying an office of 50 people to find out everyone’s favourite restaurant.
Method 1: Asking the 5 individuals that sit at your desk.
Method 2: Asking at least 50% of the office.

b. Voting on what movie to watch with your extended family.
Method 1: Getting half of your family to vote on what movie they want to watch.
Method 2: Getting 2 of your sisters to vote on what movie they want to watch.

c. Researching the average number of hours adults exercise each week.
Method 1: Surveying individuals that are walking into a gym.
Method 2: Surveying every third adult on the street.

d. Studying the wages of women in various industries.
Method 1: Putting out a survey in your work office for the women to respond to with 
their yearly salary.
Method 2: Putting out a survey to random women on the street to respond to with their 
yearly salary.

8D

10 20 30 40

1

2

3
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8E

8A

8A
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9. Determine the source of bias in the described sampling methods.

a. Researching how many young people, aged from 10–17 years old, are on social media 
by asking a group of 16 year olds.

b. Researching what is the best-selling drink at a cafe by asking 10 customers on a 
particular day.

c. Researching how many people from the office are going away over the Christmas break 
by asking the individuals at your desk.

d. Conducting research on the most popular beach in Victoria by asking the people who 
live on your street.

10. The following table shows the tallied votes for favourite dessert  
in an office.

a. What is the overall favourite dessert?
b. Which of the desserts was the least favourite?
c. How many people are there in the office in total, if each 

person voted once?
d. Write the number of votes for pastries as a simplified 

fraction, out of the total number of votes.

11. The following stem-and-leaf shows the number of pets that go to a vet each day in March.

a. What was the lowest number of 
animals the vet had in one day?

b. For how many days did the vet have 
more than 53 animals?

c. What is the difference between 
the most and least number of daily 
animals the vet had in March?

d. If the vet has less than 35 animals 
in one day, it will not make a profit. 
Write a fraction to represent the 
number of days out of the total 
number of days in March on which 
the vet did not make a profit.

12. The following list contains the number of people that still work from home, from 20 offices 
in Melbourne CBD.

21, 30, 18, 20, 20, 29, 35, 22, 31, 24, 17, 17, 25, 25, 10, 19, 27, 21, 24, 20

a. What is the range of the data?
b. Organise the data into inclusive class intervals of size 5.
c. Record the grouped data into a frequency table, using the grouped data from part b.
d. According to the frequency table in part c, what is the most common number range of 

people per office still working from home?

13. The following list contains the ages of 20 randomly selected students at a school.

12, 18, 14, 13, 11, 15, 11, 16, 17, 12, 14, 12, 13, 16, 16, 18, 14, 13, 15, 13

a. What is the range of the data?
b. Construct a frequency table of the data.
c. Construct a histogram of the data.
d. Determine the shape of the histogram.

8B

Favourite food Tally

Cake IIII IIII II

Ice-cream IIII IIII IIII I

Cookies IIII II

Pastries IIII IIII II

Jelly IIII

Chocolate IIII III

Caramel I

8C

Stem Leaf Key

2 5 8 4 | 3 = 43 animals

3 0 0 1 7 8 9

4 0 3 6 7

5 0 2 3 4 6 8 8 8 9

6 1 3 5 7 8

7 0 2 3

8 0 2

8C

8D

8D
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14. Determine the mean, median, mode, and range of the following data sets. Round your 
answers to 1 decimal place, where applicable.

a. 12, 16, 19, 11, 21, 13, 18, 19, 12, 10, 20, 22, 10, 14, 9
b. 25, 20, 31, 24, 19, 35, 45, 23, 27
c. 54, 65, 34, 57, 62, 59, 51, 49, 42, 58, 53, 50, 63, 67, 78, 50, 53, 42, 42, 54
d. 89, 99, 90, 83, 81, 86, 80, 80, 93, 93, 84, 89, 94, 85, 90, 100, 90, 78, 87, 98, 101

15. The following data set contains the times in minutes that it took 40 secondary school 
students to run 2 km.

3, 14, 21, 14, 18, 11, 10, 9, 13, 12, 16, 18, 9, 10, 11, 15, 16, 18, 22, 11, 15, 12, 11, 18, 17, 14, 
17, 19, 16, 15, 12, 13, 15, 17, 10, 12, 17, 18, 13, 17

a. Identify the outlier in the data set.
b. Determine the mean, median, mode and range of the data with the outlier included. 

Round your answers to 1 decimal place, where applicable.
c. Determine the mean, median, mode, and range of the data without the outlier included. 

Round your answers to 1 decimal place, where applicable.
d. Which of the summary statistics were/were not affected by the outlier?

Problem solving

16. Jessica wants to investigate how long her classmates listen to music everyday. State the 
variable of this investigation, with appropriate units, and determine its type.

17. Lauren is a food critic and reviews food items at restaurants. She reviewed every second 
item on the menu at 12 restaurants. If there is an average of 36 food items on each menu, 
find the number of food items in Lauren’s testing sample and comment on whether it is 
representative of the population.

18. Ms Suzanna is a Year 8 English teacher for 4 classes, who has 180 grades to analyse for an 
essay assessment. If each student received a grade from A to E for the assessment, suggest a 
suitable data display that she can use in order to compare the proportions of grades.

19. Ryan is analysing his business’ profits for the month of March. He collects data in Australian 
dollars everyday and records it in a frequency table. Should Ryan choose inclusive or 
exclusive class intervals to group the data for a histogram? Explain why.

20. Jimmy is studying for a test every day of the school week, Monday until Friday. He studied 
for 3 hours on Monday, 4 hours on Tuesday, 4 hours on Wednesday and 1 hour on Friday. 
How long did Jimmy study for on Thursday night if the mean number of hours he studied  
in the week was 3 hours?

Reasoning

21. Tina is composing a playlist for her school formal. She wants to determine whether she 
should include songs by Taylor Swift in this playlist, so she asks twenty peers ‘how many 
hours did you listen to music by Taylor Swift last month?’ The following list contains the 
number of hours twenty students spent listening to Taylor Swift last month.

11, 33, 26, 3, 14, 12, 9, 11, 10, 19, 5, 10, 13, 25, 2, 0, 12, 34, 6, 0

a. What type of data has Tina recorded, primary or secondary?

8E

8E

8A

8B

8C

8D

8E
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b. Construct a frequency table of the data, grouping the times into exclusive class intervals 
of size 5.

c. Create a histogram for the data.
d. Calculate the mean, median, and range of the data. Round your answers to 1 decimal place,  

where applicable.
e. Tina had the option to hire a band but decided to make a playlist instead. List one 

disadvantage and advantage of having a pre-made playlist for the formal compared  
to a band.

22. Select the type of variable (numerical or categorical) described in parts a and b and 
determine what is the best suited display for the data.

a. A survey where 25 individuals have to rate a menu item at a restaurant out of 5.
b. A study on the number of seconds it takes 20 people to run 6 km.
c. Compare your answers for parts a and b and comment on the restrictions of displaying 

certain types of variables.

470
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Chapter 9 research summary
Linear graphing

Visual representations

Cartesian plane
Cartesian coordinates describe a plane with two intersecting perpendicular lines,  
representing each dimension of the plane, that form four quadrants. Points are  
located on the plane by their coordinates, which provide their location within the  
plane. Points can be connected to create figures that lie on the plane. The visual  
representation of the Cartesian plane relies both as a process and an object 
for students. Students must be able to move fluidly from constructing and 
interpreting the Cartesian plane and algebraic functions as this is foundational 
to multiple representations within algebra (Moschkovich et al., 1993).

Additionally the seamless transition of using coordinate points, Cartesian 
planes, tables and functions and words can lead to a robust and flexible 
understanding of functions (Knuth 2000).
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−1 3 4 5−2
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Quadrant 1Quadrant 2

Quadrant 3 Quadrant 4

B (−3,1)

(0,0) Origin

C (−3,−4)
D (1,−5)

A (2,3)

Big ideas

Generalisation
This chapter will build upon students’ arithmetic and factual generalisation. Students will apply their ability 
to notice patterns and use words, gestures, drawings, and spoken words to deepen their algebraic thinking to 
contextually and symbolically generalise linear and non-linear functions.

It is essential that students have a solid understanding of the relationships of variables as quantities that have 
variability as it underpins the use of variables in multiple ways (Wilkie, 2016). For example, the 𝑥 and 𝑦 variables
can be used to determine the domain, intercepts, and parameters. Furthermore, formulas that describe rules will 
lead to function notation (E.g.  𝑦  = 2𝑥  + 3  →   f  (  𝑥  )   = 2𝑥  + 3  ).

However, it is essential that algebraic thinking approaches indeterminacy analytically and designs its objects 
symbolically. (Radford, 2010). For example, students might say ‘we found the rule on accident’, or ‘that’s the 
procedure to find the equation’ but algebra is not guessing or using signs, ‘it is about using signs to think in a 
distinctive way’ (Radford, 2010 p. 54). One way teachers can accomplish this is to have students notice local 
communities through arithmetic generalisations, and then to generalise the commonalities using factual 
generalisation and contextual generalisation, and finally make an symbolic generalisation.

This chapter will also focus on gradient. Students in high school and college often have limited conception of 
gradient (Stump, 2001) and the analytic and visual perspective of slope (Zaslavsky et al., 2002). To enhance the 
understanding of gradient and reduce misconceptions it is essential to distinguish between the analytic and visual 
concepts of gradient (Zaslavsky et al., 2002) and other attributions we have for gradient (Moore-Russo et al., 2011). 
For example, the following graphs represent the same function, but they visually appear to have different gradients.
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−3 1 2
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−3

−6

−9

y

−3

This big idea is built upon a strong understanding of proportional understanding, number and number properties, 
patterns, and equality. Therefore, a conceptual understanding of how to manipulate equations and inequalities is 
essential for success in future mathematics topics especially in statistics, calculus and physics.
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Misconceptions

Misconception Incorrect Correct Lesson

Students think order does 
not matter when writing or 
locating coordinate points.
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(3,2)

9A 
9F

Students label the quadrants 
from left to right.
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9A

Students think all coordinate 
points are positive.

Plot    (  2,−2 )    
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Plot    (  2,−2 )    
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9A

When a coordinate point is 
where two lines meet, students 
identify the location on the 
coordinate grid as a space.
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Misconception Incorrect Correct Lesson

Students count the ticks to 
determine the coordinate point.

2

2
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−4

−4

4
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x
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(−3,−6)
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y

x
−2

(−1.5,−3)

9A

Students think a table  
of values must have 
consecutive numbers.

 𝑦  = 𝑥  + 4 

𝑥 𝑥 −3 −1 2

𝑦 𝑦 

 𝑦  = −3 + 4 = 1 
 𝑦  = −2 + 4 = 2 
 𝑦  = −1 + 4 = 3 

 𝑦  = 𝑥  + 4 

𝑥 𝑥 −3 −1 2

𝑦 𝑦 

 𝑦  = −3 + 4 = 1 
 𝑦  = −1 + 4 = 2 
 𝑦  = 2 + 4 = 6 

9B

Students apply a different 
operator than multiplication  
to the coefficient of 𝑥 .

 𝑦  = 2𝑥 

𝑥 𝑥 −1 0 1

𝑦 𝑦 −20 0 20

 𝑦  = 2𝑥 

𝑥 𝑥 −1 0 1

𝑦 𝑦 −2 0 2

9B

Students substitute the 
𝑦 -values into the 𝑥 -value.

Fill in the table using the 𝑦 -values  
−1, 0, 1
 𝑦  = 2𝑥 

𝑥 𝑥 −2 0 1

𝑦 𝑦 −1 0 1

Fill in the table using the 𝑦 -values  
−1, 0, 1
 𝑦  = 2𝑥 

𝑥 𝑥 −1 0    1 _ 2   

𝑦 𝑦 −2 0 1

9B

Students use non-consecutive 
coordinates to calculate the 
coefficient of 𝑥 .

Determine the rule

𝑥 𝑥 −3 0 1

𝑦 𝑦 1 4 5

𝑦 -value changes by  3  for every one 
𝑥 -value.
Constant: 4
Rule:  𝑦  = 3𝑥  + 4 

Determine the rule

𝑥 𝑥 −3 0 1

𝑦 𝑦 1 4 5

𝑦 -value changes  1  for every one 
𝑥 -value.
Constant: 4
Rule:  𝑦  = 𝑥  + 4 

9C

Students think all lines  
are positive.
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9C

Students substitute the first 
coordinate as the coefficient 
and constant.

Determine the rule
   (  2,4 )        (  3,2 )    
 𝑦  = 2𝑥  + 4 

Determine the rule
   (  2,4 )        (  3,2 )    
 𝑦  = −2𝑥  + 9 

9C
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Misconception Incorrect Correct Lesson

When calculating the gradient, 
students determine the 
difference between  
the coordinates.

Determine the gradient
   (  0,6 )     and    (  2,12 )    
 m = 12 − 6 = 6 

Determine the gradient
   (  0,6 )     and    (  2,12 )    

 m =   12 − 6 _________ 2 − 0    =   6 __ 2   = 3 

9D

When the gradient is a whole 
number, students assume the 
change in 𝑦 values is 0.

 m = 15 =   rise _____ run   =   15 ____ 0     m = 15 =   rise _____ run   =   15 ____ 1    9D

Students think equivalent 
fractions have different 
gradients.

 m =   24 ____ 6    ≠   12 ____ 3    ≠ 4 

∴    12 ____ 3     is a different gradient than  4. 

 m =   24 ____ 6    =   12 ____ 3    =   4 __ 1   = 4 

∴    24 ____ 6   ,   12 ____ 3    ,    4 __ 1  , 4  are equivalent and 
show the same gradient.

9D

When calculating the gradient, 
students calculate the 
difference in 𝑥 -values over  
the change in 𝑦 -values.

Determine the gradient
   (  0,6 )     and    (  2,12 )    

 m =    2 − 0 _________ 12 − 6   =   2 __ 6   =   1 __ 3   

Determine the gradient
   (  0,6 )     and    (  2,12 )    

 m =   12 − 6 _________ 2 − 0    =   6 __ 2   = 3 

9D

When calculating the gradient, 
students assume the gradient 
is always positive.

Determine the gradient
   (  1,2 )     and    (  0,5 )    

 m =   5 − 2 ________ 0 − 1   =    3 _____ −1   = 3 

Determine the gradient
   (  1,2 )     and    (  0,5 )    

 m =   5 − 2 ________ 0 − 1   =    3 _____ − 1   = −3 

9D

Students think that the gradient 
is always the first number in the 
equation and the 𝑦 -intercept is
the second number.

 𝑦  = 6 + 7𝑥 
 m = 6 
 c = 7 

 𝑦  = 6 + 7𝑥 
 m = 7 
 c = 6 

9E

Students assume they can 
determine the gradient and 
𝑦 -intercept from any equation.

 4𝑥  + 2𝑦  = 8 
 m = 4 
 c = 2 

 4𝑥  + 2𝑦  = 8 
 2𝑦  = 8 − 4𝑥 
 𝑦  = 4 − 2𝑥 
 m = −2 
 c = 4 

9E

Students think transposing 
equations requires additional 
information to solve.

Rearrange  4𝑥  + 2𝑦  = 8   
in gradient-intercept form.
Not possible because there are two 
variables and one equation.

Rearrange  4𝑥  + 2𝑦  = 8   
in gradient-intercept form.
 4𝑥  + 2𝑦  = 8 
 2𝑦  = 8 − 4𝑥 
 𝑦  = 4 − 2𝑥 

9E

Students list the 𝑦 -intercepts
as points of intersections of 
two lines.
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9F

Students think   𝑥    2  = 1 × 𝑥 .  𝑦  =  𝑥    2  − 1 

𝑥 𝑥 −1 0 1

𝑦 𝑦 −2 −1 0

 𝑦  =  𝑥    2  − 1 

𝑥 𝑥 −1 0 1

𝑦 𝑦 0 −1 0

9F
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Misconception Incorrect Correct Lesson

Students think   − 𝑥    2  =  (  −𝑥   )     2   .  − 4   2  = 16 
   (  −4  )     2  = 16  
or
 − 4   2  = −16 
   (  −4  )     2  = −16  

 − 4   2  = −16 
   (  −4  )     2  = 16  

9F

Students think the  
coefficients of non-linear  
lines are always positive.
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The Cartesian plane9A

Key ideas

1. The 𝑥-axis is the horizontal l ine and the 𝑦-axis is the vertical l ine. The Cartes ian coord inates of a point  
s hows  where a point is  l ocated  on the Cartes ian pl ane where the 𝑥-coord inate is l is ted firs t f ol l owed  
by the 𝑦-coord inate. 

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

Vertical axis

Horizontal axis

Origin

(−4,1)

(−2,−4)
(2,−3)

(5,0)

(2,2)

(0,0)
(x,y) = (        ,        )

horizontal 
units from 
the origin

vertical 
units from 
the origin

2. The pos itive and  negative s igns  of  the coord inates  ind icate which quad rant the point is  l ocated  in. 

Quadrant 𝑥𝑥-coordinate 𝑦𝑦-coordinate Example

Quad rant 1 Pos itive Pos itive (4,2)

Quad rant 2 Negative Pos itive (−2,2)

Quad rant 3 Negative Negative (−4,−4)

Quad rant 4 Pos itive Negative (5,−4)

Continues →

The Cartes ian pl ane (or number pl ane) is  f ormed  by two perpend icul ar l ines  
(𝑥-axis and 𝑦-axis ). To l ocate any point on the Cartes ian pl ane, a pair of numbers 
cal l ed  the Cartes ian coord inates  (or points ) are us ed  and  written in the f orm  
of  (𝑥,𝑦). The val ue of 𝑥 and 𝑦 can be any number. The 𝑥 val ue is the horizontal 
pos ition and  the 𝑦 val ue is the vertical pos ition. 

LEARNING INTENTIONS

Students will be able to:
 • l abel  Cartes ian coord inates  on the Cartes ian pl ane

 • d etermine the quad rant or axis  in which a Cartes ian coord inate l ies 

 • pl ot Cartes ian coord inates  on the Cartes ian pl ane. 

KEY TERMS AND DEFINITIONS

A Cartesian plane is  a s et of  two perpend icul ar number l ines  that inters ect 
at the origin. 

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Battleship is a game where the main 
objective is to sink all of your opponents' 
ships. Each ship is located on different 
sections of the grid. Each player takes 
turns in attempting to plot the location 
of their opponents' ships with reference 
to Cartesian coordinates.
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Worked example 1

Stating the coordinates on a Cartesian plane

State the coord inates  on the f ol l owing Cartes ian pl ane. 

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

A

B

Continues →

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

(−2,2)

(−4,−4) (5,−4)

(4,2)

Quadrant 1Quadrant 2

Quadrant 3 Quadrant 4

3. Any point on the 𝑥-axis wil l al ways have a 𝑦-coord inate that is zero. Any point on the 𝑦-axis wil l al ways have  
a 𝑥-coord inate that is zero. 

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

(0,y value)

(x value,0)
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Worked example 2

Plotting points on a Cartesian plane

Pl ot the f ol l owing coord inates  on a Cartes ian pl ane. 

A(−3,5) and  B(−2,−3)

Working Thinking

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

Step 1: Draw a s et of  axes , ens uring that they are l ong 
enough to fit al l  the coord inates . 

Continues →

WE2

a. Point A

Working Thinking

A(4,3) Point A is  4 units  right and  3 units  up f rom the origin. 

b. Point B

Working Thinking

B(2,0) Point B is  2 units  right f rom the origin. 

Student practice

State the coord inates  on the f ol l owing Cartes ian pl ane. 

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

A

B

a. Point A b. Point B

WE1a

WE1b
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2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

A

B

Step 2: Point A is  3 units  l ef t and  5 units  up f rom  
the origin. 

Step 3: Point B is  2 units  l ef t and  3 units  d own f rom  
the origin. 

Student practice

Pl ot the f ol l owing coord inates  on a Cartes ian pl ane. 

A(−2,3) and  B(−5,−4)

Worked example 3

Plot and state the location of each point on the Cartesian plane

Pl ot and  s tate the quad rant or axis  in which each point is  l ocated  on the Cartes ian pl ane. 

A(2,−4) and  B(0,−2)

Working Thinking

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

Step 1: Draw a s et of  axes , ens uring that they  
are l ong enough to fit al l  the coord inates .   
Then pl ot and  l abel  each point us ing  
the Cartes ian coord inates . 

WE3

Continues →
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9A Questions

Understanding worksheet

1. State the mis s ing coord inate pl otted  on the Cartes ian pl ane. 

Example

2

2

−2

−4

−4

4

4

y

x
−2

(4,    2    )

a.

2

2

−2

−4

−4

4

4

y

x
−2

)(2,

b.

2

2

−2

−4

−4

4

4

y

x
−2

,−4)(

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

Quadrant 1Quadrant 2

Quadrant 3 Quadrant 4

B

A

Step 2: Point A is  2 units  right, 4 units  d own f rom  
the origin and  is  in the f ourth quad rant. 

Step 3: Point B is  2 units  d own f rom the origin  
and  is  on the 𝑦-axis . 

Student practice

Pl ot and  s tate the quad rant or axis  in which each point is  l ocated  on the Cartes ian pl ane. 

A(3,−2) and  B(0,−5)
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c.

2

2

−2

−4

−4

4

4

y

x
−2

)(−4,

d.

2

2

−2

−4

−4

4

4

y

x
−2

,−3)(

2. Circl e the quad rant or axis  f or the given coord inate. 

Example

2

2

−2

−4

−4

4

4

y

x
−2

x-axis

y-axis

Quadrant 1

Quadrant 2

Quadrant 3

Quadrant 4

a.

x-axis

y-axis

Quadrant 1

Quadrant 2

Quadrant 3

Quadrant 4

2

2

−2

−4

−4

4

4

y

x
−2

b.

x-axis

y-axis

Quadrant 1

Quadrant 2

Quadrant 3

Quadrant 4

2

2

−2

−4

−4

4

4

y

x
−2

c.

x-axis

y-axis

Quadrant 1

Quadrant 2

Quadrant 3

Quadrant 4

2

2

−2

−4

−4

4

4

y

x
−2

d.

x-axis

y-axis

Quadrant 1

Quadrant 2

Quadrant 3

Quadrant 4

2

2

−2

−4

−4

4

4

y

x
−2
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3. Fil l  in the bl anks  by us ing the word s  provid ed . 

Cartesian (x, y) horizontal four

To l ocate any point on the  pl ane, a pair of  numbers  are us ed  and  are cal l ed  the  

Cartes ian coord inates .  When the pair of  numbers  are written, they are written in the f orm  .  

The 𝑥-axis ref ers to the  pos ition, whereas  the 𝑦-axis ref ers to the vertical pos ition.  

The Cartes ian pl ane is  mad e up of   quad rants , where thes e are numbered  in an anticl ockwis e 

d irection, s tarting in the top right corner. 

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8

4. State the coord inates  on the f ol l owing Cartes ian pl ane. 

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

B

D

C

A

H

G
FE

5. Pl ot the f ol l owing coord inates  on a Cartes ian pl ane. 

a. A(2,3) b. B(−1,4) c. C(−3,−5) d. D(3,−5)
e. E(0,3) f. F(4,0) g. G(0,−4. 5) h. H(−2. 5,0)

6. Pl ot and  s tate the quad rant or axis  in which each point is  l ocated  on the Cartes ian pl ane. 

a. A(2,2) b. B(−4,4) c. C(−2,−3) d. D(5,−2)
e. E(0,−3) f. F(4,0) g. G(0,4. 5) h. H(−2. 5,0)

7. State the quad rant in which each point l ies  on the Cartes ian pl ane. 

a. (2,5) b. (6,1) c. (−1,3) d. (−3,1)

e. (−4,−1) f. (3,−4) g. (0,5. 5) h. (−3. 5,0)

WE1

WE2

WE3
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8. State the coord inate on the f ol l owing Cartes ian pl ane. 

A. (2. 5,3)
B. (2. 5,−3)
C. (3,2. 5)
D. (−3,−2. 5)
E. (−3,2. 5)

Spot the mistake

9. Sel ect whether Stud ent A or Stud ent B is  incorrect.  

a. Pl ot the f ol l owing coord inates  on the given Cartes ian pl ane. 
A(−2,3)

Student A

Point A is  2 units  l ef t and  3 units  up. 

2

2

−2

−4

−4

4

4

y

x
−2

A

Student B

Point A is  2 units  d own and  3 units  right. 

2

2

−2

−4

−4

4

4

y

x
−2

A

b. Pl ot and  s tate the quad rant or axis  in which point B is  l ocated  on the Cartes ian pl ane. 

Student A

Point B is  f our units  right and  3 units  up  
and  is  in the firs t quad rant. 

Quadrant 1Quadrant 2

Quadrant 3 Quadrant 4

2

2

−2

−4

−4

4

4

y

x
−2

Student B

Point B is  f our units  up and  3 units  right  
and  is  in the s econd  quad rant. 

Quadrant 2Quadrant 1

Quadrant 3 Quadrant 4

2

2

−2

−4

−4

4

4

y

x
−2

2

2

−2

−4

−4

4

4

y

x
−2
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Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Nora l ives  on 3rd  s treet and  5th road , repres ented  as  (3,5).  Her grand mother l ives  at 5th s treet  
and  9th road , repres ented  as  (5,9).  Pl ot the coord inates  on a Cartes ian pl ane. 

11. Stanl ey is  keeping track of  the amount of  pus h ups  and  s it ups  he d oes  per d ay by us ing a  
Cartes ian pl ane.  He us es  the 𝑥-axis f or the number of pus h ups and the 𝑦-axis f or the number of  
s it ups .  Pl ot the f ol l owing: Mond ay (10,32), Tues d ay (15,25), Wed nes d ay (5,63) and  Thurs d ay 
(32,20) to then d etermine what d ay Stanl ey d id  the mos t pus h ups ?

12. On a Cartes ian pl ane, Jes s ie’s  work is  l ocated  at (−3,−2).  Jes s ie l ives  f our bl ocks  north and  five 
bl ocks  eas t.  State the ord ered  coord inates  f or Jes s ie’s  home. 

13. The Cartes ian pl ane bel ow d is pl ays  inf ormation about where s ix f amil y members  l ive. 

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

Anthony

Daniel

Michelle

Frank

Gina

Carrie

Show that the d is tance between Michel l e and  Carrie is  equal  to s even units . 

14. A particul ar s hopping centre d is pl ays  the f ol l owing inf ormation on a Cartes ian pl ane.  Col es  is  l ocated  
at the origin, Bank of  Mel bourne is  l ocated  at (−3,−4), the f ood  court has  the s ame 𝑥-coord inate  
as  Bank of  Mel bourne and  a 𝑦-coord inate of 1. The bathrooms are one unit l ef t and three units  
up f rom the f ood  court.  The bathrooms  are l ocated  in which quad rant?

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy All 

15. Renae’s  high s chool  has  five d if f erent hous es .  Each s tud ent is  al l ocated   
to a hous e.  Renae has  pl otted  thes e five buil d ings  on a Cartes ian pl ane.   
There is  al s o a Stud ent Hub that is  exactl y hal f way between O’Grad y  
and  MacKil l op hous es . 

a. Renae is  in Col l iton hous e, what are the coord inates  f or Col l iton hous e?
b. Which quad rant on the Cartes ian pl ane is  Naughton, O’Grad y and  Col l iton?
c. The 𝑦-coord inate f or Naughton hous e is incorrectl y pl otted . The correct

coord inate f or Naughton hous e need s  to be on the 𝑥-axis . What is the
correct coord inate f or Naughton hous e?

d. What is  the coord inate f or the Stud ent Hub?
e. MacKil l op and  Maiocco s tud ents  have the f urthes t to travel  when going  

to cl as s es , as  mos t of  their cl as s es  are in the s econd  quad rant.   
Sugges t s ome ways  Renae’s  high s chool  coul d  make it f air f or al l  s tud ents . 

5

5

−5

−10

−10

10

10

y

x
−5

O’Grady

Colliton
Naughton

Maiocco
MacKillop

	  9A ThE CArTEsiAn plAnE 485

9A

 



16. For parts  a and  b, s tate which quad rant the coord inate is  f ound  in.  

a. (2,−3)
b. (−3,2)
c. Compare the ans wers  f rom part a and  b and  expl ain why the coord inates  are not f ound   

in the s ame quad rant?

Extra spicy

17. Us ing    (  3,0 )     and     (  −2,0 )    , l is t the f our coord inates  (onl y integers ) of  𝑥 and 𝑦 that l ie on the l ine
s egment joining thes e two coord inates . 

18. The mid point of  a l ine s egment (or interval ) is  the Cartes ian coord inate that cuts  the s egment in hal f .  
Find  the mid point f or    (  −4,−5 )     and     (  6,−2 )    . 

19. State the coord inate f or the point    (  𝑥,𝑦, z )     d is pl ayed  in the f ol l owing Cartes ian pl ane. 
z

y

x

A.    (  2,3 )    
B.    (  3,2 )    
C.    (  3,2,4 )    
D.    (  2,3,4 )    
E. Cannot be d etermined 

20. A s et of  points  have the f ol l owing coord inates     (  𝑥,0 )    , where 𝑥 can be s ubs tituted f or any number. 
What d oes  this  coord inate repres ent?

A. 𝑦-axis 
B. 𝑥-axis 
C. Origin
D. Second  quad rant
E. Fourth quad rant

Remember this?

21. Victoria has  s aved  $53 f or her party.  A pack of  l ol l ies  cos ts  $7.  What is  the greates t number of  packs  
of  l ol l ies  Victoria can buy f or her party?

A. 5 B. 6 C. 7 D. 8 E. 9

22. Ying need s  to buy a carpet that covers  her whol e bed room.  Ying’s  bed room is  a rectangl e with 
d imens ions   550  cm  × 850  cm.  One s quare metre of  carpet cos ts  $25.  What wil l  the total  cos t  
of  Ying’s  carpet be?

A. $46. 75 B. $1168. 75 C. $116 875 D. $467 500 E. $11 687 500
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23. Stud ents  at St.  Ros e Col l ege were s urveyed  to find  how many hours  they s l eep each night. 

The graph bel ow s hows  the res ul ts . 

15%

20%

5%

Key

7 hours

6 hours

9 hours

8 hours

Given that there were 100 s tud ents  who s l ept 8 hours  each night, how many s tud ents  at St.  Ros e 
Col l ege s l eep 6 hours  each night?

A. 60% B. 80% C. 300 D. 400 E. 600
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Tables of values9B

Key ideas

1. A table of values can be converted to coordinates on a Cartesian plane.

𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −4 −1 2 5 8

Coordinate (−2,−4) (−1,−1) (0,2) (1,5) (2,8)

2. A table of values can be used to graph a straight line when given a rule.

𝑥𝑥 0 1 2 3

𝑦𝑦 4 6 8 10

Coordinate (0,4) (1,6) (2,8) (3,10)

y

x

2

0.5 1 1.5 2 2.5 30

4

6

8

10

A rule with two variables can be used to show the relationship between  
the pair of coordinates    (  𝑥, 𝑦 )  .   The coordinates for a rule can be displayed  
in a table of values and plotted on a Cartesian plane. A set of coordinates  
on a Cartesian plane can be transferred to a table of values.

LEARNING INTENTIONS

Students will be able to:
 • complete a table of values using substitution

 • write a table of values as (𝑥,𝑦) coordinates

 • construct a linear graph using a table of values.

KEY TERMS AND DEFINITIONS

A rule is a formula written using mathematical symbols and pronumerals 
to describe a pattern.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Day (d) 1 2 3

Kilometres (k) 20 22 24

Coordinate (1,20) (2,22) (3,24)

Harry is training for a marathon.  
Each day (d), he wants to run two more 
kilometres (k) than the previous day. 
Harry displays the first three runs in 
a table of values. Harry can plot the 
coordinates from the table of values  
to display his runs over the first  
three days. 
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Worked example 1

Constructing coordinates from a table of values

Use the table of values to generate coordinates.

a. 𝑥𝑥 −3 −2 −1 0 1

𝑦𝑦 −3 −1 1 3 5

Coordinate

Working thinking

𝑥𝑥 −3 −2 −1 0 1

𝑦𝑦 −3 −1 1 3 5

Coordinate (−3,−3) (−2,−1) (−1,1) (0,3) (1,5)

Step 1: Identify the 𝑥-coordinate by referring to
the first row of values. The corresponding  
𝑦-coordinate is directly below the 𝑥-coordinate.

Step 2: State all the coordinates displayed in the table 
of values.

b. 𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 9 6 3 0 −3

Coordinate

Working thinking

𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 9 6 3 0 −3

Coordinate (−2,9) (−1,6) (0,3) (1,0) (2,−3)

Step 1: Identify the 𝑥-coordinate by referring to
the first row of values. The corresponding  
𝑦-coordinate is directly below the 𝑥-coordinate.

Step 2: State all the coordinates displayed in the table 
of values.

Student practice

Use the table of values to generate coordinates.

a. 𝑥𝑥 −3 −2 −1 0 1

𝑦𝑦 −10 −6 −2 2 6

Coordinate

b. 𝑥𝑥 −3 −2 −1 0 1

𝑦𝑦 8 6 4 2 0

Coordinate

WE1a

WE1b
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Worked example 2

Completing a table of values

Complete the table of values with the given rule.

a. 𝑦 = 2𝑥 + 4

𝑥𝑥 0 1 2 3

𝑦𝑦

Working thinking

 2 (  0 )   + 4 = 4 

 2 (  1 )   + 4 = 6 

 2 (  2 )   + 4 = 8 

 2 (  3 )   + 4 = 10 

Step 1: Substitute each 𝑥-coordinate in the table into
the rule to determine the 𝑦-coordinate.

𝑥𝑥 0 1 2 3

𝑦𝑦 4 6 8 10

Step 2: Complete the table of values.

b. 𝑦 = −3𝑥 + 2

𝑥𝑥 −1 0 1 2

𝑦𝑦

Working thinking

 −3 (  −1 )   + 2 = 5 

 −3 (  0 )   + 2 = 2 

 −3 (  1 )   + 2 = −1 

 −3 (  2 )   + 2 = −4 

Step 1: Substitute each 𝑥-coordinate in the table into
the rule to determine the 𝑦-coordinate.

𝑥𝑥 −1 0 1 2

𝑦𝑦 5 2 −1 −4

Step 2: Complete the table of values.

Student practice

Complete a table of values with a given rule.

a. 𝑦 = 3𝑥 + 2

𝑥𝑥 0 1 2 3

𝑦𝑦

b. 𝑦 = −2𝑥 + 3

𝑥𝑥 −1 0 1 2

𝑦𝑦

WE2a

WE2b
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Worked example 3

Constructing a graph from a table of values

Construct a graph for each of the following.

a. 𝑦 = 4𝑥 + 1 

Working thinking

𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −7 −3 1 5 9

Step 1: Construct the table of values.

𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −7 −3 1 5 9

Coordinate (−2,−7) (−1,−3) (0,1) (1,5) (2,9)

Step 2: Determine the coordinates given by the table  
of values.

2

−5

−4

−10

5

4

10

y

x
−2

Step 3: Draw and label the 𝑥 and 𝑦 axes. Identify the
smallest and largest values in the table (for both  
𝑥 and 𝑦) to determine how to scale the g raph.

2

−5

−4

−10

5

4

10

y

x
−2

Step 4: Plot each coordinate.

2

−5

−4

−10

5

4

10

y

x
−2

y = 4x + 1

Step 5: Use a ruler to connect the coordinates  
and add arrows to each end.

Step 6: Label the line with reference to the rule.

Continues →

WE3a
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b. 𝑦 = −2𝑥 + 1 , where 𝑥 is between  −2  and  2 .

Working thinking

𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 5 3 1 −1 −3

Coordinate (−2,5) (−1,3) (0,1) (1,−1) (2,−3)

Step 1: Determine the coordinates given by the table  
of values.

1

−5

−2

−10

−3

5

2

10

3

y

x
−1

Step 2: Draw and label the 𝑥 and 𝑦 axes. Identify the
smallest and largest values in the table (for both  
𝑥 and 𝑦) to determine how to scale the g raph.

1

−5

−2

−10

−3

5

2

10

3

y

x
−1

Step 3: Plot each coordinate.

1

−5

−2

−10

−3

5

2

10

3

y

x
−1

y = 2x + 1

Step 4: Use a ruler to connect the coordinates  
and add arrows to each end.

Step 5: Label the line with reference to the rule.

Student practice

Construct a graph for the rule using the table of values given.

a. 𝑦 = 2𝑥 + 3 

𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −1 1 3 5 7

b.  𝑦 = −3𝑥 + 4 , where 𝑥 is between  −2  and  2 .

WE3b
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9B Questions

Understanding worksheet

1. Complete the table of values.

Example

𝑥𝑥 −1 0 1 2

𝑦𝑦 2 4 6 8

Coordinate (−1,2) (0,4) (1,6) (2,8)

a. 𝑥𝑥 1 2 3 4

𝑦𝑦 2 8 11

Coordinate (1,2) (2,5) (3,8)

b. 𝑥𝑥 0 1 2 3

𝑦𝑦 1.5 2 2.5

Coordinate (0,1) (1,1.5) (3,2.5)

c. 𝑥𝑥 −1 0 1 2

𝑦𝑦 7 3 1

Coordinate (−1,7) (0,5) (2,1)

d. 𝑥𝑥 −2 −1 0 1

𝑦𝑦 10 6 2

Coordinate (−2,14) (−1,10) (0,6)

2. Using  the table of values, substitute the correct value into the equation.

Example

𝑥𝑥 −1 0 1 2

𝑦 = 2𝑥 + 1   2 (  −1 )   + 1 = −1  2( ) + 1 = 10
  2 (  1 )   + 1 = 3    2 (  2 )   + 1 = 5  

a. 𝑥𝑥 1 2 3 4

 𝑦 = 3𝑥 + 3   3 (  1 )   + 3 = 6  3( ) + 3 = 9   3 (  3 )   + 3 = 12    3 (  4 )   + 3 = 15  

b. 𝑥𝑥 0 1 2 3

 𝑦 = 6𝑥 + 4   6 (  0 )   + 4 = 4    6 (  1 )   + 4 = 12  6( ) + 4 = 16   6 (  3 )   + 4 = 22  

c. 𝑥𝑥 −1 0 1 2

𝑦 = 3𝑥 − 5 3( ) − 5 = −8   3 (  0 )   − 5 = −5    3 (  1 )   − 5 = −2    3 (  2 )   − 5 = 1  

d. 𝑥𝑥 −2 −1 0 1

𝑦 = 7𝑥 − 1   7 (  −2 )   − 1 = −15  7( ) − 1 = −8   7 (  0 )   − 1 = − 1    7 (  1 )   − 1 = 6  
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3. Fill in the blanks by using the words provided.

Cartesian y-coordinates x-coordinates smallest

A table of values displays a set of Cartesian coordinates. The coordinates are used to plot on a  

plane. The values found in the top row of a table of values display the  , whereas the values 

found in the second row display the  . When plotting coordinates from a table of values  

to a Cartesian plane, it is important to identify the  and largest values in the table (for both  

𝑥 and 𝑦) to scale the g raph appropriately.

Fluency
Question working paths

Mild 
4 (a,b), 5 (a,b,c,d), 6 (a,b,c,d), 7 (a,b,c,d),  
8 (a,b,c,d), 9

Medium 
4 (b,c), 5 (c,d,e,f), 6 (c,d,e,f), 7 (c,d,e,f),  
8 (c,d,e,f), 9

Spicy 
4 (c,d), 5 (e,f,g,h), 6 (e,f,g,h), 7 (e,f,g,h),  
8 (e,f,g,h), 9

4. Use the table of values to generate coordinates.

a. 𝑥𝑥 −3 −2 −1 0 1

𝑦𝑦 −2 −1 0 1 2

Coordinate

b. 𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −6 −4 −2 0 2

Coordinate

c. 𝑥𝑥 −1 0 2 4 6

𝑦𝑦 1 0 −2 −4 −6

Coordinate

d. 𝑥𝑥 −2 0 2 4 6

𝑦𝑦 4 −2 −8 −12 −16

Coordinate

5. Complete the table of values with the given rule.

𝑥𝑥 −2 −1 0 1 2

𝑦𝑦

a.  𝑦 = 3𝑥 b.  𝑦 = 5𝑥 c.  𝑦 = 2𝑥 + 2 d.  𝑦 = 3𝑥 + 1 

e.  𝑦 = 𝑥 + 3 f.  𝑦 = 3 + 2𝑥 g.  𝑦 =   1 __ 2  𝑥 + 1 h.  𝑦 = 2 +   3 __ 4  𝑥

6. Complete the table of values with the given rule.

𝑥𝑥 −2 −1 0 1 2

𝑦𝑦

a.  𝑦 = −4𝑥 b.  𝑦 = −2𝑥 c.  𝑦 = −3𝑥 + 3 d.  𝑦 = −2𝑥 − 4 

e.  𝑦 = −𝑥 f.  𝑦 = −2 − 𝑥 g.  𝑦 = −   1 __ 4  𝑥 + 2 h.  𝑦 = 3 −   1 __ 2  𝑥

7. Construct a graph for each of the following. 

a. 𝑦 = 2𝑥

𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −4 −2 0 2 4

b. 𝑦 = 𝑥

𝑥𝑥 −3 −1 4 6 7

𝑦𝑦 −3 −1 4 6 7

WE1

WE2a

WE2b

WE3a
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c. 𝑦 = 𝑥 − 1

𝑥𝑥 −3 −2 −1 0 1

𝑦𝑦 −4 −3 −2 −1 0

d. 𝑦 = −2𝑥 + 3

𝑥𝑥 0 1 2 3 4

𝑦𝑦 3 1 −1 −3 −5

e. 𝑦 = 2𝑥 + 4

𝑥𝑥 −1 0 1 2 3

𝑦𝑦 2 4 6 8 10

f.  𝑦 = −  1 __ 3  𝑥

𝑥𝑥 −3 0 3 6 9

𝑦𝑦 1 0 −1 −2 −3

g.  𝑦 =   1 __ 2  𝑥 + 6 

𝑥𝑥 0 2 4 6 8

𝑦𝑦 6 7 8 9 10

h.  𝑦 =   −0.25𝑥 + 2 

𝑥𝑥 −3 0 2 3 5

𝑦𝑦 2.75 2 1.5 1.25 0.75

8. Construct a g raph for the rule using  a table of values when 𝑥 is between  −2  and  2 .

a.  𝑦 = 4𝑥 b.  𝑦 = −2𝑥 c.  𝑦 = 3𝑥 + 2 d.  𝑦 = −4𝑥 − 2 

e.  𝑦 = −  2 __ 3  𝑥 f.  𝑦 =   1 __ 2  𝑥 + 4 g.  𝑦 = 0.75𝑥 − 3 h.  𝑦 = 𝑥 − 2𝑥

9. Identify which of the coordinates are for the given rule.

 𝑦 = 3𝑥 − 1 

A.    (  −1,4 )  ,  (  2,6 )  ,  (  5,14 )  ,  (  8,23 )    
B.    (  2,1 )  ,  (  5,2 )  ,  (  8,3 )  ,  (  11,4 )    
C.    (  1,30 )  ,  (  3,32 )  ,  (  5,34 )  ,  (  10,309 )    

D. (−1,0),    (  1,−  2 __ 3   )    , (2,−1), (5,−2)

E. None of the above

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Complete the table of values for 𝑦 = 3𝑥.

𝑥𝑥 0 1 2 3

𝑦𝑦

Student A

𝑥𝑥 0 1 2 3

𝑦𝑦 30 31 32 33

Student B

𝑥𝑥 0 1 2 3

𝑦𝑦 0 3 6 9

WE3b
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b. The calculations to complete the table of values for  𝑦 = 2𝑥 − 3  are:

𝑥𝑥 −3 −1 2 5

𝑦𝑦

Student A

𝑦 = 2(−3) − 3 = −9
𝑦 = 2(−1) − 3 = −5
𝑦 = 2(2) − 3 = 1
𝑦 = 2(5) − 3 = 7

Student B

𝑦 = 2(−3) − 3 = −9
𝑦 = 2(−2) − 3 = −7
𝑦 = 2(−1) − 3 = −5
𝑦 = 2(0) − 3 = −3

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Lester starts the Bolt for Gold running competition that his high school sports department is 
currently enrolled in. The distance that he has achieved over the first five days g enerates a  
linear pattern. State the coordinates of Lester’s first five consecutive runs.

Day (d) 1 2 3 4 5

Kilometres (k) 3 3.25 4.5 5.75 7

Coordinate

12. Clinton loves to bake cookies. The time    (  t )     it takes him to bake    (  c )     number of cookies is found by the rule  
t = 2c + 15 . Generate a table of values that displays how long  it will take Clinton to bake 1, 4, 6, 10 
and 20 cookies.

13. For Christmas, Edrolo purchases travel vouchers for their employees. Each employee receives a  
 $150  voucher, plus an additional one off  $30  transaction fee. The rule that displays the cost is 
represented as  $c = 150v + 30 , where  v  represents the number of vouchers and  c  represents the 
cost in dollars    (  $ )    . Generate a table of values that displays how much it will cost Edrolo to purchase 
50, 70, 90, 120 and 200 travel vouchers.

14. Steve loves ordering pizza from Cagney’s restaurant. All medium sized pizza costs  $14 . Each additional 
topping costs  $2.  Generate a table of values and a graph to display this scenario. Toppings on the 
pizza is represented as (𝑥) and is between  0  and  6 , and total cost is represented as (𝑦).

15. Daniel has been saving  to purchase his first car. After one year he has saved  $2000 , after three  
years he has  $3500 . Generate a table of values displaying Daniel’s savings and construct a graph 
using this information.
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Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. It’s Matt’s birthday this weekend and he is cooking burgers for his family. His local butcher charges  
$1.95  for each burg er and then a one off delivery fee of $10.

a. Copy and complete the table of values to show how much it would cost Matt to order burgers  
for his birthday.

Burgers (b) 15 18 20 25 40 50 60

Cost $(c)

b. Using your answers from part a state the coordinates for the table of values.
c. The rule for this table of values is  $cost = 1.95b + 10 . Using the rule substitute and calculate 

how much it will cost for 100 burg ers.
d. Construct a table of values where burgers    (  b )     is between 80 and 85, inclusive and then plot  

on a Cartesian plane.
e. What are some other alternative barbeque options Matt could consider making  for his birthday?

17. For part a and b complete a table of values with the g iven rule where  𝑥 is between  −3  and  3 .

a.  𝑦 = 2𝑥 − 2 
b.  𝑦 = −2𝑥 − 2 
c. Compare your answers for parts a and b and comment on the differences between  

the coefficient values.

Extra spicy

18. Determine if the points    (  −3,11 )     and    (  2,−14 )     are coordinates for the rule  𝑦 = −5𝑥 − 4 .

19. Plot the points on a Cartesian plane for  𝑦 −   1 __ 2   =   3 __ 4  𝑥.

20. Determine the rule that will generate the following table of values.

𝑥𝑥 1 2 3 4 5

𝑦𝑦 1.5 4.5 7.5 10.5 13.5

A.  𝑥 =   
𝑦
 __ 3   +   1 __ 2   B.  𝑦 = 3𝑥 + 1.5 C.  𝑥 = 3𝑦 − 1.5 D.  𝑥 = 3𝑦 + 1.5 E.  𝑦 = 1.5𝑥 + 3 

21. The correct table of values for the rule  𝑥 = 0.5𝑦 − 1.375  and coordinates    (  −4,5.25 )     and    (  4,10.75 )     is:

A. 𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −1.875 −1.375 −0.875 −0.375 0.125

B. 𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −1.25 0.75 2.75 4.75 6.75

C. 𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −2.375 −1.875 −1.375 −0.875 −0.375

D. 𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −3.25 −1.25 0.75 2.75 4.75

E. 𝑦 is not the subject, so a table of values cannot be g enerated.
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Remember this?

22. This table shows the number of questions Ms. Clifton’s maths students answered correctly in a quiz.

Number of questions 
answered correctly

Number of students

3 4

4 5

5 11

6 3

7 2

What is the mode number of questions Ms. Clifton’s students answered correctly for this quiz?

A. 3 B. 4 C. 5 D. 6 E. 7

23. Two fair dice with six sides each are tossed at the same time. What is the probability that both dice 
will show the number six?

A.     1 ____ 36   B.     1 ____ 30   C.     1 ____ 26   D.     1 ____ 12   E.    1 __ 6   

24. Patrick counted the number of g ummy bears in a bowl. A sixth of the lollies are orang e-flavoured, 
a third are pineapple-flavoured and the rest are banana-flavoured. There are 3 more pineapple-flavoured 
g ummy bears than orang e-flavoured g ummy bears. How many banana-flavoured g ummy bears  
are there in the bowl?

A. 3 B. 6 C. 9 D. 12 E. 18
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Linear rules9C

Key ideas

1. A linear rule is in the form of:

 y =  mx +  c
or

 y =  c  +  mx 
m = coefficient of 𝑥
c = constant
𝑥 and 𝑦 are variables

2. Find ing the coefficient value for a linear rule varies on what information has been given.

From a set of coordinates
  (  −1,7 )  ,  (  0,4 )  ,  (  1,1 )   
For each one unit increase of 𝑥, 𝑦 d ecreases by 3.
Coefficient of 𝑥 is −3.
∴ 𝑦  = −3𝑥 + constant Continues →

A linear rule is an efficient way  of d escribing the relationship between  
two variables. A linear rule can be established  and  calculated  by  referring  
to a set of coord inates, a table of values or a graph. Once a linear rule  
has been established , this allows us to calculate ad d itional values that  
may  not have been given originally .

LEARNING INTENTIONS

Students will be able to:
 • und erstand  and  find  the linear rule from a set of coord inates

 • und erstand  and  find  the linear rule from a table of values

 • und erstand  and  find  the linear rule from a graph.

KEY TERMS AND DEFINITIONS

A coefficient is the number that a pronumeral is being multiplied  by .

A constant is a number that cannot change its value in an expression 
or equation.

A linear rule is an equation used  for a straight line.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

INTERNATIONAL 
SHIPMENT

EXPRESS DELIVERY
SERVICE

POST OFFICE

There are different ways an item can 
be delivered. The cost of each method 
can be calculated using a different 
linear equation. These linear equations 
differ in coefficient and constant values  
and are dependent on some of the 
following factors: location, weight, 
company etc.
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From a table of values From a graph

Ordered pairs of coordinates
+1 +1 +1

𝑥𝑥 1 2 3 4

𝑦 𝑦 6 8 10 12

+2 +2 +2

Coefficient o x is 2

For each one unit increase of 𝑥, the 𝑦 -value
increases by  2.
Coefficient of 𝑥 is 2.
∴ 𝑦  = 2𝑥 + constant

2

−4

−8

−8

8

8

y

x
−2

2

4

6

−2

−6

4 6−4−6

−3

−3

−3

For each one unit increase of 𝑥, the 𝑦 -value
d ecreases by  3.
Coefficient of 𝑥 is −3.
∴ 𝑦  = −3𝑥 + constant

3. Find ing the constant value for a linear rule varies on what information has been given.

Finding the constant is when  𝑥 = 0 .

From a set of coordinates From a table of values

  (  −1,7 )  ,  (  0,4 )  ,  (  1,1 )   

∴   (  0,  4 )   
𝑦  = m𝑥 + 4

𝑥𝑥 0 1 2 3 4

𝑦 𝑦 4 6 8 10 12

∴   (  0,  4 )   
𝑦  = m𝑥 + 4

From a graph Substituting a set of given coordinates  
and solving for the constant

1

1

−1

−2

−2

2

2

y

x
−1

∴   (  0,1 )   
𝑦  = m𝑥 + 1

  (  2,5.75 )  ,  (  3,7.75 )   
  (  4,9.75 )  ,  (  5,11.75 )   

If the coord inate   (  0, constant  )    is not given,  
calculate the coefficient first.

Coefficient
𝑦 -value increases by 2.
Coefficient of 𝑥 is 2.
∴ 𝑦  = 2𝑥 + constant

Constant
Substitute any  one coord inate into the rule and  solve 
for the constant.
7.75 = 2 × 3 + constant
7.75 = 6 + constant
1.75 = constant
∴ 𝑦  = 2𝑥 + 1.75
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Worked example 1

Finding a rule from a set of coordinates

Find  the rule from the given set of coord inates.

a.   (  −1,1 )  ,  (  0,3 )  ,  (  1,5 )  ,  (  2,7 )   

Working Thinking

  (  1,5 )  ,  (  2,7 )   Step 1: Id entify  any  two consecutive ord ered  pairs  
of coord inates.

𝑦 -value increases by 2. 
Coefficient of 𝑥 is 2.

Step 2: To d etermine the coefficient, calculate the value 
that 𝑦 changes by for each 𝑥-value increase of 1 .

Coord inate where 𝑥 = 0 is   (  0,3 )   . 
Constant is 3.

Step 3: Id entify  the constant by  referring to the 
coord inate where 𝑥 = 0.

𝑦  = 2𝑥 + 3 Step 4: Outline the rule in the form of 𝑦  = m𝑥 + c.

Visual support

(−1,1), (0,3), (1,5), (2,7)

Ordered pairs of coordinates

Coe�cient of x is 2
+2 +2 +2

b.   (  −1,7 )  ,  (  0,4 )  ,  (  1,1 )  ,  (  2,−2 )  ,  (  3,−5 )   

Working Thinking

  (  2,−2 )  ,  (  3,−5 )   Step 1: Id entify  any  two consecutive ord ered  pairs  
of coord inates.

𝑦 -value d ecreases by 3. 
Coefficient of 𝑥 is −3.

Step 2: To d etermine the coefficient, calculate the value 
that 𝑦 changes by for each 𝑥-value increase of 1. 

Coord inate where 𝑥 = 0 is   (  0,4 )   . 
Constant is 4.

Step 3: Id entify  the constant by  referring  
to the coord inate where 𝑥 = 0.

𝑦  = −3𝑥 + 4 Step 4: Outline the rule in the form of 𝑦  = m𝑥 + c.

Student practice

Find  the rule from the given set of coord inates.

a.   (  −1,−1 )  ,  (  0,2 )  ,  (  1,5 )  ,  (  2,8 )   b.   (  −1,5 )  ,  (  0,3 )  ,  (  1,1 )  ,  (  2,−1 )  ,  (  3,−3 )   

WE1a

WE1b
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Worked example 2

Finding a rule from a table of values

Find  the rule from the given table of values.

a. 

Working Thinking

  (  1,1 )  ,  (  2,4 )   Step 1: Id entify  any  two consecutive ord ered  pairs  
of coord inates.

𝑦 -value increases by 3. 
Coefficient of 𝑥 is 3.

Step 2: To d etermine the coefficient, calculate the value 
that 𝑦 changes by for each 𝑥-value increase of 1.

Coord inate where 𝑥 = 0 is   (  0,−2 )   . 
Constant is −2.

Step 3: Id entify  the constant by  referring  
to the coord inate where 𝑥 = 0.

𝑦  = 3𝑥 − 2 Step 4: Outline the rule in the form of 𝑦  = m𝑥 + c.

Visual support

Ordered pairs of coordinates
+1 +1 +1

𝑥𝑥 −1 0 1 2

𝑦 𝑦 −5 −2 1 4

+3 +3 +3

Coefficient o x is 3

b. 

Working Thinking

  (  1,−1 )  ,  (  2,−5 )   Step 1: Id entify  any  two consecutive ord ered  pairs  
of coord inates.

𝑦 -value d ecreases by 4. 
Coefficient of 𝑥 is −4.

Step 2: To d etermine the coefficient, calculate the value 
that 𝑦 changes by for each 𝑥-value increase of 1.

  (  3,−9 )   

 −9 = −4 (  3 )   +  constant

−9 = −12 + constant

3 = constant

Step 3: Substitute any  one coord inate into the rule  
and  solve for the constant. 

𝑦  = −4𝑥 + 3 Step 4: Outline the rule in the form of 𝑦  = m𝑥 + c.

Student practice

Find  the rule from the given table of values.

a. b. 

WE2a𝑥𝑥 −1 0 1 2

𝑦 𝑦 −5 −2 1 4

WE2b𝑥𝑥 1 2 3 4

𝑦 𝑦 −1 −5 −9 −13

𝑥𝑥 −1 0 1 2

𝑦 𝑦 −4 −2 0 2

𝑥𝑥 1 2 3 4

𝑦 𝑦 1 −2 −5 −8
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Worked example 3

Finding a rule from a graph

Find  the rule from the graph.

a. 

Working Thinking

  (  1,1 )  ,  (  2,5 )   Step 1: Id entify  any  two consecutive ord ered  pairs  
of coord inates.

𝑦 -value increases by 4. 
Coefficient of 𝑥 is 4.

Step 2: To d etermine the coefficient, calculate the value 
that 𝑦 changes by for each 𝑥-value increase of 1.

Coord inate where 𝑥 = 0 is   (  0,−3 )   . 
Constant is −3.

Step 3: Refer to the  𝑦 -axis to d etermine the constant,
this is when  𝑥 = 0 .

𝑦  = 4𝑥 − 3 Step 4: Outline the rule in the form of 𝑦  = m𝑥 + c.

Visual support

1 2
x

−1 3−2−3

−5

−10

5

10

y

(0,−3)

+4

+4

+4

+4

b. 

Continues →

WE3a

1 2
x

−1 3−2−3

−5

−10

5

10

y

WE3b

2
x

−1 3−2−3

−5

−10

5

10

y

	  9C Linear ruLes 503

9C

 



9C Questions

Understanding worksheet

1. Complete the rule with reference to the table of values.

Example

𝑥𝑥 −1 0 1 2

𝑦 𝑦 −7 −4 −1 2

+3 +3 +3

𝑦  = 𝑥 − 43

Working Thinking

  (  1,−1.25 )  ,  (  2,−4.25 )   Step 1: Id entify  any  two consecutive ord ered  pairs  
of coord inates.

𝑦 -value d ecreases by 3. 
Coefficient of 𝑥 is −3.

Step 2: To d etermine the coefficient, calculate the value 
that 𝑦 changes by for each 𝑥-value increase of 1.

  (  −1,4.75 )   

 4.75 = −3 (  −1 )   +  constant

4.75 = 3 + constant

1.75 = constant

Step 3: Substitute any  one coord inate into the rule  
and  solve for the constant. 

𝑦  = −3𝑥 + 1.75 Step 4: Outline the rule in the form of 𝑦  = m𝑥 + c.

Student practice

Find  the rule from the graph.

a. b. 

1 2
x

−1 3−2−3

−5

−10

5

10

y

2

1

−2

4

2

y

x
−1 3

−4

−2−3

−6

6
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a. 𝑥𝑥 −1 0 1 2

𝑦 𝑦 −6 −4 −2 0

+2 +2 +2

𝑦  = 𝑥 − 4

b. 𝑥𝑥 −1 0 1 2

𝑦 𝑦 9 14 19 24

+5 +5 +5

𝑦  = 𝑥 + 14

c. 𝑥𝑥 −1 0 1 2

𝑦 𝑦 3.5 3 2.5 2

−0.5 −0.5 −0.5

𝑦  = 3 + 𝑥

d. 𝑥𝑥 −1 0 1 2

𝑦 𝑦 −2.2 −3 −3.8 −4.6

−0.8 −0.8 −0.8

𝑦  = 𝑥 − 3

2. Complete the rule with reference to the graph.

Example

1 2
x

−1 3−2−3

−5

−10

5

10

y

𝑦  = −4𝑥 + 4

a.

1 2
x

−1 32−3

−5

−10

5

10

y

𝑦  = 2𝑥

b.

1 2
x

−1 3−2−3

−5

−10

5

10

y

𝑦  = 𝑥
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c.

1 2
x

−1 3−2−3

−1

−2

1

2

y

3

−3

𝑦  = −  2 _ 3   𝑥

d.

2
x

−1 3−2−3

−5

−10

5

10

y

𝑦  = − 3𝑥

3. Fill in the blanks by  using the word s provid ed .

equation coordinates relationship coefficie

A linear rule is an  that d escribes the  between two variables. 

These values can be represented  as  , in a table of values, or plotted  on a graph.  

A rule has a value which is known as the  of 𝑥 and a constant.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b), 6 (a,b,c,d), 7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (c,d), 6 (c,d,e,f), 7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f), 6 (e,f,g,h), 7 (e,f,g,h), 8

4. Find  the rule from the given set of coord inates.

a.    (  0,3 )    ,    (  1,7 )    ,    (  2,11 )    ,    (  3,15 )    ,    (  4,19 )    b.    (  0,2 )    ,    (  1,5 )    ,    (  2,8 )    ,    (  3,11 )    ,    (  4,14 )    
c.    (  −1,−4 )    ,    (  0,0 )    ,    (  1,4 )    ,    (  2,8 )    ,    (  3,12 )    d.    (  −2,8 )  ,  (  1,17 )  ,  (  2,20 )    
e.    (  −1,−10 )    ,    (  1,−8 )    ,    (  4,−5 )    ,    (  6,−3 )    f.    (  −3,−12 )    ,    (  −1,−8 )    ,    (  1,−4 )    ,    (  5,4 )    
g.    (  −3,2.5 )  ,  (  −1,5.5 )  ,  (  2,10 )    h.    (  −3,4.5 )  ,  (  3,31.5 )    

5. Find  the rule from the given table of values.

a. 𝑥𝑥 0 1 2 3

𝑦 𝑦 5 7 9 11

b. 𝑥𝑥 0 1 2 3

𝑦 𝑦 3 10 17 24

c. 𝑥𝑥 0 1 2 3

𝑦 𝑦 2 2 2 2

d. 𝑥𝑥 −2 2 4 5

𝑦 𝑦 −5 3 7 9

e. 𝑥𝑥 2 4 8

𝑦 𝑦 7 6 4

f. 𝑥𝑥 −4 −1 2

𝑦 𝑦 44 11 −22

WE1

WE2
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6. Find  the rule from the graph.

a.

1 2
x

−1 3−2−3

−5

−10

5

10

y

15

b.

1 2
x

−1 3−2−3

−5

−10

5

10

y

c.

1 2
x

−1 3−2−3

−5

−10

5

10

y d.

1 2
x

−1 3−2−3

−10

−20

10

20

y

e.

1

2

3

4

y

1 2
x

−1 3−2−3

f.

1

2

3

4

y

1 2
x

−1 3−2−3

g.

2

1

−2

4

2

y

x
−1 3

−4

−2−3

h.

2

1

−4

2

3

4

4

y

x
−2

5

WE3
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7. State the rule using the provid ed  information. 

a. A rule that has a coefficient of 𝑥 equal to  4  and  a constant value of 6.
b. A rule that has a coefficient of 𝑥 equal to  2  and  a constant value of 2.
c. A rule that has a coefficient of 𝑥 equal to 1 and a constant value of  −3 .
d. A rule that has a coefficient of 𝑥 equal to  −3  and  a constant value of  −3 .

e. A rule that has a coefficient of 𝑥 equal to    1 __ 2    and  a constant value of  2 .

f. A rule that has a coefficient of 𝑥 equal to    2 __ 3    and  coord inates    (  9,15 )    .

g. A rule that has a coefficient of 𝑥 equal to    1 __ 5    and  coord inates    (  5,5 )    

h. A rule that has a coefficient of 𝑥 equal to    1 __ 4    and  coord inates    (  2,−3 )    .

8. Find  the rule from the set of coord inates.

   (  2,−5 )  ,  (  3,−8 )  ,  (  4,−11 )    

A.  𝑦  = 2𝑥 + 5 B.  𝑦  = 3𝑥 + 1 C.  𝑦  = −3𝑥 + 1    D.  𝑦  = 3𝑥 E.  𝑦  = 3𝑥

Spot the mistake

9. Select whether Stud ent A or Stud ent B is incorrect. 

a. Find  the rule for the following table of values.

𝑥𝑥 0 2 4 5

𝑦 𝑦 −3 1 5 7

Student A

𝑦 -value increases by 4.
Coefficient of 𝑥 = 4.
𝑦  = 4𝑥 + c

Constant
 4 = 4 × 5 + c
 4 = 20 + c
−16 = c

𝑦  = 4𝑥 − 16

Student B

𝑦 -value increases by 2.
Coefficient of 𝑥 = 2.
𝑦  = 2𝑥 + c

Constant
 5 = 2 × 4 + c
 5 = 8 + c
−3 = c

𝑦  = 2𝑥 − 3

b. Find  the coefficient of 𝑥 from the graph.

1 2
x

−1 3−2−3

−5

5

10

y

Student A

𝑦 -value increases by 3.
Coefficient of 𝑥 = 3.

Student B

𝑦 -value d ecreases by 3.
Coefficient of 𝑥 = −3.

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Georgie generates a linear equation  𝑦  = −2𝑥 + 8 . State the constant and  coefficient for this 
linear equation.

11. Clinton is the Head  of Marketing at Butter Chicken Co. He has calculated  that for each new post  
he puts up on social med ia, the number of followers increases by  15. Write a rule to show the linear 
relationship between the number of posts (𝑥) and number of followers ( 𝑦 ) .

Post, 𝑥𝑥 0 12 20 21 35

Number of followers, 𝑦 𝑦 15 195 315 330 540
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12. Tori is currently  going through phy sio rehab and  is having an ice salt bath each night to help with 
muscle recovery . For each bath she applies 125 grams of ice salt. The bag has a total of 1600 grams. 
On the tenth night she has 350 grams remaining. Generate two known coord inates and  a rule that 
d isplay s how much ice salt    (  s,   grams   )     is left in the packet on any  given d ay  (d ) .

13. Lenny  is working on her maths homework with her sister, Penny . Lenny  explains to Penny  that  
the following graph d oes not represent  𝑦  = −4𝑥 + 5 . Explain where Penny  has gone wrong.

2

−5

5

10

4

15

6

y

x
−2

20

14. Xavier is in grad e one. Each new d ay  he learns to spell an ad d itional three word s. The following 
coord inates d isplay  how many  word s he has learnt on three particular d ay s in grad e one.  
Calculate and  explain what the value of  w  represents when  d = 0 .

Day (d ) 20 30 35

Number of words (w) 240 270 285

Coordinate (20,240) (30,270) (35,285) 

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. The graph d isplay s the value of a motorised  scooter over  
a six y ear period  since the start of 2018. Consid er the 
linear rule d isplay ed  in the graph.

a. What d oes the value 𝑦 represent when  𝑥 = 0 ?
b. What is the value of the motorised  scooter in the 

third  y ear?
c. Find  the value of the coefficient of 𝑥.
d. What d oes the value of the coefficient represent  

in this scenario?
e. From this graph, we can see that the value of the 

motorised  scooter is d epreciating. What are some 
other items in our d ay -to-d ay  life that may  have  
a linear d epreciation mod el?

y

x

500

1 2 3 4 5 6

1000

1500

2000

2500

3000

3500

Va
lu

e 
of

 m
ot

or
is

ed
 s

co
ot

er
 ($

)

Time (years)
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16. Using the table of values, find  the coefficient of 𝑥 for both parts a and  b.

a. 𝑥𝑥 0 1 2 3

𝑦 𝑦 −1 2 5 8

b. 𝑥𝑥 −2 0 4 7

𝑦 𝑦 −9 −1 15 27

c. Compare the d ifferent method s used  to calculate the coefficient of 𝑥 for parts a and  b.

Extra spicy

17. A straight line has the equation  6𝑥 + 2𝑦  + 9 = 0 . The coefficient of 𝑥 is:

A.  −6 B.  −3 C.  3 D.  6 E.  9 

18. Show that the lines  𝑦  = 3𝑥 + 1  and   4𝑥 − 2𝑦  + 3 = 0  have d ifferent constant values.

19. Show that the coord inates    (  1,4 )  ,  (  4,10 )     and     (  9,20 )     generate a straight line by  d etermining the rule.

20.    (  5,−2 )     are coord inates for which of the following linear equations?

A.  𝑥 =   
−𝑦 

 ____ 3    +   13 ____ 4    B.  𝑥 = 𝑦  − 7 C.  𝑥 =   
𝑦 

 __ 2   + 6 D.  𝑥 =   
𝑦 

 __ 4   +   9 __ 2   E.  𝑥 =   
−𝑦 

 ____ 2    − 4 

Remember this?

21. Ruby  has a picture of her d og on her iPhone and  she wants to make this picture her iPad  wallpaper. 
The picture in her iPhone has d imensions 14 cm × 7 cm. She wants to enlarge it so that it has a 
wid th of 17.5 cm. What will be the length of this picture?

14 cm

7 cm

Image: Lelusy/Shutterstock.com

A. 14 cm B. 21 cm C. 31.5 cm D. 35 cm E. 98 cm

22. There are approximately  26 million people in Australia. Each d ay , an average Australian uses  
18 KW electricity . Which of the following gives the best estimate of the total electricity  in KW  
that all Australians use each d ay ?

A. 468 KW
B. 46 800 KW
C. 468 000 KW
D. 46 800 000 KW
E. 468 000 000 KW

23. Which of the following statements is alway s true?

A. A parallelogram has four angles of 90°.
B. A triangle has three sid es of equal lengths.
C. A square has four angles of the same size.
D. A rhombus has four right angles.
E. A trapezium has two pairs of sid es of equal length.
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Gradient9D

Key ideas

1. Different types of gradients can be categorised.

Positive Negative Zero Undefined
Line has an upward trend Line has a downward trend Line is horizontal Line is vertical

+ − 0

undefined

2. The gradient    (  m )   iscalculatedusing  rise ______ run   .

y

x

(x2,y2)

(x1,y1) Change in y

Change in x

m = rise
run = x2 − x1

y2 − y1

Rise

Run

The vertical distance that the line goes up or down.

The horizontal distance that the line goes across.

Thegradientorslopegivesameasureofthesteepnessofaline.Specificallyit
measures the change in vertical height in relation to the change in horizontal 

distance. When the gradient is calculated, it is given in the ratio    rise _____ run   . The gradient 
can be measured anywhere along the line, assuming it is a straight line.

LEARNING INTENTIONS

Students will be able to:
 • identify different types of gradients

 • determine the gradient of a line from a graph.

KEY TERMS AND DEFINITIONS

The gradient is the slope and direction of a line.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Run = 2

Ri
se

 =
 1

Gradient (m) = − 1
2

Quite often we may go on a bike 
ride and comment on the incline and 
decline of certain sections of the ride. 
The gradient is a measure of how far 
up or down compared to how far we 
have gone across on a bike ride. This is 
commonly referred to as the ratio    rise _____ run   .
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Worked example 1

Identifying different types of gradients

Using the graphs, state the type of gradient displayed.

Working Thinking

a. Positive gradient

b. Negative gradient

c. Undefinedgradient

d. Zero gradient

a. As𝑥 increases, 𝑦 increases.

b. As𝑥 increases, 𝑦 decreases.

c. The line is vertical.

d. The line is horizontal.

Student practice

Using the graphs, state the type of gradient displayed.

y

x

d.

a. c.

b.

WE1

y

x

d.

a.

c.

b.
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Worked example 2

Finding the gradient from a graph

Determine the gradients using the graphs.

a. 

Working Thinking

1 2
x

−1 3−2

−5

−10

5

10

y

4 5 6 7 8

3

12

Step 1: Use the two outlined coordinates in the graph.

Step 2: Determinethechangein𝑦 between the  
two coordinates.

Step 3: Determinethechangein𝑥 between the  
two coordinates.

m =  12 ____ 3    Step 4: Substitute the rise and run values into the rule 
to then calculate the gradient.

m = 4 Step 5: As𝑥 values increase the 𝑦 values increase, 
therefore this is a positive gradient.

Continues →

WE2a

1 2
x

−1 3−2

−5

−10

5

10

y

4 5 6 7 8
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b. 

Working Thinking

1 2
x

−1 3−2

−5

−10

5

10

y

4 5 6 7 8−3−4−5−6−7

7

−14

Step 1: Use the two outlined coordinates in the graph.

Step 2: Determinethechangein𝑦 between the  
two coordinates.

Step 3: Determinethechangein𝑥 between the  
two coordinates.

m =  −14 ____ 7    Step 4: Substitute the rise and run values into the rule 
to then calculate the gradient.

m = −2 Step 5: As𝑥 values increase the 𝑦 values decrease, 
therefore this is a negative gradient.

Student practice

Determine the gradients using the graphs.

a. b. 

WE2b

1 2
x

−1 3−2

−5

−10

5

10

y

4 5 6 7 8−3−4−5−6−7

1 2
x

−1 3−2

−5

−10

5

10

y

4 5 6 1 2
x

−1 3−2

−5

−10

5

10

y

4 5 6
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Worked example 3

Calculating the gradient from a set of coordinates

Calculate the gradient using coordinates that are on the same line.

a.  A (  3,0 )    and  B (  6,12 )   

Working Thinking

Gradient =  rise _____ run  Step 1: Use 
 𝑦   2   −  𝑦   1  
 _________  𝑥   2   −  𝑥   1   .

(3,0) (6,12) 
(𝑥  1, 𝑦  1) (𝑥  2, 𝑦  2   )

Step 2: Match coordinates A and B with    (   𝑥   1  , 𝑦   1   )      
and    (   𝑥   2  , 𝑦   2   )    .

 m =  12 − 0 _________ 6 − 3    Step 3: Determinethechangein𝑥 and 𝑦 between the
two coordinates by substituting the correct 
values into the rule.

 m =  12 ____ 3    Step 4: Simplify.

 m = 4 Step 5: As𝑥 values increase the 𝑦 values increase, 
therefore this is a positive gradient.

Visual support

1 2
x

−1 3−2

−5

−10

5

10

y

4 5 6 7 8
6 − 3 = 3

12 − 0 = 12

b.   A (  1,13 )    and  B (  5,9 )   

Working Thinking

 m =  rise _____ run  Step 1: Use 
 𝑦   2   −  𝑦   1  
 _________  𝑥   2   −  𝑥   1   .

(1,13) (5,9) 
(𝑥  1, 𝑦  1) (𝑥  2, 𝑦  2   )

Step 2: Match coordinates A and B with    (   𝑥   1  , 𝑦   1   )      
and    (   𝑥   2  , 𝑦   2   )    .

 m =  9 − 13 _________ 5 − 1    Step 3: Determinethechangein𝑥 and 𝑦 between the
two coordinates by substituting the correct 
values into the rule.

 m =  −4 _____ 4    Step 4: Simplify.

 m = −1 Step 5: As𝑥 values increase the 𝑦 values decrease, 
therefore this is a negative gradient.

Student practice

Calculate the gradient using coordinates that are on the same line.

a.  A (  0, 4 )    and  B (  5,19 )   b.  A (  3,2 )    and  B (  5, −2 )   

WE3a

WE3b
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9D Questions

Understanding worksheet

1. Stateifthefollowinglineispositive, negative, undefinedorzero.

Example

x

y Positive Negative Zero Undefined

✔

Positive Negative Zero Undefined

a.

x

y

b.

x

y

c.

x

y

d.

x

y
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2. Complete the calculations to determine the value of the gradient   (  m )  . 

Example

m =    ___________   
 
 
m = −5

15

3

1 2
x

−1 3−2

−5

−10

5

10

y

4 5 6 7 8−3−4−5−6−7

−15

−20

15

a.

m =    ___________   
 
 
m = 2

1 2
x

−1 3−2

−5

−10

5

10

y

4 5 6 7 8

b.

1 2
x

−1 3−2

−5

−10

5

10

y

4 5 6 7 8

m =    ___________   
 
 
m = 0.5

c.

m =    ___________   
 
 
m = −2

1 2
x

−1 3−2

−5

−10

5

10

y

4 5 6 7 8

d.

m =    ___________   
 
 
m = −4

1 2
x

−1 3−2

−5

−10

5

10

y

4 5 6 7 8
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3. Fill in the blanks by using the words provided.

vertical    rise _ run   steeper zero

The gradient is another word for the slope, which is a measure of steepness. The gradient of a straight line is constant, 

this means that it will be the same when measured anywhere along the line. The gradient is calculated by using 

 . The greater the value of the gradient the  the line. If the line is 

, thisisanundefinedgradient.Ifthelineishorizontal, thislinewillhaveagradientequalto

 .

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 7

Medium 
4 (b,c,d,e), 5 (c,d,e,f), 6 (c,d,e,f), 7

Spicy 
4 (c,d,e,f), 5 (e,f,g,h), 6 (e,f,g,h), 7

4. Using the graphs, state the type of gradient displayed.

x

yd. a.

c.

b.e.

f.

5. Determine the gradients using the graphs.

a.

1 2
x

−1 3−2

5

10

y

4 5 6 7 8

b.

1 2
x

−1 3−2

5

10

y

4 5 6 7 8

c.

1 2
x

−1 3−2

5

y

−5

−3

d.

1 2
x

−1 3 4−2

5

4

3

2

1

6

7

y

−3−4−5−6
−1

−2

WE1

WE2
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e.

1 2
x

−1 3 4−2

5

4

3

2

1

6

7

y

−1

−2

f.

2

2

4

4

6

y

x
−2 6−4−6

8

10

g.

−30

−20

−10

y

5
x

−5−10

10

h.

1 2
x

−1 3 4 5 6−2

5

4

3

2

1

6

7

y

−3−4−5−6
−1

−2

−3

−4

−5

−6

−7

(−5,−2.175)

(2,2.935)

6. Calculate the gradient using coordinates that are on the same line.

a.   A (  1, 4 )     and   B (  4, 13 )    b.   A (  0,0 )     and   B (  4, 16 )    
c.   A (  4,−6 )     and   B (  8,10 )    d.   A (  −9,7 )     and   B (  0,−2 )    
e.   A (  −3,−3 )     and   B (  5,−5 )    f.   A (   −2,1 )     and   B (  3,−1 )    
g.   A (  −8,11 )     and   B (  −2,9 )    h.   A (  −5.5, 4 )     and   B (  2,−3.5 )    

7. What are the rise and run values for this line?

A. Rise = 12, run = 4 
B. Rise = 4, run = 12 
C. Rise = 17, run = 5 
D. Rise = 5, run = 17 
E. Positive gradient

WE3

1 2
x

−1 3−2

−5

5

10

y

4 5 6 7 8

15
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Spot the mistake

8. Select whether Student A or Student B is incorrect. 

a. Calculate the gradient using coordinates that are on 
the same line.
 A (  0, 4 )    and  B (  5,19 )   

Student A

 A (  0, 4 )    and  B (  5,19 )   
Gradient = 19 − 4
Gradient = 15

Student B

  A (  0, 4 )     and   B (  5,19 )    

Gradient =  19 − 4 _________ 5 − 0    

Gradient =  15 ____ 5    

Gradient = 3 

b. Calculate the gradient using the coordinates on  
the graph.

1 2
x

−1 3−2

−5

−10

5

10

y

4 5 6 7−3−4−5−6−7

−15

15

−28

7

Student A

Gradient =  −28 _______ 7    

Gradient = −4 

Student B

Gradient =   7 _______ −28   

Gradient = −  1 __ 4   

Problem solving
Question working paths

Mild 9, 10, 11 Medium 10, 11, 12 Spicy 11, 12, 13 

9. Antonia plays Overcooked on her new Nintendo Switch. For every hour she plays she does 30 star jumps. 
After three hours, Antonia has done 90 star jumps. State the gradient for this scenario.

10. DuyenhasaFrankGreenreusablecup.Duyenfillsuphercoffeeandleavesitopen.Thecoffeehas 
an initial temperature of 90°C. The temperature decreases at a constant rate. For every one minute,  
it decreases by  2 °C. Using the table of values, calculate the gradient.

Time (minutes) 1 2 3 4 5

Temperature 88 86 84 82 80

11. Matthew rode his bike to work and each week he measured his average time. His initial average time 
was 30 minutes. After week four he has an average time of 18 minutes. Calculate the gradient for 
Matthew’s average riding time.

12. Emilia needs to get her washing machine serviced. The technician has estimated that it will take  
1–2 hours to service. For one hour they charge $75 and for 2 hours they charge $125. Find the 
gradient for this scenario and determine if it is positive or negative.
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13. Henry is a car salesperson. The following graph displays Henry’s sales data. Using the gradient, 
determine how much Henry earns per sale.

2

100

200

300

4

400

6 8

y

x
−2

500

600

To
ta

l w
ee

ks
 e

ar
ni

ng
s 

($
c)

Number of sales (s)

Reasoning
Question working paths

Mild 14 (a,b,d) Medium 14 (a,b,d), 15 (a,b) Spicy all 

14. Bronwen is organising her trip to Queensland. She wants to hire a car and has called four different 
car rental companies. All four companies have a fee that they charge per day. They may also have  
aoneoffflatratefee.Theinformationforthreecompaniesaredisplayedinthegraphbelow:

y

x

100

1 2 3 4 5 6

200

300

400

Pr
ic

e 
($

p)

Days (d)

Key

Company A

Company B

Company C

a. Calculate the gradient for Company A.
b. Company D is not displayed on the graph, however it has a gradient value that is exactly halfway 

between the amount of company A and C. What is the daily rate for Company D?
c. Using the graph, prove that the gradients for Company B and C are not the same for the 

firsttwodays.
d. Outline some other alternative options Bronwen can consider for her trip in Queensland?
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15. In part a and b calculate the gradient using the two coordinates given.

a. Line A
b. Line B

1 2
x

−1 3−2

−5

−10

5

10

y

4 5 6 7 8

−15

−20 Line A
Line B

c. Compare the gradient values for lines A and B. Note the similarities and differences when 
calculating the gradient.

Extra spicy

16. Alinearruledescribedas𝑦  = 0, passesthroughtheorigin, andhasagradientdefinedas:
A. No solution B. Origin C. Undefined D. 𝑦 -intercept E. Zero

17. Find the value of  a  for the line passing through    (  −2,5 )     and    (  2,a )     and has a gradient of  −0.5 .

18. A certain linear rule has coordinates in fraction form as    (  𝑥 ,𝑦  )    .

   (   1 __ 6 ,− 
1 __ 4  )  , (   1 __ 3 ,− 

1 __ 6  )    

Thegradientis:  

A.  0 B.  0.5 C.  1.2 D.  2 E. Undefined

19. Find the gradient of the line passing through the points    (  4𝑥 ,𝑥  )     and    (  6𝑥 ,5𝑥  )    .

Remember this?

20. Luke notices his dad’s car tyre is in the following shape.

x

Thetyreisdividedintoeightequalparts, whatisthesizeofangle𝑥 ?

A. 15° B. 20° C. 30° D. 45° E. 60°
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21. Jimmy draws a random card from a deck of 52 cards. Which of the following is Jimmy most likely 
to draw out?

A. Aqueen
B. A diamond
C. Aqueenthatisnotadiamond
D. Adiamondthatisnotaqueen
E. Notaqueen

22. Daniel is walking to his school campsite. He was heading north when he started. After 10 minutes  
of walking, he turned  90°  to the left. After a following 20 minutes of walking, he turned  180° .  
Which direction is Daniel facing when he arrives at the campsite?

A. North B. South C. East D. West E. North-west
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Gradient-intercept form9E

Key ideas

1. The gradient-intercept form is written as  𝑦 = m𝑥 + c , where m is the gradient, c is the 𝑦-intercept  
and 𝑦 is the subject.

2

2

−2

−4

−4

4

4

y

x
−2

= 3m = 6
2

(0,−2)
∴ c = −2

∴ y = mx + c is:

y = 3 x  − 2

2. A horizontal line has the rule  𝑦 = c , as the gradient is equal to 0. A vertical line has the rule  𝑥 = a .

2

2

−2

−4

−4

4

4

y

x
−2

x = −2

y = 3

Continues →

A straight line can be written as an equation, also known as a linear equation. 
This equation is often written in the gradient-intercept form where the equation 
contains information about both the gradient and the 𝑦-intercept.

LEARNING INTENTIONS

Students will be able to:
 • state the gradient and y-intercept from a straight line in the form  

𝑦 = m𝑥 + c 

 • determine the rule/equation of a straight line from a graph.

KEY TERMS AND DEFINITIONS

The 𝑦𝑦-intercept of a straight line is where a line crosses the 𝑦-axis  
of a graph and when 𝑥 is equal to 0.

The 𝑥𝑥-intercept of a straight line is where a line crosses the 𝑥-axis  
of a graph and when 𝑦 is equal to 0.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

A32

Cobar

Broken Hi l l
Wilcannia

85
345
549

B A R R I E R  H W Y

Driving at a constant speed and 
determining how much petrol 
you’ve used after travelling a certain 
distance, in kilometres, can be 
described using a linear equation  
in the gradient-intercept form.
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Worked example 1

Identifying the gradient and y-intercept from a rule

State the gradient and 𝑦-intercept for the following equations.

a. 𝑦 = −2𝑥 + 4

Working thinking

𝑦 = −2𝑥 + 4 ✔ Step 1: Confirm that the equation is in  𝑦 = m𝑥 + c  form.

−2 is the gradient   (  m )   . Step 2: Identify the coefficient of 𝑥, known as the
gradient. This is the number that is being 
multiplied by 𝑥.

4 is the 𝑦-intercept   (  c )   . Step 3: Identify the constant (c), known as the 
𝑦-intercept.

Visual support

y = −2 x  + 4

b. 𝑦 = −3 + 4𝑥

Working thinking

𝑦 = −3 + 4𝑥 is the same as 𝑦 = 4𝑥 − 3. ✔ Step 1: Confirm that the equation is in  𝑦 = m𝑥 + c  form.

4 is the gradient   (  m )   . Step 2: Identify the coefficient of 𝑥, known as the
gradient (m). This is the number that is being 
multiplied by 𝑥.

−3 is the 𝑦-intercept   (  c )   . Step 3: Identify the constant (c), known as the 
𝑦-intercept.

Student practice

State the gradient and  𝑦-intercept for the following equations.

a. 𝑦 = −4𝑥 + 2 b. 𝑦 = −3 + 3𝑥

WE1a

WE1b

3. The 𝑥-intercept is where the line crosses the 𝑥-axis and will always have a 𝑦-coordinate that is 0. The 𝑦-intercept 
is where the line that crosses the 𝑦-axis will always have a 𝑥-coordinate that is 0.

2

2

−2

−4−6

4

6

8

4 6

y

x
−2

y-intercept
(0,4)

x-intercept
(−2,0)
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Worked example 2

Generating lines using the equation in gradient-intercept form

Generate the lines using the equation in gradient-intercept form.

a. 𝑦 = −2𝑥 + 4

Working thinking

𝑦 = −2𝑥 + 4 ✔ Step 1: Confirm that the equation is in  𝑦 = m𝑥 + c  form.

4 is the 𝑦-intercept   (  c )   .

∴   (  0,4 )   

Step 2: Identify the coordinates for the 𝑦-intercept  
by referring to the constant   (  c )   . 

1

−5

−2−3

5

2

10

3

y

x
−1

Step 3: Plot the coordinate for the 𝑦-intercept.

Gradient is negative. Step 4: Identify if the gradient is positive or negative. 
This is determined by the sign in front of the 
coefficient of 𝑥 and/or determining if the  
𝑦-value increases or decreases for each unit
increase in 𝑥.

   rise _ run    =    −2 _ 1    

1

−5

−2−3

5

2

10

3

y

x
−1

Step 5: Using the    rise ______ run    and the gradient value, plot any 
two coordinates of the line.

WE2a

Continues →
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b. 2𝑦 = 𝑥 + 3

Working thinking

2𝑦 = 𝑥 + 3 is not in gradient intercept form. Step 1: Confirm that the equation is in  𝑦 = m𝑥 + c  form.

   
2𝑦
 ___ 2    =   𝑥 __ 2   +   3 __ 2   

 𝑦 =   𝑥 __ 2   +   3 __ 2    ✔

Step 2: Rearrange equation in  𝑦 = m𝑥 + c  form.

   3 __ 2    is the 𝑦-intercept    (  c )    .

∴    (  0,  3 __ 2   )    

Step 3: Identify the coordinates for the 𝑦-intercept  
by referring to the constant   (  c )   . 

2

1

−2

4

2

y

x
−1 3 4 5

−4

Step 4: Plot the coordinate for the 𝑦-intercept.

Gradient is positive. Step 5: Identify if the gradient is positive or negative. 
This is determined by the sign in front of the 
coefficient of 𝑥 and/or determining if the  
𝑦-value increases or decreases for each unit
increase in 𝑥.

   rise _____ run   =   𝑥 __ 2   =   1 __ 2   

2

1

−2

4

2

y

x
−1 3 4 5

−4

Step 6: Using the    rise ______ run    and the gradient value, plot any 
two coordinates of the line.

Student practice

Generate the lines using the equation in gradient-intercept form.

a. 𝑦 = −4𝑥 + 2 b. 𝑦 = −3 + 3𝑥

WE2b
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Worked example 3

Identifying the x- and y-intercepts

Calculate the 𝑥- and 𝑦-intercepts using the equation in gradient-intercept form.

a. 𝑦 = 3𝑥 + 2

Working thinking

 𝑦 = 3𝑥 + 2  ✔ Step 1: To identify the 𝑦-intercept, confirm that the
equation is in  𝑦 = m𝑥 + c  form.

 2  is the 𝑦-intercept    (  c )    . Step 2: Identify the constant    (  c )    , known as the 
𝑦-intercept.

 0 = 3𝑥 + 2 Step 3: To identify the 𝑥-intercept, make  𝑦 = 0 .

 𝑥 = −  2 __ 3   

∴    (  −  2 __ 3  ,0 )    

Step 4: Solve for 𝑥 to determine the 𝑥-intercept.

Visual support

2

2

−2

−4−6

4

6

8

4 6

y

x
−2

y-intercept(0,2)
x-intercept(   ,0)2−3

b. 𝑦 = −4 + 2𝑥

Working thinking

 𝑦 = −4 + 2𝑥 is the same as  𝑦 = 2𝑥 − 4 . ✔ Step 1: To identify the 𝑦-intercept, confirm that the
equation is in  𝑦 = m𝑥 + c  form.

 −4  is the 𝑦-intercept    (  c )    . Step 2: Identify the constant    (  c )    , known as the 
𝑦-intercept.

 0 = −4 + 2𝑥 Step 3: To identify the 𝑥-intercept, make  𝑦 = 0 .

 𝑥 = 2 

∴    (  2,0 )    

Step 4: Solve for 𝑥 to determine the 𝑥-intercept.

Student practice

Calculate the 𝑥 and 𝑦-intercepts using the equation in gradient-intercept form.

a. 𝑦 = 2𝑥 + 5 b. 𝑦 = −3 + 4𝑥

WE3a

WE3b
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Understanding worksheet

1. Place a circle around the gradient and a square around the 𝑦-intercept.

Example

𝑦 = 2 𝑥 + 1

a. 𝑦 = 3𝑥 + 1 b. 𝑦 = −2𝑥 + 4 c. 𝑦 =    1 _ 2   𝑥 + 3 d. 𝑦 = −  1 _ 3   𝑥 − 4

2. Match the gradient-intercept equation to its rearranged equation.

Example

Gradient-intercept form Rearranged equations

𝑦 = 3𝑥 + 2 𝑦 − 2 = 3𝑥

Gradient-intercept form Rearranged equations

a. 𝑦 = 4𝑥 − 1  𝑥 =   
−3𝑦
 ______ 2    +   3 __ 

2
   

b. 𝑦 = −2𝑥 + 4  𝑦 + 3 = 3𝑥

c. 𝑦 = 3𝑥 − 3  𝑥 = −  
𝑦
 __ 2   + 2 

d.  𝑦 = −  2 __ 3  𝑥 + 1  𝑦 − 4𝑥 = −1 

3. Fill in the blanks by using the words provided.

y-intercept y = mx + c gradient rearranged

The gradient-intercept rule is in the form of  , where the  c  represents the 

 . The coefficient of 𝑥, also known as the  is denoted as  m .  

The gradient-intercept form is in the form whereby 𝑦 is the subject. In order for the gradient and 𝑦-intercept to be stated

the equation may need to be  in order for these values to be stated.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (b,c,d,e), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9

Spicy 
4 (c,d,e,f), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9

4. State the gradient and 𝑦-intercept for the following equations.

a.  𝑦 = 3𝑥 + 1 b.  𝑦 = 5𝑥 − 1 c.  𝑦 = −4𝑥 − 2 d.  𝑦 =   2 __ 3  𝑥 + 1 

e.  𝑦 = −  1 __ 2  𝑥 + 3 f.  𝑦 =   1 __ 4  𝑥 g.  𝑦 = −𝑥 + 2 h.  𝑦 = 2 

WE1a

9E Questions
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5. State the gradient and 𝑦-intercept for the following equations.

a.  𝑦 = 2 + 2𝑥 b.  𝑦 = − 3 + 4𝑥 c.  𝑦 = 2 − 2𝑥 d.  𝑦 = 2 +   1 __ 2  𝑥

e.  𝑦 = −3 −   3 __ 4  𝑥 f.  𝑦 = −  1 __ 2  𝑥 g.  𝑦 = −3 − 𝑥 h.  𝑦 = −4 

6. Generate the lines using the equation in gradient-intercept form.

a.  𝑦 = 3𝑥 + 2 b.  𝑦 = 4𝑥 − 3 c.  𝑦 = −5𝑥 + 6 d.  𝑦 = −2𝑥 − 9 

e.  𝑦 =   1 __ 2  𝑥 − 5 f.  𝑦 = 2𝑥 g.  𝑦 =   3 __ 4  𝑥 h.  𝑦 = 4 

7. Generate the lines using the equation in gradient-intercept form.

a.  𝑥 + 𝑦 = −15 b.  2𝑥 + 𝑦 = −11 c.  3𝑦 = 4𝑥 − 27 d.  𝑥 − 4𝑦 = 8 

e.  8𝑥 − 4𝑦 = 20 f.  2𝑥 + 3𝑦 = 12 g.  0.8𝑥 + 0.4𝑦 = 1.2 h.   𝑦 − 8 = −  1 __ 2   (  𝑥 + 4 )    

8. Calculate the 𝑥 and 𝑦-intercepts using the equation in gradient-intercept form.

a.  𝑦 = 𝑥 − 1 b.  𝑦 = 4𝑥 + 5 c.  𝑦 = −5𝑥 + 2 d.  𝑦 = −2𝑥 − 3    

e.  𝑦 =   3 __ 2  𝑥 + 3 f.  𝑦 =   𝑥 __ 9   + 5 g.  𝑦 =   −𝑥 _____ 2    + 3       h.  𝑦 =   −7𝑥 ______ 5    +   42 ____ 5    

9. Rearrange the following equation to the gradient-intercept form.

 −3𝑥 − 4𝑦 = 2 

A.  𝑦 =   1 __ 2   −   3 __ 4  𝑥 B.  𝑦 = −  1 __ 2   +   3 __ 4  𝑥 C.  𝑦 =   1 __ 2   +   3 __ 4  𝑥 D.  𝑦 = −  1 __ 2   −   3 __ 4  𝑥 E. Not possible

Spot the mistake

10. Select whether Student A or Student B is incorrect. 

a. Calculate the 𝑥 and 𝑦-intercepts using the equation in gradient-intercept form.
𝑥 = −2𝑦 − 6

Student A

To identify the y-intercept
 −6  is the 𝑦-intercept    (  c )    
∴    (  −6,0 )    
To identify the x-intercept
 0 = −2𝑦 − 6 
 0   + 6   = −2𝑦 − 6   + 6 
 6 = −2𝑦

    6 _____ −2   =   
−2𝑦
 ______ −2    

 −3 = 𝑦
∴    (  0,−3 )    

Student B

To identify the y-intercept
 𝑥 = −2𝑦 − 6 ⇒ 𝑦 =   1 __ 2  𝑥 − 3 

 −3  is the 𝑦-intercept    (  c )    
∴    (  0,−3 )    
To identify the x-intercept

 𝑦 =   1 __ 2  𝑥 − 3 

 0 =   1 __ 2  𝑥 − 3 

 𝑥 = −6 
∴    (  −6,0 )    

WE1b

WE2a

WE2b

WE3
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b. State the gradient and the 𝑦-intercept from the following equation.
3𝑦 − 6𝑥 = 9

Student A

 3𝑦 − 6𝑥 = 9 
 3𝑦 − 6𝑥  + 6𝑥  = 9   + 6𝑥
 3𝑦 = 9 + 6𝑥

   
3𝑦
 ___ 3    =   9 __ 3   +   6𝑥 ___ 3    

 𝑦 = 3 + 2𝑥
Gradient  = 2 
𝑦-intercept  = 3 

Student B

 3𝑦 − 6𝑥 = 9 
 3𝑦 − 6𝑥  + 6𝑥  = 9   + 6𝑥
 3𝑦 = 9 + 6𝑥

   
3𝑦
 ___ 3    =   9 __ 3   +   6𝑥 ___ 3    

 𝑦 = 3 + 2𝑥
Gradient  = 3 
𝑦-intercept  = 2 

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Vaike went on a walk and the rule linking her distance (d ) and time    (  t )     in the gradient-intercept 
form is  d = 4t . State the gradient and 𝑦-intercept of the rule.

12. Stefan is making a BBQ for the footy finals. His BBQ gas bottle starts with 9 kg of gas. Gas is used  
at a constant rate of 0.5 kg per hour. Generate an equation in the gradient intercept form to display 
Stefan’s gas bottle in terms of mass of gas    (  G )     and    (  t )     time, per hour.

13. Bonnie is doing her maths homework and has been asked the following question: ‘If the 𝑥-intercept
of a line is positive and the 𝑦-intercept is negative, does the line have a positive or negative gradient?’
What should Bonnie’s answer to this be?

14. Tasha is eating an ice cream. The ice cream starts at a height of 15 cm. The ice cream is melting  
at a constant rate of 2.5 cm/minute. Generate an equation in the gradient-intercept form  
to represent this scenario.

15. A cyclist rides at a constant rate of 29 km per hour. The equation in gradient-intercept form can  
be written as  D = 29t , where  D  represents total distance, in km and  t  represents time, in hours. 
Using the context of the question, explain why the 𝑦-intercept is equal to zero.

Reasoning
Question working paths

Mild 16 (a,b,d) Medium 16 (a,b,d), 17 (a,b) Spicy all 

16. The value of new cars depreciates with time. The value (V ), in dollars of a new car  
depreciates with time    (  t )    , in years. The car was initially purchased for  $23 500  and 
the car depreciates by  $1250  every year.

a. What was the value of the car when it was new? What is the mathematical 
name for this?

b. Construct an equation in the gradient-intercept form, in terms of  V  and  t. 
c. Interpret what the value of the gradient    (  m  ) means in terms of the variables.
d. State two other examples where the value of an item will depreciate over time.
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17. Rearrange the following equations in the gradient-intercept form:

a.  2𝑦 + 6𝑥 = 10 
b.  3𝑦 + 9𝑥 = 15 
c. Using the equations in part a and b, comment on the similarities and differences, before and 

after rearranging the equations.

Extra spicy

18. A line cuts through the 𝑥-axis when 𝑥 = −  3 __ 5    and the slope of the line is  −10 . Generate the equation, 
in the gradient-intercept form.

19. Determine the equation, in the gradient-intercept form when a line has a gradient of  −2  and an 
𝑥-intercept of  2 .

20. The rule  −3𝑥 + 2𝑦 = 20 , has a 𝑥-intercept of:

A.  −6  2 __ 3   B.  −3 C.    3 __ 2   D.  0 E.  3 

21.   2 (  𝑥 + 1 )   + 3 (  𝑦 + 1 )   = 5   transposed into the gradient-intercept form is equal to:

A.  𝑦 = −  2 __ 3  𝑥

B.  𝑦 = 3 − 2𝑥
C.  𝑦 = 21 + 6𝑥
D.  𝑦 = 2𝑥 + 7 
E. None of the above

Remember this?

22. A rectangular prism is cut into three identical cubes. Given that the surface area of each cube  
is 6 cm2, what is the surface area of the rectangular prism?

A. 18 cm2

B. 9 cm2

C. 8 cm2

D. 14 cm2

E. 36 cm2

23. Three students, Kathy, Zoe and Bela, are running a 42 km marathon together. After an hour,  
Kathy has run 9.1 km, Zoe has run 7.9 km and Bela has run 10.2 km. Who is the closest towards 
finishing the marathon after an hour?

A. Kathy
B. Zoe
C. Bela
D. All of them
E. Not enough information

24. The base of a triangle is 6 cm, and the height of the triangle is 5 cm. Two identical triangles are put 
together to make a parallelogram. What is the base : height ratio of the parallelogram?

A. 5 : 12 B. 12 : 10 C. 5 : 10 D. 6 : 5 E. 5 : 6
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Solving linear equations graphically9F

Key ideas

1. Solving equations graphically involves finding the 𝑥-coordinate on the graph of a straight line corresponding  
to a given 𝑦-coordinate. A point (𝑥,𝑦) on the line makes the equation true (LHS = RHS) . 

1 2
x

−1 3−2−3

−5

5

y

y = 2x + 3

Coordinate
(1,5)

Equation
2x + 3 = 5

Solution
x = 1

LHS = RHS
2 × 1 + 3 = 5 

The point (1,5)  on the line shows that when 2𝑥 + 3 = 5, the solution is 𝑥 = 1. 

2. Point of  intersection is when two lines intersect.  Where the two lines intersect shows the only solution that 
satisfies both equations. 

2

1

−1

−2−3−4

3

1

y

x
−1

Point of intersection (−1,1)

In this graph,    (  −1,1 )      is the only point that makes both  𝑦 = 2𝑥 + 3  and  𝑦 = −2𝑥 + 1  true. 

A  straight line shows the linear relationship between the 𝑥- and 𝑦-coordinate(s) . 
A  straight line on a Cartesian plane can be used to solve an equation graphically.  
Using the 𝑦-axis f rom a Cartesian plane and the straight line allows us to solve
f or 𝑥. The point where two straight lines cross over is ref erred to as the point  
of  intersection.  The point of  intersection is a shared point between the two lines. 

LEARNING INTENTIONS

Students will be able to:
 • determine the value of  an unknown using graphical techniques

 • apply graphical techniques to solve real world problems. 

KEY TERMS AND DEFINITIONS

A  true equation is when the lef t-hand side and right-hand side  
of  an equation are equal. 

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

y

20

10 20 30 40

40

60

80

x

Time (minutes)

H
ei

gh
t (

m
)

INTERCONTINENTAL

Anna participated in the Adelaide  
City Plunge, a 70 metre abseil down 
the Adelaide Intercontinental Hotel.  
The graph below shows the height and 
time as she abseils down. The graph 
also shows that after 20 minutes Anna 
was 30 metres from the ground.
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Worked example 1

Solving equations using a linear graph

Use the given graph to solve the f ollowing equations. 

a. 3𝑥 + 2 = 8

1 2
x

−1 3−2−3

−5

−10

5

10

y

Working Thinking

1 2
x

−1 3−2−3

−5

−10

5

10

y Step 1: Using the graph, locate the given 𝑦-coordinate
point on the graph. 

1 2
x

−1 3−2−3

−5

−10

5

10

y Step 2: Using the given 𝑦-coordinate, locate the
𝑥-coordinate f or the given linear graph. 

𝑥 = 2 Step 3: State the solution by ref erring to the 𝑥-coordinate. 

3 × 2 + 2 = 8 ✔ Step 4: Check to see if  the LHS equals the RHS. 

Continues →

WE1a
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b. −3𝑥 + 2 = −4

2

1

−2

y

x
−1 3

−4

−2−3 2

Working Thinking

2

1

−2

y

x
−1 3

−4

−2−3 2

Step 1: Using the graph, locate the given 𝑦-coordinate
point on the graph. 

2

1

−2

y

x
−1 3

−4

−2−3 2

Step 2: Using the given 𝑦-coordinate, locate the
𝑥-coordinate f or the given linear graph. 

𝑥 = 2 Step 3: State the solution by ref erring to the 𝑥-coordinate. 

−3 × 2 + 2 = −4 ✔ Step 4: Check to see if  the LHS equals the RHS. 

Student practice

Use the given graph to solve the f ollowing equations. 

a. 4𝑥 + 3 = 11

1 2
x

−1 3−2−3

−5

10

5

10

y

b. −4𝑥 + 2 = −2

2

1

−2

4

2

y

x
−1 3

−4

−2−3

WE1b
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Worked example 2

Solving pairs of equations using a linear graph

Generate the lines using the gradient-intercept f orm or a digital technology of  your choice to solve the f ollowing pairs  
of  equations. 

a. 𝑦 = 2𝑥 − 3 and 𝑦 = −0. 5𝑥 + 2

Working Thinking

1 2
x

−1 3

−1

2

1

3

y

y = 2x − 3

y = −0.5x + 2

Step 1: Plot and label both of  the graphs on the same 
set of  axes. 

1 2
x

−1 3

−1

2

1

3

y

y = 2x − 3

y = −0.5x + 2

Point of  intersection (2,1) 

Step 2: Locate the point of  intersection.  This is where 
the two lines cross over. 

𝑥 = 2 and 𝑦 = 1 Step 3: State the solution. 

1 = 2 × 2 − 3 ✔

1 = −0. 5 × 2 + 2 ✔

Step 4: Check to see if  the LHS equals the RHS. 

b.  𝑦 − 3 = 3𝑥 and  𝑥 = −  2 __ 3  𝑦

Working Thinking

 𝑦 − 3 = 3𝑥

 𝑦 = 3𝑥 + 3  ✔

 𝑥 = −  2 __ 3  𝑦

 𝑦 = −  3 __ 2  𝑥 ✔

Step 1: Rearrange the equations into  𝑦 = m𝑥 + c  f orm. 

WE2a

Continues →

WE2b
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0 5

1

−0.5

−1

−2

1

1.5

2

2

y

x
−1

y = 3x + 3 3−2y = x

Step 2: Plot and label both of  the graphs on the same 
set of  axes. 

0 5

1

−0.5

−1

−2

1

1.5

2

2

y

x
−1

y = 3x + 3 3−2y = x

Point of  intersection    (  −0. 667,1 )     

Step 3: Locate the point of  intersection.  This is where 
the two lines cross over. 

 𝑥 = −0. 667  and  𝑦 = 1 Step 4: State the solution. 

  1 = 3 ×  (  −0. 667 )    + 3   ✔

 1 = −  3 __ 2   × −0. 667  ✔

Step 5: Check to see if  the LHS equals the RHS. 

Student practice

Generate the lines using the gradient-intercept f orm or a digital technology of  your choice to solve the f ollowing pairs  
of  equations. 

a.  𝑦 = 2𝑥 + 3  and  𝑦 = −0. 75𝑥 + 3 b.  𝑦 − 5 = 2𝑥 and  𝑥 = −2𝑦
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9F Questions

Understanding worksheet

1. Using the f ollowing graph, state the 𝑥-coordinate. 

2

−10

−15

−5

5

4

10

y

x
−2−4

15

Example

 3𝑥 + 1 = 4 

 ∴  ( 1  ,4) 

a.  3𝑥 + 1 = 7 

∴ (  , 7 ) 

b.  3𝑥 + 1 = 10 

∴ (  , 10 ) 

c.  3𝑥 + 1 = −5 

∴ (  , −5 ) 

d.  3𝑥 + 1 = −12. 5 

∴ (  , −12. 5 ) 

2. Match the equation to a possible solution. 

Example

Equations Possible solutions

4 = 3𝑥 + 1   (  1,4 )    

Equations Possible solutions

a. 15 = 3𝑥 + 6 𝑥 = 0. 5

b. 5 = 2𝑥 − 1 𝑥 = 3

c. 16 = −4𝑥 (3,5) 

d.    11 ____ 6    = −  1 __ 3  𝑥 + 2 (−4,16) 
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3. Fill in the blanks by using the words provided. 

intersection RHS straight shared

To make an equation true the LHS needs to be equal to the  .  The equation f or a straight line 

shows the connection between the 𝑥 and 𝑦 coordinates. Two  lines that are not parallel will 

have a point of   .  This is where the two lines have a  point. 

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8

Medium 
4 (b,c,d,e), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8

Spicy 
4 (c,d,e,f), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8

4. Use the given graph to solve the f ollowing equations. 

 𝑦 = 5𝑥 − 3 

a.  5𝑥 − 3 = 2 
b.  5𝑥 − 3 = 7 
c.  5𝑥 − 3 = 12 
d.  5𝑥 − 3 = −3 
e.  5𝑥 − 3 = 4. 5 
f.  5𝑥 − 3 = −5. 5 
g.  5𝑥 − 3 = −7. 5 
h.  5𝑥 − 3 = 0 

5. Use the given graph to solve the f ollowing equations. 

 𝑦 = −2𝑥 + 4 

a.  −2𝑥 + 4 = 2 
b.  −2𝑥 + 4 = 0 
c.  −2𝑥 + 4 = 3 
d.  −2𝑥 + 4 = −2 
e.  −2𝑥 + 4 = 1. 5 
f.  −2𝑥 + 4 = −3 
g.  −2𝑥 + 4 = 4. 5 
h.  −2𝑥 + 4 = −4. 5 

6. Generate the lines using the gradient-intercept f orm or a digital technology of  your choice to solve  
the f ollowing pairs of  equations. 

a.  𝑦 = 3𝑥 − 1  and  𝑦 = 𝑥 + 3 b.  𝑦 = 3𝑥 + 1  and  𝑦 = 2𝑥 + 3 
c.  𝑦 = 2𝑥 − 3  and  𝑦 = 𝑥 − 3 d.  𝑦 = −2𝑥 − 1  and  𝑦 = −3𝑥 + 3 
e.  𝑦 = 𝑥 + 1  and  𝑦 = −𝑥 − 3 f.  𝑦 = 𝑥 + 5  and  𝑦 = −2𝑥 + 9 

g.  𝑦 =   3 __ 2  𝑥 + 1  and  𝑦 =   2 __ 5  𝑥 + 2    h.  𝑦 = −2𝑥 + 1  and  𝑦 = −2𝑥 + 5    

1

−10

−5

5

2 3

10

y

x
−2−3 −1

WE1a

2

−5

5

4

10

y

x
−2−4

15

WE1b

WE2a
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7. Generate the lines using the gradient-intercept f orm or a digital technology of  your choice to solve  
the f ollowing pairs of  equations. 

a.  𝑥 + 𝑦 = 10  and  𝑦 = 𝑥 − 8 b.  𝑥 + 3𝑦 = 15  and  𝑦 = 𝑥 + 1 
c.  𝑥 + 4𝑦 = 21  and  𝑦 = 6 − 𝑥 d.  2𝑦 − 𝑥 = 12  and  𝑦 = 3 − 𝑥
e.  2𝑦 + 𝑥 = −8  and  3𝑦 − 4𝑥 = −1 f.  𝑥 − 6𝑦 = 23  and  8𝑥 − 9𝑦 = 28 
g.  2𝑥 − 5𝑦 = 11  and  2𝑥 − 3𝑦 = 7 h.  2𝑥 + 3𝑦 = 8  and  3𝑥 + 3𝑦 = 5 

8. Use the given graph to solve the f ollowing equation. 

 8 = 3𝑥 − 1 

A.    (  3,8 )     
B.    (  8,3 )     
C.    (  8,23 )     
D.    (  23,8 )     
E.    (  1. 5,8 )     

Spot the mistake

9. Select whether Student A  or Student B is incorrect. 

a. Use the given graph to solve the f ollowing equation. 
3 = −3𝑥 + 9

2

−5

5

4

10

y

x
−2−4

15

Student A

2

−5

5

4

10

y

x
−2−4

15

∴ (2,3) 

Student B

2

−5

5

4

10

y

x
−2−4

15

∴ (3,2) 

WE2b

5 10
x

−5−10

−10

10

y

CHAPTer 9: lIneAr grAPHIng 	540

9F

 



b. Generate the lines using the gradient-intercept f orm to solve the f ollowing pairs of  equations. 
𝑦 = 4𝑥 − 2 and 𝑦 = 1. 5𝑥 + 3

Student A

6

1

2

4

8

2

y

x
−1 3

−2

10 y = 4x − 2

y = 1.5x + 3

∴ (2,6) 

Student B

6

1

2

4

8

2

y

x
−1 3

−2

10 y = 4x − 2

y = 1.5x + 3

∴ (−2,3) 

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Two f riends are heading out to dinner.  They are both travelling f rom dif f erent locations.  They are 
also travelling at dif f erent speeds (km/h) .  There is a point where their travelling paths cross over.  
The point at which they meet on the way to dinner is mathematically ref erred to as what? Explain. 

11. Matheus has graphed the equation  𝑦 = 3𝑥 + 2  to represent the rate it takes to build a snowman.   
His f riend Olaf  has graphed  𝑥 = −0. 5𝑦 + 3. 5  to represent the rate it takes f or the snowman  
to melt.  Graphically show the point where the rate of  building a snowman equals the rate  
of  the snowman melting. 

12. You are saving to go to Ed Sheeran’s next music concert.  Your savings are displayed in the  
f ollowing graph.  You will need to have a total of  $150 by a certain date.  How many weeks will  
it take to save enough money to go to the concert?

y

x

50

2 4 6 8 10

100

150

200

Sa
vi

ng
s

Weeks
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13. The f ollowing graph displays the number of  hours worked    (  h )      and the total amount saved    (  $a )      over 
a month f or Mimi and Yuri.  Evaluate how many hours it will take both Mimi and Yuri in order f or 
them to have saved the same amount. 

50

2 4 6 8

100

150

$a

h

14. A ram knows that two lines have a point of  intersection at the coordinate    (  2,−2 )     .  The rules f or the 
lines are:

Rule 1:  −𝑥 + 2𝑦 = −6 
Rule 2:  3𝑥 + 2𝑦 = 2 
Using the gradient-intercept method or a digital technology of  your choice, graph and prove that the 
solution    (  2,−2 )      is true f or both lines. 

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy All 

15. A nthony and Simon are going to the Monster Truck show.   
They both love gingerbread cookies and have decided 
that instead of  eating them every night bef ore bed 
they are going to put them aside f or their 
upcoming show. 

On Monday:

 • A nthony starts with 6 and usually has 2 every day. 
 • Simon starts with 4 and usually has 3 every day. 

The two rules to determine how many gingerbread 
cookies they have af ter  d  days is:
 C = 6 + 2d  and  C = 4 + 3d 

a. Which rule applies to Simon and which to 
A nthony? Explain. 

b. Using the given graph above, how many days does it take A nthony to have 12 cookies?
c. Using the given graph above, how many days does it take Simon to have 19 cookies?
d. Using the graph, how many days does it take f or Simon and A nthony to have the same amount 

of  cookies?
e. Some shows allow you to bring your own snacks, while others do not allow outside f ood.   

What are some benefits to being able to bring your own snacks to a show rather than buying 
only the f ood provided f or the venue?

C

d

5

2 4 6 8 10

10

15

20
C = 4 + 3d C = 6 + 2d
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16. Using the given graphs f or both equations in parts a and b, find the solution to:

a.  10 = −3𝑥 + 2 

2

−10

−15

−5

5

4

10

y

x
−2−4

15

b.  10 = 3𝑥 + 2 

2

−10

−15

−5

5

4

10

y

x
−2−4

15

c. Compare and contrast the equations and solutions f ound in parts a and b. 

Extra spicy

17. Use the f ollowing graph to find the equation of  the line and verif y your answer with the given point. 

5 10
x

−5−10

−5

−10

5

10

y

(6,5)

18. Line A  passes through the points    (  1,5 )      and    (  3,11 )      and line B passes through the points    (  1,2 )       
and (5,18) .  What is the coordinate f or the point of  intersection f or line A  and line B?

A.    (  5,14 )     B.    (  4,12 )     C.    (  3,11 )     D.    (  5,18 )     E.    (  4,14 )     

19. On Monday, Maria purchases 5 apples and 3 bananas f or  $3. 90  f rom Coles.  On Tuesday,  
she purchases 7 apples and 2 bananas which costs  $4. 25 .  What is the price f or one apple  
and one banana?

A. A pple  = $0. 55 , banana  = $0. 45 
B. A pple  = $0. 45 , banana  = $0. 55 
C. A pple  = $4. 25 , banana  = $3. 90 
D. A pple  = $3. 90 , banana  = $4. 25 
E. None of  the above

20. Rearrange in the f orm of   𝑦 = m𝑥 + c  and find the solution f or 𝑥, when  𝑦 = −3  using  
  3 (  𝑦 − 3 )    − 2𝑥 = 4𝑦 + 3 − 5𝑥  . 
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Remember this?

21. Seong-Min f olds a net into a cube that is shown below. 

Which of  the f ollowing are possible nets f or the cube?
A. B. C. D. E.

22. A  point with coordinates (7,9)  is translated to (−3,−1) .  Which one of  the f ollowing is the correct 
description of  the translation?

A. 4 units lef t and 8 units right
B. 4 units right and 8 units down
C. 10 units lef t and 10 units up
D. 10 units up and 10 units down
E. 10 units lef t and 10 units down

23. During a f reestyle skiing event, A nong made a two and a quarter rotation in the air.  By how many 
degrees did A nong rotate her body in the air?

A. 360° B. 405° C. 450° D. 720° E. 810°
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Non-linear graphs9G

Key ideas

1. A parabola generates a curved line and is not linear.

Non-linear (parabola) Linear

𝑦 = 3 𝑥   2  𝑦 = 3𝑥

x

y

x

y

Continues →

The relationship between two variables is not always linear, it may also be  
non-linear, which means that it forms a curve rather than a straight line.  
A parabola is a type of a non-linear curve that is symmetrical, meaning it is 
formed by mirroring the same amount of data on each side of the vertex.

LEARNING INTENTIONS

Students will be able to:
 • recognise linear and non-linear relationships from a table of values

 • identify linear and non-linear relationships from graphs on a 
Cartesian plane

 • plot a non-linear relationship using Cartesian coordinates

 • explore non-linear relationships for real life data.

KEY TERMS AND DEFINITIONS

A parabolaformsanequationwhere𝑥 is raised to the power of 2.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

y

x

Quite often after it rains or showers, 
a rainbow is seen. The arc a rainbow 
makes in the sky creates a curved line. 
This curved line that a rainbow makes 
is referred to as a parabola.
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Worked example 1

Completing a table of values

Complete the table of values with the given rule.

a. 𝑦 =  𝑥   2   + 4 

𝑥𝑥 −3 −1 0 1 3

𝑦𝑦

Working Thinking

   (−3) 2 + 4 = 13 

   (−1) 2 + 4 = 5 

  0   2  + 4 = 4 

  1   2  + 4 = 5 

  3   2  + 4 = 13 

Step 1: Substituteeach𝑥-coord inate in the table into
theruletod eterminethe𝑦-coord inate.

𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 13 5 4 5 13

Step 2: Complete the table of values.

Continues →

WE1a

2. A parabola has its axis of symmetry at the centre of the curve. The vertex of a parabola is the point on the axis  
of symmetry. There are two types of parabolas: upward-facing and downward-facing.

Downward-facing Upward-facing

x

y

y-intercept
x-intercept

Vertex

Axis of 
symmetry

x-intercept
x

y

y-intercept

x-intercept

Vertex

Axis of 
symmetry

x-intercept
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b. 𝑦 =  −𝑥   2  + 3 

𝑥𝑥 −3 −1 0 1 3

𝑦𝑦

Working Thinking

 −  (−3) 2 + 3 = −6 

 −  (−1) 2 + 3 = 2 

− (0) 2 + 3 = 3 

− (1) 2 + 3 = 2 

− (3) 2 + 3 = −6 

Step 1: Substituteeach𝑥-coord inate in the table into
theruletod eterminethe𝑦-coord inate.

𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 −6 2 3 2 −6

Step 2: Complete the table of values.

Student practice

Complete the table of values with the given rule.

a. 𝑦 = 𝑥2 + 3

𝑥𝑥 −3 −1 0 1 3

𝑦𝑦

b. 𝑦 = −𝑥2 + 2

𝑥𝑥 −3 −1 0 1 3

𝑦𝑦

WE1b

Worked example 2

Constructing a graph from a table of values

Using the table of values generated in WE1, plot the following graphs.

a. 𝑦 =  𝑥   2   + 4 

𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 13 5 4 5 13

Working Thinking

𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 13 5 4 5 13

Coordinate (−3,13) (−1,5) (0,4) (1,5) (3,13)

Step 1: Determine the coordinates given by the table  
of values.

Continues →

WE2a
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2

2

4

4

6

y

x
−2−4

8

10

12

14

Step 2: Drawand labelthe𝑥 and 𝑦 axes. Id entify the
smallest and largest values in the table (for both 
𝑥 and 𝑦) to d etermine how to scale the graph.

2

2

4

4

6

y

x
−2−4

8

10

12

14

Step 3: Plot each coordinate.

2

2

4

4

6

y

x
−2−4

8

10

12

14
y = x2 + 4

Step 4: Join the points with a smooth curve and label 
the line with reference to the rule.

Continues →

ChapTer 9: liNear GraphiNG 	548

9G

 



b. 𝑦 =  −𝑥   2  + 3 

Working Thinking

𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 −6 2 3 2 −6

Coordinate (−3,−6) (−1,2) (0,3) (1,2) (3,−6)

Step 1: Determine the coordinates given by the table  
of values.

−5

2 4

5

y

x
−2−4

Step 2: Drawand labelthe𝑥 and 𝑦 axes. Id entify the
smallest and largest values in the table (for both 
𝑥 and 𝑦) to d etermine how to scale the graph.

−5

2 4

5

y

x
−2−4

Step 3: Plot each coordinate.

−5

2 4

5

y

x
−2−4

y = −x2 + 3

Step 4: Join the points with a smooth curve and label 
the line with reference to the rule.

Student practice

Using the table of values generated in WE1, plot the following graphs.

a. 𝑦 =  𝑥   2   + 3 b. 𝑦 =  −𝑥   2   + 2 

WE2b
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9G Questions

Understanding worksheet

1. Using the following table, tick whether the equation is linear or non-linear.

Example

Equation Non-linear Linear

𝑦 =  𝑥   2  + 4 ✔

Equation Non-linear Linear

a. 𝑦 =  𝑥   2  

b. 𝑦 = 2𝑥 + 2 

c. 𝑦 =  −4 − 𝑥   2  

d. 𝑦 = 𝑥

2. Usingthefollowingvaluesof𝑥, substitute and solve for 𝑦 when 𝑦 =  𝑥   2  − 2  to complete the table 
of values.

Example

𝑦 =  𝑥   2  − 2 

𝑥𝑥 3

𝑦𝑦
7

𝑥𝑥 1 2 1.5 −2

𝑦𝑦 a. b. c. d. 

3. Fill in the blanks by using the words provided.

non-linear symmetrical parabola power

The relationship between two variables is not always a linear association. Such relationships are referred to as 

 relationships. A isaty peofnon-lineargraphinwhich𝑥 is raised 

to the  of 2. A parabola is also  on either side of the vertex.
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8

4. Complete the table of values with the given rule.

𝑥𝑥 −3 −1 0 1 3

𝑦𝑦

a. 𝑦 =  𝑥   2  b. 𝑦 =  3𝑥   2  c. 𝑦 =  4𝑥   2  d. 𝑦 =  0.25𝑥   2  
e. 𝑦 =  𝑥   2  + 1 f. 𝑦 =  𝑥   2  − 0.5 g. 𝑦 =  𝑥   2  + 3𝑥 h. 𝑦 =  𝑥   2  − 2𝑥

5. Complete the table of values with the given rule.

𝑥𝑥 −3 −1 0 1 3

𝑦𝑦

a. 𝑦 =  −𝑥   2  b. 𝑦 = − 2𝑥   2  c. 𝑦 = − 5𝑥   2  d. 𝑦 = − 0.5𝑥   2  
e. 𝑦 = − 𝑥   2  + 2 f. 𝑦 =  −𝑥   2  − 4 g. 𝑦 =  −𝑥   2  + 2𝑥 h. 𝑦 =  −𝑥   2  − 3𝑥

6. Using the table of values generated in Q4, plot the following graphs.

a. 𝑦 =  𝑥   2  b. 𝑦 =  3𝑥   2  c. 𝑦 =  4𝑥   2  d. 𝑦 =  0.25𝑥   2  
e. 𝑦 =  𝑥   2  + 1 f. 𝑦 =  𝑥   2  − 0.5 g. 𝑦 =  𝑥   2  + 3𝑥 h. 𝑦 =  𝑥   2  − 2𝑥

7. Using the table of values generated in Q5, plot the following graphs.

a. 𝑦 =  −𝑥   2  b. 𝑦 = − 2𝑥   2  c. 𝑦 = − 5𝑥   2  d. 𝑦 = − 0.5𝑥   2  
e. 𝑦 = − 𝑥   2  + 2 f. 𝑦 =  −𝑥   2  − 4 g. 𝑦 =  −𝑥   2  + 2𝑥 h. 𝑦 =  −𝑥   2  − 3𝑥

8. Using𝑦 = − 𝑥   2  + 3when𝑥 = 3,thevaluefor𝑦 is:

A.  −6 
B.  3 
C.  6 
D.  12 
E. None of the above

Spot the mistake

9. Select whether Student A or Student B is incorrect. 

a. Complete the table of values with the given rule.
𝑦 =  𝑥   2   − 4 

𝑥𝑥 −3 −1 1 3

𝑦𝑦

Student A

𝑥𝑥 −3 −1 1 3

𝑦𝑦 5 −3 −3 5

Student B

𝑥𝑥 −3 −1 1 3

𝑦𝑦 −7 −5 −3 −1

WE1a

WE1b

WE2a

WE2b
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b. Constructagraphof𝑦 = −𝑥2 + 1usingatableofvalues.

Student A

1 2
x

−1 3 4−2

4

2

y

−3−4
−2

−4

−6

−8

−10

−12
y = −x2 + 1

Student B

2

2 31

4

4

6

8

y

x
−2 −1−3−4

y = −x2 + 1

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. The following graph displays Kayla’s savings over a certain period within a year. Kayla started saving 
at the beginning of January. Calculate Kayla’s maximum savings amount.

y

x

1

1 2 3 4 5 6 7

2

3

4

5

6

Ba
la

nc
e 

(×
10

00
)

Months

11. Ron and Kyle are running around a local football oval. They are running in opposite  
d irectionsbutatd ifferentspeed s.Duringtheirrun,they crosspathstwice.Thefirst
point of intersection is marked with a red dot. The second point of intersection is 
marked with a blue dot. State the coordinates for both points of intersection.

−2

2 4

y

x
−2−4

4

6

8

2
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12. Atennisballisd ropped fromaheightof15metres.Theequationd = − 5 _ 3 t
2+ 15  provides the 

distance above ground, (d ),ofthetennisball,aftert seconds. After how many seconds does it take 
for the ball to hit the ground?

13. Jacob threw a rock into a lake and the equation  h = −5 s   2  + 40s + 1.2canbeused tofind theheight  
(  h )    , in centimetres of the rock at any given point. Calculate the height of the rock after 6 seconds    (  s )  .  

14. Jenny is playing Angry Birds. She has taken a shot that will move her distance away from the point of  
origin by 2.83 metres, rounded to two decimal places. The new position can be represented as (2.83,0).  
Thenon-linearequationthatthisshotcreatesis𝑦 = −0.25 𝑥   2  + 2,where𝑥 represents the d istance
inmetresand 𝑦 represents the height in metres. Calculate the d istance the bird has travelled when
thebird isataheightof1.4m,correcttooned ecimalplace.

Image: Mahtab Shams/Shutterstock.com

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. Rose’s dog loves hunting for birds. Her dog, Arlo, is sitting on the grass and  
spots a bird. The bird is  2  metres away. Arlo jumps for the bird by taking a 
parabolic path.

a. State the coordinates for Arlo’s starting location.
b. When𝑥 = 2,calculatethevalueof𝑦.
c. Determine the maximum height of Arlo’s jump?
d. When𝑥 = 1.5,calculatethevalueof𝑦 and explain what this  

value represents.
e. From this graph, we can see that the line showing the relationship 

between distance and height is non-linear. What are some other 
examples of non-linear relationships?

16. For parts a and b,generateatableofvalueswhere𝑥 is between −2  to  2 .

2

−2

4

2

y

x

−4

−2

y = 3x2 − 2 

y = −3x2 + 2 

a. 𝑦 = 3 𝑥   2  − 2 .
b. 𝑦 = −3 𝑥   2  + 2 .
c. With reference to the tables generated in parts a and b, comment on their similarities  

and differences.

y

x

0.2

0.5 1 1.5 2

0.4

0.6

0.8

1

H
ei

gh
t (

m
)

Distance (m)

y = 2x − x2
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Extra spicy

17. Solvethepairofequationsfor𝑦 = 2𝑥 − 1and 𝑦 =  𝑥   2  − 4  by generating a table of values  
and plotting the graphs.

18. Statethe𝑥-intercepts of 𝑦 =  𝑥   2  − 4 .

19. Which point lies on the parabola   𝑦 =  (  𝑥 + 3 )   (  𝑥 − 2 )  ?  

A.    (  2,4 )    B.    (  2,0 )    C.    (  2,5 )    D.    (  2,20 )    E.    (  3,−2 )    

20. From the following equations, which will not generate a parabola?

A.   𝑦   2  +  𝑥   2  = 9 
B.   𝑦 = 𝑥 (  4 − 𝑥 )    
C.   𝑦 + 9 =  (  𝑥 − 3  )     2   
D.   𝑦 =  (  𝑥 − 3 )   (  𝑥 + 3 )    
E. None of the above

Remember this?

21. Niliam spins the spinner below. All sections of the spinner are divided evenly.

What colour is Niliam most likely to spin?

A. Yellow B. Purple C. Pink D. Green E. None of them

22. ThenumberofZhubin’sclassmatesinherEnglishclassis10%morethanherArtclass. 
Which of the following could be the number of Zhubin’s classmates in her Art class?

A. 21 B. 22 C. 25 D. 27 E. 30

23. Anetagoestoschoolevery morning.Shetakes10minutestowalk900mtothenearestbusstation.
Shethenrid es2.1kmonthebusthattakes14minutes.Shethenspend s15minutestakingatrain
for 4.095 km to arrive at her school. What is Aneta’s average speed for her entire journey in metres 
per minute, to the nearest whole number?

A. 90 B. 150 C. 182 D. 273 E. 363
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Chapter 9 extended application
1. Electricity rates are increasing and Dan Andrews has advised all citizens to compare what is out in the market. 

Rose has found Electabuzz to be the cheapest. The monthly figures for Electabuzz are displayed below.

Electabuzz

Cost per kWh (k) $0.08

Supply charge $10.00

a. For the following coordinates, plot and state the quadrant or axis in which each point is located on the 
Cartesian plane.
   (  0,10 )  ,  (  20,11.6 )  ,  (  205,26.4 )  ,  (  350,38 )  ,  (  800,74 )    

b. What is the constant value? Explain what it represents in this scenario.
Another electricity company, Megawatt, charges $0.12 per kWh, and has a supply charge of $8.50.

c. With reference to appropriate values, explain whether Electabuzz or Megawatt will produce a steeper line.
d. Construct a table of values for Megawatt, where  k  is between 0 and 800, with intervals of 100.
e. After how many kWh is Megawatt the more expensive option?
f. With the rising cost of electricity rates, outline two ways you can reduce the electricity usage in your household?

2. Lena and her Mum have decided to travel up to the top of  
Mount Fuji. They will complete the trip over two days and 
sleep in a mountain hut after the first day. The following 
equations and table of values display the times and distances 
for their hike over the two days.

Day 1:  d = 1.4h 
Day 2:  d = 0.7h + 6.3 
Day 1:

Hours (h) 1 2 3 4 4.5

Distance (d), km 1.4 2.8 4.2 5.6 6.3

Day 2:

Hours (h) 1 2 3 4 5

Distance (d), km 7 7.7 8.4 9.1 9.8

a. Use the data from the table of values to represent the distance covered on day 1 of their trip graphically.
b. With reference to the gradient value in the equation for day 2, name and comment on the type of graph that 

will be formed.
c. Using the gradient rule, show that the average distance per hour of day 2 is half of day 1.
d. Prove that on the first day Lena and her Mum have travelled 3.85 km after 2 hours and 45 minutes.
e. Explain why the equation for day 2 has a 𝑦-intercept of 6.3, whereas the equation for day 1 has a

𝑦-intercept equal to zero.
f. When hiking up a mountain, what are some key items you should consider taking with you?

Image: Nackoper/Shutterstock.com

	  Chapter 9 extended appliCation 555
 



3. Your school has an agriculture program in which they use recycled water for their crops and animals. They have 
two tanks. Tank one is set to be used at a constant rate of 95 litres per minute. Tank two is set to be used at a 
constant rate of 75 litres per minute. Tank one has a total capacity of 100 000 litres and tank two has a total 
capacity of 95 000 litres.

y

20 000

200 400 600 800 1000 1200 1400

40 000

60 000

80 000

100 000

Minutes

Li
tr

es

x

Key

Tank one

Tank two

Image: kezza/Shutterstock.com

a. Using the provided information and the graphical display, generate an equation for both tank one and tank two. 
Represent minutes as 𝑥 and litres as 𝑦.

b. The point of intersection has coordinates    (  250,76 250 )    , explain what the point of intersection represents  
in this scenario with reference to the variables.

c. Complete the following table of values for tank one.

Minutes (𝑥 𝑥 ) 50 250 700 1050

Litres (𝑦𝑦) 76 250 28 750

d. Calculate how many minutes it will take for tank one to reach zero litres. Define this coordinate.
e. With reference to the graph,  and starting with  𝑦 = −75𝑥  + c , use a set of coordinates on the graph,  

where  𝑥  ≠ 0 ,  to verify that the 𝑦-intercept of tank 2 is  95 000 .
f. In order to encourage the growth of the crops, outline two changes the agriculture department could 

implement to help the growth rate.
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Multiple choice

1. State the marked coordinate on the following Cartesian plane.

5

5

−5

−10

−10

10

10

y

x
−5

A.    (  −6,−2 )    B.    (  −6,2 )    C.    (  6,−2  ) D.    (  6,2 )    E.    (  −5,2 )    

2. Which of the following rules correctly describes the table of values and its corresponding graph?

𝑥𝑥 −9 −6 −3 0 3 6 9

𝑦𝑦 9 7 5 3 1 −1 −3

5

5

−5

−10

−10

10

10

y

x
−5

A. 𝑦 = −3𝑥 B. 𝑦 = −3𝑥 + 3 C. 𝑦 =  2 __ 3 𝑥 + 3 

D. 𝑦 = − 2 __ 3 𝑥 + 3 E. 𝑦 = − 2 __ 3 𝑥 − 3 

3. Determine the gradient using the following graph.

5

5

−5

−10

−10

10

10

y

x
−5

A.  m =  3 __ 7   B.  m =  4 __ 7   C.  m =  7 __ 3   D.  m = 3 E.  m = 7 

9A

9B, 9C

9D
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4. Use the given graph to solve  5𝑥 − 9 = 3 .

5

2

−5

−10

−4

10

4

y

x
−2

A. 𝑥 = −2.4 B. 𝑥 = −2 C. 𝑥 = 1 D. 𝑥 = 2 E. 𝑥 = 2.4 

5. Which of the following graphs is the correct depiction  
of the equation and its corresponding table of values?

𝑦 = − 𝑥   2  + 3 
A.

5

5

−5

−10

−10

10

10

y

x
−5

B.

5

5

−5

−10

−10

10

10

y

x
−5

C.

5

5

5

−10

−10

10

10

y

x
−5

D.

5

−5

−10

−15

−10 10
x

−5

y

E.

5

5

−5

−10

−10

10

10

y

x
−5

9F

𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 −6 2 3 2 −6

9G
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Fluency

6. Plot and state the quadrant or axis in which each point is located on the Cartesian plane.

a.    (  1,0 )    b.    (  2,4 )    c.    (  −1,3 )    d.    (  −4,−0.5 )    

7. Complete the table of values with the given rule.

𝑥𝑥 −2 −1 0 1 2

𝑦𝑦

a. 𝑦 = 2𝑥 + 4 b. 𝑦 = −𝑥 − 3 c. 𝑦 = 3 +  𝑥 __ 2   d. 𝑦 = 4 −  2 __ 3 𝑥

8. Constructagraphfortheruleusingatableofvalueswhere𝑥 is between −2  and  2 .

a. 𝑦 = 2𝑥 b. 𝑦 = 5𝑥 + 3 c. 𝑦 = − 1 __ 2  − 𝑥 d. 𝑦 = − 3 __ 4 𝑥

9. Find the rule from the graph.

a.

5

5

−5

−10

−10

10

10

y

x
−5

b.

5

5

−5

−10

−10

10

10

y

x
−5

c.

5

5

−5

−10

−10

10

10

y

x
−5

d.

10

5

−10

−20

−10

20

10

y

x
−5

10. Determine the gradients using the graphs.

a.

5

5

−5

−10

−10

10

10

y

x
−5

b.

5

5

−5

−10

−10

10

10

y

x
−5

9A

9B

9B

9C

9D
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c.

5

5

−5

−10

−10

10

10

y

x
−5

d.

5

5

−5

−10

−10

10

10

y

x
−5

11. Calculate the gradient using coordinates that are on the same line.

a.   A (  0,0 )     and   B (  2,4 )    b.   A (  3,5 )     and   B (  9,7 )    
c.   A (  −7,3 )     and   B (  0,−4 )    d.   A (  −3,−4 )     and   B (  6,−14 )    

12. Generate the lines using the equation in gradient-intercept form.

a. 𝑦 = 5𝑥 −9 b. 𝑥 + 𝑦 = −3 
c.  3𝑥 + 4𝑦 = 5 d.   −𝑦 − 9 =  2 __ 9 (𝑥 − 3 )

13. Calculatethe𝑥 and 𝑦 intercepts using the equation in grad ient-intercept form.

a. 𝑦 = 7𝑥 − 2 b. 𝑦 = − 3𝑥 + 8 c. 𝑦 =  𝑥 __ 7  − 13 d. 𝑦 = 3𝑥 +  17 ____ 19   

14. Use the given graph to solve the following equations.

𝑦 = 3𝑥 − 1 

5

2

−5

−10

−4

10

4

y

x
−2

a.  3𝑥 − 1 = 5 b.  3𝑥 − 1 = − 7 c.  3𝑥 − 1 = 0.5 d.  3𝑥 − 1 = −5.5 

15. Complete the table of values with the given rule.

𝑥𝑥 −3 −1 0 1 3

𝑦𝑦

a. 𝑦 = 2 𝑥   2  b. 𝑦 = −3 𝑥   2  c. 𝑦 =  𝑥   2  − 4𝑥 d. 𝑦 = − 𝑥   2  + 7𝑥

Problem solving

16. A battleship game is represented on a Cartesian plane. A submarine is located at    (  7,11 )    .  
Anenemysubmarineislocated sevenunitswestand fiveunitssouth.Statetheord ered 
coordinates for the enemy submarine.

9D

9E

9E

9F

9G

9A
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17. A large cup of boba from Ling Ling’s Tea costs  $6.80 . A customer may choose to add up 
to six toppings, where each topping costs  $0.50 . Generate a table of values and a graph to 
display the cost of a cup of boba,  C , with any given number of toppings,  t , where  0 ≤ t ≤ 6 .

18. Joey and Jack are keeping track of the velocity, in cm/s, of a projectile in a physics experiment.  
The following table displays their record of the projectile’s instantaneous velocity,  v , at a 
given time,  t .

Time (t) 3 6 9

Velocity (v) 42 54 66

Determine  v  when  t = 0  and explain what the value represents.

19. Poh and Lee are competing in a dumpling eating competition. The number of dumplings 
eaten for each of them are displayed in the following graph. Determine the gradient of each 
line and explain what they represent.

d Dumplings

Time

Poh
Lee

4

6

8

2

10

32 4 5
t

1

20. A tub of water initially has  5  L of water in it. Additional water is poured into it at a rate of  

   1 __ 5    L per second. Generate an equation in the gradient-intercept form to represent the 

volume of water, represented as  V  in the tub at a given time, represented as  t .

21. The neighbourhood around Khemarak Phoumin Street and Hun Sen Street is represented 
on a Cartesian plane. The two streets are represented by the following equations:

Khemarak Phoumin Street:  −7𝑥 + 𝑦 = 13 
Hun Sen Street:  −3𝑥 + 6𝑦 = 0 
Using the gradient-intercept method, graph the two lines to determine where the two 
boulevards intersect.

22. Jerry is trying to send his cousin, Muscle Mouse, who lives next door, a letter that he had 
stored inaglassbottle.Tosend theletter,Jerryhastoslingshotthebottlesothatitflies
over the fence and lands on the other side. Tom, who is 0.7 m tall, is standing 5 m east of 
Jerry next to a fence. Using the diagram below, determine how high Tom needs to jump in 
order to catch the bottle.

Jerry

0 1 m 2 m 3 m 4 m 5 m

Tom Muscle
mouse

1 m

9B

9C

9D

9E

9F
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Reasoning

23. BestOven Inc. manufactures ovens for household use. They have designed a new model 
and are running tests on a prototype. They set the oven to 200°C and record the internal 
temperature of the oven after every minute. The initial internal temperature of the oven is 
the same as room temperature, which can be assumed as 25°C.

a. Forthefirsttenminutes,theinternaltemperatureoftheovenrisesby10°Cperminute.
Generate a table of values that represents this situation.

b. Using the table of values generated in part a, plot every second point and determine the 
rule that describes the resulting line in gradient-intercept form.

c. Thepersonrunningthetestgotd istracted and camebackfiveminuteslatertorecord 
that the temperature was now 150°C. Plot this point on the same graph and determine 
the gradient between this point and the point preceding it. Explain what the gradients 
found in part b and part c represent and what the discrepancy in the gradients mean.

d. At this moment, the tester turns the oven off to observe the fall in internal temperature 
of the oven. The tester concludes that the internal temperature of the oven falls 

accord ingtotherule𝑦 = −   𝑥   2  ___ 5   + 105,where𝑦 is the internal temperature of the oven,

in°C,and 𝑥 is the time in minutes, after the oven has been turned off. How long d oes it
take for the oven to get back to room temperature?

e. Why is it important to run tests on the internal temperature of an oven?

24. Consider the following equation:

𝑦 = m𝑥 + 2 .
Generate a table of values for  −2 ≤ 𝑥 ≤ 2  and hence plot the graph for the following values 
of  m .

a.  m = 2 
b.  m = 5 
c. Compare the graphs in parts a and b. How does the size of the gradient affect the slope 

of a linear line?

562

9

Chapter 9: Linear GraphinG 
 



Probability
Statistics and Probability

Research summary

10A Introduction to probability

10B Complementary events

10C Venn diagrams and two-way tables

10D Tree diagrams and multi-step experiments (Extension) 

10E Experimental probability

Chapter 10 extended application 

Chapter 10 review

10

Image: Marish/Shutterstock.com

563
 



Chapter 10 research summary
Probability

Big ideas

Variation with expectation and randomness
This chapter will focus on students’ ability to make reasonable expectations given real-life situations, understand the  
randomness of events, help develop and apply the idea of the law of large numbers, and challenge their idea, 
experience and belief with fairness.

Students must have a solid understanding of variation and expectation before linking these ideas to randomness 
(Watson & Fitzallen, 2019) . Conducting trials such as rolling a 6-sided die is one way of reinforcing the concept 
of expectation and likelihood. However, variation can sometimes not be learned through this type of experiment 
and randomness is partially established (Chick, 2018). Classroom discussions are a great way to engage prior 
knowledge of expectation and variation and connect these topics with mathematics (Watson & Fitzallen, 2022).

Randomness is the central idea for probability and also one of the most complex ideas. The concept of randomness 
can be a difficult topic for students and teachers to understand and teach (Watson & Fitzallen, 2022; Bantanero 2015;  
Chick, 2018). For example students sometimes associate that rolling a die is random and equate randomness to fairness.  
To deepen student’s learning about randomness, expectation and variance it is important to implement cognitive 
conflict for students (Watson & Fitzallen, 2022) For example, use a digital spinner which hides the proportions  
for students, and ask them to draw the spinner, estimate the percentages, and their confidence level after every 20, 
50, 100, 500 spins.

The language of probability can cause many misconceptions for students. For example the words ‘events’, ‘independent’,  
‘dependent’, ‘and’, ‘or’, and ‘both’ take on new altered meanings. Some students see success when the words are defined  
using student-friendly language before they work on probability problems and then re-define the definitions after 
(Sutherland et al., 2022). While other students see success when they work on probability problems without any 
definitions beforehand and then learn the definitions later (Kazak et al., 2015; Chick & Baker, 2005).

It is also essential that questions are asked that relate to expectation and variation (Watson & Kelly, 2006). For example,  
suppose there is a bag of 100 assorted lollies which contain 30 snakes, 20 milk bottles, 10 teeth, 6 pineapples, and the  
remaining are red frogs. The question ‘What is the probability that…?’ is a question that relates to expectation. 
Questions such as, ‘If you pulled a handful of 10 lollies from the bag, how many are milk bottles?’ can promote 
a discussion about what is likely, and the ‘correct’ answer enhances student’s appreciation for variation and 
expectation (Shaughnessy & Zawojewski, 1999).

This big idea is built upon a strong understanding of number, number properties, ratios and proportions.  
Therefore, understanding the connection between number, number properties, equality, and algebra is pivotal 
for future success in mathematics. Progress in this chapter and lessons such as statistics impact the big ideas of 
probabilistic and statistical thinking and reasoning.

Variation with informal inference
Informal inference is also a complex idea in probability. There needs to be ‘both the expression of an expectation 
and a level of confidence expressed in the expectation because the result is not known for certain’ (Watson & Fitzallen,  
2022, p 531).

To develop students’ informal inference it is essential that students have an opportunity to create meaning from a  
sample space they are unfamiliar with (Watson & Fitzallen, 2022). For example, give students a mystery die with  
an unknown shape and labelling system, and ask them to make predictions about what will happen after 10 tosses,  
100 tosses, and 1000 tosses.

It is important to remember that student’s beliefs and ideas of probability progress through stages of development. 
The levels of SOLO taxonomy (Biggs & Collis, 1982) is one way to describe that students start with beliefs and 
superstitions about probability and are eventually able to use proportional reasoning to estimate and interpret the 
language of probability.
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Variation with distribution and expectation
This chapter will focus on students’ ability to interpret, create, and organise data to represent variation that occurs 
within probability. Students will expand their existing knowledge of tables and tree diagrams to create and interpret 
two-way tables and Venn diagrams, in order to determine variation within events and experiments.

Distribution of data within various visual representations is a powerful cognitive tool that allows learners to interact  
with complex ideas. When given data (created or collected), students work with variation, think about the context 
and model to determine what is appropriate, and draw informal inferences (Pfannkuch et al., 2018). When presented  
with various distributions using visual representations, students can reason with variation, expectation, randomness,  
and the law of large numbers (Watson, 2018). For example, slight variations of box plots after 50 tosses of a 6-sided 
die can highlight key features of the data while avoiding some of the misconceptions when learning about box plots 
(Watson, 2018).

While hands-on manipulatives, and creating visual representations are relevant when students are learning probability,  
digital technology can aid in the understanding of distribution and expectation (Watson, 2018). For example, the digital  
tool TinkerPlots can create visual representations of a random experiment. Students can develop an origin story of 
how the results came to be and create a deeper meaning of the results, without the constraints of having to create 
graphs or perform the experiment themselves.

This big idea is built upon a strong understanding of number, number properties, and statistical reasoning. 
Therefore, understanding the connection between probabilistic and statistical reasoning is pivotal for future success 
in each of these topics. Progress in this chapter and lessons such as statistics impact the big ideas of probability.

Visual representations

Spinners, counters, dice
This chapter will use spinners and counters. Using these visuals and hands-on  
manipulatives can develop and extend mathematical knowledge (Chick, 2018),  
however they do have their limitations. Spinners are a great tool for 
introducing the concept of fairness and sample space, however it may hinder 
the understanding of bias (Chick, 2018). Two sided counters or coins are a 
great tool when investigating the real vs fake tossing sequence, however,  
the appreciation of randomness may be lost (Chick, 2018).

It is important that teachers and students have a strong understanding of how 
visuals can illustrate certain concepts and how much evidence of these visuals 
is needed to demonstrate the concept (Chick, 2018).

Two-way tables
Two way tables, or two-way contingency tables display the frequency (count) 
of two categories, written in a table format with rows and columns.

Students sometimes struggle with the information in two-way tables 
by ignoring information from other cells or using an initiative approach 
(Obersteiner et al., 2015). One strategy that is helpful is making students 
aware of their initial responses and to slow down and think again before 
answering (Obersteiner et al., 2015).

Like country Dislikes country Total

Likes city 2 4 6

Dislikes city 3 1 4

Total 5 5 10

Spinners

Counters

R

R G

GG

P
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Venn diagrams
A Venn diagram provides a visual representation of similarities and differences  
between two or more sets of information. Venn diagrams are essential for 
connecting the words ‘and’, ‘or’ and ‘both’ in data sets. Venn diagrams are 
essential for developing probabilistic knowing and set notation.

‘and’ ‘both’ ‘or’

24 3

1

CountryCity

24 3

1

CountryCity

24 3

1

CountryCity

Misconceptions

Misconception Incorrect Correct Lesson

Students assume that 
outcomes of an event are 
equally likely to occur.

Pr(grey)  =   2 __ 5   

Pr(red)  =   2 __ 5   

Pr(grey)  =   2 __ 5   

Pr(red)  =   3 __ 5   

10A

Students repeat outcomes 
when listing the sample space 
of an experiment.

The sample space of,  POOL  is: 
  S =  {  P, O, O, L }    

The sample space of,  POOL  is: 
  S =  {  P, O, L }    

10A

Students calculate based on 
ratio of outcomes rather than 
fraction of total outcomes.

Pr(blue)  =   3 __ 2   

Pr(orange)  =   2 __ 3   

Pr(blue)  =   3 __ 5   

Pr(orange)  =   2 __ 5   

10A

Students think that the 
probability of an event not 
occurring means it might  
not happen.

The probability of not getting green 
is equal to 0.

The probability of not getting green 
is equal to    3 __ 5   .

10B

Students assume that 
complementary events are 
equally likely to occur

Pr(Y’)  =   3 __ 5   

B
B

Y

Y

Y

Pr(Y’)  =   2 __ 5   

B
B

Y

Y

Y

10B
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Misconception Incorrect Correct Lesson

Students think the probability 
of unknown events is the sum 
of all other probabilities.

Pr(green)  =   2 __ 5    

Pr(yellow)  =    1 ____ 10    

Pr(blue)  =   1 __ 5   

Pr(purple)  = ? 

Pr(purple)  =   2 __ 5   +    1 ____ 10   +   1 __ 5   

  =    4 ____ 10    

Pr(green)  =   2 __ 5    

Pr(yellow)  =    1 ____ 10    

Pr(blue)  =   1 __ 5   

Pr(purple)  = ? 

Pr(purple)  = 1 −   2 __ 5   −    1 ____ 10   −   1 __ 5   

  =      3 ____ 10   

10B

Students confuse set A with 
only A.

74 3

2

Tinker
PlotsLegos

People who use Legos  = 4 

74 3

2

Tinker
PlotsLegos

People who use Legos  = 11 

10C

Students believe that the word 
‘and’ requires that they add 
up all parts of set A and set B 
rather than the intersection. 83 2

5

PiesRolls

There are  13  people who like rolls 
and pies.

83 2

5

PiesRolls

There are  8  people who like rolls  
and pies.

10C

Students think that probability 
can be more than 1 and give the  
numerator of a probability only.

Plays 
sport

Does 
not 
play 
sport

Total

Plays an 
instrument

12 7 19

Does not 
play and 
instrument

15 8 23

Total 27 15 42

Pr(plays an instrument)  = 19 

Plays 
sport

Does 
not 
play 
sport

Total

Plays an 
instrument

12 7 19

Does not 
play and 
instrument

15 8 23

Total 27 15 42

Pr(plays an instrument)  =   19 ____ 42   

10C

Students use their own 
meaning to understand the 
language of probability  
(eg. ‘or’, ‘and’, ‘at least’, etc).

Roland flips a coin and then tosses an 
8-sided die. What is the probability 
of obtaining a head or a number less 
than 3, or both?

Pr(head)  =   1 __ 2   

Pr(number less than 3)  =   2 __ 8   

Pr(head or number less than 3)  
=   1 __ 2   +   2 __ 8   =   3 __ 4   
or
Pr(head or number less than 3)  
=   1 __ 2   +   2 __ 8   +    2 ____ 16   

 =   14 ____ 16   =   7 __ 8   

Roland flips a coin and then tosses an 
8-sided die. What is the probability 
of obtaining a head or a number less 
than 3, or both?

Pr(head)  =   1 __ 2   

Pr(number less than 3)  =   2 __ 8   =   1 __ 4   

Pr(head OR number less than 3)  
= [Pr(head) + Pr(number less than 
3)] − [Pr(head and less than 3)]

  =  [     1 __ 2   +    1 __ 4   ]    −  [     1 __ 2   ×   1 __ 4   ]    

 =   3 __ 4   −   1 __ 8   =   5 __ 8   

10D
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Misconception Incorrect Correct Lesson

Students miss branches in the 
tree diagram

Draw a tree diagram and list the 
outcomes of flipping three  
two-sided coins.

H

T

H

H
T

T

H

T

H

T
H
T

There are 8 possible outcomes.   

Draw a tree diagram and list the 
outcomes of flipping three  
two-sided coins.

1st Coin H

T

H

T
H

T

H

T

2nd Coin
3rd Coin

H

T

H

T

H

T

There are 8 possible outcomes.   

10D

Students think that the 
experimental probability 
will equal the theoretical 
probability for any number  
of trials.

Pick a counter out of the bag 15 times.  
Determine the experimental 
probability of getting green.

Experimental probability = Pr(G)  
=   3 __ 5   

Pick a counter out of the bag 15 times.  
Determine the experimental 
probability of getting green.

Green Blue Number 
of trials

5 10 15

Experimental probability = Pr(G)  
=    5 ____ 15   =   1 __ 5   

10D

Students confuse experimental 
probability with theoretical 
probability.

The results of flipping a 2-sided coin 
15 times are shown below.

Outcome Heads Tails

Frequency 6 9

Pr(Heads)  =    heads __________________  number of sides   =   1 __ 2   

The results of flipping a 2-sided coin 
15 times are shown below.

Outcome Heads Tails

Frequency 6 9

Pr(Heads)  

=   
frequency of heads

  _________________________  total number of trials   =    6 ____ 15   =   2 __ 5   

10E

Students think the expected 
occurrence equals the frequency  
of an experiment.

The results of flipping a 2-sided coin 
15 times are shown below.

Outcome Heads Tails

Frequency 6 9

Expected occurrence of landing on 
heads after 50 trials?

Pr(Heads)  =   2 __ 5   × 15  trials  =   30 ____ 5    = 6 

The results of flipping a 2-sided coin 
15 times are shown below.

Outcome Heads Tails

Frequency 6 9

Expected occurrence of landing on 
heads after 50 trials?

Pr(Heads)  =   2 __ 5   × 50  trials  

=   100 _____ 5    = 20 

10E
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Introduction to probability10A

Key ideas

1. The probability of an event refers to how likely the event will occur. It can be represented numerically between 
0 and 1 using decimals, fractions and percentages.

Impossible Unlikely Even Likely Certain

0
0%

0.5
50%

1
100%

1
2

2. The terms experiment, outcome, sample space and event are used in probability.

For the counters shown above:

Term Description Example

Experiment A series of trials conducted to examine the 
results of chance activities.

Picking a counter.

Outcome A result of a trial. Picking a green counter.
Picking a blue counter.

Sample space A list of all possible outcomes of an experiment. S = {blue, green, orange}

Event A single outcome or a group of outcomes 
(known as a compound event).

Picking a green or blue counter.

Continues →

In everyday life, predictions are made about whether certain events will occur 
or not. Mathematics can be used to calculate and compare probabilities to help 
make those predictions more accurate. Probabilities are commonly stated using 
percentages, but fractions and decimals can also be used.

LEARNING INTENTIONS

Students will be able to:
 • understand that probabilities range between and including 0 and 1

 • list the sample space for a given event

 • calculate theoretical probability of events.

KEY TERMS AND DEFINITIONS

A trial is a single test in an experiment.

A compound event is an event that consists of multiple outcomes.

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

Weather forecast

Fri Sat Sun

12°20°17°
There are many events in life that aren’t 
guaranteed to happen, such as whether 
it will rain on a given day, or how many 
of each type of meal a restaurant will 
sell. So, we think of these events in 
terms of their probability of occurring.
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Worked example 1

Applying probabilities

A spinner with coloured segments was constructed, shown below.

R

R G

GG

P

Each trial is the spinner being spun, and the outcome is what colour the spinner lands on.

a. List the sample space of the experiment.

Working Thinking

S = {red, green, purple} The sample space lists all the possible outcomes when 
the spinner is spun. Repeated outcomes are listed once.

b. Calculate Pr(red), the probability of landing on red written as a simplified fraction.

Working Thinking

Number of red segments: 2

Total number of segments: 6

Step 1: Determine the number of event outcomes 
and the total number of outcomes.

Pr(red)  =   
number of red segments

  _____________________________  total number of segments   

  =   2 __ 6   

  =   1 __ 3   

Step 2: Substitute into the theoretical probability 
formula and simplify.

c. Calculate Pr(red or green), the probability of landing on red or green.

Working Thinking

Number of red segments: 2

Number of green segments: 3

Total number of segments: 6

Step 1: Determine the number of event outcomes 
and the total number of outcomes.

Pr(red or green) 

 =   
number of red and green segments

   ________________________________________   total number of segments    

 =   5 __ 6   

Step 2: Substitute into the theoretical probability 
formula and simplify.

WE1a

WE1b

WE1c

Continues →

3. The theoretical probability states the likelihood of an event occurring in an experiment.

Pr(event) =
number of event outcomes
total number of outcomes
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Student practice

A standard, 6-sided die is rolled and the top face is recorded.

a. List the sample space of the experiment.

b. Calculate Pr(2), the probability of landing a 2, written as a fraction.

c. Calculate Pr(3 or 6), the probability of rolling a 3 or a 6, written as a fraction.

10A Questions

Understanding worksheet

1. Circle the indicator to describe the probability of each event occurring.

Example

On any day, the temperature will be higher than 20 degrees 
in summer.

Impossible Unlikely Even Certain

0 11
2

Likely

a. There is a 97% chance of a train being on time 
in the morning.
Impossible Unlikely Even Likely Certain

0 11
2

b. Choosing a red marble out of a bag only containing 
red marbles.
Impossible Unlikely Even Likely Certain

0 11
2

c. Rolling a 2 or 3 on a 6-sided die.
Impossible Unlikely Even Likely Certain

0 11
2

d. Flipping a head on a coin after 5 trials.
Impossible Unlikely Even Likely Certain

0 11
2

2. Tick either true or false for each statement about the coloured counters below.

Example

True False

You are equally likely to pick a green counter and a blue counter. ✔

True False

a. You are twice as likely to pick a blue counter than a green counter from bucket A.

b. You are 4 times more likely to pick a blue counter than an orange counter.

c. You are less likely to pick a green counter than an orange counter.

d. You are equally likely to pick an orange or green counter, than a blue counter.
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3. Fill in the blanks by using the words provided.

outcome experiment trial sample space

An  is conducted where the letters in the word MATHS are chosen at random. 

The  is S = {M, A, T, H, S}. The  of 1  

could be picking the letter A.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (b,c,d,e), 5 (b,c,d,e), 6 (b,c,d,e),  
7 (b,c,d,e), 8 (b,c,d,e), 9

Spicy 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9

4. The letters in the word PROBABILITY are randomly chosen in an experiment.

a. List the sample space of the experiment.
b. Calculate Pr(O), the probability of choosing the letter O, written as a simplified fraction.
c. Calculate Pr(I), the probability of choosing the letter I, written as a percentage.
d. True or false: the probability of choosing any letter is equally likely.
e. Calculate Pr(vowel), the probability of choosing a letter that is a vowel, written as a decimal. 

For the purposes of this question, Y is a consonant.
f. What is an event that is less likely to occur than choosing the letter P?

5. The counters below will be picked out at random.

a. List the sample space of the experiment.
b. Calculate Pr(purple), the probability of picking a purple counter, written as a 

simplified fraction.
c. Calculate Pr(grey), the probability of picking a grey counter, written as a percentage.
d. True or false: the probability of picking a grey counter is more likely than picking 

a purple counter.
e. Calculate Pr(red or purple), the probability of picking a red or purple counter, 

written as a decimal.
f. What is an event that is as equally likely to occur as picking a red counter?

6. A spinner with coloured segments was constructed. Each trial is the spinner being spun, 
and the outcome is what colour the spinner lands on.

a. List the sample space of the experiment.
b. Calculate Pr(blue), the probability of landing on blue, written as a simplified fraction.
c. Calculate Pr(red), the probability of landing on red, written as a percentage.
d. True or false: landing on red is 2 times as likely as landing on blue.
e. Calculate Pr(green or red), the probability of landing on green or red, written as 

a decimal.
f. Which event is equally likely to landing on yellow?

7. A computer is randomly generating numbers between 1 and 10 (including the numbers 1 and 10).

a. List the sample space of the experiment.
b. Calculate Pr(7), written as a fraction.
c. Calculate Pr(greater than or equal to 4), written as a percentage.

WE1

WE1

WE1

G

Y R

B

G

Y

G

R

WE1
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d. True or false: generating a number that is a multiple of 3 is as equally likely as generating 
a number that is less than 3.

e. Find Pr(prime number), the probability of landing on a prime number, written as a decimal.
f. What is an event that is half as likely to occur as generating a number that is a factor of 8.

8. Zev is conducting an experiment where he is shuffling the cards below and randomly selecting 1 card.

6

6

A

A

J

J

K

K

Q

Q

2

2

Q

QQ

a. List the sample space of the experiment.
b. Calculate Pr(6), the probability of picking a 6 card, written as a fraction.
c. Calculate Pr(red), the probability of picking a red card, written as a percentage to the nearest 

whole number.
d. True or false: picking a picture card is less likely than picking a spades (♠) card?
e. Calculate Pr(even and black), the probability of picking a card that is an even number 

and is black, written as a fraction.
f. What is an event that is more likely than picking a clubs (♣) card?

9. A standard, 6-sided die is rolled and the top face recorded. What is the probability of it landing on a 1 or an 
even number?

A.    1 __ 6   B.    1 __ 3   C.    1 __ 2   D.    2 __ 3   E.    5 __ 6   

Spot the mistake

10. Select whether Student A or Student B is incorrect.

A bag contains 3 red marbles, 4 black marbles, 2 green marbles and 1 white marble. A marble 
is picked out at random.

a. What is the sample space of the experiment?

Student A

S = {R, R, R, B, B, B, B, G, G, W}
Student B

S = {R, B, G, W}

b. What is Pr(red or white), the probability of picking a red or white marble?

Student A

Pr(red or white) =    number of white marbles  ______________________________  number of red marbles    

 =    1 _ 3   

Student B

Pr(red or white) =    number of red and white marbles   _______________________________________   total number of marbles    

 =     4 _ 10   

 =    2 _ 5   

WE1
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Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. In an experiment, a group of people are randomly surveyed and are asked for the month they were 
born in. List all the possible outcomes of the experiment.

12. 10 tennis balls, 4 soccer balls and 6 basketballs are in a sports bag. What is the probability 
of picking a soccer ball?

13. In a class of 24 students, 8 students have 1 sibling, 10 students have 2 siblings and 6 students had 3 
or more siblings. Calculate the likelihood of selecting a random student who has 2 or more siblings.

14. James has 2 boxes of chocolate which contains the following chocolates:

Chocolates Box 1 Box 2

Freddo Frogs 6 8

Caramello Koala 4 5

Mars bar 2 4

Which box is James most likely to pick a Mars bar from?

15. In a gameshow, the numbers 2, 6 and 9 are written on cards and put in a hat. 1 card is chosen and 
then put back in the hat, and another card is selected. The 2 numbers are added together. You win if 
the sum is less than 7. How many times more likely are you to lose compared to winning?

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. Jedda is a street magician who spins a spinner shown below to play a game with people. 
A game is fair if the probability of winning is equal to the probability of losing. She proposes 
the following rules for the game:

 • Jedda wins if the spinner lands on purple or green.
 • The player wins if the spinner lands on yellow or red.

a. List the sample space for the game.
b. Calculate the probability of the player winning, written as a fraction.
c. Determine if the game is fair by calculating the probability of the player losing.
d. Jedda changes the rules so that the player will now only win if the spinner lands on purple 

or red and loses if it lands on yellow or green. Explain whether or not this game is fair.
e. Propose a set of rules for a fair game and an unfair game.

17. An unknown number of yellow and black marbles will be put into 2 separate bags.

Bag A Bag B

Yellow

Black

Use each digit from 1 to 9 only once to fill in the boxes to make the probability of drawing:

a. a yellow marble from either bag the same.
b. a black marble from bag A twice as likely as drawing a yellow marble from bag B.
c. Use your answers to explain why it is possible to have different numbers of marbles in each bag, 

but the same probabilities.

R

G Y

Y
P

G
P

R
G

R

G

Y
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Extra spicy

18. A bag contains some green marbles, blue marbles and white marbles with the following conditions:

 • The probability of picking a blue marble is    1 __ 2   .
 • There are 5 green marbles.
 • There are 4 white marbles.

How many blue marbles are there?

19. Construct a spinner with 4 colours (red, green, blue and yellow) that meets the 
following conditions:

 • The probability of landing on blue is    1 __ 3   .
 • There is an even chance of landing on red and green.
 • Landing on yellow is twice as likely to occur as landing on red.

20. A number of playing cards are put into a hat:

 • Some are Jacks.
 • There are 2 more Queens than Jacks.
 • There are 3 more Kings than Queens.

Which expression represents the probability of choosing a Queen, where  n  is the number of Jacks?

A.    n __ 8   

B.     2 _________ 3n + 5   

C.     n _________ 3n + 5   

D.     n − 2 _________ 3n − 7   

E.     n + 2 _________ 3n + 7   

21. A dart is thrown at a dartboard shown below. It consists of a square and a triangle.

6 cm

4 cm

What is the probability of the dart landing in the triangular area?

A.    1 __ 4   B.    1 __ 3   C.    1 __ 2   D.    2 __ 3   E.    3 __ 4   

Remember this?

22. What value of  ★  makes this number sentence true?

 16 < 4 × ★ 

A. 1 B. 2 C. 3 D. 4 E. 5

23. Nick has 64 gigabytes of storage space on his phone. He has used    3 __ 8    of the storage space. How many 

gigabytes of storage space does he have left?

A. 8 B. 21 C. 24 D. 32 E. 40
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24. The following yin yang undergoes the following transformations in order:

 • Rotated 90 degrees anticlockwise.
 • Reflected vertically down across the dotted line.

What does the object look like after the transformations?
A. B. C. D. E.
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Complementary events10B

Key ideas

1. The sum of the probabilities of all outcomes in an experiment equals 1.

Experiment: picking a counter

Sample space = {blue, green, orange}
Pr(blue) + Pr(green) + Pr(orange)

=    4 __ 9   +   2 __ 9   +   3 __ 9   

 =   9 __ 9   

 = 1 Continues →

For any event with a probability of occurring there is also a probability of the event  
not occurring. For example, if an event is ‘raining today’, then there is also the event  
‘not raining today’. These pairs of events are called complementary events.

LEARNING INTENTIONS

Students will be able to:
 • understand complementary events and that the probabilities of 

complementary events sum to 1

 • state the complement of a given event

 • calculate probabilities of complementary events.

KEY TERMS AND DEFINITIONS

An outcome is the result of a trial in an experiment.

An event is a single outcome or group of outcomes (known as 
a compound event).

The sample space of an experiment lists all the possible outcomes.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: TY Lim/Shutterstock.com

If the probability of it raining on a day 
is 80%, then we can also say that the 
probability of it not raining is 20%. 
This can help you decide whether 
or not you need to bring an umbrella.
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Worked example 1

Determining complementary events

For each event, state the complementary event.

a.  Experiment: the result of a chess match involving Magnus Carlsen.  
Event: Magnus Carlsen winning.

Working Thinking

S = {win, lose, draw} Step 1: List the sample space of the experiment.

Lose and draw. Step 2: List the outcomes that are not the event.

Magnus Carlsen loses or the match is a draw. Step 3: State the complementary event.

b.  Experiment: flipping a coin. 
Event: landing two heads.

Working Thinking

S = {HH, HT, TH, TT} Step 1: List the sample space of the experiment.

HT, TH and TT Step 2: List the outcomes that are not the event.

Landing two tails, or a tail and a head. Step 3: State the complementary event.

Visual support

Complementary event

TT HT TH HH

Event

20 20

2020

Continues →

WE1a

WE1b

2. For an event (A), the complementary event (written as A′) is the outcome or group of outcomes where 
the event does not occur. The probabilities of events and their complementary events sum to 1.

Event Complementary event

Picking a blue counter Picking an orange or green counter

Pr(blue) =    4 __ 9   Pr(blue′) = Pr(orange or green) =    5 __ 9   

 

Pr(blue) + Pr(blue′) =    4 __ 9   +   5 __ 9   =   9 __ 9   

  = 1 
 or
 Pr(blue′) =  1 −  Pr(blue)

  = 1 −   4 __ 9   

  =   5 __ 9   
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Student practice

For each event, state the complementary event.

a.  Experiment: picking a letter at random from the word COMPLEMENT. 
Event: selecting a vowel.

b.  Experiment: picking a coin from a wallet containing 5c, 10c, 50c and $1 coins. 
Event: picking a 50c coin.

Worked example 2

Calculating probabilities of events and complementary events

An experiment is conducted where a spinner with three colours (purple, orange and cyan) is spun. The following 
probabilities are known:

 • Pr(purple)  = 0.5 
 • Pr(orange)  = 0.25 

a. Calculate Pr(purple′)

Working Thinking

Pr(purple′) = 1 − Pr(purple)

  = 1 − 0.5 

  = 0.5 

Subtract the probability of the event from 1.

b. Calculate Pr(cyan)

Working Thinking

Pr(cyan) = 1 − Pr(purple) − Pr(orange)

Pr(cyan)  = 1 − 0.5 − 0.25 

Step 1: Find the missing probability by subtracting 
all other probabilities from 1.

  = 0.5 − 0.25 

  = 0.25 

Step 2: Simplify.

Student practice

An experiment is conducted where red, blue and green marbles are drawn from a bag. The following probabilities 
are known:

 • Pr(red) =    1 __ 3   

 • Pr(blue) =    1 __ 6   

a. Calculate Pr(red′)

b. Calculate Pr(green)

WE2a

WE2b
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10B Questions

Understanding worksheet

1. For each pair of events, tick whether they are complementary or not.

Example

Event 1 Event 2 Complementary Not complementary

Generating an even number 
between 1 and 10.

Generating an odd number 
between 1 and 10.

✔

Event 1 Event 2 Complementary Not complementary

a. Getting out of bed. Not getting out of bed.

b. Walking home from school. Riding a bike home from school.

c. Picking a picture card from a 
deck of 52 cards.

Picking a number card from a 
deck of 52 cards.

d. Rolling at least a three on a die. Rolling three or less on a die.

2. For each experiment and event, list the outcomes of the complementary event.

Example

Experiment Event Outcome(s) of complementary event

Catching public transport  
in Melbourne.

Taking the train. Taking the bus.
Taking the tram.

Experiment Event Outcome(s) of complementary event

a. Flipping a coin. Flipping a head.

b. Rolling a six-sided die. Rolling a 4.

c. Picking a red, green or blue 
marble out of a bag.

Picking a blue marble.

d. Generating a whole number 
between 1 and 10.

Generating an odd or 
prime number.

3. Fill in the blanks by using the words provided.

probabilities outcomes complementary sum

For any event in an experiment, there will be a  event. That event can be a single 

or group of  . The  of this event and the original event 

 to 1.
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c), 6 (a,b,c), 7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (b,c,d), 6 (b,c,d), 7 (b,c,d,e), 8

Spicy 
4 (e,f,g,h), 5 (c,d,e), 6 (c,d,e), 7 (c,d,e,f), 8

4. For each event, state the complementary event.

a. Picking an orange counter from a bag of orange and blue counters.
b. Picking a watermelon icy pole from a bag containing watermelon, lime and raspberry icy poles.
c. Picking a red card from a standard deck of 52 cards.
d. Rolling a die and rolling an even number.
e. Rolling a die and rolling the number 5.
f. Rolling a die and rolling the number 1, 3 or 5.
g. Randomly picking a number less than 6 from the numbers 1 to 15.
h. Randomly picking a number less than 3 or greater than 10 from the numbers 1 to 15.

5. A spinner with three colours (black, yellow and white) is constructed. The following probabilities are given:

 • Pr(black) = 0.2
 • Pr(yellow) = 0.4

Write all probabilities as decimals.

a. State the event complementary to picking black.
b. Calculate Pr(black′), the probability of not landing on black.
c. Calculate Pr(white), the probability of landing on white.
d. Calculate Pr(not white or black), the probability of not landing on white or black.
e. True or false: the probability of not selecting black is equal to the probability of selecting yellow 

or selecting white.

6. A bucket containing a number of counters with four different colours (green, blue, orange and red) 
are picked out of a container. The following probabilities are given:

 • Pr(green) =     7 ____ 15   

 • Pr(blue) =    1 __ 5   

 • Pr(red) =    1 __ 3   

For this question, write all probabilities as fractions.

a. State the event complementary to picking blue.
b. Calculate Pr(blue′), the probability of not picking blue.
c. Calculate Pr(orange), the probability of picking orange.
d. Calculate Pr(not orange or blue), the probability of not picking orange or blue.
e. True or false: the probability of not picking red is less than the probability of picking green 

or orange.

7. A standard deck of 52 playing cards is shuffled and one card drawn at random.

a. State the event complementary to picking a spade card.
b. Calculate Pr(spade′), written as a percentage.
c. Calculate Pr(queen), written as a fraction.
d. Calculate Pr(queen′), written as a fraction.
e. Calculate Pr(even card or a picture card).
f. Calculate Pr(not an even or a picture card).

WE1

WE2

WE2
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8. A random number is generated between 1 and 20, where each number is equally likely to be generated. 
What is the probability of not generating a number less than 8?

A.    1 __ 4   B.     7 ____ 20   C.     7 ____ 13   D.    13 ____ 20   E.    3 __ 4   

Spot the mistake

9. Select whether Student A or Student B is incorrect.

A number of purple, cyan, yellow and magenta marbles were placed in a bag and picked 
out at random. The following probabilities are known:

 • Pr(cyan)  =   2 __ 5   

 • Pr(purple)  =    1 _ 10   

 • Pr(magenta)  =   1 __ 5   

a. Calculate Pr(cyan′)

Student A

Pr(cyan′)  = 1 −  Pr(cyan)

  = 1 −   2 __ 5   

  =   5 __ 5   −   2 __ 5   

  =   3 __ 5   

Student B

Pr(cyan′) = Pr(cyan)

  =   2 __ 5   

b. Calculate Pr(yellow)

Student A

Pr(yellow) =  1 −  Pr(cyan)  −  Pr(purple)  −  Pr(magenta)

  = 1 −   2 __ 5   −    1 _ 10   −   1 __ 5   

  =   10 ____ 10   −    4 _ 10   −    1 _ 10   −   2 __ 5   

  =    3 _ 10   

Student B

Pr(yellow) =    2 __ 5   +    1 _ 10   +   1 __ 5   

  =    4 _ 10   +    1 _ 10   +    2 _ 10   

  =    7 _ 10   

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. On one day at a train station, a train was cancelled. State the outcomes of the complementary event.

11. A store selling PlayStation 5 consoles states that the probability of the store running out of PS5s 
is 0.65. What is the probability that they will not run out?

12. The probability that Max rides his bike to work is    1 __ 3   . The probability that he takes the tram to work 

is    1 __ 2   . Calculate the probability that he will neither ride his bike nor take the tram to work?
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13. The Year 8 students at a school were surveyed for their blood type (A, B, AB and O). The results 
are shown below:

Blood type A B AB O

Number of students 76 20 6 98

If a student was chosen at random, find the probability that they are not blood type A or AB, 
written as a percentage.

14. Patrick’s ‘On repeat’ playlist has songs from the following artists: Two Door Cinema Club (5), 
Last Dinosaurs (7), Gordi (10) and Maggie Rogers (8).

Which artist has a probability of not playing next equal to    5 __ 6   ?

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. Acacia makes and sells custom made dice online based on probabilities that the customer provides. 
Each die can have multiple faces with the same number. One day she receives the following orders:

Die 1 Die 2

Four sides
Numbers: 1, 3 and 4

Pr(3) =    1 __ 2   

Pr(4) = 0.25

Five sides
Numbers: 1, 3, 5 and 6
Pr(3) = 0.20

Pr(5) =    1 __ 5   

Pr(6) = 40%

a. For each die, state the events complementary to rolling a 3.
b. For each die, calculate Pr(3′).
c. Which die has the highest probability of rolling a 1?
d. For each die, determine which number(s) have multiple faces. Explain your reasoning.
e. Name a game or activity that requires the use of dice. 

16. Two events are called mutually exclusive events if they do not occur at the same time. In an experiment, 
two orange counters, one blue counter and three green counters are put in a bag and one is drawn 
at random.

a. State a pair of mutually exclusive events.
b. State a pair of non-mutually exclusive events.
c. Are complementary events always mutually exclusive? Explain your answers to parts a and b.

Extra spicy

17. In a bag containing 4 red balls and 7 blue balls, one red ball is drawn without being put back. 
Find the probability that the next ball drawn is not red.

A.    2 __ 5   B.    4 __ 7   C.     7 ____ 11   D.     7 ____ 10   E.    7 __ 4   

18. Jerone is rolling two standard six-sided dice. Using complementary events, calculate the probability 
of rolling the two dice with different numbers on top.
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19. A baker estimates that the probability of them baking a great cake is 𝑥, the probability of them
baking an okay cake is twice the probability of baking a great cake, and the probability of baking 
a terrible cake is 0.4

What is the probability of not baking a great cake?

A. 0.2 B. 0.3 C. 0.4 D. 0.6 E. 0.8

20. A basket contains the following Easter eggs: nine plain chocolate, two white chocolate and some 

number of caramel chocolate eggs. The probability of selecting a plain chocolate egg is    3 __ 5   . What is the 

probability of not picking a white chocolate egg?

Remember this?

21. Which option is correct when 12 is substituted for  g ?

A.  13 + g = 1 B.  25 = 13 − g C.  25 + g = 12 D.  g + 13 = 25 E.  13 − 12 = g 

22. The following graph shows the number of senators each party has in the Australian Senate in 2022.

Labor

Coalition

Greens

Crossbench

The total number of senators is 76.
How many people does each dot on the graph represent?

A. 1 B. 2 C. 3 D. 4 E. 5

23. Bayak is drawing cards from a deck of 52 cards. He draws five picture cards in a row, and draws 
a sixth card.

Which of the following is true about the sixth card?

A. It is certain to be a number card.
B. It is certain to be a picture card.
C. It is more likely to be a number card than a picture card.
D. It is more likely to be a picture card than a number card.
E. There is an even chance that it is a picture card.
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Venn diagrams and two-way tables10C

Key ideas

1. Where there is more than one category of information, Venn diagrams and two-way tables are alternative ways 
of displaying information.

Venn diagram representation:

24 3

1

CountryCity

Two-way table representation:

Likes country Dislikes country Total

Likes city 2 4 6

Dislikes city 3 1 4

Total 5 5 10

Word representation:
Ten people were surveyed on how they feel about the city and the country. Four people said that they only like 
the city, three people said that they only like the country, two people said they like both, and one person said they 
don’t like either. Continues →

Venn diagrams are named after the English mathematician John Venn, who was 
born in 1834. Venn diagrams and two-way tables provide information that is 
otherwise presented through words. The benefit of these methods for presenting 
information is that they allow people to communicate and learn content in a way 
that may suit them better. The ability to use all methods promotes stronger skills 
in understanding, applying and communicating information.

LEARNING INTENTIONS

Students will be able to:
 • interpret and construct Venn diagrams

 • interpret and construct two-way tables

 • understand the words ‘and’, ‘or’ and ‘at least’ in the context of 
probability events.

KEY TERMS AND DEFINITIONS

A two-way table displays the frequency (count) of two categories,  
written in a table format with rows and columns.

A Venn diagram provides a visual representation of similarities and 
differences between two or more sets of information.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Sleeps a lot

Cute Predator

Tables and Venn diagrams are used 
with information relating to science, 
sport, psychology, business and other 
areas of life. Venn diagrams are also 
used in internet memes.
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Worked example 1

Interpreting information from Venn diagrams

Consider the following Venn diagram showing 15 people’s responses relating to how they feel about cats and dogs.

73 4

1

DogsCats

a. How many people like dogs?

Working Thinking

7 + 4 = 11 people Count the numbers within the relevant circle. 
Note: Without the word ‘only’, both numbers are counted.

WE1a

Continues →

2. In probability, language is very important.

The word ‘and’ refers to the overlap of two or more categories of information.
For example, the yellow section below represents the number of people who like the city and country.

24 3

1

CountryCity

The word ‘or’ can be inclusive, suggesting it belongs to the two separate categories as well as both.
For example, the yellow section below represents the number of people who like the city or country or both.

24 3

1

CountryCity

The word ‘or’ can be exclusive, suggesting it belongs to the two separate categories but not to both.
For example, the yellow section below represents the number of people who like the city or country but not both.

24 3

1

CountryCity
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b. How many people like cats or dogs, but not both?

Working Thinking

3 + 4 = 7 people Add up the numbers in the two circles, not including 
the overlap.

c. Determine Pr(only cats).

Working Thinking

People who only like cats = 3 Step 1: Determine the number of people who fit  
the description.

Pr(only cats) =     3 ____ 15   

 =    1 __ 5   

Step 2: Determine the probability and express it 
as a fraction in the simplest form.

Student practice

Consider the following Venn diagram showing the number 
of Facebook and Instagram users in a sample of 20.

a. How many people use Instagram?

b. How many people use Facebook or Instagram, but not both?

c. Determine Pr(only Instagram).

WE1b

WE1c

63 7

4

InstagramFacebook

Worked example 2

Interpreting information from two-way tables

Consider the following two-way table representing the responses of 18 people and their use of pencils and textas.

Uses textas Does not use textas Total

Uses pencil 7 6 13

Does not use pencil 3 2 5

Total 10 8 18

a. How many people use pencils?

Working Thinking

13 people Find the information in the ‘total’ column for the 
relevant category.

Visual support

Uses textas Does not use textas Total

Uses pencil 7 6 13

Does not use pencil 3 2 5

Total 10 8 18

Continues →

WE2a
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b. How many people use textas or pencils or both?

Working Thinking

3 + 6 + 7 = 16 people Add up the totals for each category, as well 
as the number for both.

Visual support

Uses textas Does not use textas Total

Uses pencil 7 6 13

Does not use pencil 3 2 5

Total 10 8 18

c. Determine Pr(uses textas only).

Working Thinking

People who use textas only = 3 Step 1: Determine the number of people who fit 
the description.

Pr(uses textas only) =     3 ____ 18   

 =    1 __ 6   

Step 2: Determine the probability and express 
it as a fraction in the simplest form.

Visual support

Uses textas Does not use textas Total

Uses pencil 7 6 13

Does not use pencil 3 2 5

Total 10 8 18

Student practice

Consider the following two-way table showing a sample of 22 people and their buying habits for dental floss 
and mouthwash.

Buys dental floss Does not buy dental floss Total

Buys mouthwash 4 6 10

Does not buy mouthwash 7 5 12

Total 11 11 22

a. How many people buy mouthwash?

b. How many people buy dental floss or mouthwash or both?

c. Determine Pr(buys dental floss only).

WE2b

WE2c
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Worked example 3

Constructing Venn diagrams and two-way tables

25 people were asked whether they make phone calls and send text messages daily. 15 people said they make phone  
calls daily, 18 people said they text daily and 2 people said they do not do either daily.

a. Use the given information to construct a two-way table.

Working Thinking

Text 
messages

No text 
messages

Total

Phone 
calls

No phone 
calls

Total

Step 1: Draw the grid to make a two-way table 
and fill in the headings.

Text 
messages

No text 
messages

Total

Phone 
calls

10 5 15

No phone 
calls

8 2 10

Total 18 7 25

Step 2: Fill in the numbers using the 
information provided.

b. Use the given information to construct a Venn diagram.

Working Thinking

Text
messagePhone

Step 1: Draw the rectangle, circles and write the  
labels on the Venn diagram.

2

Text
messagePhone

Step 2: Fill in the information that is known.

Overlap of Phone and Text message 
= 15 + 18 −   (25 − 2)  

= 10

Phone only = 15 − 10 = 5

Text message = 18 − 10 = 8

Step 3: Determine what numbers are written 
in the blank parts of the Venn diagram.

WE3a

Continues →

WE3b
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10C Questions

Understanding worksheet

1. Using the information provided, fill in the blanks in the following Venn diagrams.

Example

21 students are surveyed on whether they eat beetroot and pickles. It is found that 14 students eat beetroot, 
12 students eat pickles, 9 students eat both and 4 do not eat either.

95 3

4

PicklesBeetroot

a. 15 students are asked whether they use Tiktok  
and Spotify. It was found that 7 use TikTok,  
10 use Spotify and 2 students don’t use either.

43 6

SpotifyTikTok

b. 30 elite athletes are asked whether they run or go 
to the gym as part of their training. 27 say they run, 
25 say that they go to the gym and 1 person, who is 
injured, says that they do not do either.

3 1

1

GymRun

105 8

2

Text
messagePhone

Step 4: Fill in the remaining information.

Student practice

20 people who experienced a recent natural disaster in Australia were interviewed to ask whether they have enough 
food and water. 5 people said they had enough food, 8 people said they had enough water and 9 people said they did 
not have enough food or water.

a. Use the information given to construct a two-way table.

b. Use the information given to construct a Venn diagram.
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c. 28 professional writers are asked whether they are 
confident at spelling and grammar. It is found that 
12 are confident at both, 5 are not confident with 
either and 19 are confident at grammar.

12 7

5

GrammarSpelling

d. 50 visitors are surveyed on their way out from 
Dreamworld. It is found that 23 people went on 
The Claw, 30 people went on the Steel Taipan and 
11 people did not go on either.

149

11

Steel
Taipan

The
Claw

2. Using the information provided, fill in the blanks in the following two-way tables.

Example

Likes beetroot Dislikes beetroot Total

Likes pickles 9 4 13

Dislikes pickles
5

3 8

Total 14
7

21

a. Baby Adult Total

Female 2 4 6

Male 3 6

Total 5 7 12

b. Moons No moons Total

Rings 4 0 4

No rings 2 4

Total 6 2 8

c. Siblings No siblings Total

Single parent 1 9

Two parents 12 3 15

Total 20 24

d. Childcare No childcare Total

Working 21

Not working 2 7 9

Total 19 11 30
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3. Fill in the blanks by using the words provided.

inclusive exclusive Venn diagram two-way table

A  has two or more circles, which represent the different categories and the similarities and 

differences between them. A  must have exactly two categories and can be used to present the 

same information as in a Venn diagram. When interpreting two-way tables and Venn diagrams, the word ‘or’ can include 

the overlap of both categories, which makes it  , or it might be  , 

which does not include the overlap between the categories.

Fluency
Question working paths

Mild 
4 (a,b,c), 5 (a,b,c), 6 (a,b,c), 7 (a,b,c), 
8 (a,b), 9

Medium 
4 (b,c,d), 5 (b,c,d), 6 (b,c,d), 7 (b,c,d), 
8 (b,c), 9

Spicy 
4 (c,d,e), 5 (c,d,e), 6 (c,d,e), 7 (c,d,e), 
8 (c,d), 9

4. Consider the following Venn diagram of 24 animals in terms of whether they 
have wings and whether they are capable of flight.

a. How many animals have no wings and cannot fly?
b. How many animals have wings and can fly?
c. How many animals have wings or can fly but not both?
d. How many animals have wings?
e. How many animals cannot fly?

5. Consider the following Venn diagram showing 29 students and whether they 
take Art and Physical Education (PE).

a. Determine Pr(neither Art or PE).
b. Determine Pr(both Art and PE).
c. Determine Pr(Art).
d. Determine Pr(Not PE).
e. Determine Pr(Art or PE but not both).

6. Consider the following two-way table showing data for 18 animals in terms of the number of legs 
the animal walks on and whether they have a tail.

Tail No tail Total

Two legs 3 2 5

Four legs 8 5 13

Total 11 7 18

a. How many animals walk on two legs and have a tail?
b. How many animals walk on four legs and have no tail?
c. How many animals have two legs or a tail or both?
d. How many animals have no tail?
e. How many animals have four legs or have no tail but not both?

93 2

10

Can
fly

Has
wings

WE1a,b

WE1c

69 10

4

PEArt

WE2a,b
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7. Consider the following two-way table of students in year 8 who play sport and play an instrument.

Plays sport Does not play sport Total

Plays an instrument 12 7 19

Does not play an 
instrument

15 8 23

Total 27 15 42

a. Determine Pr(plays an instrument but does not play sport).
b. Determine Pr(plays sport and plays an instrument).
c. Determine Pr(plays an instrument).
d. Determine Pr(plays sport or plays an instrument or both).
e. Determine Pr(does not play an instrument).

8. Construct a two-way table and a Venn diagram given the following information.

a. At the gym, customers are surveyed as to whether they would take part in a yoga or meditation class.  
Of the people surveyed, 5 said they would only be interested in yoga, 2 said they would only 
be interested in meditation, 3 people were interested in both and 1 person was not interested 
in either.

b. 20 patients at a physiotherapy clinic are prescribed additional exercises. 14 patients are 
prescribed with pilates, 5 patients are prescribed with swimming, and 3 patients are prescribed 
with both.

c. 30 adults are asked if they are afraid of snakes and spiders. 13 people are afraid of snakes, 
15 are afraid of spiders and 7 people are not afraid of either (or so they claim).

d. At Edrolo Secondary College, junior school students choose to study either Indonesian or Chinese 
as a second language, but not both. This is known as a mutually exclusive event, where there 
is no overlap between the two categories. 26 students choose Indonesian, 41 students choose 
Chinese and 5 students do not choose either.

9. The following Venn diagram shows the number of people who come in with their pets to the Rabbits 
and Guinea Pig Specialists veterinary clinic. Which statement is correct?

27 4

8

Guinea pigsRabbits

A. There are 11 people who bring in rabbits and guinea pigs.
B. There are 13 people who bring in rabbits or guinea pigs or both.
C. There are two people who bring in rabbits or guinea pigs.
D. There are four people who own guinea pigs.
E. There are seven people who own rabbits.

WE2c

WE3
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Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. In the following Venn diagram, determine Pr(broccoli).

74 3

2

CauliflowerBroccoli

Student A

People who eat broccoli = 11
Total number of people = 16

Pr(broccoli) =    11 ____ 16   

Student B

People who eat broccoli = 4
Total number of people = 16

Pr(broccoli) =     4 ____ 16   

 =    1 __ 4   

b. In the following two-way table, how many people eat chewing gum or Tic Tacs or both?

Tic Tac No Tic Tac Total

Chewing gum 5 9 14

No chewing gum 3 15 18

Total 8 14 22

Student A

3 + 9 = 12 people
Student B

5 + 9 + 3 = 17 people

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Five friends go to a concert. Two people buy food and water, one person buys food only and one 
person does not buy anything. How many people only bought water?

12. A family of 10 go to pick strawberries and cherries together. If 4 members only picked strawberries, 
2 members only picked cherries and 3 members picked both, how many family members did not 
pick either?

13. Leonora is the sports captain at her school and surveys students to see how many teams can be 
formed for basketball and netball next term. Of the 100 students surveyed, 50 said they would 
be interested in basketball and 45 said they would be interested in netball. If 25 students did not 
express interest for either, how many students said they would be interested in both?
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14. In his after hours painting class, Pablo counts 4 people with short hair and 8 with long hair. For the 
same group of 12 people, there are 7 who bring their own paint brushes and 5 who borrow ones 
from the art studio. If there are 2 people with short hair who bring their own paint brushes,  
what is the probability that a person selected at random has long hair or borrows paint brushes 
from the studio, including those that identify with both?

15. Mr Bjarnelind wants to shortlist international cities to visit with his family. He looks at two factors in 
making his decision, the duration of the flight and whether the city is child-friendly. Mr B’s research 
shows that of the 20 cities considered, 5 cities have flights that are ten hours or less and 13 cities are 
child-friendly. If there are 4 cities that are not child-friendly and have flights over ten hours, what is 
the probability of choosing a city that is child friendly but has a flight that is more than ten hours?

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. Therese collects information on 30 animals to understand if there is a link between an animal being 
a predator and how much they sleep. The results are recorded in the two-way table below.

Hours of sleep per day Predator Not a predator Total

Less than 12 hours 3 13 16

At least 12 hours 10 4 14

Total 13 17 30

a. How many animals sleep at least 12 hours a day and are not predators?
b. What is the probability that an animal picked at random is a predator or sleeps less than  

12 hours a day, but not both?
c. Convert this two-way table into a Venn diagram.

d. The probability of picking an animal that sleeps less than 12 hours is     8 ____ 15   . Therese’s friend Taylen 

used the Venn diagram from part c and got an answer of    13 ____ 30   . Explain how Taylen might have 

calculated his incorrect answer.
e. Why might predator animals sleep more?

17. Consider the following Venn diagrams.

Venn diagram 1:

BA

a. State the Venn diagram that describes ‘A or B’ if the exclusive ‘or’ is implied.
b. State the Venn diagram that describes ‘A or B’ if the inclusive ‘or’ is implied.
c. Compare your answers for part a and b. What kind of wording can be used to define whether 

the inclusive or exclusive ‘or’ is being used in each situation?

Venn diagram 2:

BA
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Extra spicy

18. Ichika surveys her class to see how many people have cats and dogs at home. In a class of 25 students,  
10 students have cats and 12 have dogs. What is the largest possible probability that a student owns 
both cats and dogs? Write your answer as a fraction in the simplest form.

19. The probability of picking out a coloured tie is three times as likely as the probability of picking out 
a dotted tie. Mr Spencer has 13 ties in total, where 1 tie is both dotted and coloured, and 2 ties are 
neither dotted or coloured. How many ties are dotted but not coloured?

20. A number is selected at random from the first 30 positive integers. What is the probability that the 
number is a multiple of either 3 or 13, but not both?

A.    11 _ 30   B.    2 _ 5   C. 0.45 D.    17 _ 30   E. 80%

21. In a survey of toilet paper brand purchases, where the brands are A, B, and C, the results 
are as follows.

 • 34% buy brand A
 • 46% buy brand B
 • 52% buy brand C
 • 17% buy brand A and B
 • 19% buy brand A and C
 • 20% buy brand B and C
 • 15% buy only brand A

The percentage of people who only buy brand C is:

A. 10% B. 20% C. 30% D. 32% E. 52%

Remember this?

22. Samara wishes to purchase two 1.5 litre bottles of Coca Cola and three packs of crackers. One bottle 
of Coca Cola costs $3.15 and one pack of crackers costs $2.20.

If Samara pays with a $20 note, how much change will she receive?

A. $5.35 B. $7.10 C. $8.35 D. $12.45 E. $14.65

23. Conor has eaten     8 ____ 25    of a chocolate bar.

Which decimal shows how much of the chocolate bar he has eaten?

A. 0.120 B. 0.230 C. 0.320 D. 0.475 E. 0.625

24. Agatha and Mia are buying rings.

Mia goes to buy 5 times the number of rings Agatha buys plus an additional 3 rings. However, Mia then 
decides that this will cost too much and so puts back 2 rings.
Let  a  be the number of rings Agatha buys.
Which of the following expressions represent the number of rings Mia buys?

A.  5a + 3 B.   3 +  (  a × 5 )   − 1  C.    (  a ÷ 5 )   + 3  D.  5a + 1 E.   1 −  (  a ÷ 5 )    
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Tree diagrams and  
multi-step experiments10D

Key ideas

1. The outcomes of a two-way experiment can be shown using a tree diagram or a two-way table.

Tree diagram representation

1st Coin H

T

H

T

H

T

H,H

H,T

T,H

T,T

2nd Coin Outcomes

Two-way table representation

H T

H H,H H,T

T T,H T,T

Word representation
Two coins are tossed. The possible outcomes are: getting heads for both coins; getting a head on the first and a tail 
on the second coin; getting a tail on the first coin and a head on the second or; getting two tails.

2. The probability is determined using the same formula as for one-step experiments.

Pr(event 1, event 2) =     number of desired outcomes   _________________________________________   total number of possible outcomes   

When predicting the likelihood of events, we often wish to assess the probability 
of two or more outcomes occurring together. In these instances, a useful way to 
determine the possible outcomes is a two-way table or a tree diagram.  
A two-way table is useful when there are exactly two events, whereas a tree 
diagram can be used for two or more probability events.

LEARNING INTENTIONS

Students will be able to:
 • interpret tree diagrams and two-way tables for multi-step experiments

 • determine the probability of outcomes in multi-step experiments

 • construct two-way tables and tree diagrams for multi-step experiments.

KEY TERMS AND DEFINITIONS

Multi-step experiments describe a probability event that is made up of 
two or more actions, such as tossing three coins and looking at the different 
combinations of possible outcomes.

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

Image: Grindi/Shutterstock.com

It is common to predict outcomes of 
multi-step experiments in real life. 
For example, we may wish to know 
what the combined chance of rain and 
strong wind is. This then allows us to 
decide whether to bring an umbrella or 
a rain jacket.
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Worked example 1

Interpreting tree diagrams for multi-step experiments

The following tree diagram shows the outcomes for tossing three coins.

1st Coin H

T

H

T
H

T

H

T

H,H,H

H,H,T

H,T,H

H,T,T

T,H,H

T,H,T

T,T,H

T,T,T

2nd Coin
3rd Coin Outcomes

H

T

H

T

H

T

a. How many outcomes are possible?

Working Thinking

There are 8 possible outcomes. Count the number of outcomes listed.

Visual support

1st Coin H

T

H

T
H

T

H

T

H,H,H

H,H,T

H,T,H

H,T,T

T,H,H

T,H,T

T,T,H

T,T,T

2nd Coin
3rd Coin Outcomes

Total = 8

H

T

H

T

H

T

b. Determine Pr(T,T,T).

Working Thinking

Outcomes with T,T,T = 1 Step 1: Count the number of desired outcomes.

Total number of outcomes = 8 Step 2: Count the total number of outcomes.

Pr(T,T,T) =    1 __ 8   Step 3: Write the probability as a fraction in the 
simplest form.

c. Determine Pr(at least one head).

Working Thinking

Outcomes with at least one head = 7 Step 1: Count the number of desired outcomes.

Total number of outcomes = 8 Step 2: Count the total number of outcomes.

Pr(at least one head) =    7 __ 8   Step 3: Write the probability as a fraction in the 
simplest form.

WE1a

WE1b

Continues →

WE1c
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Student practice

The following tree diagram shows the outcomes for tossing two coins.

1st Coin H

T

H

T

H

T

H,H

H,T

T,H

T,T

2nd Coin Outcomes

a. How many outcomes are possible?

b. Determine Pr(H,H).

c. Determine Pr(at least one tail).

Worked example 2

Interpreting two-way tables for two-step experiments

The following two-way table shows the outcomes of throwing two 6-sided dice.

1 2 3 4 5 6

1 1,1 1,2 1,3 1,4 1,5 1,6

2 2,1 2,2 2,3 2,4 2,5 2,6

3 3,1 3,2 3,3 3,4 3,5 3,6

4 4,1 4,2 4,3 4,4 4,5 4,6

5 5,1 5,2 5,3 5,4 5,5 5,6

6 6,1 6,2 6,3 6,4 6,5 6,6

a. How many outcomes are possible?

Working Thinking

There are 36 possible outcomes. Count the number of outcomes listed in the  
two-way table.

b. Determine Pr(same number twice).

Working Thinking

Outcomes with same number twice = 6 Step 1: Count the number of desired outcomes

Total number of outcomes = 36 Step 2: Count the total number of outcomes.

Pr(same number twice) =     6 __ 36   

 =    1 __ 6   

Step 3: Write the probability as a fraction in the 
simplest form.

WE2a

Continues →

WE2b
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c. Determine Pr(sum of less than 10).

Working Thinking

Outcomes with sum less than 10 = 30 Step 1: Count the number of desired outcomes. 
Note: ‘less than’ does not include the  
number specified.

Total number of outcomes = 36 Step 2: Count the total number of outcomes.

Pr(sum of less than 10) =    30 __ 36   

 =    5 __ 6   

Step 3: Write the probability as a fraction in the 
simplest form.

Student practice

The following two-way table shows the outcomes of tossing a coin and throwing a 6-sided die.

1 2 3 4 5 6

H H,1 H,2 H,3 H,4 H,5 H,6

T T,1 T,2 T,3 T,4 T,5 T,6

a. How many outcomes are possible?

b. Determine Pr(tail).

c. Determine Pr(head and less than 4).

WE2c

Worked example 3

Constructing two-way tables and tree diagrams for two-step experiments

Reina puts a red (R), yellow (Y) and blue (B) Skittle into a small box, then one orange (O) and one green (G) Skittle into 
a second box. She picks a Skittle from the first box and then one from the second box.

a. Construct a tree diagram to show all possible outcomes.

Working Thinking

1st box

R

Y

B

2nd box

O

G

O

G

O

G

Step 1: Draw the branches and labels for each branch.

1st box

R

Y

B

R,O

R,G

Y,O

Y,G

B,O

B,G

2nd box Outcomes

O

G

O

G

O

G

Step 2: List the outcomes.

WE3a

Continues →
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b. Construct a two-way table to show all possible outcomes.

Working Thinking

2nd box

Orange Green

Red

1st box Yellow

Blue

Step 1: Draw the table grid and fill in the headings.

2nd box

Orange Green

Red R,O R,G

1st box Yellow Y,O Y,G

Blue B,O B,G

or

1st box

Red Yellow Blue

2nd box
Orange R,O Y,O B,O

Green R,G Y,G B,G

Step 2: Fill in the table with outcomes.

Note: It does not matter whether the 1st box is a column 
or a row, as long as all combinations are  
listed correctly.

Student practice

Pico has one spin on a wheel with wedges labelled 1, 2, 3 and 4, followed by tossing a coin.

14

23

a. Construct a tree diagram to show all possible outcomes.

b. Construct a two-way table to show all possible outcomes

WE3b

ChapTer 10: probabIlITy 	602

10D

 



Understanding worksheet

1. Fill in the blanks.

Example

H

H

T

H

T

H,T

T,H

T,T

Outcomes

a.

1

3

H

T

H,1

H,2

T,1

T,2

T,3

Outcomes

1

3

2

2

b.

B

A

D

C

E

A,Y

A,N

B,Y

B,N

C,Y

C,N

D,Y

D,N
E,Y

E,N

Outcomes

Y

N

Y

Y

N

Y

N
Y

N

c.

1

3

1,2

1,3

2,1

2,2

2,3

3,2

3,3

3,1

Outcomes

1

3

2

1

3

22

1

3

2

d.

1st coin

H

T

H,H,H

H,H,T

H,T,H

H,T,T

T,H,H

T,T,T

T,T,H

2nd coin

Outcomes

H

T

H

T

3rd coin

H

T

H

T

H

T

H

T

10D Questions

H,H

T
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2. Fill in the blanks.

Example

1 2 3 4 5 6

1 1,1
1,2

1,3 1,4 1,5 1,6

2 2,1 2,2 2,3 2,4 2,5 2,6

3 3,1 3,2 3,3 3,4 3,5 3,6

4
4,1

4,2 4,3 4,4 4,5 4,6

5 5,1 5,2 5,3 5,4 5,5 5,6

6 6,1 6,2 6,3 6,4 6,5 6,6

a. H T

H H,H H,T

T T,H

b. 1 2 3 4 5

B B,1 B,3 B,4 B,5

R R,1 R,2 R,3 R,4 R,5

c. 1 2 3 4 5 6 7

1 1,1 1,2 1,3 1,4 1,5 1,6 1,7

2 2,1 2,2 2,4 2,5 2,6 2,7

d. R O C K S

M M,O M,C M,K M,S

A A,R A,O A,C A,K A,S

T T,R T,O T,C T,K T,S

H H,R H,O H,C H,K H,S

S S,R S,O S,C S,K S,S

3. Fill in the blanks by using the words provided.

tree diagram two-way table outcomes multi-step

In looking at  experiments, there are two visuals that are helpful in displaying the full list of 

possible  . The first is a  , which shows the different branches that 

are possible from the first and subsequent steps. The second is a  , which has column and row 

headings for the first and second steps of a two-step experiment.
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Fluency
Question working paths

Mild 
4 (a,b,c), 5 (a,b,c), 6 (a,b,c), 7(a,b,c),  
8 (a,b), 9

Medium 
4 (b,c,d), 5 (b,c,d), 6 (b,c,d), 7 (b,c,d),  
8 (b,c), 9

Spicy 
4 (c,d,e), 5 (c,d,e), 6 (c,d,e), 7 (c,d,e),  
8 (c,d), 9

4. The following tree diagram shows the outcomes for tossing a coin and then picking a number 
out of a hat.

Coin toss

2

1

3

2

1

3

H

T

H,1

H,2

H,3

T,1

T,2

T,3

Hat Outcomes

a. How many outcomes are possible?
b. Determine Pr(H,2).
c. Determine Pr(odd number).
d. Determine Pr(head or tail).
e. Determine Pr(tail and at least 2).

5. The following tree diagram shows the outcomes for two spins on  
a spinner.

a. How many outcomes are possible?
b. Determine Pr(3,2).
c. Determine Pr(two of the same number).
d. Determine Pr(two different numbers).
e. Determine Pr(sum of 4 or less).

6. The following two-way table shows the outcomes of picking  
the letters W, H, A and T out of a bag, followed by picking  
the letters T, H and E out of a second bag.

a. How many outcomes are possible?
b. Determine Pr(T,E).
c. Determine Pr(one T and one H).
d. Determine Pr(forming a pronoun).
e. Determine Pr(at least one vowel).

WE1

WE1

1

3

1,2

1,1

1,3

2,1

2,2

2,3

3,2

3,3

3,1

Outcomes2nd Spin

1st Spin
1

3

2

1

3

22

1

3

2

T H E

W W,T W,H W,E

H H,T H,H H,E

A A,T A,H A,E

T T,T T,H T,E

WE2
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7. The following two-way table shows the outcomes of throwing two 6-sided dice.

1 2 3 4 5 6

1 1,1 1,2 1,3 1,4 1,5 1,6

2 2,1 2,2 2,3 2,4 2,5 2,6

3 3,1 3,2 3,3 3,4 3,5 3,6

4 4,1 4,2 4,3 4,4 4,5 4,6

5 5,1 5,2 5,3 5,4 5,5 5,6

6 6,1 6,2 6,3 6,4 6,5 6,6

a. How many outcomes are possible?
b. Determine Pr(1,7).
c. Determine Pr(two different numbers).
d. Determine Pr(at least one ‘5’).
e. Determine Pr(sum of no more than 9).

8. For the following scenarios, construct a tree diagram and a two-way table showing all possible outcomes.

a. Haru tosses two coins.
b. Sukshma tosses a coin and then spins a wheel with four wedges numbered 1 to 4.
c. Fleur has an elephant (E), frog (F) and goblin (G) t-shirt in her t-shirt drawer. In her pants 

drawer, she has jeans (J), leggings (L) and tracksuit pants (T).
d. Elijah tosses a 5-sided die, then picks a letter out of a hat containing the letters A, B, C and D.

9. Roland flips a coin and then tosses an 8-sided die. What is the probability of obtaining a head or a number less than 3,  
or both? Select the correct response.

A.    5 __ 8   B.     1 ____ 16   C.     9 ____ 16   D.    11 ____ 16   E. 11

Spot the mistake

10. Select whether Student A or Student B is incorrect. 

a. Mr Vincendese tosses three coins. List the outcomes.

Student A

H T

H H,H,H H,T,H H

T T,H,T T,T,T T

There are 4 possible outcomes.

Student B

1st coin

H

T

H,H,H

H,H,T

H,T,H

H,T,T

T,H,H

T,T,T

T,H,T

T,T,H

2nd coin
Outcomes

H

T

H

T

3rd coin

H

T

H

T

H

T

H

T

There are 8 possible outcomes.

WE2

WE3
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b. Ms Lin takes two spins on a 4-wedged spinner. What is the probability of the the sum being 
greater than 6?

Student A

1 2 3 4

1 1,1 1,2 1,3 1,4

2 2,1 2,2 2,3 2,4

4 3,1 3,2 3,3 3,4

4 4,1 4,2 4,3 4,4

Number of outcomes with sum greater than 6 = 6
Total number of outcomes = 16

Pr(sum greater than 6) =     6 ____ 16   

 =    3 __ 8   

Student B

1 2 3 4

1 1,1 1,2 1,3 1,4

2 2,1 2,2 2,3 2,4

4 3,1 3,2 3,3 3,4

4 4,1 4,2 4,3 4,4

Number of outcomes with sum greater than 6 = 3
Total number of outcomes = 16

Pr(sum greater than 6) =     3 ____ 16   

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Scar tosses two coins at the same time to determine the fate of his minions. How many possible 
combinations exist?

12. Nala plays two games of paper-scissors-rock with a friend. What is the probability of her friend 
choosing rock both times?

13. Sarabi throws two 6-sided dice in a game of Monopoly. How many possible combinations are there of 
getting the same number on both dice?

14. Simba plays Lucky Wheel at the school fete, where there are 10 different wedges, each with a 
different prize. If Simba pays for two spins, what is the probability of the wheel landing on two 
different wedges?

15. Pumba decides to dress up for the king’s coronation. He has one red bow tie, one orange, one yellow, 
one white and one blue. He also has a number of hair ties to choose from. If there are 85 possible 
combinations of bow ties and hair ties, how many types of hair ties does Pumba have? Assume that 
there is one of each type of hair tie.

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. Dungeons and Dragons is a fantasy roleplaying game that was first published  
in 1974. As of 2022, over 50 million people have played the game.  
In Dungeons and Dragons, there are six types of dice, with 4, 6, 8, 10, 12 or 20 
sides each. In one version of the game, there are four 6-sided dice, two 10-sided 
dice and one each of the other types.

Image: Undorik/Shutterstock.com
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a. An 8-sided die and then a 4-sided die are rolled to determine spell damage. Determine how 
many possible pairs of numbers can be rolled with the two dice.

b. If two 8-sided dice are rolled, how many possible outcomes are there?
c. When two 8-sided dice are rolled, the numbers are not added together. Instead, the results 

form a two digit number, in the order that the dice are rolled. Given this game rule, what is the 
probability of rolling 23?

d. Using the same game rule, what is the probability of rolling an even number?
e. Why might some people enjoy games such as Dungeons and Dragons more than games such as 

Uno or Pokemon Go?

17. Consider the following.

1 coin tossed = 2 outcomes
2 coins tossed = 4 outcomes

a. How many possible outcomes are there when 3 coins are tossed?
b. How many possible outcomes are there when 4 coins are tossed?
c. Compare your answers for part a and b. What pattern can be identified?

Extra spicy

18. Ms Adash asks her student Michael and a second student Bena to each think of a number between  
1 and 100. What is the probability that of the numbers chosen, one is odd and the other is even, 
in any order?

19. Standard 6-sided dice have pips (dots) where those on opposite sides always sum to seven.  
For the following stack of two dice, what is the probability that the number of pips on the two 
touching faces sum to at least seven? Express your answer as a percentage.

 Image: Cordova Creative/Shutterstock.com

20. There are two types of human twins, fraternal and identical. Identical twins are always the same sex, 
whilst fraternal twins can be the same sex or different. If one third of twins are identical, what is the 
probability that any set of twins are both male and identical? Select the correct response.

A.    1 __ 6   B.    1 __ 4   C.    1 __ 3   D.    1 __ 2   E.    2 __ 3   

21. A hat contains  𝑥  student names from 8A and  𝑦  names from 8B. One name is picked at random.  
What is the probability that the picked name is from 8A?

A.    𝑥 ________ 𝑦   B.     𝑥 ________ 𝑥 + 𝑦   C.    
𝑦
 ________ 𝑥 + 𝑦     D.    

𝑥 + 𝑦
 _____________ 𝑥   E.    

𝑥 + 𝑦
 __________ 𝑦     
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Remember this?

22. Paulo bought a mountain bike on sale at 20% off the original price. The original price was $450.  
How much did Paulo pay for the bike?

A. $90 B. $360 C. $370 D. $430 E. $540

23. Sarah’s pet hamster has a hamster wheel. The wheel makes 56 full revolutions every 2 minutes. 
How many minutes will it take for the wheel to make 1200 revolutions? Select the correct response.

A. 21.4 B. 25.6 C. 33.8 D. 42.9 E. 56.0

24. Super SeaGear charges an hourly rate for renting marine equipment, as well as a flat fee. The overall 
cost C is represented by the formula  C = 35h + 80 , where h is the number of hours the gear is 
rented for.

Maisie rents some equipment to sail for 9 hours. How much does she pay? Select the 
correct response.

A. $115 B. $198 C. $255 D. $315 E. $395
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Experimental probability10E

Key ideas

1. The experimental probability can be used to estimate the theoretical probability of an event. It is determined 
by conducting multiple trials in an experiment.

Pr(event) =
frequency of event

total number of trials
Frequencies Experimental probability

Experiment: flipping a coin
Number of trials: 20

Heads: 14 Pr(heads)  =   14 ____ 20   = 70% 

Tails: 6 Pr(tails)  =    6 _ 20   = 30% 

2. The value of the experimental probability approaches the value of the theoretical probability as more trials 
are conducted.

Theoretical probability:

Pr(heads) =    1 __ 2   = 50% 
Continues →

For some experiments, the theoretical probabilities of events can be calculated 
without conducting the experiments (such as rolling a die). For many other 
experiments (such as predicting the eye colour of students), the probabilities 
can only be estimated by conducting experiments. In this case the term 
experimental probability is used and it is an estimate of the theoretical probability.

LEARNING INTENTIONS

Students will be able to:
 • understand the difference between theoretical and experimental 

probability

 • calculate the experimental probability of an event given the results 
of the experiment

 • calculate the expected number of occurrences given a probability 
and a number of trials

 • understand that running more trials generally gives a better estimate 
of the true probability of an experiment.

KEY TERMS AND DEFINITIONS

An experiment is a series of trials conducted to examine the results 
of chance activities.

Frequency refers to how many times something occurs.

The theoretical probability states the likelihood of an event occurring 
in an experiment.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: Sai Thaw Kyar/Shutterstock.com

Before medical drugs can be sold to 
the public, experiments (called clinical 
trials) need to be conducted on small 
samples of people to test if the drugs 
are safe and actually work. Scientists 
calculate experimental probabilities 
which state the likelihood of the drug 
working as intended.
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Worked example 1

Determining experimental probabilities

Calculate the experimental probability of rolling a 3.

Outcome 1 2 3 4

Frequency 13 6 4 7

Working thinking

Trials: 30 Step 1: Determine the number of trials.

Frequency: 4 Step 2: Determine the frequency of the event.

Pr(3) =    
frequency of 3

  __________________________  total number of trials   

  =    4 _ 30   

  =    2 _ 15   

Step 3: Calculate the experimental probability.

Student practice

Calculate the experimental probability of rolling a 3.

Outcome 1 2 3 4

Frequency 7 6 6 1

WE1

Experimental probability:

0

5

15

10

Heads Tails

20 trials

14

6

Pr(heads)  =   14 ____ 20   = 70% 

0

25

50

75

125

100

Heads Tails

200 trials

108
92

Pr(heads)  =   108 _____ 200   = 54% 

3. The expected occurrence of an event, written as E(event), states how many times an event is expected to occur. 
It is calculated using probability of the event and the total number of trials conducted.

E(event) = Pr(event) × number of trials
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Worked example 2

Calculating expected occurrences

The counters below will be picked out at random.

For each event:

i. Calculate the theoretical probability.
ii. Calculate the expected occurrence for the given number of trials.

a. Picking an orange counter (50 trials).

Working thinking

i. Pr(orange)  =   
number of orange counters

   ________________________________  total number of counters    

  =    3 _ 10   

Step 1: Calculate the probability of the event.

ii. E(orange) = Pr(orange) × number of trials

  =    3 _ 10   × 50 

  =    3 _ 10   ×   50 _ 1    

  =   150 _ 10    

Step 2: Multiply the probability of the event 
by the number of trials.

  = 15 Step 3: Simplify.

b. Picking a blue or green counter (30 trials).

Working thinking

i. Pr(blue or green)  

 =   
number of blue and green counters

   _________________________________________   total number of counters    

  =    7 _ 10   

Step 1: Calculate the probability of the event.

ii. E(blue or green)  
= Pr(blue or green)  ×  number of trials

  =    7 _ 10   × 30 

  =    7 _ 10   ×   30 _ 1    

  =   210 _ 10    

Step 2: Multiply the probability of the event 
by the number of trials.

  = 21 Step 3: Simplify.

Student practice

A standard six-sided die was rolled.
For each event:
i. Calculate the theoretical probability.
ii. Calculate the expected occurrence for the given number of trials.

a. Rolling a 4 (12 trials). b. Rolling a 2 or a 5 (30 trials).

WE2a

WE2b
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10E Questions

Understanding worksheet

1. For each event, determine whether a theoretical probability or an experimental probability only 
can be determined.

Example

Event Theoretical probability Experimental probability only

Rolling a standard six-sided die and landing 
a 4 or a 5.

✔

Event Theoretical probability Experimental probability only

a. After surveying a class, selecting a student 
in a class with brown eyes.

b. A customer buying a cinnamon doughnut.

c. Picking a red marble out of a bag containing 
three blue, two red and five black marbles.

d. Khaby Lambe reaching 1 000 000 views 
on his next TikTok video.

2. An experiment is conducted where a spinner with three colours is spun. Use each table to determine 
the frequency for each event, and the total number of trials.

Example

Outcome Red Green Blue

Frequency 4 5 9

Event: Landing on red

Frequency: 4

Trials: 18

a. Outcome Red Green Blue

Frequency 5 7 2

Event: Landing on green

Frequency: 

Trials: 

b. Outcome Red Green Blue

Frequency 4 9 4

Event: Landing on blue

Frequency: 

Trials: 

c. Outcome Red Green Blue

Frequency 6 2 1

Event: Landing on red or green

Frequency: 

Trials: 

d. Outcome Red Green Blue

Frequency 7 14 4

Event: Landing on green or blue

Frequency: 

Trials: 
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3. Fill in the blanks by using the words provided.

trials theoretical experimental frequency

When an experiment is conducted where a die is rolled a number of times, the  probability 

can be calculated by using the  of each event. When the probability is predicted before 

the experiment is conducted, this is called the  probability. More accurate experiments 

can be conducted by increasing the number of  .

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c), 7

Medium 
4 (b,c,d,e), 5 (b,c,d,e), 6 (c,d,e), 7

Spicy 
4 (c,d,e,f), 5 (c,d,e,f), 6 (e,f,g), 7

4. Six experiments were conducted where a six-sided die was rolled a different number of times. 
For each experiment, calculate the experimental probability of rolling a 4.

a. Outcome 1 2 3 4 5 6

Frequency 1 2 2 2 3 0

b. Outcome 1 2 3 4 5 6

Frequency 6 5 4 5 6 4

c. Outcome 1 2 3 4 5 6

Frequency 10 7 7 10 9 7

d. Outcome 1 2 3 4 5 6

Frequency 5 16 24 18 23 14

e. Outcome 1 2 3 4 5 6

Frequency 36 32 27 38 34 3

f. Outcome 1 2 3 4 5 6

Frequency 84 92 76 89 85 74

5. A computer is randomly generating numbers between 1 and 10 (including the numbers 1 and 10).

For each event:

i. Calculate the theoretical probability.
ii. Calculate the expected occurrence for the given number of trials.

a. Generating a 10 (10 trials).
b. Generating a 3 or a 5 (15 trials).
c. Generating an odd number (30 trials).
d. Generating at least a 3 (65 trials).
e. Generating a prime number (70 trials).
f. Generating a multiple of 3 or an even number (90 trials).

WE1

WE2
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6. In an experiment, a spinner with four colours (red, blue, purple, green) was spun. The results 
are shown below:

Outcome Red Blue Purple Green

Frequency 3 6 5 2

a. How many times was the spinner spun?
b. Calculate the experimental probability of landing on red.
c. What is the expected occurrence of landing on red after 32 trials?
d. Calculate the experimental probability of landing on red or blue.
e. What is the expected occurrence of landing on red or blue after 96 trials?
f. Calculate the experimental probability of not landing on purple or red.
g. What is the expected occurrence of not landing on purple or red after 200 trials?

7. Three cards labelled 1, 2 and 3 are put into a hat. Over 20 trials, a card is pulled out randomly 
and put back. The results are shown below:

Outcome 1 2 3

Frequency 7 8 5

What is the experimental probability and theoretical probability of pulling out a 2 or a 3?

Experimental Theoretical

A.    2 _ 5      1 _ 3   

B.    2 _ 5      2 _ 3   

C.    2 _ 3      13 _ 20   

D.    13 _ 20      2 _ 3   

E.    1 _ 3      2 _ 5   

Spot the mistake

8. Bel was drawing cards from a standard deck of 52 cards. Each time she noted down the suit of the card  
(club ♣, diamond ♦, heart ♥ and spade ♠). The results are shown below.

Outcome Club Diamond Heart Spade

Frequency 3 6 5 6

Select whether Student A or Student B is incorrect.

a. Calculate the experimental probability of drawing a diamond card.

Student A

Frequency of diamonds: 6
Number of trials: 20

Pr(diamond) =    
frequency of diamonds

  ___________________________  total number of trials    

  =    6 _ 20   

  =    3 _ 10   

Student B

Pr(diamond)  =    diamonds ___________________  number of suits   

  =   1 _ 4   
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b. What is the expected occurrence of drawing a diamond after 50 trials?

Student A

E(diamond) =     3 ____ 10   × 20 

  =   60 _ 10   

  = 6 

Student B

E(diamond)  =    3 _ 10   × 50 

  =   150 _ 10    

  = 15 

Problem solving
Question working paths

Mild 9, 10, 11 Medium 10, 11, 12 Spicy 11, 12, 13 

9. Cindy plays Fortnite and is checking the statistics of the games she has played in the last week. 
The results are shown below.

Outcome Top 25 Between 26 and 75 Bottom 25

Frequency 5 15 10

Based on the table above, what is the experimental probability of Cindy being in the top 25 
in her next match?

10. A shop sells four types of toasties: chicken schnitzel, smashed avocado, roast veggie and roast beef. 

Maddy predicts that the probability of a customer ordering the roast veggie toastie is     3 ____ 10   . If the shop 

has 150 toastie orders in one day, how many are expected to be roast veggie toasties?

11. Noah is spinning a spinner that he constructed.

G

R B

B

B

Y

G

R

He records the colour each time the spinner is spun. There were 10 reds, 23 blues, 4 greens and 
8 yellows.
Is the experimental probability of landing on red or blue greater than, equal to or less than the 
theoretical probability?

12. A factory that produces computer chips for smartphones estimates that the probability of a chip 
being faulty is 0.002. How many chips are expected to be faulty in a day if the factory produces 
2000 per day?

13. A weather reporter stated that the probability of the daily temperature being over 20 degrees 
in a month in Sydney was 30%. If this corresponded to 9 days, over what number of days was 
the temperature recorded?
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Reasoning
Question working paths

Mild 14 (a,b,c,e) Medium 14 (a,b,c,e), 15 (a,b) Spicy all 

14. Researchers have developed a drug to help reduce the severity of headaches. Two experiments were 
conducted to test the effectiveness of the drug. They recruited participants online. Two days after 
taking the drug, the patients were asked whether the drug resulted in a less severe headache, a more 
severe headache or had no effect. The results are shown below.

There were different patients in each experiment.

Survey response Less severe headache No effect More severe headache

Experiment 1 42 6 2

Experiment 2 240 108 52

a. How many trials were conducted in each experiment?
b. Calculate the experimental probabilities of the drug resulting in a less severe headache for  

each experiment.
c. If 600 people with a headache took the drug, how many people would be expected to experience 

a more severe headache for each experiment?
d. Which experimental probability is likely to be closest to the theoretical probability? Explain.
e. List two ways that each experiment could be improved to produce more accurate results.

15. A four-sided die numbered 1 to 4 is to be rolled 20 times in an experiment.

Outcome 1 2 3 4

Frequency ⎕ ⎕ ⎕ ⎕

a. Fill in the frequencies in the table, so that the theoretical probability of rolling a 1 is equal 
to or nearly equal to the experimental probability.

b. Fill in the frequencies in the table, so that the experimental probability of rolling a 1 is at least 
two times the theoretical probability.

c. If the experimental probability is greater than the theoretical probability, does this mean that 
you are more likely to roll a 1 on the 24th roll? Explain your answer.

Extra spicy

16. Two coins are flipped and the outcomes are recorded. What is the expected occurrence of flipping 
two tails after 200 trials?

A. 25 B. 50 C. 75 D. 100 E. 150

17. During June of 2021, it rained for 18 days, and the temperature was less than 10°C for 22 days. 
Construct a tree diagram to represent the experimental probabilities. Assume a day’s temperature 
is not affected by whether it rains.

18. The Venn diagram shows the results of a survey of a class asking them which social 
media platforms they use.

Use this information to predict how many in the entire school of 500 students 
are expected to use two or more social media platforms.

A. 14
B. 77
C. 192
D. 269
E. 280

0 0

3 7

10

4

1

1 YouTube

Facebook Instagram
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19. A news site stated that out of 500 people, 120 are expected to own a Nintendo Switch and an Xbox One,  
50 people own neither, and in total 300 own a Switch. Students used this to predict how many students  
in their class of 25 own either Nintendo Switch or an Xbox One, both or neither. How many students 
are expected to own a Nintendo Switch and not an Xbox One?

Remember this?

20. What is the size of the missing angle?

A. 29 B. 49 C. 131
D. 151 E. 180

21. Two friends have different internet speed plans, plan A and plan B.

Plan A can download 750 megabytes per minute.
Plan B can download 1000 megabytes per minute.
The friend with plan A downloads a 1250 megabyte file in 100 seconds.
How long (in seconds) does it take for the friend with plan B to download 
the same file?

A. 50 B. 75 C. 100
D. 125 E. 150

22. The pie chart below shows how an esports club spent a $2000 grant over a 3-year period.

2019
$400

2021 2020
45%

How much money was spent in 2021?

A. $400 B. $445 C. $700 D. $900 E. $1555

29° 49°

x151°

Ti
m

e 
(s

ec
on

ds
)

Number of megabytes

20

250 500 750 10000

40

80

60
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Chapter 10 extended application
1. There are 108 cards in a game of Uno, of which 76  

are number cards, 24 are action cards and 8 are 
wild cards. The image shows this breakdown  
of cards.

a. From the deck, Kevin takes one set of red 
number cards, with the numbers 1 through  
to 9. List the sample space for the cards that 
Kevin takes.

b. If Kevin draws one card only from his set,  
what is the chance that the card will not be  
 a ‘3’? Give your answer as a fraction.

c. From the nine red number cards,  
Kevin draws one card and places it back,  
then draws a second card and places it back. 
Using technology or by hand, construct a  
two-way table showing the different 
combinations that the two cards could take.

d. What is the probability that the sum of the 
two cards is at least 16? Give your answer as a 
simplified fraction.

e. Kevin places his red number cards back into the deck. Kevin’s classmate Keanna 
repeatedly draws a card from the full deck and then puts it back. If Keanna draws  
45 times, how many times would you expect her to draw an action card?

f. Uno is a game that can be played by 2 to 10 players. Do you think the game is better 
with more players or less players? Explain your answer.

2. Zahraa conducts a survey of students in her year level, to determine whether students like movies made by 
Disney, Pixar and Dreamworks studios. The results of the survey are shown in the following Venn diagram.

PixarDisney

Dreamworks

4
3

21
21

5

1

3

a. How many students did Zahraa survey?
b. How many students like Disney and Pixar movies, but not Dreamworks?
c. What is the probability of picking a student who enjoys movies from all three studios?
d. What is the probability of picking a student who enjoys Disney or Dreamworks or both?

Image: i am Em/Shutterstock.com
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e. Research 10 movies that you have watched or want to watch, to complete the following 
Venn diagram.

AnimatedReleased 
after 2015

3. Countries participate in an international paper plane competition called Over The Moon. In 2022, the top 
contestants had the following times for their paper plane having the longest airtime.

Rank Country Airtime (seconds)

1 Canada 14.72

2 USA 14.01

3 Japan 13.69

4 Chile 13.51

5 Japan 13.42

6 Bosnia and Herzegovina 13.31

7 Australia 13.27

8 Japan 13.01

9 Austria 12.72

10 Andorra 12.60

a. Based on the results table, what is the probability that a top 10 contestant is from Australia?  
Give your answer as a decimal.

b. The winning contestant conducted 300 trials and of those, 80 throws achieved airtimes 
of over 14 seconds. Determine the experimental probability of achieving an airtime of 
over 14 seconds, giving your answer as a percentage to 1 decimal place.

c. If the probability of achieving an airtime of over 13 seconds is     3 ____ 10    on any particular 

throw and a contestant conducts 50 trials for practice, how many throws are expected 
to have an airtime of over 13 seconds?

d. The 2017 winner for longest airtime was Australian contestant called Kino.  
Kino conducted many trials in order to create the winning plane. Explain why 
increasing the number of trials might lead to more certainty on the effectiveness  
of a particular paper plane design.

e. Other than paper plane design, what is one other factor that might contribute to 
winning a paper plane competition?

Image: Pasuwan/Shutterstock.com
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Multiple choice

1. For which of these spinners is the probability of landing on blue equal to    1 __ 4   ?

A.

P

Y Y

B

G

R

R

Y

B.

G

B Y

Y
R

B
P

G
B

R

B

Y

C.

B

B Y

G

B

R

G

Y

D.

B

Y G

G
P

B
P

B
Y

R

R

G

E.

R

B R

YG

B

2. Determine which of the following shows two events that are correctly classified as 
complementary or not complementary.

Event 1 Event 2 Complementary Not complementary

A. Being a sibling Being an only child ✔

B. Rolling at least a two on a die Rolling two or less on a die ✔

C. Picking a number card from  
a deck of cards

Picking a picture card from  
a deck of cards

✔

D. All students attend class No students attend class ✔

E. Rolling an even number on 
a die

Rolling an odd number on  
a die

✔

10A

10B

Chapter 10 review
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3. A group of 50 Year 8 students were asked what language they learn. It was found that  
32 students learn French, 25 students learn Chinese, 9 students learn both and 3 students 
don’t learn either.

Which of the following Venn diagrams correctly depicts the information provided?

A.

932

3

ChineseFrench

25

B.

916

3

ChineseFrench

23

C.

923

3

ChineseFrench

16

D.

2532

3

ChineseFrench

9

E.

923

ChineseFrench

16

4. Sarah has two boxes of macarons, the first with red (R), pink (P) and yellow (Y) macarons, 
and the second with brown (B) and orange (O) macarons. She picks one macaron from the 
first box and another from the second. The tree diagram below shows the possible outcomes.

1st box

R

P

Y

R,B

R,O

P,B

P,O

Y,B

Y,O

2nd box Outcomes

B

O

B

O

B

O

What is the probability of Sarah selecting a pink macaron from the first box and then  
a brown macaron from the second?

A.    1 __ 9   B.    1 __ 8   C.    1 __ 6   D.    1 __ 3   E.    2 __ 3   

5. The following diagram shows a bucket with different coloured balls, where balls  
will be picked out at random.

If there are 60 trials, what is the expected occurrence of picking a yellow ball?

A. 4
B. 10
C. 18
D. 20
E. 24

10C

10D

10E

Chapter 10: probability 	622

10

 



Fluency

6. Letters in the word OPPORTUNITIES are to be randomly selected in an experiment.

a. List the sample space of the experiment.
b. Calculate Pr(consonant), the probability of choosing a letter that is a consonant.
c. True or false: the probability of choosing the letter P is twice as likely as the probability of choosing  

the letter R.
d. What are three events that are equally as likely as choosing the letter O?

7. A card is drawn at random from a standard deck of 52 playing cards. Note that the jokers 
have been removed, and aces are considered to have a value of 1.

K

K

Q

Q

A

A

Q

QQ

A

A

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10

A

A

2

2

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10

A

A

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10

J

J

J

J

J

J

Q

Q

Q

Q

K

K

K

K

K

K

J

J

Write your answer as a simplified fraction where possible.

a. State the event(s) complementary to picking a black card.
b. Calculate Pr(picture card′).
c. Calculate Pr(a number less than 5 and not red).
d. Calculate Pr(not an odd number or a picture card).

8. Consider the following Venn diagram showing 30 students and whether they bought  
a vegetable or a chicken burger.

57

ChickenVegetable

14

4

Write your answer as a simplified fraction where possible.

a. Determine Pr(neither vegetable or chicken).
b. Determine Pr(chicken).
c. Determine Pr(not vegetable).
d. Determine Pr(vegetable or chicken but not both).

10A

10B

10C
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9. Consider the following two-way table of students in Year 8 who use Tiktok and Instagram.

Uses TikTok Does not use TikTok Total

Uses Instagram 14 12 26

Does not use Instagram 18 16 34

Total 32 28 60

Write your answer as a simplified fraction where possible.

a. Determine Pr(uses Instagram but does not use TikTok).
b. Determine Pr(uses TikTok).
c. Determine Pr(uses Instagram or TikTok but not both).
d. Determine Pr(does not use TikTok).

10. There are three sandwiches at the school cafeteria which Mia can choose from: a ham (H) 
sandwich, tuna (T) sandwich or an egg (E) sandwich. Mia can also choose a drink to go  
with her sandwich, where there is orange juice (O), apple juice (A) or coconut water (C).  
The following tree diagram shows the possible outcomes of this scenario.

H,A

H,O

H,C

T,O

T,A

T,C

E,A

E,C

E,O

OutcomesDrink

Sandwich O

C

A

O

C

A

H

E

T

O

C

A

Write your answer as a simplified fraction where possible.

a. Determine Pr(E,O).
b. Determine Pr(any juice).
c. Determine Pr(not egg).
d. Determine Pr(ham or egg).

11. The following two-way table shows the outcomes of picking Jess (J), Erica (E) and Nick (N) 
to participate in a game, where each participant is to select a numbered tile from  
a bag containing the number 2, 5, 9 or 10.

2 5 9 10

J J,2 J,5 J,9 J,10

E E,2 E,5 E,9 E,10

N N,2 N,5 N,9 N,10

Write your answer as a simplified fraction where possible.

a. Determine Pr(N,9).
b. Determine Pr(first letter of name is a consonant).
c. Determine Pr(at least 9).
d. Determine Pr(prime number).

10C

10D

10D
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12. A six-sided, standard die is rolled numerous times.

For each event:

i. Calculate the experimental probability, written as a fraction.
ii. Calculate the expected occurrence for the given number of trials.

a. Rolling an even number (50 trials)
b. Rolling 4 or less (30 trials)
c. Rolling 3 or 6 (15 trials)
d. Rolling a prime number (70 trials)

13. Customers outside Pawtastic Pet Store were surveyed for what type of pet they own.  
Each customer owns one pet only. The results are shown below.

Outcome Dog Cat Guinea Pig Goldfish Bird

Frequency 10 8 6 9 3

a. How many customers were surveyed?
b. Calculate the experimental probability of a customer owning a pet that does not have four legs.  

Express your answer as a fraction.
c. What is the expected occurrence of a customer owning an aquatic pet if 60 customers were to be surveyed?
d. What is the expected occurrence of a customer not having a bird or a guinea pig if 140 customers were to 

be surveyed?

Problem solving

14. In a gameshow, a contestant is to select numbered tiles from a bag. The tiles contain odd 
numbers between 0 and 35. What is the probability the contestant will select a tile with  
a number under 10?

15. Three houses are competing in a swimming carnival: blue, red and yellow. The probability 

of the blue house winning is    1 __ 5   , and the red and yellow houses are both twice as likely to win 

as the blue house. Find the probability that the red house does not win.

16. A travel agency has collected data on 70 families who have booked a holiday to either  
the Netherlands or France for next July or August. From their sample, 21 families have 
booked to go to the Netherlands in July, and 25 families wish to go to France in August.  
In total, 35 families have booked holidays in July and 31 families have booked holidays to the 
Netherlands. How many families want to go to the Netherlands in August or France in July?

17. Dhileena is trying to plan her outfit for her school formal. She has eight different dresses 
to choose from in her wardrobe. She also has many different necklaces to choose from 
in her jewellery cabinet which she could wear with her dress. If there are 136 possible 
combinations of dresses and necklaces, how many necklaces does Dhileena have?

18. Hannah is a call centre sales representative. The probability of her making a sale in any call 
is 25%. At least how many calls will Hannah need to make if she wishes to make 5 sales?

10E

10E

10A

10B

10C

10D

10E
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Reasoning

19. A study of the services provided by widget repair persons was conducted to observe the 
relationship between quality of service and whether the worker was factory trained or not. 
The findings are summarised in the two-way table below.

Training Satisfactory service Unsatisfactory service

Factory trained 72 48

Not factory trained 32 64

a. Convert the table into a Venn diagram.
b. How many workers took part in the study?
c. What is the probability that a worker chosen at random is factory trained or provides 

satisfactory service, but not both?
d. If a separate study was to survey 450 workers who were not factory trained, how many 

would be expected to not provide satisfactory service?
e. List two reasons why it might be important to conduct studies and collect data on the 

quality of repair services.

20. Jen is to pick out two coloured counters one after the other at random from the bucket 
shown below. The tree diagram depicts the list of possible outcomes, where 'Y' is Yellow,  
‘B’ is Blue and ‘P’ is Purple.

Write your answer as a simplified fraction where possible.

a. Jen picks out a blue counter first, and then puts it back in the bucket. She then picks out 
another counter. What is the probability that this second counter is also blue?

b. Jen does the same again, this time picking out a purple counter and then putting it back. 
What is the probability that her next counter will be yellow?

c. Now suppose that Jen picks out a yellow counter and does not place it back in the bucket. 
What is the probability that the next counter she picks will be yellow?

d. Compare your answers from parts a–c. What happens to the probabilities if the 
counters are not replaced?

Y,B

Y,Y

Y,P

B,Y

B,B

B,P

P,B

P,P

P,Y

Outcomes2nd pick

1st pick Y

P

B

Y

P

B

Y

P

B

Y

P

B
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Chapter 11 research summary
Rates and ratios

Big ideas

Proportional reasoning
This chapter will focus on students’ ability to identify and apply their extensive understanding of proportional reasoning  
and fraction knowledge to understand the relationship between ratios of fractions, how to find equivalent ratios, 
divide quantities in a given ratio, and problem solve with rates.

Understanding proportional relationships, non-proportional relationships, and how to reason with proportional 
relationships is important for sensemaking and problem solving (Lamon, 2007; Weiland et al., 2020).  
Additionally, the concept of the unit rate should be ‘interpreted as the functional, structural relationship in 
proportional reasoning and as the constant of proportionality in a direct variation situation’ (Weiland et al., 202 p 184).  
Furthermore, it is essential that students view ratios as having a constant relationship between the two quantities 
(Weiland et al., 2020). For example, the ratio 2 : 1, can be viewed as two cups of water for every 1 cup of water.

Covariational thinking (i.e. thinking about how two quantities have a constant relationship and vary together) is 
essential in reducing proportional reasoning misconceptions (Dougherty et al., 2016) and in understanding the 
third abstractable quantity or intensive quantity (Weiland et al., 2020). For example, the relationship between 
water and rice creates an abstractable quantity of texture, and the relationship of distance to time is speed.

Abstractable quantities underpin student’s understanding of how quantities compare in a ratio, and that by changing  
one quantity of the ratio without similarly changing the other affects the abstractable quantity (Weiland et al., 2020).  
For example, increasing the amount of water at a different rate than the amount of rice will increase the softness of 
the rice.

Ratios are closely linked together by the inseparable unit called the composed unit (Lobato et al., 2014). Thinking of  
ratios as a composed unit will strengthen students’ understanding of the relationship between the two quantities 
(Dougherty et al., 2016). For example, rather than thinking of cooking rice as 2 part rice for every 1 part water,  
the composing unit is 2 : 1 and not two separate quantities.

It is essential that ratios are thought of using multiplicative and proportional comparisons and not additive 
comparisons as this will cause misconceptions (Lamon, 2007;, Lobato et al., 2014). Using proportional and 
multiplicative reasoning allows ratios to be reasoned as ‘having a fixed number to parts that are variable in size  
as well as a varying number of groups that are made up of a fixed number of units’ (Weiland et al., 2020 p 184).

Lastly, fractions and ratios share similar but also different characteristics. The similarities and differences of 
these concepts can affect student’s interpretation and calculation of ratios (Weiland et al., 2020). It is essential 
that students understand that part-part relationships are solely for ratios, while part-whole relationships can be 

represented by a ratio or a fraction. For example ratios can be represented    2 __ 5    which may represent 2 parts to 5 parts, 

while the fraction    2 __ 5    represents a single quantity, a quotient, or an operator.

This big idea is essential as it develops the fundamental skills needed for algebra such as understanding gradient, 
constant rate of change, and similar figures and underpins trigonometric relationships found in triangles. 
Furthermore this concept extends outside of mathematics to science when using quantities such as density, 
acceleration, and velocity.
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Generalising
This chapter will build upon students’ arithmetic and factual generalisation to create 
contextual and symbolic generalisation of rates, ratios, and unit rates to solve problems.

Strategies which are not context or task specific can lead to students developing a deeper 
contextual understanding of the concept of ratio (Cai & Wang, 2005). Therefore, students 
should be given the opportunity to create their own meaning of rules, relationships, and 
mathematical concepts (Cai & Wang, 2005). For example, give students this problem and 

ask them how they could see    3 __ 5    of something and    5 __ 3    of something (Sowder et al., 1998).

Due to the nature of proportional relationships and student’s interesting and creative ways they invent strategies 
to reason with proportions, it is essential that teachers recognise and have a robust understanding of proportional 
reasoning and other topics of mathematics (Weiland et al., 2020). Furthermore certain known strategies such as the 
scalar strategy, function strategy and cross product strategy should be carefully considered when they are taught as 
they can indicate different levels of understanding of proportional reasoning (Lautert & Schliemann, 2020: Carney 
et al., 2022). For example, these two methods are correct in solving for ratios, however they require two different 
explanations for why they are correct.

Method 1 Method 2

2 : 1

100 : 50

20 : 10
÷10 ÷10

×50×50

   20 ____ 10   =    ? ____ 50    
 20 × 50 = 10 × ? 
 1000 = 10 × ? 
 100 = ? 

Lastly, students will need to formulate generalisations for three different types of proportional problems; simple, 
double and multiple proportional relationships (Vergnaud, 1988). Having a meaningfully generalised understanding 
of multiplicative comparison relationships can increase a student’s understanding of gradient in an equation as both 
a composed unit and a multiplicative comparison (Carney et al., 2022). Additionally, students often find it easier to 
understand a composed unit rather than a multiplicative comparison. For example, Table 1 describes how different 
statements relate to different conceptions and Figure 1 represents the item types based on the difficulties.

Student conceptions

Multiplicative
comparisons

Informal or contextual
reasoning

Composed unit

Item types

Equation

Generalising

Unit rate

Small-single
digit number

Double-digit scalar
multiplication

Item statements Student conception

4 coffees for $13 dollars, 
how many coffees can you 
buy with $9?

Informal reasoning

It would cost ⎕ to buy 
15 coffees

Composed unit

Number of 
coffees = ⎕  × cost 

Multiplicative comparison

Figure 1 Item types based on difficulties  
(adapted form Carney et al., 2022)

Table 1 Student conceptions related to item statements  
(adapted from Carney et al., 2022).

This big idea is built upon a strong understanding of proportional understanding, number and number properties, 
patterns, and proportional reasoning. Therefore, a conceptual understanding of how to manipulate ratios, rates and 
unit rates is essential for success in future mathematics topics especially in functions, graphing, calculus, chemistry, 
and physics.

	  Chapter 11 researCh summary 629

11

 



Visual representations

Bar model
Bar models, also known as tape or strip diagrams, help students construct a  
pictorial equation from a word problem as a whole rather than as distinct parts.  
The bar model is usually represented by a rectangle representing the 
relationship between the known and unknown quantities and can be divided 
to represent proportional relationships. In this chapter, bar models will aid in 
proportional relationships.

It is important to remember that representations should be presented 
concurrently with symbols to support students’ learning (Dougherty et al., 2016).  
Additionally concrete drawings and strategies do provide students with an 
entry level of understanding and have limitations. It is important for students 
to use concrete drawing strategies as an entry point when learning and 
should move onto more algebraic generalisations to further their conceptual 
development (Cai & Wang, 2005).

Number lines
A number line is traditionally shown as a horizontal line or axis but can 
be a vertical line. A number line shows the order and size of numbers and 
helps deepen our understanding of mathematical concepts such as fractions, 
decimals, percentages, negative numbers and mathematical operations.

This chapter uses a double number line to aid in learning about proportional 
relationships. Double number lines can support reasoning proportionally 
(Lobato and ellis2010). Again, it is essential that students use double number 
lines as an entry point when learning, and use symbols concurrently to 
support their learning (Dougherty et al., 2016; Cai & Wang, 2005).

2018 2019 2020

+25 people

1 year

50 people enrolled 75 people enrolled 100 people enrolled 

Enrolment is growing at an average rate of 25 people/year

125 people enrolled 150 people enrolled 

2021 2022

+25 people

1 year

+25 people

1 year

+25 people

1 year

Cartesian plane
Cartesian coordinates describe a plane with two intersecting perpendicular 
lines, representing each dimension of the plane, that form four quadrants. 
Ordered pairs (points) are located on the plane by their coordinates,  
which provide their location within the plane. Points can be connected  
to create figures that lie on the plane.

In this chapter, the cartesian plane will be used to strengthen students’ 
understanding of abstractable quantities and covariational thinking. 
Tables, graphs, and other representations of concepts can aid in conceptual 
understanding (Dougherty et al., 2016).

Additionally, the visual representation of the cartesian plane relies both as a 
process and an object for students. Students must be able to move fluidly from 
constructing and interpreting the cartesian plane and algebraic functions,  
and proportional reasoning as this is foundational to multiple representations 
within algebra (Moschkovich et al., 1993).
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Misconceptions

Misconception Incorrect Correct Lesson

Students apply the concepts of 
fractions to ratios.  Part : Part =   2 __ 5    Part : Part =   2 __ 3   

11A

Students assume order does not  
matter when writing ratios.

Shaded : Non-Shaded
  4 : 5 

Shaded : Non-Shaded
  5 : 4 

11A 
11C

Students think that proportional  
relationships are additive.

 1 : 2 = 2 : 3  1 : 2 = 2 : 4 11A 
11B

Students affect the proportion 
of the ratio by multiplying or 
dividing the ratio by different 
numbers.

2 : 3

4 : 9
×3×2

2 : 3

4 : 6
×2×2

11B 
11E

Students affect the proportion 
of the ratio by multiplying or 
dividing only one part of  
the ratio.

4 : 10

2 : 10
÷2

4 : 10

2 : 5
÷2÷2

11B 
11E

Students assume that ratios 
do not have a fixed number 
of parts and treat the ratio 
as separate quantities when 
dividing them to calculate 
values of parts in a ratio.

 24  in  1 : 3 
 24 ÷ 1 = 24  
 24 ÷ 3 = 8 

 24  in  1 : 3 
 1 + 3 = 4  parts
 24 ÷ 4 = 6  per part

11C

Students are unsure how units 
are included when calculating 
rates.

 25  or  25 km  or  25  km/h or  25  h  25  km ____ h     or  25  km\h 11D

When calculating a unit rate, 
students assume the quantities 
can be divided in any order.

 100 L  in  2  hours
    2 _____ 100   = 0.02 L/h 

 100 L  in  2  hours
   100 _____ 2    = 50 L/h 

11D

Students leave ratios 
unsimplified.

 72  people in  12  minutes

   72 ____ 12   =   36 ____ 6    people/min 

 72  people in  12  minutes

   72 ____ 12   = 6 people/min 

11D

Students disregard the 
proportion of the ratio and  
use any part of the ratio to 
solve problems.

 20  coffees in  10  minutes
? coffees in  50  minutes
 20 × 50 = 1000 
 ∴ 1000  coffees in  50  minutes

 20  coffees in  10  minutes
? coffees in  50  minutes

2 : 1

100 : 50

20 : 10
÷10 ÷10

×50×50

 ∴ 100  coffees in  50  minutes

11E

Students find the unit rate only.  20  coffees in  10  minutes
? coffees in  50  minutes

Unit rate:    20 ____ 10   = 2 

 ∴ 2  coffees

 20  coffees in  10  minutes
? coffees in  50  minutes

Unit rate:    20 ____ 10   = 2  coffees/min

 2 × 50 = 100 
 ∴ 100  coffees

11E

Students use a different 
arrangement of the speed 
formula to calculate distance, 
time or speed.

 s = 60  km/h
 t = 3  hours

 d   =   60 ____ 3    

  = 20  km

 s = 60  km/h
 t = 3  hours
 d   = 60 × 3 
  = 180  km

11F
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Misconception Incorrect Correct Lesson

Students change the 
proportions of the abstractable 
quantity, speed, when solving 
problems.

How long does it take to travel  
 180  km at  120  km every  2  hours?

   180 _____ 120   = 1.5  hours

How long does it take to travel  
 180  km at  120  km every  2  hours?

   120 _____ 2    = 60  km/h

   180 _____ 60    = 3  hours

11F

Students assume that 
stationary periods are not 
needed when calculating the 
average speed.

Total distance  = 9  km
Time spent travelling  = 2  hours   
Time spent stationary  = 1  hour
   9 __ 2   = 4.5  km/h

Total distance  = 9  km
Time spent travelling  = 2  hours   
Time spent stationary  = 1  hour
    9 _______ 2 + 1   =   9 __ 3   = 3  km/h

11F
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Introduction to ratios11A
Ratios describe a proportional relationship between two or more quantities 
with the same units. This means if one quantity is doubled or halved, then the 
other quantity will also double or halve. Ratios are seen in many aspects of 
everyday life, such as quantities in cooking, comparing costs of supermarket 
items or ratio of profits to loss for a business.

LEARNING INTENTIONS

Students will be able to:
 • understand the relationship between fractions, percentages and ratios

 • express fractions as ratios

 • write a ratio from a situation that has been described.

KEY TERMS AND DEFINITIONS

If two quantities have a proportional relationship they can be written 
as a ratio.

WHERE DO WE SEE THIS MATHS 
IN THE REAL WORLD?

Image: GEORGII MIRONOV/Shutterstock.com

Building plans need to be drawn 
to scale so that they contain accurate 
details required by a builder. The scale 
is given as a ratio. For example, 
a scale of  1 : 100  means distance 
of 1 mm on the plans represents 
100 mm in real life.

Key ideas

1. Ratios describe a proportional relationship between two or more quantities with the same unit. There are two 
types of ratios: part-part and part-whole.

A part-part ratio compares two or more individual 
parts in a whole.

3 green parts

5 purple parts

The ratio of green parts to purple parts is  3 : 5. 

A part-whole ratio compares two or more parts 
to a whole.

8 parts in a whole

3 green parts

The ratio of green parts to all parts in a whole is  3 : 8 .

Continues →
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2. Ratios can be represented as fractions and percentages.

Ratio Part-part

3 green parts

5 purple parts

The ratio of green parts to purple 
parts is  3 : 5. 
For every 3 green parts there are 
5 purple parts.

Part-whole

3 green parts

8 parts in a whole

The ratio of green parts to all parts is  3 : 8. 

Fraction The number of green parts is    3 __ 5    of the 
number of purple parts.
or
The fraction of green parts to purple 
parts is    3 __ 5   .

   3 __ 8    of the whole are green parts.

Percentage The number of green parts as a percentage 
of the number of purple parts is  60% .

37.5% of the whole are green parts.

Worked example 1

Writing ratios

Write the ratio described in each scenario.

a. A pasta recipe needs 3 eggs and 2 cups of flour. What is the ratio of cups of flour to eggs?

Working Thinking

Cups of flour = 2

Eggs = 3

Step 1: Determine the number of parts needed for  
each quantity.

flour : eggs

 2 : 3

Step 2: Write the part-part ratio.

Visual support

2 parts cups of flour

flour : eggs
2 : 3

3 parts eggs

Continues →

WE1a
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b.  In a pencil case there are 7 pencils and 3 rulers. What is the ratio of rulers to all items in the 
pencil case?

Working Thinking

Rulers = 3

All items =  3 + 7 = 10 

Step 1: Determine the number of parts needed for  
each quantity.

rulers : all items

 3 : 10

Step 2: Write the part-whole ratio.

Student practice

Write the ratio described in each statement.

a. During one week, it rained on 4 days and was sunny on the other days. What is the ratio of sunny days to rainy days?

b. At a pet day care, there are 6 cats and 7 dogs. What is the ratio of dogs to all pets?

WE1b

Worked example 2

Working with fractions and ratios

Write the fraction or ratio described in each scenario.

a.  In a mini packet of Smarties, the ratio of green to purple Smarties is  3 : 4 . What is the fraction 
of green Smarties to all Smarties?

Working Thinking

Green Smarties = 3

All Smarties =  3 + 4 = 7 

Step 1: Determine the number of parts needed for  
each quantity.

   3 _ 7   Step 2: Write the part-whole ratio.

Visual support

7 parts in a whole

4 purple parts 3 green parts

Green to all smarties: 3
7

b.  In a mini packet of Smarties, the ratio of green to purple Smarties is  3 : 4 . What is the fraction 
of purple Smarties to green Smarties?

Working Thinking

Purple Smarties = 4

Green Smarties = 3

Step 1: Determine the number of parts needed for  
each quantity.

   4 __ 3   Step 2: Write the part-part ratio.

Continues →

WE2a

WE2b
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c.  In a bag of red and green apples,    2 __ 5    of all apples are red. What is the ratio of red apples 

to green apples?

Working Thinking

Red apples = 2

Green apples =  5 − 2 = 3 

Step 1: Determine the number of parts needed for  
each quantity.

red apples : green apples

  2 : 3 

Step 2: Write the part-part ratio.

Student practice

Write the fraction described in each scenario.

a. In a bowl of cereal, the ratio of oats to dried fruit is  9 : 2 . What is the fraction of oats to all parts?

b. In a bowl of cereal, the ratio of oats to dried fruit is  9 : 2 . What is the fraction of dried fruit to oats?

c.  At a cafe that sells coffees and hot chocolates,    5 __ 6    of all drinks are coffees. What is the ratio of coffees 
to hot chocolates?

WE2c

Worked example 3

Working with percentages and ratios

Write the percentage or ratio described in each scenario.

a.  At a train station, the ratio of late trains to all trains (on-time and late) trains is  4 : 10 . 
What is the percentage of on-time trains to all trains?

Working Thinking

On-time trains =  10 − 4 = 6 

All trains = 10

Step 1: Determine the number of parts needed for  
each quantity.

    6 ____ 10   Step 2: Write the part-whole fraction.

    6 ____ 10   × 100   =   600 _____ 10    

  = 60% 

Step 3: Convert to a percentage.

Visual support

10 parts in the whole

6 parts on time = 60% 4 parts late = 40%

Continues →
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b.  At a train station, the ratio of late trains to late and on-time trains is  4 : 10 . What is the number 
of on-time trains as a percentage of late trains?

Working Thinking

On-time trains =  10 − 4 = 6 

Late trains = 4

Step 1: Determine the number of parts needed for  
each quantity.

   6 __ 4   =   3 __ 2   Step 2: Write the part-part fraction and simplify.

   3 __ 2   × 100   =   300 _____ 2    

  = 150% 

Step 3: Convert to a percentage.

c.  In a class of students, 43% of all students have an Android phone and the rest have iPhones. 
What is the ratio of students with iPhones to students with Android phones?

Working Thinking

iPhones =  100 − 43 = 57% 

Android = 43%

Step 1: Determine the number of parts needed for  
each quantity.

iPhones : Android phones

  57 : 43 

Step 2: Write the part-part ratio.

Student practice

Write the percentage or ratio described in each scenario.

a.  In a fridge, the ratio of soft drinks to fruit juices is  4 : 8 . What is the percentage of soft drinks to all drinks? 
Round your answer to the nearest percent.

b.  In a fridge, the ratio of soft drinks to fruit juices is  4 : 8 . What is the number of soft drinks as a percentage 
of fruit juices?

c. 79% of plants at a nursery are native and the rest are foreign. What is the ratio of native plants to foreign plants?

WE3b

WE3c

11A Questions

Understanding worksheet

1. Write the ratio for each statement about the numbers below:

1, 2, 3, 4, 5 and 6.

Example

2 and 3 to all numbers   : 2 6

a. 1 to all numbers 1 :  b. Even to odd numbers   : 3

c. 3 to multiples of 2   :  d. Prime numbers to all numbers   : 
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2. Fill in the boxes for each area model.

Example

Ratio of red parts 
to white parts

Fraction of red 
parts to all parts

3 : 1

   3 _ 4   

a. Ratio of white parts 
to all parts

Fraction of white 
parts to all parts

b. Ratio of green parts 
to white parts

Fraction of green 
parts to all parts

c. Ratio of white parts 
to purple parts

Fraction of purple 
parts to white parts

d. Ratio of purple 
parts to white parts

Fraction of purple 
parts to green parts

3. Fill in the blanks by using the words provided.

part-part part-whole proportional quantities

A ratio describes a  relationship between  . If a rectangle consists of  

3 green parts and 4 blue parts,  3 : 7  is a  ratio and  4 : 3  is a  ratio.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b), 
7 (a,b,c,d), 8 (a,b), 9

Medium 
4 (c,d,e,f), 5 (b,c,d,e), 6 (b,c),  
7 (b,c,d,e), 8 (b,c), 9

Spicy 
4 (e,f,g,h), 5 (c,d,e,f), 6 (c,d),  
7 (c,d,e,f), 8 (c,d), 9

4. Write the ratio described in each scenario.

a. A fruit bowl contains 6 bananas and 2 kiwi fruits. What is the ratio of kiwi fruit to all fruits 
in the bowl?

b. A Rocket League team has won 11 matches and lost 9. What is the ratio of wins to losses?
c. A computer monitor is 16 inches wide and 9 inches high. What is the ratio of the width to the height?
d. A family has 2 grandparents, 4 parents and 7 children. What is the ratio of children to all 

family members?
e. The three sides of a triangle are 2 cm, 5 cm and 4 cm. What is the ratio of the longest side length 

to the shortest side length?
f. A post on Instagram has 13 likes, 7 comments and 3 shares. What is the ratio of likes to 

comments and shares?
g. In a staffroom, there are 7 English, 5 Maths, 6 Science and 8 PE teachers. What is the ratio of 

Maths and Science teachers to all teachers?
h. In a packet of nuts, there are 18 peanuts, 4 macadamia nuts, 6 cashews and 11 pistachios.  

What is the ratio of peanuts and cashews to macadamia nuts and pistachios?

WE1

4 : 2

   1 _ 5   
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5. Write the fraction described in each scenario.

a. At a boarding school the ratio of boarders to non-boarders is  3 : 1 . What is the fraction of non-
boarders to boarders?

b. The ratio of cordial to water is  1 : 5 . What fraction of the total volume is water?
c. The ratio of vowels to all letters in a language is  3 : 14 . What fraction of all letters are consonants?
d. In an alloy metal, the ratio of copper to tin to aluminium is  5 : 3 : 1 . What is the fraction of 

copper to aluminium?
e. The ratio of green to yellow to white in a tin of paint is  2 : 4 : 7 . What is the fraction of yellow 

paint to all colours?
f. The ratio of Xbox Series X to PS5 to Switch consoles sold globally is  16 : 22 : 23 . What is the 

fraction of Switch sales to Xbox and PS5 sales?

6. Write the ratio described in each scenario.

a.     1 ____ 10    of the world’s population is left-handed. What is the ratio of left-handers to the  

whole population?

b. US dollars as a fraction of Australian dollars on one day was    5 __ 7   . What is the ratio of US dollars to 

Australian dollars?

c. At a school, the fraction of those who study a language to those who don’t is    4 __ 9   . What is the ratio 

of those who study a language to the whole school?

d. At an election, the fraction of all voters who voted for a major party was    27 ____ 29   . What is the ratio of 

those who voted for a major party to those who voted for other parties?

7. Write the percentage described in each scenario, rounded to the nearest whole number where needed.

a. In a team, the ratio of employees who prefer to work from home to those who prefer to work 
at the office is  7 : 8 . What is the percentage of the team who prefer to work at the office?

b. The ratio of land to the whole Earth is  3 : 10  and the rest is sea. What percentage of the whole 
earth is sea?

c. The ratio of savings to expenses for a person is  3 : 5 . What is the amount of savings as a 
percentage of the amount of expenses?

d. In a party mix of chocolates, the ratio of milk to white to dark chocolate is  5 : 1 : 3 . 
What percentage of the whole mix is dark chocolate?

e. In a cookie dough recipe, the ratio of flour to butter to sugar is  3 : 2 : 1 . What is the amount 
of butter as a percentage of the amount of flour?

f. The ratio of air to water to soil in a plant pot is  3 : 7 : 10 . What is the percentage of the whole 
pot that is water and soil?

8. Write the ratio described in each scenario.

a. 3% of a petrol mix is ethanol and the rest is octane. What is the ratio of ethanol to octane?
b. At a clothes store, 60% of all shirts sold were medium t-shirts and the rest were small shirts. 

What is the ratio of medium t-shirts sold to all t-shirts sold?
c. The length of a leaf of a plant is  11%  the height of the plant. What is the ratio of leaf length 

to plant height?
d. After a piece of wood was cut, the length of the shortest piece as percentage of the longer piece 

was  20% . What is the ratio of the longest piece to the original piece of wood?

9. The fraction of all games that are multiplayer is     7 ____ 15   . What is the ratio of multiplayer to single player games?

A.  7 : 15 B.  8 : 15 C.  7 : 8 D.  8 : 7 E.  8 : 22 

WE2a,b

WE2c

WE3a,b

WE3c
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Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. The ratio of humans to sheep in New Zealand is  5 : 28 .
What fraction of the total population of humans and sheep are sheep?

Student A

Sheep = 28
Human = 5

    5 ____ 28   

Student B

Sheep = 28
Humans and sheep = 5 + 28 = 33

   28 ____ 33   

b. The ratio of headphones sold in the US to those sold outside the US is  1 : 3 .
What percentage of all headphones sold are sold outside the US, rounded to a whole number?

Student A

Sold outside the US = 3
Sold outside and in the US = 1 + 3 = 4

   3 __ 4   × 100   =   300 _____ 4    

  = 75% 

Student B

Sold in the US = 1
Sold outside the US = 3

   1 __ 3   × 100   =   100 _____ 3    

  = 33% 

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. A farmer’s paddock has a width of 301 m and a length of 452 m. Write the ratio of the paddock’s 
width to its perimeter.

12. Two painters, Julia and Brianca, divided up payment for their day's work based on the ratio of  
hours that they worked. Julia worked from 7 am to 3 pm and Brianca worked from 9 am to 2 pm. 
What fraction of the total pay does Julia receive?

13. Coles reported that their ratio of revenue to expenses was  14 : 9  and Woolworths reported a ratio 
of  5 : 3 . Which business had the greatest revenue as a percentage of their expenses?

14. Jenny is making her world famous cordial but forgot the exact ratio of water to sugar to lemon juice 

she needed. She filled    1 __ 3    of the bowl with water,    2 __ 5    with sugar and    1 __ 5    with lemon juice. She later found 

that the ratio she was meant to use was  5 : 6 : 4.  Did she get the ratio right?

15. It is recommended that vegetarians have a  5 : 1 : 1  ratio of legumes (such as soybeans and lentils) 
to eggs to nuts as part of their diet. Nick made a meal where 65% of the meal was legumes and the 
rest made equally up of eggs and nuts. Does this meal satisfy the recommendation?
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Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy All 

16. To buy a house worth $800 000, Ying pays a $100 000 deposit and takes out a loan for the rest. 
The Loan to Value Ratio (LVR) is used by banks when someone is taking out a loan. It is a ratio 
of the loan amount to the price of the house. If the LVR of a loan is higher than 80%, the buyer 
usually needs to also pay for Lenders Mortgage Insurance (LMI).

a. Calculate how much money Ying will need to borrow from the bank.
b. Write the ratio of the loan amount to the price of the house.
c. Write the ratio found in part b as a percentage to show that the LVR of Ying’s loan 

is higher than 80%.
d. To decrease the loan amount, Ying can put more money on the deposit. Calculate by how much 

the loan amount should increase or decrease so that Ying does not have to pay the LMI.
e. Discuss two reasons why a bank will make a buyer pay for insurance if they have an LVR of 

higher than 80%.

17. Fill in the boxes using the digits 1 to 9 once each to create a part-part ratio where the first part 
represents the:

⎕⎕ : ⎕

a. smallest possible fraction of the whole.
b. largest possible fraction of the whole.
c. Using how you approached parts a and b, explain how you could compare two ratios 

to determine which is the greater ratio.

Extra spicy

18. In the diagram below, the base of

 • triangle A is half the length of the rectangle
 • triangle B is three quarters the length of the rectangle.

8 cm

2 cm A
B

What is the ratio of the unshaded area to the shaded area?

A.  10 : 6 B.  10 : 16 C.  8 : 2 D.  8 : 16 E.  6 : 4 

19. Ash and Joey collect Pokémon cards and Yu-Gi-Oh cards. Altogether, the number of Pokémon cards 
equals the number of Yu-Gi-Oh cards.

The ratio of Pokémon cards Ash has to Pokémon cards Joey has is  3 : 7 .
The ratio of Yu-Gi-Oh cards Ash has to Yu-Gi-Oh cards Joey has is  1 : a .
What is the smallest value of  a , so that Joey has more Yu-Gi-Oh cards than he has Pokémon cards?

	  11A InTroducTIon To rATIos 641

11A

 



20. For two whole numbers, the ratio of their difference to their sum is  7 : 11 . What are the two smallest 
positive whole numbers for which this is true?

21. If the ratio  p : q  is equal to  6 : 14 , write the formula in terms of  p  and  q  where  q  is the subject.

A.  q =   7 __ 3   p B.  p =   7 __ 3   q C.  q =   3 __ 7   p D.  q =    7 ____ 10   p E.  q =   3 __ 4   p 

Remember this?

22. The table below shows the fractions of the favourite colours in a classroom.

Colour Fraction of the children

Purple     1 _ 25   

Dark blue     1 _ 5   

Red     1 _ 10   

Pink     1 _ 20   

Green     1 _ 50   

Which of these colours is most favourited within the classroom?

A. Purple B. Dark blue C. Red D. Pink E. Green

23. Renae was pouring tea into her 1 litre bottle, she only filled a quarter of the bottle.

How many millilitres of tea did she pour?

A. 5 B. 50 C. 250 D. 2000 E. 25 000

24. The fraction    1 __ 6    equals 0.166 as a decimal.

What does     1 ____ 12    equal as a decimal.

A. 0.166 B. 0.138 C. 0.066 D. 0.83 E. 0.083
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Equivalent ratios11B

Key ideas

1. Equivalent ratios are formed when each part in a ratio is multiplied or divided by the same number.

8 : 12

Purple parts to green parts

÷2

×2×2

÷2

8 : 12

4 : 6

2. Two or more ratios are equivalent if the same parts are in proportion.

Equivalent Not equivalent

  15 : 18 
 15 ____ 5   = 3   5 : 6  18 ____ 6   = 3 

  15 : 18 
 15 ____ 5   = 3   5 : 9  18 ____ 9   = 2

3. Ratioscanbesimplifiedifallpartshaveahighestcommonfactorotherthan1.

12 : 8
Factors of 12: 1, 2, 3, 4, 6, 12

Factors of 3: 1, 3 Factors of 2: 1, 2

Factors of 8: 1, 2, 4, 8

3 : 2
÷4÷4

Just like equivalent fractions, equivalent ratios represent the same values. 
Equivalent ratios will have different quantities, but the relationship between  
thequantitieswillbeidentical.Simplifyingratiosinvolvesfindingequivalent
ratios and allows the same quantities from different scenarios to be compared.

LEARNING INTENTIONS

Students will be able to:
 • writeequivalentratiosusingmultiplicationanddivision

 • simplifyratiosinvolvingfractionsanddecimals.

KEY TERMS AND DEFINITIONS

Highest common factor (HCF)isthelargestnumberthatisafactoroftwo
or more numbers.

A ratio is a proportional relationship between two or more quantities with 
the same unit.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

21 : 9 4 : 3

16 : 916 : 10

9 : 16

Aspect ratios are ratios of the width 
to the lengths of computer monitors, 
TV screens and smartphones. Movies 
are typically filmed with an aspect 
ratio of  16 : 9 . If the ratio of the width 
to the height simplifies to this ratio, 
the movie will fit exactly on the screen 
without distorting the picture.
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Worked example 1

Making equivalent ratios

Foreachratio,makeanequivalentratiobyperformingtheoperationinthebrackets.

a. 3 : 4 (×3)

Working Thinking

3 : 4

9 : 12
×3 ×3

Multiply each part by the same number.

Visual support

×3×3

9 : 12

3 : 4

b. 4 : 20 (÷2)

Working Thinking

4 : 20

2 : 10
÷2 ÷2

Divide each part by the same number.

Student practice

Foreachratio,makeanequivalentratiobyperformingtheoperationinthebrackets.

a. 2 : 7 (×2) b. 18 : 12 (÷3)

WE1a

WE1b

Worked example 2

Simplifying ratios

Write each ratio in its simplest form.

a. 10 : 4

Working Thinking

TheHCFof10and4is2. Step 1: Determine the HCF.

10 : 4

5 : 2
÷2 ÷2

Step 2: Divide each part by the HCF.

Visual support

÷2÷2 5 : 2

10 : 4

Continues →

WE2a
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b. 3 : 6 : 18

Working Thinking

The HCF of 3, 6 and 18 is 3. Step 1: Determine the HCF.

3 : 6 : 18

1 : 2 : 6
÷3 ÷3÷3

Step 2: Divide each part by the HCF.

Student practice

Write each ratio in its simplest form.

a. 4 : 16 b. 15 : 5 : 20

WE2b

Worked example 3

Simplifying ratios involving fractions and decimals

Write each ratio in its simplest form.

a.  1 __ 2  :  
1 __ 4 

Working Thinking

TheLCDof2and4is4. Step 1: Convert each part into equivalent fractions  
with the lowest common denominator (LCD).

 2 _ 4  :  
1 _ 4 

2 : 1

 1 _ 2  :  
1 _ 4 

×4

× 2 _ 2 

×4

Step 2: Multiply each part by the LCD.

b. 1.2 : 3.6

Working Thinking

12 : 36

1 : 3

1.2 : 3.6
×10 ×10

÷12 ÷12

Step 1: Multiplyeachpartbythepowerof10that 
will make both parts whole numbers.

Step 2: SimplifybydividingeachpartbytheHCF.

c. 1.5 : 0.25

Working Thinking

150 : 25

6 : 1

1.5 : 0.25
×100 ×100

÷25 ÷25

Step 1: Multiplyeachpartbythepowerof10that 
will make both parts whole numbers.

Step 2: SimplifybydividingeachpartbytheHCF.

Student practice

Write each ratio in its simplest form.

a.  2 __ 3  :  
1 __ 6   b.  3.3 : 2.2 c.  0.24 : 0.48 

WE3a

WE3b

WE3c
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11B Questions

Understanding worksheet

1. Fill in the blank to make each pair of ratios equivalent.

Example

 6 : 5 =     : 20  24

a.  3 : 5 = 6 :   b.  9 : 12 =   : 6 

c.   : 15 =  7 : 3 d.  4 :   = 12 : 21 

Worked example 4

Expressing quantities with the same units

Foreachstatement,changethequantitiestothesameunitinbracketsandwritetheratioinitssimplestform.

a. 4cmto25mm(mm)

Working Thinking

1cm = 10mm

4cm = 40mm

Step 1: Convert all parts to the same unit.

40 : 25 Step 2: Write the ratio.

40 : 25

8 : 5
÷5 ÷5

Step 3: SimplifybydividingeachpartbytheHCF.

b. 2yearsto8months(months)

Working Thinking

1year = 12months

2years = 24months

Step 1: Convert all parts to the same unit.

24 : 8 Step 2: Write the ratio.

24 : 8

3 : 1
÷8 ÷8

Step 3: SimplifybydividingeachpartbytheHCF.

Student practice

Foreachstatement,changethequantitiestothesameunitandwritetheratioinitssimplestform.

a. 30cmto2m(cm) b. 

WE4a

WE4b

7daysto2weeks(days)
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2. Decidewhetherthefollowingratiosareequivalent.

Example

Equivalent Not equivalent

10 : 7 and 20 : 14 ✔

Equivalent Not equivalent

a.  5 : 7  and  10 : 15 

b.  6 : 8  and  3 : 4 

c.  16 : 9  and  8 : 3 

d.  1 : 7  and  4 : 11 

3. Fillintheblanksbyusingthewordsprovided.

highest common factor equivalent ratio simplest form whole number

An isformedbymultiplyingordividingallpartsinaratiobythesamenumber.Ratiosarein 

their  when each part is a  and the  is 1.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9

4. Foreachratio,makeanequivalentratiobyperformingtheoperationinthebrackets.

a.  5 : 9  ( ×2 ) b.  8 : 3  ( ×10 ) c.  20 : 12  ( ÷4 ) d.  15 : 30  ( ÷3 )

e.  5 : 14 : 4  ( ×5 ) f.  56 : 24 : 8  ( ÷8 ) g.  14 : 22    (× 1 __ 2 )  h.  6 : 5    (÷ 1 __ 4 )  

5. Write each ratio in its simplest form.

a.  15 : 10 b.  30 : 20 c.  6 : 24 d.  21 : 49 
e.  130 : 70 : 20 f.  10 : 14 : 8 g.  63 : 18 : 9 h.  12 : 42 : 66 

6. Write each ratio in its simplest form.

a.  3 __ 5  :  
3 ____ 10  b.  5 __ 6  :  

1 __ 2      c.  2 __ 3  : 3 d.  2 __ 5  :  
1 __ 4   

e.  6 : 1 3 __ 8   f.  7 3 __ 4  :  
7 __ 8  g.  6 4 __ 5  : 3 

3 ____ 10  h.  3 __ 4  : 2 
1 __ 4  :  

3 __ 2   

7. Write each ratio in its simplest form.

a.  1.2 : 3 b.  3.2 : 1.8 c.  4.8 : 5.6 d.  0.13 : 0.45 
e.  7.2 : 1.44 f.  2.1 : 0.4 : 3.0 g.  1.6 : 3.2 : 8.8 h.  2.68 : 5.16 : 0.12 

8. Foreachstatement,changethequantitiestothesameunitinbracketsandwritetheratioinitssimplestform.

a. 450cmto9metres(cm) b. 4minutesto300seconds(seconds)
c. 4400mLto20L(mL) d. $4.50to85cents(cents)

e.  2 1 __ 3 yearsto20months(months) f. 40cm2to300mm2 (mm2)

g. 5400secondsto6hours(seconds) h. 6.2kgto2400gto4kg(g)

WE1

WE2

WE3a

WE3b,c

WE4
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9. Whichofthefollowingisthesimplestformoftheratio36 : 22 ?

A.  11 : 18 B.  36 : 11 C.  14 : 1 D.  18 : 11 E.  12 : 11 

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. For the ratio  9 : 4 , write the equivalent ratio multiplied by 6.

Student A

9 × 6 : 4 = 54 : 4
Student B

9 × 6 : 4 × 6 = 54 : 24
b. Writetheratio0.4 : 0.32insimplestform.

Student A

4 : 32

1 : 8

0.4 : 0.32
×10 ×100

÷4 ÷4

Student B

40 : 32

5 : 4

0.4 : 0.32
×100 ×100

÷8 ÷8

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Ashadeofpurpleismadebycombiningredandbluepainttinsintheratio2 : 3.Thisisenough
painttocover20m2.Howmanytinsofeachcolourisrequiredtocover60m2?

12. Matejismakingmultipletilesofthepatternshownbelow.Itconsistsof4equilateraltriangles
and 1 square.

IfMatejhas48triangles,whatnumberofsquaresdoesheneedsothatheonlyhascompletedtiles?

13. Athiscafe,Hughmakesmilkshakeswhichneedmilkandicecream.Heuses 1 __ 3    of a container of ice 

cream and    2 __ 5 ofacartonofmilkforalargemilkshake.Whatisthefullysimplifiedratioofmilktoice

creamforeachlargemilkshake?

14. Jemimaismakingconcreteforabuildingprojectwheretheratioofcementtosandtoaggregate
should be  1 : 2 : 4.Shemixes5bagsofcement,10bagsofsandand15bagsofaggregate. 
CalculatethesimplifiedratiotodetermineifJemimahasusedthecorrectquantitiesforhermix.

15. Alexismakingherownsoilmixforherindoorplants.Tomakethesoil,shemixesaratioof2parts
peat moss, 1 part perlite and    1 __ 2 partcompost.Shehas8bagsofpeatmossbutneedstobuyperlite

andcompost.Ifbagsofperlitecost$29.98andbagsofcompostcost$9.46,howmuchwillitcosther
tobuyenoughperliteandcompost?
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Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy All 

16. DanielandJoyceareplanningactivitiestodoonanoverseastriptoIreland.Aftersomeresearch,
Daniel writes an itinerary for one of the days spent in Dublin:

Time Activity

9:30to10:00 Takingthebus

10:00to12:30 VisitingTrinityCollege

12:30to1:00 Walking

1:00to4:00 NationalMuseumofIreland

4:00to5:00 Takingthebus

5:00to9:00 Relaxingatthehotel

Joycewantstoensurethattheybalancethetimespentdoingvariousactivities.Sheproposesaratio
of2hoursrelaxingto3hourssightseeingto0.5hourstraveltimebetweenlocations.

a. Write Joyce’s proposed ratio in simplest form.
b. WritetheratioofhoursspentrelaxingtosightseeingtotraveltimeforDaniel’sitineraryin

simplest form.
c. Determineifthepercentageoftraveltimetoallactivitiesonthedayismorethan,lessthanor

thesameasthepercentageoftraveltimetoallactivitiesproposedbyJoyce.
d. DanielisplanningafourthdayinIrelandandhasallocated6hourssightseeinginthecity 

ofGalway.Howmanyhoursshouldbeallocatedtotimerelaxingandtimetravellingaccording 
to Joyce’s proposed ratio?

e. IsitbettertoensurethatthetimespentdoingactivitieseverydaysatisfiesJoyce’sproposedratio, 
orisitbetterthatalldayscombinedsatisfythisratio?Provideanadvantageandadisadvantage
for each option.

17. For the ratio  23 : 11  make:

a. twodifferentratiosbyaddingorsubtractinganumberfrombothparts.
b. twodifferentratiosbymultiplyingordividingbothpartsbyanumber.
c. Compare one ratio from each of part a and part btotheoriginalratio.Determinewhich

operations can be used to make equivalent ratios and which cannot.

Extra spicy

18. Whichofthefollowingisthefullysimplifiedformoftheratio30ab : 75bc ?

A.  a : 45c B.  2a : 5c C.  2b : 5b D.  2ab : 5bc E.  30 : 75 

19. Ifa : b = 6 : 5  and  b : c = 2 : 3,findtheratioa : b : c .

A.  6 : 2 : 3 B.  6 : 5 : 3 C.  6 : 7 : 3 D.  12 : 10 : 15 E.  12 : 20 : 15 

20. ThreepointsonaCartesianplanecanbeconnectedbyastraightline.Thepointshavecoordinates  (  2,4 )    ,  
   (  8,a )     and    (  b,2 )   .Theratioofthe𝑦-coordinate to the 𝑥-coordinate of all points are equivalent ratios.
What are values of  a  and  b ?

21. Usingthenumbers1to9onlyonceeach,fillintheblankstocreatethreeequivalentratios.

⎕ : ⎕ = ⎕ : ⎕ = ⎕ : ⎕
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Remember this?

22. Astadiumwantstocarryoutasurveyaboutthetennisgameusingasampleofindividualsthat
attendedthelastgame.

They want the survey to be representative of adults and children that attend.
Atthelastgame,thereweretwiceasmanychildrenasadults.
Whichofthesampleswouldthestadiumgetthemostrepresentativeresults?
A sample with:

A. 50adultsand50children
B. 150adultsand300children
C. 300adultsand150children
D. 300adultsand200children
E. None of the above

23. Zacissavingforanewcomputer.

Hehascreatedatabletohelpkeeptrackofhissavings.

Number of months (𝑥𝑥) 3 5 8 10

Amount in Zac’s savings account ( 𝑦𝑦) 135 255 435 555

WhatwouldbetheruleforthelinearrelationshipbetweentheamountofmoneyinZac’ssavings
accountandthenumberofmonthssaving?

A. 𝑦 = 60𝑥 − 45 
B. 𝑦 = 75𝑥 + 135 
C. 𝑦 = 135𝑥 + 255 
D. 𝑦 = 255𝑥 + 60 
E. 𝑦 = 435𝑥 + 135 

24. Whichofthefollowingoptionsrepresentsacertainevent?
A.  1 __ 8   B.   2 ____ 10   C.  3 __ 10   D.  4 ____ 8   E. 1
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Dividing a quantity in a given ratio11C

Key idea

1. Quantities can be shared into smaller quantities determined by a ratio. This can be achieved using the unitary 
method or part-whole fractions.

100 shared in the ratio 2 : 3
1 part = 20

100

20 2020

2 parts = 40 3 parts = 60

20 20

Quantities can be shared based on a ratio. This is achieved using the unitary method,  
which involves finding an equivalent ratio based on how big each part is. 
A second method of doing this involves converting ratios to fractions and 
multiplying by the quantity being shared.

LEARNING INTENTIONS

Students will be able to:
 • divide quantities into a given ratio using fractions or the unitary method

 • find total quantities given a ratio.

KEY TERMS AND DEFINITIONS

The unitary method is a process of calculation where the first step is to 
determine the value of one unit. 

A part-whole ratio compares two or more parts to a whole.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: Bro Crock/Shutterstock.com

Shareholders of a company receive 
some portion of the profit that a 
company makes in a year, called a 
dividend. How much a person receives 
depends on how many shares they 
have in the company, which can be 
written as a ratio to or percentage 
of the total number of shares in the 
company. This ratio can be used to 
split the profit for each shareholder. 
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Worked example 2

Sharing a quantity in a given ratio

Share each quantity into the given ratio.

a. 40 in the ratio 2 : 3

Working Thinking

Method 1

2 + 3 = 5 parts

Method 1

Step 1: Calculate the number of parts in the whole.

40 ÷ 5 = 8 per part Step 2: Calculate the value of 1 part.

2 : 3

16 : 24
×8 ×8

Step 3: Make an equivalent ratio by multiplying the 
ratio by the value of 1 part.

40 shared in the ratio  2 : 3  is 16 and 24. Step 4: State the value of each share.

WE2a

Continues →

Worked example 1

Calculating values of parts in a ratio

For each ratio and quantity to be shared, calculate the value of 1 part.

a. 20 in the ratio 4 : 1

Working Thinking

4 + 1 = 5 parts Step 1: Calculate the number of parts in the whole.

20 ÷ 5 = 4 per part Step 2: Calculate the value of 1 part by dividing the 
total quantity by the number of parts.

visual support

20

4 4 4 4 4

5 parts in total

20 ÷ 5 = 4 per part

b. 18 in the ratio 1 : 4 : 1

Working Thinking

1 + 4 + 1 = 6 parts Step 1: Calculate the number of parts in the whole.

18 ÷ 6 = 3 per part Step 2: Calculate the value of 1 part by dividing the 
total quantity by the number of parts.

Student practice

For each quantity and ratio, calculate the value of 1 part.

a. 35 in the ratio  3 : 4 b. 50 in the ratio  3 : 5 : 2 

WE1a

WE1b
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Working Thinking

Method 2

2 + 3 = 5 parts

Method 2

Step 1: Calculate the number of parts in the whole.

   2 __ 5    and    3 __ 5   Step 2: Write the part-whole fraction for each share of 
the ratio.

   2 __ 5    × 40 =    2 __ 5    ×    40 __ 1    

 =    80 ____ 5    

 = 16

   3 __ 5    × 40 =    3 __ 5    ×    40 __ 1    

 =    120 _____ 5    

 = 24

Step 3: Multiply each fraction by the quantity to be 
shared and simplify.

40 shared in the ratio  2 : 3  is 16 and 24. Step 4: State the value of each share.

visual support

40

8 8 8 8 8

2 parts = 16 3 parts = 24

b. 30 in the ratio 1 : 4 : 5

Working Thinking

Method 1

1 + 4 + 5 = 10

Method 1

Step 1: Calculate the number of parts in the whole.

30 ÷ 10 = 3 per part Step 2: Calculate the value of 1 part.

×3
1 : 4 : 5

3 : 12 : 15
×3 ×3

Step 3: Make an equivalent ratio by multiplying the 
ratio by the value of 1 part.

30 shared in the ratio  1 : 4 : 5  is 3, 12 and 15. Step 4: State the value of each share.

Method 2

1 + 4 + 5 = 10

Method 2

Step 1: Calculate the number of parts in the whole.

    1 ____ 10   

    4 ____ 10    =    2 __ 5   

    5 ____ 10    =    1 __ 2   

Step 2: Write the part-whole fraction for each share of 
the ratio and simplify.

    1 ____ 10    × 30 =    30 ____ 10    = 3

   2 __ 5    × 30 =    60 ____ 5     = 12

   1 __ 2    × 30 =    30 ____ 2     = 15

Step 3: Multiply each fraction by the quantity to be 
shared and simplify.

30 shared in the ratio  1 : 4 : 5  is 3, 12 and 15. Step 4: State the value of each share.

Continues →

WE2b
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Worked example 3

Finding quantities using ratios

For each scenario, determine the quantity that was shared in the given ratio.

a. Jude and Jarrod shared some money in the ratio  1 : 3 . Jarrod received $12. 
 What is the total amount of money shared?

Working Thinking

Method 1

3 parts = $12

$12 ÷ 3 = $4 per part

Method 1

Step 1: Calculate the value of 1 part.

1 + 3 = 4 Step 2: Calculate the number of parts in the whole.

4 × 4 = $16 Step 3: Multiply the number of parts in the whole by 
the value of 1 part.

Method 2

3 parts = $12

12 ÷ 3 = 4 per part

Method 2

Step 1: Calculate the value of 1 part.

Jude’s share = 1 × 4

 = 4

Step 2: Multiply the number of parts in the other share 
by the value of 1 part.

12 + 4 = $16 Step 3: Add together the values of each share.

visual support

$16

$4

$4 $4 $4 $4

$12

Jude’s share Jarrod’s share

b. Harry, Ron and Hermione shared books in the ratio  2 : 1 : 5 . Harry received 6 books.

Working Thinking

Method 1

2 parts    = 6  books

 6 ÷ 2 = 3  books per part

Method 1

Step 1: Calculate the value of 1 part.

2 + 1 + 5 = 8 Step 2: Calculate the number of parts in the whole.

8 × 3 = 24 books Step 3: Multiply the number of parts in the whole by 
the value of 1 part.

WE3a

WE3b

Continues →

Student practice

Share each quantity into the given ratio.

a. 18 in the ratio 1 : 2 b. 60 in the ratio  2 : 7 : 3 
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Understanding worksheet

1. For each ratio, calculate the number of parts in the whole.

Example

2 : 9 =

11  parts

a. 7 : 5 =

 parts

b. 10 : 1 =

 parts

c. 12 : 13 =

 parts

d. 5 : 9 : 4 =

 parts

2. Find the value of each share in the ratio given the value of 1 part.

Example

2 : 3
1 part = 3

:

×3 ×3

6 9

a.
1 : 4

1 part = 2

:

×2 ×2

b.
8 : 5

1 part = 4

:

×4 ×4

Working Thinking

Method 2

2 parts    = 6  books

 6 ÷ 2 = 3    books per part

Method 2

Step 1: Calculate the value of 1 part.

Ron’s share    = 1 × 3 

  = 3  books

Hermione’s share    = 5 × 3 

  = 15  books

Step 2: Multiply the number of parts in the other share 
by the value of 1 part.

6 + 3 + 15 = 24 books Step 3: Add together the values of each share.

Student practice

For each scenario, determine the quantity that was shared in the given ratio.

a. Miranda and Michael shared pencils in the ratio  1 : 5 . Miranda had 2 pencils. 
 What is the total number of pencils?

b. Bianca, Brian and Bernadette shared bags of flour in the ratio  3 : 2 : 9 . Bianca had 150 g of flour. 
 What is the total weight of flour?

11C Questions
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c.
3 : 7

1 part = 6

×

:

×

d.
6 : 9 :10

1 part = 5

: :

× ××

3. Fill in the blanks by using the words provided.

part-whole equivalent value parts

Sharing quantities in a ratio first requires determining how many  there are in the whole. 

The unitary method involves making  ratios based on the   

of each part. Each share can also be calculated by multiplying the quantity by  fractions.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 7

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7

4. For each ratio and quantity to be shared, calculate the value of 1 part. Round to two decimal places 
where appropriate.

a. 25 in the ratio  2 : 3 b. 20 in the ratio  3 : 1 
c. 14 in the ratio  5 : 2 d. 60 in the ratio  3 : 6 : 1 
e. 156 in the ratio  7 : 4 : 1 f. 31 in the ratio  9 : 6   
g. 48 in the ratio  11 : 8 : 3 h. 230 in the ratio  5 : 8 : 2 

5. Share each quantity into the given ratio. Round to two decimal places where appropriate.

a. 10 in the ratio  3 : 2 b. 32 in the ratio  7 : 1 
c. 65 in the ratio  8 : 5 d. 45 in the ratio  3 : 10 : 2 
e. 41 in the ratio  4 : 1   f. 161 in the ratio  8 : 6 : 9 

g. 62 in the ratio  6 : 7 : 5 h. 34 in the ratio    1 __ 4    :    3 __ 5   

6. For each scenario, determine the quantity that was shared in the given ratio. Round to two decimal  
places where appropriate.

a. Yindi and Kora shared some money in the ratio  4 : 3 . Kora received $18. 
What was the total amount of money?

b. Ariel spent his time relaxing and studying in the ratio  2 : 1 . He spent 6 hours relaxing. 
What was the total amount of time?

c. A piece of wood is cut into two pieces in the ratio  4 : 5 . The length of the smaller piece is 20 cm. 
What is the total length of wood, in centimetres?

d. In an online game, the ratio of knights to mages to defenders is  5 : 2 : 3 . The number of mages  
is 500. What is the total number of players?

e. Concrete is made by mixing cement, sand and aggregate in the ratio  1 : 2 : 4 . There is 200 kg  
of cement. What is the total mass of concrete, in kilograms?

f. Some motorbike fuel contains octane and oil in a ratio of  5 : 1 . The amount of octane is 1 L. 
What is the total amount of fuel, in litres?

WE1

WE2

WE3
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g. A volume of paint was made by mixing yellow, red and white paint in the ratio  3 : 2 : 4 .  
The volume of yellow paint was 1.2 L. What is the total volume of paint, in litres?

h. A large plastic water bottle is made out of new and recycled plastic in the ratio    1 __ 4      :       5 ____ 14   .  

There is 20 g of new plastic. What is the total weight of plastic, in grams?

7. What are the values of each share when 360 is shared in the ratio  4 : 2 ?

A. 90 and 180 B. 120 and 240 C. 120 and 480 D. 180 and 180 E. 240 and 120

Spot the mistake

8. Select whether Student A or Student B is incorrect.

a. 48 is shared in the ratio  3 : 5 .

Student A

3 + 5 = 8 parts in the whole

   3 __ 8    × 48 =    3 × 48 _________ 8    

 =    144 _____ 8    

 = 18

   5 __ 8    × 48 =    5 × 48 _________ 8    

 =    240 _____ 8    

 = 30

Student B

48 ÷ 3 = 16
48 ÷ 5 = 9.6
 = 10

b. Tori and Bela shared some money in the ratio  9 : 13 . Tori received $27. Determine the quantity that was shared.

Student A

$27 ÷ 13 = $2.08 per part
Number of parts in the whole = 9 + 13
 = 22
Quantity that was shared = 22 × $2.08
 = $46

Student B

$27 ÷ 9 = $3 per part
Number of parts in the whole = 9 + 13
 = 22
Quantity that was shared = 22 × $3
 = $66

Problem solving
Question working paths

Mild 9, 10, 11 Medium 10, 11, 12 Spicy 11, 12, 13 

9. In the world’s population, the ratio of people with brown eyes to other colours is  3 : 2 . In a year level 
of 60 students, what is the expected number of students with brown eyes?

10. Two friends, Dain and Felicity, are playing an online RPG (role playing game) and have just defeated 
a boss. They will share the loot received, 45 000 gold pieces, according to the ratio of damage 
they each dealt. Dain dealt 4000 damage and Felicity dealt 5000 damage. How much gold should 
Felicity receive?
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11. The ratio of the distance between Marble Cliff and Stone Lake to the distance between Stone Lake 
and Glacier Forest is  3 : 4 .

Marble Cli� Stone Lake Glacier Forest

The distance between Marble Cliff and Stone Lake is 21 km. Find the distance between Marble Cliff 
and Glacier Forest.

12. The angles of a triangle are in the ratio  2 : 5 : 1 . Calculate the sizes of the angles.

13. Beatrix knows that on average the ratio of muffins to pastries sold at her bakery is  4 : 11 .  
Muffins cost $6.50 and pastries cost $4.70. Today, she is expecting 210 customers to come in  
and buy one item each. How much revenue is she expecting to make from sales today, to the 
nearest cent?

Reasoning
Question working paths

Mild 14 (a,b,c,e) Medium 14 (a,b,c,e), 15 (a,b) Spicy all 

14. Kurt runs his own plants store and wants to start offering custom made soil mixes containing fertiliser  
for different types of plants. Fertiliser contains various amounts of the elements nitrogen (N), 
phosphorus (P) and potassium (K). The ratio of these elements is called the NPK ratio.  
Different NPK ratios are needed for different needs and types of plants.

Soil type NPK ratio

Indoor plant 3 : 2 : 1

Flowering and fruiting 4 : 5 : 3

a. How many parts in total are there in the NPK ratio for indoor plants?
b. Kurt plans to offer bags of indoor plant soil that contain 12 kg of fertiliser. Calculate the amount 

of each element he should put in the bags.
c. Kurt wants to offer a large container of soil to help plants produce more flowers and fruits.  

If there is 9 kg of potassium (K), how much fertiliser in total will it need to contain?
d. For a new type of soil designed for succulents and cacti, fertiliser needs to have an NPK ratio  

of  1 : 2 : 2 . This product will be a smaller 10 kg bag. If there can be no more than 4 kg of 
fertiliser in the bag, what is the maximum amount of each element that he can put in?

e. Kurt needs to figure out how much each of his products will cost. List at least two things he 
should consider when determining the prices.

15. Using the numbers 1 to 9 only once each, fill in the blanks to share the quantity (a two digit number) 
in the ratio which gives the:

Ratio ⎕ : ⎕
Quantity ⎕ ⎕

a. smallest whole number difference between the two numbers representing the ratio.
b. largest whole number difference between the two numbers representing the ratio.
c. When is it possible for a quantity to be shared into whole number shares?

Extra spicy

16. Inge and Jeremy share some money in the ratio  5 : 3 . Inge received $12 more than Jeremy.  
How much money was shared overall?

A. $24 B. $32 C. $48 D. $72 E. $96
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17. In the diagram below, the numbers on each horizontal bar represents the ratio of the weights 
attached to the bar that keep the bars balanced.

23

15

20

Calculate the missing weights.

18. Mason and Reuben share 320 playing cards in the ratio  9 : 7 . Mason gave half of his share  
to Rochelle. Reuben gave a fifth of his share to Rochelle. What fraction of the total amount did 
Rochelle receive?

A.     1 ____ 16   B.     53 _____ 160   C.     59 _____ 160   D.     9 ____ 16   E.     7 ____ 10   

19. Some coins were shared between Alex and Clare in the ratio  13 : 12 . Clare gave 10 coins to Alex, and 
the ratio of coins they have is now  3 : 2 . What is the total amount of coins that was initially shared?

Remember this?

20. A hat contains 25 lollies that are either blue or red.

The probability of picking a random blue lolly is 60%.
What is the probability of picking a red lolly?

A. 20% B. 40% C. 50% D. 60% E. 70%

21. The table below shows the attendance for a carnival over 3 nights.

Night Number of people

Friday 987

Saturday 1035

Sunday 867

The cost of each ticket was $15.
What is the mean amount of money collected from ticket sales over the three nights?

A. $10 000 B. $14 350 C. $14 445 D. $15 604 E. $15 708

22.  50 +   87 + 𝑥 _________ 2    = 125 

What is the value of 𝑥?

A. 50 B. 63 C. 87 D. 98 E. 105
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Introduction to rates11D

Key ideas

1. Rates are ratios of two quantities with different units.

As a ratio = quantity 1 : quantity 2 As a rate = quantity 1/quantity 2

metres : seconds m/s

kilometres : hours km/h

cents : metres cents/m

dollars : kilograms $/kg

2. Rates in their simplest form are written as quantities per one unit.

80 km : 4 hours

20 km : 1 hours

20 km per 1 hours = 20 km/h

÷4 ÷4

As a ratio:

As a rate:

$50 : 2 kg

$25 : 1 kg

$20 per 1 kg = 25 $/kg

÷2 ÷2

As a ratio:

As a rate:

Rates are ratios between two quantities with different units. Unlike ratios,  
rates must be given with units that define the two quantities measured against 
each other. Rates are used in a variety of contexts, from everyday life to scientific 
applications, such as physics.

LEARNING INTENTIONS

Students will be able to:
 • understand what a rate is

 • calculate and simplify rates

 • calculate average rates.

KEY TERMS AND DEFINITIONS

Units of measurement define the magnitude and type of quantity. Unit rates 
are always expressed as quantities per one unit of the other quantity, and 
must include units of measurement.

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

Image: BallBall14/Shutterstock.com

Heart rates measure how many  
times a heart beats per minute.  
Different animals, including humans, 
have different heart rates at various 
stages in their lives. Heart rates may 
also change due to atmospheric 
conditions, fitness levels, and stress 
factors. Deviations from the expected 
heart rate for an individual can be 
used by health professionals to 
establish a diagnosis.
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Worked example 1

Simplifying rates

Write the following as rates in their simplest form.

a. 36 tourists for 3 tour guides.

Working thinking

36 tourists : 3 guides Step 1: Write the first given quantity as a ratio of the 
second given quantity.

12 tourists : 1 guide Step 2: Simplify the ratio.

12 tourists/guide Step 3: Write the ratio as a rate with units.

Visual support

36 tourists : 3 tour guides

12 tourists : 1 tour guide

b. 100 km for 2 hours.

Working thinking

100 km : 2 hours Step 1: Write the first given quantity as a ratio of the 
second given quantity.

50 km : 1 hour Step 2: Simplify the ratio.

50 km/h Step 3: Write the ratio as a rate with units.

Student practice

Write the following as rates in their simplest form.

a. 35 children for 7 parents. b. $56 for 8 kilograms.

WE1a

WE1b

Worked example 2

Calculating average rates

Calculate the average rates for each of the following.

a.  The enrolment numbers in a university course grew from 50 people in 2018 to 150 people in 2022.  
What is the average rate of growth of enrolment numbers in the course between 2018 and 2022

Working thinking

150 − 50 = 100 people

2022 − 2018 = 4 years

Step 1: Calculate the changes in both given quantities.

100 people : 4 years Step 2: Write the changes in quantities as a ratio.

25 people : 1 year Step 3: Simplify the ratio.

Average rate of growth = 25 people/year. Step 4: Write the ratio as a rate, with units.

Continues →

WE2a
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11D Questions

Visual support

2018 2019 2020

+25 people

1 year 1 year 1 year 1 year

+25 people +25 people +25 people

50 people enrolled 75 people enrolled 100 people enrolled 

Enrolment is growing at an average rate of 25 people/year

125 people enrolled 150 people enrolled 

2021 2022

b.  A bonsai tree is 5 cm tall when it is first planted in a pot. When the tree is 3 years old, it is 18 cm tall. 
What is the average growth rate of the tree over the 3 years? Round the answer to 2 decimal places.

Working thinking

18 − 5 = 13 cm Step 1: Calculate the change in growth over the given 
time period.

13 cm : 3 years Step 2: Write the change in growth as a ratio of time.

   13 ____ 3     = 4.33 Step 3: Convert the ratio to a division and calculate.

Average rate of growth = 4.33 cm/year Step 4: Write the ratio as a rate, with units.

Student practice

Calculate the average rates for each of the following.

a.  The number of people attending the museum yearly has increased from 20 000 to 34 000 between 2018 and 2022.  
What is the average rate of growth of museum attendance between 2018 and 2022, in people/year?

b.  When Fabian was 14 years old, his hair was 10 cm long. Now that he is 21 years old, his hair is 61 cm long.  
What is the average rate of Fabian’s hair growth, between the ages of 14 and 21 in cm/year? Round the answer  
to 2 decimal places.

WE2b

Understanding worksheet

1. Write the given ratios as rates.

Example

As a ratio As a rate

dollars : grams
$/g

As a ratio As a rate

a. students : teachers

b. dollars : metre
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c. kilometres : second

d. people : square metre

2. Match each description with the given rates.

Example

Description

Speed of a car 71 km/h

Description Rate

a. Running speed of a person $21.38/h

b. Cost of petrol 10 km/h

c. Minimum wage 1 m/day

d. Bamboo growth rate $1.71/L

3. Fill in the blanks by using the words provided.

average units different quantities one

Rates are used to compare two quantities with  units. Rates are usually written in their 

simplest form, as quantities per  unit. It is important to include  

with rates, as this distinguishes rates from ratios and fractions. The units also contain information about the 

 that are being compared.  rates measure how much a rate has 

changed per unit, over a finite interval.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 
7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8

4. Write the following as rates in their simplest form.

a. 15 waiters for 5 tables b. 18 patients for 3 doctors
c. 25 customers for 5 checkouts d. 28 children for 4 kindergarten teachers
e. 190 guests in 95 hotel rooms f. 480 sandwiches for 120 guests
g. 312 students in 6 buses h. 510 points in 3 games of Scrabble

5. Write the following as rates in their simplest form. Round the answers to 2 decimal places,  
where applicable.

a. $12 for 3 kilograms b. $420 for 6 grandchildren
c. 800 km in 5 hours d. 25 L of water for 4 people
e. 11 kg of soil for 5 planters f. 160 m2 for 100 chickens
g. $1500 in 7 weeks h. 70 L of paint for 6 square metres

WE1a

WE1b
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6. Calculate the average rates for each of the following.

a. The number of customers increased from 25 to 100 over 5 years.
b. The number of rabbits increased from 4 to 28 over 8 months.
c. The number of roses on a bush increased from 3 to 23 over 4 weeks.
d. The number of goals increased from 10 to 55 between the second and seventh game.
e. The number of qualified hairdressers increased from 120 to 300 between 2018 and 2020.
f. The number of pages read in a book increased from 12 to 150 in 3 days.
g. The population of a town increased from 1500 to 2430 between 1950 and 1956.
h. The number of bacteria in a Petri dish increased from 11 million to 139 million between  

12:00 pm and 12:08 pm.

7. Calculate the average rates for each of the following. Round the answers to 2 decimal places,  
where applicable.

a. The price of a subscription increased from $15 to $20 in 2 years.
b. The time Manny spends on homework has increased from 20 minutes to 70 minutes in 10 days.
c. Johnny’s height increased from 140 cm to 165 cm in 3 years.
d. The distance increased from 0 km to 20 km in 6 minutes.
e. The area of a mould spot grew from 10 cm2 to 45 cm2 in 6 days.
f. The cost of rent increased from $380 to $440 per week between 2018 and 2022.
g. The depth of rainfall in Melbourne increased from 5 mm to 12 mm between 12:00 pm 

and 5:00 pm.
h. The mass of a watermelon increased from 50 grams to 1.5 kilograms in 90 days.

8. Which of the following options shows the simplified rate, rounded to 2 decimal places, for using 17 litres of paint to 
cover 25 metres squared?

A. 0.68 L B. 0.68 L/m2 C. 1.47 m2/L D. 1.47 L/m2 E. 17 L/m2

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Write $21 for 7 metres as a simplified rate.

Student A

$21 : 7 metres   

   21 ____ 7    = 3 

$3/m

Student B

7 metres : $21

    7 ____ 21    =    1 __ 3     ≈  0.33

$0.33/m

b. Write 30 km for 2 litres of petrol as a simplified rate.

Student A

30 km : 2 L

   30 ____ 2    = 15 

15 km

Student B

30 km : 2 L

   30 ____ 2    = 15 
15 km/L

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Joey pays $6.30 for 3 mangoes. Write the price per mango as a simplified rate.

11. Enyd is learning Japanese using an app. After 20 days of using the app, her vocabulary grew from  
30 words to 150 words. What is the average rate at which Enyd is expanding her Japanese vocabulary,  
in words/day?

WE2a

WE2b
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12. It takes Marlene 16 hours to crochet a square blanket 2 m long. Write the rate at which Marlene  
can crochet, in m2/h.

13. Grandma gives Lottie and Oscar $2.50 for every year that makes up each of their ages. Lottie is  
3 years older than Oscar, and she gets $55 from grandma. How old is Oscar?

14. After working at the same factory for 5 years, Missy’s salary increased from $2500 per month to 
$3200 per month. What is the average rate at which Missy’s salary increased over the 5 years,  
in dollars/month per year?

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. The following table shows the target typing speeds for a variety of levels. Most young people and 
adults are expected to be able to type at a standard speed. For more specialised jobs and purposes, 
these expectations may be higher.

Level Words per minute (wpm) Minimum rate

Standard 40–<50 40 words/minute

Above standard 50–<60 50 words/minute

Productive 60–<70 60 words/minute

High 70–<120 70 words/minute

Competitive 120+ 120 words/minute

a. What is the minimum expected typing speed for a young adult?
b. A student improves their typing level from the minimum of standard to the minimum of high 

over 10 days of practice. Calculate the average rate of increase in their typing speed.
c. Sumit typed up an essay 2475 words long in 45 minutes. Calculate Sumit’s typing rate in wpm 

and determine his current typing level.
d. In 2019, Barbara Blackburn hit a peak typing rate of 212 wpm during a competition. At this rate, 

how long would it take her to type up Sumit’s essay from part c, to the nearest minute?
e. Typists are advised to prioritise accuracy over speed when in the process of improving their 

typing skills. State two possible reasons why accuracy is considered to be more important than 
speed when it comes to typing.

16. Determine the simplified rates described in parts a and b.

a. 100 km in 4 hours.
b. $50 for 2 kilograms.
c. Compare your answers for parts a and b and note their similarities and differences. What makes 

it possible to distinguish between the two rates?

Extra spicy

17. Emma invests some money and doubles it at the end of 5 years. If the investment grows at a rate of 
$250 per year, then how much money did Emma invest in the first place?

18. Nancy and Amber decide to meet at the park. Nancy walks at a rate of 2.4 km/h, while Amber walks at  
a rate of 4.2 km/h. They both leave at the same time and will walk towards each other until they meet.  
What is the simplified ratio of the distance covered by Amber compared to the distance covered by 
Nancy, by the time they meet?

A. 2.4 : 4.2 B. 4.2 : 2.4 C. 4 : 7 D. 7 : 4 E. 24 : 42
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19. Ross needs to read a book for his English class. The book is 230 pages long and Ross normally reads at  
a rate of 15 pages per day. If Ross starts reading the book on 14 April 2022, 5 days out of every week, 
on which date will he finish reading the book?

A. 28 April B. 29 April C. 4 May D. 5 May E. 6 May

20. 2 lumberjacks have to cut down 100 trees. 1 of the lumberjacks can cut at a rate of 3 trees per hour and  
the other at a rate of 2 trees per hour. How many trees will each of them cut and how long will it take,  
if they work simultaneously, starting on opposite corners of the plantation?

Remember this?

21. James walks through a garden from X to Y.

Y

X

100 metres

100 metres

How far did he walk in kilometres?

A. 0.023 B. 0.23 C. 2.3 D. 23 E. 2300

22. How many degrees does the minute hand of a clock turn in 45 minutes?

A.  27° B.  90° C.  190° D. 270 ° E.  360°  

23. Marcus rolls a standard 6-sided die once.

Which of these is Marcus most likely to roll?

A. The number 2
B. A number less than 3
C. A number greater than 2
D. A even number
E. An odd number
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Solving rate problems11E
Solving problems involving rates requires proportional reasoning. Firstly, it is 
important to interpret the rate correctly, in context. Following this, a variety 
of skills may need to be applied, from simplifying ratios to combining rates 
using fraction addition.

LEARNING INTENTIONS

Students will be able to:
 • solve problems involving rates

 • calculate and compare rates

 • combine rates.

KEY TERMS AND DEFINITIONS

In a rate, the quantities are proportional to each other. This means that 
the ratio between the two quantities must always remain the same.

Unit rates are rates in their simplest form, per one unit.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: jamesteohart/Shutterstock.com

Rates at their very base allow us to 
navigate the world and make decisions 
about things like choosing the most 
fuel efficient car, renting a financially 
suitable property, or choosing an 
appropriately paid job. At their highest 
level, rates allow us to compare and 
derive meaning from complex data. 
For example, in theory, a quantum 
computer will take 200 seconds to 
solve a problem which would take 
a supercomputer 10 000 years.

Key ideas

1. In a rate, a change in one quantity requires the same change to occur in the other quantity.

Always simplifies to
the unit rate or ratio

$32/2 kg

$4/0.25 kg

$16/1 kg

×2

÷4 ÷4

×2
32 : 2

4 : 0.25

16 : 1

×2

÷4 ÷4

×2

As a rate: As a ratio:

2. Rates can be combined using fraction addition.

then rate 1 + rate 2 = combined rate

If rate 1 =                            and rate 2 =  amount 1
units of time

amount 2
units of time

∴ combined rate =                           + amount 1
units of time

amount 2
units of time
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Worked example 1

Solving rate problems

Calculate.

a. A snail can travel at a speed of 13 mm/second. How far can a snail travel in 30 seconds?

Working thinking

	 13	mm : 1	second Step 1: Write the rate as a ratio of time.

30 × 13	mm : 30 × 1	second

	 390	mm : 30	seconds

Step 2: Multiply the ratio to the required interval 
of time.

A snail can travel 390 mm in 30 seconds. Step 3: Convert the ratio to a rate in context.

visual support

13 mm : 1 second

390 mm : 30 seconds

13 mm/second

390 mm/30 seconds

As a ratio: As a rate:

×30×30

b.  Teo is a postal worker, who can deliver mail to an average of 80 houses every 20 minutes. 
How long will it take Teo to deliver mail to 600 houses?

Working thinking

	 80	houses : 20	minutes Step 1: Write the rate as a ratio of time.

80 	÷ 20		houses : 20 	÷ 20  minutes

	 4	houses : 1	minute

Step 2: Convert to a unit ratio.

	4 	× 150		houses : 1 	× 150  minutes

	 600	houses : 150	minutes

Step 3: Multiply the ratio to the required number.

It will take Teo 150 minutes to deliver to 600 houses. Step 4: Convert the ratio to a rate in context.

Student practice

Calculate.

a. Seb can make coffees at an average rate of 2 cups/minute. How many cups of coffee can Seb make in 15 minutes?

b.  The queue at a bakery moves up at a rate of 14 people every 7 minutes. How long will it take the bakery to serve 
all 224 customers in the queue?

WE1a

WE1b
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Worked example 2

Comparing rates

Compare the rates.

a.  Sonny can complete a 24 km hike in 10 hours, whereas Sheila can complete a 20 km hike in 8 hours. 
Determine who is faster and calculate the difference between Sonny and Sheila’s hiking speeds.

Working thinking

Sonny:	24	km : 10	hours

	 24 	÷ 10		km : 10 	÷ 10  hours

	 2.4	km : 1	hour

∴	Sonny’s	hiking	rate = 2.4	km/h

Step 1: Convert	the	first	given	rate	to	a	unit	rate.

Sheila:	20	km : 8	hours

	 20 	÷ 8		km : 8 	÷ 8  hours

	 2.5	km : 1	hour

∴	Sheila’s	hiking	rate = 2.5	km/h

Step 2: Convert the second given rate to a unit rate.

	2.5	km/h > 2.4	km/h

	 Sheila > Sonny

 2.5 − 2.4 = 0.1  km/h

∴	Sheila	is	faster	than	Sonny	by	0.1	km/h.

Step 3: Determine which rate shows a larger quantity 
per unit and calculate the difference.

b.  Eddie pays $640 in rent every 2 weeks for his apartment, and Seamus pays $870 in rent every 
3 weeks for his. Determine whose rent is higher and calculate the difference in the amount 
of rent paid by each person in 23 weeks.

Working thinking

Eddie:	$640 : 2	weeks

	 $640 	÷ 2	 : 2 	÷ 2  weeks

	 $320 : 1	week

∴	Eddie’s	rent = $320/week

Step 1: Convert	the	first	given	rate	to	a	unit	rate.

Seamus:	$870 : 3	weeks

	 $870 	÷ 3	 : 3 	÷ 3  weeks

	 $290 : 1	week	  

∴	Seamus’	rent = $290/week

Step 2: Convert the second given rate to a unit rate.

$320/week > $290/week

Eddie’s	rent > Seamus’	rent

Step 3: Determine which rate shows a larger quantity 
per unit.

Eddie’s	rent	in	23	weeks = 	320 × 23 = $7360 

Seamus’	rent	in	23	weeks = 	290 × 23 = $6670 

Step 4: Calculate the totals for the given time period 
for each rate.

7360 − 6670 = $690

∴	The	difference	in	rent	over	23	weeks	is	$690.

Step 5: Calculate the difference between the totals.

Continues →

WE2a

WE2b
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Student practice

Compare the rates.

a.  Donnie walks to a park 4.5 km away in 1.2 hours, whereas Terry walks to a park 5.4 km away in 1.5 hours. 
Determine who is faster and calculate the difference between Donnie’s and Terry’s walking speeds.

b.  Layla spends an average of 4.5 hours commuting every 3 days, while Josiah spends an average of 3.5 hours 
commuting every 2 days. Determine who spends more time commuting daily and calculate the difference 
in time spent commuting over 30 days.

Worked example 3

Combining rates

It takes Sean 20 hours to paint a house, while it would take Marty 25 hours to paint the same house. 
How many hours will it take Sean and Marty to paint the house together, to the nearest hour?

Working thinking

Sean:		  1 house/20 hours

Marty:	1	house/25	hours

Step 1: Write both rates as quantities per units of time.

Combined	rate = 		 1 ____ 20 	 + 	 
1 ____ 25 	 = 	 

5 _____ 100 	 + 	 
4 _____ 100 	 = 	 

9 _____ 100   Step 2: Rewrite the rates as fractions and add 
them together.

	 9	houses : 100	hours

9 	÷ 9		houses : 100 	÷ 9  hours

	 1	house : 		 100 _____ 9     hours

Step 3: Rewrite the combined rate as a ratio and 
simplify per one required unit.

100 ÷ 9 = 11.11 ≈ 11

It will take approximately 11 hours.

Step 4: Complete the division.

Student practice

It takes Phillipa 4 hours to mow the lawn, while it would take Ronny 5 hours to mow the same lawn. How many hours 
will it take Phillipa and Ronny to mow the lawn together, to the nearest hour?

WE3

11E Questions

Understanding worksheet

1. Determine the missing values.

Example

÷2÷2

60 : 1	unit

:30 0.5 units
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a.

÷2÷2

30 : 1	unit

: 0.5 units

b.

÷4÷4

36 : 1	unit

: 0.25 units

c.

÷5÷5

100 : 1	unit

: 0.2 units

d.

÷4÷4

44 : 2	units

: 0.5 units

2. Determine the equivalent operations performed on the quantities.

Example

20	people : 1	hour

5	people : 0.25	hour

÷ ÷4 4

a. 40	people : 1	hour

20	people : 0.5	hours

÷ ÷

b. $12 : 1	m

$3 : 0.25	m

÷ ÷

c. 3	kg : $1

0.3	kg : $0.1

÷ ÷

d. 24	hours : 4	days

3	hours : 0.5	days

÷ ÷

3. Fill in the blanks by using the words provided.

equal proportional addition operations

The quantities in a rate must remain  . In order to accomplish this, identical 

 must be performed on both quantities when one of them is multiplied or divided. 

To compare rates, the quantities must be expressed per  unit(s). Combining rates 

requires knowledge of fraction  and proportional reasoning.

Fluency
Question working paths

Mild 
4 (a,b,c), 5 (a,b,c), 6 (a,b), 7 (a,b), 
8 (a,b), 9

Medium 
4 (c,d,e), 5 (c,d,e), 6 (b,c), 7 (b,c) 
8 (b,c), 9

Spicy 
4 (e,f,g), 5 (e,f,g), 6 (c,d), 7 (c,d) 
8 (c,d), 9

4. Calculate.

a. Daria can type at a rate of 75 words/minute. How many words can Daria type in 45 minutes?
b. Mr Wong marks tests at a rate of 4 tests/hour. How many tests can Mr Wong mark in 5.5 hours?
c. Michael scored an average of 5 goals every 2 matches. How many goals did Michael score over 

34 matches?

WE1a
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d. Ms Lin teaches an average of 130 children every 2 years. How many children has Ms Lin taught 
over 13 years of teaching?

e. Isha buys an average of 7 souvenirs for every 3 countries that she visits. How many souvenirs 
has Isha bought after visiting 51 countries?

f. Wyatt	finds	an	error	on	every	third	page	of	a	manuscript.	How	many	errors	has	Wyatt	found 
in a manuscript which is 340 pages long?

g. Morgan’s car uses 5 litres of petrol for every 100 km of travel. How many litres of petrol will 
Morgan need to travel a distance of 360 km?

5. Calculate.

a. 240 g of squash is enough to make soup for 3 people. How many people can soup be made for, 
with 720 g of squash?

b. A tutor spends 45 minutes with every student. How many students can the tutor see in 
270 minutes?

c. A	honey	bee	can	pollinate	180	flowers	in	2	foraging	flights.	How	many	foraging	flights	will	it	
take	1	single	bee	to	pollinate	4500	flowers?

d. A diver ascends a distance of 24 metres every 3 minutes. How long will it take the diver to 
ascend a distance of 40 metres?

e. Cheyenne answered 2 work calls every 9 minutes. How long was Cheyenne’s work day if she 
answered a total of 67 calls, to the nearest hour?

f. It takes 24 trees to make 200 000 sheets of paper. How many sheets of paper can be made from 
162 trees?

g. The electricity output of 10 lemons is equivalent to 7 volts. What is the electricity output of 
153 lemons?

6. Compare the rates.

a. Wendy serviced 16 computers in a 4 hour work day and Tim serviced 21 computers in a 7 hour 
work day. Determine who is working faster and calculate the difference between the number of 
computers serviced per hour.

b. Lester gets paid $500 for 8 hours of work and Bobbie gets $600 for 10 hours of work.  
Determine who is paid more and calculate the difference between Lester and Bobbie’s 
pay per hour.

c. Gianni used 7 m of material to make 3 dresses and Coco used 11 m to make 5 dresses. 
Determine who used more material per dress and calculate the difference in number 
of metres used per dress, rounded to 2 decimal places.

d. Carlo saved $370 in 2 weeks and Nora saved $460 in 20 days. Determine who is saving  
money at a faster rate and calculate the difference between Carlo and Nora’s savings per day,  
to the nearest cent.

7. Compare the rates.

a. Mark serves 14 customers every 2 hours, while Nick serves 24 customers every 4 hours. 
Determine who serves more customers and calculate the difference between the number of 
customers served by each person in an 8 hour work day.

b. The	fuel	efficiency	of	Cindy’s	car	is	4	L	per	100	km,	while	the	fuel	efficiency	of	Tahlia’s	car	is	 
8.5	L	per	200	km.	Determine	whose	car	is	more	efficient	and	calculate	the	difference	in	the	
amount of fuel used by each person to complete a 250 km trip.

c. Arlene takes 5 hours to knit a 2 m2 blanket, while Darlene takes 6 hours to knit a 2.5 m2 blanket. 
Determine who is the faster knitter and calculate the difference in the amount of time it would 
take each person to knit a 3 m2 blanket.

d. A three bedroom house in Melbourne can be rented for $1400 per fortnight, while a similar 
house in Sydney can be rented for $3350 per month (equivalent to 30.4 days). Determine which 
city has the higher rent and calculate the difference between the total amount of rent paid 
during a non-leap year.

WE1b

WE2a

WE2b
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8. Combine the rates.

a. It takes 2 rowers 3 and 4 minutes respectively to row a distance of 1 km. How long will it take 
both of the rowers to row 1 km together, to the nearest minute?

b. It takes 2 movers 6 and 5 hours respectively to move a one-bedroom apartment. How long will it 
take both of them to move the apartment together, to the nearest hour?

c. It takes 2 students 15 and 18 hours respectively to complete an assignment. How long will it 
take both of them to complete the assignment together, to the nearest hour?

d. 3	librarians	take	8,	10,	and	12	hours	to	organise	the	non-fiction	section	of	the	library. 
How long will it take all 3 of them to organise the section together, to the nearest hour?

9. Jack earned $140.50 for 3 hours of work. How much will Jack get paid for 5 hours of work?

A. $46.83 B. $234.17 C. $421.50 D. $702.50 E. $3372

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. In air, sound can travel around 1 km in 3 seconds. How far can sound travel in a minute?

Student A

	 1	km : 3	seconds
1 	× 20		km : 3 	× 20  seconds
	 20	km : 60	seconds
Sound can travel 20 km per minute.

Student B

	 1	km : 3	seconds
1 	÷ 20		km : 3 	× 20  seconds
	 0.05	km : 60	seconds
Sound can travel 0.05 km per minute.

b. Conrad gathered 2.5 kg of blueberries in 2 hours and Hania gathered 3 kg in 3 hours. 
Determine who gathered blueberries at a faster rate.

Student A

Conrad:	 2.5	kg : 2	hours
Hania:	 3	kg : 3	hours
2.5	kg < 3	kg
∴	Hania	gathered	berries	at	a	faster	rate.

Student B

Conrad:	 2.5	kg : 2	hours
	 2.5 	÷ 2		kg : 2 	÷ 2  hours
	 1.25	kg : 1	hour
∴	Conrad’s	rate = 1.25	kg/hour

Hania:	 3	kg : 3	hours
	 3 	÷ 3		kg : 3 	÷ 3  hours
	 1	kg : 1	hour
∴	Hania’s	rate = 1	kg/hour

1.25	kg/hour > 1	kg/hour
∴	Conrad	gathered	berries	at	a	faster	rate.

WE3
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Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. On	a	particular	day,	Dr	Rosanna	starts	seeing	patients	at	8:30	am	and	finishes	by	5:30	pm.	If	she	saw	
40 patients that day, then what is the rate at which Dr Rosanna saw her patients, in patients/hour,  
to the nearest patient?

12. Ruth’s	tropical	fish	are	breeding	at	a	rate	of	8	new	fry	every	2	days	per	female	fish.	If	Ruth	has	a	total	
of	9	female	fish,	then	how	long	will	it	take	them	to	birth	a	total	of	90	new	fry?

13. One small ink cartridge contains enough ink for 600 pages of printing, while a medium cartridge is 
twice	as	efficient	as	the	small	cartridge.	If	a	large	ink	cartridge	is	enough	for	1800	pages,	then	how	
much ink does it contain, in terms of the small and medium cartridges combined?

14. 7 robots at a car factory can assemble 336 cars in 1 day. How many days will it take 10 robots to 
assemble 1920 cars?

15. Bo and Maira own a joinery business. Bo can assemble a regularly sized kitchen in 7 hours and Maira 
can assemble it in 8 hours. How long will it take both of them to assemble a kitchen which is twice 
the size of a regular kitchen, in hours, correct to one decimal place?

Reasoning
Question working paths

Mild 16 (a,b,d) Medium 16 (a,b,d), 17 (a,b) Spicy All 

16. Bamboo is one of the fastest growing plants in the world. It is the largest member of the grass family.

a. Certain species of bamboo can grow up to 1 metre every day during peak growth. What is the 
total increase in height over a one week period at this growth rate?

b. Moso bamboo can increase in height up to 3 m every 21 days. At this rate, how many weeks will 
it take the moso bamboo to grow to its full height of 12 m, from 0 m?

c. Golden bamboo grows at a rate of 1 m every year. Calculate how much faster moso bamboo 
grows compared to golden bamboo, in mm/day, to the nearest mm.

d. Bamboo is a versatile, strong, and biodegradable material which has a number of uses. 
Name two everyday items made from bamboo.

17. For parts a and b, compare the rates without completing any calculations.

a. $45 per 2 kg ($45/2 kg) and $50 per 2 kg ($50/2 kg).
b. 15 km per 3 hours (15 km/3 hours) and 15 km per 2 hours (15 km/2 hours).
c. Using the answers from parts a and b, explain how fractions can be used to compare rates.
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Extra spicy

18. One train carriage can transport up to 150 passengers at a time. Every day, 226 six-carriage trains 
operate across all of Melbourne. What is the minimum number of days it will take to transport all 
5 078 000 people living in Melbourne, if each person travels via train at least once?

A. 1 B. 2 C. 3 D. 17 E. 25

19. A pool with a volume of 375 m3	is	being	filled	at	a	rate	of	0.25	L/s.	If	1	cm3 = 1	mL,	then	how	many	
days	will	it	take	to	fill	the	pool?

20. The probability of randomly selecting 2 blue jelly beans from 2 identical packets of candy is 36%. 
How many blue jelly beans are there per packet of 100 candies?

A. 9 B. 18 C. 36 D. 60 E. 72

21. It	takes	10	people	16	hours	to	finish	a	project.	How	long	will	it	take	4	people	to	finish	half	of	
the project?

Remember this?

22. 17 children at a carnival were given the choice of 4 snacks they could have. 
They each voted for 1 snack.

7 children voted for popcorn.
5	children	voted	for	fairy	floss.
2 children voted for a hot dog.
The rest voted for the lollipop.
How many children voted for the lollipop?

A. 2 B. 3 C. 4 D. 5 E. 6

23. An unknown number is subtracted from 23.

The result is multiplied by 4 to give an answer of 68.
Which of these is the unknown?

A. 2 B. 4 C. 6 D. 8 E. 10

24. A taxi company wants to estimate the amount of money they make for each trip, they use the formula

 m = 3 + 6d 
where  m  is the amount of money made per trip and  d  is the distance travelled in kilometres.
Select the statement that is not true.

A. A 5 kilometre trip costs $43.
B. A 10 kilometre trip costs $63.
C. Every kilometre $6 is added to the trip total.
D. The base rate for trips is $3.
E. A 23 kilometre trip costs $141.

Popcorn

Lollipop

Hot dog

Fairy floss
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Speed11F

Key ideas

1. Speed is the rate of distance travelled per unit of time. The formula can be rearranged to calculate time 
and distance.

d
ts = d

st = d = st
Where s = speed, d = distance, and t = time

⇒ ⇒

2. When an object is not travelling at constant speed over a time interval, average speed can be calculated.

total distance travelled
total time taken

Average speed =

3. Distance-time graphs show the change in distance relative to time. They are a visual representation of the speed 
of an object.

Constant speed Stationary Speed is variable (not constant)
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Speed is one of the most commonly used rates. It is a ratio of the distance travelled  
by an object to the time taken. Speeds of everyday objects, like cars and aeroplanes,  
are generally given in ‘kilometres per hour’ or km/h. However, according to 
the International System of Units or SI, the units for speed are ‘metres per 
second’ or m/s.

LEARNING INTENTIONS

Students will be able to:
 • understand the relationship between speed, distance, and time

 • calculate average speed

 • solve distance-time problems.

KEY TERMS AND DEFINITIONS

Constant speed occurs when the speed of an object remains the same and 
does not increase or decrease.

An object is stationary when distance does not change over a time interval 
and the speed is equal to zero.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Internet speed test

39.86
Mbps

Much like the physical speed of an 
object, internet speed, measured in  
‘megabits per second’ or Mbps, shows 
us how fast digital information can be  
transferred from one point to another.  
As a general rule, we prefer our internet  
speeds to be as fast as possible. This 
allows for uninterrupted streaming and  
gaming, as well as the connection of 
multiple devices on the same network.
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Worked example 1

Calculating speed, time and distance

Calculate.

a. The speed of a car that travelled 430 km in 4 hours.

Working Thinking

 s =  d __ t  =  
430 _____ 4    Step 1: Substitute the given values into the formula  

for speed.

  = 430 ÷ 4 = 107.5  km/h Step 2: Calculate the speed.

b. The time taken to cycle a distance of 24 km at a speed of 10 km/h.

Working Thinking

  t =  d __ s  =  
24 ____ 10   Step 1: Substitute the given values into the formula  

for time.

  = 24 ÷ 10 = 2.4  hours

  0.4 × 60 = 24  minutes

∴2.4hours = 2hoursand24minutes.

Step 2: Calculate the time.

c. The distance travelled in 5 minutes at a speed of 32 m/minute.

Working Thinking

 d = st = 32 × 5 Step 1: Substitute the given values into the formula  
for distance.

  = 160  m Step 2: Calculate the distance.

Student practice

Calculate.

a. The speed of a motorbike that travelled 370 km in 4 hours.

b. The time taken to jog 14 km at a speed of 8 km/h.

c. The distance travelled in 3 hours at a speed of 52 km/h.

WE1a

WE1b

WE1c
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Worked example 2

Interpreting distance-time graphs

Use the cyclist’s distance-time graph to identify the following.
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a. The parts of the trip during which the cyclist was stationary.

Working Thinking

The cyclist stopped during parts B and E of the trip. Identify the part(s) of the distance-time graph where the 
plotted line is horizontal.

b. The parts of the trip during which the cyclist was travelling at constant speed.

Working Thinking

The cyclist travelled at constant speed during  
parts A, C, and F of the trip.

Identify the part(s) of the distance-time graph where the 
plotted line has a constant gradient and is not horizontal 
or curved.

c. The part of the trip during which the cyclist was travelling at variable speed.

Working Thinking

The cyclist travelled at variable speed during part D  
of the journey.

Identify the part(s) of the distance-time graph where the 
plotted line is curved.

Student practice

Use the hiker’s distance-time graph to identify the following.
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a. The parts of the trip during which the hiker was stationary.

b. The parts of the trip during which the hiker was travelling at constant speed.

c. The part of the trip during which the hiker was travelling at a variable speed.

WE2a

WE2b

WE2c
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Worked example 3

Solving distance-time problems

Use the cyclist’s distance time-graph from worked example 2 to answer the questions.

a. Determine how many hours the cyclist was stationary during the entire trip.

Working Thinking

Part B is between 1.5 and 3 hours: 
 3 − 1.5 = 1.5  hours

Part E is between 8 and 9 hours: 
 9 − 8 = 1  hour

Step 1: Determine the duration of each stationary part 
by comparing the start and end times along the 
horizontal axis.

1.5 + 1 = 2.5 hours Step 2: Calculate the total time spent stationary by 
adding the durations of the parts together.

b. Calculate the speed of the cyclist during part C of the trip.

Working Thinking

 d = 40 − 20 = 20  km

 t = 5 − 3 = 2  hours

Step 1: Identify the distance and duration of the 
specifiedpartofthejourney.

 s =  d __ t  =  
20 ____ 2   = 10  km/h Step 2: Substitute the distance and time into the 

formula for speed and calculate.

c. Calculate the average speed of the cyclist during the entire trip.

Working Thinking

Totaldistance = 100km

Timetaken = 10hours

Step 1: Determine the total distance covered over the 
entire trip and the total time taken.

Averagespeed =  100 _____ 10   = 10  km/h. Step 2: Substitute the values into the formula for 
average speed and calculate.

Student practice

Use the hiker’s distance-time graph from worked example 2 to answer the questions.

a. Determine how many hours the hiker was stationary during the entire trip.

b. Calculate the speed of the hiker during part D of the trip.

c. Calculate the average speed of the hiker during the entire trip.

WE3a

WE3b

WE3c
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11F Questions

Understanding worksheet

1. Circle the correct description for each graph.

Example
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2. Match the description of the speed of the object during each part of the journey with one of the 
given words.
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Example

Part E description of speed Constant

a. Part A description of speed b. Part B description of speed 

c. Part C description of speed d. Part D description of speed 
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3. Fill in the blanks by using the words provided.

hour time second distance

Speed is a rate that shows the relationship between distance and  . The speeds of objects can 

be expressed as  in any units per any units of time. Kilometres per  

areoftenusedtodescribespeedsofeverydayobjects,whereasscientificapplicationsrequirespeedsofallobjectstobe

expressed in metres per  .

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7 (c,d,e,f), 
8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7 (e,f,g,h), 
8 (e,f,g,h), 9

4. Calculate the speed of:

a. a cyclist who cycled 26 km in 2 hours. b. a runner who ran 400 m in 50 seconds.
c. a car that travelled 110 km in 2.5 hours. d. abirdthatflew50kmin1.6hours.
e. a spacecraft that travelled 1 000 000 km in 3.2 hours. f. afleathatjumped30cmin0.25minutes.
g. an asteroid that travelled 39 km in 2.4 seconds. h. a cheetah that ran 18 km in 0.15 hours.

5. Calculate the time taken to:

a. drive a distance of 110 km at a speed of 55 km/h. b. swim a distance of 1 km at a speed of 2 km/h.
c. walk a distance of 24 km at a speed of 5 km/h. d. run a distance of 150 m at a speed of 8 m/second.
e. flyadistanceof6105kmataspeedof740km/h. f. climb a height of 120 m at a speed of 1.6 m/s.
g. run a distance of 21 km at a speed of 4.2 m/s. h. walk a distance of 450 m at a speed of 3.6 km/h.

6. Calculate the distance travelled in:

a. 25 minutes at a speed of 3 km/minute. b. 6 hours at a speed of 48 km/h.
c. 30 minutes at a speed of 5.6 m/minute. d. 4.5 hours at a speed of 34 km/h.
e. 20 minutes at a speed of 84 km/h. f. 34 seconds at a speed of 24 m/minute.
g. 93 seconds at a speed of 36 km/minute. h. 430 seconds at a speed of 342 km/h.

7. Use the family car’s distance-time graph to identify the following.

a. The parts of the trip during which the car was stationary.
b. The parts of the trip during which the car was travelling at 

constant speed.
c. The part of the trip during which the car was travelling at 

variable speed.
d. The part of the trip which took the least amount of time.
e. The part of the trip which took the most amount of time.
f. The part of the trip during which the family was resting at a 

motel overnight, assuming that they left for the trip at 10 am.
g. The part of the trip during which the car was travelling at the 

fastest constant speed.
h. The part of the trip during which the car was travelling at the 

slowest constant speed.
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8. Use the family car’s distance-time graph from question 7 to answer the questions.

a. Determine how many hours the car was stationary during the entire trip.
b. Calculate the speed of the car during part C of the trip.
c. Calculate the speed of the car during part A of the trip.
d. Calculate the speed of the car during part F of the trip.
e. Calculate the average speed of the car during the entire trip.
f. Calculate the average speed of the car during part D of the trip.
g. Calculate the average speed of the car during travel times only, excluding stopping time.
h. Calculate the time it would have taken for the trip at an average speed without any stops, as in part g.

9. Calculate the average speed of a hiker who spent 3 hours walking and 1.8 hours stationary during a 15 km trip.

A. 0.32 km/h B. 3.125 km/h C. 5 km/h D. 12.5 km/h E. 72 km/h

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Calculate the time taken to travel a distance of 45 km at a speed of 30 km/h.

Student A

 d = 45  km
 s = 30  km/h

 t =  d __ s  

 t =  45 ____ 30  = 1.5  hours

Student B

 d = 45  km
 s = 30  km/h

 t =  s __ d  

 t =  s __ d  =  
30 ____ 45  = 0. ̄  6 ≈ 0.7hours = 42  minutes.

b. Calculate the distance travelled in 15 minutes at a speed of 20 km/h.

Student A

 s = 20  km/h
 t = 15  minutes
 d = st 
 d = 20 × 15 = 300  km

Student B

 s = 20  km/h
 t = 15minutes = 0.25  hours
 d = st 
 d = 20 × 0.25 = 5  km

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Herbie walked to the beach from his house at an average speed of 3 km/h for 45 minutes. If Herbie 
also stopped for a coffee for 15 minutes duing this time, then how far away is the beach from his house?

12. Renae walks from her house to the river 5 km away. She jogs back at a speed of 7 km/h. How long 
will it take Renae to get home at this speed, to the nearest minute?

13. IsmaelandAstridbothcompetedinthe1kmrace.Ismaelfinishedtheracein17minutesandAstrid
finisheditinthreetenthsofanhour.Determinewhowontheraceandbyhowmuch.

WE3
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14. On the way to the supermarket from her house, Sana’s average walking speed was 4 km/h.  
She walked back the same way, at an average speed of 3 km/h. If the supermarket is 3.5 km away 
from Sana’s house, then how much longer did it take her to get home compared to how long it took 
to get there, to the nearest minute?

15. A car leaves a street corner and travels at a constant speed of 60 km/h. A drone leaves the same 
corner 30 minutes after the car and follows it at a speed of 120 km/h. How long will it take the drone 
to catch up to the car?

Reasoning
Question working paths

Mild 16 (a,b,d) Medium 16 (a,b,d), 17 (a,b) Spicy All 

16. Thrust SSC or Thrust SuperSonic Car is the fastest land vehicle in the world. Developed by 
British engineers, it uses jet engines as opposed to petrol or diesel, which allows it to reach 
phenomenal speeds.

Image: Dmitry Eagle Orlov/Shutterstock.com Image: patruflo/Shutterstock.com

a. Thefirstautomobile,developedin1886,couldreachaspeedof16km/h.Calculatethetime
taken to travel 1228 km at this speed, to the nearest hour.

b. On 15 October 1997, Thrust SSC reached a speed of 1228 km/h. Calculate the time taken to 
travel 16 km at this speed, to the nearest second.

c. Breaking the sound barrier requires an object to travel faster than sound. Using 343 m/s for 
the speed of sound in air, verify whether Thrust SSC broke the sound barrier by comparing 
the speeds.

d. The record setting driver of the Thrust SSC, Andy Green, stated that driving at very fast speeds 
means that the driver has far less control of the vehicle compared to driving at a slower speed. 
Name another reason for imposing speed limits on roads.

17. Use the distance-time graph to answer the questions.
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a. Calculate the speed during part A.
b. Calculate the speed during part B.
c. Using your answers for parts a and b, explain whether it is possible to determine the average 

speed of an object using fraction addition of component speeds.
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18. The distance between Melbourne and Darwin by plane is 3124 km. A plane leaves at 6:45 am local  
time in Melbourne and arrives at 12:25 pm local time in Darwin. If Melbourne is 1 hour and 30 minutes  
ahead of Darwin, then what was the average speed of the plane during the journey, in km/h, to the 
nearest km?

19. Callan can run 400 m in 55 seconds and Bernice can run 400 m in 50 seconds. They want to start the 
raceatafairdistancefromeachother,sothatintheory,eachathletecanfinishthe400mraceatthe
sametime.IfCallanstartsat400mfromthefinishline,howfarbehindhershouldBernicestart?

A. 5 m B. 36 m C. 40 m D. 50 m E. 100 m

20. A bus that is 20 m long is travelling at a constant speed. It takes the bus 2 minutes to completely 
clear a bridge 700 m long. What is the speed of the bus, in km/h?

A. 21 km/h B. 21.6 km/h C. 22.2 km/h D. 35 km/h E. 36 km/h

21. Piper leaves her house in the morning and travels at a constant speed of 50 km/h for an hour.  
When she is 12 km into her trip, she notices that the minute hand is directly over the hour hand  
on her watch. What time did Piper leave her house, to the nearest minute?

Remember this?

22. Thefractionofmonkeyspeciesthatareconsideredtobeunderthreatofextinctionis 262 _____ 334 .

What percentage of monkey species are considered to be under threat of extinction?

A. 0.784% B. 0.885% C. 78.4% D. 88.5% E. 92%

23. Maria uses the same rule to change each ♥ into a ●.

Which of these rules did Maria use?

A.  ● = ♥ × 3 − 2 
B.  ● = ♥ × 4 − 5 
C.  ● = ♥ × 5 − 3 
D.  ● = ♥ × 2 − 5 
E. None of the above

24. Which of these equations represents the line in the graph?

A. 𝑦 = 9 − 1.2𝑥
B. 𝑦 = 9 − 7.5𝑥
C. 𝑦 = 9 + 1.2𝑥
D. 𝑦 = 9 + 7.5𝑥
E. 𝑦 = 9 + 9𝑥

♥ ●

3 11

4 16

8 36

x

y

7.5

9
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Chapter 11 extended application
1. A Year 8 science class used the following recipe and conversion chart to make slime. Answer the questions using 

the information given in the image.

Slime ingredients

cup of water

2 cups of shaving cream

1      tablespoons of contact lens solution  1 cup = 240 mL

 1 tablespoon = 20 mL

 1 teaspoon = 5 mL

 teaspoon of baking soda

a. Simplify the ratio of water to shaving cream.
b. Convert all the quantities in the recipe to mL. 
c. Simplify the ratio of baking soda to water. 
d. Simplify the ratio of water to contact lens solution.
e. Simplify the ratio of all four ingredients, i.e. baking soda : water : shaving cream : contact lens solution.
f. Describe a fun experiment that you would like to do or have done in a science classroom.

2. Bernie is walking down a country road to meet his friend Garry, who is cycling along the same road, but in the 
opposite direction. By the time they do meet, Garry has cycled 6 km more compared to the distance walked  
by Bernie.

Bernie

Meeting point

x km (x + 6) km Gary

a. Bernie starts walking at 8:00 am and he meets Garry by 10:30 am. Using  𝑥 to represent
the total distance covered, write an expression for Bernie’s average speed. 

b. Garry starts cycling at 8:30 am and also arrives at the meeting point at 10:30 am.  
Write an expression for Garry’s average speed.

c. Using the expression for Bernie’s speed in part a, write another expression to show 
Bernie’s distance from his starting point at 9:00 am.

d. Using the expression for Garry’s speed in part b, write another expression to show 
Garry’s distance from his starting point at 9:00 am. 

e. At 9:00 am, Bernie and Garry were exactly the same distance away from each of their 
respective starting points. What is the total distance covered by each person?

f. In the country, phone reception can often be weak or disappear completely.  
For this reason, people walk up to higher ground to improve their signal. Explain why 
this method can work in some cases. 
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3. To go on the Ghost Train ride, a person must be at least 12 years old and be of a minimum height. Further to this,  
if the person is under 14 years old, they must be accompanied by an adult. 

Ghost train rules:

.You must be at least 12 years old
. Children under 14 must be accompanied by an adult

. Height restrictions apply

a. In the line to ride the Ghost Train, there are 3 times as many children under 14 as there 
are adults. Write a simplified ratio of adults to children in the line.

b. Of the children under 14, half do not meet the minimum height requirements. Write a 
simplified ratio of children who do and do not meet the height requirements. 

c. In total, there were 400 people in the line, including those who did not meet requirements.  
How many people in the line were accepted on the ride? 

d. Write a simplified ratio of adults to children under 14 who were accepted on the ride.
e. On another day, there are 20 more adults and 50 more children riding the Ghost Train. 

Originally, a third of the children in the line were not accepted on the ride. How many 
people were in the line in the first place? 

f. Give a reason for height restrictions on amusement rides.
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Multiple choice

1. Which of the following correctly represent the ratio of blue parts  
to orange parts for the area model?

A.  1 : 3 
B.  1 : 4 
C.  4 : 3 
D.  3 : 4 
E.  3 : 1 

2. Which of the following operations complete the equivalent ratio?

13 : 17

65 : 85
⎕ ⎕

A.  +52 ,  +68 B.  −52 ,  −68 C.  ×5 ,  ×5 D.  ÷5 ,  ÷5 E.  +5 ,  +5 

3. Which of the following correctly represents the share in the ratio  3 : 7  if  1part = 2 .

A. 3 : 7

3 : 7
×1×1

B. 3 : 7

6 : 8
×2×2

C. 3 : 7

6 : 14
÷2÷2

D. 3 : 7

1.5 : 7.5
÷2÷2

E. 3 : 7

6 : 14
×2×2

4. Determine the equivalent operations performed on the quantities.

40km : 5hours

8km : 1hour
⎕ ⎕

A.  ÷8 ,  ÷8 B.  ×8 ,  ×8 C.  ×5 ,  ×5 D.  ÷5 ,  ÷5 E.  ÷40 ,  ÷40 

5. Which of the following graphs correctly represents constant speed?

A.
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Fluency

6. Write the ratio described in each scenario.

a. A glucose molecule contains 6 carbon atoms, 12 hydrogen atoms and 6 oxygen atoms.
What is the ratio of oxygen atoms to all the atoms in a glucose molecule?

b.    3 __ 7 ofthefishinafishtankaregoldfish.

Whatistheratioofgoldfishtoothertypesoffish?
c. The height of a truck is  20%  the truck’s length.

What is the ratio of the truck’s height to its length?
d. The recipe of a dish calls for  3  teaspoons of salt,  0.5  teaspoons of pepper,  2  teaspoons of 

sugar and  1teaspoonofchilliflakes.
Whatistheratioofsaltandpeppertosugarandchilliflakes?

7. For each ratio, make an equivalent ratio by performing the operation in the brackets.

a.  3 : 4     (  ×4 )    b.  16 : 32     (  ÷8 )    

c.  3 : 7 : 11     (  ×5  ) d.  12 : 22 : 32     (  × 3 __ 2  )    

8. Write each ratio in its simplest form.

a.  12 : 21 b.  5 __ 7  :  
9 ____ 14   c.  1 __ 3  :  

3 __ 5  : 2 
5 __ 6   d.  2.3 : 4.7 : 6.78 

9. For each ratio and quantity to be shared, calculate the value of 1 part. Round to 2 decimal 
places where appropriate.

a.  30  in the ratio  3 : 7 b.  45  in the ratio  2 : 9 
c.  68  in the ratio  4 : 5 : 8 d.  171  in the ratio  1 : 4 : 8 

10. For each scenario, determine the quantity that was shared in the given ratio. Round to 2 
decimal places where appropriate.

a. Leonardo and Michaelangelo split a box of pizza into the ratio  2 : 3 . Michelangelo had  
 9  slices of pizza. How many slices of pizza were there in the box?

b. In a classroom, the ratio of tables to chairs is  1 : 6 . There are  12  tables in the classroom.  
What is the total number of furniture?

c. A sporting event hosts basketball, football and volleyball games in the ratio of  3 : 7 : 2 .  
8volleyballgameswererunduringtheevent.Whatisthetotalnumberofgamesthat
took place during the event?

d. In a game of tug of war, the ratio of teachers and students per team is  1 : 4 . There are  
 5  teachers in 1 of the teams. Assuming both teams have the same number of teachers 
and students, what is the total number of participants in the game?

11. Calculate the average rates for each of the following. Round the answers to 2 decimal places, 
where applicable.

a. The bank balance rose from  $1500  to  $2500  over 5 months.
b. The number of customers in a restaurant increased from 6 to 90 between 5:40 pm  

to6:08pm.
c. Thevolumeofwaterinafishtankincreasedfrom10litresto27litresin8minutes.
d. Thedistancewalkedincreasedfrom500mto1.2kmbetween4:18pmto4:35pm.

11A

11B

11B

11C

11C

11D
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12. Compare the rates.

a. Charlescollects800goldcoinsforcompleting5questsandBoylecollects1400gold
coinsforcompleting8quests.Determinewhocollectedmoregoldcoinsperquestand
calculate the difference in the number of gold coins collected per quest.

b. Domran5kmin40minutesandNakran9kmin70minutes.Determinewhois 
a faster runner and calculate the difference between the distance run, in metres,  
per minute, rounded to 2 decimal places.

c. Socheatatakes20minutestofold8origamibirdswhileSoryatakes35minutestofold
15 origami birds. Determine who is the faster folder and calculate the difference in the 
number of origami birds folded in one hour.

d. Kathy takes 3 hours to bake 40 cupcakes while Kai takes 6 hours to bake 110 cupcakes. 
Determinewhoisthemoreefficientbakerandcalculatethedifferenceintheamountof
time it would take each person to bake 200 cupcakes to the nearest hour.

13. Combine the rates.

a. It takes two students 10 hours and 12 hours respectively to complete a project individually.  
How long will it take both students to complete the project together, to the nearest hour?

b. It takes two farmers 45 minutes and 60 minutes respectively to move 50 bags of wheat. 
How long will it take both farmers to move 50 bags of wheat together, to the  
nearest minute?

c. Ittakestwokitchenhands55minutesand75minutesrespectivelytocleanasinkfull
of dishes. How long will it take both kitchen hands to clean the dishes together, to the 
nearest minute?

d. Three gardeners take 35, 32 and 44 minutes respectively to mow the lawn of a house. 
How long does it take all three to mow the lawn together, to the nearest minute?

14. Use the truck’s distance-time graph to  
identify the following.

a. The parts of the trip during which the 
car was travelling at constant speed.

b. The parts of the trip during which the 
car was travelling at variable speed.

c. The part of the trip during which the car  
was travelling at the fastest constant speed.

d. The part of the trip during which the car 
covers the longest distance.

Problem solving

15. In a shopping mall’s parking lot, there are 350 cars and 500 motorbikes. Write the ratio of 
motorbikes to the total number of vehicles in the parking lot.

16. When Kris does his shopping for clothes, he buys 3 pairs of trousers for every 5 t-shirts.  
If Kris bought 9 pairs of trousers, how many t-shirts did he buy?

17. The ratio of the width to length of a swimming pool is  5 : 12 . Find the dimensions of the 
swimming pool if it has an area of  1500  m2.

18. Overthefirst3daysofLunarNewYear,Wangcollected51redpackets.Whatistheaverage
rate at which Wang collects red packets?

11E
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19. Sok and Stein live in a house that has 3 identical bedrooms. They are trying to repaint the  
walls of the bedrooms. Sok takes 3 hours to paint 1 room while Stein only takes 2 hours. 
How long will it take both of them to paint all the bedrooms?

20. In a training session for a cycling race, Chloe leaves the starting line at 150 km/h.  
After15minutes,Rachelleavesthestartinglineat170km/h.Howlongwillittake, 
in hours, for Rachel to pass Chloe by 2 km?

Reasoning

21. Chef Pham is an executive chef of a two Michelin star restaurant. To earn her third  
Michelin star, she needs to develop a legendary dish to impress the Michelin inspectors.

a. Chef Pham decides to create a spice mix for her dish. She mixes cinnamon, star anise 
and cardamom in the ratio of  4 : 3 : 7 . What is the ratio for 24 servings of her new dish 
if the base ratio is enough for 4 servings?

b. Chef Pham now tries to work out the time it takes to prepare this dish. She knows 
that the ratio of blending and rubbing spices to preparing vegetables and garnishes to 
cooking is  4 : 5 : 3 . If the dish takes  60minutestofinish,calculatethetimerequired
for each process.

c. Duringthefirstnightthatthisdishisserved,thekitchensentout50servings
throughout the dinner service, which took 2 hours and 5 mins. Find the rate of 
servings/minute,andhencefindtheratioa servings : b  minutes, where  a, b  are  
both the smallest whole number possible.

d. Twonewchefsaretryingtoimprovetheefficiencyofpreparingthedish. 
Individually, Chef Dau takes  72  minutes to prepare 4 servings of the dish from start to 
finishwhileChefNguyentakes66  minutes. The two chefs decide to combine their skills 
andcooktogether.Howlongdoesittakethetwochefstocook48servingsofthedish?
Round your answer to the nearest minute.

e. Besidesgreatfood,whatotheraspectsofamealmakesforagreatdiningexperience?

22. Use the distance-time graph to answer the following questions.
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a. Calculate the difference in speeds between lines B and A.
b. Calculate the difference in speeds between lines C and B.
c. With reference to parts a and b, explain why the difference in part b is equal to the 

speed of line B, however the difference in part a is not equal to the speed of either  
line B or line A.
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Chapter 12 research summary
Measurement

Big ideas

Hierarchy and properties
In this chapter, students will apply their understanding of the hierarchy and properties of 2D figures and shapes to 
calculate the area and perimeter of quadrilaterals, circles and composite shapes. Additionally students will apply 
hierarchy and properties of 2D shapes to 3D shapes to find the volume of prims, cylinders, and composite figures. 

When 3D objects are not in their ‘typical’ position, students may have difficulty accurately identifying them (Sinclair 
et al., 2016). Students sometimes have trouble understanding how 3D shapes can be represented onto a 2D space. 
One strategy to promote 3D shapes is for students to draw 3D shapes from different perspectives (Sinclair et al., 2016).

It is essential that students understand why area, perimeter, and circumference formulas work rather than memorisation  
so they may develop their conceptual understanding (O’Dell et al., 2016). For example, relating the area of a circle through  
triangles students are able to relate the area formula for a circle to the area formula for a triangle (O’Dell et al., 2016).

Students can struggle with the understanding of π (Leung, 2014). It may be one of the first times students are 
working with an idea that is constant. They often think that π changes depending on the size of the circle, or is a 
magical number, or is a variable.

One method to prove the constant nature of π is to use linearity (Leung, 2014). Students measure the circumference 
and diameter, and plot these points on a cartesian plane (circumference, diameter). The slope of a straight line is 
constant which leads to the constant nature of π (Leung, 2014). While there are measurement errors, this provides 
an opportunity for teachers and students to engage in rich discussions why errors would exist in an experiment like 
this which improves students’ reasoning skills (Leung, 2014).

Another strategy to prove the constant nature of π that increases student’s algebraic and geometric connections of 
circles is to use similar circles (Leung, 2014). Students can view a bulb that projects light onto a circular disc and 
the shadow that is created (Leung, 2014). By knowing that two circles are similar, the ratios of their corresponding 
sides are equal, and therefore the ratio π is constant, regardless of the size of the circle (Leung, 2014).

Transformations of relationships
In this chapter, students will need to understand how certain shapes can transform by composing and decomposing 
them into different shapes to calculate their perimeter, circumference, sectors, area and volume. Additionally students  
will transform time measurements using a base 60 system, and transform time using various time zones across 
Australia and the world.

Students will need to recognise certain transformations of 2D and 3D shapes. Spatial thinking, and mental rotation  
of shapes are beneficial for proving symmetrying, understanding area measurement tasks, as well as creating 
and decomposing 2D and 3D figures (Bruce & Hawes, 2014). For example, students should be able to look at this 
trapezoid prism and recognise that it can be composed of a triangular prism and a cube prism, or decomposed of a 
rectangular prism and triangular prism.
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Having strong spatial thinking is essential for further geometric topics such as isometric drawings, trigonometry, 
and algebraic topics such as transformations of functions. Additionally, having a strong understanding of how time 
can transform is essential for everyday life.

Geometric measurement
In this chapter, students will use measurement to calculate the perimeter, area, circumference, sectors, and volume 
of shapes. Additionally students will use various time measurements to determine time in various time zones across 
Australia and the world, and convert between 12 and 24 hour time.

Concrete artefacts can help students understand geometric conceptions. For example, a rectangular prism is ‘like a 
long box’ or ‘a 3D rectangle with some sides that are equal sides’. Hands-on learning and task -based interviews can 
improve students’ reasoning about 3D objects and geometric reasoning with prisms (Downton & Livy, 2021).

Additionally manipulatives improve students’ understanding of the area of circles (Arnigo et al., 2018). For example, 
give students a cup and ask various questions such as how do you know where the centre is, and to measure the 
circumference and diameter with yarn and a ruler (Arnigo et al., 2018).

Virtual manipulatives can help students understand the relationship between perimeter, area, volume and surface 
area of 2D and 3D objects (Sinclair et al., 2016). For example, students often think that 3D shapes must have 
different surface areas and volumes. A simple strategy is to challenge students to create various prisms that have the  
same volume and same surface area, same volume different surface area, different volume and same surface area, 
and different volumes and different surface areas.

Geometric measurement is an essential part of mathematics and also various other parts of students’ learning journey.

Misconceptions

Misconception Incorrect Correct Lesson

Students use different 
units when calculating the 
perimeter of a shape.

Perimeter
P = (2 × 40) + (2 × 6) = 92 cm

6 cm

40 mm

Perimeter
P = (2 × 4) + (2 × 6) = 20 cm

6 cm

40 mm

12A

Students calculate the 
area when calculating the 
perimeter and vice versa.

Perimeter
P = 4 × 6 = 24 cm

6 cm

4 cm

Area
A = 4 × 6 = 24 cm2

6 cm

4 cm

12A 
12C
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Misconception Incorrect Correct Lesson

Students use various ratios to 
get the diameter or radius of 
a circle. 3 cm

Diameter  = 1.5  cm
Radius  = 6  cm

3 cm

Diameter  = 3 
Radius  = 1.5 cm 

12B

Students think that π is an 
exact distance.

 π = 3.14  π ≈ 3.14 12B

Students think that π is a 
variable and/or a ‘magical’ 
number.

π varies and is a magical number that 
we use when working with circles.

π is a constant number that occurs 
when we divide the circumference by 
the diameter.

12B

When calculating the area of 
a triangle, students use slant 
height as the perpendicular 
height.

6 mm

9 mm

8 mm

Area of triangle  =   9 × 6 _______ 2    = 27  mm2

6 mm

9 mm

8 mm

Area of triangle  =   9 × 8 _______ 2    = 36  mm2

12C

Students use the area of a 
rectangle to find the area of 
the triangle.

8 mm

7 mm

Area of triangle  = 7 × 8 = 56  mm2
8 mm

7 mm

Area of triangle  =   7 × 8 _______ 2    = 28  mm2

12C

When converting units for 
area, students convert using 
the same ratio for lengths.

 55  mm2 → cm2

 =   55 ____ 10   = 5.5  cm2

 55  mm2 → cm2

 =    55 _____ 100   = 0.55  cm2

12C

When calculating the area of 
parallelograms, students see 
the triangles and use the area 
of a triangle formula. b

h

Area of parallelogram  =   b × h _______ 2       

b

h

Area of parallelogram  = b × h    

12D

When calculating the area of 
a kite, students multiply the 
diagonals only.

d1

d2

Area of a kite  =  d  1   ×  d  2    

d1

d2

Area of a kite  =   
 d  1   ×  d  2  

 _________ 2     

12D

Students use any side length 
to calculate the area of a 
trapezium.

b

h

a

Area of trapezium  =   a + h _______ 2    × b    

b

h

a

Area of trapezium  =   a + b _______ 2    × h    

12D
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Misconception Incorrect Correct Lesson

Students multiply two sides 
together to find the area of  
a trapezium.

b

h

a

Area of trapezium  =   b × h _______ 2        or  =   a × h _______ 2       

b

h

a

Area of trapezium  =   a + b _______ 2    × h 

12D

When calculating the area  
of circles, students calculate 
the circumference. 3 cm

Area  = 2πr = 2 × 1.5 × π = 3π  cm2

Or Area  = π × d = π × 3 = 3π  cm2

3 cm

Area  = π r   2  = π ×  1.5   2  = 2.25π  cm2

12E

When calculating the area 
of a circle using a diameter, 
students divide the squared 
diameter by 2.

8 cm

Area  =    8   2  ___ 2    × π 

  =   64 ____ 2   π = 32π  cm2

8 cm

Area   =   (  8 _ 2  )    
2
  × π  

   =  (  4  )     2 π = 16π   cm2

12E

Students divide the area of 
quadrants and semi circles  
by the radius before squaring 
the radius. 8 cm

Area   = π  (  8 _ 2  )    
2
   

   = π (  4  )     2  = 16π   mm2

8 cm

Area  =   
π (  4  )     2 

 ________ 2    

  =   16π _____ 2    = 8π  mm2

12E

When finding the area of a 
semicircle students use  
the diameter.

12 mm

Area  =   
π (  12  )     2 

 _________ 2    

  =   144π _______ 2    = 72π  mm2

12 mm

Area  =   
π (  6  )     2 

 ________ 2    

  =   36π _____ 2    = 18π  mm2

12E 
12F

Students multiply the radius 
by the fraction of the sector 
before squaring the radius. a° r

Area   = π  (r ×    a _ 360  )    
2
    

a° r

Area  = π r   2 r ×    a _____ 360   

12F

When given the area of a  
cross section, students square 
the cross section to calculate 
the volume of a prism. 3 m

13.3 m2

V   =  (  13.2  )     2  × 3 = 530.67   m3

3 m

13.3 m2

V  = 13.2 × 3 = 39.9  m3

12G
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Misconception Incorrect Correct Lesson

Students ignore that irregular-
3D shapes can be decomposed 
or composed of various 
regular 3D shapes and apply 
various methods to calculate 
the volume.

6 m

8 m

3.5 m

Volume   =  (  3.5 × 6 × 8 )   = 160   m3

6 m

8 m

3.5 m

The shape is a rectangular prism 
decomposed of a square prism
  V =  (  3.5 × 6 × 8 )     

 −  (  3.5 (  6 − 3.5 )   _______________ 2    × 8)  = 133 m3

Or
The shape is a square prism 
composed of a triangular prism.
  V =  (  3.5 × 6 × 8 )     

 +  (   (  3.5 )   (  6 − 3.5 )    _________________ 2    × 8)  = 133 m3

Or
The shape is a trapezium prism

  V =  (    6 + 3.5 _________ 2    × 3.5 )   × 8 = 133  m3

12G

Students use a measurement 
that is not perpendicular to 
the cross section to calculate 
volume.

34 cm2

11 cm

3.7 cm

Volume =  34 × 3.7 = 125.8  cm3

34 cm2

11 cm

3.7 cm

Volume =  34 × 11 = 374  cm3

12G

Students think that time is a 
base 10 measurement.

 3  hours and  30  minutes  = 3.3  hours  3  hours and  30  minutes  = 3.5  hours 12H

When calculating time zones of 
two cities, students think that 
one city is equal to UTC +0.

What time is it in Melbourne, if it is  
 1  pm in Rome?
Melbourne is UTC +10
 1  pm  + 10 = 11  pm

What time is it in Melbourne, if it is  
 1  pm in Rome?
Melbourne is UTC +10
Rome is UTC +3
 10 − 3 = 7 
Melbourne is  7  hours ahead
 1  pm  + 7 = 8  pm

12H
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Perimeter and units of length12A

Key ideas

1. We can convert different units of length by multiplying or dividing by powers of 10.

Kilometre (km) Metre (m) Centimetre (cm) Millimetre (mm)

×1000 ×100 ×10

÷1000 ÷100 ÷10

2. The perimeter of a shape is the sum of its side lengths.

Same unit of measurement Different unit of measurement
8 m

Perimeter = 8 m + 8 m + 8 m + 8 m
= 32 m

8 m

8 m8 m

Perimeter = 43 mm + 55 mm + 3.5 cm
= 43 mm + 55 mm + 35 mm
= 133 mm

55 mm

43 mm
3.5 cm

3. Sides with the same marking are the same length.

The side lengths are all equal. None of the side lengths are equal.All the widths are the same size.
All the lengths are the same size.

The widths and lengths are different sizes.

The first and most important step to any measurement is describing a length. 
When describing a distance between two objects or the perimeter of an object, 
most countries will use the metric system. This lesson will revise conversion 
between different metric units as well as the rules and techniques used to 
measure the perimeter of shapes.

LEARNING INTENTIONS

Students will be able to:
 • convert between units of length

 • determine the perimeter of a shape

 • determine the perimeter of shapes with missing side lengths.

KEY TERMS AND DEFINITIONS

A metre (m) is a standardised unit measuring length.

A centimetre (cm) is one-hundredth of a metre.

A millimetre (mm) is one-thousandth of a metre.

A kilometre (km) is one thousand metres.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: ZHMURCHAK/Shutterstock.com

Determining the distance for travel or 
measuring objects around us informs 
many important decisions in our 
daily life. From planning distances 
for travel to measuring lengths of 
building material to construct a house, 
measurement is an integral life skill.
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Worked example 1

Converting units of length

Convert the following.

a. 13.8 cm to mm

Working thinking

 13.8  cm   =  (  13.8 × 10 )     mm

  = 138  mm

Determine the multiplication or division required.

1 cm = 10 mm

Visual support

Kilometre (km) Metre (m) Centimetre (cm) Millimetre (mm)

×1000 ×100 ×10

÷1000 ÷100 ÷10

b. 185 000 cm to km

Working thinking

 185 000  cm   =  (  185 000 ÷ 100 )     m

  = 1850  m

Step 1: Determine the multiplication or division required.

 100 cm = 1 m

 185 000  m   =  (  185 000 ÷ 1000 )     km

  = 1.850  km

Step 2: Determine the multiplication or division required.

 1000 m = 1 km

Student practice

Convert the following.

a. 11.6 cm to mm b. 255 000 cm to km

WE1a

WE1b

Worked example 2

Calculating the perimeter

Determine the perimeters of the following shapes.

a. 

Working thinking

 P    =  (  1.5 + 4 + 3.2 + 2.8 )     cm

  = 11.5  cm

Add the lengths if they are all the same unit  
of measurement.

Continues →

WE2a1.5 cm

4 cm

2.8 cm3.2 cm
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Worked example 3

Calculating the missing value of a perimeter

Determine the unknown values.

a. Perimeter = 28 m

10 m

7 m a

Working thinking

  P = 28 m 

  28 = 7 + 10 + a 

  28 − 7 − 10    = a 

  a = 11  m

Subtract known side lengths from the perimeter.

b. Perimeter = 23 mm

7 mm

a

Working thinking

  P = 23  mm

  23 = 7 + a + a 

 23 − 7   = 2a 

  16 = 2a 

  a = 8  mm

Subtract known side lengths from the perimeter.

WE3a

Continues →

WE3b

b. 

Working thinking

 P    =  (  5 + 5 + 4 + 4 )     cm

  = 18  cm

Add the lengths if they are all the same unit  
of measurement. Take note of equal side lengths.

Student practice

Determine the perimeters of the following shapes.

a. b. 

WE2b

5 cm

4 cm

3.2 cm

3.4 cm

3.6 cm

2 cm

7 cm

3 cm
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12A Questions

Understanding worksheet

1. Circle appropriate units of measurement for the following.

Example

Distance between cities: mm cm m km

a. Distance between classrooms: mm cm m km b. Width of a blade of grass: mm cm m km
c. Length of a shoe: mm cm m km d. High jump results: mm cm m km

2. Determine the number of measurements needed in order to find the perimeters of the 
following shapes.

Example

 different measurements2

a.  different measurements b.  different measurements

c.  different measurements d.  different measurements

Student practice

Determine the unknown values.

a. b. Perimeter = 22 m

9 m

8 m

a

Perimeter = 31 mm
9 mm

a
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3. Fill in the blanks by using the words provided.

convert perimeter length measurement

When measuring the length of a shape’s  , we must add all of the side lengths together. If two sides  

have the same marking then they have the same  . Metric units of  

are all related by powers of ten. When calculating the perimeter of a shape that has different units of measurement for 

different sides it is important to  all measurements to the same unit of length.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8

4. Convert.

a. 200 cm to m b. 1.3 cm to mm c. 1200 m to km d. 7 m to mm
e. 73.5 cm to m f. 1456 cm to km g. 0.0263 m to mm h. 

5. Determine the perimeters of the following shapes.

a.

4 m

5 m3 m

b.

23 mm

13 mm

25 mm

29 mm

c.

6.8 km

5.3 km
2 km d. 7 cm

5 cm

e.

8.4 m

4.2 m
f.

3.1 cm

g.

9.2 m

8.4 m
h.

3.8 m

4.7 m

2.2 m

6. Determine the unknown values.

a. Perimeter = 25 cm

b

7 cm 8 cm

b. Perimeter = 16.1 km

w

3.5 km

5 km

3 km

c. Perimeter = 128 cm
b

40 cm
24 cm

24 cm

d. Perimeter = 13.8 m
x

3.8 m

2 m

e. Perimeter = 20 km

a

f. Perimeter = 72 cm

t

g. Perimeter = 37.5 mm

11.1 mm

d

h. Perimeter = 22 m

x

4 m

7. Calculate the lengths of the following perimeters in the specified units.

a. 4 m + 200 cm (m) b. 15 cm + 70 mm (cm) c. 6 cm + 25 mm (mm) d. 350 cm + 7 m (cm)
e. 1 m + 875 mm (mm) f. g. 3 km + 95 m (km) h. 8 m + 38 cm (mm)

WE1

28 560 045 mm to km

WE2

WE3

   15 800 cm + 42 m (m)
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8. Calculate the perimeter of the following shape.

5 cm

3 cm

A. 8 cm B. 11 cm C. 13 cm D. 15 cm E. 16 cm

Spot the mistake

9. Select whether Student A or Student B is incorrect. 

a. Calculate the perimeter.

6.7 cm

34 mm

Student A

 P   = 2 × 6.7 cm + 2 × 34 mm 
 P = 2 × 6.7  cm  + 2 × 34  mm
  = 13.4  cm  + 68  mm
  = 81.4  cm

Student B

 P   = 2 × 6.7  cm  + 2 × 34  mm
 P = 2 × 6.7  cm  + 2 × 3.4  cm
  = 13.4  cm  + 6.8  cm
  = 20.2  cm

b. Calculate the unknown length.

16 m

Perimeter 45 m

x

Student A

45 m = 16 m + 𝑥
45 m − 16 m = 𝑥
𝑥 = 29 m

Student B

45 m = 16 m + 16 m + 𝑥
45 m − 32 m = 𝑥
𝑥 = 13 m

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Eliud runs 3 km to warm up for his training. How many laps of a standard 400 m athletics track does 
he need to complete?

11. Robert has a table that is 80 cm tall. If he stacks fifteen 78 mm high cubes on top of each other on top 
of the table, what is the total height of the table and stack, in cm?

12. Hannah wants to make a square on the ground with her 12 m rope. Determine the length of one of 
the sides.
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13. Phemines has bought a new block of land as displayed in the diagram. If it costs $12 for 1 metre 
of fencing, determine how much it will cost her to build a fence at the perimeter of her new 
block of land?

85 m

135 m

14. Wacław loves geometric patterns. He began by drawing an equilateral triangle with each side of 
length  s , like the one in Fig 1. He then created Fig 2 and 3 by drawing smaller equilateral triangles 
inside the same triangle. Determine the side lengths of each of the smaller triangles shown in Fig 2 
and Fig 3 below, in terms of s.

Fig 1
A B

Fig 2
A B

Fig 3
A B

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. Sonya has created a walking track for her athletes, so they can warm up  
before training. The track is 1 m wide. With this design, Sonya can get the 
athletes to run various distances as warm up exercises.

a. Determine the length of the inner square’s perimeter.
b. Determine the perimeter of one of the rectangles.
c. Determine the perimeter of the rectangle created with the points A, 

B, C and D.
d. Determine the length of the perimeter of the outside edge of the 

walking track.
e. What are some good ways to warm up before training?

16. Use the diagrams to determine the length of the perimeters in parts a and b.

a.

6 cm 6 cm

b.

4 cm

3 cm

4 cm

3 cm

c. Use your answers to parts a and b, and the diagram above, to establish a general rule for 
calculating the perimeter of the special quadrilaterals in the diagram.

w

l

w

l

aa

8 m3 m

A

B

D

C
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Extra spicy

17. The shape in the diagram is made up of three rectangles, each having side lengths of 3 cm and 1 cm. 
What is the perimeter of the shape?

18. 8 km is approximately 5 miles. Which of the following distances is closest to 1.2 km?

A. 0.75 miles B. 1 mile C. 1.2 miles D. 1.6 miles E. 1.9 miles

19. Which of the following is equal to one million millimetres?

A. 1 metre B. 10 metres C. 100 metres D. 1 kilometre E. 10 kilometres

20.  △PQR  is an equilateral triangle with side lengths shown in the diagram.

3x − y

5y − xx + 2y

Q

P

R

What is the value of 𝑥 and 𝑦 if the perimeter is equal to 42.

Remember this?

21. Tri writes the following number sentence, where the stars represent the same number.

15 − ★ = ★ − 9
What number does ★ represent?

A. 9 B. 10 C. 11 D. 12 E. 13

22. Michael spins the following spinner three times.

It lands on yellow each time.
If he spins it a fourth time, which of the following is true?

A. It will certainly land on blue.
B. It is more likely to land on blue than yellow.
C. It has an equal chance of landing on yellow and blue.
D. It is more likely to land on yellow than blue.
E. It will certainly land on yellow.

23. Alistair is negotiating for a $1000 mattress. Initially, the salesperson agrees to reduce the price by 50%.  
The next day, he comes back and negotiates to receive a further 25% discount on this already 
discounted price.

How much did Alistair pay for the mattress?

A. $250 B. $375 C. $475 D. $875 E. $925
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Circumference of a circle12B

Key ideas

1. The radius is the direct distance from the centre of a circle to any point on the circumference.

The diameter is a straight line between two points on the circumference of a circle that passes through the centre.

Radius

Diameter

Circumference

2. The length of the circumference divided by the diameter is always equal to the number π.

d

r

C

C = πd C = 2πr

C
d

= π= π C
2r

3. π is an irrational number. Rounded to 8 decimal places, π ≈ 3.14159265…

π can be approximated by rounding or with fractions:

π

3 3.1 3.2 3.3 3.4 3.5

3.14 3.141 3.142 3.143 3.144 3.145 3.146 3.147 3.148 3.149 3.15

22
7

Circles are a fundamental shape and many objects in the natural world are formed  
with or create circles. For this reason they have been studied by mathematicians 
for thousands of years. The irrational number π is fundamental to circles. 
Archimedes of Syracuse famously discovered the estimation  22 ÷ 7  for π over 
2000 years ago.

LEARNING INTENTIONS

Students will be able to:
 • identify the diameter, radius and circumference of a circle

 • understand that the circumference divided by the diameter of any circle 
is equal to π

 • calculate the circumference of a circle (in terms of π) using a  
formula (calculator)

 • calculate the circumference of a circle to an approximate value of π.

KEY TERMS AND DEFINITIONS

The circumference is the perimeter of a circle.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: Iri_sha/Shutterstock.com

All objects in the universe move around  
other, larger objects. Tracking celestial 
bodies from Earth using a telescope and  
photography produces visible paths that  
closely resemble circles. We call these  
paths orbits and their properties depend  
on the masses of the orbiting bodies.
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Worked example 1

Calculating the circumference of a circle from the diameter or radius

Calculate the circumference in:

i. terms of π.
ii. and correct to 3 decimal places.

a. 

Working Thinking

C = πd

 = 4π cm

i. Apply the formula and express circumference in 
terms of π.

 = 4 × π

 ≈ 12.566 cm

ii. Calculate the circumference and round the value  
to 3 decimal places.

b. 

Working Thinking

 C   = 2πr 

  = 2 × π × 2.8 

  = 5.6π  m

i. Apply the formula and express circumference in 
terms of π.

  = 5.6 × π 

  ≈ 17.593  m

ii. Calculate the circumference and round the value  
to 3 decimal places.

Student practice

Calculate the circumference in:
i. terms of π.
ii. and correct to 3 decimal places.

a. b. 

WE1a

4 cm

WE1b

2.8 m

5 cm 1.8 m

	  12B CirCuMfErEnCE of A CirClE 707

12B

 



Worked example 2

Estimating the circumference (without a calculator)

Determine the circumference using the given estimations of π.

a.  π ≈   22 ____ 7    

6 cm

Working Thinking

 C   = πd 

  = 6π  cm

Step 1: Apply the formula and express circumference in 
terms of π.

  ≈ 6 ×   22 ____ 7    

  =   132 _____ 7    

  = 18  6 __ 7    cm

Step 2: Substitute in the given estimation of π and 
evaluate. Write the value of the circumference 
as a mixed number.

b.  π ≈ 3.14 

2.7 m

Working Thinking

 C   = 2πr 

  = 2 × π × 2.7 

  = 5.4π  m

Step 1: Apply the formula and express circumference in 
terms of π.

  ≈ 5.4 × 3.14 

  = 16.956  m

Step 2: Substitute in the given estimation of π and 
evaluate. Write the value of the circumference 
correct to three decimal places.

Student practice

Determine the circumference using the given estimations of π.

a. b. 

WE2a

WE2b

 π ≈   22 ____ 7     

8 cm

π ≈ 3.14

1.6 m
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Worked example 3

Calculating the radius and diameter with the circumference

Determine the values of the unknowns, correct to 3 decimal places.

a.  C = 9  cm

d

Working Thinking

 C = πd 

 d   =   C __ π   

Step 1: Rearrange the formula, with the unknown value 
as the subject.

  =   9 __ π    cm Step 2: Apply the formula and express the unknown in 
terms of π.

  ≈ 2.865 Step 3: Solve using a calculator and round to  
3 decimal places.

b.  C = 12.8  m

r

Working Thinking

 C = 2πr 

 r   =    C ____ 2π   

Step 1: Rearrange the formula, with the unknown value 
as the subject.

  =   12.8 ______ 2π     m Step 2: Apply the formula and express the unknown in 
terms of π.

  ≈ 2.037  m Step 3: Solve using a calculator and round to  
3 decimal places.

Student practice

Determine the values of the unknowns, correct to 3 decimal places.

a. b. 

WE3a

WE3b

 C = 11  mm

d

 C = 10.6  cm

r
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12B Questions

Understanding worksheet

1. Determine the length of the radius and diameter of the following circles.

Example

2 r =   , d = 2 4

a.

4 r = 4, d = 

b.

6 r =   , d = 6

c.
m

r =   , d = 

d.

p r =   , d = 

2. Determine the number that is multiplied by π to calculate the circumference.

Example

Circumference: 19.79

19.79 =   × π6.36.3

a.

1 3.14159 =   × π

Circumference: 3.14159 b.

7.85 =   × π

Circumference: 7.85

2.5

c.

6.283185 =   × π

Circumference: 6.283185

1

d.

18.8596 =   × π

Circumference: 18.8596

3
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3. Fill in the blanks by using the words provided.

diameter circumference radius 𝝅

All circles contain three main properties. The perimeter of a circle is commonly referred to as the  .  

The  of a circle is the straight line joining its centre to any point on the circumference. 

The  is a straight line which crosses the centre of a circle and joins any two points on the 

circumference. The ratio of the circumference to the diameter of any circle is always equal to  .

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 7 (a,b,c,d),  
8 (a,b,c,d), 9

Medium 
4 (b,c,d,e), 5 (b,c,d,e), 6 (b,c,d,e) 7 (b,c,d,e),  
8 (c,d,e,f), 9

Spicy 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7 (c,d,e,f), 
8 (e,f,gh), 9

4. Calculate the circumference in:

i. terms of π.
ii. and correct to 3 decimal places.

a.

3 m

b.

2 cm

c.

15 mm

d.

5.5 km

e.

mm3
4

f.

km7
22

5. Calculate the circumference in:

i. terms of π.
ii. and correct to 3 decimal places.

a.

2 m

b.

15 mm

c.

0.9 cm

d.

21.48 m

e.

km25
157

f.

mm15 5
7

WE1a

WE1b
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6. Determine the circumference using the given estimations of π, correct to 3 decimal places.

a.  π ≈   22 ____ 7    

2 cm

b.  π ≈ 3.14 

7.2 km

c.  π ≈   22 ____ 7    

m3
4

d.  π ≈ 3.14 

4.18 m

e.  π ≈   22 ____ 7    

mm3 5
8

f.  π ≈   333 _____ 106   

m5 8
9

7. Determine the circumference using the given estimations of π, correct to 3 decimal places.

a.  π ≈   22 ____ 7    

m7
2

b.  π ≈ 3.14 

2.5 km

c.  π ≈   22 ____ 7    

m13
6

d.  π ≈ 3.14 

6.125 m

e.  π ≈   333 _____ 106   

cm8 5
6

f.  π ≈ 3.14159 

250 km

8. Determine the values of the unknowns, correct to 3 decimal places.

a.  C = 5  m

d

b.  C = 15.3  cm

d

c.  C = 6  km

r

d.  C =   3π ____ 2     cm

d

e.  C = 7.6  mm

r

f.  C = 1345  mm

d

g.  C = 0.23  km

r

h.  C = 4  5 __ 8    m

r

9. Determine the circumference, correct to 3 decimal places.

A. 4.3 m
B. 8.6 m
C. 13.509 m
D. 27.018 m
E. 27.019 m

WE2a

WE2b

WE3

4.3 m
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Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Find the circumference of the circle, correct to  
3 decimal places.

13.6 cm

Student A

 C   = 2πr 
  = 2 × 13.6 × π 
  = 27.2 × π 
  ≈ 85.451 

Student B

 C = πd 
  = 13.6 × π 
  ≈ 42.726 

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

5.34 m

Student A

 C = 2πr 
  = 2 × 5.34 × π 
  = 10.68 × π 
  ≈ 33.55 

Student B

 C = 2πr 
  =  2 × 5.34 × 3.14  

rounded to 2dp
  ≈ 33.5352 

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Pietro created a walking path with semi-circles around a square for his race horses. The square  
has side lengths of ten metres. How long is his new walking track? Round your answer correct to  
2 decimal places.

12. The Earth is almost a perfect circle at the equator. The distance around the equator is 40 075 km. 
What is the direct distance from the surface of the Earth to its centre, to the nearest kilometre?

13. Newtown is planning to install a new Ferris wheel as a feature of its tourism advertising campaign.  
The wheel, excluding the carriages, has a total length of 80 m. The pods can carry 10 passengers each,  
but need to be spaced out by 10 m around the Ferris wheel. How many passengers can be on the 
Ferris wheel at the one time?

14. Guiseppe has measured his pizzas to have a circumference of 94 cm. To the nearest centimetre,  
what is the minimum width of the pizza boxes Giuseppe needs to order?

15. Xavier is designing circular walkways over the local wetlands. The tradesmen need the plans to be 
correct to three decimal places. Which of the following estimates for π will produce an estimate for 
the exterior circumference of the walkway?

 π ≈   22 ____ 7   , π ≈   333 _____ 106    and  π ≈   355 _____ 113   

1 m 10 m
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Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy All 

16. An object in space moves around another object in space on a path that is very close to  
a circle. It is possible to use the facts about circles to understand their movement. 
Provide all of your answers rounded to the nearest whole number.

a. The Moon is approximately 384 400 km from the Earth. Calculate the distance the 
Moon travels in one orbit of the Earth.

b. The Moon takes 27.32 days to orbit the Earth. Calculate how many kilometres it 
travels per hour.

c. The Earth is approximately 150 million km from the Sun. It orbits the Sun in 
365.256 days. Calculate how many kilometres it travels around the Sun each hour.

d. Below is a table of planets with their orbital distance from the Sun and the time of one orbit. 
Calculate the speed that each of them is moving at. 

Planet Orbital distance from the Sun Time of one orbit (to nearest Earth day) Speed (km/h)

Mercury 59 million km 88 days

Venus 108 million km 225 days

Mars 228 million km 687 days

Jupiter 778 million km 4330 days

e. Is it possible for humans to colonise other planets?

17. For the following.

a. Calculate the circumference of the circle below, correct to 2 decimal places.

10 cm

b. Calculate the perimeter of the triangle and square below, correct to 2 decimal places,  
where applicable.

10 cm

7 cm

8.68 cm

10 cm

c. Compare the circumference from part a to the perimeters from part b. What will happen to the 
difference between the circumference of a circle and the perimeter of a regular shape inside of it 
if the number of sides of the shape is increased?

384 400 km E

M
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Extra spicy

18. Elon orbits an asteroid in a clockwise direction, completing one orbit every 5 minutes. Jeff orbits 
the same asteroid in a counter clockwise direction, completing an orbit every 6 minutes. If they are 
directly opposite each other, how many times will they pass each other in the next hour?

A. 11
B. 15
C. 22
D. 30
E. 60

19. Calculate the difference between the circumference of the large circle and the sum of the 
circumferences of all the small circles.

20. A perfect circle is drawn around a square that has side lengths of 2 units and a diagonal of   √ 
_

 8    units. 
Two curves from the circle and two sides from the square are used to create the second shape in  
the diagram. Which is the closest approximation of the perimeter of the second shape?

A. 5.111
B. 6.221
C. 8.443
D. 9.657
E. 12.886

21. Brahmagupta (598–670 AD) discovered the formula for the area of a cyclic quadrilateral, all four 
vertices on the circumference of a circle. Where  a, b, c, d  and the four side lengths and  s  is equal to 
half of the total perimeter. The area is equal to:

  √ 
_________________________________

    (  s − a )   (  s − b )   (  s − c )   (  s − d )     
What is the area of the cyclic quadrilateral in the diagram?

Remember this?

22. In Ms R’s prep class, students are making letters using wooden blocks.

Eleanor makes an uppercase ‘E’ as shown below.
What is the perimeter of the shape in cm?

7 cm

10 cm

20 cm

30 cm

7 cm

35 cm

A. 130 cm B. 189 cm C. 210 cm D. 227 cm E. 270 cm

Je˛Elon

2
√8

7
10

5 4
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23. Tori goes on holiday to the Gold Coast for three nights. She goes out for dinner each night.  
On the first night, she pays $41 for her meal. On the second night, she pays $36. On the  
third night, she pays $28.

What is the mean cost per meal?

A. $31 B. $32 C. $33 D. $34 E. $35

24. Stuart has a system where he rewards himself for study using Tim Tams.

For each hour he studies Maths, he earns one Tim Tam.
For each hour he studies English, he earns two Tim Tams.
For each hour he studies French, he earns three Tim Tams.
He records the hours of study he does in one week in a table.

Subject Number of hours

Maths iiii i

English iii

French i

If he does the same amount of study for each subject the next two weeks, how many Tim Tams will 
he collect?

A. 14 B. 15 C. 28 D. 30 E. 32
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Area of squares, rectangles  
and triangles12C

Key ideas

1. The area of a 2D shape can be found by counting the number of unit squares the shape covers on a grid.

2. The area of a square and rectangle is equal to one side length multiplied by a perpendicular side length.

A = s × s = s2 A = l × w
5 w

l

The area of a triangle is equal to half of the rectangle created by the base and height of the triangle.

A = b × h
2

h h

b b
b

b

h h

Note: The base is always a side of the triangle and the height is the line that is perpendicular to the base and passes 
through the vertex opposite to the base. Continues →

Calculating areas has been an important skill ever since civilisations began. 
Official Egyptian surveying of farmland around the Nile dates back to 1400 BC.  
Communities used area measurements to manage and distribute the land 
around them. Area is measured in unit squares, and in this lesson we revise the 
methods of determining how many units are contained in particular squares, 
rectangles and triangles.

LEARNING INTENTIONS

Students will be able to:
 • convert between units of area

 • determine the area of squares and rectangles

 • determine the area of triangles.

KEY TERMS AND DEFINITIONS

The area is the amount of space that is contained by the boundaries of a flat,  
two-dimensional shape.

A hectare is a metric unit of area equal to 10 000 square metres.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: SkillUp/Shutterstock.com

Very complicated surfaces are always 
reduced to many small squares and 
triangles to simplify them, which allows  
better measurement and understanding  
of them.
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Worked example 1

Converting between units of area measurement

Convert.

a.  560  mm2 to cm2

Working thinking

 560 ÷ 1 0   2  =   5.6  cm2 Complete the necessary multiplication or division and 
state the value, with units.

Visual support

km2 ha m2 cm2 mm2

×102

÷102

×1002

÷1002

×1002

÷1002

×102

÷102

b.  0.75  km2 to m2

Working thinking

 0.75 × 1 0   2  × 10 0   2   =  750 000  m2 Complete the necessary multiplication or division and 
state the value, with units.

Student practice

Convert.

a.  380  mm2 to cm2 b.  0.88  km2 to m2

WE1a

WE1b

Worked example 2

Using formulas to calculate area

Determine the areas of the shapes.

a. 

Working thinking

 A   = 3.3 × 1.7 

  = 5.61  m2

Apply the formula (Area = width × length) to side 
lengths and calculate the area, with units.

Continues →

WE2a3.3 m

1.7 m

3. We can convert between different units of area measurement by multiplying or dividing by powers of 10.

Square kilometre
(km2)

Hectare
(ha)

Square metre
(m2)

Square centimetre
(cm2)

Square millimetre
(mm2)

×102

÷102

×1002

÷1002

×1002

÷1002

×102

÷102
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Worked example 3

Calculating areas of composite shapes

Determine the areas of the following composite shapes.

a. 

Working thinking

Total area = area of large rectangle + area of  
small rectangle

Step 1: Write a word equation to describe the 
composite area, using component shapes.

 A   = 4 × 2 + 1 × 2 Step 2: Apply the formulas for the areas of each 
component shape.

  = 8  cm2  + 2  cm2  = 10  cm2 Step 3: Calculate the composite area, with units.

Visual support

2 cm

4 cm

2 cm
1 cm

Continues →

WE3a
1 cm

2 cm

4 cm

b. 

Working thinking

 A   =   4.4 × 2.4 ___________ 2     

  =   10.56 _______ 2     

  = 5.28  cm2

Apply the formula Area  =   
base × height

  ________________ 2     to the given 
measurements and calculate the area, with units.

Student practice

Determine the areas of the shapes.

a. b. 

WE2b

2.4 cm

4.4 cm

3.8 m

2.2 m 2.2 cm

3.8 cm
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12C Questions

Understanding worksheet

1. Fill in the missing unit of measurement.

Example

328.9864 m2 = 32 898 640 mm2

a. 15 cm2 = 1500 b. 11 ha = 110 000 

c. 11 m2 = 0.0011 d. 419 007 000 m2 = 419.007 

b. 

Working thinking

 A =  rectangle − triangle Step 1: Write a word equation to describe the 
composite area, using component shapes.

 A   = 4 × 5   −   2 × 5 _______ 2    Step 2: Apply the formulas for the areas of each 
component shape.

  = 20   − 5   = 15  cm2 Step 3: Calculate the composite area, with units.

Visual support

4 cm
2 cm

5 cm

Student practice

Determine the areas of the following composite shapes.

a. b. 

WE3b

5 cm

4 cm

2 cm

1 cm

3 cm

6 cm 4 cm

2 cm
3 cm
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2. Fill in the blanks. 

Example

Base of a triangle: 

Height of a triangle: 

4.7 cm

8.9 cm

8.9

4.7

a.

Base of a triangle: 

Height of a triangle: 

6 cm

11 cm

b.

Base of a triangle: 

Height of a triangle: 

14 cm

13.6 cm

c.

Base of a triangle: 

Height of a triangle: 

11.1 cm

d.

Base of a triangle: 

Height of a triangle: 

7.2 cm

5.8 cm

3. Fill in the blanks by using the words provided.

multiplying formula squares perpendicular

One way to find the area of triangles, squares, rectangles or any other 2D shapes is by counting the number 

of unit  the shapes cover on a grid. However, a more efficient way is by using a 

 or equation. The formula to find the area of a triangle is equal to    b × h _______ 2    , where  b  is equal 

to the base and  h  is equal to the  height. We can also convert 1 square metre to 1 square 

centimetre by  by  10 0   2  .
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8

4. Convert.

a.  12  cm2 to mm2 b.  3000  cm2 to m2 c.  37  m2 to cm2 d.  2  ha to km2

e.  845 000  mm2 to m2 f.  1.8  ha to cm2 g.  0.089  km2 to m2 h. 

5. Determine the areas of the shapes.

a.

5 m

3 m

b.

10 cm

5 cm

c.

11 mm

d.

3 m

4 m

e.

3.2 km

2.3 km

f. 1.7 km

4.5 km

g. 17.2 mm h.

2.1 cm

2.7 cm

3.
1 c

m

4.4 cm

6. Determine the areas of the composite shapes.

a.

3 cm

2 cm

5 cm

1 cm
b.

4 km

6 km

8 km

2 km
c.

7 m3 m

10 m

d.

3 m

5 m

2 m

e.

25 cm

42 cm

15 cm
32 cm

f. 2 mm g.

6 cm

h.

21 mm

6 mm

15 mm
9 mm

7. Determine the value of the unknown.

a. Area  = 12  m2

4 m

a

b. Area  = 16  cm2

a

c. Area  = 4  m2

2 m

a

d. Area  = 45  cm2

a8 cm

e. Area  = 1.44  km2

a

f. Area  = 35  m2

a

14 m

g. Area  = 54  cm2

3a cm 4a cm

h. Area  = 720  mm2

a

2.4 cm

WE1

 92 050 000  mm2 to km2

WE2

WE3
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8. Calculate the area of this shape.

A. 40 cm2

B. 60 cm2

C. 68 cm2

D. 120 cm2

E. 127.5 cm2

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Convert  250  cm2 to m2.

Student A

 250 ÷ 100 = 2.5 
 250  cm2  = 2.5  m2

Student B

 250 ÷ 10 0   2  = 0.025 
 250  cm2  = 0.025  m2

b. Calculate the area of this shape.

2 cm

4 cm

Student A

 A   = 2 × 2 + 2 × 4 
  = 10  cm2

Student B

 A = 2 × 4 
  = 8  cm2

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Mark is planning to paint the side of his barn. He has measured it to be 5 m wide, while the right  
and left sides are both 2.5 m high. The barn reaches 3.5 m at its highest point perpendicular to  
the ground. How many square metres does he need to paint?

5 m

2.5 m
3.5 m

11. Dean’s yard was 8 m wide and 12 m long. If he created a 1 m wide path around the edge of his yard, 
what area did the path cover?

8 m

12 m
1 m

12. The regulations of a soccer pitch are that it must be a rectangular field with length from 100 m 
to 120 m and width from 50 m to 100 m. What is the difference in area between the smallest and 
largest possible fields?

15 cm

8 cm
17 cm
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13. Fran’s company is trying to position itself as a futurist start-up. They have created a design on their 
business cards to give the impression of heading to the future. If their business cards are 8 cm wide 
and 6 cm high, then what area of the card is painted black, excluding the writing?

The future 
is ahead.

14. Angelo has put up his 5-acre rectangular block of land for sale. The advertising states that the 
property has 125 m of road frontage. Considering that a hectare equals 2.5 acres, how far back  
from the road does his property go, in metres?

Reasoning 
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy All 

15. Warren’s tennis club has decided to install a hardcourt as an  
alternative to its plethora of clay courts. The measurements 
of the court area and lines are provided in the diagram.

a. What is the total area of the court?
b. Determine the total length of all the white lines.
c. If the lines are 5 cm wide, then how many square 

metres of white paint will need to be applied?
d. If Warren wanted the total area of the white lines to  

be 10 m2, then how wide should he make the lines,  
in cm to two decimal places?

e. Can local and public sporting club facilities survive without volunteers?

16. Use the diagram to answer the questions.

a. Calculate the areas of  △ABC  and  △AED .
b. Calculate the area of the shaded triangle  △ADC  using your answer to part a and the 

area of the quadrilateral  AEDB .
c. Use your answer to part b to explain how the area of the quadrilateral  EFCD  is related 

to the area of  △ADC. 

Extra spicy

17. What fraction of the area contained by the purple pentagon is covered by the blue triangle?

A.    2 __ 7   

B.    1 __ 3   

C.    2 __ 5   

D.    1 __ 4   

E.    2 __ 9   

6.4 m

1.37 m

25 m

4.11 m

8.22 m 14 m

5.48 m

E

D

A

B

F

C

6 cm

6 cm4 cm
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18. Determine the value of  a .

a

4 m

3 m
5 m

19. Determine the value of  a .

a 2.7 cm

2.1 cm

3 cm

A. 1.93 cm B. 1.89 cm C. 2.33 cm D. 3.86 cm E. 7.72 cm

20. Claude has created the following design for a crown sprite for the king to wear in his video game. 
The crown consists of a rectangle  5.5  mm and  8  mm with four triangles that have the same height. 
If a square pixel has a width of 0.25 mm and a height of 0.25 mm. How many pixels covers the same 
amount of area as the crown?

8 mm

5.5 mm
7 mm

Remember this?

21. Which square has one quarter shaded?

A. B. C. D. E.

22. Claire makes $96 selling 24 scrunchies at the school fete.

All her scrunchies are the same price.
How much money will she make selling 30 scrunchies?

A. $110 B. $120 C. $130 D. $140 E. $150

23. Which of these images looks the same after one sixth of a turn?

A. B. C. D. E.
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Area of special quadrilaterals12D

Key ideas

1. The area of a larger shape is equal to the sum of the area of the smaller shapes contained within it.

= +

2. The area of special quadrilaterals can be found using formulas.

The area of a parallelogram is equal to the length of its base multiplied by the length of its height perpendicular 
to the base.

Base Base

Height Height

Base

Height

Base

Base

Height

Height

Area = base × height + = base × heightArea = base × height
2

base × height
2

The area of a kite is equal to half of the rectangle created by its perpendicular diagonals.

A =
d1 × d2

2

d1

d2

d1

d2

Continues →

The formulas for finding the areas of triangles and rectangles are used to find 
the areas of special quadrilaterals. Special quadrilaterals have properties that 
lead to consistent area formulas, if the measurements of particular properties 
are known.

LEARNING INTENTIONS

Students will be able to:
 • understand that special quadrilaterals can be formed by rectangles 

and triangles

 • calculate the areas of rhombuses, kites and trapeziums using formulas.

KEY TERMS AND DEFINITIONS

A parallelogram is a quadrilateral with two opposite pairs of parallel sides.

A trapezium is a quadrilateral with one pair of parallel sides.

A kite is a quadrilateral with reflection symmetry across a diagonal.

A rhombus is a quadrilateral with four equal sides.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: Michael Rosebrock/Shutterstock.com

Modern building design incorporates 
diverse shapes. Knowing the area of 
a parallelogram helps to understand 
the amount of windows required in a 
building like the one at the Port  
of Hamburg.
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Worked example 1

Determining the area of a parallelogram

Determine the areas of the following shapes.

a. 

Working thinking

Parallelogram

Area = base × height

Step 1: Recognise the shape and formula that can be 
used with measurements given.

  = 6.5 × 5 

  = 32.5  cm2

Step 2: Apply the formula to the measurements given.

Visual support

6.5 cm

5 cm

Continues →

WE1a

6.5 cm

5 cm

The area of a rhombus can be calculated using either the formula of a parallelogram or a kite.

A = b × h

A =
d1 × d2

2

d1

d2

b b

h

d1

h

The area of a trapezium is equal to the average of the lengths of the parallel sides multiplied by the perpendicular 
distance between them.

+

+

b

a

h

h × a h(b −a)
2

A = h(b +a)
2

b

a

h

h × a h(b −a)
2
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Worked example 2

Determining the area of a kite

Determine the areas of the following shapes.

a. 

Working thinking

Kite

Area  =   
 d  1   ×  d  2  

 _________ 2    

Step 1: Recognise the shape and formula that can be 
used with measurements given.

  =   4 × 9.5 _________ 2    

  = 19  cm2

Step 2: Apply the formula to the measurements given.

Visual support

4 cm

9.5 cm 9.5 cm

2 cm

Continues →

WE2a

4 cm

9.5 cm

b. 

Working thinking

A rhombus is a parallelogram.

Area = base × height

Step 1: Recognise the shape and formula that can be 
used with measurements given.

  = 11.8 × 8.5 

  = 100.3  mm2

Step 2: Apply the formula to the measurements given.

Student practice

Determine the areas of the following shapes.

a. b. 

WE1b

11.8 mm

8.5 mm

8 cm

4.5 cm

9.6 mm

7.2 mm
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Worked example 3

Determining the area of a trapezium

Determine the areas of the following shapes.

a. 

Working thinking

Trapezium

Area  =   h ×  (  a + b )   ______________ 2    

Step 1: Recognise the shape and formula that can be 
used with measurements given.

  =   5 ×  (  4.5 + 9.5 )    __________________ 2    

  = 35  cm2

Step 2: Apply the formula to the measurements given.

Visual support

5 cm
5 cm

4.5 cm 5 cm
9.5 cm − 4.5 cm

Continues →

WE3a

9.5 cm

5 cm

4.5 cm

b. 

Working thinking

Kite

Area  =   
 d  1   ×  d  2  

 _________ 2    

Step 1: Recognise the shape and formula that can be 
used with measurements given.

  =   40 × 25 __________ 2    

  = 500  mm2

Step 2: Apply the formula to the measurements given.

Student practice

Determine the areas of the following shapes.

a. b. 

WE2b

40 mm

25 mm

8.5 cm

6 cm
20 mm

35 mm
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12D Questions

Understanding worksheet

1. Add the areas of the smaller shapes to find the area of the larger shape.

Example

24 m2

30.4 m2

6.4 m2

a.

7 mm2

7 mm2

b.

5 cm2

5 cm2

20 cm2

b. 

Working thinking

Trapezium

Area  =   h ×  (  a + b )   ______________ 2    

Step 1: Recognise the shape and formula that can be 
used with measurements given.

  =   4 ×  (  4.5 + 8 )    ________________ 2     

  = 25  cm2

Step 2: Apply the formula to the measurements given.

Student practice

Determine the areas of the following shapes.

a. b. 

WE3b

8 cm

4.5 cm 4 cm

10 cm

6 cm

4.5 cm

6 cm

7 cm

3.5 cm
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c.

8.8 km2

19.9 km2

d.

19.25 cm2
5.25 cm22.6 cm2

2. Circle all possible shapes that could be created by transforming and joining the triangles  
and rectangles.

Example

Trapezium

Rectangle

Kite

Rhombus

Parallelogram

Square

a.

Trapezium

Rectangle

Kite

Rhombus

Parallelogram

Square

b.

Trapezium

Rectangle

Kite

Rhombus

Parallelogram

Square

c.

Trapezium

Rectangle

Kite

Rhombus

Parallelogram

Square

d.

Trapezium

Rectangle

Kite

Rhombus

Parallelogram

Square

3. Fill in the blanks by using the words provided.

rhombus parallel parallelogram diagonals

The area of a  is equal to the area of a rectangle that has the same base length and height  

perpendicular to the base. The area of a kite is equal to half of the area of the rectangle created by its 

 . The area of a  can be found by using the formula for the area of a 

parallelogram or a kite. The area of a trapezium is found by adding the lengths of both  sides, 

multiplying this sum by the distance between them, and dividing the product by two.
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 7 (a,b,c,d),  
8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7 (b,c,d,e), 
8 (b,c,d,e), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7 (c,d,e,f), 
8 (c,d,e,f), 9

4. Determine the areas of the following shapes.

a.

3 cm

4 cm

b.

2.5 m

2.8 m

c.

6 cm

16 cm

d.

6.1 cm

4.1 cm

e.

19 cm

14 cm

f. 12 cm

15 cm

57.6 cm

g. 1.1 m

3.6 m

h.

9.8 m

9.9 m

5.2 m

5. Determine the areas of the following shapes.

a.

2 m

4 m

b.

6 mm

11 mm

c.

10 mm

19 mm

d. 38.2 cm

27.5 cm

31.5 cm

e.

40 cm

13 cm
f. 17 mm

10.4 mm

6 mm

g.

3 cm

1.05 cm

1.38 cm

2.35 cm

h.

12 cm

13 cm

10 cm

WE1

WE2
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6. Determine the areas of the following shapes.

a.

2 cm

1 cm

3 cm

b. 3 cm

2 cm

5 cm

c. 5 cm

3 cm

7 cm

d. 5 mm

7 mm

12 mm

e. 13 km

4.6 km

9 km

f. 6.4 m

13.8 m

3.7 m

g. 6 cm

3 cm

4 cm5 cm

h. 3 km 2.8 km

6.8 km
5 km

7. Describe the areas of the following shapes with an algebraic expression. You do not need to calculate the areas.

a.

b

a

b.

y

zx

c.

b c

d.

t

s

r

e.

x x

f.

a + 2

b

a

8. Determine the areas that are shaded in the following diagrams.

a.

5 mm

8 mm b.

6 mm

10 mm

4 mm c.

5 cm

2.5 cm

8.5 cm d.

24 km

26 km

e.

7 cm

3.5 cm

11 cm f.

9 cm5 cm

10 cm

7 cm

9. Determine the area of the following shape.

A.  9.5  m2

B.  10.5  m2

C.  20  m2

D.  22  m2

E.  27.5  m2

WE3

4 m 5 m

5.5 m
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Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Find the area of the following shape.

6.5 m

9.1 m

3.3 m

Student A

 6.5 × 9.1 = 59.15  m2

Student B

 9.1 × 3.3 = 30.03  m2

b. Find the area of the following shape.

13.5 cm

7 cm

5 cm

Student A

   5 ×  (  7 + 13.5 )    __________________ 2    

 =   102.5 _______ 2    = 51.75  cm2

Student B

  5 ×  (  13.5 − 7 )   = 32.5   cm2

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Bobby has built some water barriers to help funnel his sheep into a smaller area before he shears them.  
The piece of land he’s working with is a 9 m by 11 m rectangle. The area he’s trying to funnel them 
into is a 5 m by 5 m square. Use the diagram to determine the area of land in this rectangle that is not 
covered by water. Water is coloured blue.

5 m

5 m

9 m

11 m

12. Strawberry Fields have re-zoned some farmland on the outskirts of their town. Roads are running 
parallel to each other in an east-west direction and streets are running parallel to each other in 
northeast-southwest direction. If the roads are 80 m apart and the intersections between roads  
and streets are 96 m away from each other, then what is the area of the block of land enclosed by  
the streets and roads?

80 m

96 m

96 m

13. Joshua created a pattern mural on a wall that was 4 m high and 7 m wide. He started by drawing a 
rhombus that had a vertex on each side of the wall and painting a star pattern inside the rhombus. 
He then coloured the wall outside of the rhombus blue. What is the size of the area that is covered  
by blue paint?
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14. Tori has created a kite that has a total surface area of 1400 cm2. What is the area of the smallest 
rectangle she could place around it?

15. Ravi wants to place sound proofing foam along a 17 m by 5 m wall to reduce feedback when recording  
his sitar. Unfortunately, he only has enough to cover  65  m2 so he decides to compromise by covering 
as much as he can with a trapezium shape. Determine the value of  a  in the following diagram.

a

17 m

5 m

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. The Hansen and Davinport families bought two blocks of land alongside  
each other. Both were promised even access to the river and an equal amount 
of land, so a fence line was built to satisfy all of these conditions and the 
families then proceeded to build their homes. The diagram shows their houses 
as purple and has the lengths of fence lines.

a. Calculate the total area of the Hansen family’s property.
b. Calculate the total area of the Davinport family’s property.
c. Calculate the combined area of Hansen's and Davinport’s blocks of land 

and determine what area each family should have, if they are to have an 
equal share.

d. The Hansen family offers the Davinport family a trapezium piece of land that has sides of 20 m 
and 30 m that are parallel to the current fence line. How wide does the trapezium need to be so 
that both families have an equal amount of land in total?

DavinportHansen

30 m20 m

w

e. Does the amount of river shore line improve a property?

17. For the following.

a. Calculate the areas of the rectangle and triangle and add them together.

4 cm

7 cm 5 cm

b. Calculate the area of the trapezium.

4 cm

7 cm

12 cm

c. Use your answers in parts a and b and the diagram below to explain how the formula for the 

area of a trapezium must be    h (  a + b )   ___________ 2    .

h

a x

b

60 m 60 m

Hansen

Davinport

10 m

90 m 80 m

120 m
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Extra spicy

18. A rhombus with a perimeter of 26 cm sits inside a rectangle with side lengths 11 cm and 7 cm. 
Determine the length of  h , rounded to 2 decimal places.

11 cm

h 7 cm

19. A solid white plastic cube is painted blue on the outside. The cube is then cut into eight smaller 
cubes of equal size. What fraction of the total surface area of the new cubes is blue?

A.    1 __ 8   B.    1 __ 3   C.    3 __ 8   D.    1 __ 2   E.    3 __ 4   

20. Pythagoras’s theorem states that for a right angled triangle:

c2 = a2 + b2

a

b
c or

c = √a2 + b2

Use Pythagoras’ theorem to calculate the perimeter of a rhombus that has diagonals 10 cm and  
12 cm long, to the nearest cm.

21. The diagram shows an equilateral triangle with its corners at midpoints of alternate sides of a 
regular hexagon. What fraction of the hexagon is shaded?

A.    1 __ 2   B.    1 __ 3   C.    3 __ 8   D.    4 __ 9   E.     7 ____ 12   

Remember this?

22. What number does the heart represent in the following number sentence? Round your answer to  
1 decimal place if required.

♥ ÷ (230.391 + 18.129) = 2.5

A. −3600.8 B. −530.7 C. 0.1 D. 621.3 E. 3600.8

23. Merna is playing with a claw machine at the mall. The claw starts in the centre of the machine.

There are two prizes left.

30 cm 30 cm

10 cm

Middle of the machine

10 cm

x x

If the machine is 150 cm wide, determine the distance between the two prizes.

A. 35 cm B. 50 cm C. 65 cm D. 70 cm E. 80 cm
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24. The following table shows the weights of some pets coming into a veterinary clinic.

Name Weight Species

Spike 5 kg Dog

Freddo 0.1 kg Lizard

Cleopatra 0.25 kg Snake

Rosie 15 kg Dog

Sprout 2 kg Cat

Fluffy 61 kg Dog

Bonnie 3 kg Cat

How much heavier is the heaviest dog than the heaviest cat?

A. 2 kg B. 12 kg C. 13 kg D. 58 kg E. 59 kg
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Area of a circle12E
Just like the circumference, the area of a circle has a direct relationship with 
the radius, diameter and the number π. The area of a circle can be expressed 
in exact form as a number multiplied by π or as an estimate by rounding.

LEARNING INTENTIONS

Students will be able to:
 • determine the area of a circle given its radius or diameter using 

a calculator

 • calculate the area of a circle using an approximate value of π

 • calculate the area of a semicircle and quadrant.

KEY TERMS AND DEFINITIONS

A semicircle is exactly half of a circle.

A quadrant is exactly one quarter of a circle.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: Kent Raney/Shutterstock.com

Some farmers create circles when 
watering their crops from a sprinkler. 
To help farmers know how many crops 
they can grow, they can calculate the 
area covered by the sprinklers by using 
the distance the sprinkler sprays water 
as the radius of the circle.

Key ideas

1. The area of a circle can be estimated by counting the number of squares that fit inside it.

Estimate is ≈ 2.88 cm2

= 0.04 cm2

Estimate is ≈ 3.52 cm2

= 0.04 cm2

Estimate is ≈ 3.22 cm2

= 0.0025 cm2

111

2. The formula to determine the area of a circle is A =  π r   2 . 

The formula can be derived by dividing a circle into multiple sectors and placing them together into a shape that 
resembles a rectangle. Smaller sectors will produce a more accurate estimation for the area of a circle.

r

Area of the rectangle = area of the original circle

l × w = πr × r = πr 2

πr

r

The length of the rectangle can be estimated by half of the circumference of the circle so  l =   2πr _____ 2    = πr. 
The width of the rectangle is the radius of the original circle so  w = r . Continues →
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3. The area of a semicircle is equal to half of the area of a circle and the area of a quadrant is equal to a quarter 
of the area of a circle.

Area of circle = πr 2

r

r

Area of semicircle = πr 2
2 Area of quadrant = πr 2

4

r

r

Worked example 1

Calculating the area of a circle from the diameter or radius

Calculate the area:

i. in terms of  π .
ii. correct to 3 decimal places.

a. 

Working Thinking

 A   = π ×  r   2  

  = π ×   (  8.5 )     2  

  = 72.25π  cm2

i. Apply the formula and express area in terms of π.

 ≈ 226.980 cm2 ii. Calculate the area and round the value 
to 3 decimal places.

b. 

Working Thinking

 r =   d __ 2   = 2.5  mm Step 1: Convert the diameter into a radius.

 A   = π ×  r   2  

  = π ×   (  2.5 )     2  

  = 6.25π  mm2

Step 2: 

i. Apply the formula and express area in terms of π.

 ≈ 19.635 mm2 ii. Calculate the area and round the value 
to 3 decimal places.

WE1a

8.5 cm

Continues →

WE1b

5 mm
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Student practice

Calculate the area:

i. in terms of  π 
ii. correct to 3 decimal places.

a. b. 

7 cm 7 mm

Worked example 2

Estimating the area of a circle from the diameter or radius

Determine the area of the circles using the given estimations of  π .

a.  π ≈   22 ____ 7     

 

Working Thinking

 A = π ×  r   2  

  = π ×   (    7 __ 4   )     
2
  

  =   49 ____ 16    π  cm2

Step 1: Apply the formula and express the area in terms 
of π.

  ≈   49 ____ 16   ×   22 ____ 7    =   77 ____ 8    

  = 9  5 __ 8    cm2

Step 2: Substitute in the given estimation of π  
and evaluate. Write the value of the area  
as a mixed number.

b.  π ≈ 3.14 

 

Working Thinking

 r =   d __ 2   = 5.9  mm Step 1: Convert the diameter into a radius.

 A   = π ×  r   2  

  = π ×  5.9   2  

  = 34.81π  mm2

Step 2: Apply the formula and express the area in terms 
of π.

  ≈ 34.81 × 3.14 

  = 109.30  mm2

Step 3: Substitute in the given estimation of π 
and evaluate.

Continues →

WE2a

cm7
4

WE2b

11.8 mm
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Student practice

Determine the area of the circles using the given estimations of  π .

a.  π ≈   22 ____ 7    b.  π ≈ 3.14 

2 mm
14.2 mm

Worked example 3

Calculating the area of semicircles and quadrants

Calculate the area of the semicircles and quadrants:

i. in terms of  π .
ii. correct to 3 decimal places.

a. 

Working Thinking

 A =   π ×  r   2  _________ 4    

    =   π × 62
 _________ 4    

    =   π × 36 _________ 4    

  = 9π  cm2

i. Apply the formula and express area in terms of π.

  ≈ 28.274  cm2 ii. Calculate the area and round the value 
to 3 decimal places.

Visual support

Area = π × r 2 Area = π × r 2
4

r

r

Continues →

WE3a

6 cm
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b. 

Working Thinking

 r =   d __ 2   = 2  m Step 1: Convert the diameter into a radius.

 A   =   π ×  r   2  _________ 2    

  =   π ×  2   2  _________ 2    

  = 2π  m2

Step 2: 

i. Apply the formula and express area in terms of π.

  ≈ 6.283  m2 ii. Calculate the area and round the value 
to 3 decimal places.

Student practice

Calculate the area of the semicircles and quadrants in:

i. terms of  π 

ii. and correct to 3 decimal places.

a. b. 

WE3b

4 m

4 cm 6 m

Worked example 4

Calculating the radius and diameter using the area of a circle

Determine the values of the unknowns, correct to 3 decimal places.

a.  A = 25 cm2 

 

Working Thinking

  A = π ×  r   2  

 25 = π ×  r   2  

   r   2  =   25 ____ π    

  r   =  √ 
____

   25 ____ π     

Step 1: Rearrange the formula, with the unknown 
value as the subject.

  ≈ 2.821  cm Step 2: Solve using a calculator and round 
to 3 decimal places.

Continues →

WE4a

r
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b.  A = 25 m2 

 

Working Thinking

  A   =   π ×  r   2  _________ 2    

  =   
π ×   (  d _ 2  )    

2
 
 ___________ 2    

   
π ×   (  d _ 2  )    

2
 
 ___________ 2      = 25 

    (  d _ 2  )    
2
  =   2 × 25 _________ π    

    d __ 2   =  √ 
____

   50 ____ π      

  d   = 2 ×  √ 
____

   50 ____ π      

Step 1: Rearrange the formula, with the unknown value 
as the subject and express in terms of π.

  ≈ 7.979  m Step 2: Solve using a calculator and round 
to 3 decimal places.

Student practice

Determine the values of the unknowns, correct to 3 decimal places.

a.  A = 20 cm2 b.  A = 20 m2 

WE4b

d

r

d

12E Questions

Understanding worksheet

1. Count the squares to estimate the area of the circles.

Example

3
Area of squares is

=   cm232

= 1 cm2
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a.

2
Area of squares is

=   cm2

= 1 cm2 b.

3
Area of squares is

=   cm2

= 1 cm2

c.

4
Area of squares is

=   cm2

= 1 cm2 d.

4
Area of squares is

=   cm2

= 1 cm2

2. Square the numbers.

Example

112 π  =    π 121

a. 42 π  =    π b. 172 π  =    π 

c. 2.32 π  =    π d.    2  π  = 81 π 

3. Fill in the blanks by using the words provided.

radius exact irrational area

The  of a circle is equal to π times the  squared. 

Because π is an  number the answer a calculator gives is always a rounded estimate. 

The  solution is always a number multiplied by π.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (c,d,e,f), 8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (e,f,g,h), 8 (e,f,g,h), 9

4. Calculate the area of the circles:

i. in terms of π.
ii. correct to 3 decimal places.

a.

1 cm

b.
3 m

c.
5 km

d.

4.3 m

e.

19.8 cm

f.

3.1 mm

g.

52.3 m

h.

63.7 km

WE1a

ChapTer 12: MeaSureMenT  	744

12E

 



5. Calculate the area of the circles:

i. in terms of π.
ii. correct to 3 decimal places.

a.

4 cm

b.

12 cm

c.

1 km

d.

10.8 m

e.

13.5 cm

f.

31.13 cm

g.
cm4

3

h.
0.159 km

6. Determine the area of the circles using the given estimations of  𝝅 , correct to 3 decimal places, as needed.

a.  π ≈   22 ____ 7    

1 cm

b.  π ≈ 3.14 

4.3 m

c.  π ≈   22 ____ 7    

4 km

d.  π ≈ 3.14 

16.6 cm

e.  π ≈ 3.14 

1.333 cm

f.  π ≈   22 ____ 7    

 mm21
11

g.  π ≈ 3.14 

63.7 km

h.  π ≈   333 ____ 106   

cm4
3

7. Calculate the area of the semicircles and quadrants:

i. in terms of π.
ii. correct to 3 decimal places.

a.

2 cm

b.

8 m

c.

8 cm

d. 3 m

e.

11 mm

f.

7.5 mm

g. 16.75 cm h.
1.37 km

8. Determine the values of the unknowns, correct to 3 decimal places.

a.  A = 6  m2

r

b.  A = 12  cm2

d

c.  A = 14.75  cm2

r

d.  A = 3.8  km2

r

WE1b

WE2

WE3

WE4
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e.  A = 15.5  mm2

d

f.  A = 25π  m2

d

g.  A = 14.137  mm2

d

h.  A = 12.566  mm2

r

9. Calculate the area of the circle, correct to 3 decimal places.

A. 72.256 km2

B. 103.869 km2

C. 415.476 km2

D. 830.951 km2

E. 1305.255 km2

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Calculate the area of the circle, correct to 
3 decimal places.

28.9 cm

Student A

 A   = π × 28. 9   2  
  = π × 835.21 
  ≈ 2623.89  cm2

Student B

  A =  (  π × 28.9  )     2   
  ≈ 90.79 2   2  
  = 8243.1873  cm2

b. Calculate the area of the circle, correct to 
3 decimal places

17.9 mm

Student A

  A = π ×   (  17.9 _ 2   )    
2
   

  = π × 80.1025 
  ≈ 251.649  mm2

Student B

 A = π × 17. 9   2  
  = π × 320.41 
  ≈ 1006.598  mm2

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Melanie is watering her crops with a sprinkler that rotates 360° and sprays water in every direction. 
How much area does the sprinkler water?

12 m

Sprinkler

11.5 km
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12. Henry has a windscreen that is 80 cm high and 130 cm wide. If he attaches a single windscreen 
wiper that is 70 cm long, what is the area of the windscreen that is untouched by the windscreen 
wiper, correct to 3 decimal places?

130 cm

70 cm

80 cm

13. Annunziata sells pizzas for $24. Her pizzas have a radius of 18 cm. She is creating a new pizza size 
that has a radius of 21 cm. How much should she sell the new size of pizza so her customers pay 
exactly the same amount per cm2?

14. Ferdinand measures the distance around his circular plate to be 20 cm. What is the area that his 
plate covers?

15. Archibald has a 20 m rope that is 3 cm thick on his ship. When he is at port, his ropes are rolled 
up and placed on the dock, as shown in the diagram. What is the radius of a circle that has the same 
amount of area that Archibald’s rope would cover?

 
 Image: Ivan Marc/Shutterstock.com

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. Preston is planning to paint his logo on the brick wall at the side of his flower shop. He needs to 
calculate how much grey, pink and yellow paint he will require.

a. Determine the area of a circle with a radius of 2 m.
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b. Use the area of a semicircle with a diameter of 2 m to determine the area of the following shape.

2 m

c. Determine the area of a circle with radius   √ 
_

 2    m.
d. Use the diagram below and your answers to parts a, b and c to determine the area of the logo 

that is grey, pink and yellow.

2 m

2 m

2 m

1.5 m

√

e. Which company has a logo that makes you connect with their product?

17. For the following.

a. Divide the area of a circle by the area of the square that it fits perfectly in to see what fraction 
of the area of the square is covered by the circle. See measurements in the diagram.

2r

r Area of the square = 4r 2

Area of the circle = πr 2

b. Divide the area of the square that fits perfectly inside a circle by the area of the circle to determine 
what fraction of the circle is covered by the square.

Area of the square = 2r 2
Area of the circle = πr 2

r

r 2√

c. Use your answers to parts a and b to determine what is the best fit; a round peg in a square hole 
or a square peg in a round hole?

Extra spicy

18. What is the area of the triangle ABC ?

A. 37.5 cm2

B. 78.125 cm2

C. 156.25 cm2

D. 490.87 cm2

E. More information required

r = 12.5 cm
A C

B
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19. A circle with diameter  𝑥 cm has a circle with a radius    𝑥 __ 6    cm removed. What is the total 
area remaining?

A.  π    𝑥   2  ___ 6    cm2 B.  π   2 𝑥   2  _____ 9     cm2 C.  π    𝑥   2  ___ 3    cm2 D.  π   7 𝑥   2  _____ 9     cm2 E.  π    𝑥   2  ___ 9    cm2

20. What is the sum of the areas of the circles in the diagram?

5 cm

3 cm
4 cm

21. What fraction of the circle is shaded?

Remember this?

22. Jolene tracked the number of bottles of water she drank every day for one week in the following 
picture graph:

Tuesday Wednesday Thursday Friday SaturdayMonday Sunday

= 1000 mL

Key

What is the difference between the amount of water she drank on her best and worst 
water-drinking days?

A. 1500 mL B. 2000 mL C. 2500 mL D. 3000 mL E. 3500 mL

23. The fraction    1 __ 4    equals 0.25 as a decimal. What is    1 __ 8    as a decimal?

A. 0.045 B. 0.08 C. 0.12 D. 0.125 E. 0.16

24. Farai’s age is three times Rufus’s age plus an additional 2 years.

Let  m  be Rufus’ age.
Which of the following expressions is equal to Farai’s age?

A.  3m + 2 B.  3 + 2m C.    m ___ 3   − 2 D.  3 −   m ___ 2   E.  5m 
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Composite shapes with sectors12F

Key ideas

1. The area of a sector is equal to a fraction of the area of a circle with the same radius.

r
r

b°

Area of circle = πr2

a°

Area of sector = a°
360° × πr2 Area of sector = b°

360° × πr2

2. The arc length of a sector is found by multiplying the circumference by the angle of the sector divided by 360°.

r

Circumference = 2πr Arc of sector = a
360 × 2πr

360° r

r

a°

When dealing with circular shapes, there is often only a part of the circle that 
is observed or of interest. By recognising that there are 360 degrees in a full 
revolution of a circle, the area and perimeter of a sector can be determined. 
Fractions can be used to show the proportion of the whole circle represented  
by the sector.

LEARNING INTENTIONS

Students will be able to:
 • calculate the perimeter of composite shapes that contain sectors

 • calculate the area of composite shapes that contain sectors.

KEY TERMS AND DEFINITIONS

Highest common factor (HCF) is the largest number that is a factor of two 
or more numbers.

A sector comprises two radii and an arc that is a part of a circle with the 
same radius.

A fraction is in its simplest form when the numerator and denominator 
have no common factors other than 1.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: Tobik/Shutterstock.com

A slice of pizza is made with two 
straight cuts from the centre of a circle.  
The mathematical rules of sectors are 
used to determine total surface area 
or the amount of crust per slice.
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Worked example 1

Finding fractions with angles

Determine the value of the unknown in simplest form.

a. 𝑥 =  50° ______ 360° 

Working Thinking

𝑥 =  50 _____ 360   

  =  5 ____ 36   

Simplify the fraction.

b.  3 ____ 10  =  
a ______ 360° 

Working Thinking

   3 × 360° ___________ 10   = a 

 a = 3 × 36° 

  = 108° 

Solve for the unknown.

Student practice

Determine the value of the unknown in simplest form.

a. 𝑥 =  60° ______ 360°  b.  1 __ 9  =  
a ______ 360° 

WE1a

WE1b

Worked example 2

Finding the area of shapes involving circular sectors

Find the areas of the following shapes, correct to 3 decimal places.

a. 

Working Thinking

    a° ______ 360°  × π r   2  

 =  75° ______ 360°  × π ×  3   2  

Step 1: Substitute the angle and radius into the formula.

 =  5 ____ 24  × 9 × π 

 ≈ 5.890cm2

Step 2: Complete the calculation and round to  
3 decimal places.

Continues →

WE2a

75°

3 cm
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b. 

Working Thinking

Totalarea = sectorarea + rectanglearea

 =  45° ______ 360°  × π ×  6   2  + 7 × 6 

Step 1: Break the shape up into smaller components.

 =  1 __ 8  × π × 36 + 42 

≈ 56.137  cm2

Step 2: Complete the calculation and round to  
3 decimal places.

Student practice

Find the areas of the following shapes, correct to 3 decimal places.

a. b. 

WE2b

45°

7 cm

6 cm

40°

4 cm

40°

6 cm

5 cm

Worked example 3

Finding the perimeter of shapes involving circular sectors

Calculate the following, correct to 3 decimal places.

a. The arc length.

120°

2.5 cm

Working Thinking

 =   a° ______ 360°  × 2πr 

 =  120° ______ 360°  × 2π × 2.5 

Step 1: Substitute the angle and radius of the sector 
into the formula. 

 =  1 __ 3  × 5 × π 

 ≈ 5.236cm

Step 2: Complete the calculation and round to  
3 decimal places.

WE3a

Continues →
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12F Questions

Understanding worksheet

1. Colour in the fraction of the circle for a sector of the given angle.

Example

 144° _ 360°  =  
2 _ 5 

a.

 180° _ 360°  =  
1 _ 2 

b.

 240° _ 360°  =  
2 _ 3 

c.

 135° _ 360°  =  
3 _ 8 

d.

 160° _ 360°  =  
4 _ 9 

b. The perimeter.

106° 3 mm
5 mm

8 mm

Working Thinking

Perimeter = arclength + straightlengths

   =  (   106° ______ 360°  × 2π × 5 )   +   (  2 × 3 + 8 )   

Step 1: Break the shape up into smaller components.

  =  53 _____ 180  × 10 × π + 14 

 ≈ 23.25  mm

Step 2: Complete the calculation and round to  
3 decimal places.

Student practice

Calculate the following, correct to 3 decimal places.

a. b. 

WE3b

The arc length.

60°

5 cm

The perimeter.

74°

12 mm
15 mm

18 mm
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2. Find the area of the shaded sections.

Example

Areaofcircle = 16π

Fractionofthatcirclethatisshaded     _  

Areaofshadedsector =      _   × 16π = 6π
8

8

3

3

a. Areaofcircle = 4π

Fractionofthatcirclethatisshaded     _  

Areaofshadedsector =      _   × 4π = 2π

b. Areaofcircle = 8π

Fractionofthatcirclethatisshaded     _  

Areaofshadedsector =      _   × 8π = 2π

c. Areaofcircle = 18π

Fractionofthatcirclethatisshaded     _  

Areaofshadedsector =      _   × 18π = 3π

d. Areaofcircle = 21π

Fractionofthatcirclethatisshaded     _  

Areaofshadedsector =      _   × 21π = 6π
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3. Fill in the blanks by using the words provided.

radii circle multiplying circumference

The fraction of a  that represents a sector is determined by dividing the angle of the sector  

by 360°. The area of a sector is calculated by  the area of the circle with the same radius by the  

fraction of the circle that is equivalent to the sector. When calculating the perimeter of a sector, the   

is multiplied by the fraction of the circle represented by the sector to determine the arc length. The length of the two 

mustthenbeaddedtothearclengthtofindthetotalperimeterofthesector.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d), 7 (a,b,c,d),  
8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7 (c,d,e,f), 
8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7 (e,f,g,h), 
8 (e,f,g,h), 9

4. Determine the value of the unknown

a.  1 __ 2  =  
a ______ 360°  b. 𝑥 =  120° ______ 360°   c.  3 __ 4  =  

a ______ 360°  d. 𝑥 =  132° ______ 360°   

e.  3 __ 8  =  
a ______ 360°  f. 𝑥 =  135° ______ 360°   g.  7 ____ 18  =  

a ______ 360°  h. 𝑥 =  114° ______ 360° 

5. Find the areas of the following shapes, correct to 3 decimal places.

a.

60°

5 cm

b.

30°

4 mm

c.

120°

2.5 cm

d.

135°

18 mm

e.

124°

6.4 cm f.
220°

2.56 m

g.

33°

1.86 km

h.

48°

11.39 m

6. Calculate the following arc lengths, correct to 3 decimal places.

a.

75°

3 cm

b.

40°

3 cm

c.

270°

5.5 mm

d.

135°

2 km

e.

330°
5 cm

f.
196°

6.5 m

g.

105°

13.23 m

h.

336°

7.18 mm

WE1

WE2a

WE3a
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7. Find the areas of the following shapes, correct to 3 decimal places.

a.

3.5 km

6.5 km b.

65 m

50 m

c.

7 m

10 m

d.

7 cm

12 cm

e.

3.5 cm

6 cm

10.5 cm

f. 3.5 km

7 km

8.5 km

g.

106° 3 mm

8 mm

h.

10 mm

8 mm

6 mm

8. Calculate the following perimeters, correct to 3 decimal places.

a.

75 cm

70 cm

35 cm
b.

45°

6 cm

7 cm

c.

15 km

9.75 km

5.25 km d.

24 mm

10 mm

26 mm

e.

1.5 m 2 m

f.

142°

6 mm

10 mm

8 mm

g.

45° 12 mm

h.

3.6 cm

1.2 cm

9. Find the area of the following shape, correct to 3 decimal places.

A. 5.76 cm2

B. 23.519 cm2

C. 34.558 cm2

D. 108.566 cm2

E. 113.097 cm2

WE2b

WE3b

110°

6 cm
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Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Find the area of the following shape, correct to 3 decimal places.

80°

5 cm

Student A

 =  80° ______ 360°  × π ×  5   2  

 =  2 __ 9  × π ×  5   2  

≈ 17.453  cm2

Student B

  =  80° ______ 360°  × (π × 5)
2  

  =  2 __ 9  × (π × 5)
2  

≈ 54.831  cm2

b. Find the perimeter of the following shape, correct to 3 decimal places.

8 cm

Student A

 =  180° ______ 360°  × 2π × 8 + 2 × 8 

 =  1 __ 2  × 16 × π + 16 

≈ 41.133  cm

Student B

 =  180° ______ 360°  × 2π × 4 + 2 × 4 

 =  1 __ 2  × 8 × π + 8 

≈ 20.566  cm

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Jeremy has eight friends over for his birthday party. To ensure he and all of his friends have an equal 
share of the cake he needs to cut nine equal slices. If each is a sector of his cake, how many degrees 
should there be between each cut?

12. Bernie is planning a new go-kart track that is made up of identical arcs joined together. He connects 
a series of arcs from 8 quadrants and draws them on a grid. If the grid represents 10 m intervals, 
then how long is one lap of Bernie’s track, correct to 3 decimal places.

10 m
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13. Tui has a wall between her lounge and dining room that has a height of 3.5 m and a width of 6.5 m. 
She has cut an arch into the wall that consists of a semicircle with a radius of 3.5 m and a rectangle 
that is 1.75 m high. Calculate the area of the wall she has left, correct to 3 decimal places.

6.5 m

3.5 m

3.5 m
1.75 m

14. Campbell has 7 players on his basketball team. He wants them to be equally spaced around the  
centre circle for a passing drill. What should the circular distance between each player be,  
correct to 3 decimal places?

3.6 m

15. Sean’s frisbee has a radius of 12 cm. He cuts it into sectors of 202.5° and 157.5° and turns both  
of them into smaller frisbees. What is the radius of the bigger of the two new frisbees?

12 cm

202.5°

157.5° 7.937 cm

r cm

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy All 

16. Bonnie has constructed a rhombus shaped garden bed that has side lengths of 12 m and a height  
of 11 m. One pair of internal angles is 114° and the others are 66°. Bonnie often spends long  
periods away from home and needs to set up an automatic watering system. Round all answers to  
3 decimal places.

a. Calculate the area covered by a sprinkler with a radius of 5.5 m, if it rotated through a 
360° angle.

5.5 m
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b. Calculate the area a sprinkler with radius of 11 m could water, if it turned through a 114° angle.

12 m

11 m

114°

c. Calculate the total area that all four sprinklers in the diagram below could water.

12 m

6 m

11 m

66°114°

d. Which set up of sprinklers covers the largest area, without overwatering the plants  
by overlapping?

e. Doyouprefertogrowedibleplantsorprettyflowers?

17. One lap of an athletics track is 400 m. One of the most exciting races at the  
Olympics is the 200 m.

a. Show that a semicircle with a radius of 36.5 m and a straight line of  
85.332 m has a total length of 200 m, correct to 3 decimal places.

b. If each lane is one metre wide, that implies that the second lane is 
a semicircle with a radius of 37.5 m and a straight line of 85.332 m. 
Calculate the distance of the second lane.

Start

2

1

3

45678910

c. To ensure that each athlete runs the same distance, the 200 m has a staggered start.  
Calculatehowfarthestaggerisforthefirst3lanes.Whatdoyounoticeaboutthisnumber?

Extra spicy

18. The shapes in the diagram below have equal areas. Determine the value of  r .

A.    3 __ 4   

B.    4 __ 3   

C. 3
D. 4
E. 9

 85.332 m

Start

Finish

 36.5 m

r
30°

r + 6
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19. What is the total area of the six sectors formed with the external angles of the hexagon below, 
assuming that each sector has a radius of 1 cm.

20. The diagram shows two circles with the same centre. The radius of the outer circle is equal to the 
diameter of the inner circle. If the region between the two circles is divided into six equal segments, 
what fraction of the outer circle is shaded in the diagram?

A.  3 __ 7   B.  3 __ 8   C.  3 __ 9   D.  3 ____ 10   E.  3 ____ 11   

21. The shape in the diagram is bounded by 4 quadrants and a circle inside a square that has side 
lengths of 6 cm. What is the total area of the shape that is shaded in the diagram?

6 cm

Remember this?

22. Evaluate 3 __ 4  +  
8 __ 9   .

A.  11 ____ 15   B.  1 23 ____ 36   C.  1 25 ____ 36   D.  1 3 __ 4   E.  36 ____ 15   

23. Sam has six red scarves, three yellow scarves and one pink scarf in a bag.

Each day, she randomly selects a scarf to wear, then places it back into the bag at the end of the day.
She does this every day for 20 days.
How many days should Sam expect to wear a yellow scarf?

A. 3 B. 4 C. 5 D. 6 E. 7

24. Dylan and Cleo like to play a computer game. They record their scores over the course of one week 
and compare.

Stem Leaf Key

1 5 8 1 | 2 = 12

2 1 5 5 8 9

3 0 1 2 3 3 5

4 1 1 5 5 6

5 0 9

6

Stem Leaf Key

1 9 1 | 2 = 12

2 2 3 8

3 3 3 6 7

4 0 4 4 6 8 9

5 3 3 5 5 9

6 1 2

Dylan Cleo

Which of the following statements is true?

A. Cleo played the lowest-scoring game.
B. Dylan played the highest-scoring game.
C. Dylan played more games than Cleo with a score over 45 points.
D. The median score for Cleo is higher than the median score for Dylan.
E. The range of scores for Cleo is greater than the range of scores for Dylan.
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Volume of prisms and cylinders12G

Key ideas

1. We can convert between units of measurement by multiplying powers of ten.

Cubic kilometre
(km3)

Cubic metre
(m3)

Cubic centimetre
(cm2)

Cubic millimetre
(mm2)

×10003

÷10003

×1003

÷1003

×103

÷103

2. The volume of a shape with a uniform cross section is equal to the area of the cross section multiplied by  
the length, width or depth depending which is perpendicular to the cross section.

l cm

h m

A cm2

A m2

Volume = l × A cm3 Volume = h × A m3
Continues →

The volumes of prisms and cylinders are calculated using the same concept. 
Their uniform cross sections allow for both volumes to be calculated using the 
same formula. The rule for volume of a prism can also be applied to prisms with 
varying shapes as their base as long as the area of the base represents the cross 
section of the solid prism.

LEARNING INTENTIONS

Students will be able to:
 • convert between units of volume

 • identify prisms and cylinders based on their cross-sections

 • calculate the volumes of rectangular prisms, triangular prisms and 
cylinders using formulas.

KEY TERMS AND DEFINITIONS

A cross section is a surface that is created when making a straight cut 
through a 3D shape.

A cylinder is a 3-dimensional object that has 2 flat, circular bases that are 
connected by a curved surface.

A prism is a 3-dimensional object which has two identical polygon faces on  
either end, connected by rectangular faces. A prism has the same cross-section  
when cut anywhere along its length.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: alexandre zveiger/Shutterstock.com

Calculating the volume or capacity 
of three dimensional shapes is an 
important skill used everyday.  
For example, determining the  
amount of water needed to fill a pool 
or energy required to heat a room.
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Worked example 1

Finding the volume of shapes with uniform cross-sections

Calculate the volumes of the following shapes.

a. 

Working Thinking

Volume = area of cross section × height

  = 28 × 7 

Step 1: Multiply the area of the cross section and the 
height to determine the volume.

  = 196  mm3 Step 2: Give your answer with units.

b. 

Working Thinking

Volume = area of cross section × height

  = 6.7 × 3 

Step 1: Multiply the area of the cross section and the 
height to determine the volume.

  = 20.1  cm3 Step 2: Give your answer with units.

Student practice

Calculate the volumes of the following shapes.

a. b. 

WE1a

7 mm

28 mm2

WE1b

3 cm

6.7 cm2

18 mm2

5 mm 3 m

13.3 m2

3. The formula for the volume of cylinders and prisms includes the formula for the area of the cross section.

Cylinder Rectangular prism Triangular prism

r

h
h

w

l

Volume = h × π r2

Area of cross section = π r2

Volume = l × w × h

h

b

l

Volume = l × b × h
2

Area of cross section = w × l b × h
2Area of cross section =
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Worked example 2

Finding the volume of prisms and cylinders

Calculate the volumes of the following shapes, correct to 3 decimal places as needed.

a. 

Working Thinking

Volume = area of cross section × height

  = 1.8 × 1.5 × 4 

Step 1: Multiply the area of the cross section and the 
height to determine the volume.

  = 10.8  m3 Step 2: Give your answer with units.

b. 

Working Thinking

Volume = area of cross section × length

  =   32 × 45 __________ 2    × 50 

Step 1: Multiply the area of the cross section and the 
length to determine the volume.

  = 36 000  mm3 Step 2: Give your answer with units.

c. 

Working Thinking

Volume = area of cross section × height

  = π ×  3   2  × 6 

  = 54π 

Step 1: Multiply the area of the cross section and the 
height to determine the volume in exact form.

  ≈ 169.646  cm3 Step 2: Round to 3 decimal places and give your answer 
with units.

WE2a

4 m

1.5 m

1.8 m

WE2b

32 mm

45 mm

50 mm

Continues →

WE2c

6 cm

3 cm
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Student practice

Calculate the volumes of the following shapes, correct to 3 decimal places as needed.

a. b. c. 2.5 m
1.6 m

3 m
45 mm

20 mm

48 mm 2 cm

5 cm

Worked example 3

Finding the volume of composite shapes

Calculate the volumes of the following shapes, correct to 3 decimal places as needed.

a. 

Working Thinking

Volume = area of cross section × width

 = (rectangle + quadrant) × width

   =  (  4 × 6 +   π ×  4   2  ________ 4    )   × 12  

   =  (  24 + 4π )   × 12  

  = 288 + 48π 

Step 1: Multiply the area of the cross section and the 
width to determine the volume in exact form.

  ≈ 438.796  cm3 Step 2: Round to 3 decimal places and give your answer 
with units.

Visual support

Volume of quarter cylinder
= 48π m3

Prism volume = 288 m3

6 cm 4 cm

4 cm

12 cm

WE3a

Continues →

10 cm

12 cm

4 cm
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b. 

Working Thinking

Volume = area of cross section × length

 = (rectangle − semicircle) × length

   =  (  4 × 10 −   π ×  4   2  ________ 2    )   × 12  

   =  (  40 − 8π )   × 12  

  = 480 − 96π 

Step 1: Multiply the area of the cross section and the 
width to determine the volume in exact form.

  ≈ 178.407  m3 Step 2: Round to 3 decimal places and give your answer 
with units.

Visual support

4 m Volume of half cylinder
= 96π m3

Prism volume = 480 m3

Student practice

Calculate the volumes of the following shapes, correct to 3 decimal places as needed.

a. b. 

WE3b

10 m

4 m

12 m

8 cm
5 cm

15 cm
8 m

3 m
10 m
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Understanding worksheet

1. Complete the following conversions between units of volume.

Example

0.0021 km3 =   m32100

a. 35 000 mm3 =   cm3 b. 0.04 m3 =   cm3

c. 58 000 m3 =   km3 d. 670 000 mm3 =   m3

2. Do the following shapes have a consistent cross section?

Example

Yes No

a.

Yes No

b.

Yes No

c.

Yes No

d.

Yes No

3. Fill in the blanks by using the words provided.

prism cylinder volume perpendicular

We can calculate the  of a 3D shape with a consistent cross section by finding the area of the 

cross section and multiplying it by the length that is  to the cross section.  

A  is a 3D shape that has a polygon for the cross section. A   

is a 3D shape with a circle for the cross section.

12G Questions
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8

Medium 
4 (b,c,d,e), 5 (c,d,e,f), 6 (b,c,d,e),  
7 (b,c,d,e), 8

Spicy 
4 (c,d,e,f), 5 (e,f,g,h), 6 (c,d,e,f),  
7 (c,d,e,f), 8

4. Calculate the volumes of the following shapes.

a.

5 mm

18 mm2 b. 2 km

2.5 km2

c. 15.6 cm2

7 cm

d.

35 m2
4.5 m

e. 34 cm2

11 cm

3.7 cm

f.

7.2 mm

5.8 mm21.4 mm2

5. Calculate the volumes of the following shapes.

a.

2.2 m
2 m

2.8 m
b.

3.5 cm 4 cm

5.3 cm

c.

32 mm
15 mm

45 mm

d.
3.5 cm

8 cm

8 cm

e.

5.5 cm

f.

13 mm

28 mm

11 mm g. 3 m

4.2 m

4.8 m3 m

h. 30 mm

12 mm

32 mm

22 mm

6. Calculate the volumes of the following shapes, correct to 3 decimal places.

a. 25π cm2

10 cm

b.

11 m

6 m c.

3 cm

3 cm d.

6.1 cm

1.8 cm

e.

45 mm

35 mm f. 31.6 cm

7 cm

WE1

WE2a,b

WE2c

	  12G Volume oF prisms and Cylinders 767

12G

 



7. Calculate the volumes of the following shapes, correct to 3 decimal places as needed.

a.

14 m 5 m

10 m b.

5 km

9 km

12 km

c.

3.5 m

6 m

8 m
d.

10 cm
12 cm

7 cm

e.

3.5 m

1 m

7 m
f.

5 cm

1 cm

2 cm

8. Calculate the volume of the following shape.

A. 117 cm3

B. 263.25 cm3

C. 367.566 cm3

D. 827.024 cm3

E. 1053 cm3

Spot the mistake

9. Select whether Student A or Student B is incorrect.

a. Calculate the volume.
5.5 cm2

2 cm

Student A

 5.5 × 2 = 11  cm3

Student B

 5. 5   2  × 2 = 60.5  cm3

b. Calculate the volume.

7 cm

8 cm
12 cm

Student A

 7 × 12 × 8 = 672  cm3

Student B

   7 × 8 _______ 2    × 12 = 336  cm3

Problem solving
Question working paths

Mild 10, 11, 12 Medium 11, 12, 13 Spicy 12, 13, 14 

10. Ali’s garden bed has a width of 2.5 metres, a length of 3 metres and a height of 0.5 metres.  
What volume of soil can it hold?

2.5 m

3 m0.5 m

WE3

13 cm

4.5 cm
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11. Charya is going to make 100 door stops for his school with recycled plastic. The door stops will be  
in the shape of a triangular prism with height of 1.2 cm, width of 1.8 cm and length of 6.8 cm.  
What volume of plastic will he need to make all 100 door stops?

6.8 cm
1.8 cm

1.2 cm

12. Coryn needs to fill his water tank because it is completely empty. It is circular with a width of 3 metres  
and a height of 1.8 metres. A cubic metre is equivalent to 1000 litres. How much water does Coryn 
need to fill his tank, rounded to the nearest litre?

13. Melbourne covers an area of 9993 km2. If 40 mm depth of rain fell in a day, what is the total volume 
of rain? Give your answer in m3.

14. Enzo has been tasked with building a 20 m long tunnel that has a 6 m wide semicircle for a  
cross section. The tunnel is to be built using concrete that needs to be 1 m thick. How many  
cubic metres of concrete does Enzo need to build the tunnel, correct to 3 decimal places?

6 m

20 m

1 m

Reasoning
Question working paths

Mild 15 (a,b,c,e) Medium 15 (a,b,c,e), 16 (a,b) Spicy all 

15. Leslie has built an inground pool and spa in her backyard for summer entertaining. She needs to 
calculate the volume of both the spa and pool to plan for the amount of water she will use.

a. Her spa is 0.75 m deep and has a surface area of 6.8 m2. Calculate the volume of her spa.

6.8 m2

0.75 m

b. Her pool is 5.5 metres wide and 6.3 metres long. Calculate the volumes of the deep and shallow 
ends of the pool, using the given information.

1.5 m

1.8 m

5.5 m

Deep end 6.3 m Shallow end

1.8 m
0.9 m

1.8 m

0.9 m

c. Calculate the total volume of the pool by first finding the volume of the trapezoid prism between 
the shallow and deep ends of the pool.

d. Evaporation and the filtering process causes 5% of the water to be lost each week. A litre 
of water is equivalent to 1000 cm3. How many litres of water does Leslie need to replace 
each week?
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e. Draw a top view of the pool and spa with any other features you would like to have around the 
pool to increase the fun Leslie and her friends can have.
Deep end Shallow end

Spa

1.5 m 1.8 m 5 m

6.3 m

16. For the following.

a. Find the area of the rectangular cross section by multiplying the base and width. Multiply the 
area by the height to find the volume of the triangular prism.

Base = 2 cm Width = 3 cm

Height = 2 cm

b. Use the height and base measurements to find the area of the triangular cross section.  
Multiply the area by the width to find the volume of the triangular prism.

Base = 2 cm

Width = 3 cm

Height = 2 cm

c. Explain why the cross section in part b gives the correct volume of the triangular prism and why 
the cross section in part a does not.

Extra spicy

17. Box A has a width of 10 cm, a length of 12 cm and a height of 9 cm. Box B has a width of 5 cm and 
length of 4 cm. What must the height of Box B be to have the same volume as Box A?

18. A 1 m × 1 m × 1 m cube has three    1 __ 3    m ×    1 __ 3    m × 1 m rectangular prisms removed from it,  

as demonstrated in the diagram. What is the volume of the remaining shape?
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19. The sculpture Cubo Vazado by Franz Weissmann is made by removing cubical blocks from a solid 
cube to leave the symmetrical shape shown. If the edges of the sculpture have lengths of 1 m,  
2 m or 3 m, what is the volume of the sculpture?

A. 9 m3 B. 11 m3 C. 12 m3 D. 14 m3 E. 18 m3

20. Yareli’s water container is 80% full. After she removes 20% of the water in her container she has 
1152 ml of water left. What volume of water does Yareli’s water container hold when it is full?

A. 1400 ml B. 1600 ml C. 1700 ml D. 1800 ml E. 2000 ml

Remember this?

21. The following image is reflected over the dotted line. It is then rotated 180 degrees anticlockwise. 
Which of the following shows the final position of the image?

A. B. C. D. E.

22. During flu season, the fraction of children across a school district who have been exposed to the flu 

is     130 _______ 1000   . What percentage of students have not been exposed?

A. 0.13% B. 0.87% C. 13% D. 87% E.     130 _______ 1000   %

23. Ben is helping his younger sister learn her times tables. Every week he tests her on all of her 
times tables.

At first, she got 30 correct answers.
After two weeks, she got three times as many correct answers.
Two weeks after that, Ben tested her when she was tired so she scored half of what she scored on the 
previous test.
Which number sentence represents the number of correct answers on the third test?

A.  30 ÷ 3 ×   1 __ 2   = 5 

B.  30 ÷ 3 ÷   1 __ 2   = 20 

C.  30 + 3 −   1 __ 2   = 32  1 __ 2   

D.  30 × 3 ×   1 __ 2   = 45 

E.  30 × 3 ÷   1 __ 2   = 180 
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Time12H

Key ideas

1. Different units of time can be converted into other units of time.

DayWeekFortnight Hour Minute Second

×24 ×60 ×60×7×2

÷24 ÷60 ÷60÷7÷2

Some units of time have a more complicated relationship.
A month can be 28, 29, 30 or 31 days.
1 year is 365 days, except for a leap year which has 366 days.
1 year ≈ 52 weeks.

2. The time of the day can be expressed in 12-hour and 24-hour time. In 24-hour time the first two digits are 
counting the hours after midnight and the second two digits count the minutes after the hour.

12 hour 
time

12 am 
(midnight)

12:30 am 9:15 am 10:55 am 12 pm 
(midday)

1:24 pm 7:08 pm 8:05 pm 11:59 pm

24 hour 
time

0000 0030 0915 1055 1200 1324 19 08 2005 2359

Continues →
8 minutes after the hour.19 hours after midnight.

Time can be measured in different lengths of duration and expressed with a 
12-hour or 24-hour clock. As the world becomes more and more connected the 
different time of day in different locations needs to be taken into account.

LEARNING INTENTIONS

Students will be able to:
 • convert between units of time

 • convert between 24-hour and 12-hour time

 • calculate duration using 12-hour and 24-hour time

 • convert times between different time zones across Australia or 
the world.

KEY TERMS AND DEFINITIONS

Coordinated Universal Time or UTC is the standard by which the world 
regulates clocks and time.

Daylight saving time is a practice that occurs in some states of Australia 
where clocks are advanced 1 hour to increase the amount of daylight after 
work in summer months.

Duration is the time that passes between two moments.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Image: Undrey/Shutterstock.com

Time is part of the planning process for  
events or travel. International travel 
planning requires the traveller to  
consider the time the journey takes and  
what timezone they are travelling to.
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Worked example 1

Converting between different units of time

Convert.

a.  5  1 __ 2    hours to minutes.

Working Thinking

 5  1 __ 2    hours =  5  1 __ 2   × 60  minutes

 =  330  minutes

Determine the multiplication or division required.

1 hour = 60 minutes

Continues →

WE1a

3. The world is separated into different time zones to account for the rotation of the earth. Coordinated Universal 
Time or UTC, is the time in Greenwich UK. Anywhere else in the world is either somewhere between 12 hours 
earlier or 12 hours later.

−10 −9 −8 −7 −6 −5 −4 −3 −2 −1 0
Coordinated universal time (UTC)

+1 +2 +3 +4 +5 +6 +7 +8 +9 +10 +11 +12−11

−10 −9 −8 −7 −6 −5 −4 −3 −2 −1 0 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10 +11 +12−11

Vancouver

Los Angeles

Mexico City

Chicago New York

Lima

Santiago

Rio de Janeiro 

London

Madrid Rome

Moscow

Istanbul
Tehran

New Delhi

Beijing

Bangkok Phnom Penh

Jakarta

Perth

Darwin

Tokyo

Melbourne Auckland

Lagos
Nairobi

Cape Town

Each region is in a particular time zone and can also have daylight savings. In Australia, we have 3 different time 
zones and different states and territories start daylight saving time on different days of the year; some do not have 
daylight saving time at all.

WA

Western
Standard

Time

Eastern
Standard

Time

Central Standard
Time

NT

SA

QLD

NSW

VIC
ACT

Daylight savingsStandard time

Australian daylight savings
(First Sunday in October to the first Sunday in April)

TAS

WA
+8

Daylight saving

NT

SA

QLD
+10

NSW

VIC
ACT

TAS+11
No daylight saving

1
2+10

1
2+9
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Worked example 2

Convert between 24-hour and 12-hour time

Convert.

a. 9:23 am to 24-hour time.

Working Thinking

9 am = hour 09

9:23 am = 0923

Convert the hour and write the time.

b. 1438 to 12-hour time.

Working Thinking

hour 14 = 2 pm

1438 = 2:38 pm

Convert the hour and write the time.

Student practice

Convert.

a. 6:45 am to 24-hour time. b. 1615 to 12-hour time.

WE2a

WE2b

b. 50 months to years.

Working Thinking

50 months  =   50 ____ 12    years

  =   25 ____ 6     years

  = 4  1 __ 6    years

Determine the multiplication or division required.

12 months = 1 year

Student practice

Convert.

a.  3  1 __ 2    hours to minutes. b. 42 months to years.

WE1b

Worked example 3

International time of the day

Determine the time in the following locations.

a. Moscow when UTC is 8:30 am.

Working Thinking

Moscow time = UTC +3

8:30 am + 3 hours = 11:30 am

Determine the difference between Moscow time and UTC. 
Add the hours to UTC.

Continues →

WE3a
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Worked example 4

Duration of time

Determine the duration between the given times.

a. 6:40 am and 11:30 am.

Working Thinking

11 hours − 6 hours = 5 hours

30 min − 40 min = −10 min

Step 1: Subtract the hours and minutes of start time 
from the hours and minutes of end time.

5 hours − 10 min = 4 hours 50 minutes Step 2: Add or subtract the minutes to find the duration.

b. 1625 Monday and 0910 Tuesday.

Working Thinking

24 − 16 = 8 hours

0 − 25 = −25 minutes

8 hours − 25 min = 7 hours 35 minutes.

Step 1: Taking into account there are 24 hours in a day, 
calculate the difference in time between start 
time and end of the same day.

7 + 9 = 16 hours

35 + 10 = 45 minutes

16 hours 45 minutes

Step 2: Add the duration of the second day.

Student practice

Determine the duration between the given times.

a. 8:40 am and 10:10 am. b. 1930 Sunday and 0835 Monday.

WE4a

WE4b

b. Mexico City when the time in Rome is 5:20 pm.

Working Thinking

Mexico City time = UTC −6

Rome time = UTC +1

Mexico City time = Rome time − 7 hours

Step 1: Determine the difference in time between  
both locations.

5:20 pm − 7 hours = 10:20 am Step 2: Add or subtract the difference in time.

Student practice

Determine the time in the following locations.

a. Beijing when UTC is 10:20 am. b. Nairobi when the time in Bangkok is 3:30 pm.

WE3b
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12H Questions

Understanding worksheet

1. Colour in the digital clock so it shows the same time as the analogue clock.

Example

a. b.

c. d.

2. Draw the hands of the analogue clock so that it shows the same time as the digital clock.

Example

a. b.

c. d.
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3. Fill in the blanks by using the words provided.

24-hour 12-hour daylight saving UTC

Time of the day is recorded in both  time, where am and pm are used to indicate if it is before 

or after midday, and  time. The time of the day is influenced by location due to the Earth 

rotating on its axis. Clocks around the world are synchronised using Coordinated Universal Time  

(  ). Another factor to take into account is the practice of  ,  

moving the clock 1 hour forward to increase the amount of sunlight after work.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7 (c,d,e,f), 
8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7 (e,f,g,h), 
8 (e,f,g,h), 9

4. Convert.

a.  2  hours to minutes. b.  1  1 __ 2    days to hours.

c.  3  3 __ 4    years to months. d.  1  week to hours.

e.  45  minutes to seconds. f.  585  minutes to hours and minutes.

g.  3  13 ____ 36    days to hours. h.  6  17 ____ 24    years to months.

5. Convert.

a. 12:30 pm to 24-hour time. b. 1315 to 12-hour time.
c. 7:20 am to 24-hour time. d. 12:18 am to 24-hour time.
e. 2323 to 12-hour time. f. 5:55 pm to 24-hour time.
g. 0921 to 12-hour time. h. 4:16 am to 24-hour time.

6. Determine the time in the following locations.

a. Melbourne when UTC is 2:00 am. b. Madrid when UTC is 1:30 pm.
c. Lima when UTC is 10:40 am. d. New Delhi (UTC +5:30) when UTC is 3:15 pm.
e. Cape Town when UTC is 11:45 pm. f. Adelaide when UTC is 4:55 pm.
g. Daylight saving time in Sydney when UTC is 11:38 am. h. Los Angeles when UTC time is 7:12 am.

7. Determine the time in the following locations.

a. Tokyo when it is 4:30 pm in Beijing.
b. Perth when it is 3:00 pm in Sydney.
c. Rio de Janeiro when it is 10:40 am in Mexico City.
d. Brisbane when it is 5:15 pm in daylight saving time in Adelaide.
e. Darwin when it is 9:30 am in New Delhi.
f. London when it is 5:00 am in Jakarta.
g. Auckland when it is 6:35 pm in Los Angeles.
h. Vancouver when it is 11:43 am daylight saving time in Melbourne.

WE1

WE2

WE3a

WE3b
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8. Determine the duration between the given times.

a. 3:00 pm and 5:30 pm. b. 9:45 am and 11:10 am.
c. 1650 and 1738. d. 10:27 am and 1:35 pm.
e. 12:58 am and 4:12 pm. f. 11:23 pm Monday and 2:28 am Tuesday.
g. 8:50 pm Friday and 6:45 pm Saturday. h. Wednesday 1:35 pm and Friday 10:45 am.

9. Determine the time in Sydney when it is 8:30 am in Tehran (UTC +3:30).

A. 2:00 am B. 2:30 am C. 8:30 am D. 2:30 pm E. 3:00 pm

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Convert 252 minutes to hours.

Student A

252 ÷ 60 = 4.2
254 minutes = 4 hours and 20 minutes

Student B

4 × 60 = 240 and
252 = 240 + 12
254 minutes = 4 hours and 12 minutes

b. How much time passes between 12:40 am and 1:30 pm?

Student A

12:40 to 1:40 is 1 hour
1:30 is 10 min earlier than 1:40
Duration = 50 min

Student B

12:40 am to 1:40 pm is 13 hours
1:30 is 10 min earlier than 1:40
Duration = 12 hours and 50 min

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Patrick has gone for a jog at lunchtime. He started running at 12:45 pm and finished running at 1:25 pm.  
How long did he run for?

12. Vutha is visiting family in Phnom Penh but will continue to work remotely for his company in Brisbane.  
If he’s scheduled to have a meeting with Tori at 10:30 am Brisbane time, what time will this be in 
Phnom Penh?

13. Perth is in the UTC +8 time zone and Sydney is in the UTC +10 time zone. Perth doesn’t use daylight 
saving time, but Sydney does. Play in the test match in Perth is scheduled to start at 10:30 pm.  
Richie lives in Sydney and wants to watch the start of play. What time will it be in Sydney when 
play starts?

14. Rebecca’s flight to Sydney leaves Los Angeles at 5:20 pm on Thursday. The total duration of the flight 
is 15 hrs and 55 mins. What day and time does she arrive in Sydney?

15. Kathy is going to meet with six of her students at lunchtime today. Southey High School’s lunchtime 
is from 12:18 pm to 1:20 pm. If she plans to have a 2-minute gap between each meeting, how much  
time will she have per student in minutes and seconds if each student has an equal share of her time?

WE4
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Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. Matthew lives in Melbourne which is in the time zone UTC +10 but has two brothers who live overseas.  
Andrew lives in London which is UTC +0 and Dylan lives on Vancouver Island which is UTC −8.  
All of the brothers work from 9:00 am to 5:00 pm Monday to Friday and sleep between 11:00 pm 
and 7:00 am the following day, every night of the week.

a. What day of the week and what time is it on Vancouver Island and in London when Matthew 
goes to bed on Friday night and wakes up on Saturday morning?

b. What day of the week and what time is it on Vancouver Island and in Melbourne when Andrew 
starts his work week Monday morning and finishes his work week on Friday night?

c. What day of the week and what time is it in London and Melbourne when Dylan wakes up on 
Saturday morning and goes to bed on Sunday night?

d. Matthew wants to have a video call with both of his brothers on Sunday. What time of the day in 
Melbourne could they schedule the call?

e. What are some of the greatest benefits of people being able to video call anyone across 
the world?

17. The time that the Earth orbits around the Sun is called a year. The distance that the Earth travels in 
a single orbit around the Sun is approximately 939 950 000 km. Scientists have measured the speed 
the Earth is orbiting the Sun at approximately 107 225 km every hour.

a. Calculate the distance the Earth travels in one day.
b. Calculate the distance the Earth travels around the Sun in 365 days.
c. Compare your answer in part b to the total distance the Earth orbits around the Sun to explain 

why leap years are necessary.

Extra spicy

18. What fraction of a day is spent at school if school starts at 8:30 am and finishes at 3:15 pm?

A.    25 ____ 96   B.     9 ____ 32   C.    31 ____ 96   D.    13 ____ 48   E.    18 ____ 32   

19. A train was scheduled to leave the station at 1740 and scheduled to arrive at its destination at 1820. 
It arrived 5 minutes late to the station and the journey then took 42 minutes. What time did it arrive 
at its destination?

20. The following clock shows the time in the morning. The current time can be calculated by rotating 
the hour hand  108° . What is the current time?

21. In 2010 John Isner and Nicolas Mahut set the record for the longest tennis match in history while playing  
at Wimbledon. The duration of the match was 11 hours and 5 minutes. The fifth set lasted 8 hours 
and 11 minutes. Approximately what fraction of the whole match was taken up by the fifth set?

A.    1 __ 5   B.    2 __ 5   C.    3 __ 5   D.    3 __ 4   E.     9 ____ 10   
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Remember this?

22. What number is at the position the arrow is pointing to?

A. −5.5
B. −4
C. −4.5
D. −3
E. −3.5

23. A square has an area of 81 m2. What is its side length?

A. 7 m B. 8 m C. 9 m D. 10 m E. 11 m

24. Numbers such as 1, 3, 5 and 13 are called prime numbers.

Which of the following statements is always true about prime numbers?

A. A prime number multiplied by a prime number is a prime number.
B. A prime number divided by a prime number is a prime number.
C. Fractions are prime numbers since their only factors are 1 and itself.
D. Prime numbers are always odd.
E. The next prime year is 2027.

−5 −4 −3 −2 −1 0 1 2 3 4 5
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Chapter 12 extended application
1. To the right is an estimated map of Australia. The grid lines in both  

directions are scaled to represent a distance of 125 km. This means  
that each square grid is equal to 1252 km2 or 15 625 km2.

a. Use the right-angle triangle representation of Victoria to 
estimate the area included in Victoria.

500 km

875 km

b. South Australia and Tasmania both form trapeziums. 
Determine the area covered by them both.

625 km

1375 km 125 km

375 km

375 km

1250 km

c. NSW and the ACT combined form a composite shape. Notice that the borders here do not sit exactly on a 
grid line. Use the measurements given and the grid lines to estimate the area covered by NSW and ACT.

312.5 km

562.5 km 1062.5 km

d. Calculate the area of the composite shapes that form Queensland and Northern Territory. If a border 
doesn’t sit on the grid lines, assume that they are in the middle of them.

625 km
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e. To determine the total land area of Australia, first calculate the area of the composite shape below that 
forms Western Australia. Combine the estimated areas of all states to calculate an estimate for the total 
area of Australia.

555 km

1944 km

1185 km 519 km

f. Which states in Australia have you travelled to and which one is your favourite?

2. Patrick is building an indoor baseball stadium. The playing surface will be constructed with synthetic grass 
and dirt. Before he can establish what the cost to build and maintain the playing surface will be, he needs to 
determine the total area, the area of synthetic grass, and the area of dirt.

a. Calculate the area of the square that is created by straight lines between the bases.

1st

2nd

3rd

26 m26 m

b. The pitcher’s mound is a circle with a width of 5.5 m. Calculate the area of this circle, accurate to  
3 decimal places.

5.5 m

c. The infield is all of the playing area inside a 90 °  sector with a radius of 47.3 m. Calculate the area of the infield,  
accurate to 3 decimal places.

47.3 m
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d. The infield and outfield is contained in a 90 °  sector with a radius of 98 m. Calculate this area, accurate to  
3 decimal places.

98 m

e. The total playing surface is defined as a composite shape of two trapeziums. Calculate their area and then 
determine the total area of synthetic grass and the total area of dirt.

20 m

40 m

150 m
35.5 m

79.3 m

f. What are the positives and negatives of building indoor stadiums?

3. π is an irrational number. Mathematicians, scientists and engineers find ways to approximate π to as many 
decimal places as possible. Archimedes used a method that was based on the realisation that increasing the 
number of sides of a polygon causes it to become more like a circle. 

a. A circle with a diameter of 1 has a circumference of  π . Use a calculator to find the value of  π  and round it to 
5 decimal places.

1

b. Notice the diagram. It shows the largest square that fits inside the circle and the smallest square that fits 
outside the circle. Determine the perimeters of both squares and compare them to the circumference of  
the circle.

1
0.7071

1
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c. This diagram shows the largest pentagon that fits inside a circle and the smallest pentagon that fits outside 
the circle. Determine the perimeters of both pentagons and compare them to the circumference of the circle.

1
0.5878

0.7265

d. This diagram continues the pattern of polygons from parts a and b with hexagons and octagons. Determine the  
perimeters of the hexagons and octagons and compare them with the circumference of the circle.

1
0.5

0.5774 0.4142

0.3827
1

e. The table below shows a list of polygons with different numbers of sides. The ‘inside’ and ‘outside’ 
measurements refer to the side length of the largest and smallest polygon that fits inside and outside of 
the circle, as in parts b to d above. Determine the perimeters of the polygons and compare them with the 
circumference of the circle. 

Sides 10 20 30 40 50 60 70 80

Inside 0.30902 0.15643 0.10453 0.07846 0.06279 0.05234 0.04486 0.03926

Outside 0.32492 0.15838 0.10510 0.07870 0.06291 0.05241 0.04491 0.03929

f. How many decimal places are accurately calculated with an 80-sided polygon? Is this a better estimate than 

Archimedes’    22 ____ 7     estimation?
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Multiple choice

1. How many numbers of measurements are needed in order to find the perimeter 
of the following shape?

A. 1
B. 2
C. 3
D. 4
E. 5

2. What is the length of the radius and diameter of the following circle?

A. radius  = 𝑥, diameter  = 𝑥
B. radius  = 2𝑥, diameter  = 𝑥
C. radius  = 𝑥, diameter  = 2𝑥
D. radius  = 2𝑥, diameter  = 2𝑥
E. radius  = 3𝑥, diameter  = 3𝑥

3. What is the base and height of the following triangle?

A. base  = 5.2  km,  height  = 5.2  km
B. base  = 5.2  m,  height  = 3.4  m
C. base  = 3.4  km,  height  = 5.2  km
D. base  = 3.4  m,  height  = 3.4  m
E. base  = 5.2  km,  height  = 3.4  km

4. What shape could be created by transforming and joining the following shapes together?

A. Rectangle
B. Triangle
C. Rhombus
D. Kite
E. Trapezium

5. What is the correct value of the unknown diameter to two decimal places if the area of this 
shape is A = 22.7 m2?

A. 3.60 m
B. 3.80 m
C. 4.77 m
D. 7.60 m
E. 14.45 m

6. What is the correct perimeter for this shape to two decimal places?

A. 33.30 cm
B. 40.92 cm
C. 48.21 cm
D. 52.66 cm
E. 60.82 cm

12A

x

12B

12C

5.2 km

3.4 km

+ =

12D

d

12E

16 cm

6 cm
10 cm

74°

12F
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7. What is the correct volume for the following shape?

A. 150.8 cm3

B. 194.8 cm3

C. 257.6 cm3

D. 345.6 cm3

E. 583.2 cm3

8. Which of the following analogue clocks correctly matches the digital?

A. B.

C. D.

E.

Fluency

9. Determine the perimeters of the following shapes.

a.

10 km 10 km

6 km

6 km

b.

3.4 mm

2.1 mm

2.6 mm

2.5 mm

c.
5 cm

d.

8.2 m

10. Calculate the circumference of the following circles:

i. in terms of π
ii. correct to 3 decimal places.

a.

20 mm

b.

7.25 cm

c.
4 km

d.

m19
3

12G

9 cm

12 cm
6.4 cm

12H

12A

12B
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11. Determine the area of the following shapes.

a.

2 mm

3 mm

b.

18 km

12 km

c.

50 cm

25 cm

9 cm
7 cm

d.

17 mm

45 mm

19 mm

21 mm

12. Determine the area of the following shapes.

a.
1.8 cm

2.2 cm

b.

11 km

15 km

c.

2.8 mm

2.9 mm

1.3 mm d.

7 km

2 km

13. Determine the areas of the following shapes:

i. in terms of π
ii. correct to 3 decimal places.

a.

47.4 m

b.

cm9
4

c.

15.5 cm

d. 21.60 mm

14. Calculate,  and round your answer to 3 decimal places.

a. The perimeter of:

9.35 cm

277°

b. The area of:
10 cm

8 cm

39°

c. The perimeter of:

7 cm

25 cm24 cm

88°

d. The area of:

12.2 cm

5.5 cm

6.2 cm

8 cm

15. Calculate the volumes of the following shapes,  correct to 3 decimal places.

a.
2.7 mm

8.6 mm

18.2 mm2 b.

9.4 m
8 m

4.5 m
6 m c.

12 cm

21.4 cm d.

10 cm

10 cm

5 cm

12C

12D

12E

12F

12G
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16. Convert or determine the time in the following locations.

a. Convert  4   5 ____ 16    days to hours.

b. Convert 21:13 to 12-hour time.
c. Determine the time in Los Angeles when UTC is 8:35 am.
d. Determine the time in Vancouver when it is 5:00 am in New York.

Problem solving

17. Victoria wants to build a square-shaped wooden fence around her garden. The perimeter of 
her garden is 5 m. What is the length of each side of the garden in cm?

18. Quin has a hula hoop that has a circumference of 1.2 m. Using an estimated value of  π ≈   22 ____ 7    ,  

what is the radius of Quin’s hula hoop?

19. Sheridan’s favourite clothing brand is Cathnandu. Cathnandu’s logo is in the following shape.  
What is the area of this logo on Sheridan’s Cathnandu jacket?

6 mm

8 mm

20. Jess wants to give her friend a kite-shaped box filled with sweets as a gift for her birthday. 
The top view of the box is shown in the diagram below. She also wishes to cover the top of 
the box with photos of them,  where each photo will be 3 cm by 5 cm. How many photos will 
she be able to fit on the top of the box?

30 cm

11 cm

21. A circular garden bed at a popular tourist attraction has a diameter of 44 metres and is 
surrounded by a dog walking path of 3.5 metres.

In order to protect dogs’ paws from the heat of the pavement during summer,  the city 
council has decided to paint the path with a reflective grey material in order to reduce 
road surface temperatures. One can of this paint will cover approximately 60 m2.  
How many cans of paint are needed to paint the path above? Round your answer to  
the nearest can.

22. Alea is President for a student society and wishes to design a logo for the club  
and then stitch it onto members’ uniforms. The logo is shown below.

At the local craft store,  thread costs $0.50 per cm2. By calculating the area of  
the logo,  determine how much the thread will cost for Alea to two decimal places.

12H

12A

12B

12C

12D

12E

44 m

3.5 m

12F

40 cm

4 cm
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23. Malia is conducting a science experiment on displacement of  
water and volumes of objects. She learns that the volume of 
displaced liquid should approximately equal the volume of the 
object that is placed. When Malia puts a small fish into a 
rectangular fish tank (shown below),  she notices that the water 
level rises by 15 mm. What is the volume of the fish she put in? 
Express your answer in cm3.

24. Will’s journey from Singapore to Melbourne has two stopovers in Kuala Lumpur and Bali,  
with the whole journey taking 34 hours and 30 mins. If Will leaves Singapore at 9:15 pm  
on Thursday,  what would the local time and day be in Melbourne when he arrives? 
Singapore time is UTC +8 while Melbourne time is UTC +11.

Reasoning

25. Ryan wishes to paint the following image from a painting kit he has purchased and frame it 
onto his bedroom wall. The reference image in the kit has the following given dimensions,  
with an outer frame of width 0.75 cm. Each of the semicircles are exactly equal.

8 cm

3.5 cm

3.5 cm

0.75 cm

Ryan measures his room wall and finds that he has enough space for a painting 75 cm long 
and 12 cm wide. Ryan is still unsure whether he has enough wall space and paint,  he wishes 
to find more exact dimensions of the image.

a. Calculate the area of the available wall space Ryan has.
b. Determine the total area of blue in the painting given that all the semicircles and 

quadrants have the same radius. Express your answer in exact form in terms of π.
c. Ryan does some research and finds that wall art should cover 60%–75% of available 

wall space. By finding the total area of the painting,  determine whether Ryan has 
enough wall space.

d. The frame and canvas cost $34.95 and $22.50 respectively. The blue paint costs $2.35 
per cm2 while the yellow paint costs $1.20 per cm2. How much will the painting cost 
Ryan in total? Write your answer to 2 decimal places.

e. Ryan likes the design of the painting so much that he decides to use it to make a 
cylindrical kaleidoscope. He also cuts out a circle of radius 2 cm in the front and  
back face for viewing purposes. The kaleidoscope is shown below.

8 cm

2 cm

24 cm

Find the volume of the cylindrical kaleidoscope,  correct to 2 decimal places.
f. What are some different materials that kaleidoscopes could be made out of?

12G

15 mm

620 mm
330 mm

850 mm

12H
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26. For the following.

a. Calculate the areas of the triangles below and add them together.

2.5 cm

8 cm

2.5 cm

8 cm

b. Calculate the area of the kite.

8 cm

5 cm

c. Use your answers in parts a and b to explain why the formula for the area of a kite 

is    
 d  1   ×  d  2  

 _________ 2    .

790
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Chapter 13 research summary
Pythagoras’ theorem

Big ideas

Generalising
This chapter will focus on combining multiplicative thinking and proportional reasoning skills with building 
conceptual and procedural knowledge of Pythagoras’ theorem and applying the Pythagoras’ formula to special 
right-angled triangles such as the  30° − 60° − 90°  and the  45° − 45° − 90° . In this chapter, students must arrange 
familiar and foreign mathematical symbols to work with various numbers and manoeuvre properties to conclude 
evidence or assumptions about right-angled triangles.

This chapter will ask students to solve and rearrange Pythagoras’ formula,   a   2  +  b   2  =  c   2  , where  c  is the hypotenuse 
of a right-angled triangle. While showing students the other forms of this formula is quicker, students can flex and 
build their algebraic thinking and reduce misconceptions about the formula. For example, have students use the 
formula   a   2  +  b   2  =  c   2   to determine the shorter sides of the triangle.

The success of this chapter is underpinned by students’ conceptual understanding of variables. For example,  
the formula Pythagoras’ formula,   a   2  +  b   2  =  c   2  , where  c  is the hypotenuse of a right-angled triangle does not  
mean that variable  c  is always the hypotenuse for all right-angled triangles.

Using the phrase ‘cancelling’ or ‘goes away’ may cause misconceptions in algebra and when solving equations.  
So instead, students and teachers are encouraged to use phrases such as ‘sums to zero’ and ‘simplifies to 1’. 
Replacing the word cancel with mathematical language will help strengthen students’ connection to number 

properties in algebra and avoid confusion. For example,   3   2  −  3   2   sums to zero and    4  c   2  _____ 
4  c   2 

    simplifies to 1.

This big idea is built upon a strong understanding of number, number properties, pattern, and equality. Therefore, 
a conceptual understanding of variables and the relationship of words, equations, number, number properties, 
equality, and algebra is pivotal for future success in mathematics.

Hierarchy and properties
This chapter will focus on the properties of right-angled triangles in two-dimensions and three-dimensions. 
Additionally, in this chapter, students will conclude and apply assumptions about right-angled triangles to special 
right-angled triangles such as the  30° − 60° − 90°  and the  45° − 45° − 90° , primitive Pythagorean triads,  
and Pythagorean triples.

Students should be offered the opportunity to experience new mathematical concepts, theorems and techniques 
to discover and solve Pythagorean theorems so that they may be able to apply and operate at a high cognitive level 
(Wittmann, 2021). Several visual proofs can be easily understood (Nelsen, 1993) and are effective in building 
conceptual relationships (Wittmann, 2021), which involve student’s pre-existing knowledge of triangles, angles, 
area and algebra. For example, give students four congruent right-angled triangles on cardboard or use a geometry 
applet like GeoGebra and ask if they can make a square shape with a c side.

This big idea is built upon a strong understanding of number, number properties, patterns, and equality. Therefore, 
a conceptual understanding of variables and the relationship and connection of words, equations, number,  
number properties, equality, and algebra is pivotal for future success in mathematics.

Geometric measurement
This chapter will apply students’ understanding of geometric measurement, reasoning with measurement,  
and understanding of length, area and volume, and units of measurement.

Students must have a strong understanding of measurement when completing this chapter so that when they  
solve problems involving Pythagoras’ theorem, they may reason with the measurements, understand scale,  
use measuring, and choose appropriate units.

This big idea is built on students’ understanding of the properties of shape and measurement. Understanding 
measurements and relating numbers to units and other measurements are essential when problem-solving  
and using measurements in topics such as similar triangles, mass, volume, and scale.
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Visual representations

Pythagoras’ theorem
The Pythagoras theorem states 'The square on the hypotenuse of a right 
triangle is equal to the sum of the squares on the two legs'. The theorem is one 
that represents squares that build a right triangle. This visual is one that draws 
from students’ understanding of area and squaring numbers. However, there 
are other visual proofs that can be easily understood for students that build 
on their pre-existing knowledge of area, perimeter and algebra such as the 
Bhaskara’s Proof (Nelsen, 1993: Whittmann, 2021).

Misconceptions

Misconception Incorrect Correct Lesson

Students identify any side  
of a right-angled triangle  
as the hypotenuse. 5

4

3

The hypotenuse is 3 and 4 because 
they are closest to the 90° angle.

5

4

3

The hypotenuse is 5, because it is 
directly opposite of the 90° angle.

13A

When using pythagorean 
triples, students identify  
any number in the set as  
the hypotenuse.

   (  3,4,5 )     
The hypotenuse is 3 because it is the 
first number in the set.

   (  3,4,5 )     
The hypotenuse is 5 because the  
triad is written as    (  a, b, c )     where  
 c  is the hypotenuse.

13A

Students assume that the 
variables  a  and  b  always denote  
the shorter sides of a right-
angled triangle and the variable  
 c , is always the hypotenuse.

b c

a
a2 + b = c2

b c

a
c2 + a = b2

13A

When using Pythagoras’ 
theorem, students double  
the side lengths.

   6   2  +  8   2  =  10   2  
 12 + 16  = 20
  28 ≠ 20 
  ∴  (  6,8,10 )     is not a right-angled triangle.

   6   2  +  8   2  =  10   2  
 36 + 64  = 100
  100 = 100 
  ∴  (  6,8,10 )     is a right-angled triangle

13A 
13B

When using or solving for 
Pythagoras’ theorem, students 
assume that the side length  
of the triangle is squared.

  c   2  = 100 
The side length is  100 .

  c   2  = 100 
The side length is  10 .

13A 
13B

Students think the inverse 
operation of an exponent is  
to divide.

 25 + 144  = c2

  169 =  c   2  

    169 _____ 2    =   c __ 2   

  84.5 = c 

 25 + 144 =  c   2  
  169 =  c   2  
   √ 

_
 169   =  c   2  

  13 =  c   2  

13B 
13C

Students think Pythagoras’ 
theorem,   a   2  +  b   2  =  c   2  ,  
can only be used to solve  
for the hypotenuse.

The equation   a   2  +  b   2  =  c   2    is only 
used to determine the hypotenuse.

The equation   a   2  +  b   2  =  c   2   can be 
rearranged to determine any side 
length of a right-angled triangle.

13C

Students think that  a  is always 
the shortest side when using 
Pythagoras’ theorem.

4 5

3

 a = 3  because it is the shortest side 
of the right-angled triangle.

4 5

3

 a = 3  or  4  because these  
are the shorter sides of the  
right-angled triangle.

13C

cb

a
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Misconception Incorrect Correct Lesson

When solving for a shorter 
side length using Pythagoras’ 
theorem, students do not 
consider order of operations.

  a   2  = 1 0   2  −  8   2  
  a   2  =  2   2  

  a   2  = 1 0   2  −  8   2  
  a   2  = 100 − 64 

13C

When solving for a shorter 
side length using Pythagoras’ 
theorem, students do not 
consider inverse operations.

  a   2  +  8   2   = 102

   a   2  = 1 0   2  +  8   2  
  a   2  +  8   2  =  10   2  
   a   2  = 1 0   2  −  8   2    

13C
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Introduction to Pythagoras13A

Key ideas

1. The hypotenuse is the longest side of a right-angled triangle and is always the side opposite the right angle.

Hypotenuse

Hypotenuse

2. Pythagoras’ theorem states the square of the hypotenuse is equal to the sum of the squares of the other two 
shorter sides which can also be written as:   a   2  +  b   2  =  c   2  , where  c  is the hypotenuse. Note: If any triangle has 
side lengths that form a Pythagorean triad, then the triangle must be a right-angled triangle.

+ =

a

cb

=

In a right-angled triangle the square of the hypotenuse is equal to the sum of the 
squares of the other two sides. This proof was credited to a Greek philosopher 
named Pythagoras, although it was used by many civilizations and centuries 
before his time. There are now over 340 proofs that prove Pythagoras’ theorem.

LEARNING INTENTIONS

Students will be able to:
 • label the hypotenuse and shorter sides of right-angled triangles

 • understand that Pythagoras’ Theorem can only be used for  
right-angled triangles

 • analyse if three numbers form a Pythagorean triad.

KEY TERMS AND DEFINITIONS

A right-angled triangle contains one interior angle that is  90˚ .

A Pythagorean triad is a set of three positive integers represented by  
( a , b , c),thatsatisfiestherule a   2  +  b   2  =  c   2  .

WHERE DO WE SEE THIS 
MATHS IN THE REAL WORLD?

Image: Curioso.Photography/Shutterstock.com

A right-angled triangle is one of the 
most fundamental shapes that shape 
our world. We can use the theorem for 
construction, engineering, navigation, 
architecture, design, the size of TVs, 
and even medicine.

  a   2  +  b   2  =  c   2  
  3   2  +  4   2  =  5   2  
 9 + 16 = 25
 25 = 25
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Worked example 1

Applying Pythagoras' theorem

Generate the equation that proves that the following triangles are right-angled triangles using Pythagoras’ theorem, 
  a   2  +  b   2  =  c   2  .

a. 

Working Thinking

c = 13 Step 1: Identify the hypotenuse of the triangle by 
determining the longest side and/or the side 
which is opposite to the right angle.

a = 5

b = 12

Step 2: Identify the shorter sides of the triangle.

 a   2  +  b   2  =  c   2 

 5   2  +  12   2  =  13   2  or  12   2  +  5   2  =  13   2 

Step 3: Substitute the values for Pythagoras’ theorem.

Visual support

= c = Hypotenuse

 Height and/or base = a or b

12

5

13

b. 

Working Thinking

c = w Step 1: Identify the hypotenuse of the triangle by 
determining the longest side and/or the side 
which is opposite to the right angle.

a = e

b = 6.25

Step 2: Identify the shorter sides of the triangle.

 a   2  +  b   2  =  c   2 

 e   2  +  6.25   2  =  w   2  or  6.25   2  +  e   2  =  w   2 

Step 3: Substitute the values for Pythagoras’ theorem.

Continues →

WE1a

12

5
13

WE1b

6.25

e

w
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Student practice

Generate the equation that proves that the following triangles are right-angled triangles using Pythagoras’ theorem, 
  a   2  +  b   2  =  c   2  .

a. b. 

9

12

15

7.02

um

Worked example 2

Determining Pythagorean triads

Determine if the following are Pythagorean triads.

a.   (  9, 10, 11 )   

Working Thinking

a = 9

b = 10

c = 11

Step 1: Identify the values inside the Pythagorean triad 
as (a, b, c). 

112 = 121

92 + 102 = 81 + 100 = 181

181 ≠ 121

Step 2: Determine the square of the largest number and 
the sum of the squares of the two  
smaller numbers.

∴ a   2  +  b   2  ≠  c   2 hence,(9,10,11)isnota 
Pythagorean triad. 

Step 3: Compare  a   2  +  b   2  withc 2 to determine 
if (a, b, c) is a Pythagorean triad.

b.   (  15, 20, 25 )   

Working Thinking

a = 15

b = 20

c = 25

Step 1: Identify the values inside the Pythagorean triad 
as (a, b, c). 

252 = 625

152 + 202 = 225 + 400 = 625

625 = 625

Step 2: Determine the square of the largest number  
and the sum of the squares of the two  
smaller numbers.

∴ a   2  +  b   2  =  c   2 hence,(15,20,25)isa 
Pythagorean triad. 

Step 3: Compare  a   2  +  b   2  withc 2 to determine  
if (a, b, c) is a Pythagorean triad.

Student practice

Determine if the following are Pythagorean triads.

a. (4,6,11) b. (8,15,17)

WE2a

WE2b
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Worked example 3

Determining right-angled triangles

Determine if the following are right-angled triangles.

a. 

Working Thinking

c = 10 Step 1: Identify the longest side of the triangle.

a = 6

b = 8

Step 2: Identify the shorter sides of the triangle.

  a   2  +  b   2  =  c   2 

  6   2  +  8   2  =  10   2 

36 + 64 = 100

 100 = 100

Step 3: Substitute the values for Pythagoras’ theorem.

∴Thetriangleformsaright-angledtriangle. Step 4: If   a   2  +  b   2  =  c   2  , then the Pythagorean triad 
does form a right-angled triangle.

Visual support

=

=

=+

=+82 62 102

10064 + 36

10

8

6

Continues →

WE3a

6

8

10
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b. 

Working Thinking

c = 16 Step 1: Identify the longest side of the triangle.

a = 9

b = 12

Step 2: Identify the shorter sides of the triangle.

 a   2  +  b   2  = 92 + 122

= 81 + 144 = 225

 c   2  = 162 = 256

Step 3: Substitute the values for Pythagoras’ theorem.

225 ≠ 256

∴Thisisnotaright-angledtriangle.

Step 4: If   a   2  +  b   2  ≠  c   2  , then the Pythagorean triad 
does not form a right-angled triangle.

Student practice

Determine if the following are right-angled triangles.

a. b. 

WE3b9 cm

16 cm

12 cm

15 cm

20 cm 25 cm 20

9 15

Understanding worksheet

1. Circle the variable or number which describes the hypotenuse.

Example

a

b

c

a.

2.52

b

b.
6

2b

c

c.

a1
3

c2
3

b5
9

d.
c
2

c
2

c
2

2

13A Questions
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2. UsePythagoras’theoremtofillintheboxes.

Example

8

10

6

= 5262 + 82

a.

3
5

4
+ 42 = 52

b.

8

15

17

82 + 152 =

c.

5

a

+ 52 = 132

d.

x

e

r2 =  + x2

3. Fill in the blanks by using the words provided.

 a   2  +  b   2  =  c   2 90˚ longest side (a, b, c)

A Pythagorean triad is represented by  , and  c  represents the  

which is called a hypotenuse in a right-angled triangle. To prove a Pythagorean triad is a right-angled triangle or if any 

triangle contains an interior angle that is  the formula  can be used.
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Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7 (c,d,e,f), 
8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7 (e,f,g,h), 
8 (e,f,g,h), 9

4. Generate the equation that proves that the following triangles are right-angled triangles using 
Pythagoras’ theorem,   a   2  +  b   2  =  c   2  .

a.

108

6

b.

13 cm

12 cm

5 cm

c.

101

99

b

d.

e

w 16.25

e.

ab

c f.

g
h

5
2

g.

b
d
2

d
2

h.

d
8.5a

r
2

5. Fill in the missing values to make the working out of Pythagoras’ theorem true.

a.   42 + 32 = 52

16 + ⎕ = 25
 ⎕ = 25

b. 82 + 62 = 102

64 + ⎕ = 100
 ⎕ = 100

c. 92 + (⎕)2 = 152

 ⎕ + 144 = 225
 ⎕ = 225

d. 1.52 + 22 = 2.52

 ⎕ + ⎕ = ⎕
 ⎕ = ⎕

e. 6.52 = (⎕)2 + 2.52

 ⎕ = 36 + ⎕
 ⎕ = ⎕

f.   252 = (⎕)2 + 242

625 = 49 + ⎕
625 = ⎕

g. (⎕)2 + 122 = ( √ 
_
 169   )2

 25 + ⎕ = ⎕
 ⎕ = ⎕

h. (⎕)2 + ( √ 
_
 3   )2 = 22

 ⎕ + ⎕ = ⎕
 ⎕ = ⎕

6. Determine if the following are Pythagorean triads.

a.    (  3, 4, 5 )    b.    (  6, 8, 10 )    c.    (  5, 12, 13 )    d.    (  10, 8, 18 )    
e.    (  9, 12, 15 )    f.    (  15, 20, 25 )    g.    (  9, 40, 42 )    h.    (  20, 21, 29 )    

WE1

WE2

	  13A InTroducTIon To PyThAgorAs 801

13A

 



7. Determine if the dimensions are correct for a right-angled triangle, where  c  is the hypotenuse and  a  
and  b  are the shorter sides of a triangle.

a.  a = 8 ,    b = 6,   c = 10 b.  a = 3  ,   b = 5,   c = 4 
c.  a = 24  ,   b = 7,   c = 25 d.  a = 1.5  ,   b = 2,   c = 2.5 

e.  a =  9 __ 2 ,   b = 20,   c =  41 ____ 2   f.  a = 3  ,   b = 4,   c =  √ 
_
 25   

g.  a = 6  ,   b =  √ 
_
 16  ,   c = 10 h.  a = 1  ,   b = 1,   c =  √ 

_
 3   

8. Determineifthefollowingshadedfiguresareright-angledtriangles.

a. 6 cm

8 cm10 cm

b.
25 m

14 m
20 m

c.

40 m
50 m

30 m

d.

12 cm

5 cm

169 cm

e. 10 cm

7.5 cm
25
2 cm

f.

g.

12 cm

5 mm

13 km

h.

−10

−10 −5

−5

5

10

105

y

x

WE2

WE3
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9. What are the triangle’s dimensions based on the working out?

Step1: a   2  +  b   2  =  c   2  
Step 2:  81 + 144 = 225 
Step 3:  225 = 225 

A.  a = 81 ,  b = 144 ,  c = 225 
B.  a = 9 ,  b = 12 ,  c = 15 

C.  a =  81 ____ 2    ,  b = 72 ,  c =  225 _____ 2    

D.  a =  9   2  ,  b = 1  2   2  ,  c = 1  5   2  
E.  a =  √ 

_
 9   ,  b =  √ 

_
 12   ,  c =  √ 

_
 15   

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Determine if the following is a Pythagorean triad.
  (  50,120,130 )   

Student A

5 0   2  + 12 0   2  = 13 0   2 
100 + 240 = 260
  (  50,120,130 )    is a Pythagorean triad.

Student B

5 0   2  + 12 0   2  = 13 0   2 
2500 + 14 400 = 16 900
  (  50,120,130 )    is a Pythagorean triad.

b. Determine if the following is a right-angled triangle

9
2

6

7.5

Student A

    ( 
9 _ 2 ) 

2
 +  7   2  =  7.5   2   

  (   18 ____ 4   )   + 49 = 56.28 

 4.5 + 49 = 56.28
 53.5 ≠ 56.28 

Student B

    ( 
9 _ 2 ) 

2
 +  7   2  =  7.5   2   

  (   81 ____ 4   )   + 49 = 56.28 

 20.25 + 49 = 56.28
 69.25 ≠ 56.28

Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. The local council wants to build a ramp that has a length of  800  cm,  
a horizontal distance of  700  cm and a vertical distance of  50  cm. 
Determine if this style of ramp is possible.
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12. In a game of cricket, a news anchor tells a story of a batter 
who hits a ball at a  90˚  degree angle and is caught by their 
opponent at the Square Leg position from  20  metres away.

The batter runs  20  metres straight down to the wickets 
while the opponent throws  25  metres to the wickets and 
gets the batter out. Was this story possible?

13. Ritchie leaves his house with his dog Daisy. They walk  600  metres south down Beach Street, then  
450metreseastalongNeptuneStreet.Theyplanonfinishingupbywalkingdiagonallyalltheway
home for  750  metres. Will Ritchie and Daisy be able to get all the way back home based on  
these directions?

14. NailMood is celebrating Pythagoras Day on the 345th day of the year with a special  
nail design. The nail design is an equilateral triangle with side length  s  that was formed by 
placing two right-angled triangles together that have a height of  h .

Clients who can correctly rewrite Pythagoras’ theorem,   a   2  +  b   2  =  c   2  , in terms of  s  and  h  
will get their nails done for free. 
What is the Pythagoras’ formula in terms of  s  and  h ?

15. Graceiscomparingthreetelevisions,a75inch66inchora55inchfromAldi’sspecialbuysto
place inside her entertainment unit. Her entertainment unit is  60  inches wide and  36  inches high. 
Grace wants to centre the television so that there is no more than four inches of space between the 
television and the entertainment unit on either side. If televisions are measured by their diagonal 
and in inches, which one should Grace buy?

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy All 

16. Rahul is building a cat play centre. He mocks up a design for his contractor, Natalya, and uses grid 
paper where each square represents a length  0.5  m.

Sitting area

Cat jump path

RopeSitting area

Batter Wickets

Square-leg
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a. Rahulwantshiscatstobeabletojumpthroughfloatingplatformstoreachasittingarea. 
What formula can Natayla use to calculate the total distance of the jump path?

b. Nataylacalculatesthatthecatjumppathwillbeamaximumof5  m. Show how Natayla 
determined this length.

c. Rahul also wants to connect the sitting areas with rope. He tells Natayla that the rope will be  
 5.5  metres long. Determine if Rahul’s calculations are correct.

d. Using part c, determine the length of the rope. Round your answer to one decimal point.
e. Rahulwantstousethisdesignbutscaleitbyafourthsoitwillfitinhissistersapartment. 

What will be the length of the new cat jump path and do you think this scale is appropriate for a 
fully grown cat?

17. Use the Pythagorean triad    (  3,4, 5 )    , to determine if the following equations can be used to calculate a 
right angled triangle.

a.   b   2  +  a   2  =  c   2  
b.   c   2  −  a   2  =  b   2  
c. How are these two formulas related to the Pythagorean theorem formula   a   2  +  b   2  =  c   2  ?

Extra spicy

18. A total of  50  square tiles with dimensions  1 cm  by  1 cm  are used to create three squares. What are 
the dimensions and area of each of the three squares?

19. Which of the following is not a rearrangement of Pythagoras’ theorem, where  p  is the hypotenuse 
and  m  and  n  are the shorter sides?

A.   √ 
___________
  m   2  +  n   2    = p 

B.   √ 
___________
  p   2  −  m   2    =  √ 

_
  n   2    

C.   √ 
___________
  p   2  −  m   2    = n 

D.   √ 
___________
  m   2  +  n   2    =  √ 

_
  p   2    

E.   √ 
___________
  m   2  +  n   2    =  √ 

_
 p   

20. Solve for  h .

1

1

1

1

1

1 1

1

1

1

h

A.  h =  √ 
_
 2   B.  h =  √ 

_
 9   C.  h = 9 D.  h =  √ 

_
 10   E.  h = 10 
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21. Figure2wasmadeusingthetrianglesfromFigure1.Expresstheareasofsectionsp , y  , t ,  h ,  △ , and  g  
in terms of  a ,  b , and  c .

Figure 1 Figure 2

c

c

b

b

a

a

p

hg

t

y

Remember this?

22. A wildlife shelter recorded data about the different species of wildlife it rescued in a fortnight. This is 
displayed in the following graph:

Wombat
Key

Kangaroo

Possum

Fruit bat

12morepossumsthankangarooswererescued.
How many animals were rescued in total?

A. 24 B. 30 C. 36 D. 42 E. 48

23. Emilyputtogethersomelollybagstogivetoherclassmatesattheendoftheyear.

Eachlollybaghadthreesourstrapsandfourbananalollies.Sheused52bananalolliesaltogether.
How many sour straps did she use?

A. 33 B. 36 C. 39 D. 42 E. 45

24. Sarahboughttwoidenticalcartonsofmilk.Aftersheused 1 __ 3 ofonecartonofmilk,shehadatotalof
5L left. How many L were in one full carton of milk?

A. 1.5L B. 2 L C. 2.25 L D. 2.5 L E. 3 L
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Calculating the hypotenuse13B

Key ideas

1. Pythagoras’ theorem can be used to find missing side lengths of right-angled triangles using the formula:  
  a   2  +  b   2  =  c   2  , where  c  is the hypotenuse.

c = ?
b

a2 + b2

= c2

a2 + b2

= c2

= c

a

2. The Pythagoras’ theorem formula   a   2  +  b   2  =  c   2  , where  c  is the hypotenuse, can be rearranged to help solve  
for missing side lengths.

  a   2  +  b   2  =  c   2  
  √ 
_

  a   2  +  b   2    =  √ 
_

  c   2    
  √ 
_

  a   2  +  b   2    = c 

The hypotenuse is the longest side of a right-angled triangle, or the side 
opposite the right angle. We can use algebra to determine the hypotenuse, 
if given the shorter sides of the triangle. Determining the hypotenuse is an 
important step in solving many problems in geometry.

LEARNING INTENTIONS

Students will be able to:
 • use Pythagoras’ theorem to solve for the length of the hypotenuse  

in right angled triangles

 • understand how to solve equations with rational numbers and surds

 • rearrange Pythagoras’ theorem formula so that the hypotenuse,  
 c , is the subject.

KEY TERMS AND DEFINITIONS

Exact form is when a number cannot be simplified to a whole number  
or rational number and left as an irrational number.

Surds are the square roots of numbers that cannot be simplified into  
a whole number.

A rational number is a number that can be expressed as a ratio of two 
integers, whereas an irrational number cannot.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

60”

40” 20”

Calculating the hypotenuse of a 
triangle can be applied to many 
important aspects of our daily lives. 
For example, knowing the hypotenuse 
can be very useful in making decisions 
ranging from what size TV you should 
buy to determining what size window 
to build in a house.
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Worked example 1

Calculating the hypotenuse

Calculate the length of the hypotenuse for the right-angled triangle. Give your answer in exact form.

a. 

Working Thinking

 a = 4 

 b = 3 

 c = c 

  4   2  +  3   2  =  c   2  Step 1: Substitute the values in Pythagoras’ theorem.

 16 + 9 =  c   2  Step 2: Simplify both sides of the equation to find the 
solution for the hypotenuse.

 25 =  c   2  

  √ 
_

 25   =  √ 
_

  c   2    

Step 3: Isolate the hypotenuse by applying the inverse 
operations. To keep the equation true, apply the 
same operations on both sides of the equal sign.

 5  units  = c Step 4: Identify if the answer is a perfect square, 
otherwise, leave your answer as a surd.

Visual support

cb + = c2

= c2

= c

a

Continues →

WE1a

3 units

4 units

c
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b. 

Working Thinking

 a = 3 

 b = 3 

 c = h 

  3   2  +  3   2  =  h   2  Step 1: Substitute the values in Pythagoras’ theorem.

 9 + 9 =  h   2  Step 2: Simplify both sides of the equation to find the 
solution for the hypotenuse.

 18 =  h   2  

  √ 
_

 18   =  √ 
_

  h   2    

Step 3: Isolate the hypotenuse by applying the inverse 
operations. To keep the equation true, apply the 
same operations on both sides of the equal sign.

  √ 
_

 18    cm  = h Step 4: Identify if the answer is a perfect square, 
otherwise, leave your answer as a surd.

Student practice

Calculate the length of the hypotenuse for the right-angled triangle. Give your answer in exact form.

a. b. 

WE1b

3 cm
3 cm

h

5 units

12 units

g

1 cm

1 cm

d
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Worked example 2

Using a calculator to calculate the hypotenuse

Use a calculator to calculate the length of the hypotenuse for the right-angled triangle. Round your answer to two 
decimals places.

a. 

Working Thinking

 c = g 

 a = 3 

 b = 2 

  3   2  +  2   2  =  c   2  Step 1: Substitute the values in Pythagoras’ theorem.

 9 + 4 =  c   2  Step 2: Simplify both sides of the equation to find the 
solution for the hypotenuse.

 13 =  c   2  

  √ 
_

 13   =  √ 
_

  c   2    

Step 3: Isolate the hypotenuse by applying the inverse 
operations. To keep the equation true, apply the 
same operations on both sides of the equal sign.

 3.605...   ≈ c Step 4: Use a calculator to calculate the square root.

 3.61   ≈ c Step 5: Round the answer to the specified number  
of decimal places.

b. 

Working Thinking

 a = 0.11 

 b = 0.5 

 c = 𝑦

   𝑦   2  =  (  0.11  )     2  +  (  0.5  )     2   Step 1: Substitute the values in Pythagoras’ theorem.

   𝑦   2  =  (  0.0121 )   +  (  0.25 )    Step 2: Simplify both sides of the equation to find the 
solution for the hypotenuse.

  𝑦   2  = 0.2621 

  √ 
_

  𝑦   2    =  √ 
_

 0.2621   

Step 3: Isolate the hypotenuse by applying the inverse 
operations. To keep the equation true, apply the 
same operations on both sides of the equal sign.

 𝑦 ≈ 0.511...       Step 4: Use a calculator to calculate the square root.

 𝑦 ≈ 0.51  m Step 5: Round the answer to the specified number  
of decimal places.

WE2a3 cm

2 cm c

WE2b

Continues →

0.11 m

0.5 m

y
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Student practice

Use a calculator to calculate the length of the hypotenuse for the right-angled triangle. Round your answer to two 
decimal places.

a. b. 4 cm

2 cm
c 0.12 m

0.2 m

t

Worked example 3

Manipulating Pythagoras’ theorem

Rearrange the equation so that the hypotenuse,  c , is the subject.

a. 

Working Thinking

 c = c 

 a = 2a 

 b = 2b   

    (  2a )     2  +  (  2 b )     2  =  c   2   Step 1: Substitute the values in Pythagoras’ theorem.

  4a   2  + 4  b   2  =  c   2  Step 2: Simplify both sides of the equation.

  √ 
_____________

  4a   2  + 4 b   2    =  √ 
_

  c   2    Step 3: Isolate  c  by applying the inverse operations. 
To keep the equation true, apply the same 
operations on both sides of the equal sign.

  √ 
_____________

  4a   2  + 4 b   2    = c Step 4: Leave your answer in terms of  a, b  and  c ,  
where  c  is the subject.

Continues →

WE3a

2b

c2a
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13B Questions

Understanding worksheet

1. Determine if the surd simplifies to a whole number.

Example

Yes No

  √ 
_

 5   ✔

Yes No Yes No

a.   √ 
_

 1   b.   √ 
_

 2   

c.   √ 
_

 4   d.   √ 
_

 9   

b. 

Working Thinking

 c = 4c 

 a = a 

 b = 2b 

   (  4c  )     2  =  a   2  +  (  2b  )     2   Step 1: Substitute the values in Pythagoras’ theorem.

     (  4c  )     2  =  a   2  + 4 b   2   Step 2: Simplify both sides of the equation.

  √ 
_

  (  4c  )     2    =  √ 
_

  a   2  +  b   2    

  4c   2  =    √ 
_

  a   2  +  b   2    

Step 3: Isolate  c  by applying the inverse operations. 
To keep the equation true, apply the same 
operations on both sides of the equal sign.

 c =    √ 
____________

  a   2  + 4 b   2    ______________ 4    Step 4: Leave your answer in terms of  a, b  and  c,   
where  c  is the subject.

Student practice

Rearrange the equation so that the hypotenuse,  c , is the subject.

a. b. 

WE3b

2b

4c

a

3b

c
3a

3b

2c

a
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2. Fill in the missing parts to make the equation true.

Example

  √ 
__

  c   2     =   √ 
_

 16 + 9   

 c =   √ 

_______________

 
25

   

a.     √ 
___________

 81 + 20    =   √ 
__

  c   2    

  √ 

_______________

     = c

b.   √ 
__

  c   2     =   √ 
___________

 44 + 100   

 c =   √ 
_______________

  
 c = 12

c. k2 = 132 + (  )2

 k =   √ 
________________

   + 121 
 k =   √ 

_
 290   

d.   √ 

_______________

   + 144    =   √ 
__

  n   2    

   √ 
_______________

   = n
 13 = n

3. Fill in the blanks by using the words provided.

irrational  a   2  +  b   2  =  c   2 opposite c

When determining side lengths of right-angled triangles we can use the formula  , 

where  is the hypotenuse. This is also the longest side of a right-angled triangle and is 

 of the right angle. Sometimes the side lengths are left in exact form or rounded because  

the side lengths can be an  number.

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f),  
7 (b,c,d,e), 8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h),  
7 (c,d,e,f), 8 (e,f,g,h), 9

4. Simplify the surds to a whole number or leave in exact form.

a.   √ 
_

 1    b.   √ 
_

 2    c.   √ 
_

 4   d.   √ 
_

 10   
e.   √ 

_
 81    f.   √ 

_
 142    g.   √ 

_
 169    h.   √ 

_
 0.25    

5. Calculate the length of the hypotenuse for the right-angled triangle. Give your answer in exact form.

a.

8 units

6 units

c

b. 5 cm

12 cm
d

c. 9 cm
12 cm

t

d.

50 m

120 m

b

WE1a
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e.

16 km

12 km e

f.

2 m

1.5 m

a

g.

0.4 km0.3 km

f h.

7 mm

u

√576 mm

6. Calculate the length of the hypotenuse for the right-angled triangle. Give your answer in exact form.

a.
6 units

9 units

c
b.

70 mm

60 mm

e

c. 7 mm

7 mm
b

d.

9 m

1 m

e

e.

0.6 km
0.5 km

c f.

19.5 m

6.5 m

e

g.

1.4 cm

a

√5.88 cm h.

2 cm

1 cm

r

7. Use a calculator to calculate the length of the hypotenuse for the right-angled triangle. Round your answer  
to two decimals places.

a.

2 m

3 m

d

b.

5 m

5 m

a

c. 32 000 m

12 000 m g

d.

2.1 m

L
3.1 m

e.

S
cm15

4

9
4

cm

f.

5 10
x

−5−10

−5

−10

5

10

y

c

WE1b

WE2b

 ChapTer 13: pyThagoras’ Theorem 	814

13B

 



8. Rearrange the equation so that the hypotenuse,  c , is the subject.

a.

c

f

e

b.
c

2a

3a

c. a

ca

d.

2c

2b

2a

e.

3c

13b11a
f.

c

1.5b km

1.5a km

g.

c

b

a√3

h.

7c

2a2

4b2

9. Determine the value of c.

    1 2   2  + 1 4   2   = c2

A.   √ 
_

 340   B. 26 C.   √ 
_

 2 6   2    D. 170 E. 340

Spot the mistake

10. Select whether Student A or Student B is incorrect.

a. Use a calculator to calculate the length of the 
hypotenuse for the right-angled triangle.  
Round your answer to two decimals places.

10

8

Student A

   √ 
____________

 1 0   2  +  8   2    = c 
  √ 
_

 1 0   2    +  √ 
_

  8   2     = c
 10 + 8 = c
 18 = c

Student B

   √ 
____________

 1 0   2  +  8   2    = c 
  √ 

____________
 100 + 64    = c

   √ 
_

 164    = c
 12.81 ≈ c

b. Calculate the length of the hypotenuse for  
the right-angled triangle. Give your answer  
in exact form.

14

Student A

c2 =   14   2  +  14   2  
  c = 392 

Student B

c2 =   14   2  +  14   2  
  c =  √ 

_
 392   

WE3
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Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. The kitchen work triangle determines how functional it is to use the cook top, sink and fridge.  
No part of the triangle should be less than  1.2  metres or more than  2.7  metres. The diagram shows 
Hymie’s kitchen. Determine the distance from the sink to the stove top and if Hymie’s kitchen work 
triangle meets the criteria for a functional kitchen space. Round your answer to 2 decimal places.

2.20 m

1.20 m

Fridge

Sink

Stove 
top

12. Darina is studying medicine and learns that she must use Pythagoras’ theorem to determine how 
long a needle needs to be so that it meets the sound waves from the ultrasound probe in a vein.  
The needle will be placed  5  mm from the probe, and the sound waves need to reach  5  mm to the vein. 
What is the minimum length the needle needs to be so that it reaches the sound waves in the vein? 
Leave your answer in exact form.

5 mm

5 mm

Needle

Skin layer

Vein

Probe

13. ZipIt, a zipline company, is installing a new zipline that will connect two corners of their properties 
together using a cable. ZipIt knows the area of the two properties is measured in hectares (ha),  
and  1  ha  =  10 000 m2. Determine the length of the zipline rope that will connect the two corners  
of the property together. Give your answer in exact form.

Finish

Area = 121 ha

Area = 112 ha

Start

c

 ChapTer 13: pyThagoras’ Theorem 	816

13B

 



14. Jarrod is flying his drone but lost his glasses and can only see distances less than  50  metres away. 
According to drone regulations, he must keep his drone in his visual line of sight. He flies his drone 
directly upwards,  40  metres from the ground, and  50  metres horizontally away from him.  
The distance from the ground to his eye is  1.6  metres. Determine by how much the drone is in  
or out of his line of sight. Round your answer to a whole number.

50 m

1.6 m

40 m

Visual line of sight

15. The Redland City council is building a new Olympic size indoor lap and diving pool that will be  50  m 
by  25  m. The pool will gradually increase in depth from point A until it reaches a diving depth of 5 m 
at point B. The bottom of the diving area is  500  m2. There will be vertical tiled lines to denote the 
gradual increase in depth of the pool, and the diving area will be painted a solid colour. What is the 
length of the pool’s slant? Round your answer to 3 decimal places.

5 mA

B

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. Petra creates a Minecraft world and puts their shelter at point H.  

   ̄  BH    is 36 block units, the river is 12 block units wide, and    ̄  BC    is a    1 __ 4    

of    ̄  BH   . Petra wants to prepare routes back to the shelter in case they 
are chased by a skeleton in the game.

a. The distance of    ̄  DH    is two block units less than    ̄  BC   . Determine 
the amount of block units there are in the distances of    ̄  BC   ,    ̄  CD    
and    ̄  DH   .

b. Determine how many block units it will take Petra if they decide 
to swim the river in a straight line from point A to C.

c. Determine how many block units it will take Petra if they decide to swim the river in a straight 
line from point A to D and then walk from point D to the shelter. Round your answer to a whole 
block unit.

d. If it takes  2  block units per second to swim and  5.5  block units per second to sprint, determine 
which route,    ̄  AB     to H  or    ̄  AC     to H  or    ̄  AD     to H  will be the quickest for Petra to take and by how 
many seconds than the other routes. Round your answer to 2 decimal places.

e. If Petra has extra building blocks, determine another route or option they could do to protect 
themselves from the skeleton.

A

BCDH
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17. Use the Pythagorean triple    (  3,4,5 )    , to determine if the following expressions, where a and b are the 
shorter sides of the triangle, can be used to calculate a hypotenuse.

a.   √ 
_

  a   2  +  b   2    

b.   √ 
_

  b   2  +  a   2    
c. Give at least one reason why it does not matter how the sides a and b of the triangle are labelled 

and why the formula can be be written in the form  c =  √ 
_

  a   2  +  b   2    ?

Extra spicy

18. Calculate the missing side length of the triangle.

60

√3721

19. What is the value of  a ?

75
125

12
a

A.  88 B. 99.93 C.  100 D.  112 E.  9988 

20. What is the value of a?

15

8

a

A.   √ 
_

 17   B. 17 C.   √ 
_

 578   D.   √ 
_

 1156   E.  289 

21. Three semicircles form a right-angled triangle. What is the area of the shaded semi-circle?

A = 2π

A = 2.25π
2
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Remember this?

22. Which of these is equal to  48 × 3 + 2 ?

A.  50 − 6 B.  48 + 50 C.  50 × 2 + 5 D.  48 × 5 E.  40 × 3 + 26 

23. Sarah counted the stationery in her pencil case.

   1 __ 4    were pens.    1 __ 5    were pencils.

She had 3 more pens than pencils.
How many items of stationery did Sarah count?

A. 20 B. 30 C. 40 D. 50 E. 60

24. Joanne is rebuilding the staircase at her investment property. She requires that the stairs have a rise 
of 1 m for every 1.75 m of base length of the staircase.

Base length

Rise

What is the base length for a staircase with a rise of 1.8m?

A. 3 m B. 3.15 m C. 3.3 m D. 3.45 m E. 3.6 m
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Calculating the shorter side13C

Key idea

1. The Pythagoras’ theorem formula   a   2  +  b   2  =  c   2  , where  c  is the hypotenuse, can be rearranged to help solve for 
missing side lengths.

cb = ?

a

a2    +    b2    =    c2

b2    =    c2    −    a2

 b2    =

 b    =

Applying and rearranging the Pythagoras’ theorem formula relies on the ability 
to solve equations, algebra skills, and understanding the shape of right-angled 
triangles. This lesson will explore rearranging Pythagoras’ theorem to find the 
third side when given any two sides of a triangle.

LEARNING INTENTIONS

Students will be able to:
 • use Pythagoras’ theorem to solve for the length of the shorter sides  

in right angled triangles

 • understand how to solve equations with rational numbers and surds

 • rearrange Pythagoras’ theorem formula so that the shorter length,  
 a  or  b , is the subject.

KEY TERMS AND DEFINITIONS

The subject of a formula is the variable isolated on one side of the 
equal sign.

WHERE DO WE SEE THIS  
MATHS IN THE REAL WORLD?

Calculating the shorter lengths of a 
right-angled triangle can be applied  
to many important aspects of our daily 
lives. For example, product designers 
can use Pythagoras’ theorem to 
determine the maximum and 
minimum lengths of bendy straws  
so the straw can be used for drinking 
with an optimal and aesthetic bend.
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Worked example 1

Calculating the shorter side

Calculate the missing side lengths. Give your answer in exact form.

a. 

Working thinking

 a = 3 

 b = b 

 c = 5 

32 + b2 = 52 Step 1: Substitute the values in Pythagoras’ theorem.

9 + b2 = 25 Step 2: Simplify both sides of the equation to find the 
solution for the shorter side.

−9 + 9 + b2 = 25 − 9 Step 3: Isolate the shorter side by applying the inverse 
operations. To keep the equation true, apply the 
same operations on both sides of the equal sign.

  √ 
__

  b   2     =   √ 
_

 16   

b = 4 units

Step 4: Identify if the answer is a perfect square, 
otherwise, leave your answer as a surd.

Visual support

cb = ?

a

a2     +     b2     =     c2

b2     =     c2     −     a2

 b2     =

 b     =

Continues →

WE1a

5 units

3 units

b
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b. 

Working thinking

 a = d 

 b = 1 

 c = 2 

22 = d2 + 12 Step 1: Substitute the values in Pythagoras’ theorem.

4 = d2 + 1 Step 2: Simplify both sides of the equation to find the 
solution for the shorter side.

4 − 1 = d2 + 1 − 1 Step 3: Isolate the shorter side by applying the inverse 
operations. To keep the equation true, apply the 
same operations on both sides of the equal sign.

  √ 
_

 3    =   √ 
__

  d   2    

  √ 
_

 3    cm = d

Step 4: Identify if the answer is a perfect square, 
otherwise, leave your answer as a surd.

Student practice

Calculate the missing side lengths. Give your answer in exact form.

a. b. 

WE1b

2 cm

1 cm

c

13 unitsa

5 units

4 cm

3 cm

f
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Worked example 2

Using a calculator to calculate the shorter side

Use a calculator to calculate the missing side lengths. Round your answer to two decimal places.

a. 

Working thinking

 a = a 

 b = 5 

 c = 7 

a2 + 52 = 72 Step 1: Substitute the values in Pythagoras’ theorem.

a2 + 25 = 49 Step 2: Simplify both sides of the equation to find the 
solution for the shorter side.

a2 + 25 − 25 = 49 − 25 Step 3: Isolate the shorter side by applying the inverse 
operations. To keep the equation true, apply the 
same operations on both sides of the equal sign.

  √ 
__

  a   2     =   √ 
_

 24   Step 4: Use a calculator to calculate the square root.

a ≈ 4.898…

a ≈ 4.90 units

Step 5: Round the answer to the specified number of 
decimal places.

Visual support

a2 = 24

a =   √ 
_

 24   

a2 + 25 = 49
−25

  √ 
_
     

−25

  √ 
_
     

(a)2 + (5)2 = (7)2

Continues →

WE2a

5 units

a

7 units
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b. 

Working thinking

 a = 0.11 

 b = j 

 c = 0.5 

(0.5)2 = (0.11)2 + j2 Step 1: Substitute the values in Pythagoras’ theorem.

0.25 = 0.0121 + j2 Step 2: Simplify both sides of the equation to find the 
solution for the shorter side.

0.25 − 0.0121 = 0.0121 − 0.0121 + j2 Step 3: Isolate the shorter side by applying the inverse 
operations. To keep the equation true, apply the 
same operations on both sides of the equal sign.

  √ 
_

 0.2379    =   √ 
__

  j   2    Step 4: Use a calculator to calculate the square root.

j ≈ 0.4877…

j ≈ 0.49 m

Step 5: Round the answer to the specified number of 
decimal places.

Student practice

Use a calculator to calculate the missing side lengths. Round your answer to two decimals places.

a. b. 

0.11 m
0.5 m

j

7 units

b

8 units

0.13 m
0.8 m

p

WE2b
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Worked example 3

Using Pythagoras’ theorem to solve equations

Use algebra to determine the value of the variable. Round your answer to two decimal places.

a. 

Working thinking

 a = 12 

 b = 3b 

 c = 15 

(15)2 = (12)2 + (3b)2

Step 1: Substitute the values in Pythagoras’ theorem.

225 = 144 + 9b2 Step 2: Simplify both sides of the equation to find the 
solution for the shorter side.

225 − 144 = 144 − 144 + 9b2

   81 _ 9     =    9b2
 _ 9    

Step 3: Isolate the shorter side by applying the inverse 
operations. To keep the equation true, apply the 
same operations on both sides of the equal sign.

  √ 
_

 9    =   √ 
__

  b   2    Step 4: Use a calculator to calculate the square root.

3.00 = b Step 5: Round the answer to the specified number  
of decimal places.

Visual support

81 = 9b2

9 = b2

225 = 144 + 9b2

(15)2 = (12)2 + (3b)2

−144

÷9

  √ 
_
     

−144

÷9

  √ 
_
     

3.00 = b

Continues →

WE3a

12

3b

15
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b. 

Working thinking

 a = a 

 b = a 

 c = 10 

a2 + a2 = 102 Step 1: Substitute the values in Pythagoras’ theorem.

2a2 = 100 Step 2: Simplify both sides of the equation to find the 
solution for the shorter side.

   2a2
 _ 2     =    100 _ 2    Step 3: Isolate the shorter side by applying the inverse 

operations. To keep the equation true, apply the 
same operations on both sides of the equal sign.

  √ 
__

  a   2     =   √ 
_

 50   Step 4: Use a calculator to calculate the square root.

a ≈ 7.071…

a ≈ 7.07 cm

Step 5: Round the answer to the specified number of 
decimal places.

Student practice

Use algebra to determine the value of the variable. Round your answer to two decimal places.

a. b. 

WE3b10 cm

a
a

50

40

10b

9 cm

h
h

13C Questions

Understanding worksheet

1. Determine the values.

Example

  − 9   2  =   −81

a.   4 −  3   2  = 4 −   b.   4 +  (  −3  )     2  = 4 +   

c.  − 3   2  =  d.    (  −3 )     2  =  
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2. Fill in the missing values in the diagram and/or the scenario so they match.

Example

5 m
3 m

j

A ladder leans on a building  j  metres away. The ladder is  5  metres long  

and the building is 3  metres high.

a. A right-angled triangle has a hypotenuse of 10 units and the shorter sides 

are  units and 7 units.
10 units

b

b. An isosceles right-angled triangle has side lengths  k  cm and a 

hypotenuse of  cm.

8 cm

c. A TV is measured by its diagonal which is 60 inches. The width of the TV 

is  inches and the length is  L  inches. 30 in
60 in

d. A pilot is  2000  m away from the runway, their altitude from the ground is  

a  metres, and their visual line of sight to the runway is  m.
12 000 m

2000 m
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3. Fill in the blanks by using the words provided.

rational a =   √
_______

  c   2  −  b   2    b surd

We can use algebra to manipulate Pythagoras' formula to solve for a shorter side or use the formula 

 , where  a  and  are the shorter sides and  c  is the hypotenuse.  

When calculating side lengths of triangles, the answer may be given in exact form or rounded to a specified 

number of decimal places. The   √ 
_

 4    is a  number and can be simplified to 2, but   √ 
_

 2    is a 

 or an irrational number and can be left in its exact form of   √ 
_

 2   .

Fluency
Question working paths

Mild 
4 (a,b,c,d), 5 (a,b,c,d), 6 (a,b,c,d),  
7 (a,b,c,d), 8 (a,b,c,d), 9

Medium 
4 (c,d,e,f), 5 (c,d,e,f), 6 (c,d,e,f), 7 (b,c,d,e),  
8 (c,d,e,f), 9

Spicy 
4 (e,f,g,h), 5 (e,f,g,h), 6 (e,f,g,h), 7 (c,d,e,f),  
8 (e,f,g,h), 9

4. Substitute the side lengths of the given right-angled triangles into Pythagoras’ theorem, 
  a   2  +  b   2  =  c   2  .

a.

6 cm

b

10 cm
b.

9 cm

15 cm

c

c.

b

c

a

d.

1.5 m

2.5 m

k

e. 188 m

k

f. 7 mm

u

  √625 mm

g. 1 unit

r
√3 units

h.

h

cm7
4

cm13
4

5. Calculate the missing side lengths. Give your answers in exact form.

a.

6 cm

b
10 cm

b. 5 cm

a13 cm

c.

15 cm

c

9 cm d.
15 km g

25 km

e.

130 m

y

120 m

f.
1.5 m

k

2.5 m

g.

0.3 cm

r

0.5 cm

h.

7 mm

u

  √625 mm

WE1a
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6. Calculate the missing side lenths. Give your answer in exact form.

a.

7 cm

a

9 cm

b.

3 cm
c

2 cm c.
8 mp

12 m

d.

7 km

k

11 km

e.

100 m

y

120 m

f.

0.06 cm

r

0.13 cm

g.
m

√290 cm

h.

1 unit

r
√3 units

7. Use a calculator to calculate the missing side lenths. Round your answer to two decimal places.

a.

3 m

d

8 m

b.

v

5 km

6 km

c.

12 000 m

5000 m

g

d.

7.1 m

4.2 m

h

e.

9 m

a

f.

h

cm7
4

cm13
4

WE1b

WE2
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8. Use algebra to determine the value of the variable. Round your answer to two decimal places.

a.

2b
10

6

b. 5b

2025

c.
a

6

a
d.

12

c1
2

25
2

e. 3a

2a10

f.

4b

2b

80

g.

a
5√2

h.

a√3

7

2a

9. Which of the given options is equivalent to step 3 of the problem below?

Step 1:      a   2  +  b   2  =  c   2  
Step 2:   6   2  +  b   2  =  9   2  
Step 3: ⎕
Step 4:     b =  √ 

_
 45   

A.  b =  √ 
___________

 81 + 36   
B.   b   2  =  √ 

___________
 81 + 36   

C.  b =  √ 
_

   6   2  − 9   2    
D.  b =  √ 

_
   9   2  − 6   2    

E.  b =  √ 
___________

 18 − 12   

Spot the mistake

10. Select whether Student A or Student B is incorrect. 

a. Calculate the missing side length for the right-angled 
triangle. Give your answer in exact form.

m

10 cm

9 cm

Student A

  9   2  +  m   2  = 1 0   2  
 m =  √ 

____________
 1 0   2  +  9   2    

 m =  √ 
_

 181    cm   

Student B

 1 0   2  =  9   2  +  m   2  
  √ 

____________
 1 0   2  −  9   2    = m 

  √ 
_

 19    cm  = m 

b. Use algebra to determine the value of the variable. 
Round your answer to two decimal places.

j
32 cm

Student A

  j   2  +  j   2  = 322 
 2  j   4  = 322 

  j   4  =   1024 ____ 2    

  4 √ 
___

   j 4   =  
4
 √ 
_

 512   
 j = 4.76  cm

Student B

  j   2  +  j   2  = 322 
 2  j   2  = 10242 

  j   2  =   1024 ____ 2    

  √ 
__

   j 2   =  √ 
_

 512   
 j = 22.63  cm

WE3
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Problem solving
Question working paths

Mild 11, 12, 13 Medium 12, 13, 14 Spicy 13, 14, 15 

11. Schnitzel von Crumb has been taken off his leash and runs straight to the water  d  metres away. 
He paddles in a straight line parallel to the beach for  5  metres, then travels diagonally back to his 
owner on the beach who is standing  8  metres away. What is the total distance Schnitzel von Crumb 
travelled? Round your answer to the nearest metre.

12. Sophie is making a dress for her fashion design final project. She uses sewing darts to create a 
curved shape from her fabric. Darts are isosceles triangles that are folded down the middle and  
sewn on the dart length. Determine the dart width if the length of the dart is  11  mm and the fold  
is  7.5  mm. Round your answer to one decimal place.

Fold

Dart length
Dart width

13. A new roundabout sign needs to be installed with a metal pole. The roundabout sign is an equilateral 
triangle with dimensions  900  mm. To meet regulations, the distance from the bottom of the 
roundabout sign to the ground must be  2000  mm, the metal pole does not extend past the sign, 
and the sign is centred on the pole. Determine the maximum length of the metal pole. Round your 
answer to two decimal places.
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14. A hack to drink a juice box is to place the bendy straw upside down. The bendy part of the straw 
must form a 90° angle while lying inside of the box at a diagonal. Currently the bendy straw is folded 
on itself and is the same length as the diagonal length of the front of the box,  11.41  cm.  
Determine the maximum length of  b , correct to two decimal places.

10 cm

3 cm

11.41 cm

b

15. Calculate the missing side lengths,  t, e, n  of the triangle if the area of the triangle is 1840 mm2.  
Round the lengths to the nearest mm.

n

e

t

4e

85 mm

Reasoning
Question working paths

Mild 16 (a,b,c,e) Medium 16 (a,b,c,e), 17 (a,b) Spicy all 

16. The Brisbane Bandits baseball team wants to transform the look of their baseball field to celebrate 
their four championship wins by placing four equally spaced stripes in their field. The baseball field 
is shaped like a square where all the sides have equal lengths and all interior angles are equal to 90°.

Home base

1st base

2nd base

3rd base

38.8 m

Pitcher’s 
mound

Distance 1

Distance 2

Distance 3

Distance 4

Vertical distance 1

Vertical distance 2

Vertical distance 3

Vertical distance 4

Stripe 1

Stripe 2

Stripe 3

Stripe 4
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a. Calculate the vertical distance between home base and 2nd base. Round your answer to the 
nearest whole metre.

b. Using your rounded answer from part a, determine the vertical distance between each of the 
four stripes from 2nd base to the mound and the distance between each of the four stripes from 
2nd base to 1st base. Round your answer to the nearest whole metre.

c. Using your rounded answer from part b, calculate the length of stripe 1. Give your answer in 
exact form.

d. Determine the length of stripes 2, 3 and 4. Round your answer to the nearest whole metre.
e. The Brisbane bandits will need to create a new design in a few weeks so that the grass does not 

grow in odd directions affecting play. Sketch two different designs they could consider that will 
celebrate their 4 championship wins.

17. Use the right-angled triangle to answer the following questions.
A

6 m
10 m

B C

a. What is the length of    ̄  BC     ?
b. What is the total length of    ̄  AB    and    ̄  BC    ?
c. Determine why it is faster to walk along the hypotenuse rather than the two shorter sides  

of a right-angled triangle?

Extra spicy

18. Jarrod lost his glasses again while waiting in a straight line to view the iconic Big Banana statue 
in Coffs Harbour. He can see things within  50  m and is  1.6  m tall. The Big Banana statue is  5  m high 
and  11  m long. From what distance will he be able to start seeing the Big Banana?

Visual lin
e of sight

A. 37.72 m B. 49.56 m C. 49.75 m D. 49.88 m E. 49.97 m
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19. Four congruent triangles make a square with side lengths equal to c. Show that the combined area  
of the four triangles and the inner square equals   c   2  .

b

c
a

20. The side length    ̄  AB     = 𝑥 and the side length    ̄  BE     = 𝑥 − 1 , and the distance    ̄  CE     = 4 . Determine the 
distance of    ̄  AB   ,    ̄  BE   ,    ̄  AD    and    ̄  BD   .
A

E

C

B D

21. What additional information is needed to determine the length of    ̄  PQ  , if the the rectangle  SURD  has 
an area of  17  cm2 and width  7  cm and the length of    ̄  RP   =    ̄  SQ  .

S

Q
K

R

D

P

W U

V

A. The area of the triangle  RPW. 
B. The length of    ̄  RS   or the diagonal length of    ̄  DU  .
C. The area of the triangle  PVQ. 
D. The length of    ̄  RW   and the length of    ̄  SK  .
E. The area of the triangle  SQK. 

Remember this?

22. At Mount Buller, it is 4°C right now. The coldest ever temperature at Mount Buller is −11.4°C.  
What is the difference between the temperature right now and the coldest ever temperature?

A. −15.4°C B. −7.4°C C. 7.4°C D. 8°C E. 15.4°C

23. Before Anne can paint a canvas, she needs to cover it in gesso. She used 0.5 L of gesso to cover a 3 m 
by 2 m canvas. How many litres of gesso would be required to cover a canvas that is 2.5 m by 6 m?

A. 0.75 L B. 1 L C. 1.25 L D. 1.5 L E. 1.75 L
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24. Claire recorded the number of hours she watched TikTok each day for a week.

She created a column graph but forgot to label some parts of it.
In total, she watched TikTok for 30 hours.

Mon Tues Wed Thurs Fri Sat Sun

How many hours did she watch TikTok on Saturday?

A. 4 B. 5 C. 6 D. 7 E. 8
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Chapter 13 extended application
1. Breeshey is building a foldable table for camping and found a design online. She currently has 3 wooden table 

tops that have a thickness of 20 mm. These 3 tops will be placed on top of the trestle legs’ horizontal slats that 
she will build. Before building, Breeshey wants to make sure that the measurements in her design will be able to 
fit in her car and with her existing camping equipment. Her measurements are in millimetres.

Image 1

800

260

794

c

a

Image 2

300

50

50

50 800

50

70

215

215

100

300

50

50
680

50

215

215

100

a. The height of  a  is 674 mm and length of the shorter trestle legs are 680 mm, calculate the distance between 
these 2 trestle legs to the nearest millimetre.

b. Currently the design states that when the legs open to a certain degree, the height will be 794 mm and 
the gap between the 2 longer trestle legs will be 260 mm forming an isosceles triangle. Determine if these 
measurements are correct.

c. The angle between the 2 trestle legs in part b is  20˚ . Determine the new height and distance between the 
longer trestle legs if the angle is increased to  60˚ .

d. Given that the angle between the longer trestle legs is  60˚  and the measurements of Image 2, determine the 
height of  c  to the nearest whole number.

e. The type of wood that Breeshay wants to use is merbau wood which comes in 1.8 m lengths that cost 
$11.20 each. Assume that the wood cannot be reconnected once it is cut. Determine the total number of  
1.8 m lengths of timber she will need to build her trestle legs and calculate their total price.

f. A brand new plastic trestle table that folds up can range from  $30 − $250.  What are the pros and cons of 
building a wooden table instead of buying a plastic trestle table?

2. Chris and Kai are engineers at Edrolo and are redesigning the Edrolo platform for new question types for the 
online platform. The engineers need to code in such a way so that when the pictures are dragged and dropped 
into the blue square, the pictures will shrink without causing distortion. The pictures are measured in pixels.

287.7

Images waiting to be dragged
and dropped.

What happens when you drag
the image.

Ideal look for platform.

862.9

Picture 1246.6

a. Determine the diagonal length in pixels of the drop zone. Give your answer to 1 decimal place.
b. Determine the diagonal length in pixels of Picture 1. Give your answer to 1 decimal place.
c. Chris says that the code is dependent on diagonals. He says the length and width of Picture 1 will need to be 

shrunk by using the following percentage    (    
diagonal of dropzone

  _________________________  diagonal of picture     )   × 100%  . Determine the new length and 

width of Picture 1 and if the new scaled picture will fit in the drop zone. Give your answer to the nearest 
whole number.
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d. Kai says that the code is to shrink the length and width of Picture 1 using the following percentage  

   (  
diagonal of dropzone

  ___________  diagonal of picture   )    
2
     × 100%  . Determine the new length and width of Picture 1 and if her method will 

shrink Picture 1 to fit inside the dropzone. Give your answer to 1 decimal place.
e. Determine if the formula used in part d will work for Picture 2.

287.7

361.72

Picture 1 542.53

f. One method Chris and Kai could use is trial and error when finding ways to shrink the pictures. Give pros 
and cons to using more advanced maths techniques to scale images.

3. Agusta is customising a new stand to showcase her gelato cones in her gelato store. She sells mini, small, 

regular, and jumbo. The size of the mini cone is    1 __ 4    the size of the jumbo cone, and the size of the small cone is    2 __ 3    

the size of the regular cone, and the size of the jumbo cone is    4 __ 3    the size of the regular cone. The size of each 

cone refers to its diameter and height.

Regular
$3.50

Small
$2.50

1 scoop = $2.00
2 scoops = $4.00

Mini
$1.50

Jumbo
$4.25

6.2 cm

s

a. Determine the diameter of the other 3 ice cream cones if the regular size cone diameter is 6 cm.
b. Determine the height of the 4 cones if the slant height of the regular cone is 12 cm to 2 decimal places.
c. The diameter of the holes that the cones will go through on the stand can be calculated using the ratio cone 

height : cone diameter. If the jumbo cone sticks out 6.2 cm from the hole, determine the diameter of the hole.  
Round your answer to 1 decimal place.

d. The diameter of the hole for each cone and the height that sticks out from the hole is proportional. 
Determine the size of each of the holes that are needed for the cones to be placed into the stand.  
Round your answer to 1 decimal place.

e. The surface area of the ice cream cones can be calculated using the formula  πrs , where  r  is the radius, 
and  s  is the slant height. Augusta wants to make sure her customers are getting the better buy based on 
the surface area of the cone. Determine the surface area for the mini, small, regular, and jumbo cone to 
determine which one cone is the better buy.

f. Draw another option of how Agusta could present her cones to customers that doesn’t require a stand.
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Multiple choice

1. What is the missing value in the box for the equation below the right-angled triangle?

⎕2 + 152 = 172

A. 2
B. 4
C. 6
D. 8
E. 17

2. Which of the following is the correct equation to determine the length of the hypotenuse,  
in terms of  c ?

A.  c =  3 a   2  + 2 b   2  ______________ 2    

B.  c =   √ 
______________
 3 a   2  + 2 b   2    ________________ 4    

C.  c =   √ 
______________
 9 a   2  + 4 b   2    ________________ 2    

D.  c =  9 a   2  + 4 b   2  ______________ 4    

E.   c   2  =   √ 
______________
 9 a   2  + 4 b   2    ________________ 4    

3. Whatisthevaluefor𝑥 in the diagram below, correct to 3 decim al places?

A. 0.657m 
B. 0.812m 
C. 0.854m 
D. 0.970m 
E. 1.03 4m 

4. What is the value for  h  in the diagram below, correct to 3 decimal places?

A.  0.164  m
B.  0.300  m
C.  0.328  m
D.  0.572  m
E.  0.626  m

13A

13B

13B

13C

Chapter 13 review

8

15

2b

2c 3a

x

0.14 m

0.8 m

h

0.18 m0.6 m
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Fluency

5. Generate the equation that proves that the following triangles are right-angled triangles 
using Pythagoras’ theorem,   a   2  +  b   2  =  c   2  .

a.

12

915

b.

x

144 145

c. p
q

8
3

d.

13.5a

b
5

b
2

6. Determine if the dimensions are correct for a right-angled triangle, where  c  is the length of 
the longest side, and  a  and  b  are the lengths of the shorter sides of a triangle.

a.  a = 12, b = 5, c = 13  b.  a = 63, b = 16, c = 64 

c.  a = 16, b =  √ 
_
 225  , c = 34 d.  a =  11 ____ 2  , b = 30, c =  61 ____ 2          

7. Use a calculator to calculate the lengths of the hypotenuse for the right-angled triangles. 
Round your answers to two decimal places.

a.

b

6 m

b.
t

5.8 m

3.6 m

c.
h

70 m
95

 m

d.

c cm32
3

cm25
3

8. Rearrange Pythagoras’ formula so that  c  is the subject.

a.

2b

4a

c

b.

14b

9a

4c

c.
c 3a

b√3

d.

3a28c

5b2

9. Calculate the missing side lengths. Give your answers in exact form.

a.

8 m11 m

a

b.
0.06 m

0.17 m

s

c.

g √180

d.

2 cm

h
√5 cm

10. Use algebra to determine the values of the variables. Round your answers to two decimal 
places where necessary.

a.
7

25

4b

b.

r

r

2√2

c.
17
3 b1

4

5

d.

4h12

h√3

13A

13A

13B

13B

13C

13C
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Problem solving

11. Aplan eisflyin gatahorizon taldistan ceof2100m awayfrom thebaseofam oun tain an d
atan altitudeof1000m in theair.Itisduetofly2900m in thetrajectoryshown below, 
towardsam oun tain peak3 000m high.Determ in eiftheflightpathispossible.

1000 m
3000 m

2900 m

2100 m

12. Rachel is currently at point X and wants to cross to Point Y. There is a rectangular pond, 
howevershecan n otwalkthroughitasitisfilledwithm ischievousgeese.Therefore, Rachel
m ustwalk3 2m etresdirectlyn orthan d58m etresdirectlywest.Howm uchfurtheristhis
compared to if Rachel could walk straight through the pond? Round your answer to the 
nearest metre.

Point Y

Point X

58 m

32 m

13. Tourists travel in a shuttle bus from the airport to their respective hotels in a rural 
neighbourhood. There is a cell tower on the route, and there is signal coverage as far  
as3 1km awayfrom thetower.Thebuspassesthetowerthroughtheroadshown in 
thediagram below, whereitsclosestpoin ttothetoweris14km away.Forhowm an y
kilometres will people on the bus have signal? Round your answer to two decimal places.

31 km

31 km

14 km
x km

x km

13A

13B

13C
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Reasoning

14. Alighthousesitson topofahillan doverlookstwofishin gboats 
(ShipAan dShipB)in thewater.Thetwofishin gboatsarealsotryin g
tofishforthesam efishasitisararespecies.Thisisshown in the
diagram below.

a. Thecrewon shipAlookupatthelighthouseata60˚an glean d
theviewersofthelighthouselookdown atShipAata3 0˚an gle.
Determine the height of the hill and length of the line of sight 
between thelighthousean dShipAin term sof𝑥 .

b. Assum ethat𝑥  = 4.2  km. What is the height of the hill?  
Round your answer to two decimal places.

c. HowfarisShipBfrom thelighthouse?Roun dyouran swertotwo
decimal places.

d. Fin dthedistan cebetween ShipAan dShipB.
e. Thereare3 88workin glighthousesin Australiaan dover18600 

lighthouses worldwide. Why are lighthouses essential when we have  
modern day navigation technology?

15. Fourcon gruen ttrian glesarecutoutofarectan gularpieceofcardboard.Twostuden ts
determine they have made a square with side length  c  using the four triangles.

a

c b

Student A Student B

c
c

c

c

a − bA°

A°

A°

A°B°

B°

B°

B°

a

c c

c c

B°

A° A°

90°

A° A°

B°
B°
B°

a. Determine the combined angle measurement of  A + B. 
b. Determine if Student A and/or Student B has made a square with side length  c .
c. Explain how it is possible to determine which of the students made a square with the 

given information only.

x km

30°

30°
60° 45°

Ship A Ship B

15°
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1A  Adding and subtracting  
whole numbers

Student practice
Worked example 1
a. 45 b. 211

Worked example 2
a. 658 b. 1753

Understanding worksheet

1. a.  = b.  ≠ c.  = d.  ≠ 

2. a.  = b.  ≠ c.  ≠ d.  = 

3. commutative; associative; subtraction; partitioning; compensation

Fluency

4. a. 17 b. 19 c. 74 d. 193

e. 211 f. 389 g. 273 h. 661

5. a. 68 b. 489 c. 9 d. 152

e. 11 086 f. 887 g. 384 h. 53 293

6. a. 776 b. 5986 c. 4421 d. 170

e. 869 f. 9066 g. 8929 h. 6235

7. a. 399 b. 859 c. 321 d. 655

e. 6193 f. 1386 g. 5591 h. 4359

8. a. 41 b. 654 c. 208 d. 4691

e. 6713 f. 3496 g. 9028 h. 5290

9. B

Spot the mistake

10. a. Student A is incorrect. b. Student A is incorrect.

Problem solving

11. Tao is an Uber driver. Over two weeks he earned $1045 and $632. 
How much did Tao earn in total?

Key points

• Over two weeks Tao earned $1045 and $632.

• How much did Tao earn in total?

Explanation

Tao’s total earnings  =  earnings for week 1 + earnings for week 2

  = $1045 + $632 

  = $1677 

1000

1045 1677

1100 1200

+632

1300 1400 1500 1600 1700

1045 + 632 = 1677

Answer

Tao earned $1677 in total over two weeks. 

12. There are 1213 students that attend Plight Street secondary school.  
801 of the students travel to school by public transport. How many  
students do not travel by public transport to get to Plight Street 
secondary school?

Key points

• There are 1213 students that attend Plight Street 
secondary school.

• 801 of the students travel to school by public transport.

• How many students do not travel by public transport to get to 
Plight Street secondary school?

Explanation

Number of students who do not use public transport = total 
number of students − number of students who use public transport 

 = 1213 − 801 

 = 412 

Answer

412 students do not travel by public transport to get to Plight 
Street secondary school.

13. Steven got a new job and needs to buy a whole new outfit. He has 
a budget of $900. He buys a $557 suit, a $125 tie, and matching 
$212 shoes. How much money does Steven have remaining after 
all his purchases?

Key points

• Steven has a $900 budget to buy a new outfit.

• He buys a $557 suit, a $125 tie, and matching $212 shoes.

• How much money does Steven have remaining after all  
his purchases?

Explanation

Money remaining after purchases  =  budget  −  money used  
for purchases

  = 900 − 557 − 125 − 212 

  = 6 

Answer

Steven has $6 remaining after all his purchases.

14. When Charlotte started her bike ride her bike monitor already 
displayed 147 km. Halfway through her ride the monitor showed 
169 km. By the end of her ride, how far had Charlotte travelled?

Key points

• When Charlotte started her bike ride her bike monitor already 
displayed 147 km.

• Halfway through her ride the monitor showed 169 km.

• By the end of her ride, how far had Charlotte travelled?

Explanation

Total distance travelled  =  distance displayed halfway through 
Charlotte's ride  −  distance displayed at start of bike ride, 
multiplied by two

  = 169 − 147 

  = 22 × 2 

  = 44  km

Answer

Charlotte has travelled a total of 44 km.

15. Winston spent 450 minutes in total working in his garden over four  
different Sundays. In the first week he spent two hours gardening, 
in the second week 118 minutes and in the third week an hour 
and a half. How much time did Winston spend gardening in the 
fourth week?
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1B  Multiplying and dividing  
whole numbers

Student practice 
Worked example 1
a. 87 000 b. 270

Worked example 2
a. 78 b. 13

Worked example 3
a. 5145 b. 223 r 5 or  233    5 ____ 12   

Understanding worksheet

1. a. Commutative law b. Associative law

c. Associative law d. Commutative law

2. a. 310
5 50 15

b.  850
6 300 48

c. 950
5 250 45

d. 740
6 240 42

3. dividend; divisor; quotient; product

Fluency 

4. a. 60 b. 4100

c. 12 300 d. 257 000

e. 650 000 f. 8 109 000

g. 2 400 000 h. 7 550 000

5. a. 10 b. 32 c. 8 d. 49

e. 53 f. 707 g. 200 h. 81 000

6. a. 48 b. 135 c. 112 d. 432

e. 192 f. 363 g. 1008 h. 2150

7. a. 16 b. 19 c. 14 d. 13

e. 14 f. 103 g. 102 h. 1002

8. a. 203 b. 524

c. 319 d. 1728

e. 3344 f. 9460

g. 136 952 h. 74 806 277

9. a. 18 b. 12 r 1 or  12  1 __ 8   

c. 26 r 2 or  26  2 __ 5   d. 13 r 2 or  13   2 ____ 11   

e. 22 r 2 or  22  1 __ 6   f. 211 r 7 or 211    7 ____ 16   

g. 218 r 2 or 218    2 ____ 19   
h. 1115 r 6 or 1115   2 __ 9   

10. B

Spot the mistake 

11. a. Student B is incorrect. b. Student B is incorrect.

Problem solving 

12. Holly counts lollies to place into party bags for her birthday.  
If there are 120 lollies and a total of 10 party bags, how many 
lollies should she put into each bag?

Key points

• There are 120 lollies.

• There are 10 party bags.

• How many lollies should she put into each bag?

Key points

• Winston spent 450 minutes in total working in his garden over 
four different Sundays.

• In the first week he spent two hours gardening.

• In the second week 118 minutes and in the third week an hour 
and a half.

• How much time did Winston spend gardening in the fourth week?

Explanation

Time spent gardening in the fourth week  
 =  total time spent over 4 weeks  −  time spent in week 1  
 −  time spent in week 2  −  time spent in week 3

 = 450 − 2 × 60 − 118 − 60 × 1.5 

 = 450 − 120 − 118 − 90 

 = 122  minutes 

Answer

Winston spent 122 minutes gardening in the fourth week.

Reasoning

16. a. The balance of the account on the 1st of August is $1595.

b. They have $805 remaining in their account after paying rent.

c. They can expect to have $90 in the account at the end of August.

d. If Matthew contributed that same amount of money at the 
start of August, the balance would have been $235 at the end 
of August.

e. Suggested option 1: Tori and Matthew can use a budgeting 
application to keep track of their expenses.

Suggested option 2: Tori and Matthew can plan to set aside 
$200 every month for unexpected expenses.

Note: There are other possible options.

17. a.  = b.  ≠ 

c. The answer for part a is  = , but the answer for part b is  ≠.  
They are different because the commutative law applies to 
addition and not subtraction.

Extra spicy

18. 13, 48 and 39 19. D

20. C 21. 149 and 67

Remember this?

22. C 23. B 24. A
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Explanation

Lollies per bag = total lollies  ÷  total bags

  = 120 ÷ 10 

When dividing by 10, move the numbers one place to the right. 

 120 ÷ 10 = 12 

Answer

12 lollies should go into each bag.

13. Alex receives $5 pocket money each week and saves it all up for a 
$448 Xbox Series S Console. How many weeks would Alex need to 
save for?

Key points

• Alex receives $5 each week.

• Alex is saving up $448.

• How many weeks does Alex need to save for?

Explanation

Number of weeks  =  total money needed  ÷  money received  
each week

  = 448 ÷ 5 

    4 4 8   
___

  5⟌
0 8 9 r 3

  

So  448 ÷ 5 = 89 r 3 

 89 r 3 > 89 , so 89 weeks will not be enough to save $448. 

So round up to 90 weeks.

Answer

Alex would need to save for 90 weeks.

14. The current time is 14:00. How many minutes have passed  
since midnight?

Key points

• The current time is 14:00.

• Midnight in 24-hour time is 0:00.

• There are 60 minutes in 1 hour.

• How many minutes have passed since midnight?

Explanation

Number of hours passed  = 14:00 − 0:00 

  = 14  hours

Number of minutes passed  =  number of hours passed  ×  number 
of minutes in one hour

  = 14 × 60 

   =  (  10 + 4 )   × 60  

   =  (  10 × 60 )   +  (  4 × 60 )    

  = 600 + 240 

  = 840  minutes

Answer

840 minutes have passed since midnight.

15. Cassie finds a cookie recipe that makes 10 cookies. The recipe 
requires 75 g flour, 50 g butter, 50 g condensed milk and 20 g 
caster sugar. How many grams of each ingredient does Cassie 
need to make 40 cookies?

Key points

• The recipe makes 10 cookies.

• The recipe requires 75 g of flour.

• The recipe requires 50 g of butter.

• The recipe requires 50 g of condensed milk.

• The recipe requires 20 g of caster sugar.

• How many grams of each ingredient does Cassie need to make 
40 cookies?

44

Explanation

Calculate how many batches of the recipe Cassie needs to make 
40 cookies.

Number of batches of recipe required  =  number of cookies 
required  ÷  number of cookies recipe makes

  = 40 ÷10 

When dividing by 10, move the numbers one place to the right. 

 40 ÷10 = 4 

To calculate the number of grams of each ingredient Cassie needs, 
multiply each quantity in the recipe by 4.

 75 × 4 = 300  g, so 300 g of flour required.

 50 × 4 = 200  g, so 200 g of butter required, and 200 g of 
condensed milk required.

 20 × 4 = 80  g, so 80 g of caster sugar required.

3
+

0

7
+2

4
0

5

Answer

Cassie needs 300 g flour, 200 g butter, 200 g condensed milk and 
80 g caster sugar.

16. Exercise books are on sale for 35c each. Karylle requires 2 books 
per subject and studies 7 subjects at school. How much will it cost 
Karylle to buy exercise books for every subject? Give your answer 
in dollars and cents.

Key points

• Exercise books cost 35c.

• Karylle requires 2 books per subject.

• Karylle studies 7 subjects at school.

• How much will it cost Karylle to buy exercise books for every 
subject? Give your answer in dollars and cents.

Explanation

Total books required  =  books per subject  ×  number of 
subjects studied

  = 2 × 7 

  = 14  books

Total cost  =  total books required  ×  cost per book

  = 14 × 35 

   =  (  10 × 35 )   +  (  4 × 35 )    

  = 350 + 140 

  = 490  cents

There are 100c in $1. To find the number of dollars, divide the 
number of cents by 100.

    4 9 0   
___

  100⟌ 
0 0 4 r 90

  

So the cost is 4 dollars and 90 cents.

Answer

It will cost Karylle 4 dollars and 90 cents to buy the exercise books.

Reasoning 

17. a. Charlotte would earn $120.

b. Charlotte needs to work 167 hours to save up for the car.

c. It would take Charlotte 16 weeks to save up for the car.

d. Suggested option 1: Charlotte can increase her working hours 
each week so that her total pay increases.

Suggested option 2: Charlotte could find a different job that 
has a higher hourly rate. 
Note: There are other possible options.

×
2

8

0
4
0

×
2

5

0

0
4
0

494
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1C Adding and subtracting integers

Student practice
Worked example 1
a. 2 b. −3

Worked example 2
a. −6 b. 2

Understanding worksheet

1. a. 6 − 8 b. −3 + 7

c. 4 + (−3) d. −1 − 5

2. a. + b. − c. − d. +

3. whole; zero; negative; subtracting; positive; increase; decrease

Fluency

4. a. 2 b. −8 c. −6 d. 9

e. −13 f. 53 g. −106 h. 129

5. a. 3 b. −4 c. 7 d. −16

e. 4 f. −143 g. −31 h. −305

6. a. −2 b. −12 c. −12 d. −25

e. −5 f. −100 g. −66 h. −401

7. a. 8 b. −6 c. 20 d. −11

e. 0 f. 105 g. −85 h. 14

8. a. −4 b. 10 c. −12 d. −14

e. 9 f. 10 g. 25 h. −17

9. C

Spot the mistake

10. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

11. An iceberg floating in the Arctic Ocean is submerged to −18 metres. 
If 2 metres of the iceberg is sticking out of the water, how tall is 
the iceberg altogether?

Key points

• An iceberg floating in the Arctic Ocean is submerged to −18 metres.

• 2 metres of the iceberg is sticking out of the water.

• How tall is the iceberg altogether?

Explanation

To find the total height of the iceberg, add the height of the 
iceberg above water level and the height below water level.

The height above water level is 2 metres.

The height below water level is 18 metres.

2 + 18 = 20 metres

Alternatively:

height of the iceberg = highest point − lowest point

 = 2 − (−18)

 = 2 + 18

 = 20 metres

0−2 2 4−4

Height below water surface Height above water surface

−6−8−10−12−14−16−18−20

18 2

Answer

The iceberg is 20 metres long.

12. Mikko’s bank account has a balance of −$50. $67 is withdrawn 
from his account. What is the balance of Mikko’s account after  
the withdrawal?

Key points

• Mikko’s bank account has a balance of −$50.

• $67 is withdrawn from his account.

• What is the balance of Mikko’s account after the withdrawal?

Explanation

Withdrawing $67 means that there is $67 less in Mikko’s  
bank balance.

−50 − 67 = −117

−80−90−100−110−120

−67

−70 −60 −50
−117

Answer

Mikko’s account balance is −$117.

13. A scuba diver dives to 21 metres below sea level. She must make a 
safety stop at 5 metres below sea level on her way back up to the 
surface to decompress her body. How far towards the surface did 
the diver have to swim before making her safety stop?

Key points

• A scuba diver dives to 21 metres below sea level.

• She must make a safety stop at 5 metres below sea level.

• How far towards the surface did the diver have to swim before 
making her safety stop?

Explanation

Find the distance the diver swims before making her safety stop.

The diver’s initial position is −21 m.

The diver’s final position is −5 m.

Distance = final position − initial position

 = −5 − (−21)

 = −5 + 21

 = 16 m

18. a. 10 b. 100

c. The product of multiplying by 100 is 10 times the product of 
multiplying by 10.

Extra spicy 

19. 5 pm 20. 189 000   mm   2  

21. C 22. C

Remember this?

23. C 24. E 25. E
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0−2−4−6−8−10−12−14−16−18−20

16

−22

Answer

The diver had to swim 16 metres before making her safety stop.

14. In Australia, the highest temperature ever recorded was 51℃  
in Western Australia in 2022. The lowest temperature ever 
recorded was −23℃ in New South Wales in 1994. What is the 
difference between the highest and lowest temperatures ever 
recorded in Australia?

Key points

• The highest temperature ever recorded was 51℃.

• The lowest temperature ever recorded was −23℃.

• What is the difference between the highest and  
lowest temperatures?

Explanation

Difference = highest temperature − lowest temperature

 = 51 − (−23)

 = 74℃

155−5−15−25

74

25 35 45

−23

0 55

51

−20 −10 10 20 30 40 50

Answer

The difference between the highest and lowest temperatures is 74°C.

15. An ion is a charged atom because there are different numbers  
of positive protons and negative electrons inside of it. If an ion  
has a charge of −2 and contains 8 protons, how many electrons 
does it contain?

Key points

• An ion has a charge of −2.

• The ion contains 8 protons.

• How many electrons does it contain?

Explanation

Let the number of electron be 𝑥.

There are 8 positive protons.

The overall charge is −2.

𝑥 + 8 = −2

 𝑥 = −10

Answer

The ion contains 10 electrons.

Reasoning

16. a. The distance to the motel from the camp is 11 km.

b. The distance to the car park from the camp is −11 km.

c. The distance to the waterfall from the camp is 5 km.

d. Paulie and Christopher drove 1 km further compared to how 
far they walked.

e. Suggested option 1: They could have parked closer to where 
they set up camp.

Suggested option 2: They could park their car at the motel 
and camp between the waterfall and the motel.

Note: There are other possible options.

17. a. 𝑥 = 9, 𝑦 = −9, 𝑥 − 𝑦 = 18

b. 𝑥 = −9, 𝑦 = 9, 𝑥 − 𝑦 = −18

c. Subtraction only decreases a value if the integer being 
subtracted is positive. Subtraction increases a value if the 
integer being subtracted is negative.

Extra spicy

18. A 19. E 20. 1993 21. −33

Remember this? 

22. C 23. D 24. C

1D Multiplying and dividing integers

Student practice
Worked example 1
a. −30 b. 28 c. 60

Worked example 2
a. −3 b. 8

Understanding worksheet

1. a. Positive integer b. Negative integer

c. Negative integer d. Positive integer

2. a. − b. − c. + d. +

3. direction; left; right; positive; opposite

Fluency

4. a. −8 b. −14 c. 0 d. 6

e. 27 f. 60 g. −84 h. 96

5. a. −6 b. −14 c. −16 d. 0

e. 40 f. 60 g. 48 h. −84

6. a. −3 b. 2 c. −4 d. −5

e. 7 f. 2 g. −16 h. 19

7. a. −52 b. −3 c. 0 d. 0

e. −40 f. 2070 g. 54 h. 241

8. A

Spot the mistake

9. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

10. Tyson pays $180 every week for his room in a sharehouse.  
This includes his rent and $30 for electricity, gas and internet access.  
Over 20 weeks, how much did Tyson pay for only his rent?

Key points

• Tyson pays $180 every week for his room.

• The $180 he pays includes rent as well as $30 for electricity,  
gas and internet access.

• How much did Tyson pay only for rent over 20 weeks?
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Explanation

We first find how much Tyson pays only in rent every week.  
As the $180 includes the $30 he pays for electricity, gas and 
internet, we need to deduct $30 from $180 to find out how  
much he pays purely in rent.

180 − 30 = 150

This means that Tyson pays $150 in rent every week.

We then find how much he pays over 20 weeks.  
To do this,we multiply $150 by 20.

150 × 20 = $3000

Therefore, Tyson pays $3000 in rent over 20 weeks.

Answer

Tyson pays $3000 in rent over 20 weeks.

11. Jan is competing on a trivia game show. $250 is deducted every 
time a contestant gives an incorrect answer. If Jan has earned 
$2500 and then incorrectly answers three questions, how much 
money will she be taking home?

Key points

• An incorrect answer leads to a deduction of $250.

• So far, Jan has earned $2500.

• Jan incorrectly answers 3 questions.

• How much money will Jan bring home?

Explanation

To find how much money Jan takes home, we need to find how 
much is deducted from her earned amount of $2500 because of 
her incorrect answers.

As Jan incorrectly answered 3 questions, and each incorrect 
answer leads to a deduction of $250, this means her total amount 
deducted will be $250 multiplied by 3.

250 × 3 = 750

This means that we need to deduct $750 from the total earned 
amount of $2500.

2500 − 750 = $1750

Jan will bring home $1750.

0 250 500 750 1000

−250 −250 −250

1250 1500 1750 2000 2250 2500

3 groups of 250 is 750

Answer

Jan will take home $1750.

12. On a school camp, a box of apples is put out for the students. 
Throughout the day, a total of 266 students came and took apples 
out of the box until there were only 2 left. If there were 800 apples 
to begin with, then how many apples on average did each 
student take?

Key points

• 266 students took apples out of the box throughout the day.

• Only 2 apples were left.

• There were 800 apples to begin with.

• How many apples did each student take on average?

Explanation

If there were 800 apples to begin with at the beginning of the day 
and then only 2 left by the end, this means a total of 798 apples 
were taken by students.

As it says that 266 students took apples out of the box, this means 
that the 798 apples were taken by 266 students.

To find how many apples each student took on average, we divide 
the number of apples taken by the number of students:

768 ÷ 298 = 3

Therefore, each student took 3 apples on average.

Answer

Each student took 3 apples.

13. Jez is playing a computer game where he can respawn after failing 
a mission. Every time he respawns, it costs him 1200 coins in  
the game. Jez has already collected 34 000 coins. How many  
times can he respawn before he runs out of coins and has to 
restart the mission?

Key points

• Each respawn costs Jez 1200 coins.

• So far, Jez has collected 34 000 coins.

• How many times can Jez respawn before he runs out of coins?

Explanation

To find how many times Jez can respawn, we divide the number 
of coins he has collected by the number of coins it costs him each 
time he respawns.

34 000 ÷ 1200 = 28.333

Since the number of times Jez can respawn cannot be a decimal  
or fraction, the maximum number of times he can respawn before 
he runs out of coins is 28.

Answer

Jez can respawn 28 times before he runs out of coins.

14. Gary is paying for a new gaming console in weekly instalments 
of $140. If Gary had −$40 in his account after 4 weeks of regular 
payments, then what was the balance of Gary’s account to 
begin with?

Key points

• Gary pays weekly instalments of $140 for his console.

• After 4 weeks of payments, Gary had −$40 in his account.

• What was Gary’s starting account balance?

Explanation

To find how much was in Gary’s account to begin with, we need 
to add back the amount that Gary paid over the 4 weeks to the 
ending balance of −$40.

As Gary paid weekly instalments of $140, over 4 weeks he would 
have paid 140 × 4 = $560.

We then add $560 to the ending balance of −$40:

−40 + 560 = 520

Therefore, Gary’s account balance was $520 to begin with.

Answer

Gary had $520 in his account to begin with.

Reasoning

15. a. The depth of the Mariana Trench is −11 000 m.

b. Light can travel an additional 800 m from the Sunlight Zone.

c. 25 Sunlight zones can fit inside the Hadal Zone.

d. There are 1101 atm at the deepest part of the ocean.

e. Suggested option 1: It may be dangerous for explorers and  
the potential loss of life outweighs the benefits of gathering 
new data.

Suggested option 2: The cost of the expeditions may be less 
than the potential future value of the discoveries that marine 
biologists make.

Note: There are other possible options.
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16. a. 
 𝑥 = 1 

  𝑥 ×  (  −1 )   = −1  

  𝑥 ×  (  −1 )   ×  (  −1 )   = 1  

  𝑥 ×  (  −1 )   ×  (  −1 )   ×  (  −1) = −1  

b.  
 𝑦 = −1 

  𝑦 ×  (  −1 )   = 1  

  𝑦 ×  (  −1 )   ×  (  −1 )   = −1  

  𝑦 ×  (  −1 )   ×  (  −1 )   ×  (  −1 )   = 1  

c. The results alternate between positive and negative.  
This shows that multiplying by a negative changes the 
direction of the result.

Note: Your answers will vary depending on what value is 
substituted for  𝑥 and  𝑦. The signs should be the same as
shown in the solutions for parts a and b.

Extra spicy

17. E 18. D 19. 94

20. 2 cm, 6 cm, 10 cm

Remember this?

21. B 22. D 23. D

1E Order of operations

Student practice
Worked example 1
a. −54 b. 3

Worked example 2
a. 1 b. −8

Worked example 3
a.   7 −  (  24 ÷ 2 )   = −5  b.    12   2  ÷  (  −3 × 6 )   = −8  

Understanding worksheet

1. a.  13 +     (     12 ÷ 6    )      − 4 

b.  12 ×     (      3   3     )      ÷ 10 

c.    (     18 ÷ 3    )      × 13 ÷ 13 

d.   −8 ×  [  19 −      (     3 × 42    )       ]        

2. a. (3 − 6) − 9 b.    3 × 30 ___________ 2    

c. 3 + (−9 − −4) d.  (−12 ÷ 2)   2  − 8

3. operations; order; inverse; brackets

Fluency

4. a. 33 b. −8 c. −16 d. 12

e. −29 f. −71 g. 16 h. 12

5. a. −8 b. −6 c. −13 d. −36

e. 9 f. −1276 g. 7 h. −10

6. a. −6 b. 0 c. −1 d. −25

e. 26 f. 19 g. 12 h. 6

7. a. −1 b. −6 c. 7 d. 27

e. −5 f. 28 g. 6 h. 5

8. a.    (  2 + 2 )   × 4 = 16  

b.   −15 −  (  10 × −8 )   = 65  

c.    (  −4 − 13 )   × −2 = 34  

d.    (  6 −  4   2  )   × −2 = 20  

e.    (  5 −  (  − 3 )     2  )   × −7 = 28  

f.   −36 +  (     √ 
_

 144   _______ 2    )   = −30  

g.   −3 ×  [  2 ×  (  5 − 3 )   ]   = −12  

h.     −30 _________________________________  60 × 2 ÷  (  3 × 4 )     = −3 

9. a.  5 −   20 ____ 2    = −5  or  5 − 20 ÷ 2 = −5 

b.    (  −20 + 13 )   − 9 = −16   or  −20 + 13 − 9 = −16 

c.  −5 × 4 + 33 = 13  or    (  −5 × 4 )   + 33 = 13  

d.   3 ×  (  −8 + −2 )   = −30  

e.    15 × 3 _________ −5    = −9  or    (  15 × 3 )   ÷ −5   or  15 × 3 ÷ −5 

f.    (  −2 × 3 )   ×  (  −66 ÷ 11 )   = 36    
or      −2 × 3 ×  (  −66 ÷ 11 )   = 36  

g.    −8 × 2 __________ 
 4   2 

    = −1  or    (  −8 × 2 )   ÷  4   2   

h.    (    6 __ 2   )     
2
  = 9  or    (  6 ÷ 2 )     2  = 9 

10. E

Spot the mistake

11. a. Student A is incorrect. b. Student A is incorrect.

Problem solving

12. In a game of AFL, each goal is worth six points and each behind 
is worth one point. Hawthorn scored 79 points in total. If they 
scored 11 goals, how many behinds did they kick?

Key points

• Each goal is worth six points.

• Each behind is worth one point.

• Hawthorn scored 79 points in total.

• They scored 11 goals.

• How many behinds did they kick?

Explanation

Since points are scored from points and behinds,

Points from behinds  =  total points  −  points from goals

 =  total points  −  (number of goals  ×  points per goal)

  = 79 −  (  11 × 6 )    

 = 13 

Each behind scores 1 point, so Hawthorn kicked 13 behinds.

Total points   −   points from goals
79 79 number of goals × points per goal

11 × 6

Answer

Hawthorn kicked 13 behinds.

ANSWERS 	850

1E
 A

N
SW

ER
S

 



13. Collyn is saving money for a new VR headset which costs $529.00. 
She has saved $33 a week over twelve weeks. How much more 
money does she need to save in order to purchase the VR headset?

Key points

• Collyn wants to buy a new VR headset that costs $529.

• She has saved $33 a week for 12 weeks.

• How much more money does she need to save to be able to 
purchase the VR headset? 

Explanation

As Collyn has saved $33 a week over 12 weeks, the total amount 
she has saved after the 12 weeks is  $33 × 12 .

However, the VR headset that she wants to purchase is $529. 
Therefore, we need to subtract the total amount she has saved 
from $529 to find how much more money she needs.

 529 − 33 × 12 

Using the order of operations, we evaluate multiplication first 
before subtraction.

 33 × 12 = 396 

 529 − 396 = 133 

Therefore, Collyn needs to save $133 more to be able to buy 
the headset. 

Answer

Collyn needs to save $133 more.

14. Niamh has collected 20 Pop vinyl bobble head figures, half of 
them have been kept in their original packaging. Her dad gave her 
152 more figures. Niamh noticed that only an eighth of the figures 
from her dad were in their original packaging. How many figures 
in original packaging does Niamh have?

Key points

• Niamh has 20 figures.

• Half are in their original packaging.

• Her dad gave her 152 more figures.

• Only one eighth of the figures from her dad are in their  
original packaging.

• How many figures in original packaging does Niamh have? 

Explanation

The figures in original packaging in total is the sum of the figures 
in original packaging from Niamh’s initial collection and the 
figures in original packaging from her dad.

So total figures in original packaging   
=  (original collection  ÷ 2 )  +  (gifted figures  ÷  8)

  =  (  20 ÷ 2 )   +  (  152 ÷ 8 )    

Using order of operations, brackets are evaluated first.

Total figures in original packaging  = 10 + 19 

  = 29 

Answer

Niamh has 29 figures in the original packaging.

15. Mateo wants to knit five jumpers and needs 1496 metres of yarn for  
each jumper. A single ball of yarn is 170 metres long and costs $5. 
A four pack of yarn is on sale for $16. How much will Mateo save by  
purchasing all the yarn for the jumpers when the price is discounted?

Key points

• Mateo wants to knit five jumpers.

• He needs 1496 metres of yarn for each jumper.

• One ball of yarn is 170 metres long and costs $5.

• A four pack of yarn is on sale for $16.

• How much will Mateo save by purchasing all the yarn for the 
jumpers when the price is discounted? 

Explanation

To find how much Mateo will save, we can compare the price of 
purchasing all the yarn without a discount to the price with one 
and find the difference.

As Mateo wants to knit five jumpers, he needs  1496 × 5 = 7480  
metres of yarn in total. One ball of yarn is 170 metres, and so he 
needs  7480 ÷ 170 = 44  balls of yarn. However, he would only 
need 11 four-packs of yarn as  44 ÷ 4 = 11. 

Price without discount  = 44 × $5 

Price with discount  = 11 × $16 

Subtracting the price with the discount from the price without:

 44 × 5 − 11 × 16 

 = 220 − 176 

 = 44 

Answer

Mateo would save $44 by buying the discounted wool.

16. Zom-beads make necklaces to sell. A 40 cm necklace has fifty beads,  
and a 70 cm necklace has twice the amount of beads as the 40 cm. 
A 20 cm necklace is made with a quarter of the beads of a 70 cm 
necklace. How many beads are needed to make three 40 cm,  
five 70 cm and two 20 cm necklaces.

Key points

• A 40 cm necklace has fifty beads.

• A 70 cm necklace has twice the amount of beads as the 40 cm.

• A 20 cm necklace is made with a quarter of the beads of a  
70 cm necklace.

• How many beads are needed to make three 40 cm, five 70 cm 
and two 20 cm necklaces.

Explanation

Total beads required  =  (3  ×  number of beads for 40 cm necklace)  
+  (5  ×  number of beads for 70 cm necklace)  
 +  (2  ×  number of beads for 20 cm necklace)

A 40 cm necklace has 50 beads.

A 70 cm necklace has  2 × 50 = 100  beads.

A 20 cm necklace has  100 ÷ 4 = 25  beads.

So total beads required   =  (  3 × 50 )   +  (  5 × 100 )   +  (  2 × 25 )    .

Brackets are simplified first according to order of operations.

 = 150 + 500 + 50 

 = 700  beads

Answer

700 beads are needed to make the necklaces.

Reasoning

17. a.  One crown-of-thorns sea star can destroy 250 square 
kilometres of coral over 25 years.

b.    1000 _______ 50    = 20 . A scuba diver can inject 20 sea stars within  
1 minute.

c. The dive was 48 minutes altogether.

d. The diver injected 277 sea stars in the last 20 minutes.

e. Suggested option 1: We can reduce the fishing of the predator 
of crown-of-thorns sea stars.

Suggested option 2: We can recruit more divers as part of 
government funding to inject crown-of-thorns sea stars.

Note: There are other possible options.
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Chapter 1 extended application

1. a. −6371 km

b. −2890 km

c. Outer core, 2260 km

d. 1221 km

e. Suggested option 1: They are scarce and highly valued.

Suggested option 2: They are popular for their utility  
(E.g. to be used for jewellery).

Note: There are other possible options.

2. a. 3

b. Win: 3

Draw: 1

Loss: −1

c. 9

d. Koalas and Wombats

e. Suggested option 1: Participants should ensure they shake 
hands at the end of a game.

Suggested option 2: Participants could praise their  
fellow competitors.

Note: There are other possible options.

3. a. 160 hours

b. 4 weeks

c. 2206 weeks

d. Let C be the cost of a jumper, h be the number of hours

Equation: C = 21h + 36

Solid coloured jumpers: $540

Striped jumpers: $708

e. Suggested option 1: They could hire more workers.

Suggested option 2: They could outsource some of their 
manufacturing/knitting.

Note: There are other possible options.

Chapter 1 review

Multiple choice

1. B 2. A 3. D 4. C 5. A

Fluency

6. a. 36 b. 67 c. 414 d. 329

7. a. 99 b. 171 c. 123 d. 99 222

8. a. 304 b. 713 c. 40 000 d. 40 003

9. a. 49 b. 10 201 c. 16 652 d. 15

10. a. −88 b. −186 c. −147 d. −351

11. a. 180 b. −5 c. 34 155 d. −91

12. a. 131 b. −361 c. 3 d. 38

13. a.  17 × 70 = 1190 b.    132 _______ −12   − 3 = −14 

c.     −92 _______ 2    + (−22) = −68  d.    4 __ 5   ×  √ 
_____________

 5 × 17 − 4   =   36 ____ 5    

Problem solving

14. Vutha has received his maths test paper. Vutha sees that he has got 
18 marks out of 20 for multiple choice questions, 31 marks out of 
40 for fluency questions, 17 marks out of 20 for problem solving 
questions and 6 marks out of 10 for reasoning questions. What is 
Vutha’s overall mark out of 90, for this test?

Key points

• Vutha has got 18 marks for multiple choice questions, 31 marks 
for fluency questions, 17 marks for problem solving questions, 
and 6 marks for reasoning questions. 

• What is Vutha’s overall mark out of 90, for this test?

Explanation

Vutha’s overall mark  =  Sum of marks Vutha got for each section 
of the test

  = 18 + 31 + 17 + 6 

  = 72  marks

Answer

Vutha’s overall mark for this test is 72 out of 90.

15. The pyramids were built in 2490 B.C., and the Luxor Temple was  
built in 1400 B.C.. Given the following timeline, where B.C. years 
are represented as negative integers, write an equation and 
calculate the number of years there are between the building  
of the pyramids and the Luxor Temple.

Key points

• The pyramids were built in 2490 B.C., and the Luxor Temple 
was built in 1400 B.C..

• On the timeline, B.C. years are represented as negative integers.

• Write an equation and calculate the number of years there are 
between the building of the pyramids and the Luxor Temple.

18. a.   3 ×  (  2 + 0 − 4 ÷ 1 )   = −6  

b.   4 ×  (  3 + 2 − 0 ÷ 1 )   = 20  

c. Given that one answer is negative and the other is positive, 
the results are possible as the brackets can either result in a 
positive or negative integer.

Extra spicy

19. (−9 +   4)   3   × 6

20. Casey made $6576 more profit this year.

21. E 22. D

Remember this?

23. D 24. A

25. E
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Explanation

Number of years between the building of the pyramids and 
the Luxor Temple  =  year Luxor Temple was built  −  year 
pyramids was built

  = −1400 −  (  −2490 )    

 = 1090 

Answer

  −1400 −  (  −2490 )   = 1090  

There are 1050 years between the building of the pyramids and 
the Luxor Temple.

16. On Monday, Becky checked the weather and it forecasted 30 °C . 
To calculate the degrees in Fahrenheit ( °F ), the degrees in Celsius 
are multiplied by 1.8 then 32 is added to the result. What is the 
temperature on Monday in  °F , if Becky rounds 1.8 to the nearest 
whole number to complete the conversion?

Key points

• On Monday, Becky checked the weather and it forecasted 30 °C .

• To calculate the degrees in Fahrenheit ( °F ), the degrees in 
Celsius are multiplied by 1.8 then 32 is added to the result.

• What is the temperature on Monday in  °F , if Becky rounds 1.8 to 
the nearest whole number to complete the conversion?

Explanation

Because 8 > 5, 1.8 rounded to the nearest whole number 
would be 2.

Degrees in Fahrenheit ( °F )  =  Degrees in Celsius ( °C )  × 2 + 32 

  = 30 × 2 + 32 

  = 92  ° F

Answer

Monday’s temperature is 92 ° F.

17. During mental health awareness month, St. Rose College decides 
to start a fundraising event to raise money for mental health 
research by selling chocolate. One chocolate company will be 
providing twenty boxes of chocolate, each containing fifty bars. 
If each bar of chocolate costs $2, how much money will St. Rose 
College raise if the students sell all the chocolates?

Key points

• One chocolate company will be providing twenty boxes  
of chocolate, each containing fifty bars. 

• Each bar of chocolate costs $2.

• How much money will St. Rose College raise if the students sell 
all the chocolates?

Explanation

Money raised by St. Rose College  =  Cost of each bar of chocolate  
×  number of bars of chocolate in a box  ×  number of boxes

  = 2 × 50 × 20 

  = $2000 

Answer

St. Rose College will raise $2000.

18. Kirra wants to buy a new phone plan. Telstar offers her the 
following monthly deal:
• $20 for the phone

For the first 2000 MB
• $5 for every 500MB of data used 

After the first 2000 MB 
• $14 for every 1000 MB of data used

In March Kirra used a total of 3500 MB of data. How much can 
Kirra expect to pay in March?

Key points

• Telstar offers Kirra a deal; Kirra needs to pay $20 monthly for 
the phone.

• For the first 2000 MB data that Kirra uses, she will need to pay 
$5 for every 500MB of data used.

• After the first 2000 MB, Kirra needs to pay $14 for every  
1000 MB of data used.

• How much can Kirra expect to pay if she used 3500?

Explanations

There are  2000 ÷ 500 = 4  lots of 500MB in the first 2000 MB.

For the first 2000 MB, Kirra pays  5 × 4 = $20. 

Kirra uses  3500 − 2000 = 1500  MB after the first 2000 MB.

There are  1500 ÷ 1000 = 1.5  lots of 1000MB in the next 1500 MB.

For the next 1500 MB, Kirra pays  14 × 1.5 = $21. 

In total, Kirra pays  20 + 20 + 21 = $61  for her phone plan  
in March.

Answer

Kirra can expect to pay $61 in March.

Reasoning

19. a. The optometrist should record 18 points.

b. Jedda should interpret negative powers as near-sightedness.

c. Jedda should buy contact lenses. They are $29 cheaper than 
glasses for one year’s supply.

d. Plan B is cheaper for Jedda.

e. Suggested option 1: Yes, as it reduces the cost if something 
goes wrong. 
Suggested option 2: No, because you’re paying money to 
protect yourself against something that might never happen.

Note: There are other possible options.

20. a.  𝑥 = 9, 𝑦 = −9, 𝑥 − 𝑦 = 18 

b.  𝑥 = 9, 𝑦 = 8, 𝑥 × 𝑦 = 72  or  𝑥 = 8, 𝑦 = 9, 𝑥 × 𝑦 = 72  or  
𝑥 = −9, 𝑦 = −8, 𝑥 × 𝑦 = 72  or  𝑥 = −8, 𝑦 = −9, 𝑥 × 𝑦 = 72 

c. Part a has one solution because only the difference between 
the largest possible positive number and the smallest possible 
negative number will make the largest result.

Part b has four solutions because both two largest possible 
positive numbers and two smallest possible negative 
numbers multiply to the largest result.
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2A Equivalent fractions

Student practice
Worked example 1
a.  17 ____ 6   b.  2 2 __ 5 

Worked example 2
a.  6 __ 8  =  

12 ____ 16  =  
30 ____ 40  b.  12 ____ 48  =  

6 ____ 24  =  
1 __ 4 

Worked example 3
a.  2 __ 3  b.  8 __ 3 

Understanding worksheet

1. a.  5 __ 2  b. 2 2 __ 4  c.  8 __ 5  d. 1 4 __ 7 

2. a.  2 _ 3  =  
4 _ 6  b.  3 _ 7  =  

6 _ 14  c. d. 

3. improper; mixed number; equivalent; simplest

Fluency

4. a.  7 __ 4   b.  12 ____ 5    c.  23 ____ 4    d.  23 ____ 7  

e.  33 ____ 4   f.  68 ____ 5   g.  122 _____ 7   h. 63

5. a.  2 1 __ 2  b.  1 1 __ 4  c.  2 2 __ 3  d.  3 2 __ 5 

e.  4 1 __ 4  f.  6 5 __ 6  g.  11 3 ____ 11  h.  4 5 ____ 17   

6. a.  7 ____ 10  =  
14 ____ 20  =  

21 ____ 30   b.  2 __ 5  =  
6 ____ 15  =  

12 ____ 30   

c.  100 _____ 80   =  
25 ____ 20  =  

10 ____ 8    d.  84 ____ 48  =  
42 ____ 24  =  

21 ____ 12   

e.  7 __ 4  =  
21 ____ 12  =  

28 ____ 16  f.  13 ____ 6   =  
39 ____ 18  =  

78 ____ 36 

g.  48 ____ 32  =  
24 ____ 16  =  

6 __ 4  h.  15 ____ 36  =  
10 ____ 24  =  

5 ____ 12 

7. a.  12 ____ 48   b.  72 ____ 48  c.  44 ____ 48  d.  64 ____ 48   

e.  3 18 ____ 48  f.  5 84 ____ 48  g.  80 ____ 48   h.  26 ____ 48   

8. a.  2 __ 3   b.  1 __ 2  c.  6 __ 5  d.  3 __ 2 

e.  7 __ 8  f.  5 2 __ 3  g.  11 ____ 18  h.  9 __ 7   

9. E

Spot the mistake

10. a. Student A is incorrect. b. Student A is incorrect.

Problem solving

11. If six friends share four cantaloupes, what fraction of a cantaloupe 
does each person receive? Give your answer in its simplest form.

Key points

• Six friends share four cantaloupes.

• Find the fraction of a cantaloupe each person receives in 
simplest form.

1 2 _ 6  = 1 
3 _ 9   8 _ 14  =  

12 _ 21 

Explanation

 Cantaloupe each person receives =  
all cantaloupes

  _____________________  number of people   

  =  4 __ 6   

Simplify    4 __ 6   .

HCF of 4 and 6 is 2.

   4 ÷ 2 _______ 6 ÷ 2  =  
2 __ 3   

4 ÷ 6 = 2
3

Answer

Each person receives    2 __ 3    of a cantaloupe.

12. How long are each of Carlos’ steps if he took 12 equal steps and 
crossed his 15 m front garden? Give your answer in its simplest form.

Key points

• Carlos took 12 equal steps.

• Carlos crossed his 15 m front garden.

• Find the fraction of the length of each of Carlos’ steps in 
simplest form.

Explanation

 Length of each step =  
length of front garden

  __________________________  number of steps    

  =  15 ____ 12    m

Simplify    15 ____ 12   .

HCF of 15 and 12 is 3.

   15 ÷ 3 _________ 12 ÷ 3  =  
5 __ 4   

Answer

Each of Carlos’ step is    5 __ 4    m long.

13. Papa Joe’s Pizza cuts large pizzas into eighths. Mrs. Gooley wants to  
buy pizza for her 24 students. What is the minimum number of 
pizzas she needs to order so that each student receives three slices?

Key points

• Papa Joe’s Pizza cuts large pizzas into eighths.

• Mrs. Gooley wants to buy pizza for her 24 students.

• Each student receives three slices.

• What is the minimum number of pizzas she needs to order?

Explanation

 Number of slices needed  
= Number of slices for each student × number of students 

 = 3 × 24 

 = 72  slices

 Number of pizzas needed =  number of slices for each student   ______________________________________   number of slices in one pizza    

  =  72 ____ 8    

Simplify    72 ____ 8    .

HCF of 72 and 8 is 8.

   72 ÷ 8 _________ 8 ÷ 8   =  
9 __ 1   

  = 9 

Answer

Mrs. Gooley needs to order a minimum of 9 pizzas.
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2B Adding and subtracting fractions

Student practice
Worked example 1
a.  8 __ 3  = 2 

2 __ 3  b.  4 __ 5  c.  3 5 __ 6  d.  3 1 __ 3 

Worked example 2
a.  5 __ 4  = 1 

1 __ 4  b.  31 ____ 35  c.  4 4 ____ 15  d.  1 __ 3 

Understanding worksheet

1. a.  3 ____ 12  +  
6 ____ 12  =  

9 ____ 12 

1
12

0 12
12

3
12

4
12

5
12

6
12

7
12

8
12

9
12

10
12

11
12

b.  9 ____ 10  −  
7 ____ 10  =  

2 ____ 10 

1
10

0 12
10

3
10

4
10

5
10

6
10

7
10

8
10

9
10

c.  5 __ 8  +  
7 __ 8  =  

12 ____ 8  

1
8

0 2
8

3
8

4
8

5
8

6
8

7
8

8
8

9
8

10
8

11
8

12
8

d.   1 2 __ 9  −  
4 __ 9  =  

11 ____ 9   −  
4 __ 9  =  

7 __ 9 

1
9

0 2
9

3
9

4
9

5
9

6
9

7
9

8
9

9
9

10
9

11
9

2. a.  2 ____ 14  b.  6 __ 9  c.  1 __ 2  d.  10 ____ 15 

3. subtract; denominator; lowest; common; simplest

14. Yoanna’s car drives 600 km on a tank of fuel. How many tanks of  
fuel will she need to drive 2600 km from Bendigo to Alice Springs?

Key points

• Yoanna’s car drives 600 km on a tank of fuel.

• She needs to drive 2600 km from Bendigo to Alice Springs.

• How many tanks of fuel will she need?

Explanation

 Number of tanks of fuel needed  

=   distance  ___________________________________________   distance that each tank of fuel covers   

 =  2600 _______ 600    

 =  26 ____ 6     tanks of fuel

Simplify    26 ____ 6    .

HCF of 26 and 6 is 2.

   26 ÷ 2 _________ 6 ÷ 2   =  
13 ____ 3    

 13 ÷ 3 = 4 remainder 1 

   13 ____ 3   = 4  1 __ 3   

Answer

Yoanna will need  4  1 __ 3    tanks of fuel to drive from Bendigo to  

Alice Springs.

15. 300 students were surveyed about school camps and 80 chose 
to camp at Gariwerd (Grampians National Park). If half of the 
remaining students chose to travel to the Gold Coast, express the 
fraction of students who wanted to travel to the Gold Coast in the 
simplest form.

Key points

• 300 students were surveyed about school camps.

• 80 chose to camp at Gariwerd (Grampians National Park).

• Half of the remaining students chose to travel to the Gold Coast.

• Express the fraction of students who wanted to travel to the 
Gold Coast in the simplest form.

Explanation

 Number of students who chose Gold Coast  

=   total number of students − number of students who chose Gariwerd      ______________________________________________________________________________   2    

 =  300 − 80 ____________ 2    

 =  220 _____ 2     students

 = 110  students

 Fraction of students who chose Gold Coast  

=  number of students who chose Gold Coast    _______________________________________________   total number of students    

 =  110 _____ 300   

HCF of 110 and 300 is 10.

   110 ÷ 10 ____________ 300 ÷ 10  =  
11 ____ 30   

Answer

   11 ____ 30    of the students wanted to travel to the Gold Coast.

Reasoning

16. a. Each of the organisers take home  1 3 __ 4 cakes.

b. Each person receives 14 slices.

c. It took them 215 minutes to set up the hall.

d. The minimum number of cuts is 4.

e. Suggested option 1: They can make videos about the effects  
of climate change and post it online.

Suggested option 2: They can host a mini concert  
fundraising event.

Note: There are other possible options.

17. a.  165 _____ 200  =  
33 ____ 40   b.  504 _____ 567  =  

16 ____ 18   

c. The answer in part a is in its simplest form whereas the 
answer in part b is not. To determine if a fraction is in 
itssimplestform,findthehighestcommonfactorofthe
numerator and the denominator. The fraction is in simplest 
form if the highest common factor is 1.

Extra spicy

18. C 19. 10 km 20.  1 __ 3   21. C

Remember this?

22. E 23. A 24. C
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Fluency

4. a.  1 __ 7  b.  1 __ 2 

c.  2 d.  2 

e.  25 ____ 8   = 3 
1 __ 8  f.  5 __ 3  = 1 

2 __ 3 

g.  1 __ 5  h.  3 __ 2  = 1 
1 __ 2 

5. a.  3 __ 4  b.  3 4 __ 7  c.  2 3 ____ 11  d.  2 9 ____ 13 

e.  7 1 __ 4  f.  1 4 ____ 11  g.  5 5 __ 6  h.  1 1 __ 3 

6. a. The LCD is 24. b. The LCD is 15.

c. The LCD is 27. d. The LCD is 18.

e. The LCD is 16. f. The LCD is 15.

g. The LCD is 24. h. The LCD is 15.

7. a.  1 __ 6  b.  19 ____ 12  = 1 
7 ____ 12 

c.  3 d.  19 ____ 12  = 1 
7 ____ 12 

e.  11 ____ 24  f.  23 ____ 12  = 1 
11 ____ 12 

g.  13 ____ 15  h.  11 ____ 4   = 2 
3 __ 4 

8. a.  2 2 __ 3  b.  4 

c.  2 __ 9  d.  6 1 __ 6 

e.  8 ____ 21  f.  8 5 __ 6 

g.  46 ____ 45  = 1 
1 ____ 45  h.  8 11 ____ 18 

9. D

Spot the mistake

10. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

11. The junior boys’ basketball team won six games, lost three games, 
and drew two games. What fraction of all the games did the 
basketball team win or draw?

Key points

• The team won six games, lost three games, and drew 
two games.

• What fraction of all the games did the basketball team win  
or draw?

Explanation

 fraction of games the team wins or draws  

=  
games the team wins or draws

   ____________________________________  total games played    

 gamestheteamwinsordraws = 6 + 2

 = 8

gamesplayed = 6 + 3 + 2

 = 11

So    
games the team wins or draws

   ____________________________________  total games played    =  8 ____ 11   

Answer

The basketball team won or drew    8 ____ 11    of their games.

12. Dusty made breakfast by combining    2 __ 5    of a bowl of Weet-Bix 

with    1 __ 3    of a bowl of chopped bananas and    3 ____ 15    of a bowl of milk. 

WhatfractionofthebowlisfilledwithWeet-Bixandbananas?

Key points

• Dusty combines    2 __ 5    of a bowl of Weet-Bix with    1 __ 3    of a bowl of 

chopped bananas and    3 ____ 15    of a bowl of milk.

• WhatfractionofthebowlisfilledwithWeet-Bixand bananas?

Explanation

ThefractionofthebowlfilledwithWeet-Bixandbananasisthe
sumofthefractionfilledwithWeet-Bixandthefractionfilled
with bananas.

FractionfilledwithWeet-Bixandbananas=  2 __ 5  +  
1 __ 3   

LCD is 15. Write equivalent fractions with equal denominators.

   2 __ 5  +  
1 __ 3  =  

6 ____ 15  +  
5 ____ 15   

 =  11 ____ 15   

Answer

   11 ____ 15 ofthebowlisfilledwithWeet-Bixandbananas.

13. During a training session, Marta spent    2 __ 8    practising free kicks,  

   3 __ 8   doingfitnessdrillsand   
2 ____ 16    kicking penalties. If Marta was in the 

gym for the rest of her training session, what fraction of the entire 
training session did she spend in the gym?

Key points

• Marta spent    2 __ 8    of her session practising free kicks,    3 __ 8    doing 

fitnessdrillsand   2 ____ 16    kicking penalties.

• She was in the gym for the rest of her training session.

• What fraction of the entire training session did she spend in  
the gym?

Explanation

Timeinthegym = totaltime − timenotingym

The fraction of the time not spent in the gym is the fraction of the  
timeshepracticedfreekicks,didfitnessdrillsandkickedpenalties.

Fractionoftimenotingym =  2 __ 8  +  
3 __ 8  +  

2 ____ 16   

LCD is 8. Write equivalent fractions with equal denominators.

   2 __ 8  +  
3 __ 8  +  

2 ____ 16  =  
2 __ 8  +  

3 __ 8  +  
1 __ 8   

Add the numerators.

   2 __ 8  +  
3 __ 8  +  

1 __ 8  =  
6 __ 8   

 =  3 __ 4   

Sofractionoftimeingym = 1 −  3 __ 4   

 =  1 __ 4   

Answer

Marta spent    1 __ 4    of her training session in the gym.

14. Students in the year 8 cohort either play the guitar, the piano,  
or do not play an instrument. What fraction of the students do not 

play any instrument if    3 __ 7    of the students play guitar and    6 ____ 14    play 

the piano?
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Reasoning

16. a. Over the two days, Julian ran a total of    3 __ 2    or  1  1 __ 2    km.

b. Julian would have to run another    1 ____ 12    km to match his record.

c. Ambrosia ran more. She ran    1 ____ 10    km more than Julian.

d. Suggested option 1: Julian and Ambrosia can go for training 
runs together and encourage each other to run further  
each time. 

Suggested option 2: Julian and Ambrosia can set personal 
weekly goals that increase by 1 km each week.

Note: There are other possible options.

17. a.    a __ b  +  
c __ b  =  

a + c _______ b     

b.    a __ b   +  
c __ d   =  

ad ____ bd   +  
cb ____ db   

c. Fractions need common denominators when adding.  
If fractions have different denominators, the denominators 
canbemultipliedtofindacommondenominator.

Extra spicy

18. B 19.  5 __ 4 or1 
1 __ 4 cups

20.  2 ____ 15 metres 21. C

Remember this?

22. B 23. C 24. E

Key points

• Students play the guitar, the piano, or do not play an instrument.

•    3 __ 7    of the students play guitar and    6 ____ 14    play the piano.

• What fraction of the students do not play any instrument?

Explanation

 Students not playing an instrument 
= totalstudents − guitarplayers − pianoplayers

    3 __ 7    of the students play guitar and    6 ____ 14    play the piano, so

Fractionofstudentsnotplayinganinstrument = 1 −  3 __ 7  −  
6 ____ 14   

LCD is 7. Write equivalent fractions with equal denominators.

1 −  3 __ 7  −  
6 ____ 14  =  

7 __ 7  −  
3 __ 7  −  

3 __ 7   

Subtract the numerators.

   7 __ 7  −  
3 __ 7  −  

3 __ 7  =  
7 − 3 − 3 _____________ 7   

 =  1 __ 7   

Answer

In the year 8 cohort,    1 __ 7    of the students do not play an instrument.

15. Cheryl baked a small cake for the Edrolo Christmas party.  

Meeky ate    3 ____ 20    of the cake, Bretty ate    2 __ 5    and also took some home for  

his children. How much cake did Bretty take home for his children,  

if there was    1 ____ 10    of the cake remaining?

Key points

• Meeky ate    3 ____ 20    of the cake.

• Bretty ate    2 __ 5   .

• Bretty also took some home for his children.

• There was    1 ____ 10    of the cake remaining.

• What fraction of the cake did Bretty take home?

Explanation

Amounttakenhome = wholecake − Meeky′sshare− 
Bretty′sshare − remainingcake

 = 1 −  3 ____ 20  −  
2 __ 5  −  

1 ____ 10   

LCD is 20. Write equivalent fractions with equal denominators.

1 −  3 ____ 20  −  
2 __ 5  −  

1 ____ 10  =  
20 ____ 20  −  

3 ____ 20  −  
8 ____ 20  −  

2 ____ 20   

Subtract the numerators.

   20 ____ 20  −  
3 ____ 20  −  

8 ____ 20  −  
2 ____ 20  =  

20 − 3 − 8 − 2  ____________________ 20    

 =  7 ____ 20   

Bretty’s children
Leftover

Meeky

7
20

3
20

1
10 = 2

20

Bretty

8
20

2
5 =

Answer

Brettytook 7 ____ 20 ofthecakebackhometohischildren.

2C Multiplying and dividing fractions

Student practice
Worked example 1
a.  5 ____ 21  b.  6 c.  2 2 __ 3 or 

8 __ 3 

Worked example 2
a.  10 b.  5 ____ 48  c.  1 7 ____ 20 or 

27 ____ 20 

Worked example 3
a.  5 ____ 28  b.  6 2 __ 3 or 

20 ____ 3  

Understanding worksheet

1. a.  10 _ 4   b.  4 _ 3  c.  6 _ 5  d.  6 _ 2 

2. a.  10 _ 7   b.  2 _ 5  c.  4 _ 1  d.  1 _ 3 

3. denominators; reciprocal; cross-simplifying; improper

Fluency

4. a.  3 __ 8  b.  7 __ 3  c.  3 d.  10 ____ 21 

e.  18 ____ 5   f. 5 g. 7 h.  160 _____ 9  

5. a. 4 b.  8 __ 5  c.  4 ____ 21  d.  11 ____ 5  

e.  10 ____ 7  
f.  44 ____ 81  g.  112 _____ 121  h.  17 _____ 130  
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6. a.  5 ____ 21  b.  16 ____ 7   c.  10 ____ 3   d.  1 __ 4 

e.  95 ____ 68  f.  49 ____ 24  g.  45 h.  110 _____ 21  

7. a.  28 ____ 45  b.  47 ____ 72  c.  74 ____ 45  d.  19 ____ 70 

e.  27 ____ 10  f.  64 ____ 15  g.  21 ____ 20  h.  61 ____ 40 

8. D

Spot the mistake

9. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

10. Hawi initially charged the battery of her electric car to    4 __ 5    of its  

full capacity. After driving for a few days, she saw that she used    3 __ 7    

of the initial charge. What fraction of a full charge did she use?

Key points

• Hawi initially charged her electric car to    4 __ 5    of its full capacity.

• She used    3 __ 7    of the initial charge.

• What fraction of a full charge did she use?

Explanation

Hawi used    3 __ 7    of    4 __ 5   

   3 __ 7    of    4 __ 5     =  
3 __ 7  ×  

4 __ 5   

  =  3 × 4 _______ 7 × 5   

  =  12 ____ 35   

4
5

3
7

4
5

12
35 = of

Answer

Hawi used    12 ____ 35    of a full charge. 

11. A group of students are planning a 24-hour treadmill challenge to  
raise money for charity. Ifeachpersonrunsfortwo-fifthsofanhour,  
how many students are needed for the full 24 hours?

Key points

• The treadmill challenge is 24 hours long.

• Eachstudentrunsfortwo-fifthsof an hour.

• How many students are needed to complete 24 hours?

Explanation

 Number of students = total time ÷ time per student 

  = 24 ÷  2 __ 5   

  = 24 ×  5 __ 2   

  =  24 × 5 _________ 1 × 2    

  =  120 _____ 2    

  = 60 

Answer

60 students are needed for the full 24 hours.

12. Georgia buys cans of dog food in boxes of 10 cans. She feeds her 
dog three-quarters of a can every day. Ifshehasthree-fifthsofa
full box left, how many days’ worth of food does she have for  
her dog? 

Key points

• A box of dog food has 10 cans.

• Georgia feeds her dog three-quarters of a can every day.

• Shehasthree-fifthsofafull box left.

• How many days’ worth of food does she have for her dog?

Explanation

Find how many cans of dog food Georgia has left.

   3 __ 5    of 10 cans  =  3 __ 5  × 10 

  =  30 ____ 5    

  = 6 

Find the number of days’ worth of food.

 Number of days′ worth of food  
= number of cans ÷ amount used per day 

 = 6 ÷  3 __ 4   

 = 6 ×  4 __ 3   

 = 8 

Answer

Georgia has 8 days’ worth of food for her dog.

13. ThefloorsinHarish’srectangulardiningroomneedtobecovered

in varnish. The room has a length of  6  2 __ 3    m and a width of  3  2 __ 7    m.  

If  4  8 ____ 21    tins were needed, how much area did each tin cover?

Key points

• The length of the room is  6  2 __ 3    m.

• The width of the room is  3  2 __ 7    m.

•  4  8 ____ 21    tins of varnish were used.

• How much area did each tin cover?

Explanation

Find the area of the dining room.

 Area = length × width 

  = 6  2 __ 3  × 3  2 __ 7   

  =  20 ____ 3   ×  
23 ____ 7    

  =  460 _____ 21     m
2

Find the area each tin covers.

 Area each tin covers  
= Area of the dining room ÷ number of tins used 

 =  460 _____ 21   ÷ 4  8 ____ 21   

 =  460 _____ 21   ÷  
92 ____ 21   

 =  460 _____ 21   ×  
21 ____ 92   

 =  460 _____ 92    

 = 5  m2

Answer

Each tin covers  5  m2.
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2D Working with negative fractions

Student practice
Worked example 1
a. − 1 _ 4  b.  7 __ 6  = 1 

1 __ 6  c. 

Worked example 2
a.  10 _ 33  b. − 18 _ 25  c. 

Understanding worksheet

1. a. − 3 _ 2  b.  1 _ 3  c.  3 _ 4  d.  1 _ 5 

2. a. − b. + c. + d. −

3. positive; direction; negative; reciprocal

Fluency

4. a. − 3 _ 8  b.  7 _ 11  c. − 1 _ 5  d. − 1 _ 9 

e. − 1 _ 8  f.  1 _ 15  g.  24 _ 35  h.  5 _ 24 

5. a.  7 __ 2  = 3 
1 __ 2  b.  −14 _______ 11   = −1 3 ____ 11 

c.  −4 _____ 3   = −1 1 __ 3  d.  7 _ 9 

e. − 7 _ 8 
f.  19 ____ 15  = 1 

4 ____ 15 

g.  − 55 ____ 18  = −3 1 ____ 18  h.  − 125 _____ 28   = −4 13 ____ 28 

6. a.  −3 _ 10  b.  5 _ 24  c. − 18 _ 25  d. − 2 _ 3 

e. − 6 _ 25  f.  16 _ 45  g. − 15 _ 16  h.  3 _ 16 

7. a.  −  25 ____ 24    =  −1  1 ____ 24   b.  − 15 __ 4   = −3 
3 __ 4 

c. − 33 _ 80  d. −58

e. −24 f.  76 _ 45  = 1 
31 _ 45 

g. − 110 _ 133  h. − 216 _ 875 

8. a.  5 _ 24  b.  28 _ 45 

c.  7 _ 24 
d. − 2 _ 7 

e. − 37 _ 36  = −1 
1 _ 36  f.  19 _ 70 

g.  1 _ 8  h. − 133 _ 72   = −1 
61 _ 72 

9. B

Spot the mistake

10. a. Student A is incorrect. b. Student B is incorrect.

 − 14 ____ 9   = −1 5 __ 9 

14. Maddie and Hugh are playing the board game Blokus that involves 

placing differently shaped tiles on the board.    3 __ 8    of the board  

is covered in tiles, and    2 __ 5    of those are Maddie’s red tiles.  

What fraction of the board does Maddie still need to cover so  
that her tiles take up at least half of the board?

Key points

•    3 __ 8    of the board is covered in tiles.

•    2 __ 5    of those are Maddie’s red tiles.

• Find the fraction of the board Maddie needs to cover to take up 
at least half of the board.

Explanation

Find the fraction of the board Maddie’s tiles currently cover.

   2 __ 5    of    3 __ 8  =  
2 __ 5  ×  

3 __ 8   

  =  6 ____ 40   

  =  3 ____ 20   

Find the fraction of the board Maddie still needs to cover.

   1 ____ 2  −  
3 ____ 20  =  

10 ____ 20  −  
3 _ 20  =  

7 _ 20 

Answer

Maddie still needs to cover    7 ____ 20    of the board. 

Reasoning

15. a. 180peopleboughtticketsforthefirstsession.

b.    1 __ 5    of the total available seats were occupied by people who 

bought snacks.

c. 3 sessions will run between 5:30 pm and 11 pm.

d. The cinema will make $16 020 revenue for the night.

e. Suggested option 1: The cinema could increase the popcorn 
and drink price.

Suggested option 2: The cinema could advertise so more 
peoplewouldfillupthetheatre.

Note: There are other possible options.

16. a.  1 __ 9  ÷  
9 __ 1  b.  9 __ 1  ÷  

1 __ 9 

c. Part a uses a small fraction to divide by a bigger valued 
fraction to obtain a smaller fraction. Part b uses a large 
fraction to divide by a smaller valued fraction to obtain a 
larger fraction. A fraction divided by a smaller valued fraction 
will result in a larger fraction.

Extra spicy

17. E 18. D 19.  ♥ =  9 __ 2  20.  24 _____ 125 

Remember this?

21. E 22. D 23. C

 − 27 ____ 20  = −1 7 ____ 20 
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Problem solving

11. Ciara needs 3   1 _ 5    rolls of fabric to create her lounge room curtains 

and half as much for her bedroom curtains. If she already has 
4 rolls of fabric, what fraction of another roll does she need to 
complete the curtains for both rooms?

Key points

• Ciara needs 3   1 _ 5    rolls of fabric to create her lounge room curtains.

• She needs half as many rolls of fabric for her bedroom curtains.

• She already has 4 rolls of fabric.

• What fraction of another roll does she need to complete the 
curtains for both rooms?

Explanation

Ciara needs 3   1 _ 5  ÷ 2rollsoffabricforherbedroomcurtains.

 = 3 1 _ 5  ×  
1 _ 2   

 =  16 _ 5   ×  
1 _ 2   

 =  16 _ 10   

 =  8 _ 5   

Therefore, Ciara needs    8 _ 5  +  
16 _ 5   =  

24 _ 5     rolls of fabric for both her 

loungeroom and bedroom curtains.

    24 _ 5   = 4 
4 _ 5   

Ciara needs another 4   4 _ 5  − 4 =  
4 _ 5    of a roll.

Answer

Ciara needs    4 _ 5    of another roll to complete the curtains for both rooms.

12. Sarah brought    3 _ 4    of a large block of chocolate to class, and Nadia 

brought    3 _ 5    of the same size block. They combined their chocolate 

and gave their teacher Mr Ellis the equivalent of half of a large 
block of chocolate. What fraction of a large block do Sarah and 
Nadia have left?

Key points

• Sarah brought    3 _ 4    of a large block of chocolate to class.

• Nadia brought    3 _ 5    of the same size block of chocolate.

• Sarah and Nadia combined their chocolate and gave Mr Ellis 
half of a large block.

• What fraction of a large block do Sarah and Nadia have left?

Explanation

Sarah and Nadia have

   3 _ 4  +  
3 _ 5  =  

15 _ 20  +  
12 _ 20   

 =  27 _ 20    large blocks of chocolate combined.

3
4

15
20 = 

3
5

12
20 = Nadia

Sarah

Sarah and Nadia gave Mr Ellis half of a block.

   27 _ 20  −  
10 _ 20  =  

17 _ 20   

Therefore, Sarah and Nadia have    17 _ 20    of a large block left.

Answer

Sarah and Nadia have    17 _ 20    of a large block left.

13. Mackenzie spends three eighths of her monthly salary on bills. 
If she buys christmas gifts with a third of the remaining amount, 
what fraction of her salary does she have left to save?

Key points

• Mackenzie spends three eighths of her monthly salary on bills.

• She buys Christmas gifts with a third of the remaining amount.

• What fraction of her salary does Mackenzie have left to save?

Explanation

Let Mackenzie's whole monthly salary be 1. She spent    3 _ 8    of her 

salaryonbills.Therefore,shehas1 −  3 _ 8  =  
8 _ 8  −  

3 _ 8   

 =  5 _ 8    of her salary left over.

Mackenzie then spends    1 _ 3  ×  
5 _ 8  =  

5 _ 24    of her salary on  

Christmas gifts. 

Therefore, Mackenzie has    5 _ 8  −  
5 _ 24  =  

15 _ 24  −  
5 _ 24   

 =  10 _ 24   

 =  5 _ 12    of her salary left to save.

Answer

Mackenzie has    5 _ 12    of her salary left to save.

14. Patrick is learning the waltz. After every two steps forwards he 
takes one step backwards. Each of his forwards dancing steps are 
fourfifthsofametrelong. If the size of his backwards steps are 
three quarters of the length of a forwards step, how far forward 
has he moved after 12 steps in total?

Key points

• After every two steps forward, Patrick takes one step backwards.

• EachofPatrick’sforwardstepsarefourfifthsofametre long.

• Patrick’s backwards steps are three quarters the length of his 
forwards steps.

• How far forward has he moved after 12 steps in total?

Explanation

Represent forwards steps as F and backwards steps as B,  
the pattern of steps Patrick takes is:

F F B F F B F F B F F B

Therefore, he takes 8 steps forward and 4 steps backward

Each forward step is    4 _ 5    m long.

Therefore, each backward step is    4 _ 5  ×  
3 _ 4  =  

12 _ 20   

 =  3 _ 5    m long.

After 12 steps taken, Patrick has moved    4 _ 5  × 8 =  
32 _ 5     m forwards 

and    3 _ 5  × 4 =  
12 _ 5     m backwards.

Therefore, overall, Patrick moves    32 ____ 5   −  
12 ____ 5   =  

20 ____ 5    

 = 4mforwards.

Answer

Patrick has moved forward 4 metres in total.

15. Lizafillsanemptybucketfor2   3 _ 5    minutes at a rate of 12   1 _ 2    litres 

per minute. Henry then puts a hole in the bucket. How much 

water is left in the bucket if it was leaking for 4   1 _ 3    minutes at a rate 

of 7   1 _ 6    litres per minute?

ANSWERS 	860

2D
 A

N
SW

ER
S

 



Key points

• Lizafillsanemptybucketfor 2   3 _ 5    minutes at a rate of 12   1 _ 2    litres 

per minute.

• Henry puts a hole in the bucket.

• How much water is left in the bucket if it was leaking for 4   1 _ 3    

minutes at a rate of 7   1 _ 6    litres per minute?

Explanation

Amountofwaterfilledin = numberofminutes × rateperminute

 = 2 3 _ 5  × 12 
1 _ 2  

 =  13 _ 5   ×  
25 _ 2    

 =  325 _ 10    

 =  65 _ 2    

 = 32 1 _ 2    litres.

Amountofwaterleakedout = numberofminutes × rateperminute

 =  13 _ 3   ×  
43 _ 6    

 =  559 _ 18    

 = 31 1 _ 18    litres.

Amountofwaterleftinbucket = amountfilledin − amount
leaked out

 = 31 1 _ 2  − 31 
1 _ 18   

 = 1 8 _ 18   

 = 1 4 _ 9    or    13 _ 9     litres.

Answer

There is 1   4 _ 9    or    13 _ 9     litres of water left in the bucket.

Reasoning

16. a.     1 _ 8 kgofflourisleftafterthedemonstrationpizzasandthe

students’ pizzas have been made.

b.    27 _ 8  kgofflourisleftafterthedemonstrationpizzasandthe

students' pizzas have been made.

c. 27morepizzascanbemadewiththeremainingflour.

d. 200 slices of salami and    125 _ 2     or 62   1 _ 2    anchovies were available 

for the class to use.

e. Suggested option 1: The cooking method that makes pizza the 
quickest would win my vote.

Suggestedoption2:Theingredientthatmakesthecrustfluffy
and light would win my vote.

Note: There are other possible options.

17. a. The missing value in the blue square is    49 _ 4     or 12   1 _ 4   

b. The missing value in the blue square is    49 _ 4     or 12   1 _ 4   

c. Multiplying two negative fractions is the same as multiplying 
two positive ones in the sense that both yield positive answers.  
As the two fractions being multiplied have the same 
directions in both parts a and b, the answers are equal.

Extra spicy

18. A

19. Vuthaisrequiredtopay 2 _ 9 ofthebill.

20. Henrycanputin 63 _ 100 ofRonald’ssoybeans.

21. E

Remember this?

22. C 23. 42 green 
tiles

24. B

2E Four operations with decimals

Student practice
Worked example 1
a. 0.0374 b. 253 900

Worked example 2
a. 9.311 b. 7.296

Worked example 3
a. 9.36 b. 98.25

Understanding worksheet

1. a. 4.58 × 100 = 458    
458 ÷ 100 = 4.58 

b. 5.87 × 10 = 58.7 
58.7 ÷ 10 = 5.87

c. 3.25 × 100 = 325 
325 ÷ 100 = 3.25

d.  62.5 × 1000 = 62500 
 62500 ÷ 1000 = 62.5

2. a.   4.81 × 4 = 19.24    b.   1.46 × 2 = 2.92    

c.   2.34 × 3 = 7.02      d.   2.89 × 6 = 17.34       

3. subtract; dividing; multiplying; whole

Fluency

4. a.  90.521 b.  6547.7 

c.  0.53434 d.  73434 

e.  0.035719 f.  4 252 600 

g.  0.007583 h.  788 730 

5. a.  237.8 b.  420.6 

c.  39.926 d.  10.28 

e.  577.285 f.  26.2118 

g.  345.9776 h.  930.014 

6. a.  485.5 b.  698.6 

c.  34.36 d.  1188.2 

e.  816 f.  6.696 

g.  638.64 h.  567.196 

7. a.  1.51 b.  1.12 c.  35.1 d.  39.6 

e.  593 f.  2.2275 g.  87 h.  2.04 

8. C

	  ANSWERS 861

2E
 A

N
SW

ER
S

 



Spot the mistake

9. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

10. Carlos is at JB-HiFi with  $120  to spend. He wants to buy a wireless 
headset for  $32.87 , a power bank for  $48.19  and a mouse for  $37.51 .  
How much change should Carlos expect?

Key points

• Carlos has $120 to spend.

• He wants to buy a wireless headset for  $32.87 , a power bank 
for  $48.19  and a mouse for  $37.51 .

• How much change should Carlos expect?

Explanation

 Change = total money − cost of products 

The cost of the products Carlos wants to buy is the sum of each price.

 Cost of products = $32.87 + $48.19 + $37.51 

Evaluate using the vertical algorithm.

1
+ 3

1

4
3

+1 +1 +1

7 .
8 .

8 .
2 .

5
5

1
8

1
7

9
7

 Change = $120 − $118.57 

Evaluate using the vertical algorithm.

1
1

− 1
2
1 9 19

8 .
1 .

0 .
5
4

0
7
3

0

Answer

Carlos should expect  $1.43  in change.

11. Macca had a drum of cable that was 100.50 metres, which he cut 
into three pieces. One of the pieces was  22.34  metres and another 
was  58.89  metres. Whatwasthelengthofthefinalcut?

Key points

• The cable is 100.50 metres.

• He cut the cable into three pieces.

• One of the pieces was  22.34  metres and another was  58.89  metres.

• What was the length of the finalcut?

Explanation

 Third piece length = total length − length of first two pieces 

 Length of first two pieces = 22.34 + 58.89 

Evaluate using the vertical algorithm.

5
8

2
+ 8 .

1 .

2 .
+1+1 +1

8
2

3
9
3

4

So  third piece length = 100.5 − 81.23 

8
1

1
− 1 .

9 .

0
9 1 14

2
2

0 .
3
7

5 0

100.5

58.89 22.34 19.27

Answer

Thelengthofthefinalcutwas19.27  metres.

12. Annora jogs to work and Surendra drives to work. Surendra’s 
average driving speed is 10 times faster than Annora’s average 
jogging pace. Annora’s average pace is 10.24 km/h. What is 
Surendra’s average driving speed in km/h?

Key points

• Surendra’s average driving speed is 10 times faster than 
Annora’s average jogging pace.

• Annora’s average pace is 10.24 km/h.

• What is Surendra’s average driving speed in km/h?

Explanation

Surendra’s average driving speed is 10 times faster than Annora’s 
average jogging pace, so  driving speed = 10 × jogging speed 

  = 10 × 10.24 

To multiply by 10, move the decimal one place to the left.

 10 × 10.24 = 102.40 

Answer

Surendra’s average driving speed is  102.4  km/h.

13. André’s car has a total fuel capacity of 45.5 litres. When Andre 
goestofilluphistankthe price of each litre of petrol is $2.05. 
Assuming that his tank is completely empty, how much will it  
costAndrétofillthetank?Provideyourfinalanswertothe
nearest cent.

Key points

• The total fuel capacity of 45.5 litres.

• The price of each litre of petrol is $2.05.

• The tank is completely empty.

• Howmuchwillitcosttofillthetank?Provideyourfinalanswer
to the nearest cent.

Explanation

 Cost = number of litres × price per litre 

  = 45.5 × 2.05 

Calculate using the vertical algorithm.

9
9

+

×

1
3

2

2
1

2
1

0

2
4

2

2

0

0
5

7

7

0

5
5

5

0000
5

There are three decimal places in the multiplication, so the 
answer must have three decimal places.

So  45.5 × 2.05 = 93.275 

Now round to the nearest cent (hundredth). The critical digit is 5, 
so increase the next digit to the left.

Answer

It will cost André  $93.28tofillthetank.

14. The Melbourne Cricket Ground (MCG) is 172.8 metres long.  
Max calculates that he can kick the ball six times in order for the 
ball to traverse the total length of the MCG. If all of his kicks have 
the same length, what is the length of one of Max’s kicks?

Key points

• The MCG is 172.8 metres long.

• Six kicks equal the length of the MCG.

• All of his kicks have the same length.

• What is the length of one of Max’s kicks?
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2F Terminating and recurring decimals

Student practice
Worked example 1
a. 0.3125 b. 0.58 3  ̇or0.58 ̄  3 

Worked example 2
a. Rational b. Rational

Understanding worksheet

1. a. Recurring b. Non-recurring

c. Recurring d. Terminating

2.  a. 2.666666…  2.6 ̇   2. ̄  6

 b. 78.41254125…  78.4 ̇ 125 ̇   78. ̄  4125  

 c. 0.13257132571…  0.1 ̇ 3257 ̇   0. ̄  13257  

 d. 0.2307923079…  0.2 ̇ 3079  ̇  0. ̄  23079  

3. finite;infinite;non-recurring;irrational

Fluency

4. a.  1.3  ̇or1. ̄  3 b. 0.5 ̇ or0. ̄  5
c.  0.7 ̇ 2 ̇ or0. ̄  72  d.  0.3  ̇9  ̇or0. ̄  39  

e.  0.305  ̇or0.30 ̄  5 f.  0.5 ̇ 2 ̇ or0. ̄  52  

g.  0.7 ̇ 14285  ̇or0.714285 h.  0.6 ̇ 15384  ̇or0.615384 

5. a.  0.7 b.  0.1 ̇ or0. ̄  1

c.  0.375 d.  1.83 ̇ or1.8 ̄  3

e.  0.44 f.  1.416 ̇ or1.41 ̄  6

g.  0.72 ̇ or0.7 ̄  2 h.  1.1 ̇ 42857 ̇ or1.142857 

6. a. Rational b. Irrational

c. Rational d. Rational

e. Rational f. Irrational

g. Rational h. Irrational

7. D

Spot the mistake

8. a. Student A is incorrect. b. Student A is incorrect.

Problem solving

9. Rob is making jelly cups for his daughter’s birthday. He has 4 litres 
of jelly mix that he will divide equally into 25 cups. In litres,  
how much jelly will each cup contain?

Key points

• Rob has 4 litres of jelly mix.

• Rob will equally divide the jelly mix into 25 cups.

• In litres, how much jelly will each cup contain?

Explanation

Litrespercup = totaljellymix ÷ numberofcups

  = 4 ÷ 25 

Calculate  4 ÷ 25  using short division.

    4 . 0 0 
___
  25⟌

0 . 1 6
  

Answer

Each cup will contain  0.16  litres of jelly.

10. Sahir is running a half-marathon, which is 21 km long. He ran    4 __ 9     

of the marathon along a beach. How many kilometres, written as  
a decimal, did Sahir run along the beach?

Key points

• The half-marathon is 21 km long.

• He ran    4 __ 9    of the marathon along a beach.

• How many kilometres, written as a decimal, did Sahir run along 
the beach?

Explanation

The distance along the beach is    4 __ 9    of 21.

   4 __ 9  × 21 =  84 ____ 9    

  = 84 ÷ 9 

Calculate  84 ÷ 9  using short division.

    8 4 . 0 0  
___

  9⟌
0 9 . 3 3

  

Answer

Sahir ran  9.3 ̇ (or9. ̄  3)kilometresalongthebeach.

4 15

8 3 3

Explanation

 Length of one kick = Length of MCG ÷ 6 

  = 172.8 ÷ 6 

Use short division.

  1 7 2 . 8  
___

  6⟌
0 2 8 . 8

  1 5 4

Answer

The length of one of Max’s kicks is  28.8  metres.

Reasoning

15. a. Nazar walked  5.925  km in total on Monday.

b. Ari’s bus journey to school is  53.5  km.

c. Jola rode  18.66  km on Friday.

d. The average distance of Nazar’s walk home is  2.087  km.

e. Suggested option 1: They could make an informative video on 
the impact of cars on the environment.

Suggestedoption2:Theycouldpresentthebenefitsofcycling
and/or walking to school as a form of exercise.

Note: There are other possible options.

16. a.  571.141 b.  5711.41 

c. The answers from part a and b consist of the same numbers 
but differ by a power of 10. When multiplying one of the 
numbers in a decimal multiplication by a power of 10, it has the 
same effect of multiplying the overall result by a power of 10.

Extra spicy

17. Width = 1.5metres;height = 0.5  metres

18. E 19. E 20. 6 minutes

Remember this?

21. B 22. B 23. C
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11. There are 99 students in the Year 8 class at McCrawley Grammar. 
47 students voted in the school election. What portion of the  
Year 8 students did not vote in the election? Express your answer 
as a decimal.

Key points

• There are 99 students.

• 47 students voted.

• What portion of the Year 8 students did not vote in the election? 
Express your answer as a decimal.

Explanation

The number of students who did not vote is the difference between 
the number of students and the number of voting students.

 99 − 47 = 52  students.

Divide the number of non-voting students by the number of all 
students to calculate the portion of Year 8 students who did not vote.

 52 ÷ 99 

Evaluate the division using short division

    5 2 . 0 0 0 0  
___

  99⟌
0 0 . 5 2 5 2

  

Answer

 0.5  ̇2  ̇(or0. ̄  52  ) of the Year 8 students did not vote.

12. Rowena is packaging 200 colouring pencils into bundles to sell 
on her online store. Explain whether Rowena should divide the 
pencils into groups of four or six so that every bundle has the 
exact same number of pencils.

Key points

• Rowena is packaging 200 colouring pencils into bundles.

• Every bundle has the exact same number of pencils.

• Explain whether Rowena should divide the pencils into groups 
of four or six

Explanation

To divide the pencils into identical bundles, the result of  
200 ÷ pencils per bundle  must be a whole number.  
Substitutepencilsperbundle = 4  and  6  respectively.

 200 ÷ 4 = 50 

    2 0 0 
___
 99⟌

0 5 0
  

 200 ÷ 6 = 33.3 ̇ 

    2 0 0. 0 0  
___

  6⟌
0 3 3. 3 3

  

Bundles of 4 pencils produce an integer answer, so dividing the 
pencils into identical bundles is possible.

Answer

Rowena should divide the pencils into groups of four.

13. Warren just started a new book. He read    13 ____ 20    of it in one night and  

then read half of the rest of the book the next night. A week later,  
he read a third of the pages he had not yet read. Written as a decimal,  
how much of the book does he have left to read?

Key points

• Warren read    13 ____ 20    of the book.

• He then read half of the rest of the book.

• He then read a third of the pages he had not yet read.

• Written as a decimal, how much of the book does he have 
left to read?

5 52 5225 25

2

2 2 22

Explanation

Calculate the fraction of the book he read at each stage.

Hefirstread 13 ____ 20    of the book.

Calculate how much of the book was left.

 1 −  13 ____ 20  =  
7 ____ 20   

He then read half of this amount.

   7 ____ 20  ×  
1 __ 2  =  

7 ____ 40   

Subtract this from    7 ____ 20    to calculate how much of the book was  

then left.

   7 ____ 20  −  
7 ____ 40  =  

7 ____ 40   

He then read one third of the pages left.

   7 ____ 40  ×  
1 __ 3  =  

7 _____ 120   

Subtract this from    7 ____ 40    to calculate how much of the book was  

then left.

   7 ____ 40  −  
7 _____ 120  =  

14 _____ 120  =  
7 ____ 60   

Convert    7 ____ 60    to a decimal using short division.

    7 . 0 0 0 0  
___

  60⟌
0 . 1 1 6 6

  

Answer

Warren has  0.11 6 ̇    of the book to read.

Reasoning

14. a. The side length of the veggie patch is  8.60  m.

b. The area each plant will have is  3.08  m2.

c. An exact area of 74 m2 requires a side length of   √ 
_
 74    m. This is 

a non-recurring decimal which is an irrational number. It can’t 
be measured.

d. Suggested option 1: Side length of 9 m which can plant  
27 vegetables.

Suggested option 2: Side length of 10 m which can plant  
33 vegetables.

Note: There are other possible options.

15. a.  4 __ 5 , 
3 ____ 10 , 

7 __ 8  b.  1 __ 6 , 
5 __ 9 , 

7 ____ 15 ,  
11 ____ 12   

c. If the prime factorisation of a denominator contains only 2s 
or 5s, then the fraction represents a terminating decimal. 
Otherwise, the fraction represents a recurring decimal.

Extra spicy

16.  7.39472  ̇or7.3947  ̄  2   hours

17. C 18. B 19.  0.293  mm

Remember this?

20. C 21. A 22. D

10 40 407
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2G  Rounding and estimating  
with decimals

Student practice
Worked example 1
a. 64.3 b. 7.90

Worked example 2
a. 4200 b. 10

Understanding worksheet

1. a. 0.9 b. 3 c. 7.26 d. −1.9

2. a. 53 − 29 ≈ 50 − 30 = 20

b. 762 − 23 ≈ 800 − 20 = 16000

c. 11.63 − 67.4 ≈ 10 − 70 = 700

d.    2823 _______ 613   ≈  
3000 _ 600   = 5

3. critical; lead; estimate; approximately; equal

Fluency

4. a. 0.23 b. 3.88 c. 6.300 d. 1.7269

e. 4.511 f. g. 23.500 h. 20.00

5. a. 180 b. 950 c. 4 d. 24 000

e. 700 f. 7.5 g. h. 1.6

6. a. 2410 b. 195 c. −440 d. 8

e. 2 f. g. 31 500 h. 20 000

7. a. Greater than b. Greater than

c. Greater than d. Less than

e. Greater than f. Less than

g. Less than h. Greater than

8. a. 0.13 b. 0.333 c. 0.3333 d. 0.286

e. 0.417 f. 1.1429 g. 1.4444 h. 0.6923

9. E

Spot the mistake

10. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

11. According to her GPS, Tracey needs to drive west for 28.74 km to 
arrive at her desired destination. If her speedometer says she has 
already driven 17.6 km, how much further does she need to drive, 
if she rounded the remaining distance to the nearest km?

Key points

• Tracey needs to drive west for 28.74 km.

• Tracey has already driven 17.6 km.

• How much further does she need to drive, if she rounded the 
remaining distance to the nearest km?

14.5110

 1 __ 4 or0.25

3 600 000

Explanation

DistanceTraceystillneedstodrive = totaldistance − distance
already driven

  = 28.74 − 17.6 

  = 11.14  km

Now round to the nearest kilometre.

Draw a line between the digit being rounded and the critical digit.

11.|14

The critical digit is less than 5, so the digit being rounded 
stays the same.

Write the number with no decimal places.

 11.14 ≈ 11  km

Answer

Tracey needs to drive a further 11 km.

12. Aaron is standing next to a stack of 1.9 cm thick books and is  
as tall as 87 of them. How tall is Aaron, if he rounded his height to 
the nearest cm?

Key points

• The books are 1.9 cm thick.

• Aaron is as tall as 87 books.

• How tall is Aaron, if he rounded his height to the nearest cm?

Explanation

Height = thicknessofeachbook × numberofbooks

  = 1.9 × 87 

  = 165.3  cm

Now round to the nearest cm.

Draw a line between the digit being rounded and the critical digit.

 165. |3

The critical digit is less than 5, so the digit being rounded stays 
the same. Write the number with no decimal places.

Answer

Aaron is 165 cm tall.

13. 29 of Keenan’s students have booked a parent teacher interview 
with him. Keenan has 5 hours to complete the interviews. 
If Keenan uses lead digit rounding, how much time does he 
approximately have for each student interview?

Key points

• Keenan has 29 parent teacher interviews.

• He has 5 hours to complete the interviews.

• There are 60 minutes in 1 hour.

• If Keenan uses lead digit rounding, how much time does he 
approximately have for each student interview?

Explanation

Convert the time to minutes. There are 60 minutes in 1 hour,  
so multiply the number of hours by 60.

 5 × 60 = 300  minutes.

Timeperinterview = totaltime ÷ numberofinterviews

Round the total time and the number of interviews using lead 
digit rounding before dividing.

Consider the total time. Draw a line between the digit being 
rounded and the critical digit.

3|00

The critical digit is less than 5, so round all numbers in the 
calculation to the lead digit.

So 300 stays the same.
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Consider the number of interviews. Draw a line between the digit 
being rounded and the critical digit.

2|9

The critical digit is more than 5, so increase the digit being 
rounded by 1.

So  29 ≈ 30 

Complete the calculation using the rounded numbers.

Timeperinterview ≈ 300 ÷ 30 

  ≈ 10  minutes

Answer

Keenan has approximately 10 minutes for each student interview.

14. Radio signals and other electromagnetic waves travel at  
299 792.458 km per second. The distance from Earth to the Moon 
is 384 399 km. Use lead digit rounding to estimate the time it takes 
for electromagnetic waves to travel from the Earth to the Moon. 
Round your answer to two decimal places.

Key points

• Electromagnetic waves travel at 299 792.458 km per second.

• The distance from Earth to the Moon is 384 399 km.

• Use lead digit rounding to estimate the time it takes for 
electromagnetic waves to travel from the Earth to the Moon. 
Round your answer to two decimal places.

Explanation

Totalsecondstaken = totaldistance ÷ distancetravelledpersecond

Round the total distance and distance travelled per second using 
lead digit rounding before calculating.

Consider the distance travelled per second. Draw a line between 
the digit being rounded and the critical digit.

2|99792.458

The critical digit is more than 5, so the digit being rounded increases.

 299 792.458 ≈ 300 000 

Consider the total distance. Draw a line between the digit being 
rounded and the critical digit.

3|84 399

The critical digit is more than 5, so increase the digit being 
rounded by 1.

So

 384 399 ≈ 400 000 

Complete the calculation using the rounded numbers.

Totalsecondstaken ≈ 400 000 ÷ 300 000 

  ≈ 1.33

Answer

It takes approximately 1.33 seconds for electromagnetic waves to 

travel from the Earth to the Moon.

15. EstherandKatiehadaveryclosefinishinthe70msprint. 
Their times were both rounded to the nearest hundredth of a 
second. Theybothfinishedin9.18seconds,butthephotofinish
showed that Esther won. What is the largest possible time 
difference between Esther and Katie’s race times, in thousandths 
of a second?

Key points

• Esther and Katie’s times were both rounded to the nearest 
hundredth of a second.

• Theybothfinishedin9.18 seconds.

• What is the largest possible time difference between Esther and 
Katie’s race times, in thousandths of a second?

Explanation

Tomaximisethetimedifference,findtheslowestandfastest
times that would be rounded to 9.18.

9.17 9.175

Rounded to 9.18

9.18 9.184 9.19

Slowest possible time: 9.184

Fastest possible time: 9.175

Calculate the difference between these times.

 9.184 − 9.175 = 0.009  seconds.

Answer

The largest possible time difference between Esther and Katie’s 
race times is 0.009 seconds.

Reasoning

16. a.  There are approximately 45 000 people in the  
Shane Warne stand.

b. There are approximately 15 000 people in the Members 
Reserve stand.

c. There are approximately 16 000 people in the Ponsford stand.

d. Approximately 86 000 people are attending the game.

e. Suggested option 1: Look at how full the stadium is overall, 
and estimate the proportion of occupied seats to total seats.

Suggested option 2: Count the number of people who enter 
the stadium from a particular entrance and assume the same 
number of people entering from all the other entrances.

Note: There are other possible options.

17. a. 40 030 km

b. 40 035 km

c. The estimate in part a is closer to the exact result than the 
answer in part b. This shows that the more decimal places 
included, the more accurate an estimation. When rounding to 
a smaller decimal place, the estimation becomes less accurate.

Extra spicy

18. D

19. 44.48 and 44.53

20. C

21. $74

Remember this?

22. D 23. C 24. D
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Chapter 2 extended application

1. a. Usain BOLT 1.04 m

Tyson GAY 1.03 m

Yohan BLAKE 1.03 m

Asafa POWELL 1.03 m

Justin GATLIN 1.03 m

b.  Usain BOLT 100 m

Tyson GAY 98.86 m

Yohan BLAKE 98.86 m

Asafa POWELL 98.56 m

Justin GATLIN 98.36 m

c.  Athlete Distance run How much Bolt 
beat them by

Tyson GAY 9886 cm 114 cm

Yohan BLAKE 9886 cm 114 cm

Asafa POWELL 9856 cm 144 cm

Justin GATLIN 9836 cm 164 cm

d. 10 mm

e. Suggested option 1: We have a better knowledge of sports 
science, so athletes receive better training.

Suggested option 2: We have made many important medical 
advances, so sports injuries receive much better treatment.

Note: There are other possible options.

2. a.    7 _ 24    of a standard circuit board.

b.    7 _ 11    g

c. Gold:    7 _ 66    g

Silver:    7 _ 33    g

Copper:    7 _ 22    g

d. 48 circuit boards.

e. $311.41

f. Suggested option 1: Launch an advertising campaign raising 
awareness of the trade-in service and the environmental 
importance of recycling metals.

Suggested option 2: Offer trade-in services at a more diverse 
range of locations such as supermarkets.

Note: There are other possible options.

3. a.    13 _ 16    of the maximum altitude.

b. 5   1 _ 3    sandbags.

c. 4 sandbags.

d. 1   1 _ 4    sandbags.

e.    49 _ 64    of the maximum altitude.

f. Suggested option 1: In Luxor, Egypt above the Valley of  
the Kings.

Suggested option 2: In Queenstown, New Zealand.

Note: There are other possible options.

Chapter 2 review

Multiple choice

1. B 2. D 3. D 4. C 5. D

Fluency

6. a.  21 ____ 10   b.  17 ____ 3    c.  7 1 __ 2   d.  7 11 ____ 12      

7. a.  1 __ 5  =  
2 ____ 10  =  

10 ____ 50  b.  6 ____ 18  =  
12 ____ 36  =  

2 __ 6 

c.  2 3 __ 4  = 2 
36 ____ 48  =  

11 ____ 4    d.  54 ____ 30  =  
45 ____ 25  = 1 

4 __ 5 

8. a.  1 ____ 13   b. c.  4 __ 7   d. 

9. a.  12 ____ 18  =  
2 __ 3   b.  3 ____ 13   c. d. 

10. a.  19 ____ 30   b.  10 ____ 67   c.  97 _____ 280   d. 

11. a.  − 11 ____ 30      b. − 4 __ 9  c.  − 13 ____ 24   d. − 8 ____ 11   

12. a. 17.9 b. 25 c. 5.88 d. 5.7708

13. a. 42.2 b. c. d. 24

14. a. 0.375 b. 0.028 c. 1. ̄  6  d. 

15. a. 639.2 b. 5.00 c. 500.00 d. 81

16. a. 15 b. 600 c. 25.5 d. 6.975

Problem solving

17. Sienna spends $4 per day on chai lattes. How many chai lattes will 
she drink to have spent $24 on chai lattes?

Key points

• Sienna spends $4 per day on chai lattes.

• How many chai lattes will she have to drink to have spent $24?

Explanation

Each chai latte costs $4, so to have spent $24 Sienna will need to 
drink24 ÷ 4  chai lattes.

24 ÷ 4 =  24 ____ 4    

  =  6 ____ 1   

  = 6

Sienna will need to drink 6 chai lattes to have spent $24.

Answer

Sienna will need to drink 6 chai lattes to have spent $24.

 9 __ 4  = 2 
1 __ 4    47 ____ 6   = 7 

5 __ 6   

 6 __ 4  =  
3 __ 2  = 1 

1 __ 2   14 ____ 9   = 1 
5 __ 9 

 31 ____ 5   = 6 
1 __ 5 

205.025 114.956

3.384615
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18. Clelia has written a short story for a competition, and is checking 
the word count at the beginning, middle and end. The word count 

at the beginning and middle sum to    4 __ 5    of the whole story. The middle  

and ending sum to    2 __ 3    of the whole story. What fraction of the 

whole story was the middle?

Key points

• Clelia has written a short story for a competition, and is 
checking the word count at the beginning, middle and end.

• The word count at the beginning and middle sum to    4 __ 5    of the 

whole story.

• The middle and ending sum to    2 __ 3    of the whole story.

• What fraction of the whole story was the middle?

Explanation

Thewholestoryconsistsofbeginning + middle + end.

The beginning and middle sum to    4 __ 5 ,sobeginning + middle =  
4 __ 5   .

Thewholestoryis1,soending = 1 −  4 __ 5  =  
1 __ 5   .

The middle and ending sum to    2 __ 3 ,somiddle + ending =  
2 __ 3   .

Therefore,middle =  2 __ 3  −  
1 __ 5  =  

7 ____ 15   

Answer

The middle was    7 ____ 15    of the whole story.

19. A group of friends are comparing their hourly rates at their  

part-time jobs. John makes    2 __ 5    of what Sam makes. Sam makes    7 __ 6    of 

what Tracey makes. Ishir makes    4 __ 5    of what Tracey makes. If Ishir 

makes $24 per hour, how much does John make per hour?

Key points

• John makes    2 __ 5    of what Sam makes.

• Sam makes    7 __ 6    of what Tracey makes.

• Ishir makes    4 __ 5    of what Tracey makes.

• Ishir makes $24 per hour.

• How much does John make per hour?

Explanation

Ishir makes $24 per hour and    4 __ 5    of what Tracey makes, 

so    4 __ 5  × Tracey'srate = 24.

Tracey’shourlyrateistherefore24 ÷  4 __ 5   , which is:

=  24 ____ 1   ×  
5 __ 4   

= 6 × 5

= 30

Therefore, Tracey makes $30 per hour. Sam makes    7 __ 6    of what 

Tracey makes, so Sam’s hourly rate is    7 __ 6  × 30.

=  7 __ 6  ×  
30 ____ 1    

= 7 × 5

= 35

Sam makes $35 per hour. John makes    2 __ 5    of what Sam makes,  

so John’s hourly rate is    2 __ 5  × 35.

=  2 __ 5  ×  
35 ____ 1    

= 2 × 7

= 14

John’s hourly rate is $14. 

Answer

John’s hourly rate is $14.

20. On a particular day, the temperature in the South Pole in 

Antarcticawas−62   4 ____ 10   ℃ and in MountBulleritwas−1   4 __ 5   ℃.  

Find how much warmer Mount Buller was than the South Pole,  
as a mixed number. 

Key points

• ThetemperatureintheSouthPoleinAntarcticawas−62   4 ____ 10   ℃.

• ThetemperatureinMountBullerwas−1   4 __ 5   ℃.

• How much warmer is Mount Buller compared to the South Pole, 
as a mixed number?

Explanation

Itwas−62 4 ____ 10 °CinAntarcticaand−1 
4 __ 5   °C in Mount Buller, so the 

difference can be shown by subtracting the lower temperature 
from the higher temperature. 

−1 4 __ 5  − (−62 
4 ____ 10  ) = − 

9 __ 5  +  
624 _____ 10    

 = − 18 ____ 10  +  
624 _____ 10    

 =  606 _____ 10    

 = 60 6 ____ 10   

 = 60 3 __ 5   °C

Answer

Mount Buller was 60   3 __ 5 ℃orwarmerthantheSouthPole.

21. At the beginning of last year, one ounce of silver was $15.65. 
At the end of last year, one ounce of silver was $17.90. If Nadia 
bought 0.4 ounces of silver at the beginning of last year and sold  
it at the end of last year, whatprofitdidshemake?

Key points

• At the beginning of last year, one ounce of silver was $15.65.

• At the end of last year, one ounce of silver was $17.90.

• Nadia bought 0.4 ounces of silver at the beginning of last year 
and sold it at the end of last year.

• Whatprofitdid she make?

Explanation

Nadia’sprofitisthedifferencebetweenherpurchasepriceatthe
beginning of last year and her selling price at the end of last year. 

She bought 0.4 ounces of silver, and one ounce of silver was $15.65  
atthebeginningoflastyear,sothiscosther$15.65 × 0.4 = $6.26. 
We can calculate this using the vertical algorithm.

6 15.65 × 0.45
4
0

×
6 15.65 × 0.4 = 6.260

51
+2 +2 +2

3 digits after decimal point in question

3 digits after decimal point in answer
6 2

If her selling price was $17.90 per ounce, she would have made 
$17.90 × 0.4 = $7.16.

Therefore,Nadia’sprofitis7.16 − 6.26 = $0.9or90cents.

Answer

Nadia’sprofitwas$0.9  or 90 cents.
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22. In a laboratory, Ellett is measuring the speed of a snail using very 
precise equipment. If the distance a snail travels in two minutes is  
1.   ̄  3   m, calculate its speed in metres per minute. Write your answer 
as a decimal using appropriate notation.

Key points

• Ellett is measuring the speed of a snail using very  
precise equipment.

• The distance a snail travels in two minutes is  1. ̄  3   m.

• Calculate the snail’s speed in metres per minute, writing your 
answer as a decimal.

Explanation

If a snail travels  1.  ̄  3   metres in two minutes, converting this to a 

fraction this means it travels    4 __ 3    m in two minutes. In one minute,  

it must travel    4 __ 3  ÷ 2  metres.

   4 __ 3  ÷ 2 =  
4 __ 3  ×  

1 __ 2   

 =  4 __ 6  =  
2 __ 3   

 = 0.  ̄  6  

The snail’s speed is  0. ̄  6   metres per minute.

Answer

The snail’s speed is  0. ̄  6   metres per minute.

23. A doctor is prescribing some medication for a patient. The dosage 
depends on the weight of the patient, and is described by the 
following rule:

 dosage = 1.105 × 80.54 − 1.0418  mg

It is important to ensure that a patient has the correct dosage,  
so after performing the calculation, she performs lead digit 
rounding to check the reasonableness of her answer.  
What answer does lead digit rounding obtain?

Key points

• A doctor is prescribing some medication for a patient.

• The dosage depends on the weight of the patient,  
and is described by the following rule:  
dosage = 1.105 × 80.54 − 1.0418  mg.

• She performs lead digit rounding to check the reasonableness 
of her answer as each patient needs the correct dosage.

• What answer does lead digit rounding obtain?

Explanation

Performing lead digit rounding on the dosage equation, we obtain:

 dosage = 1 × 80 − 1 

This gives a dosage of 79 mg.

Answer

Lead digit rounding gives an answer of 79 mg.

Reasoning

24. a. Per 100 mL 
(to 7 decimal 
places)

Per 100 mL 
(to 1 decimal 
place)

Fat (total) 0.1705473 g 0.2 g

 Saturated fat 0.0058101 g 0.0 g

Carbohydrate (total) 14.2188915 g 14.2 g

 Sugar 14.0611112 g 14.1 g

Protein 0.0000101 g 0.0 g

Salt 0.0000001 g 0.0 g

b. Fat: 0.5 g

Saturated fat: 0 g

Carbohydrate: 35.5 g

Sugar: 35.25 g

Protein: 0 g

Salt: 0 g

c.    1 __ 3    of the initial amount of the drink is left.

d. 0.   ̄  3  

e. The volume of Berry Blitz is 200 cm3.

f. Suggested option 1: The school could offer freshly pressed 
juices instead of soft drinks.

Suggestedoption2:Theschoolcouldofferflavoured
carbonated water instead of soft drinks.

Note: There are other possible options.

25. a.    1 __ 2  ×  
2 __ 3  =  

1 __ 3   

   998 _____ 999  ×  
999 _______ 1000  =  

998 _______ 1000  =  
499 _____ 500   

b.    1 __ 2  ×  
2 __ 3  ×  

3 __ 4  =  
1 __ 4   

   997 _____ 998  ×  
998 _____ 999  ×  

999 _______ 1000  =  
997 _______ 1000   

c.    1 __ 2  ×  
2 __ 3  ×  

3 __ 4  ×  
4 __ 5  × ... ×  

999 _______ 1000  =  
1 _______ 1000   

The same strategies were used to solve parts a and b,  
which involve simplifying out numbers that appear in both 
the numerator of one fraction and the denominator of another 
in the series. The numbers simplify because they divide into 
each other (numbers divided by themselves always equal 1). 

In the above series, this leaves     1 _______ 1000 asthefinalanswerasall

other numbers in the middle are cancelled.
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3A Percentages, decimals, and fractions

Student practice
Worked example 1
a. 0.27 b. 2 1 _ 2 

Worked example 2
a. 1% b.  3 _ 4 

Worked example 3
a. 0.8 b. 66 2 _ 3 %

Understanding worksheet

1. a. Fraction b. Decimal

c. Percentage d. Percentage

2. a. 40% b.  83 _ 100  c. 0.15 d.  11 _ 20 

3. fraction; convert; decimal; percentage

Fluency

4. a. 0.25 b. 0.78 c. 1.23 d. 0.04

e. 0.391 f. 6.027 g. 0.053 h. 0.0002

5. a.  13 _ 100  b.   7 _ 100  c.  2 _ 5  d. 1 3 _ 10 

e.  2 _ 25  f. 2 1 _ 4  g.   7 _ 1000  h.  1 _ 40 

6. a. 25% b. 160%

c. 47.3% d. 8%

e. 5602% f. 11090%

g. 0.5% h. 1.04%

7. a.  9 _ 10  b.  4 _ 5  c.  29 _ 50  d. 1 1 _ 10 

e. 3  9 _ 100  f.  1 _ 20  g. 18 13 _ 50  h.   9 _ 125 

8. a. 0.5 b. 0.7 c. 0. ̄  3  d. 0.625

e. 1.25 f. 2.45 g. 0. ̄  4  h. 10. ̄  6  

9. a. 25% b. 2% c. 99% d. 37.5%

e. 180% f. 366 2 _ 3 % g. 720% h. 77 7 _ 9 %

10. A

Spot the mistake

11. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

12. Bela estimates that three-quarters of the Australian population 
own a mobile phone. What percentage does this represent?

Key points

• Bela estimates that three-quarters of the Australian population 
own a mobile phone.

• What percentage does this represent?

Explanation

Three-quarters represented as a fraction is    3 _ 4   .

We can convert    3 _ 4 toapercentagebyfirstmultiplyingby100.

   3 _ 4  × 100 =  
300 _ 4    

We can then set out the fraction as short division, and then add a 
percentage sign to the answer.

    3 0 0    
___

  4⟌
0 7 5 r 0

  

= 75%

Answer

75%

13. It takes 5   1 _ 2    minutes for Matchoo to heat up his frozen lasagne  

for lunch. Express the time as a decimal.

Key points

• It takes 5   1 _ 2    minutes for Matchoo to heat up his frozen lasagne 

for lunch.

• Express the time as a decimal.

Explanation

Wefirstconvertthefractionalportionofthetime( 
1 _ 2 )   to a decimal.

   1 _ 2  = 1 ÷ 2

    1.0 
_
 2⟌

0.5
  

   1 _ 2  = 0.5,5 
1 _ 2  = 5.5.

5   1 _ 2    represented as a decimal is 5.5.

Answer

5.5 minutes

14. In its simplest form, what fraction of Tori’s hair is straight if 55% 
of it is curly?

Key points

• In its simplest form, what fraction of Tori’s hair is straight if 
55% of it is curly?

Explanation

If55%ofTori’shairiscurly,thatmeansthat100 − 55 = 45%of
it is straight.

Tofind45%insimplestform,weneedtoconvertittoafraction.

As%meansoutof100,bydefinition,45% =  45 _ 100   .

Simplifying this, we get:

   45 _ 100  =  
9 _ 20   

Answer

   9 _ 20    of Tori’s hair is straight.

15. Kathy cuts her pizza into six equal pieces. Write down the value 
that one piece represents, as a fraction, decimal, and percentage.

Key points

• Kathy cuts her pizza into six equal pieces.

• Write down the value that one piece represents, as a fraction, 
decimal, and percentage.

2 0
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3B  Expressing as a percentage and 
calculating percentages of quantities

Student practice
Worked example 1
a. 65% b.  66  2 __ 3  % 

Worked example 2
a. 20% b. 18%

Worked example 3
a. 30 b. 39.1

Understanding worksheet

1. a. 80 b. 24 c. 43 d. 36

2. a. 12 b. 24 c. 30 d. 100

3. percentages; out of; fractions; multiplication

Fluency

4. a. 28% b. 50% c. 21% d. 150%

e. 75% f. 60% g. 40% h. 26%

5. a.  37 1 __ 2 % b.  12 1 __ 2 % c.  58 1 __ 3 % d.  137 1 __ 2 % 

e.  86 2 __ 3 % f.  42 6 __ 7 % g.  108 1 __ 3 % h.  81 9 ____ 11 % 

6. a. 25% b. 10% c. 32% d. 125%

e. 35% f. 250% g. 60% h.  14% 

7. a. 6 b. 15 c. 28 d. 65

e. 27 f. 105 g. 2401 h. 1386

8. a. 2.5 b. 22.1 c. 49.8 d. 92.9

e. 106.9 f. 424.4 g. 16.7 h. 437.2

9. E

Spot the mistake

10. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

11. Hunter has 1 yellow, 2 green and 3 pink chocolate clinkers.  
What percentage of clinkers are pink?

Key points

• Hunter has 1 yellow, 2 green and 3 pink chocolate clinkers.

• What percentage of clinkers are pink?

Explanation

Totalnumberofclinkers = yellowclinkers + green
clinkers + pinkclinkers

  = 1 + 2 + 3 

  = 6  clinkers.

3 out of 6 clinkers are pink. Express this as a percentage.

3outof6 =  3 __ 6  

  =  1 __ 2   

Explanation

If Kathy cuts her pizza into six equal pieces, the value of one piece 
must be 1 out of 6 or one-sixth.

We can represent one-sixth as a fraction, decimal and percentage.

Fraction:    1 _ 6   

Decimal:0.1 ̄  6  

  1 . 0 
___

  6⟌
0 . 1  ̄  6 

  

Percentage:0.1 ̄  6 × 100 = 16. ̄  6  %

0.1 ̄  6 = 16 2 _ 3   %

Answer

Fraction:    1 _ 6   

Decimal:0.1 ̄  6  

Percentage: 16   2 _ 3   %

16. Patrickhas0.8hourslefttofinishascienceexperiment.  
Rewrite the amount of time as a fraction out of 60, so that  
Patrick knows how many minutes he has left.

Key points

• Patrickhas0.8hourslefttofinishascienceexperiment.

• Rewrite the amount of time as a fraction out of 60, so that 
Patrick knows how many minutes he has left.

Explanation

As1hour = 60minutes,0.8hoursis0.8 × 60minutes:

0.8 × 60 =  8 _ 10  × 60

 =  480 _ 10    

 = 48

Therefore,0.8hours = 48minutes. 

Writing this as a fraction out of 60 gives us    48 _ 60   .

Answer

   48 _ 60   

Reasoning

17. a. 20% b.  9 _ 50  c. $12.64

d. Vuthaneeds125gramsofplainflour,112.5gramsof 
rolled oats, 100 grams of desiccated coconut, 187.5 grams  
of unsalted butter, and 100 grams of golden syrup.

e. Suggested option 1: Vutha can make something with ingredients  
he already has at home so he doesn’t need to buy any  
extra ingredients.

Suggested option 2: Vutha can write notes to his friends with 
a kind message.

Note: There are other possible options.

18. a. 8% b.  2 _ 3 

c. In order to compare all the values, they must be all the same 
type. Convert all of the values to a percentage, then compare.

Note: Other possible solutions include converting all to 
fractions or all to decimals to compare.

Extra spicy

19. B 20. D 21. 24% 22.  5 _ 32 

Remember this?

23. E 24. B 25. B

4
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   1 __ 2  ×  
100 _____ 1   % =  1 __ 1  ×  

50 ____ 1   % 

  =  50 ____ 1   % 

  = 50% 

 3 _ 6  =  50 _ 100 

Answer:

50% of the clinkers are pink

12. Casio piano mini-keyboards have a marked price of $110 but are 
discountedby20%aspartofanendoffinancialyear(EOFY)sale. 
What dollar amount is the discount?

Key points

• The mini-keyboards normally cost $110.

• This is discounted by 20%.

• What dollar amount is the discount?

Explanation

Calculate 20% of $110.

Write the percentage and whole number as fractions. Replace ‘of’ 
with a multiplication sign.

   20 _____ 100  ×  
110 _____ 1   =  

1 __ 5  ×  
110 _____ 1    

  =  1 __ 1  ×  
22 ____ 1    

  =  22 ____ 1    

  = $22 

Answer

The discount is $22.

13. A standard running track is 400 m. What percentage of the track 
does Boyd run, if the race is 5 km?

Key points

• The track is 400 m.

• The race is 5 km.

• There are 1000 m in 1 km.

• What percentage of the track does Boyd run?

Explanation

Convert the length of the track and the race to the same units.

Multiply 5 km by 1000 to calculate the distance of the race in m.

 5 × 1000 = 5000  m.

Calculate 5000 m as a percentage of 400 m.

Write the number sentence as a fraction, then multiply by 100% 
and simplify.

   5000 _______ 400   ×  
100 _____ 1   % =  5000 _______ 4   ×  

1 __ 1  % 

  =  1250 _______ 1   % 

  = 1250% 

Answer

Boyd runs 1250% of the track.

14. 23 minutes have elapsed in a 90-minute multiple choice exam, 
where each question is worth one mark. If Cas has completed 8 
out of 40 questions, will they need to go faster or slower in order 
tofinishtheexamintime?

Key points

• 23 minutes have elapsed.

• The exam is 90 minutes long.

• Each question is worth one mark.

• Cas has completed 8 out of 40 questions.

• WillCasneedtogofasterorslowerinordertofinishthe
exam in time?

Explanation

Calculate the percentage of the exam’s time that has elapsed,  
and the percentage of the exam that has been completed. 
Compare the two percentages.

Calculate 23 minutes as a percentage of 90 minutes.

   23 ____ 90  ×  
100 _____ 1   % =  23 ____ 9   ×  

10 ____ 1   % 

  =  230 _____ 9   % 

  ≈ 25.6%  to 1 d.p.

Calculate 8 questions as a percentage of 40 questions

   8 ____ 40  ×  
100 _____ 1   % =  1 __ 5  ×  

100 _____ 1   % 

  =  1 __ 1  ×  
20 ____ 1   % 

  =  20 ____ 1   % 

  = 20% 

25.6% > 20%

That is, the time elapsed is greater than the portion of 
questions answered.

Therefore,Casshouldgofasterinordertofinishintime.

Answer

Cas should go faster.

15. Sally-Anne owns a veterinary business and pays 25% company tax, 
down from the old tax rate of 27.5%. If the business had taxable 
income of 1.78 million dollars, how much tax is saved at the new 
tax rate, compared to the old one? Give your answer in dollars.

Key points

• Sally-Anne pays 25% company tax.

• The old tax rate was 27.5%.

• The business had taxable income of 1.78 million dollars.

• How much tax is saved at the new tax rate, compared to the old 
one? Give your answer in dollars.

Explanation

Calculate the tax Sally-Anne would have paid at this year’s rate 
and the previous rate.

Tax paid at the new rate:

   25 _____ 100  × $1 780 000 = $445 000 

Tax paid at old rate:

   27.5 _______ 100  × $1780000 = $489 500 

Subtract the tax paid at this year’s rate from the tax paid at the 
previous year’s rate to calculate the tax saved.

$489500 − $445000 = $44500

Answer

Sally-Anne saves $44 500 at the new tax rate compared to 
the old rate.
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3C  Increasing and decreasing 
by a percentage

Student practice
Worked example 1
a. $100 b. $40

Worked example 2
a. $13.75 b. $5.60

Worked example 3
a. $70 b. $9.09

Understanding worksheet

1. a. $45 b. $9 c. $35 d. $12

2. a. $40 b. $16 c. $2.50 d. $300

3. discount; cost price; mark-up; GST

Fluency

4. a. $120 b. $30

c. $82.50 d. $100

e. $475 f. $1.31

g. $7.49 h. $1555.20

5. a. $36 b. $45 c. $48 d. $0

e. $168 f. $1.92 g. $2.33 h. $30.03

6. a. $3 b. $6 c. $30 d. $6.50

e. $2.38 f. $32.90 g. $6.87 h. $3.28

7. a. $8 b. $18 c. $60 d. $1.90

e. $17 f. $46.50 g. $5.09 h. $18

8. a. $1.10 b. $7.50 c. $9 d. $9.96

e. $21 f. $60.01 g. $90 h. $299.99

9. a. $7.27 b. $13.64

c. $27.27 d. $3.18

e. $10.90 f. $127.18

g. $227.23 h. $1090.90

10. C

Spot the mistake

11. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

12. Lorelai buys a monkey lamp online that is usually $30. If there is a 
10% storewide sale and free delivery, how much does she pay for 
the lamp?

Key points

• The lamp originally cost $30.

• There is a 10% discount and no extra delivery charge.

• What is the new price of the lamp?

Explanation

Find the dollar amount of the discount.

10%of$30 =  10 _ 100  ×  
30 _ 1    

 =  1 _ 10  ×  
30 _ 1    

 = $3

Newprice = $30 − $3

 = $27

Price 
before 

sale

Price 
after 
sale

× 0.9

÷ 0.9

$30 $27

Answer

Lorelai pays $27 for the lamp.

13. Luke owns a cafe and sells sprinkled and glazed donuts at a 100% 
mark-up. If the retail price per donut is $4, what is the cost price?

Key points

• Luke sells his products at a 100% mark-up.

• The retail price per donut is $4.

• What is the cost price?

Explanation

Retailprice = costprice + mark-up

 $4 = costprice + costprice × 100%

 $4 = 2 × costprice

 Costprice = $2

Answer

The cost price is $2.

Reasoning

16. a. The minimum wage for a 15-year-old employee is $9.35.

b. The minimum wage of a 17-year-old casual employee as a 
percentage of the wage of an 18-year-old casual employee  
is 84.62%.

c. Tajah-Rose needs to save 68% of pay.

d. Jordan is spending $156.26 on food.

e. Suggested option 1: One way to better manage money in 
order to save for these items is to record and track our 
expenses to prevent overspending.

Suggested option 2: One way to better manage money in 
order to save for these items is to set up automatic savings in 
our bank account.

Note: There are other possible options.

17. a. 48

b. 24

c. When we multiply 120 by 20% instead of 40%, the answer  
is halved, in line with the percentage being halved.

Extra spicy

18. 1.52 m 19.  16 2 __ 3 % 20. C 21. A

Remember this?

22. B 23. D 24. D
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14. Rory wants to earn $50 per hour for writing magazine articles. 
Including GST, how much would clients need to pay per hour?

Key points

• Rory wants to earn $50 per hour for writing magazine articles.

• How much do clients need to pay per hour after GST?

Explanation

PriceafterGST = PricebeforeGST × 1.1

 = $50 × 1.1

 = $55

Answer

Clients would need to pay $55 per hour.

15. Ceol buys gravy cheese chips at a chip shop in St Kilda for $12. 
What is the price before GST?

Key points

• Ceol buys gravy cheese chips for $12.

• Calculate the price before GST.

Explanation

PricebeforeGST = PriceafterGST ÷ 1.1

 = $12 ÷ 1.1

 = $10.9090…

Answer

The price before GST is $10.91.

16. Dashy sells personalised mugs online. The wholesale price of each 
mug is $5. If she puts a mark-up of 120% and then GST of 10% 
onto the marked-up price, what is the price that customers are 
paying for the mug?

Key points

• The price of each mug is $5.

• A mark-up of 120% is added to the cost price.

• A GST of 10% is added onto the marked-up price.

• What is the retail price?

• Retailprice = priceafterGST

Explanation

Calculate the retail price.

Marked-upprice = percentagemark-up × costprice

 = 220% × 5

 =  220 _ 100  ×  
5 _ 1   

 = $11

Calculate the price after GST.

PriceafterGST = PricebeforeGST × 1.1

 = $11 × 1.1

 = $12.10

Answer

The price that customers are paying for the mug is $12.10.

Reasoning

17. a. The discounted price of a pack of candles is $4.

b. Beatrix sells each blackforest cake for $66.

c. The price of a vanilla slice after GST is $6.50.

d. The price of a $50 cake before GST is $45.45.

e. Suggested option 1: Some businesses sell at a loss because 
they have excess stock.

Suggested option 2: Other businesses might do it to attract 
more customers.

Note: There are other possible options.

18. a. 159.20 b. 191.04

c. The answer for b is different from the original number.  
In order to obtain the same answer, it would be necessary  
to decrease by 20% of 199 and then increase by 20% of 199, 
as opposed to increasing by 20% of the lower value 159.20.

Extra spicy

19. $84 222 20. 31.6% 21. C 22. D

Remember this?

23. D 24. C 25. B

3D Percentage change

Student practice
Worked example 1
a. 20% increase b. 11% decrease

Worked example 2
a. 75%profit b. 60% loss

Worked example 3
a. 16.7% b. 11.4%

Understanding worksheet

1. a. profit b. loss

c. profit d. break-even

2. a. 500 b. 800 c. 250 d. 900

3. profit;retailprice;break-even;loss

Fluency

4. a. 50% increase b. 25% increase

c. 20% decrease d. 400% increase

e. 50% increase f. 5% decrease

g. 125% increase h. 60% decrease

5. a. 25% increase b. 9.1% decrease

c. 6.4% decrease d. 42.9% increase

e. 0.2% decrease f. 1.2% increase

g. 0.6% decrease h. 0.2% increase

6. a. 20%profit b. 10%profit

c. 50% loss d. 25% loss

e. 10%profit f. 5% loss

g. 175%profit h. 15% loss

7. a. 67%profit b. 100%profit

c. 20% loss d. 42% loss

e. 300%profit f. 38% loss

g. 33% loss h. 44% loss

8. a. 11.76% b. 5.26% c. 15.38% d. 2.20%

e. 4.04% f. 1.49% g. 1.23% h. 95.10%
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9. D

Spot the mistake

10. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

11. The height of a tree is measured each year. If it measured 2.5 m  
in 2022 and 3 m in 2023, by what percentage did the tree’s  
height increase?

Key points

• The height of a tree is measured each year.

• It measured 2.5 m in 2022 and 3 m in 2023.

• By what percentage did the tree’s height increase?

Explanation

We can calculate the percentage increase of the tree from 
2022 to 2023.

Increase = 3 − 2.5 

  = 0.5 

Percentageincrease =  0.5 ____ 2.5  × 100% 

     = 20% 

Answer

The tree’s height increased by 20%.

12. Raoul owns a furniture store and sells a particular type of rug  
for $150. If the cost price is $60, whatisRaoul’spercentageprofit?

Key points

• Raoul owns a furniture store and sells a particular type of 
rug for $150.

• The cost price is $60.

• What is Raoul’s percentageprofit?

Explanation

WecancalculateRaoul’spercentageprofitbyfindingthe
difference between the cost price and selling price,  
dividing that by the cost price and then multiplying by 100.

Profit = 150 − 60 

  = $90 
150 − 60 = $90

$60

Percentageprofit =  
profit
 ____ cost   × 100% 

Percentageprofit =  90 ____ 60  × 100% 

  = 150% 

Raoulmadea150%profit.

Answer

Raoulmadea150%profit.

13. At the local supermarket, pastries that are close to their use by date  
are heavily reduced. If the cost price of a croissant is $1.83 and 
the discounted price is $0.95, what is the percentage loss? 
Round your answer to the nearest percentage.

Key points

• Pastries that are close to their use by date are heavily reduced.

• The cost price of a croissant is $1.83.

• The discounted price is $0.95.

• What is the percentage loss? Round your answer to the nearest 
percentage.

Explanation

Percentage loss is calculated as    loss _____ cost   × 100%. 

If the cost price of the croissant is $1.83 and the discounted price 
is $0.95, the loss is calculated as:

Loss = 1.83 − 0.95 

  = $0.88 

Percentageloss =  0.88 ______ 1.83  × 100% 

  = 48.1% 

  ≈ 48% 

The percentage loss is 48%.

Answer

The percentage loss is 48%.

14. Alanna thinks that she will get    39 ____ 50    on her Physical Education test, 

but her actual mark is    43 ____ 50   . What was the percentage error in 

Alanna’s prediction? Give your answer to 1 decimal place.

Key points

• Alanna thinks that she will get    39 ____ 50   on her Physical 

Education test.

• Alanna’s actual mark is    43 ____ 50   .

• What was the percentage error in Alanna’s prediction?  
Give your answer to 1 decimal place.

Explanation

Calculate the difference between Alanna’s predicted mark and 
actual mark, as percentages.

Predicted:    39 _ 50  = 78%

Actual:    43 _ 50  = 86%

Difference:86 − 78 = 8%

Percentageerror =  
difference
 ____________ actual    × 100%. 

  =  8 ____ 86  × 100% 

  = 9.3% 

Alanna’s prediction had a 9.3% error.

Answer

Alanna’s prediction had a 9.3% error.

15. The maximum temperature in Melbourne on a winter day was 13°C,  
but decreased by 115% overnight. What was the overnight 
temperature, rounded to the nearest degree Celsius?

Key points

• The maximum temperature in Melbourne on a winter 
day was 13°C.

• The temperature decreased by 115% overnight.

• What was the overnight temperature, rounded to the nearest 
degree Celsius?

Explanation

Wecancalculatetheovernighttemperaturebyfinding115% 
of 13°C, and then subtracting the result from 13°C.

 13 × 115% 

 = 13 ×  115 _____ 100   

 = 14.95 

Subtracting 14.95 from 13 gives:

 13 − 14.95 

 = −1.95 
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Therefore,theovernighttemperaturewas−1.95°C. 
Whenroundedtothenearestdegree,thetemperatureis−2°C.

Answer

Theovernighttemperaturewas−2°C.

Reasoning

16. a.  Rounded to the nearest million, the population was 22 million 
in 2010 and 26 million in 2020.

b. The percentage increase in population between 2010 and 
2020 was 18.2%.

c. The population increased by 104% between 1970 and 2020.

d. Bingley’s prediction had a 1.29% error.

e. Suggested option 1: Human overpopulation may cause serious 
harm to the environment and worsen climate change in future.

Suggested option 2: Underpopulation could result in less 
production of goods in the economy and under-utilisation  
of resources.

Note: There are other possible options.

17. a.  33 1 _ 3 % increase b. 25% decrease

c. The percentage change for part b is lower than that in part a. 
The order does not matter in terms of the numerator in the 
percentagechangecalculation,wherewesimplyfindthe
difference between the two numbers. However, the order 
matters for the denominator in terms of which number is the 
original value, as a higher original value results in a lower 
percentagechange(andviceversa).

Extra spicy

18. 57% 19. 5% 20. C 21. B

Remember this?

22. D 23. C 24. E

3E The unitary method

Student practice
Worked example 1
a. Two jam donuts for $3 is the best buy.

b. 300 g of coconut sugar for $6.90 is the best buy.

Worked example 2
a. $15 b. $8

Worked example 3
a. 5 b. $2

Understanding worksheet

1. a. 6 for $8.80; $1.47 each

b. 120 g for $4; $3.33 per 100 g

c. 200 g for $2.75; $1.38 per 100 g

d. 1.4 kg for $17.50; $1.25 per 100 g

2. a. 120 b. 130 c. 60 d. 90

3. unitary method; unit price; one; best buy

Fluency

4. a. Two packs of Shape biscuits for $5.

b. Three avocados for $7.

c. A six-pack of highlighters for $9.99.

d. A 20-pack of toilet paper for $11.

5. a. A 500 g bag of frozen peas for $2.30.

b. A 1.25 L bottle of spring water for $1.65.

c. A 140 g tube of toothpaste for $1.02.

d. A 330 mL bottle of kombucha for $3.20.

6. a. $4 b. $25 c. $32 d. $15

e. $60 f. $108 g. $73 h. $123

7. a. $2 b. $9 c. $18.75 d. $9

e. $25.60 f. $22 g. $6.80 h. $3.15

8. a. 6 b. 5 c. 4 d. 10

e. 20 f. 15 g. 160 h. 50

9. a. $18 b. $3 c. $3.57 d. $14.79

e. $39.95 f. $1.75 g. $88.96 h. $83.84

10. E

Spot the mistake

11. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

12. Prasad is looking to buy chew toys for his guinea pigs. He can buy 
a twin pack for $4 or a four-pack for $7. Which is less expensive 
per chew toy?

Key points

• Prasad is choosing between a twin pack chew toys for $4 or a 
four-pack for $7.

• Which of the two is the best buy?

Explanation

Find the unit price for the twin pack.

Two chew toys cost $4.

1chewtoycosts$4 ÷ 2 = $2

Find the unit price for the four-pack.

Four chew toys cost $7.

1chewtoycosts$7 ÷ 4 = $1.75

Answer

A four-pack for $7 is the less expensive chew toy.

13. Emile creates handmade face cream at home and sells it online. 
If the mark-up is 150% and the retail price is $30, what is Emile’s 
cost price?

Key points

• The mark-up price is 150% and the retail price is $30.

• What is the cost price?
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Explanation

Percentageaftermark-up = 100% + 150%

 = 250%

250% costs $30

1% = $30 ÷ 250

 = $0.12

100% = $0.12 × 100

 = $12

250% costs $30
÷250 ÷250

×100 ×100
1% costs $0.12

100% costs $12

Answer

Emile’s cost price is $12.

14. Brian drinks 40% of the water from his drink bottle and there is 
300 mL left. How much water was in the drink bottle to begin with?

Key points

• Thereisa40%decreaseofwaterandthefinalvolumeis 300 mL.

• What is the initial volume of water?

Explanation

Finalvaluepercentage = 100% − 40%

 = 60%

60%oforiginal = 300mL

1%oforiginal = 300 ÷ 60

 = 5mL

100%oforiginal = 5 × 100

 = 500mL

60%oforiginal = 300mL
÷60 ÷60

×100 ×100
1%oforiginal = 5mL

100%oforiginal = 500mL

Answer

There was originally 500 mL of water in the drink bottle.

15. Dexter buys ingredients to bake cookies for friends. He is choosing 
between a 200 g bag of chocolate chips for $3 and a 375 g bag  
for $5.50. Which option is the best buy?

Key points

• Dexter is choosing between a 200 g bag of chocolate chips for 
$3 and a 375 g bag for $5.50.

• Which option is the best buy?

Explanation

Find the unit price per 100 g for the 200 g bag.

200 g costs $3.

100gcosts$3 ÷ 2 = $1.5

Find the unit price per 100 g for the 375 g bag.

375 g costs $5.50.

100gcosts$5.50 ÷ 3.75 ≈ $1.47

Answer

A 375 g bag of chocolate chips for $5.50 is the best buy.

16. Diep buys a portable speaker during a 10% storewide sale.  
She then decides to buy one for her sister the following year for 
$103.95, even though the sale has ended and the retail price has 
increased by 5%. What price did Diep pay for her own speaker?

Key points

• A portable speaker was bought with a 10% discount.

• The same speaker was bought without discount and with a 5% 
increase from the original price for $103.95.

• What is the price of the speaker with a 10% discount?

Explanation

Find the original price of the speaker.

Percentageafterpriceincrease = 100% + 5%

 = 105%

105% costs $103.95

1% = $103.95 ÷ 105

 = $0.99

100% = $0.99 × 100

 = $99

Find the discounted price.

Percentageafterdiscount = 100% − 10% = 90%

Discountedprice = 90%of$99

 =  90 _____ 100  ×  
99 ____ 1    

 =  9 ____ 10  ×  
99 ____ 1    

  = $89.10

Answer

Diep paid $89.10 for her own speaker.

Reasoning

17. a. Larks Shoes is the best buy.

b. LarksShoesis(still)thebestbuy.

c. Their cost price is $42.14.

d. Suggested option 1: How many pairs of shoes are needed.

Suggested option 2: The quality of the shoes.

Note: There are other possible options.

18. a. 𝑥 = 3.84 

b. 𝑥 = 3.84 

c. The two solutions are exactly the same. The method used in 
part a requires one less step than the method used in part b. 
However, each individual will have their own preference as to 
which is easier to understand or easier to use.

Extra spicy

19. C 20. 59.9 hours 21. $2.75 22. E

Remember this?

23. C 24. B 25. B

Chapter 3 extended application

1. a.    49 ____ 58   

b. Decimal: 0.84

Percentage: 84%

c. $41.65

d. Plan 3 is the best buy.

e. Suggested option 1: International calling features.

Suggested option 2: Length of contract.

Note: There are other possible options.
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f. Suggested option:

Phone company: Phonehome

Monthly fee: $45

Data inclusion: 40 GB

Why the plan is right for me: It is affordable, allows for 40 GB 
of data a month which is more than enough.

Note: There are other possible options.

2. a. The Razor RX-3 would cost $30 975 next year.

b. Thedealership’spercentageprofitwas8%.

c. The Vroom Vell was $28 455 before GST.

d. The cost price of the Haiku HR-V is $32 768.

e. The lower the better for fuel economy.

The hybrid Motor Moon Cross has the best fuel economy.

f. Suggested option: Ms Muscat might choose the Motor Moon 
Cross as it has the best fuel economy and is also a hybrid vehicle,  
meaning it is better for the environment. The cost of the car 
itself is somewhat on the high end when comparing all four cars,  
so the decision may depend on whether Ms Muscat can afford 
the car.

Note: There are other possible options.

3. a. There was a 1.7% decrease between 2017 and 2022.

b. Mr Robertson’s index rating is 7.198.

c. Miss Qin’s percentage error was 0.92%.

d. The 2016 happiness index rating was 7.255.

e. Suggested option: There are many people who experienced 
genuine hardship during the Coronavirus pandemic, including 
those that lost loved ones to the virus, suffered long term 
illness, lost all income, or were in some other way affected. 
Without minimising what any person went through, there is  
cause to argue that hardship and suffering can give rise to 
kindness and gratitude. If Dr Frankl was able to survive three 
yearsinconcentrationcampsandfindmeaninginlifeandin
his suffering, perhaps it is possible for others to do the same.

Note: There are other possible options.

Chapter 3 review

Multiple choice

1. B 2. C 3. D 4. B 5. E

Fluency

6. a. 75% b. 95% c. 197% d. 3.5%

7. a.  9 ____ 20  b. 2 1 __ 2  c. 308 3 _______ 10  d.  84 _____ 125 

8. a. 35.8% b. 29.2% c. 216.7% d. 63.0%

9. a. 16.3 b. 107.9 c. 87.6 d. 63.5

10. a. $69 b. $80 c. $4.68 d. $124.2

11. a. $86.36 b. $34.09 c. d. $38.95$1164.54

12. a. 10% increase b. 20% decrease

c. 400% increase d. 32% decrease

13. a. 25%profit b. 50%profit

c. 44% loss d. 40% loss

14. a. Five cans for $3.90 

b. Five-pack of pens for $3.20

c. 3 L of milk for $4.35

d. 250 mL bottle of Fanta for $2.24

15. a. 30 b. 25 c. 60 d. 150

Problem solving

16. Jimmy ate three-eighths of a pizza and saved the rest for the  
next day. What percentage of pizza did Jimmy save for the next day?

Key points

• Jimmy ate three-eighths of a pizza and saved the rest for 
the next day.

• What percentage of pizza did Jimmy save for the next day?

Explanation

Jimmy saved 1 −  3 __ 8  =  
5 __ 8    of the pizza for the next day.

This is    5 __ 8  × 100% = 62.5%.

1
8

1
8

1
8

3
8

5
8

1
8

1
8

1
8

1
8

1
8

= left

= eaten

Answer

Jimmy saved 62.5% of the pizza for the next day.

17. Daisy was aiming to do 15 laps at the swimming pool. She was 
only able to complete 60% of her goal. How many laps did she 
swim in total?

Key points

• Daisy was aiming to do 15 laps at the swimming pool. 

• She was only able to complete 60% of her goal.

• How many laps did she swim in total?

Explanation

Daisy swam  15 × 60% = 15 ×  60 _____ 100   

  =  900 _____ 100   

  = 9  laps in total.

Answer

Daisy swam 9 laps in total.

18. Berty has a budget of $500 and wants to buy a new phone. The one 
he wants costs $756. He waits for a couple of months and the seller 
has discounted the phone by 25%. Will Berty now be able to afford 
the phone?
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Key points

• Berty has a budget of $500 and wants to buy a new phone.

• The one he wants costs $756. 

• He waits for a couple of months and the seller has discounted 
the phone by 25%. 

• Will Berty now be able to afford the phone?

Explanation

The discounted price of the phone is   756 ×  (  1 − 25% )    
= 756 ×  (  1 − 0.25 )    

 = 756 × 0.75 

 = $567 

Berty would not be able to afford the phone now because 
$567 > $500.

Answer

Berty would not be able to afford the phone now.

19. Lilly bought all of the art supplies to create a painting. The resources  
were $95 in total. Lilly then had to pay $12 to advertise her 
artwork online. She sold the painting for $115. Calculate the 
percentageprofitorloss.Giveyouranswertoonedecimalplace. 

Key points

• Lilly bought all of the art supplies to create a painting.  
The resources were $95 in total.

• Lilly then had to pay $12 to advertise her artwork online. 

• She sold the painting for $115.

• Calculatethepercentageprofitorloss.Giveyouranswertoone
decimal place. 

Explanation

Lilly’sprofit = sellingprice − costofresources − costof
advertising

  = 115 − 95 − 12 

  = $8profit

Percentageprofit = (profit ÷ (costof
resource + advertising)) × 100%

   = ( 
8 ___________ 95 + 12 )  × 100%  

  =   8 _____ 107  × 100% 

  = 7.5%profit

Answer

Lilly’spercentageprofitis7.5%.

20. Morgan needs fresh fruit for a grazing box. He looks at two different 
stalls at a market. Stall A has a 1 kg bag of grapes for $15.20 and 
250 g of strawberries for $5.25. Stall B has a 500 g bag of grapes for 
$11 and 500 g of strawberries for $8.50. Which stall has the best 
buy for grapes and which stall has the best buy for strawberries?

Key points

• Stall A has a 1 kg bag of grapes for $15.20 and 250 g of 
strawberries for $5.25.

• Stall B has a 500 g bag of grapes for $11 and 500 g of 
strawberries for $8.50. 

• Which stall has the best buy for grapes and which stall has the 
best buy for strawberries?

Explanation

Stall A:

Pricefora1kgbagofgrapes = $15.20

Pricefora1kgbagofstrawberries = 5.25 ×  1000 _______ 250   = 5.25 × 4 

  = $21 

Stall B:

Pricefora1kgbagofgrapes = 11 ×  1000 _______ 500   = 11 × 2 

  = $22 

Pricefora1kgbagofstrawberries = 8.50 ×  1000 _______ 500   = 8.50 × 2 

  = $17 

Therefore, stall A sells cheaper grapes and stall B sells 
cheaper strawberries.

Answer

Stall A has the best buy for grapes and stall B has the best buy  
for strawberries.

Reasoning

21. a. Ava sold 15 pairs of socks.

b. The percentage of button up shirts Ava sold is 25%.

c. The new price of the bucket hats are $18.25 each.

d. Theprofitpercentagewhenshesellstheshirtsinhershop 
is 25%.

e. Suggested option 1: Ava could sell jackets at her stall.

Suggested option 2: Ava could sell jeans at her stall.

Note: There are other possible options.

22. a. 156

b. 109.2

c. The answer in part b is smaller than 120. This is because in 
part b, we decreased 30% of 156, which is greater than 120. 
If we had decreased 30% of 120 in part b, the answer would 
be 120.
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4A Index notation

Student practice
Worked example 1
a. Base: 2; Index: 7 b. Base: z; Index: 4

Worked example 2
a.   8   4  ×  m   2  b.  2 × 2 × 2 × 2 × 2 × 𝑦 × 𝑦

Worked example 3
a.  20 b. 213

Understanding worksheet

1. a.   4   6  b.   7   2  c.   𝑥   3  d.   12   b  

2. a.  2 × 2 × 2 × 2 =  2   4  

b.  9 × 9 × 9 =  9   3  

c. 𝑦 × 𝑦 × 𝑦 × 𝑦 × 𝑦 × 𝑦 =  𝑦   6  

d.  3 × 3 × 5 × 5 × 5 =  3   2  ×  5   3  

3. base; factors; expanded form; power

Fluency

4. a.  Base: 7; Index: 5 b. Base: 2; Index: 3

c. Base: 1; Index: 8 d. Base: 12; Index: 3

e. Base: 9; Index: 11 f. Base:  p ; Index: 2

g. Base:𝑦; Index: 15 h. Base:  a ; Index:  c 

5. a.   8   4  

b.   3   3  

c.   1   7  

d.   5   2  ×  6   1   or   5   2  × 6 

e.   0.2   2  ×  4   3  ×  7   1   or   0.2   2  ×  4   3  × 7 

f.   k   4  ×  9   2  

g.   3   2  ×  𝑥   2  ×  𝑦   1  ×  z   1  ×  4   1   or   3   2  ×  𝑥   2  × 𝑦 × z × 4  or  36 𝑥   2 𝑦z 

h.   m   2  ×  5.3   3  × 1 ×  n   3  

6. a.  6 × 6 × 6 

b.  4 × 4 × 4 × 4 × 4 × 4 

c.  2 × 2 × 9 × 9 × 9 × 9 

d.  a × a × a × 8 × 8 × 8 × 8 × 8 × 8 

e.  1.7 × 1.7 × 1.7 × 1.7 × 10 × 5 × 5 × 5 × 5 

f.  a × a × a × 8 × 8 × 13.2 × 𝑥 × 𝑥 × 𝑦 × 𝑦 × 𝑦 × 𝑦 × 𝑦

g.  q × q × q × r × r × r × r × s 

h. 8 × n × n × n × m × m × 3 × 3 × 3 × 3 × k × k × k × k

7. a.  67 b.  11 c.  −2 d. 20

e.  5 f.  −16 g.  14 h.  51 

8. E

Spot the mistake

9. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

10. Julia received 5 Amazon gift cards for Christmas. If she can buy  
5 movies with each card, how many movies can she buy in total?

Key points

• Julia received 5 Amazon gift cards for Christmas.

• She can buy 5 movies with each card.

• How many movies can she buy in total?

Explanation

Number of movies Julia can buy in total  
= Number of gift cards × Number of movies Julia can buy with 
each gift card

 = 5 × 5 

= 52

 = 25 

52Base Index

52 = 5 × 5
2 factors of 5

Answer

Julia can buy 25 movies in total.

11. Fatima is stacking LEGO blocks. Every day, the number of blocks 
she stacks is equal to double the number of blocks she had the 
previous day. On day 1, she stacks 2 blocks. Write an expression 
in expanded form to represent the number of blocks she stacks 
on day 4.

Key points

• Every day, the number of blocks Fatima stacks is equal to 
double the number of blocks she had the previous day.

• On day 1, she stacks 2 blocks.

• Write an expression in expanded form to represent the number 
of blocks she stacks on day 4.

Explanation

Day 1 Fatima stacks 2 blocks.

Day2Fatimastacks2 × day1 = 2 × 2 = 22 = 4blocks

Day3Fatimastacks2 × day2 = 2 × 4 = 23 = 8blocks

Day4Fatimastacks2 × day3 = 2 × 8 = 24 = 16blocks

Answer

In day 4, Fatima stacks  2 × 2 × 2 × 2 = 16  blocks.

12. When bread is left out at room temperature, it begins to spoil  
and mould begins to grow. The initial area of the mould is 2 cm2 
and multiplies by 1.5 every day. How big is the area of mould on  
a piece of bread after 3 days?

Key points

• The initial area of the mould on a piece of bread is 2 cm2.

• The area of the mould multiplies by 1.5 every day.

• How big is the area of mould on a piece of bread after 3 days?

Explanation

Initialareaofmould = 2cm2

Areaofmouldonday1  
= 1.5 × initialareaofmould = 1.5 × 2 = 3  cm   2  

Areaofmouldonday2  
= 1.52 × initialareaofmould = 1.52 × 2 = 4.5 cm   2  

Areaofmouldonday3  
= 1.53 × initialareaofmould = 1.53 × 2 = 6.75cm2 

Answer

After 3 days, the area of mould on a piece of bread will be  6.75  cm   2  .
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4B Multiplying indices

Student practice
Worked example 1
a.   3   9  b.   𝑦   5  

Worked example 2
a.   2   3  ×  5   8  b.   u   10  v   10  c.  40 t   8  r   8  

Understanding worksheet

1. a. Law applies b. Law does not apply

c. Law does not apply d. Law applies

2. a. 4 2 × 4 5 =4 7  b. 7 4 × 7 = 7 5  

c.    (−3) 4 × (−3) 2 = (−3) 6  d. 5𝑦 3 × 2𝑦 9 = 10𝑦 12  

3. simplify; First; index; bases; added

Fluency

4. a.   6   6  b.   1   12  c.  1 0   11  d.   t   13  

e.    (  −4  )     8   f.   5   21  g.   𝑦   15  h.    (  −z  )     13   

5. a.   2   7  ×4 9  b.   3   14  ×  8   8  

c.   5   4  ×  7   6     d.  1 0   8  ×  4   17  

e.  1 2   14  ×  8   7  f.    (  −11  )     12  ×  6   20   

g.    (  −7  )     10  ×  (  −8  )     16   h.   4 ×  5   15  ×  (  −3  )     24   

13. John receives $10 of pocket money every week. In the firstweek
that Tanaka was given pocket money she received $2. Afterwards, 
her parents gave double the amount from the previous week. 
Assuming that they both started receiving pocket money in the 
same week, after seven weeks, who has more money and by  
how much?

Key points

• John receives $10 of pocket money every week.

• InthefirstweekthatTanakawasgivenpocketmoneyshe
received $2.

• Afterwards, her parents gave double the amount from the 
previous week.

• John and Tanaka both started receiving pocket money in the 
same week.

• After seven weeks, who has more money and by how much?

Explanation

 John′s money after 7 weeks = John′s pocket money each week × 7 

  = 10 × 7 

  = $70 

For Tanaka:

Week 1 Tanaka receives $2

Week2Tanakareceives2 × Week1 = 2 × 2 = 22 = $4

Week3Tanakareceives2 × Week2 = 2 × 4 = 23 = $8

Week4Tanakareceives2 × Week3 = 2 × 8 = 24 = $16

Week5Tanakareceives2 × Week4 = 2 × 16 = 25 = $32

Week6Tanakareceives2 × Week5 = 2 × 32 = 26 = $64

Week7Tanakareceives2 × Week6 = 2 × 64 = 27 = $128

 Tanaka′s total money on week 7  
= 2 + 4 + 8 + 16 + 32 + 64 + 128 = $254 

In week 7, Tanaka will have more money. This is  254 − 70 = $184 

Answer

After 7 weeks, Tanaka will have $184 more pocket money than John.

14. At 1 pm, Kareem, Geoff and Bela, were told a secret. One hour 
later, they each told the secret to three of their own friends. Every 
hour each person who hears the secret tells three other people. 
At what time were 243 people told the secret, excluding Kareem, 
Geoff, and Bela?

Key points

• At 1 pm, Kareem, Geoff and Bela, were told a secret.

• One hour later, they each told the secret to three of their  
own friends.

• Every hour each person who hears the secret tells three  
other people.

• At what time were 243 people told the secret, excluding Kareem,  
Geoff, and Bela?

Explanation

Number of people who were told this secret by Kareem,  
Geoff and Bela:

 At 2 pm there are 3 × 3 = 3 2 = 9people who knew the secret 

 At 3 pmthereare3 × 9 = 3 3 = 27people who knew the secret 

 At 4 pmthereare3 × 27 = 3 4 = 81people who knew the secret 

 At 5 pmthereare3 × 81 = 3 5 = 283people who knew the secret 

Answer

At 5 pm, 243 people told the secret, excluding Kareem, Geoff,  
and Bela.

Reasoning

15. a.  40 ×  2   3  

b. Megan would expect to count 640 E. coli bacteria after 4 hours.

c. The index of the base 2 represents the number of hours 
passedafterfirstcountingthebacteria.

d. Megan would expect  2600  more more D. coli compared to  
E. coli after 4 hours.

e. Suggested option 1: Megan could measure the area of the 
bacteria growth and approximate the number based on  
the area.

Suggested option 2: Megan could weigh the bacteria and 
approximate the number of bacteria based on the weight.

Note: There are other possible options.

16. a. 81

b. −27

c. Negative bases with odd powers give negative results. 
Negative bases with even powers give positive results.

Extra spicy

17. B 18. A

19.   2   6  +  2   4  +  2   3  +  2   1  20. 9000

Remember this?

21. D 22. C 23. D
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6. a.   𝑥   5  𝑦   8  b.   t   11  r   12  

c.   u   11  v   9  d.   a   2  c   2  

e.  2 𝑥   8  𝑦   5  f.  12 𝑥   12  𝑦   12  

g.  630 g   13  h   9  h.  −60 d   11  f   12  

7. a.  28 𝑥   8  b.  4 a   5  b   4  

c.   2   7  ×  𝑥   6  d.  −125 j   13  

e.   3   6  × 15 𝑦   8  f.  −18 t   15  ×  5   2  ×  2   7  

g.  −10 k   21  h.  24 m   7  n   10  

8. D

Spot the mistake

9. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

10. Asunflower’sheightincreasesbyafactorofsixeverymonth.  
If theheightofafullygrownsunfloweris216cm, then how many 
monthshavepassedsincethesunflowerwas1cmtall?

Key points

• Asunflower’sheightincreasesbyafactorofsixevery month.

• Theheightofafullygrownsunfloweris 216 cm.

• Howmanymonthshavepassedsincethesunflowerwas1 cm tall?

Explanation

Letthenumberofmonthspassedsincethesunflowerwas1cm
tallbe𝑥.

 1 ×  6   𝑥  = 216 

  6   𝑥  = 216 

𝑥 = 3 as 6 × 6 × 6 = 216 

63 = 6 × 6× 6
3 factors of 6

Answer

3monthshavepassedsincethesunflowerwas1cmtall.

11. AtPapa’sGelateria,therearefiveflavoursofgelatoavailable. 
A customer can also choose to add one of three types of sauces 
and one of three types of sprinkles. Express the number of 
combinations of ice cream, sauce, and sprinkles in index notation.

Key points

• AtPapa’sGelateria,therearefiveflavoursofgelatoavailable.

• A customer can also choose to add one of three types of sauces 
and one of three types of sprinkles.

• Express the number of combinations of ice cream, sauce,  
and sprinkles in index notation.

Explanation

 Number of combination of ice cream, sauce and sprinkles  
= Number of ice cream flavours × number of types of sauces  
× number of types of sprinkles 

 = 5 × 3 × 3 

 = 5 ×  3   2  

5 × 32 = 5 × 3 × 3
2 factors of 3

Answer

There are  5 ×  3   2   combinations of ice cream, sauce and sprinkles.

12. A single dandelion can spread up to 200 seeds. If each one of 
these seeds grows and produces its own seeds, then what is the 
expected number of seeds produced by the second generation of 
one plant? Express your answer in index notation.

Key points

• A single dandelion can spread up to 200 seeds.

• Each one of these seeds grows and produces its own seeds.

• What is the expected number of seeds produced by the second 
generation of one plant? Express your answer in index notation.

Explanation

First generation of one dandelion produces 200 seeds.

Second generation of one dandelion produces 
 200 × 200 = 20 0   2   seeds.

2002 = 200 × 200
2 factors of 200

Answer

The expected number of seeds produced by the second generation 
is given by  20 0   2 . 

13. Simon posts a funny picture on his personal social media page. 
Forty of his friends proceed to share the picture with four of their 
own friends each. Then all of these people share the post with 
another four friends each. ExpressthenumberoftimesSimon’s
post has been shared by friends of friends, in index notation.

Key points

• FortyofhisfriendsshareSimon’spicturewithfouroftheirown
friends each.

• All of these people share the post with another four friends each.

• ExpressthenumberoftimesSimon’sposthasbeensharedby
friends of friends, in index notation.

Explanation

40 friends shared this picture to 4 friends each, 
∴40 × 4  times in total.

 40 × 4  friends shared this picture to 4 friends each, 
∴40 × 4 × 4 = 40 ×  4   2   times in total.

40 × 42 = 40 × 4 × 4
2 factors of 4

Answer

Simon’sposthasbeensharedbyfriendsoffriends40 ×  4   2   times.

14. AllofMrsDoubtfire’soffspring,includingchildrenand
grandchildren have had two kids of their own each. If MrsDoubtfire 
has 12 great-grandchildren altogether, then how many of her own 
children did she have?

Key points

• AllofMrsDoubtfire’soffspring,includingchildrenand
grandchildren have had two kids of their own each.

• MrsDoubtfirehas12great-grandchildrenaltogether.

• How many of her own children did she have?

Explanation

SupposeMrsDoubtfirehas𝑥 children.

She would have  2𝑥grandchildren because each of her children
have 2 children of their own.

She would then have  2𝑥 × 2 = 4𝑥great-grandchildren.

 4𝑥 = 12 

 4𝑥 ÷ 4 = 12 ÷ 4 

𝑥 = 3 
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4C Dividing indices

Student practice
Worked example 1
a. 36 b. z8

Worked example 2
a. 5t5 b. 28 × 57 c. 4u3v8

Understanding worksheet

1. a. Law does not apply b. Law applies

c. Law does not apply d. Law applies

2. a. 2 b. 9 c. 7 d. 5

3. Second; common; subtract; dividend; zero

Fluency

4. a. 34 b. 95 c. 1 d. (−2)2

e. (−𝑥)8 f. 75 g. 87 h. 𝑦6

5. a. 2𝑥6 b. 8v7 c.  
 𝑦   4 
 ___ 3   d.   t   3  ___ 4 

e.  3 r   4  _____ 2   f. −2w3 g.  4 _ 3  h.  3 d   13  _______ 7  

6. a. 23 × 35 b. 96 × 75

c. 5 × 82 d. (−4)6 × 106

e. 62 × t3 f. f × 156

g. 9𝑥7 h. 1

7. a. b3c7 b. 𝑥3𝑦3 c. 2t2s2 d. 2u11v7

e. 2𝑥10𝑦2 f.   n   12  m   16  __________ 13    g.  
 k   12  p   15 
 _________ 7   h. 

8. E

Spot the mistake

9. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

10. A competition starts with a group of 64 players. Thefinalround
occurs when only two players are left. If in each round, half of the 
players are eliminated, then how many rounds does it take to get 
tothefinaltwoplayers?

Key points

• The competition starts with a pool of 64 players.

• Thefinaloccurswhenonlytwoplayers are left.

• In each round, half of the players are eliminated.

• Howmanyroundsdoesittaketogettothefinaltwo players?

Explanation

Calculate the number of people left after each round.

Number of players after 1 round  =  64 _ 2   = 32

Numberofplayersafter2rounds =  64 ____ 
 2 2 
  = 16

Numberofplayersafter3rounds =  64 ____ 
 2 3 
  = 8

Numberofplayersafter4rounds =  64 ____ 
 2 4 
  = 4

Numberofplayersafter5rounds =  64 ____ 
 2 5 
  = 2

So there are 2 players left after 5 rounds.

Answer

Ittakes5roundstogettothefinal2players.

11. The number of people employed at a company has grown from 
just four to well over 200 staff. If staff numbers quadrupled 
every year, then what is the minimum number of years that the 
company has been around for?

Key points

• Originally, there were four staff.

• Now there are over 200 staff.

• Staff numbers quadrupled every year.

• What is the minimum number of years that the company has 
been around for?

 −v 14  w 11  ______ 5  

Mrs Doubtfire

1 2 3

5 6 7 8 9 10 11 1243

3 4 5 621

21

Answer

MrsDoubtfirehad3ofherownchildren.

Reasoning

15. a. There are 1000 bytes in one kB.

b. Three kB can be multiplied together to make one GB.

c. One TB is  k B   4  .

d. Amber can store 50 movies onto a one TB hard drive.

e. Suggested option 1: Digital data storage is used to store our 
photos, music, movies and more for personal entertainment.

Suggested option 2: Digital data storage is used to store 
personal medical information, such as vaccination status etc.

Note: There are other possible options.

16. a. Substituting2as𝑥 yields 16 × 4 = 64 .

b. Substituting2againfor𝑥 yields 16 × −8 = −128. 

c. The index can change the sign of the result. Raising a negative 
numbertoanevenpower(e.g.(−2)2) yields a positive result, 
butraisingittoanoddpower(e.g.(−2)3) yields a  
negative result.

Extra spicy

17. C 18. B

19.  a = 2, b = 4 20.  −12 𝑥   3𝑦  𝑦   7𝑥  

Remember this?

21. E 22. D 23. D
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Explanation

Number of staff after 1 year  = 42 = 16 < 200

Numberofstaffafter2years = 43 = 64 < 200

Numberofstaffafter3years = 44 = 256 > 200

So the company has been around for at least three years.

Answer

The company has been around for at least three years.

12. A small piece of algae with an area of 1 cm2 doubles in size every 
day for 28 days until it completely covers the whole lake. When 
copper is added to the water to remove the algae, it halves in size 
every day until it disappears completely. What was the area of the 
algae patch on the 15th day of treatment? Express your answer in 
index notation.

Key points

• Originally, the algae had an area of 1 cm2.

• The algae doubles in size every day for 28 days until it 
completely covers the whole lake.

• The copper then halves the algae in size every day until it 
disappears completely.

• What was the area of the algae patch on the 15th day of 
treatment? Express your answer in index notation.

Explanation

Calculate the area of the algae patch after 28 days of growth.

Algaepatchafter28daysofgrowth = 1 × 228 = 228

Calculate the area of the algae patch on the 15th day of  
copper treatment.

Algae patch area after 15 days of copper treatment

=  
algae patch area after 28 days of growth

    ______________________________________________  
2 15 

    

=  2 
28  _____ 
2 15 

 

= 228−15

= 213

Answer

The area of the algae patch on the 15th day of treatment is 213 cm2.

13. When Tori opened up an online tutoring service, she had only two 
students. This number has been increasing steadily by a factor 
offiveeverysixmonths. If at the beginning of January 2022, the 
numberofstudentssubscribingtoTori’sservicehasgrownto250, 
then whendidshefirstopenherbusiness?

Key points

• Originally, Tori had two students.

• Thisnumberhasincreasedbyafactoroffiveeverysix months.

• At the beginning of January 2022, the number of students 
subscribingtoTori’sservice was 250.

• Whendidshefirstopenher business?

Explanation

Calculate the number of students at the end of each 6 month 
period until the number of students is 250.

Numberofstudentsaftersixmonths = 2 × 5 = 10

Numberofstudentsaftertwelvemonths = 2 × 52 = 50

Numberofstudentsaftereighteenmonths = 2 × 53 = 250

Soshefirstopenedherbusiness18monthsbeforethebeginning
of January 2022.

Countingback18months,wefindthatTorifirstopenedher
business at the beginning of July 2020.

Answer

TorifirstopenedherbusinessatthebeginningofJuly2020.

14. When Gavin was born, his parents invested $1000 for him.  
The investment tripled every four years and reduced by a factor 
ofthreeeveryfiveyears. Including the initial investment amount, 
express how much money Gavin has accumulated after 60 years, 
in index form.

Key points

• When Gavin was born, his parents invested $1000 for him.

• The investment tripled every four years.

• Theinvestmentreducedbyafactorofthreeeveryfive years.

• Including the initial investment amount, express how much 
money Gavin has accumulated after 60 years, in index form.

Explanation

Calculate the number of times the investment tripled, given the 
investment tripled every four years over 60 years.

Numberoftimestheinvestmenttripled = 60 ÷ 4 = 15times

Calculate the number of times the investment is reduced by a 
factor of three, given the investment reduced by a factor of three 
everyfiveyearsover60years.

Number of times the investment reduced by a factor of 
3 = 60 ÷ 5 = 12times

Now express how much money Gavin has accumulated after  
60 years in index form.

Moneyaccumulated 

= originalamount ×   3 number of times investment tripled    _________________________________    
3 number of times investment reduced by a factor of 3 

   

= 1000 ×  3 
15  _____ 
3 12 

   

= 1000 × 315−12

= 1000 × 33

Answer

Gavinhasaccumulated $1000 × 33 after60years.

Reasoning

15. a. The area of the brownie is 256 cm2.

b. The dimensions of one square piece is 4 cm by 4 cm.

c. The area of the whole brownie is 44 cm2.

d. Eight people helped themselves to the brownie.

e. Suggested option 1: Talk with his family and propose that all 
treats are split equally amongst his family members.

Suggested option 2: Model this behaviour himself.

Note: There are other possible options.

16. a.    3 
p  ___ 
3 q 
  = 3(p−q) = 9forp = 4andq = 2

b.    3 
p  ___ 
3 q 
  = 3(p−q) =  1 _ 9    for p = 2andq = 4

c. We can evaluate negative integer indices by calculating the 
positive index, then taking the reciprocal.

So where a positive index means how many times to multiply 
the base, a negative index means how many times to divide 
by the base.

Extra spicy

17. E 18. E 19. p = 2 20.  3 _ 4 

Remember this?

21. C 22. D 23. E
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4D Raising powers

Student practice
Worked example 1
a. 524 b. 45p35

Worked example 2
a. 22𝑥28 b. 104b2

Understanding worksheet

1. a. (38)3 = 3 8 × 3 8 × 3 8  

b. (𝑥4)5 = 𝑥 4   × 𝑥 4  × 𝑥 4  × 𝑥 4   × 𝑥 4  

c. (5t5)2 =  5t 5  ×  5t 5  

d. (43z6)4 = 4 3    z 6  × 4 3    z 6  × 4 3    z 6  × 4 3    z 6  

2. a. 82 × 82 × 82 = (8 2) 3  

b. 𝑦5 × 𝑦5 × 𝑦5 × 𝑦5 × 𝑦5 × 𝑦5 × 𝑦5 = (𝑦 5) 7  

c. 3d6 × 3d6 × 3d6 × 3d6 = (3d 6) 4  

d. 94f 3 × 94f 3 × 94f 3 × 94f 3 × 94f 3 = (9 4    f 3    ) 5  

3. third; multiplied; coefficients; simplify; indices

Fluency

4. a. 38 b. 950 c. 1324 d. a18

e. 𝑥36 f. p100 g. 1 h. 1

5. a. 23b12 b. 74𝑥20 c. 108p16 d. 99u72

e. 610s70 f. 1 g. 514t7 h. 39r33

6. a. 514 b. 420 c. y11 d. 𝑥42

e. 227 f. v21 g. 45a27 h. 24w28

7. a. 75 b. 69 c. 𝑥9 d. 𝑦12

e. 24p25 f.  u ____ 
 4   2 
  g. 12k7 h. 88

8. a. 32 b. 𝑥8 c. 57q27 d. 2462c46

e. 73v26 f. 25q35 g. 319n20 h. 831𝑥64

9. D

Spot the mistake

10. a. Student A is incorrect. b. Student A is incorrect.

Problem solving

11. Genna shares a link to her online store with 102 people. In a few days,  
thenumberofpeoplewhohavethelinktoGenna’sstorehas
increased by a power of three. Express the number of people who 
received the link in index form.

Key points

• Genna shares the link with 102 people.

• The number of people with the link will increase by a  
power of 3.

• Express the number of people who received the link in  
index form. 

Explanation

Raise 102 to a power of 3 and simplify.

(102)3 = 106

Answer

106 people have the link.

12. Alex’scurrentphonecontains24 gigabytes (GB) of storage space.  
The store manager says she can offer her more than double her 
storage if she upgrades to the new model which has 28 GB of 
storage space. Calculate and state whether the manager is correct 
or incorrect.

Key points

• Alex’sphonecontains24 GB of storage space.

• The store manager claims she can offer her more than double 
this if she upgrades to a phone with 28 GB of storage space.

• Calculate and state whether the manager is correct or incorrect.

Explanation

Calculate twice the storage of the current phone.

24 × 2 = 25

25 < 28, so the new phone has more than double the storage 
spaceofAlex’scurrentphone.

Answer

Yes, the store manager is correct, since the new phone has more 
thandoublethestorageofAlex’scurrentphone.

13. A meal deal at the Double R Diner consists of a hot dog with a 
piece of cake. A customer can have oneoffivedifferenttypesof
toppings on their hot dog. Therearefivetypesofcakeavailable, 
which comeswithoneoffivetypesoficecream. In index form 
how many possible combinations of hot dogs with toppings and 
cakes with ice cream are possible.

Key points

• There are 5 possible hot dog toppings.

• There are 5 possible types of cake.

• There are 5 possible types of ice cream.

• In index form, how many possible combinations of hot dogs 
with toppings and cakes with ice cream are possible.

Explanation

Write the number of possible meal deal combinations in the basic 
version in index form.

There are 5 possible hot dog toppings, 5 possible types of cakes 
and 5 possible types of ice cream, so the number of possible 
combinationswillbe5 × 5 × 5.

5 × 5 × 5 = 53

Answer

There are 53 choices for the meal deal.

14. The basic version of a computer game has four different types of 
helmets, armour and boots that the player can mix and match to 
dress their character. Downloading extra content will raise the 
numberofavailablecombinationsofoutfitsbyapoweroftwo. 
Express this number in index form.

Key points

• The basic version has four different types of helmets,  
armour and boots that the player can mix and match.

• Downloading extra content raises the number of combinations 
ofoutfitsbyapower of two.

• Express this number in index form.
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Explanation

Writethenumberofpossibleoutfitcombinationsinthebasic
version in index form.

There are 4 helmets, 4 different armours, and 4 pairs of boots,  
sothenumberofpossiblecombinationswillbe4 × 4 × 4.

4 × 4 × 4 = 43

Downloading extra content raises the number of combinations of 
outfitsbyapoweroftwo,soraise43 to a power of 2 and simplify.

(43)2 = 43×2 = 46

Answer

There are 46possibleoutfits.

15. Shelbybreedstropicalfish. Over three months, the number of 
fishShelbyhashasincreasedbyapowerofthree. When Shelby 
boughtanotherfishtankandmorefish,thetotalnumberoffish
increased by a power of two. IfShelbyinitiallyhadthreefish,  
thenhowmanyfishdoesshehavenow?

Key points

• Shelby breeds tropicalfish.

• Overthreemonths,thenumberoffishShelbyhasincreasedby
a power of three.

• Shelbyboughtanotherfishtankandmorefishandnowthe
totalnumberoffishhasincreasedbyapower of two.

• Shelby initially had3fish.

• Howmanyfishdoesshe have now?

Explanation

Letthenumberoffishshehasnowbe𝑥.

Over3months,thenumberoffishshehashasincreasedbya
powerofthree,sowerepresentthisas𝑥3.

AfterShelbyboughtanotherfishtankandmorefish,thetotal
numberoffishincreasedbyapoweroftwo,soweraise𝑥3 to a 
power of 2.

(𝑥3)2 = 𝑥6

IfShelbyinitiallyhad3fish,wesubstitute3for𝑥.

𝑥 = 3

(33)2 = 36

36 = 729

Answer

Shelby has 36or729fishnow.

Reasoning

16. a. Anna cleared nine platforms.

b. Oleg cleared the barriers once.

c. Rebecca’sfinalscorewas(36)4.

d. Anna got (39)4, which was the highest score.

e. Suggested option 1: Chat with classmates I am not close with.

Suggested option 2: Ask my friends to introduce me to friends 
theyhavethatIhaven’tmetyet.

Note: There are other possible options.

17. a. If𝑥 = 3, 6(𝑥2)3 = 4374

b. If𝑥 = 3, (6𝑥2)3 = 157464

c. Parts a and bhavedifferentanswers,so6(𝑥2)3 ≠ (6𝑥2)3 for 
allvaluesof𝑥. All terms inside the brackets were raised to
a power of 3. In part b, this included 6. In part a, it did not 
include6,and6wasmultipliedby(𝑥2)3 instead.

Extra spicy

18. C 19. C 20. 𝑥 = 12 21. 32 cm2

Remember this?

22. D 23. B 24. C

Chapter 4 extended application

1. a. Base = 10,index = 8 

b. ThekilometredistancebetweenEarthandVenusinscientific
notation is  4.1 ×  10   7   km.

c.  5 048 800 000 

d. The distance in kilometres between Earth and Atlas is  
 2.7 ×  10   7   km.

e. Suggested option 1: Humans might have invented the 
measurement of 1 foot based on a foot size.

Suggested option 2: Humans might invent a unit of 
measurementbasedonanaveragehuman’sarmlengths.

Note: There are other possible options.

2. a. 4000 fry would be birthed in an 8-week period.

b. This will result in   4   5   babies.

c.   3   4   babies would survive from   3   4   clutches.

d.   2   15   babies would be birthed over the lifespan of one  
male seahorse.

e. Suggested option 1: We can stop buying seahorse souvenirs  
to protect seahorse from being endangered.

Suggested option 2: We can ask the government to regulate 
wildlife trade more heavily to protect seahorse from  
being endangered.

Note: There are other possible options.

3. a.  The value of a three year old sedan is $39 366. It has reduced 
in price by $14 634.

b. The value of the car when it is 10 years old is $18 829.

c. Andrew will have saved $13 000 in 4 years time.

d. Andrew can afford an Electro car sedan that is 14 years old.

e.  Year Savings Age of cars 
(years)

Year car 
made

2031 $5500 22 years 2009

2032 $8000 19 years 2013

2033 $10 500 16 years 2017

2034 $13 000 14 years 2020

2035 $15 500 12 years 2023

2036 $18 000 11 years 2025

f. Suggested option 1: Andrew should buy a car at 18 because in 
2034, Andrew will be able to afford a 14-year-old car which is 
costefficient.

Suggested option 2: Andrew should wait a few years before 
buying a car because in 2036, Andrew will be able to afford an 
11-year-old car which will be better than a 14-year-old car.

Note: There are other possible options.
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Chapter 4 review

Multiple choice

1. C 2. B 3. B 4. D 5. E

Fluency

6. a.   4   4  b.   8   3  ×  7   2  

c.   5   2  × 2 ×  a   2  ×  b   2  × c d.   −2.3   2  ×  𝑥   2  ×  𝑦   3  × z 

7. a. 30 b. 4 c. 128 d. 40

8. a.   3   6  ×  5   10  b.  1 2   3  ×  8   10  

c.    (  −9 )     12  ×  6   17  d.   1 5   7  ×  (  −2  )     13  ×  4   5   

9. a.   5   2  ×  a   6  ×  b   6  b.    3   4  ×  (  −p  )     13   

c.  −21 a   18  ×  4   2  ×  2   5  d.  −5 𝑥   12  × 24 𝑦   13  

10. a.  5 𝑥   3  b.  
 p   3 
 ____ 8   c.  − w   8  _______ 4   d.  5 c   21  _______________ 8  

11. a.   a   7  b   4  b.  
4 p   9 
 _____ 3   c.  − k   17  r   8  __________ 6   d.  24 v   2  w   13  ___________ 35    

12. a.   8   10  b.   3   5 ×  2   7  × a 46  

c.   4   3  v   5  d. 54

13. a.   6   9  a   48  b. 2 5    

c.  1 2   19  v   134  d.   4   2  n   28  

Problem solving

14. TheforceofgravityontheSun’ssurfaceis33 times stronger than  
it is on Earth. If the force of gravity on Earth is 9.8 Newtons (N),  
thenwhatistheforceofgravityontheSun’ssurface,writtenin
index and expanded form? 

Key points

• TheforceofgravityontheSun’ssurfaceis33 times stronger 
than it is on Earth.

• The force of gravity on Earth is 9.8 N.

• Write the force of gravity on the Sun in index and expanded form.

Explanation

As the force of gravity on the Sun is 33timesstrongerthanEarth’s,
it can be expressed by the following:

force of gravity on the Sun = force of gravity on Earth × 33.

SubstitutingthegivenvalueforEarth’sgravity we get 
(9.8 × 33) N = force of gravity on the Sun.

In expanded form, force of gravity on the 
Sun = (9.8 × 3 × 3 × 3) N.

Answer

The force of gravity on the Sun is 9.8 × 33 or 
9.8 × 3 × 3 × 3 Newtons.

15. Maria is visiting her local Mexican restaurant Flexica Mexicana. 
There are four different types of meals available (tacos, quesadilla, 
burrito, nachos). She can choose to add onto those meals one of 
fourdifferenttypesofmeat,oneofthreedifferenttypesoffillings
and one of three different types of sauces. What are the numbers 
ofcombinationsofmeals,meat,fillingsandsaucesthatshe 
can have? Express in index notation.

Key points

• There are four different types of meals available (tacos, 
quesadilla, burrito, nachos).

• Maria can choose to add onto those meals one of four different 
typesofmeat,oneofthreedifferenttypesoffillingandoneof
three different types of sauces.

• Whatarethecombinationsofmeals,meat,fillingandsauce
that she can have? Express in index notation.

Explanations

Numberofcombinations = typesofmeals × typesofmeat 
× typesoffillings × typesofsauces

  = 4 × 4 × 3 × 3 

  =  4   2  ×  3   2  

Answer

Maria can have   4   2  ×  3   2   types of combinations of meals, meat, 
fillingsandsauces.

16. Tom’sparentsinvested$10000intoasavingsfundthedayTom
was born. Everyfiveyears,theinvestmentwouldquadruple,  
but then would be reduced by a factor of four every two years. 
How much money would Tom have on his 60th birthday,  
including the initial investment amount? Express in index form.

Key points

• Tom’sparentsinvested$10000intoasavingsfundtheday
Tom was born.

• Everyfiveyears,theinvestmentwouldquadruple.

• Every two years, the investment would be reduced by a 
factor of four.

• How much money would Tom have on his 60th birthday, 
including the initial investment amount? Express in index form.

Explanation

OnTom’s60thbirthday,theinvestmentwouldhavequadrupled
60 ÷ 5 = 12 times.

It would have reduced by a factor of four for 60 ÷ 6 = 10 times.

10 000 quadrupled 12 times and reduced by a factor of four  
10 times. Using index notation this can be shown by  

10 000 ×  4
12
 ____ 

410  = 10 000 × 42.

Answer

Tom would have an investment amount of 10 000 × 42 dollars on 
his 60th birthday.

17. Alannah is trying to grow her Tiktok account by posting  
more videos. She initially had three followers. After one week, her 
number of followers increased by a power of two. Two days later, 
Alannah posted a video of herself singing, and the total number 
of followers increased by a power of six. Express how many 
followers Alannah has now in index form.

Key points

• Alannah initially had three followers.

• After one week, her number of followers increased by a power  
of two.

• Two days later, Alannah posted a video of herself singing, and 
the total number of followers increased by a power of six.

• Express how many followers Alannah has now in index form.

Explanation

After one week, Alannah would have   3   2   followers.

Two days later, Alannah would have     (  3   2  )     6  = 312 followers.

Answer

Alannah now has   3   12   followers in index form.
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Reasoning

18. a. There are   10   2   tiles in one section.

b. In total, Brad has to paint   3 × 10   2  = 300  tiles.

c. The entire paint job will take Brad   5 × 3 × 10   2  = 1500  
minutes to complete.

d. No,Bradcannotfinishtheentirepaintjobwithin20hours.
He would need 5 more hours to complete it.

e. Suggested option 1: Brad can choose a water-based paint 
instead of oil-based so that the paint would not need chemical 
solvents to clean up.

Suggested option 2: Brad can choose to use painting kits that 
are not made of plastic, so that they can be reused.

Note: There are other possible options.

19. a.    (   2   3   )     4  = 4096  

b.    (   2   4   )     3  = 4096  

c. The answer from part a is equal to the answer from part b. 
This is because the Third Index Law states to multiply the 
indices when raising a term in index form to another power. 
Both  3 × 4  and  4 × 3  multiply to 12 as multiplication is 
commutative, so the answers for both parts are equal to  
each other.
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5A Introduction to algebra

Student practice
Worked example 1
a. i. Expression

ii. The terms are  7a ,  −2b ,  9 

iii.	 The	coefficient	of		b  is  −2 

iv. The constant is 9

b. i. Equation

ii. The terms are  4a ,  −b ,  −161 ,  43 ,  −c 

iii.	 The	coefficient	of		b  is  −1 

iv. The constants are  −161  and  43 

Worked example 2
a.  −5e + 12 b.  −	 m ___ 2 	 + 4 = 35 

Worked example 3
a.  b  is subtracted from eighteen and equals nine.

b. A quarter of e is added to two groups of t.

Understanding worksheet

1. a. 8	𝑦 + 7 = 3 b. 3 − 9a

c. 6	𝑦 − 0.5m d. 		 1 _ 3 			at = 3 hs

2. a. 𝑦2 + 5 b. −𝑥2 − 3

c. −2 + 𝑥 + 𝑦 d. 𝑥𝑦 + 𝑦 −𝑥

3. 1; constant; variable; term; equation

Fluency

4. a. Expression b. Equation

c. Variable d. Constant

e. Variable f. Term

g. Coefficient h. Term

5. a. i. Expression

ii. The terms are  2b ,  3u ,  −g 

iii. The	coefficient	of		b  is  2 

iv. No	constant	or	the	constant	is	0

b. i. Equation

ii. The terms are    1 __ 2   a ,  −7b ,  −2.5 ,  5 

iii. The	coefficient	of		b  is  −7 

iv. The constants are  −2.5 ,  5 

c. i. Equation

ii. The terms are   c   2  ,  − a   2  ,   3   2  

iii. The	coefficient	of		b  is  0 

iv. The constant is   3   2  

d. i. Expression

ii. The terms are  −  11 ____ 6    b ,  −at 

iii. The	coefficient	of		b  is  −  11 ____ 6    

iv. No	constant	or	the	constant	is	0

e. i. Equation

ii. The terms are  ca ,  −0.5b ,  s 

iii. The	coefficient	of		b  is  −0.5 

iv. No	constant	or	the	constant	is	0

f. i. Expression

ii. The terms are    b __ 4   ,  −ak ,  9e ,  −8r 

iii. The	coefficient	of		b  is    1 __ 4   

iv. No	constant	or	the	constant	is	0

g. i. Equation

ii. The terms are    d __ 5   ,  25  a   2  ,  6 ,  −b 

iii. The	coefficient	of		b  is  −1 

iv. The constant is  6 

h. i. Expression

ii. The terms are    3b ____ 4    ,    
1a ____ 4    

iii. The	coefficient	of		b  is    3 __ 4   

iv. No	constant	or	the	constant	is	0

6. a. Terms:		𝑦, 8, 4e b. Terms:  8h, −a, −56w 

c. Terms:			 1 __ 2 			, −2sp, −32a d. Terms:  0.5s, −2k, 78,		 1 __ 2 	𝑦

e. Terms:   e   2 , 2el,  s   2 , 1 f. Terms:			 a __ 4 	, −4rc, −100 

g. Terms:  8.9  w   2 , −	 1 ____ 12 	r,  √ 
_
 𝑦   h. Terms:			  a _____ 100 	, −	 

a __ b , −	 
b _____ 100 		

7. a.  a − 9 b. 13	 	−	 	(a + b)

c.  bc = −10 d. 		 −d _____ 8  	 = 32 

e. 		 1 __ 3 	 fgh = 90 f. 		 3d ____ 2  	 + 4e 

g. 		 e __ 4 	 +  f   
2  h.   g   2  =  √ 

_
 h   

8. a. Seven is added to  a .

b.  b  is subtracted from  a .

c. Ten is equal to the difference between seven and  b .

d. The product of  a  and  b		is	equal	to	negative	fifteen.

e. Three groups of  b  are subtracted from two groups of  a . 

f. Half of  a		is	added	to	three	groups	of		𝑦.

g. Eighty-one is divided by the difference of  c  and two.

h.  g  squared plus three groups of  r  equals the square root  
of	twenty-five.

9. a.  10t = 110 

b.  18w = 234 

c.  8200 + 62p = B 

d.  st = d 

e.  2l + 2w = P 

f.   𝑥   2  + 𝑥

g.  3r + 	 3r ___ 2 	 = z  or  3r + 1.5r = z 

h.   𝑦   3  + 𝑦ep 

10. D

Spot the mistake

11. a. Student B is incorrect. b. Student A is incorrect.
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Problem solving

12. Kavitha’s sister is s years old and Kavitha is currently half of her 
sister’s age. Write an expression to represent how old Kavitha is.

Key points

• Kavitha’s sister is s years old.

• Kavitha is currently half of her sister’s age.

• Write an expression to represent how old Kavitha is.

Explanation

Kavitha is half of her sister’s age.

So	Kavitha’s	age = Her	sister’s	age 	÷ 2 

  = s ÷ 2 

  = 	 s __ 2 		

Answer

Kavitha	is	current			 s __ 2 			years	old.

13. A person’s maximum heart rate can be calculated by subtracting 
seven tenths of their age from  207 . Write an equation that describes 
the	maximum	heart	rate	(R) for somebody that is  𝑦  years old.

Key points

• Maximum heart rate is subtracting seven tenths of their 
age	from	207.

• Represent the maximum heart rate as  R  and a person’s age as  𝑦 .

• Write an equation for the maximum heart rate.

Explanation

Maximum	heart	rate	equals	207	minus	seven	tenths	of	a	
person’s age.

Seven tenths of a person age means we need to multiply    7 ____ 10    and 

		𝑦, so 		 7 ____ 10   𝑦.

Therefore,

 R = 207 − 	 7 ____ 10   𝑦

Answer

The equation for maximum heart rate is  R = 207 − 	 7 ____ 10 	 𝑦.

14. Atsuko and Lena bought art supplies. Atsuko bought seven  
tubes of paint cost  $k  each and  $72.20  worth of paintbrushes. 
Lena purchased three of the same tubes of paint and three 
canvases that cost  $r  each. Write an expression that represents 
the difference that Atsuko and Lena spent.

Key points

• Atsuko spent seven of  $k and  $72.20 .

• Lena spent three of  $k  and three of  $r.

• Write an expression that represents the difference that Atsuko 
and Lena spent.

Explanation

Write an expression for the amount that Atsuko spent.

Seven of  $k  and  $72.20  is  7k + 72.20 .

Write an expression for the amount that Lena spent.

Three of  $k  and three of  $r  is  3k + 3r .

Subtract one expression from the other.

Answer

The difference that Atsuko and Lena spent is    
 (  7k + 72.20 )   −  (  3k + 3r )     or    (  3k + 3r )   −  (  7k + 72.20 )     or  
4k − 3r + 72.20  or  − 4k + 3r − 72.20 .

15. Alex wants to improve his magic show by using maths. He tells  
the	audience	to	select	any	number	( 𝑥 ) and multiply it by three  
and then by two. Afterward he instructs them to divide the result 
by the number they started with and then subtract one.  
Without simplifying, write an expression that describes the 
scenario of Alex’s mathematical magic act in terms of  𝑥 .

Key points

• A number, represented by  𝑥 , is multiplied by 3 and then by 2.

• The result is divided by the original number and then 
subtract one.

• Write an expression that describes the scenario.

Explanation

Multiply		𝑥	by 3 and then by 2.

	𝑥 × 3 = 3𝑥

  3𝑥 × 2 = 2 (  3𝑥 )    

Divide the result by the original number. Then subtract 1.

  2(3𝑥) ÷ 𝑥 = 	 2 (  3𝑥 )   _______ 𝑥   

   2 (  3𝑥 )   _______ 𝑥   − 1 

Answer

The expression that describes Alex’s magic mathematical act 

is    2 (  3𝑥 )   _______ 𝑥   − 1 .

16. A large square is made up of two rectangles each with an area of  
𝑥  cm2, a small square with	an	area	of	𝑥2 cm2 and a smaller square 
with an area equal to  1  cm2. Express the area of the large square.

Key points

• A large square is made up of two rectangles, a small square and 
a smaller square.

• Each rectangle has an area of𝑥  cm2.

• The small square has an area of	𝑥2 cm2.

• The smaller square has an area of  1  cm2.

• Write an expression for the total area of the large square.

Explanation

Area	of	large	square	 	=	 	sum	of	the	area	of	the	smaller	components.

  =  𝑥   2  + 𝑥 + 𝑥 + 1 

  =  𝑥   2  + 2𝑥 + 1 

x2 x

x 1

= x2 + x + x + 1

Answer

The area of the large square is   𝑥   2  + 2𝑥 + 1 .

Reasoning

17. a. 	The	equation	that	represents	how	much	Kofi	receives	per	
hour is  K = 0.5r .

b. The	expression	that	Kofi	would	receive	in	a	week	is		
2 × 4 × 0.5r + 5 × 0.5r = 6.5r .

c. The expression that represents the difference in Amir’s pay is  
0.7r − 0.6r .

d. The equation that represents how much Hanna would receive 
is   H = 2 × 6 ×  (  1.25 + 0.7 )  r = 23.4r  .
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e. Suggested option 1: It is a livable wage because a person who 
is	aged	16–20	years	old	is	still	in	school	or	university, 	so	there	
isn’t much for them to spend on.

Suggested option 2: It isn’t a livable wage because a person 
who	is	aged	16–20	years	old	might	want	to	move	out	to	live	
on their own and this is not enough to pay rent.

Note: There are other possible options.

18. a.  a − 0 × b = a 

b.  0 × a − b = −b 

c. A	variable	with	no	number	written	before	it	has	a	coefficient	
of	1.	This	is	because	a	coefficient	is	a	number	that	a	variable	 
is being multiplied by, so 1 times a variable equals the 
variable itself.

Extra spicy

19. C 20. 4

21. C 22.  Perimeter = 4s 

Remember this?

23. B 24. E 25. C

5B Substitution

Student practice
Worked example 1
a. 68 b. −11

Worked example 2

Time(t), in hours 2 4 6

Water(w), in litres 220 420 620

Understanding worksheet

1. a. 12 b. 8 c. 44 d. 22

2. a. 4 × 2 = 8 b. 2 + 3 × 3 = 11

c. 2 + 5 − 3 = 4 d. −5 − 3 × 5 = −20

3. variable; substitute; value; operations

Fluency

4. a. 10 b. 35 c. −13 d. −72

e. 12 f. 21 g. 78 h. −1.2

5. a.  −11 b.  −5 c.  32 d.  −22 

e.  −11 f.  7.5 g.  −8 h.  −10.5 

6. a. $80 b. $200 c. $230 d. 	$650	

e. 	$1820	 f.  2 g.  5 h.  8 

7. C

Spot the mistake

8. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

9. Zora wants to print out the photos from her thirteenth birthday. 
The	cost	of	printing	out	her	photos	from	Officeworks	costs	 
$C = 1.5 + 0.25p , where  p  is the number of photos and  C  is  
the cost. How	much	should	Zora	expect	to	pay	for	50	photos?

Key points

• The	cost	of	printing	out	her	photos	from	Officeworks	costs	 
$C = 1.5 + 0.25p , where  p  is the number of photos and 
 C  is the cost.

• How much should Zora expect to pay for 50	photos?

Explanation

Substitute  p = 50  and simplify.

  $C    = 1.5 +  (  0.25 × 50 )   

  = 1.5 + 12.5 

  = $14 

1.5 0.25p

1.5 12.5

1.5 + 0.25p

If p = 50

14

=

Answer

Zora is expected to pay $14.

10. Arnie	is	focusing	on	her	fitness	skills	and	wants	to	make	sure	that	
every time she attends the gym she reaches her maximum heart rate.  
This is calculated using  R = 207 − 0.7a , where  R  is heart rate and  
a  is age. Arnie is 29 years old, what	is	her	maximum	heart	rate?

Key points

• This is calculated using  R = 207 − 0.7a , where  R  is heart rate 
and  a  is age.

• Arnie is 29 years old.

• What is her maximum heart	rate?

Explanation

Substitute  a = 29  and simplify.

  R    = 207 −  (  0.7 × 29 )   

  = 207 − 20.3 

  = 186.7 

Answer

Arnie’s maximum heart rate is 186.7.

11. Kathy takes an Uber home from work everyday. The total cost 
is	calculated	by	adding	$2.50	per	kilometre	travelled	plus	an	
additional	$0.75	per	minute	of	idle	time	in	traffic. How much will 
Kathy’s total ride cost if she travelled 7.25 km and spent 12.5 
minutes	sitting	idly	in	traffic?

Key points

• The	total	cost	is	calculated	by	adding	$2.50	per	kilometre	
travelled	plus	an	additional	$0.75	per	minute	of	idle	time	
in	traffic.

• Kathy travelled 7.25 km.

• Kathy spent 12.5 minutes sitting idly in	traffic.

• How much will Kathy’s total ride	cost?

Explanation

Let total cost be  $C ,  k  be the kilometres travelled and  i  be the 
minutes	of	idle	time	spent	in	traffic.
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The	total	cost	is	calculated	by	adding	$2.50	per	kilometre	
travelled	plus	an	additional	$0.75	per	minute	of	idle	time	in	traffic, 	
so  $C = 2.5k + 0.75i 

Substitute  k = 7.25  and  i = 12.5 

  $C    =  (  2.5 × 7.25 )   +  (  0.75 × 12.5 )   

  = 18.125 + 9.375 

  = $27.50 

Answer

Kathy’s	ride	cost	$27.50.

12. Claire went skiing at Mt. Hotham. She went down the Big D slope 
at a constant speed of 18 km/h. The rule used is  k = 18𝑥 , where  k   
is total kilometres and  𝑥  is time, in hours. How many kilometres 
can	Claire	expect	to	have	skied	after	45	minutes?

Key points

•  k = 18𝑥 , where  k  is total kilometres and  𝑥  is time, in hours.

• There	are	60	minutes	in	1	hour.

• How many kilometres can Claire expect to have skied after 
45	minutes?

Explanation

Convert	45	minutes	to	hours	by	dividing	by	60.

 45 ÷ 60 = 0.75  hours.

Substitute		𝑥 = 0.75  into  k = 18𝑥.

 k 		= 18 × 0.75 

  = 13.5  km

Answer

Claire will ski 13.5 km.

13. Cindy is baking some cupcakes in an oven.

 t =  time	in minutes

 c  = number	of cupcakes

She has two ovens:

Convection oven:  t = 15 + 7.5c 

Fan forced oven:  t = 25 + 5c 

How	much	quicker	is	it	to	cook	10	cupcakes	in	a	fan	forced	oven?

Key points

•  t =   time in minutes

•  c  = number	of cupcakes

• Convection oven:  t = 15 + 7.5c 

• Fan forced oven:  t = 25 + 5c 

• How	much	quicker	is	it	to	cook	10	cupcakes	in	a	fan	
forced	oven?

Explanation

Substitute  c = 10  into the equations for both ovens.

Convection oven:

  t    = 15 +  (  7.5 × 10 )   

  = 15 + 75 

  = 90  minutes

Fan forced oven:

  t = 25 +  (  5 × 10 )    

  = 25 + 50 

  = 75  minutes

Find the difference between the two times.

 90 − 75 = 15  minutes

Answer

The cupcakes cook 15 minutes faster in the fan forced oven.

Reasoning

14. a.  Izzy and Collette will have an equal number of points after  
1 goal. 

b. Izzy and Isaiah will both have 9 points.

c. The difference in total points is 15 points.

d. Suggested option 1: They could do a set number of practice 
sessions a week. 

Suggested option 2: They could record themselves to see how 
they can improve their skills.

Note: There are other possible options.

15. a. If  a = 1 ,  b = 2 , then    (  a + b  )     2  = 9.   Answers will vary.

b. If  a = 1 ,  b = 2 , then   a   2  +  b   2  = 5.  Answers will vary.

c.    (  a + b  )     2  ≠     a   2  +  b   2  .

  a   2  +  b   2   is the sum of the squares of the two numbers, 
whereas    (  a + b  )     2    is the square of the sum of the 
two numbers.

Extra spicy

16.  r = 	 63 ____ 2  			or		31.5 

17. B 18. 		 28 ____ 5  		 19. B

Remember this?

20. E 21. D 22. D

5C Adding and subtracting terms 

Student practice 
Worked example 1
a.  7f  and  3f  are like terms.

b.  −2qw ,  5qw  and  8wq  are like terms.

Worked example 2
a.  10a − b b.  17pq + 2p − 2q 

Worked example 3
a.  −7 b.  −16 

Understanding worksheet 

1. a. 2a + 4b + a b. 10p − 2p + 3n − 7p

c. 4km + 6k + 2m + 8mk d. 𝑥 2 + 6𝑥 − 		9𝑥 2		 + 2

2. a. b. 6p − 3 c. −p d. 3p + 4

3. simplify; commutative; constants; powers

Fluency

4. a.  3𝑥	and 	2𝑥	are like terms

b.  1  and  4  are like terms 

c.  7m  and  −3m  are like terms 

d.  −6p  and  p  are like terms

4 and 2 are like terms

e.  8𝑥	and 	3𝑥	are like terms

f.  10𝑥𝑦, 	−7𝑥𝑦 and −8𝑦𝑥 are like terms

g.  10 𝑥   2   and  4 𝑥   2   are like terms 

h.  6ab  and  9ab  are like terms 

4p + 10
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5. a.  15𝑥	 b.  2p + 5 

c.  5u + 2j  d.  q + 10 

e.  4a + 4.2  f. 		 3 __ 5 	b + 	 
3 __ 5 			

g.  7𝑥 + 5𝑦	 h.  −	 7 __ 3 	m + 	 
1 __ 6 	n 

6. a.  5jk b.  4pr + 2p 

c.  2 a   2  + a d.  2 k   2  + 8 

e.  4 h   3  − 4 h   2  − h f.  m + n + 7mn 

g.  17ab − 3c − 4 h.  mn + 2 l   2 m + 5 m   2 l 

7. a.  45 b.  36 c.  56 d.  18 

e.  54 f. 	90	 g.  26 h.  −40	

8. B

Spot the mistake 

9. a. Student A is incorrect. b. Student A is incorrect.

Problem solving 

10. Vasili	and	Ivy	went	shopping	at	Officeworks. Vasili bought 4 pencils  
that cost $ n each and 5 exercise books that cost $ m  each. Ivy bought  
2 of the same pencils and 1 of the same exercise book. Write an 
expression to represent the total amount of money they both 
spent together.

Key points

• Vasili bought 4 pencils that cost $n each.

• Vasili bought 5 exercise books that cost $m each.

• Ivy bought 2 of the same pencils.

• Ivy bought one of the same exercise books.

• Write an expression to represent the total amount of money 
they both spent together.

Explanation

The amount of money spent in total = money spent on pencils + 
money spent on exercise books

Vasili bought 4 pencils and Ivy bought 2.

2 + 4 = 6 pencils, so 6 pencils were bought in total. Each pencil 
cost $n, therefore they spent $6n on pencils.

Vasili bought 5 exercise books and Ivy bought 1.

5 + 1 = 6 books, so 6 books were bought in total. Each book cost 
$m, therefore they spent $6m on books.

So the amount of money spent in total = $(6m + 6n).

Answer

The total amount of money Vasili and Ivy spent together is  
  $ (  6m + 6n )    

11. What expression can be written for the perimeter of the  
shape	below?

3p

p

3q

q

Key points

• What expression can be written for the perimeter of the	shape?

Explanation

To	find	the	perimeter, 	add	all	the	side	lengths	together.	

There are two unknown sides. Find the length of the 
unknown sides.

3q

q

From the diagram, we can see the unknown side is the sum 
of  q  and  3q .

 3q + q = 4q 
3p

p

From the diagram, we can see that the unknown side is the 
difference between  3p  and  p .

 3p − p = 2p 

Now add together all of the side lengths.

 3p + p + 2p + 3q + q + 4q = 6p + 8q 

Answer

The perimeter of the shape is  6p + 8q .

12. The Miranda family has a shared data pool for their mobile 
internet plans. Fahrad used p gigabytes of data. Jina used 5 
gigabytes less than Fahrad. Garath used 2 times as many gigabytes 
as Fahrad. What	is	the	simplified	expression	for	the	total	amount	
of	data	the	family	used?

Key points

• Fahrad used p gigabytes of data.

• Jina used 5 gigabytes less than Fahrad.

• Garath used 2 times as many gigabytes as Fahrad.

• What	is	the	simplified	expression	for	the	total	amount	of	data	
the family	used?

Explanation

Jina used 5 gigabytes less than Fahrad. This is 5 less than  p ,  
which can be written as  p − 5 .

Garath used 2 times as many gigabytes as Fahrad. This is double  p , 
which can be written as  2p .

Add	together	the	three	amounts	of	data	used	to	find	the	total	
amount of data used.

 p + p − 5 + 2p = 4p − 5 

Answer

The	simplified	expression	for	the	total	amount	of	data	the	family	
used is  4p − 5  gigabytes.

13. Naheed took an Uber home from a concert. The Uber costs $1.45 
per	kilometre	(d), 	plus	a	$0.55	booking	fee. If the Uber distance  
is 4.5 km, how	much	will	it	cost	Naheed	to	get	home?
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Key points

• The	Uber	costs	$1.45	per	kilometre	( d ), 	plus	a	$0.55	
booking fee.

• The Uber distance is 4.5 km.

• How much will it cost Naheed to	get	home?

Explanation

Calculate the cost of the Uber by writing an expression for the 
cost	per	ride, 	and	substituting	in	the	specific	information	about	
Naheed’s ride.

The cost = (number	of	kilometres	cost	per	
kilometre) + booking fee

The	booking	fee	is	$0.55.	Naheed	travelled 4.5 km.

Therefore, the total cost = (4.5 × $1.45) + $0.55

 = $7.075

	 ≈ $7.08

Answer

It costs Naheed  $7.08		to	get	home.

14. Rebecca has drawn a design for a wooden roof of an outdoor area 
in her backyard. It consists of four brown rectangles.

y

x

Write	a	simplified	expression	that	represents	the	total	area	
of the roof.

Key points

• The roof consists of 4 brown rectangles.

• Write an expression that represents the total area of the roof.

Explanation

Area of one rectangle = 𝑥 × 𝑦 = 𝑥𝑦 square units.

y

x

There are 4 identical rectangles. 

Total area of the roof is 𝑥𝑦 + 𝑥𝑦 + 𝑥𝑦 + 𝑥𝑦 = 4𝑥𝑦 square units.

Answer

The	total	area	of	the	roof	is	4𝑥𝑦 square units.

Reasoning 

15. a.  The total number of points Kai scored in the game is  
3a + 5b + 4c .

b. The total number of points Kai scored in the game is  7a + 5b  
or  7c + 5b .

c. Kai scored 53 points.

d. Suggested option 1: The game designer should consider how 
difficult	or	how	likely	it	is	to	score	the	goal.

Suggested option 2: The game designer should consider the 
distance from the point of shot to the goal. 

Note: There are other possible options.

5D Multiplying and dividing terms

Student practice
Worked example 1
a. 40ab b. 12def

Worked example 2
a. 		 4t _ 3 		 b. 		 −3b _ d  		

Worked example 3
a. 2a2bc b. 		 7b2

 _ c  		

Understanding worksheet

1. a. 6h b. 12𝑥𝑦

c. 8p2 d. 2ab + 2a

2. a. 3 × h × k b. 2 × 3 × b × c

c. 2 × b × b × a d. 2 × 3 × 𝑥 × 𝑥 × 𝑦

3. variables;	coefficient;	factors;	exponent

Fluency

4. a. 10g b. 21r c. 8jk d. 6𝑥𝑦

e. 15a𝑥 f. 36𝑥𝑦z g. 9st𝑦 h. 8def

5. a. 		 3𝑥 _ 5  		 b. 		 2 _ 5p 		 c. 		 2 _ 3h 		 d. 		 2𝑥 _ 𝑦z 		

e. 		 r _ 4 		 f. 		 2w _ 3z 		 g. 		 
17g
 _ 9b𝑥 		 h. 		 1 _ 2t 		

6. a. −15ef b. −4j c. 6ap𝑥 d. −		 
6qp
 _ k  		

e. 		 4 _ 3k 		 f. −16.1rt g. −12𝑥z h. 		 20b _ q  		

7. a. 9𝑥2 b. 9b2z c. 2q d. 20𝑥𝑦3z

e. 		 d
2
 _ c  		 f. 8k5p3 g. 		 5u _ 3  		 h. 		 13r  _ 9s  		

8. a. 18c2𝑥2 b. 		 a
4b _ 3  		

c. 9a6b2 d. 		 
𝑥3𝑦2
 _ 2  		

e. −		 3a _ 4b 		 f. 		  20a _ 
9b2cd

 		

g. 77q3w + 105hqw2 h. 		 
9𝑥 + 15f
 ___________ 2𝑦  		

16. a.  a + b + 2a + 3b − 2 ;  − 5b + 10a − 2 + 9b − 7a 

Note: There are other possible options.

b.  3 + 6a − b + 5b − 3a − 5 ;  2a + 9b − 5a − 2 − 5b + 6a  

Note: There are other possible options.

c.  −1 . All the equivalent expressions have the same value for 
any given  a  and  b  as they all simplify to the same expression.

Extra spicy

17. 10𝑥 + 20 18. D 19.   j   2  − 4 k   2  20. E

Remember this?

21. B 22. C 23. D
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9. D

Spot the mistake

10. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

11. Hera wants to calculate the area of her cargo bay. She uses the 
arm spans of Ezra and Kanan. Write an equation for the area if  
the	width	is	three	times	Kanan’s	arm	span	(k) and the length is 
four	times	Ezra’s	arm	span	(e).

Key points

• The width is three times Kanan’s arm	span	(k).

• The length is four times Ezra’s arm	span	(e).

• The	area	of	a	rectangle	is	width × length.

• Write an equation for the area.

Explanation

The	area	of	a	rectangle	is	width × length.

The	width	is	3 × k = 3k	and	the	length	is	4 × e = 4e.

So	area = 3k × 4e

	 = 12ek

4e

3k

ek ek ek ek

ek ek ek ek

ek ek ek ek

Answer

The area is 12ek.

12. Maxine’s Hardware shop wanted to keep track of the number 
of nails that arrive in a particular order. Write an expression to 
determine how many nails are in an order that arrives with  
(c) amount of crates. The	crates	contain	(b) amount of boxes. 
 The	boxes	contain	(n) amount of nails.

Key points

• An	order	arrives	with	(c) amount of crates.

• Each crate contains (b) amount of boxes.

• Each	box	contains	(n) amount of nails.

•  Write an expression for the amount of nails in an order.

Explanation

The number of nails in an order is the the number of nails in  
a	box	(n)	multiplied	by	the	number	of	boxes	(b) in a crate,  
and	multiplied	by	the	number	of	crates	(c)

So	number	of	nails = n × b × c

	 = nbc

Answer

The number of nails in this order is nbc.

13. Freeda was organising fruit snacks for her childcare centre. 
Each	day	a	number	of	parent	volunteers	(v) would cut the same 
amount	of	pieces	(p) each and Freeda would share them equally 
among	the	children	(c). Write an expression that would allow 
Freeda to determine how many pieces each child would receive 
once she knew how many parents and how many children 
attended that day.

Key points

• Each	day	a	number	of	parent	volunteers	(v) would cut the same 
amount of pieces	(p) each.

• Freeda would share them equally among the children (c).

• Write an expression that would allow Freeda to determine  
how many pieces each child would receive.

Explanation

Since the pieces are shared equally amongst the children,

Number	of	pieces	each	child	receives = number	of	pieces	
produced ÷ number	of	children

v parent volunteers cut p pieces each,

Number	of	pieces	produced = v × p = vp

There are c children.

So each child receives    
vp
 _ c     pieces.

Answer

Each child receives    
vp
 _ c     pieces.

14. How many tiles would Dimitry need for the great dining hall in his 
palace if it	is	𝑥 metres wide and 𝑦 metres long and the tiles are  
a millimetres wide and b	millimetres	long?

Key points

• The	great	dining	hall	is	𝑥 metres wide and 𝑦 metres long.

• Area	of	a	rectangle = length × width

• The tiles are a millimetres wide and b millimetres long.

• How many tiles would Dimitry need for the great dining	hall?

Explanation

Convert the measurements in metres to millimetres.

𝑥 m = 𝑥 × 1000 mm = 1000𝑥 mm

𝑦m = 𝑦 × 1000 mm = 1000𝑦 mm

Calculate the area of the dining hall and the area of a single tile.

Area	of	dining	hall = length × width

	 = 1000𝑥 × 1000𝑦

	 = 1	000	000𝑥𝑦 mm2

Area	of	tile = length × width

	 = a × b

	 = ab mm2

Number	of	tiles = area	of	dining	hall ÷ area	of	tile

	 = 1	000	000𝑥𝑦 ÷ ab

	 = 		 
1 000 000𝑥𝑦
 ___________ 

ab     

Answer

Dimitry	needs			 
1 000 000𝑥𝑦
 ___________ ab  			tiles	for	the	great	dining	hall.

15. Dylan has enough lawn seed for 16 m2 and his back fence is 
𝑦 metres long. Write an algebraic expression to describe the 
distance	(d) away from the fence he can plant the seed for a 
rectangular lawn.

Key points

• Dylan has enough lawn seed for 16 m2.

• His	back	fence	is	𝑦 metres long.

• The lawn is rectangular.

• length × width = area	of	rectangle

• Write	an	algebraic	expression	to	describe	the	distance	(d) away 
from the fence he can plant the seed.

Explanation

The	distance	away	from	the	fence	(d) is the width of the rectangle. 
The	length	of	the	rectangle	is	the	length	of	the	fence	(𝑦).
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Rearrange the formula for the area of a rectangle to make the 
width the subject.

Length × width ÷ length = area	of	a	rectangle ÷ length

So	width = area	of	rectangle ÷ length

Substitute in the known values and variables for width, length and 
area of the rectangle.

d = 		 16 _ 𝑦    

Answer

The distance away from the fence Dylan can plant the seed is 

described by d = 		 16 _ 𝑦    .

Reasoning

16. a. The volume of one container is b2h cm3.

b. The	volume	of	membrane	required	is	0.4wh cm3.

c.    0.4w _ b2     containers are required.

d. Suggested option 1: Pay more upfront as this saves money in 
the long run.

Suggested	option	2:	Maintain	regular	waterproofing	as	the	
big building project was probably expensive, so it is probably 
important to save money now.

Note: There are other possible options.

17. a. 		  3𝑥 _ 20𝑦z 		 b. 		 15𝑥z _ 4𝑦  		

c. Brackets are important because they tell us which operations 
to	perform	first.	The	order	in	which	we	perform	operations	
determines the result we get. For example, when we divided 
3𝑥 by 4𝑦 first, then divided this quotient by 5z, we got a 
different	result	to	when	we	divided	4𝑦 by 5zfirst	and	then	
divided	3𝑥 by this quotient.

Extra spicy

18. E 19. 55 m2 20. 336 girls 21. B

Remember this?

22. D 23. D 24. C

5E Algebraic fractions

Student practice
Worked example 1
a. 		 5s ___ 7 		 b. 		 5d ____ 12 		

Worked example 2
a. 		 12 ____ gh  b. 		 

4q
 ____ 3  		

Worked example 3
a. 		 2c ___ d    b. 		 k __ j   

Understanding worksheet

1. a.  6a b.  6t c.  6a d.  39 

2. a.  8 b.  10p c.  2 d.  2n 

3. algebraic; denominator; reciprocal; product

Fluency

4. a. 		 4l ___ 5 			 b. 		 3a ____ 7  			 c. 		 t __ 3 		 d. 		 
3𝑦
 ____ 16 		

e. 		 13b _____ 8  			 f. 		 
g
 __ 2 		 g.  e h. 		  t ____ 20 		

5. a. 		 cd ____ 35 		 b. 		 rs ____ 20 		 c. 		 m ____ 2n  d. 		 15 ____ c   

e. 		 8 __ d   f. 		  a   2  ____ 3  			 g. 		 2n ____ m  h. 		  𝑥   3  ___ 4  		

6. a. 		 a𝑥 ___ 6  		 b. 		 5 __ b  c. 		  n ____ 5m  d. 		 21 ____ 
 t   2 
 		

e. 		 12d _____ c   f. 		 4 ___ 9z  g. 		 14a _____ 15c  h. 		  5 _____ 
8 b   2 

 		

7. C

Spot the mistake

8. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

9. The Muscat and Axiak family are having pizza for dinner. The bill 
for the pizza comes to a total of  $p  and each familypays half.  
Write an algebraic fraction for the amount the Muscat family 
needs to pay.

Key points

• The bill for the pizza is  $p.

• The bill is to be split in half.

• Write an algebraic fraction for the amount the Muscat family 
needs to pay.

Explanation

Since the bill is to be halved, each family pays half of the bill.

The bill is  $p , therefore each family pays  $  
p
 __ 2   .

Answer

The Muscat family needs to pay  $	 
p
 __ 2 		.

10. Lewis has gone to the shops. He spent half of his money on 
Christmas gifts and a third of his money on a pair of shoes. Let  m
be the total amount of Lewis’ money. Write an expression to show 
how much money Lewis has left.

Key points

• Lewis spent half of his money on Christmas gifts and a third on 
a pair of shoes.

• Let m represent Lewis’ money.

• Write an expression for how much money Lewis has left.

Explanation

Lewis spent    m ___ 2    on Christmas gifts and    m ___ 3    on a pair of shoes.

The amount of money he has left is:

 m − 	 m ___ 2 	 − 	 
m ___ 3 	 		= 	 

6m ____ 6  	 − 	 
3m ____ 6  	 − 	 

2m ____ 6    

  = 	 6m − 3m − 2m  ___________________ 6    

  = 	 m ___ 6   

−

−
6m − 3m − 3m

6− = m
6=

−
6m
6

3m
6

2m
6

Answer

Lewis	has			 m ___ 6 			left.
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11. Blossom	Collective	buys	flowers	from	the	local	flower	market.	 
Let d represent the total money Marielle spent at the market.  
She spent one eighth on tulips, one quarter on dahlias and one 
half on ranunculus. Write an expression to show how much 
money	Marielle	has	spent	on	flowers.

Key points

• Let d represent the total money Marielle spent.

• She spent one eighth, one quarter and one half of her money on 
three different	flowers.

• Write an expression for the total amount of money 
Marielle spent.

Explanation

Marielle spent    d __ 8    on tulips,    d __ 4    on dahlias and    d __ 2    on ranunculus.

The total amount of money she spent is:

   d __ 8 	 + 	 
d __ 4 	 + 	 

d __ 2 	 		= 	 
d __ 8 	 + 	 

2d ____ 8  	 + 	 
4d ____ 8    

  = 	 d + 2d + 4d ________________ 8    

  = 	 7d ____ 8    

Answer

Marielle has spent    7d ____ 8    .

12. Jaxson has a number, represented as h, written on a piece of paper. 
On a different piece of paper he has a number written that is three 
times h. The sum of their reciprocals is unknown. Construct an 
algebraic expression to represent this scenario and simplify it.

Key points

• Jaxon represents a number as h.

• He represents another number as  3w .

• He	wants	to	find	the	sum	of	their	reciprocal.

• Write an algebraic expression to represent the sum and 
simplify it.

Explanation

The reciprocal of  h  is    1 __ h  ; the reciprocal of  3h  is    1 ____ 3h  .

Their sum is    1 __ h  + 	 
1 ____ 3h  .

Simplify:

   1 __ h  + 	 
1 ____ 3h  		= 	 

3 ____ 3h  + 	 
1 ____ 3h 

  = 	 3 + 1 ________ 3h   

  = 	 4 ____ 3h  

Answer

   1 __ h  + 	 
1 ____ 3h  = 	 

4 ____ 3h  

13. In a particular odd taxi, Odokawa the driver charges  $  7d ____   2       

per kilometre. There is also a base fee of  $  c __ 3    regardless of the 

distance travelled. If Shirakawa takes this taxi and travels

   n __ 6    kilometres. How much does Shirakawa have to pay Odokawa, in 

terms of  c, d  and  n ?

Key points

• Odokawa charges  $  7d ____   2      per kilometre.

• There is a base fee of  $  c __ 3   .

• Shirakawa travels    n __ 6    kilometres.

• Write an expression for the total cost of the ride in terms of  
c, d  and  n .

Explanation

Find the cost from distance travelled.

Cost	from	distance	travelled = cost	per	
kilometres × kilometres	travelled

  = 	 7d ____ 2  	 × 	 
n __ 6   

  = 	 7dn _____ 12    

Find the total cost.

Total	cost = Cost	from	distance	travelled + base	fee

  = 	 7dn _____ 12  	 + 	 
c __ 3    

  = 	 7dn _____ 12  	 + 	 
4c ____ 12   

  = 	 7dn + 4c ____________ 12    

Answer

Shirakawa has to pay Odokawa  $  7dn + 4c ____________ 12    .

Reasoning

14. a. The area of the senior netball court is given by  lw .

b. The length of the junior netball court is given by    l __ 2   ;

The width of the junior netball court is given by    2w ____ 3    .

c. The area of the junior netball court is    l __ 2 	 × 	 
2w ____ 3  	 = 	 

lw ___ 3    .

d. The difference between the senior netball court and the 
junior netball court is  lw − 	 lw ___ 3  	 = 	 

2lw _____ 3    .

e. Suggested option 1: Have a consistent exercise routine to 
maintain a good endurance.

Suggested	option	2:	Increase	the	intensity	and	difficulty	of	
their drills.

Note: There are other possible options.

15. a. 		 𝑥 __ 𝑦  b. 		 
𝑦
 __ 𝑥   

c. 1 multiplied by a fraction will give the same fraction. 
However, 1 divided by a fraction will give the reciprocal of the 
fraction as dividing a fraction is the same as multiplying by 
the reciprocal of the divisor.

Extra spicy
16. 		 7e ____ 10 		

17. C

18. 		  (  𝑥 − 1 )   (  𝑥 + 2 )    __________________ 
18 z   2 

  		

19. D

Remember this?

20. E 21. C 22. B
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5F Expanding brackets

Student practice
Worked example 1
a.  12m − 18 b.  8b + 16 b   2     

Worked example 2
a.  7v − 10    b.  7j + 14 

Understanding worksheet

1. a. 2(2a + 1) = 4a + 2 b. −3(k − 2) = −3k + 6

c. −2(−2p − 3) = 4p + 6 d. 2(−3n + 2) = −6n + 4

2. a. +h +5

20

4(h + 5) = 4h + 20

4 4h

b.  −4 3l

3(−4 + 3l) = 9l − 12

9l3 −12

c.  +b +7

7ffb

f(b + 7) = � b  + 7f

f

d.  +3m +2j −1

15m

5(3m + 2j − 1) = 15m + 10j − 5

5 10j −5

3. expanding;	distributive	law;	coefficient;	simplifying

Fluency

4. a.  6f + 6 b.  3c − 12 

c.  −16 + 8𝑥 d.  −10p + 80 

e.  5s + 20 f.   k   2  + 3k 

g.  3z + 3g − 15 h.  20 + 2h + 6w 

5. a.   𝑥   2  + 5𝑥 b.  8 u   2  + 20u 

c.  4k + 2 d.  −12g + 2 g   2  

e.  0.18hv + 0.36fv f.  27hr − 18hs 

g.  −	 3 __ 2 	dp − 3p h.  15 w   2 c − 30 w   2  + 20fw 

6. a.  10v + 14 b.  9w − 17 

c.  7f + 20 d.  −2b + 14 

e.  24 + 6 𝑦   2  − 18𝑦 f.  12h + 5 n   2  − 6n 

g.  3r − 2rg − 32g h.  −2 q   2  + 19qm + 2 

7. a.   2 (  a + 4 )    b.   6 (  p − 1 )    

c.   3 (  9 − r )    d.   3 (  m − 8 )    

e.   8 (  	 
f
 __ 2 	 + 3 )    f. 			 1 ___ 4 	(10 − 4g )    

g.   w (  −4 + 𝑦 )    h. 			 1 __ 2 	 (  	 5 __ 2 	 − 2k )    

8. D

Spot the mistake

9. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

10. Stacey	spends	$15	flat	rate	for	parking	at	uni	from	9	am	to	3	pm. 
The fee for parking is an additional $5 an hour for every hour  h
after 3 pm. Write an expression with brackets to represent how 
much Stacey pays for parking for 5 days.

Key points

• Stacey	spends	$15	flat	rate	for	parking	at uni from  
9 am to 3 pm.

• The fee for parking is an additional $5 an hour for every hour h 
after 3 pm.

• Write an expression with brackets to represent how much 
Stacey pays for parking for 5 days.

Explanation

Write an expression to represent how much Stacey pays for 
parking every day.

Stacey pays $5 per hour for every hour  h  after 3 pm. This can be 
represented as  5h .

Add	the	$15	flat	rate	for	parking	between	9	am	and	3	pm.

So the amount paid for parking is  15 + 5h  every day.

Multiply this by 5 days using brackets

  5 ×  (  15 + 5h )   = 5 (  15 + 5h )    

Answer

Stacey pays $  5 (  15 + 5h )     over 5 days.

11. Cindy is building a table that has a width	of	0.5	m. She doesn’t 
know how long it will be, but it will have a length of at least 1.5 m. 
What	expanded	expression	represents	the	area	of	this	table?

Key points

• The table’s width	is	0.5	m.

• The table’s length is at least least 1.5 m.

• Area	of	rectangle	 =	 length 	×	 width

• What expanded expression represents the area of this	table?

Explanation

The length of the table is  1.5 + 𝑥, where 	𝑥 is equal to either zero
or a positive number.

Multiply	the	length	by	the	width	to	find	the	area	of	the	rectangle.

Area	of	rectangle 	 =  (  1.5 + 𝑥 )   × 0.5  

Expand this expression.

   (  1.5 + 𝑥 )   × 0.5 = 0.75 + 0.5𝑥  

Answer

The area of the table is  0.75 + 0.5𝑥.

12. Bihai is creating a footpath with rectangular tiles. Each tile has a 
length of a + 3  m and a width of  a − 2  m. He puts three together, 
as shown below.

a + 3

a − 2

Write	an	expanded	and	fully	simplified	expression	for	the	total	
perimeter of this shape.

Key points

• Each tile has a length of a + 3  m and a width of a − 2 m .

• Bihai puts three tiles together.

• Write	an	expanded	and	fully	simplified	expression	for	the	total	
perimeter of this shape.
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Explanation

Consider the rectangle the three tiles form.
a + 3 a + 3 a + 3

a − 2

The width of this rectangle is  a − 2 . The length is   3 (  a + 3 )    .

The	perimeter	of	a	rectangle = 	2 ×	 width 	+ 2 ×	 length

So the perimeter of the rectangle formed by three tiles  
= 	 2 (  a − 2 )   + 2 (  3 (  a + 3 )   )    .

Expand this expression.

  2 (  a − 2 )   + 2 (  3 (  a + 3 )   )      = 2a − 4 + 2 (  3a + 9 )   

  = 2a − 4 + 6a + 18 

  = 8a + 14 

Answer

The total perimeter of the shape is 
  2 (  a − 2 )   + 2 (  3 (  a + 3 )   )   = 8a + 14  .

13. Tickets for a theme park cost  $𝑥  per adult ticket and  $𝑦  per 
child ticket. A family package consists of two adult tickets and 
two children’s tickets and is $5 less than buying the tickets 
individually. A group of adults and kids buy 3 family packages,  
and two extra adult tickets. Find an expression that represents  
the total cost of all the tickets.

Key points

• The cost for an adult ticket is  $𝑥 .

• The cost for a child ticket is  $𝑦 .

• A family package consists of two adult tickets and two 
children’s tickets.

• The family package is $5 less than buying the tickets individually.

• A group of adults and kids buy 3 family packages, and two extra 
adult tickets.

• Find an expression that represents the total cost of all 
the tickets.

Explanation

Find an expression for the cost of one family package.

A family package consists of two adult tickets and two children’s 
tickets. Ordinarily this would cost $   (  2𝑥 + 2𝑦  ). However,  
the package is $5 less than buying the tickets individually,  
so subtract $5.

So the cost of a family package is $   (  2𝑥 + 2𝑦 − 5 )    .

This group purchases three of these. Multiply this expression by 3 
to	find	the	amount	spent	on	family	packages.	Then	add	the	cost	of	
two	adult	tickets	to	find	the	total	cost.

  3 ×  (  2𝑥 + 2𝑦 − 5 )   + 2𝑥 = 3 (  2𝑥 + 2𝑦 − 5 )   + 2𝑥  

Answer

The total cost of all tickets is represented by  
  3 (  2𝑥 + 2𝑦 − 5 )   + 2𝑥  .

14. John, Jeremy, Melissa and Fatima are running a relay marathon.  
At different intervals, a new runner takes over. John is the  
first	runner. Jeremy is the second runner, and thinks he can run 5 
km more than John. Melissa is next, and thinks she can run twice 
as far as Jeremy. Fatima is the last runner, who can run 3 times as 
far as John. Construct	a	fully	simplified	expression	to	represent	
the total distance run by all runners, where  𝑥  is the distance run  
by John.

Key points

• John	is	the	first runner.

• Jeremy is the second runner, and thinks he can run 5 km more 
than John.

• Melissa is next, and thinks she can run twice as far as Jeremy.

• Fatima is the last runner, who can run 3 times as far as John.

• Construct	a	fully	simplified	expression	to	represent	the	total	
distance run by all runners, where  𝑥  is the distance run by John.

Explanation

Construct an expression for how far each runner will run,  
then add them together.

The	distance	John	runs	is		𝑥.

Jeremy	can	run	5	km	more	than	John, 	which	is		𝑥 + 5 .

Melissa can run 2 times as far as Jeremy, which is 
  2 ×  (  𝑥 + 5 )   = 2 (  𝑥 + 5 )    .

Fatima can run 3 times as far as John, which is  3 × 𝑥 = 3𝑥.

The sum of all their distances is   𝑥 + 𝑥 + 5 + 2 (  𝑥 + 5 )   + 3𝑥  

 = 2𝑥 + 5 + 2𝑥 + 10 + 3𝑥

 = 7𝑥 + 15 

Answer

The total distance run by all runners is  7𝑥 + 15 .

Reasoning

15. a.  Let the selling price be represented by s.	The	profit	is	
represented by  s − 3 .

b. Let the selling price be represented by s.The	profit	is	
represented by   5 (  s − 3 )   − 8 = 5s − 23  

c. The price should be $15.

d. Suggested	option	1:	How	will	he	market	his	pottery?

Suggested option 2: Will he use an online marketplace like 
eBay	or	Etsy, 	or	set	up	his	own	website?

Note: There are other possible options.

16. a.  20 + 10n b.  6 − 3p 

c. They are equal. If there are two sets of brackets with identical 
expressions, the whole expressions can be treated as like terms, 
where	the	coefficients	of	the	brackets	are	added	or	subtracted.

Extra spicy

17. E 18. D

19.   3 (  5n − 2 )   − 3 (  3n + 4 )      = 6n − 18 

   = 6 (  n − 3 )    

 n  is an integer, so  n − 3  is also an integer. Any integer multiplied 
by 6 is a multiple of 6, so   3 (  5n − 2 )   − 3 (  3n + 4 )     is always a 
multiple of 6.

20.   k (  50 − 2k )     2  

Remember this?

21. B 22. D 23. D
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5G Factorising expressions

Student practice
Worked example 1
a. 2 b. 9w

Worked example 2
a. 8(e − 2) b. −9(9n − 2)

Worked example 3
a. −e(9n + d) b. a + 2

Understanding worksheet

1. a. 4 groups of 2 = 4 × 2

b. 4 groups of t − 2 = 4(t − 2)

c. 3 groups of h − 2 = 3(h − 2)

d. 4 groups of 2e + 1 = 4(2e + 1)

2. a. +1

164

+4

4

4 + 16 = 4(1 + 4)

b.  +3y

721y

+1

7

21𝑦 + 7 = 7(3𝑦 + 1)

c.  2x

−24−16x

+3

−8

−16𝑥 − 24 = −8(2𝑥 + 3)

d.  

−12n27

−4n9

3

27 − 12n = 3(9 − 4n)

3. −4;	multiplied;	expanded;	8

Fluency

4. a. 4 b. 9 c. 5 d. 7

e. 36b f. 2er g. 2a h. 4

5. a. 2(u + 2) b. 7(7n − 2)

c. 60(1 − 2p) d. 9(u − 1)

e. 8(4 − g) f. 4(18L + 35)

g. 9(7 + 6g) h. 9(9e − 11d + 5)

6. a. −6(t + 1) b. −4(1 + e)

c. −(n + 1) d. −25(c − 3)

e. −2(14 − 23h) f. −2(22 + 23i)

g. −5(23 − 36q) h. −2(18u − 17e + 11)

7. a. m(5 + 6u) b. 4d(1 + 3a)

c. 9s(7i − 3) d. −3t(6o − 1)

e. −2e(5k + p) f. −e(1 + ls)

g. −2s(3a − 4i − t) h. 4a(d + 4ta)

8. a. 2(5a + 7) b. 9(n − 2)

c. −3(s − 1) d. −14(w + 1)

e. 5r(2e + 1) f. 2e(6 + 2r + i)

g. tu(t + 14) h. 2e(3e + 5p + 1)

9. a. 𝑥 + 1 b. 2𝑥 − 4

c. 		  2 _ 𝑥 + 4 		 d. 3

e. −		 1 _ 2 		 f. −3

g. 		 
3(12 + b)
 ____________ 2(b + 9)  		 h. 		 

10(5r + 1)
 ___________ r − 2  		

10. E

Spot the mistake

11. a. Student B is incorrect. b. Student B is incorrect.

Problem solving

12. A Year 8 class is planning where to sit for a play. Currently there 
are 8 rows with s students in each row. An additional 16 students 
want to watch the play and sit with their classmates. If the Year 8 
class wants to sit together and divide themselves equally, write an 
expression that represents the total number of rows and students 
that are now in each row.

Key points

• There are 8 rows of seats with s students in each row.

• 16 additional students want to join.

• All students are to be divided equally across the rows.

• Write an expression that shows the number of rows and the 
number of students in each row.

Explanation

Currently there are 8 rows with s students in each row.

So the current total number of student is:

8 × s = 8s

An additional 16 students join in, so the total number of 
student now is:

8s + 16

Factorise.

8s + 16 = 8(s + 2)

There are 8 rows with s + 2	students	in	each	row.

Answer

The expression that shows the number of rows and the number  
of	students	in	each	row	is	8(s + 2).
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13. The number of family membership plans sold by the Sydney Living  
Museum	can	be	represented	by	the	expression	𝑥 + 4𝑦,  where	$𝑥
is	the	cost	per	adult	ticket	and	$𝑦 is the cost per child ticket.  
How many family membership plans did the museum sell if  
they	sold	4	adult	tickets	and	16	children	tickets?

Key points

• Sydney Living Museum sells family membership plans 
for	𝑥 + 4𝑦.

• $𝑥 is the cost for each adult ticket and $𝑦 is the cost for each
child ticket.

• The museum sold 4 adult tickets and 16 children tickets.

• How many family membership plans did the museum	sell?

Explanation

Express the number of tickets sold in terms of each family 
membership plan by factorising.

4𝑥 + 16𝑦 = 4(𝑥 + 4𝑦)

Four of the family membership plans were sold.

Answer

The museum sold 4 family membership plans.

14. Scientists are studying ancient life in Australia. They dig in two 
different	sites	and	their	total	findings	can	be	represented	by	the	
expression 6p + 4a, where p is the number of fossilised plants, 
and a is the number of fossilised animals. Write an expression to 
represent the number of fossilised plants and animals if two of the 
scientists	split	the	findings	equally	between	them.

Key points

• The	total	findings	from	the	two	dig	sites	is	represented	
by 6p + 4a.

• p is the number of fossilised plants and a is the number of 
fossilised animals.

• Write	an	expression	to	show	the	total	findings	split	in	two	
equal groups.

Explanation

Factorise	the	total	findings, 	6p + 4a by dividing the 
expression by 2.

6p + 4a = 2(3p + 2a)

The total number of fossilised plants and animals found by the 
scientists	can	be	represented	by	2(3p + 2a) when split in two 
equal parts.

Answer

Total	findings	split	in	two	equal	parts	can	be	represented	by	
2(3p + 2a).

15. Riley forgot their measuring tape and used the length of their 
shoe	(s)	in	cm	and	the	width	of	their	phone	(p) in cm to calculate 
the length and width of a rectangular room. The area equaled 
144s2 + 12sp. Factorise the expression so that area represents 
the multiplication of the length and width of the room in terms of 
s and p.

Key points

• The area of a rectangular room is measured using a shoe with 
length s and a phone with width p.

• The area of the room is 144s2 + 12sp.

• Find the area of the room as a multiplication of the length and 
width by factorising the expression above.

Explanation

Determine the HCF of 144s2 + 12sp.

HCF = 12s

Factorise the HCF from all the terms.

144s2 + 12sp = 12s(12s + p)

As 12s + p > 12s

Length	of	the	room = 12s + p

Width	of	the	room = 12s

Answer

The area of the room is 12s(12s + p).

16. Emmanuelle is re-designing her rectangular backyard and only 
knows the area of the shed which is 32 m2. She mocks up a design 
that includes 2 rectangular garden beds with the same areas, a 
rectangular	flower	bed, 	a	rectangular	pool, 	and	a	square	shaped	patio.

Garden area 
= 16x

Patio area 
= 8x2

Pool area 
= 8xy

Flower bed area 
= 16y

Shed area 
= 32

Garden area 
= 16x

What is the length and width of their backyard in terms of	𝑥 and	𝑦?

Key points

• The area of the shed is 32 m2.

• The	areas	of	the	garden	beds, 	the	flower	bed, 	the	pool	and	the	
patio	are	16𝑥 m2, 	16𝑦 m2, 	8𝑥𝑦 m2	and	8𝑥2 m2 respectively.

• Find the dimension of the backyard in terms of	𝑥 and 𝑦.

Explanation

Consider the top portion of the backyard.

The	area	of	the	top	portion	is	16𝑥 + 16𝑦 + 32. This can be
factorised	into	16(𝑥 + 𝑦 + 2).

This	means	the	top	portion	has	a	length	of	(𝑥 + 𝑦 + 2) m	and a	
width of 16 m.

Flower bed 
area = 16y

Patio area 
= 8x2

Pool area 
= 8xy

Shed 
area 
= 32

Garden 
area 
= 16x

Garden area 
= 16x

x + y + 2

16

Now consider the bottom portion of the backyard.

The	area	of	the	bottom	portion	is	8𝑥2 + 8𝑥𝑦 + 16𝑥. This can be	
factorised	into	8𝑥(𝑥 + 𝑦 + 2).

This	means	the	bottom	portion	has	a	length	of	(𝑥 + 𝑦 + 2) m	 
and	a	width	of	8𝑥 m.

Flower bed 
area = 16y

Patio area 
= 8x2

Pool area 
= 8xy

Shed 
area 
= 32

Garden 
area 
= 16x

Garden area 
= 16x

8x

16

x + y + 2

x + y + 2
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The	total	width	of	the	backyard = the	width	of	the	top	
portion + the	width	of	the	bottom	portion

= 8𝑥 + 16

Answer

The	length	of	the	backyard	is	(𝑥 + 𝑦 + 2) m	and the width is
(8𝑥 + 16) m.

Reasoning

17. a. The total cost of their combined bills is 8r + 10g.

b. They will each pay 4r + 5g.

c. Each friend will pay 4r + 6p + 2g	or	2(2r + 3p + g).

d. The bill for each group will be 8r + 12p + 4g.

e. Suggested option 1: It is not fair to split bills equally because 
some people may eat more than others.

Suggested option 2: It is fair to split bills equally because it is 
difficult	to	keep	track	of	how	much	each	person	eats.

Note: There are other possible options.

18. a. −11 b. −3

c. Expressions from part a and part b are equivalent because 
they are rearrangements of one another. Part a factors out 
−11	so	that	the	first	term, 	3, 	is	positive.	Part	b factors out 
11	and	rearranges	to	make	𝑥 in front so that the first term is
positive.	Upon	expanding, 	both	expressions	equal	−33 + 11𝑥.

Extra spicy

19.  
2

15e − 6 8e + 6

12e + 9

10e − 45e − 2

3 4e + 3

20. C 21. E

22. Length = 2𝑥 − 3𝑦

Width = 2𝑦 − 𝑥

Remember this? 

23. E 24. C 25. A

Chapter 5 extended application

1. a.  C = 4.71d 

b. The	total	cost	that	they	will	each	pay	on	the	first	day	 
is $39.75.

c. The total cost that they will each pay over the next 6 days  
is $172.25.

d. Rebecca’s plan saves them more money. The cost difference 
between	Rebecca	and	Dion’s	plan	is	$45.02.

e. Suggested option 1: Rebecca and Dion could consider 
catching the train/rail.

Suggested option 2: Rebecca and Dion could also  
consider walking.

Note: There are other possible options.

2. a.  The perimeter of the garden is  96s  units. The area of the 
garden is  576 s   2   units.

b. The width of each of these rows will be  2s  units.

c. The total perimeter of the 7 rectangular beds is  276s  units.

d. The number of crops she can grow with these requirements 
is 36.

e. Bernadine should plant two swiss chards plants in each of the 
two rectangular plots.

f. No, Bernadine will not be able to reach her arm across all the 
garden beds to tend to her produce.

Suggested option 1: Bernadine could hire another farmer to 
stay on the other side of the garden so that they can both tend 
to all the produce.

Suggested option 2: Bernadine could redesign her garden to 
include paths which she can walk on.

Note: There are other possible options.

3. a. 	The	symbol	‘?’	represents	the	width	of	the	box, 	and	the	
symbol	‘??’	represents	the	length	of	the	box.	‘h’	represents	the	
height of the box.

b. ‘5 cm’ represents the thickness of the box.

c. The length of the garden plot is  240 = d + e + 70  cm, and 
the width of the garden plot is  240 = a + b + c + 130  cm. 
Note:	The	equations	can	be	simplified	further.

d. Yes, these dimensions will meet the criteria of the garden 
design, because the walking path could be wider than  50  cm.

e. Box	1	length 	=	 240	cm;	width 	=	 51.25	cm

Box	2	length 	=	 137.9	cm;	width 	=	 37.5	cm

Box	3	length 	=	 51.10	cm;	width 	=	 37.5	cm

Box	4	length 	=	 240	cm;	width 	=	 51.25	cm

f. Suggested option 1: Using the entire length of railway 
sleepers reduces costs.

Suggested option 2: Using the entire length of railway 
sleepers makes construction easier.

Note: There are other possible options.

Chapter 5 review

Multiple choice

1. A 2. B 3. C 4. E 5. B

Fluency

6. a. 𝑥 + 12 b.  v + 4u 

c. 		 5a ____ 2  	 = bcd d.   m   2  = 	  √ 
_
 n   ____ 3  		

7. a. 16 b. 6 c. −13 d. −0.5

8. a.  9 + 9𝑦 b.   m   3  + 12 − 8m + 3 m   2  

c.  4cd + 4 c   2 d  d.  −	 1 __ 4 	a + 	 
5 __ 4 	b    

9. a.  15ab b. 		 5 __ 𝑦   c.  9 m   2 n  d. 		 
27p
 _____ 10q  

10. a.  12a  b. 		 
p
 __ 2 		 c. d.  4fg 

11. a. 		 3𝑥 ___ 7  			 b. 		 m ___ 3 		 c. 		 55a _____ 24  		 d. 		 
2q
 ____ 15 			

12. a. 		 ab ____ 12 			 b. 		 6 __ d   c. 		 
5𝑦
 ___ 𝑥    d. 		  27 _______ 

32 u   2 
 			

 −4a 
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13. a.  5𝑥 + 10  b.  −90 + 10𝑦	

c.   d   2  − 3d  d.  15 + 3f + 6g  

14. a.  49 w   2  + 14w  b.  −20𝑥 + 4 𝑥   2   

c.  12𝑥𝑦 − 15𝑥z  d.  10 f   2 g − 16 f   2  + 2fg 

15. a.   10 (  1 + 2𝑥 )     b.   − (  f + 4 )    

c.   7 (  2𝑥 + 7𝑦 − 3z )    d.   2m (  1 − no − o )    

16. a.  a + 2  b. 		  −1 _________ 𝑥 + 20 		

c. 		 −1 _____ 5  			 d. 		 1 __ 2 		

Problem solving

17. Elsa bought  𝑥 	cupcakes	for	$20 from the supermarket to decorate 
and sell at her school fete. She	aims	to	make	a	profit	of	 $𝑦  per 
cupcake. Find an expression for the selling price of each cupcake. 

Key points

• Elsa bought  𝑥  cupcakes	for	$20.

• She	aims	to	make	a	profit	of	 $𝑦  per cupcake.

• Find an expression for the selling price of each cupcake. 

Explanation

Cost	per	cupcake 	= 	 
cost for all cupcakes

  ________________________  number of cupcakes    

  = 	 20 ____ 𝑥   

To calculate the selling price per cupcake, add the cost per 
cupcake	to	the	profit	per	cupcake:

Selling	price	per	cupcake = 		 20 ____ 𝑥   + 𝑦

Answer

The	selling	price	per	cupcake	is			 20 ____ 𝑥   + 𝑦.

18. At an animal shelter, there are birds, cats and dogs. Bill collects food 
for all the animals each week. The kilograms of food every week is  
0.01b + 1.4c + 2d , where  b is the number of birds, c  is the number 
of cats and d  is the number of dogs. If there are  10  birds,  20  cats 
and  30  dogs, what	is	the	weight	of	food	that	Bill	is	collecting?

Key points

• The kilograms of food every week is  0.01b + 1.4c + 2d .

•  b  is the number of birds,  c  is the number of cats and d  is the 
number of dogs.

• There are  10  birds,  20  cats and  30  dogs.

• What is the weight of food that Bill is collecting?

Explanation

Multiply the amount of food per species by the number of 
that species:

Birds:	0.01 	×	 10 = 0.1

Cats:	1.4 	×	 20 = 28

Dogs:	2 	×	 30 = 60

Add all amounts of food per species together to calculate the total 
kilograms of food collected. 

0.1 + 28 + 60 = 88.1	kg

Answer

88.1 kilograms of food is collected.

19. What expression can be written for the perimeter of the  
shape	below?

7a

11b

14a

Key points

• What expression can be written for the perimeter of the  
shape	below?

Explanation

To calculate the perimeter, all sides need to be added together. 

 P = 14a + 7a + 11b 

 14a  and  7a  are like terms, so add them together to simplify  
the expression.

 = 14a + 7a + 11b 

 = 21a + 11b 

Answer

The expression for the perimeter of the shape is  21a + 11b .

20. A recipe CJ wants to make requires  𝑥  grams of sugar and twice  
as	much	flour. The sugar costs  $𝑦  per   gram. The	flour	is	half	 
this price per gram. How much will CJ pay for sugar and  
flour	respectively?

Key points

• A recipe CJ wants to make requires  𝑥  grams of sugar and twice 
as much	flour.

• The sugar costs  $𝑦  per gram. 

• The	flour	is	half	this	price	per gram. 

• How	much	will	CJ	pay	for	sugar	and	flour	respectively?

Explanation

CJ wants to purchase 𝑥 grams of sugar and 2 × 𝑥 = 2𝑥 grams  
of	flour.

Cost of sugar = cost per gram of sugar × number of grams  
of sugar

 = 𝑦 × 𝑥

 = 𝑥𝑦

Cost	of	flour = cost	per	gram	of	flour × number of grams	of	flour

 = 		 
𝑦
 __ 2 		 × 2𝑥

 = 𝑥𝑦

Total cost = cost of sugar + cost	of	flour

 = 𝑥𝑦 + 𝑥𝑦

 = 2𝑥𝑦

Answer

The	total	cost	of	sugar	and	flour is $2𝑥𝑦.

21. Amaja queues up with an empty plate at an all-you-can-eat buffet 
restaurant. Let p  represent the area of the plate. She	fills	one	third	
of her plate with a steak and one quarter with a salad. She	then	fills	
half of the remaining space with garlic bread. Write an expression 
to	show	how	much	of	Amaja’s	plate	is	left	to	fill	up	with	dessert.

Key points

• Let  p  represent the area of the plate.

• She	fills	one	third	of	her	plate	with a steak.

• She	then	fills	one	quarter	with a salad.

• She	then	fills	half	of	the	remaining	space	with	garlic bread.

• Write an expression to show how much of Amaja’s plate is left 
to	fill	up	with dessert.
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Explanation

Calculate the area Amaja used,    
p
 __ 3    on steak and    

p
 __ 4    on salad. 

p − 		 
p
 __ 3 		 − 		 

p
 __ 4 		 = 		 

12p − 4p − 3p
  ___________________ 12    

	 = 		 
5p
 ____ 12   

Half	of	the	remaining	area	will	be	filled	with	garlic	bread.	So	half	
of	the	area	will	remain	to	be	filled	with	dessert.	

    
5p
 ____ 12 	 × 	 

1 __ 2 	 = 	 
5p
 ____ 24    

Answer

The amount of room left for dessert is    
5p
 ____ 24   .

22. Dr W’s Year 8 mathematics class sits an algebra test. The average 
score per student can be represented by the expression 5𝑥 + 20. 
Find the sum of all scores in Dr W’s class of 25 students, in terms 
of 𝑥.

Key points

• Dr W’s Year 8 mathematics class sits an algebra test.

• The average score per student can be represented by the 
expression 5𝑥 + 20.

• Find the sum of all scores in Dr W’s class of 25 students,  
in terms of  𝑥 .

Explanation

Average	score	of	Dr	W’s	class = 		 Sum of all scores in Dr W’s class   _____________________________________   No. of students in Dr W’s class    

Calculate the sum of scores in Dr W’s class: 

sum	of	scores	in	Dr	W’s	class = average	score × number	of	students

   =  (  5𝑥 + 20 )   × 25  

  = 125𝑥 + 500 

Answer

The sum of the scores in Dr W’s class is 12 5𝑥 + 500 .

23. The area of Vicki’s rectangular canvas is  13𝑥 + 26𝑥𝑦 + 39𝑥z  m2. 
The canvas does not have a length or width of 1 m. Vicki’s assistant 
attempts to express this area as the product of its dimensions 
and writes down three potential solutions. Use factorisation to 
determine these three potential solutions.

Key points

• The area of Vicki’s rectangular canvas is  13𝑥 + 26𝑥𝑦 + 39𝑥z m2.

• The canvas does not have a length or width of 1 m.

• There are three ways to express this area as the product of  
its dimensions.

• Use factorisation to determine these three potential solutions.

Explanation

To	find	three	potential	solutions, 	find	three	different	common	
factors of the terms to factorise out.

Find three common factors of  13𝑥, 	26𝑥𝑦 and 39𝑥z .

 13𝑥 = 13 × 𝑥

 26𝑥𝑦 = 13 × 2 × 𝑥 × 𝑦

 39𝑥z = 13 × 3 × 𝑥 × z 

Common factors are  13	, 		𝑥	and 	13𝑥.

Factorise	out	each	common	factor	to	find	the	possible	solutions.

 13𝑥 + 26𝑥𝑦 + 39𝑥z = 		 13𝑥 (  1 + 2𝑦 + 3z )    

 13𝑥 + 26𝑥𝑦 + 39𝑥z =    13 (  𝑥 + 2𝑥𝑦 + 3𝑥z )    

 13𝑥 + 26𝑥𝑦 + 39𝑥z =	 	 𝑥 (  13 + 26𝑦 + 39z )    

13x13x

1

26xy

2y 3z

39xz

13x13

x

26xy

2xy 3xz

39xz

13xx

13

26xy

26y 39z

39xz

Answer

The three solutions Vicki’s assistant wrote down are:  
  13𝑥 (  1 + 2𝑦 + 3z )    ,   13 (  𝑥 + 2𝑥𝑦 + 3𝑥z )     and   𝑥 (  13 + 26𝑦 + 39z )    .

Reasoning

24. a. 𝑥 − 4; 8 cm

b.   4 (  𝑥 − 4 )   = 4𝑥 − 16  

c. Design 1:  4𝑥z − 16z  
Design 2:  4𝑥 z   2  − 16 z   2  

d. $   31c _ 2    

e. Suggested option 1: We could make book stands at home from 
recycled materials.

Suggested option 2: We could make picture frames at home 
from recycled materials.

Note: There are other possible options.

25. a.    3 ____ 10   

b.    4 ____ 45   

c. Both parts a and b need to have a common denominator. 
Multiply the numerator and denominator of each fraction such  
that the denominators are equal, then perform the subtraction.  
This is the same method we can use for all fractions with 
different denominators.
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6A Introduction to equations

Student practice
Worked example 1
a. True b. True

Worked example 2
a.  p = 5 b.  p = 5 

Worked example 3
a.  p + 9 = 15 b.  4 + 2d = 18 

Understanding worksheet

1. a. b b. c c. b d. a

2. a. False b. True c. True d. False

3. equations; false; balanced; substituted

Fluency

4. a. False b. True c. True d. False

e. False f. False g. True h. False

5. a.  a = 5 b.  a = 12 c.  a = 8 d.  a = 8 

e.  a = 12 f.  a = 5 g.  a = 12 h.  a = 5 

6. a. 𝑥 = 3 b. 𝑥 = 3 c. 𝑥 = 3 d. 𝑥 = 5 

e. 𝑥 = 8 f. 𝑥 = 8 g. 𝑥 = 5 h. 𝑥 = 8 

7. a.  3m = 12 b.  v + 2 = 9 

c.  q − 4 = 16 d.  7 = 3k + 1 

e.   2 (  a + 4 )   = 8  f.   9 = 3 (  j − 6 )    

g.  2v + 3 = v h.  
9 + p
 _______ 7   = 6 

8. B

Spot the mistake

9. a. Student B is incorrect. b. Student B is incorrect.

Problem solving

10. Mary’s height is  h  cm and her sister Katie is  23  cm taller.  
Katie’s height is  161  cm. Write an equation to show Katie’s height.

Key points

• Mary’s height is  h  cm.

• Her sister Katie is  23  cm taller.

• Katie’s height is  161  cm.

• Write an equation to show Katie’s height.

Explanation

If Katie is 23 cm taller than Mary, and Mary’s height is  h  cm,  
we can represent Katie’s height as  h + 23  cm.

However, we also know that Katie’s height is 161 cm. Therefore, 
we can represent Katie’s height with the following equation:

 h + 23 = 161 

Answer

 h + 23 = 161 

11. Robert buys  k  kg of dried apricots at  $2.40  per kg. He spends a 
total of  $4.80 . Write an equation to describe this situation.

Key points

• Robert buys  k  kg of dried apricots at  $2.40  per kg.

• He spends a total of  $4.80 .

• Write an equation to describe this situation.

Explanation

As Robert buys  k  kg of apricots at $2.40 per kg, we can represent 
the amount he buys as  2.40k .

However, we also know that Robert spends $4.80. Therefore,  
we can equate $4.80 with  2.40k  and write the following equation:

 2.40k = 4.80 

2.40 × k 4.80=

Answer

 2.40k = 4.80 

12. Rebecca is working on a group project and buys everyone in her 
group a hot chocolate. Construct an equation for an order of six 
largehotchocolatesandfivemediumhotchocolateswhichcostsa
total of  $60,  if a large hot chocolate costs  $l  per cup and a medium 
hot chocolate costs  $m .

Key points

• Rebecca is working on a group project and buys everyone in 
her group a hot chocolate.

• Sixlargehotchocolatesandfivemediumhotchocolatescosta
total of  $60. 

• A large hot chocolate costs  $l  per cup and a medium hot 
chocolate costs  $m .

• Construct an equation for this situation.

Explanation

Six large hot chocolates can be represented as  6l,whereasfive
medium hot chocolates can be represented as  5m. 

As all of the hot chocolates combined cost $60, this can be 
represented with the following equation:

 6l + 5m = 60 

Answer

 6l + 5m = 60 

13. Joanne wants to hire a bus to go to Phillip Island. Thereisafixed
rate of  $10  and then it costs  $1.20  per km. At the end of the trip she 
is charged  $370.  Write an equation that displays Joanne’s bus fees.

Key points

• Joanne wants to hire a bus to go to Phillip Island.

• Thereisafixedrateof $10  and then it costs  $1.20  per km.

• At the end of the trip she is charged  $370. 

• Write an equation that displays Joanne’s bus fees.

Explanation

Let  k  be the distance travelled in km and  F  be the fee.

Ifthereisafixedrateof$10andthenavariablerateof$1.20per
km, this can be represented as  1.2k + 10. 

As the total fee came to $370, we can equate $370 with the above 
expression to form this equation:

 1.2k + 10 = 370 

Answer

 1.2k + 10 = 370 
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6B  Solving one-step and multi-step 
equations

Student practice
Worked example 1
a.  a = 12 b.  b = 5 

Worked example 2
a.  c = 3 b.  f = 5 

Worked example 3
a.  a = 5 b. 𝑦 = 95 

Understanding worksheet

1. a.  a = 4 b.  p = 2 c. 𝑥 = 2 d.  m = 3 

2. a.  ÷3, ÷3    b. c. d.  ÷5, ÷5 

3. inverse; multiplying; subtracting; undo

Fluency

4. a.  z = 15 b.  m = 26 c. 𝑥 = 2 d. 𝑥 = 16 

e. 𝑥 = 9 f.  g.  h.  

5. a. 𝑥 = 10 b. 𝑥 = 3 c.  e = 1 d. 𝑥 = 24 

e. f. 𝑥 = 1 g. h. 

6. a.  c = 5 b.  c = 17 c.  a = 4 d. 

e.  v = 3 f.  b = 0 g.  k = 6 h.  m = 9 

7. a.  k = 7 b. 𝑥 = 1 c. 𝑥 = 1 d.  h = 3 

e.  f = 0 f.  b =  1 __ 3   g. h.  e = 0.1 

8. a.  l = 9 b. 𝑥 = 20 c.  j = − 4 d. 

e.  h = 8 f. g.  a = 1 h. 

9. B

Spot the mistake

10. a. Student B is incorrect. b. Student B is incorrect.

Problem solving

11. Sally wants to buy doughnuts for her colleagues. She has  $15 .  
The price ( p ) of doughnuts is given by the equation  p = 1.2b + 3 .  
Where  b  is the number of doughnuts being bought. How many 
doughnuts can Sally expect to purchase?

Key points

• Sally has $15.

• The price of doughnuts is given by  p = 1.2b + 3 , where  b  is the 
number of doughnuts bought.

• How many doughnuts can Sally expect to purchase?

Explanation

TofindhowmanydoughnutsSallycanexpecttopurchase, 
solve for  b  where  p = 15  as she has $15.

Substituting  p = 15 , gives the equation:

 15 = 1.2b + 3 

Solve for  b :

12 = 1.2b

10 = b

15 = 1.2b + 3
−3 −3

÷1.2÷1.2

Therefore, Sally can expect to purchase 10 doughnuts with the 
amount of money she has.

Answer

Sally can expect to purchase 10 doughnuts.

 +1, +1  ×9, ×9    

 h = −16  c = −2  b = −3 

𝑥 = −6 𝑥 = −5 𝑥 = ±6 

 s = −6 

 v = −0.6 

 a = 3

 h = −42 𝑥 = − 13 ____ 2    

14. Construct an equation for the area of a trapezium    (  A )    , where the 
sum of the parallel sides   (  a   and   b )     is halved and then multiplied by 
the height ( h ).

Key points

• The sum of the parallel sides   (  a   and   b )     of a trapezium is halved.

• After halving, the result is then multiplied by the height ( h ).

• Construct an equation for the area of this trapezium    (  A )  .  

Explanation

If the sum of  a  and  b  is halved, this can be represented as    a + b _______ 2   . 

As we then multiply this by the height, the expression 

becomes    a + b _______ 2   × h. 

Therefore, the area of the trapezium is:

 A =  a + b _______ 2   × h 

Answer

 A =  a + b _______ 2   × h 

Reasoning

15. a.  6c + 25 = $m 

b.  $115 > $100∴Daniellewillhaveenoughmoneyforaticket.

c.  6l − 10 = $m 

d.  $92 < $100∴Rosewillnothaveenoughmoney.

e. Suggestedoption1:DanielleandRosecoulduseakeepcupto
reduce their usage of disposable coffee cups.

Suggestedoption2:DanielleandRosecouldensurethatthey
recycletheircupaftertheyfinishtheircoffee.

Note: There are other possible options.

16. a. True b. False

c. When  p = 16 , the equation in part a is true but the equation 
in part b is false. Although both equations are equal to 6, this 
difference is ultimately due to the 2 being on the numerator 
of the fraction for part b, whereas for part a it is a standalone 
constant. This changes what  p  should be equal to.

Extra spicy

17.  n = 6 18. B 19. A 20. 𝑦 = 2

Remember this?

21. C 22. B 23. B
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12. Joanne had  l  number of lollies. She divided these lollies amongst 
eight people. Her nanna gave her an additional 10 lollies. She was 
left with 14 lollies. How many lollies ( l ) did Joanne have to  
begin with?

Key points

• Joanne divided the lollies amongst eight people.

• Her nanna gave her an additional 10 lollies.

• Joanne had 14 lollies left.

• How many lollies did Joanne have to begin with?

Explanation

Construct an equation to solve for the number of lollies  l  by 
representing the information as an algebraic expression.

Joanne divided the lollies amongst eight people, is represented as    l __ 8   .

Joanne’s nanna gave her an additional 10 lollies is represented 

as    l __ 8  + 10. 

Joanne was left with 14 lollies at the end is represented 

as    l __ 8  + 10 = 14. 

Solve for  l  in the above equation.

 l _ 8  = 4 

l = 32

   l _ 8   + 10 = 14 
−10−10

×4×4

Therefore, Joanne had 32 lollies to begin with.

Answer

Joanne had 32 lollies to begin with.

13.  32  is two times the difference between Jonah’s age ( j )and  36 . 
Assume Jonah is older than  36 . Write an equation and solve for 
Jonah’s age,  j .

Key points

• 32 is two times the difference between Jonah’s age  j  and 36.

• Jonah is older than 36.

• Write an equation and solve for Jonah’s age.

Explanation

Construct an equation to solve for Jonah’s age  j  using the  
given information.

32 equals two times the difference between  j  and 36, this can  
be represented as:

  32 = 2 (  j − 36 )    

Solve for  j  in the above equation:

16 = j − 36

52 = j

32 = 2(j − 36)
÷2÷2

+36+36

Therefore, Jonah is 52.

Answer

Jonah is 52.

14. Amber is participating in a star jump challenge and does a total of 
16 star jumps at the start of each day. She wants to increase the 
number of star jumps she does each day by four until she reaches 
40 star jumps each day. Using  d torepresentthenumberofdays
since Amber started her star jump challenge, what day can Amber 
expect to reach her goal?

Key points

• Amber does 16 star jumps at the start of each day.

• She wants to increase the number of star jumps each day by 4.

• Amber’s goal is to reach 40 star jumps each day.

• What day can Amber expect to reach her goal?

Explanation

Construct an equation to solve for  dtofindwhatdayAmbercan
expect to reach her goal of 40 star jumps each day.

As Amber does 16 star jumps each day and wants to increase the 
number of star jumps each day by 4, represent this as:

 16 + 4d 

where  d  is the number of days since she started the challenge.

As Amber’s goal is 40 star jumps per day, this means that our 
equation is  16 + 4d = 40 .

Solve for  d  in the above equation:

4d = 24

d = 6

4d + 16 = 40
−16−16

÷4÷4

Amber can expect to reach 40 star jumps per day 6 days after she 
started the challenge.

Answer

Amber can expect to reach her goal on the 6th day.

15. Moana and Billy both ran 12 kilometres together. Moana then ran 
twice as far as Billy. Altogether she ran 35 km. Let Billy’s total 
distance be represented as  b . Create and solve an equation for the 
number of kilometres Billy ran on his own.

Key points

• Moana and Billy ran 12 km together.

• Moana ran twice as far as Billy.

• Altogether she ran 35 km in total.

• Create and solve an equation for the number of kilometres Billy 
ran on his own.

Explanation

Constructanequationusingthefirstthreepiecesofinformation,n. 
As Billy’s total distance is represented as  b , Moana running twice 
as far as Billy can be represented as  2b .

 12 + 2b = 35 

To solve this:

2b = 23

b = 11.5

12 + 2b = 35
−12−12

÷2÷2

Therefore, Billy ran 11.5 km on his own.

Answer

Billy ran 11.5 km on his own.

Reasoning

16. a. Itwilltake2.5daysforthesunflowertohaveaheightof15cm.

b. Itwilltake12.5daysforthesunflowertohavedoublethe
height given in part a.

c.  d =  2 __ 3   h −  
15 ____ 2    

d. Thesunfloweris11.25cmonday0.

e. Suggestedoption1:Ensurethatthesunflowerhasaccess 
to lots of direct sunlight.

Suggestedoption2:Waterthesunflowerregularly.

Note: There are other possible options.
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6C  Solving equations with unknowns 
on both sides

Student practice
Worked example 1
a. 𝑥 = 3 b.  k = −4 c.  k = 13 

Understanding worksheet

1. a. y

3
𝑦 = 3

b. g

3
g = 3

c. 
4u = 4
u = 1

u u u u

4

u

1

d. 6

m m

3

m
6 = 2m
3 = m

2. a. +2, +2 b. −1,−1 c. d. 

3. variables; Inverse; constants; expanded

Fluency

4. a.  m = 5 b.  e = 4 c.  g = 11 d.  r = 3 

e. 𝑦 = 4 f.  w = 4 g.  j = −2 h.  t = 15 

5. a. b.  v = 3 c.  j = 10 d.  d = −9 

e.  z = 2 f. 𝑥 =  3 ____ 2  g.  e = 8 h. 𝑦 = −2

6. a.  a = 5 __ 2  b.  j =  1 __ 2  c.  c =  8 __ 3  d.  n =  1 __ 5 

e.  z = − 4 __ 5  f.  r = − 3 __ 4  g.  b = −1 h.  s = 1 

7. E

Spot the mistake

8. a. Student A is incorrect. b. Student A is incorrect.

−4a,−4a, −5t,−5t,

 w = −1 

Problem solving

9. An equilateral triangle has side lengths  𝑥 + 1 , and a rectangle has 
width  𝑥  and length  𝑥 + 1 .

For what value of  𝑥  are the perimeters of both shapes the same?

Key points

• An equilateral triangle has side lengths  𝑥 + 1 .

• Arectanglehaswidth𝑥 and length𝑥  + 1 .

• Forwhatvalueof𝑥 are the perimeters of both shapes the same?

Explanation

Ifanequilateraltrianglehassidelengths𝑥 + 1 , we can represent 
itsperimeteras𝑥 + 1 + 𝑥 + 1 + 𝑥 + 1  or  3𝑥 + 3. 

Ifarectanglehaswidth𝑥 and length 𝑥 + 1 , we can represent its 
perimeteras𝑥 + 𝑥 + 1 + 𝑥 + 𝑥 + 1  or  4𝑥 + 2. 

Tofindthevalueof𝑥where the perimeters of both shapes are the
same, we set the two above expressions equal to each other and 
solvefor𝑥.

3 = 𝑥 + 2

1 = 𝑥

3𝑥 + 3 = 4𝑥 + 2
−3𝑥−3𝑥

−2−2

Therefore,when𝑥 = 1  the perimeters of both shapes 
are the same.

Answer

Theperimetersofbothshapesarethesamewhen𝑥 = 1. 

10. Get Fit! Gym charges $20 per month plus a $80 sign-up fee.  
JustDoIt!Gymcharges$40permonthbutchargesnosign-upfee.  
After how many months will the cost of gym membership be 
equal at both locations?

Key points

• Get Fit! Gym charges $20 per month plus a $80 sign-up fee.

• JustDoIt!Gymcharges$40permonthbutchargesno
sign-up fee.

• After how many months will the cost of gym membership be 
equal at both locations?

Explanation

We can write equations for both gyms’ membership fees. Let  C  
equal the cost of membership and  m  equal the number of months.

As Get Fit! Gym charges $20 per month plus a $80 sign-up fee,  
we can represent this as  C = 20m + 80. 

AsJustDoIt!Gymcharges$40permonthandhasnosign-upfee,
we can represent this as  C = 40m. 

Tofindthenumberofmonthswherethecostofmembershipis
equal at both locations, we set both equations equal to each other 
and solve for  m .

  20m + 80 = 40m 

 20m + 80 − 20m = 40m − 20m 

 80 = 20m

    80 ____ 20  =  
20m ______ 20    

  4 = m 

Therefore, after 4 months the cost of gym membership will be 
equal at both locations.

Answer

After 4 months the cost of gym membership will be equal at  
both locations.

17. a.  a = 2 

b.  a = 8 

c. Although the values of  a  in parts a and b are similar in that they 
are both positive integers, the values themselves are different. 
The negative sign in front of the left hand side of the equation 
in part a makes the value of  a  in part a less than in part b.

Extra spicy

18.  h = 5 19. D 20. C

21. 25.33 kilometres

Remember this?

22. A 23. B 24. E
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11. Two2000Lwatertanksarebeingfilled. Tank 1 was initially one-
quarterfullandisfilledatarateof200Lperminute. Tank 2 was 
initiallyhalf-fullandisfilledatarateof100Lperminute. After how 
many minutes will the water tanks have the same amount of water?

Key points

• Two 2000 L water tanks are beingfilled.

• Tank1wasinitiallyone-quarterfullandisfilledata rate of  
200 L per minute.

• Tank2wasinitiallyhalf-fullandisfilledatarateof100L
per minute.

• After how many minutes will the water tanks have the same 
amount of water?

Explanation

Let  W  equal the amount of water and  m  equal the number  
of minutes. We can now write equations for both water tanks.

As Tank 1 was initially one-quarter full, this means it had  

2000 ×  1 __ 4  = 500 Lofwatertostartwith.Ifitisfilledatarateof

200 L per minute, we can represent this as:

 W = 500 + 200m 

As Tank 2 was initially half full, this means it had  

2000 ×  1 __ 2  = 1000 Lofwatertostartwith.Ifitisfilledatarate 

of 100 L per minute, we can represent this as:

 W = 1000 + 100m 

Tofindafterhowmanyminutesthewatertankswillhavethe
same amount of water, we set both equations above equal to each 
other and solve for  m. 

  500 + 200m = 1000 + 100m 

 500 + 200m − 500 = 1000 + 100m − 500 

  200m = 500 + 100m 

  200m − 100m = 500 + 100m − 100m 

  100m = 500 

    100m _______ 100   =  
500 _____ 100   

  m = 5 

After 5 minutes, the water tanks will have the same 
amount of water.

Answer

After 5 minutes, the water tanks will have the same 
amount of water.

12. In 3 years’ time, Joe’s current age will double. What is Joe’s  
current age?

Key points

• In 3 years’ time, Joe’s current age will double.

• What is Joe’s current age?

Explanation

Let Joe’s current age be  j. 

In 3 years’ time, Joe’s age will be  j + 3. 

However, his age will also be double his current age. This can be 
represented as  2j. 

Therefore, as Joe’s age in 3 years’ time is equal to double his 
current age, we set the two above expressions equal to each other 
and solve for  j .

  2j = j + 3 

 2j − j = j + 3 − j 

  j = 3 

Therefore, Joe is currently 3.

Answer

Joe is 3 years old.

13. In 2019, a school had the same number of Year 7 boys and girls. 
The following year, 50 female students joined in Year 8 which 
meant there were now twice as many girls compared to boys. 
How many students were there in Year 7?

Key points

• In 2019, a school had the same number of Year 7 boys and girls.

• The following year, 50 female students joined in Year 8.

• There are now twice as many girls compared to boys.

• How many students were there in Year 7?

Explanation

LetthenumberofstudentsinYear7be𝑥.

Since there were the same number of Year 7 boys as there were 
girls in 2019, we can represent the number of Year 7 boys (or 
girls) as    𝑥 __ 2   .

As 50 female students joined in the following year, the total 
numberofstudentsinYear8canberepresentedas𝑥 + 50. 

However, as there were twice as many girls compared to boys 
in Year 8, the total number of girls is now  2 ×  𝑥 __ 2  = 𝑥, and the

total number of boys remains the same at    𝑥 __ 2  .  Therefore, the total 

numberofstudentsinYear8canalsoberepresentedas𝑥 +  𝑥 __ 2   .

Tofind𝑥, we equate the above two expressions that represent the
totalnumberofstudentsinYear8andsolvefor𝑥. 

𝑥 + 50 = 𝑥 +  1 __ 2   𝑥

  50 =  1 __ 2   𝑥

 50 ÷  1 __ 2  =  
1 __ 2   𝑥 ÷  

1 __ 2   

  50 × 2 = 𝑥

  100 = 𝑥

There were 100 students in Year 7.

Answer

There were 100 students in Year 7.

Reasoning

14. a. Let C = cost

 C = 1.2d + 5.20 

b.  C = 1.43d + 2.50 

c.  1.2d + 5.20 = 1.43d + 2.50 

 d =  270 _____ 23   = 11.74 

The distance where the cost is the same in both cities 
is 11.74 km.

d. It costs $19.29 to travel the distance found in part c in Sydney 
and Melbourne.

e. Suggested option 1: Cost per minute could result in the higher 
dollarvalueduetostoppingattrafficlightsand/ortraffic
jams as the car is not travelling any distance but time is still 
going by.

Suggested option 2: However, driving long distances on 
highways could result in a lower cost per minute but a higher 
cost per kilometre.

Note: There are other possible options.

15. a. E.g.  3𝑥 + 4 = 4𝑥 + 2 

b. E.g.  3𝑥 + 4 = 3𝑥 + 5 

c. In part a,thecoefficientsoftheunknownswerenotequal,
whereas in part btheywere.Therefore,ifthecoefficientsof
the unknowns are the same on both sides, the sides will not 
be equal and there will be no possible solution.

	  ANSWERS 909

6C
 A

N
SW

ER
S

 



6D  Formulas and applications  
of equations

Student practice 
Worked example 1
a.  A = 3  m   2  b.  a = 5m/ s   2  

Worked example 2
a.  p = 15w  b.  t = 5c + 50 

Worked example 3
a. i. Let  n  be the number of video games.

ii.  60n = 360 

iii.  n = 6  

iv. Dioncanbuy6videogames.

b. i. Let  c  be the cost of each bag of chips.

ii.  6c + 7 = 37 

iii.  c = 5 

iv. Each bag of chips costs $5.

Understanding worksheet 

1. a.  6r = 36 b.  8 = h − 4  

c.  9k − 2 = 4  d.    
g
 __ 2  + 4 = 10  

2. a. Number of books

b. Original number of house plants

c. Totaltimetakentofilltank

d. Weekly salary 

3. variables; subject; substitute; rule

Fluency 

4. a.  A = 60  m   2  b.  v = 5 km/h  

c.  V = 3.33 m m   3   d.  A = 10 c m   2   

e.  P = $111.11  f. 𝑥 = 40 m 

g.  C = −20.56°C  h.  r = 2.37 m  

5. a.  c = 3b  b.  d = 25t  

c.  v = 50n  d.  c = 24a + 2  

e.  c = 1.50l − 20  f.  A = 6 + 2𝑥

g.  l = 2c + 4s  h.  t = 2.9p + 2s 

6. a. i. Let  d  be the number of days.

ii.   4d = 80 

iii.  d = 20  

iv. Feliks will take 20 days to reach his goal.

b. i. Let  v  be the number of views.

ii.  0.20v = 3000  

iii.  v = 15 000  

iv. The video game studio gets 15 000 views.

c.  i.  Let  c  be the number of customers that came to the  
coffee shop.

ii.    2 __ 3  c = 50  

iii.  c = 75  

iv. 75 customers came to the coffee shop.

d.  i.  Let  n  be the number of students in the class with more 
students. The other class has  n − 5  students.

ii.  43 = 2n − 5  

iii.  24 = n  

iv. One class has 24 students, the other class has 19 students.

e.  i. Let  n  be the number of PS5 controllers Surae bought.

ii.  75n + 158 = 383 

iii.  n = 3 

iv. Surae bought 3 PS5 controllers. 

7. C

Spot the mistake 

8. a. Student B is incorrect. b. Student B is incorrect.

Problem solving 

9. A bag of 12 hockey balls cost $120. Individually each ball costs $12. 
How much cheaper is it to buy the bag of hockey balls compared 
to buying 12 individual balls?

Key points

• A bag of 12 hockey balls cost $120.

• Individually each ball costs $12.

• How much cheaper is it to buy the bag than to buy it individually?

Explanation

Find the cost of 12 individual balls.

 12 × 12 = 144 

Find the difference between the cost of a bag of balls and 12 
individual balls.

 $144 − $120 = $24 

Answer

It is $24 cheaper to buy a bag of hockey balls than to buy  
them individually.

10. A basketball team played 21 games. They lost twice as many 
games as they won. How many games did the team lose?

Key points

• A basketball team played 21 games.

• They lost twice as many games as they won.

• How many games did the team lose?

Explanation

Let  n  be the number of games they won. The number of games 
lost would then be  2n .

 2n + n = 21 

  3n = 21 

  n = 7 

  2n = 14 

Extra spicy

16.  𝑥 = 31 17. C 18. 𝑦 =  1 __ 3  19. D

Remember this?

20. A 21. A 22. C
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n = games won 2n = games lost

21 = n + 2n

n = 7 
21 = 3n

Answer

The team lost 14 games.

11. Lena is paving a rectangular area of her backyard with stone slabs.  
The width of the area is 3.5 metres and she has budgeted $2000 
for the slabs. If the stone slabs cost $90 per square metre,  
what is the maximum length of the area she can pave? 

Key points

• The width of the area is 3.5 metres.

• The total cost is $2000.

• The stone slabs cost $90 per square metre.

• What is the maximum length of the rectangular area 
Lena can pave?

Explanation

Let  l  be the length of the area.

 Total cost = area × cost per square metre 

  2000 = l × 3.5 × 90 

  2000 = l × 315 

  l = 6.35 m 

Answer

Lena can pave a maximum length of 6.35 m.

12. Janine is a sheep farmer, and she knows she can shear 6 kg of wool 
per sheep. Usually,5kgofwooliswastedfromaflockofsheep 
because it is low quality and cannot be sold. How many sheep 
does Janine need if she wants to sell 350 kg of wool?

Key points

• Each sheep provides 6 kg of wool.

• 5kgofwooliswastedforeachflock of sheep.

• How many sheep are needed to produce 350 kg of wool?

Explanation

Let  n  be the number of sheep needed.

  6n − 5 = 350 

 6n − 5 + 5 = 350 + 5 

  6n ÷ 6 = 355 ÷ 6 

  n = 59.17 

  n ≈ 60 

Answer

Janine needs 60 sheep to sell 350 kg of wool.

13. Danielownsacarwashingbusiness.The cost of detergent and 
labour is $3 per car. The buckets, hoses, sponges and brushes 
cost $24 for a day’s work. IfDanielcharges$6percar, what is the 
minimumamountofcarstheyneedtocleantomakeaprofit?

Key points

• The cost of washing each car is $3.

• There is an additional cost of $24 per work day.

• Danielearns$6forwashing each car.

• How many cars need to be washed to makeaprofit?

Explanation

Let  n  be the number of cars washed.

Find the number of cars that need to be washed to make 
zeroprofit.

 6n − 3n − 24 = 0 

 3n − 24 + 24 = 0 + 24 

  3n ÷ 3 = 24 ÷ 3 

  n = 8 

Tomakeaprofit,atleast1morecarneedstobewashed.

Answer

Danielneedstocleanatleast9carstomakeaprofit.

Reasoning 

14. a. The expression for the time travelled by Car A is  t + 1 .

b. The expression for the distance travelled by Car A is   60 (  t + 1 )    

The expression for the distance travelled by Car B is  80t .

c. TheequationthatcanbesolvedtofindwhenCarBcatchesup
to Car A is   60 (  t + 1 )   = 80t  . 

d. It takes 3 hours for Car B to catch up to Car A. 

e. Suggested option 1: Taking two cars allows passengers to 
have more sitting room. 

Suggested option 2: Taking two cars would consume twice as 
much fuel.

Note: There are other possible options.

15. a.  v = 120km/h

b.  v = 30km/h

c. When the numerator is doubled, the result is doubled.  
When the denominator is doubled, the result is halved.

Extra spicy 

16.   g = −2 17. C 18. B 19. $6625

Remember this? 

20. C 21. A 22. C

6E Inequalities

Student practice
Worked example 1

a.
x

3 41 2 5

b.
x

3 4 62 5

c.
x

0−3 −2 −1 1 2 3−4−5

Worked example 2
a. 3𝑥 < 10 b. 𝑥 ≥ 155 c. 

Worked example 3
a. 𝑥 > 6 b. 𝑥 ≤ 7 c. 𝑥 < 3

40 ≤ 𝑥 ≤ 55
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Understanding worksheet

1. a. 
x

3 41 2 650

b.  
x

3 41 2 50

c.  
x

31 20−1−2−3

d.  
x

0−2−3−4 −1

2. a. Greater than or equal to b. Less than

c. Less than or equal to d. Greater than

3. symbols; inequality; number line; included

Fluency

4. a. 
x

3 41 2 50

b.  
x

3 41 2 50

c.  
x

3 41 2 50

d.  
x

3 4 62 5

e.  
x

3 4 7 85 6

f.  
x

52 3 4 6

g.  
x

−5−6−7 −4 −3

h.  
x

−5 −4 −1 0−3 −2

5. a. 
x

2 3 6 74 5

b.  
x

4 101 92 3 5 6 7 8

c.  
x

11 129 10 138

d.  
x

6 123 114 5 7 8 9 10

e.  
x

3 41 2 650

f.  
x

−1−4 −3 −2 0 1 2 3−5

g.  
x

−7 −1−10 −2−9 −8 −6 −5 −4 −3 0

h.  
x

−2 4−5 3−4 −3 −1 0 1 2 5

6. a. 𝑥 + 5 > 10 b. 𝑥 − 3 < 5

c. 𝑥 + 6 ≤ 11 d. 𝑥 < 14

e. 𝑥 > 27 f. 𝑥 ≤ 45

g. −10 ≤ 𝑥 ≤ 4 h. 28 < 𝑥 < 34

7. a. 𝑥 < 6 b. 𝑥 > 10 c. 𝑥 ≥ 3 d. 𝑥 ≥ 12

e. 𝑥 > 7 f. 𝑥 < 6 g. 𝑥 ≥ 4 h. 𝑥 ≤ 14

8. a. 𝑥 ≤ 8 b. 𝑥 > 90 c. 𝑥 > 9 d. 𝑥 ≥ 13

e. 𝑥 ≤ −1 f. 𝑥 < −1 g. 𝑥 <  3 _ 10  h. 𝑥 ≤ −2

9. C

Spot the mistake

10. a. Student B is incorrect. b. Student B is incorrect.

Problem solving

11. Ingrid buys a new set of airpods for less than $350. Write this as 
an inequality where the price of the airpods is represented as p.

Key points

• Ingrid buys a new set of airpods for less than $350.

• Write this as an inequality where the price of the airpods is 
represented as p.

Explanation

A closed circle is used to indicate that $350 is not included.

The arrow points to the left as the price of the airpod is less 
than $350.

p
20050 100 150 250 300 3500

Answer

p < 350

12. The price of a new electric scooter (s) is $2500 or more.  
Write this as an inequality.

Key points

• The price of a new electric scooter (s) is $2500 or more.

• Write this as an inequality.

Explanation

An open circle is used to indicate that $2500 is included.

The arrow points to the right as the price of the scooter is greater 
than $2500.
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s
2500

Answer

s ≥ 2500

13. Form an inequality in terms of s. Julia has saved $150. She went 
online and purchased four pairs of shoes and a dress. The dress 
cost $45. Each pair of shoes cost $s.

Key points

• Julia has saved $150.

• Julia purchased four pairs of shoes, each or which costs $s.

• Julia purchased a dress that cost $45.

• Form an inequality in terms of s.

Explanation

Costofshoes = pairsofshoesthatJuliahaspurchased × costof
each pair of shoes

 = 4 × s

 = $4s

Costofdress = $45

Totalcost = 4s + 45.Thetotalcostneedstobesmallerthanor
equal to the amount of money that Julia has saved.

4s + 45 ≤ 150

Answer

4s + 45 ≤ 150

14. Mike has $600 in a savings account at the beginning of Winter.  
He wants to have at least $900 in the account by the end of Winter. 
He adds $30 each week. Solve and calculate how many weeks Mike 
is expected to add $30 into his account in order to reach his goal.

Key points

• Mike has $600 in a savings account at the beginning of Winter.

• He wants to have at least $900 in the account by the end 
of Winter.

• He adds $30 each week.

• Solve and calculate how many weeks Mike is expected to add 
$30 into his account in order to reach his goal.

Explanation

LetthenumberofweeksMikeneedstosavebe𝑥.

 600 + 30𝑥 ≥ 900

600 + 30𝑥 − 600 ≥ 900 − 600

 30𝑥 ≥ 300

 30𝑥 ÷ 30 ≥ 300 ÷ 30

 𝑥 ≥ 10

Answer

Mike is expected to add $30 for at least 10 weeks in order to 
reach his goal.

15. DylanandBrittanyaretwins.ItisknownthatDylanisbetween
17 and 22, inclusive and Brittany is between 19 and 24, exclusive. 
Generate two inequalities on the same number line, for both 
DylanandBrittanytoevaluatewhattherangeoftheirageis.

Key points

• ItisknownthatDylanisbetween17and 22, inclusive.

• Brittany is between 19 and 24, exclusive.

• Generate two inequalities on the same number line, for both 
DylanandBrittanytoevaluatewhattherangeoftheir age is.

Explanation

Dylan’sageisbetween17to22,inclusive.Brittany’sageis
between19to24,exclusive.LetDylanandBrittany’sagebe
represented as a.

a
18 2415 2316 17 19 20 21 22 25

17  a  22

19 < a < 24

Dylan

Brittany
<<

Answer

TherangeofDylanandBrittany’sageisgreaterthan19andless
than or equal to 22.

Reasoning

16. a. 2.50 + 1.50k ≤ 500

b. 3.00 + k ≤ 500

c. Jessica can travel 331 km with Uber without exceeding  
her budget.

d. Jessica can expect to travel 166 more km using Yellow Taxi 
compared to Uber.

e. Suggested option 1: Jessica can ride a bike during her holiday.

Suggested option 2: Jessica could go jogging during 
her holiday.

Note: There are other possible options.

17. a. −2 < 𝑥 ≤ 2 b. −2 ≤ 𝑥 ≤ 2

c. Similarity: In both parts a and part b,𝑥 is inclusive of 2.  
Inbothparts,𝑥 is 'less than or equal to' 2.

Difference:Inparta,𝑥 is not inclusive of −2, while in part b it is. 
This is because in part a,𝑥 is 'greater than' −2 while in part b, 
𝑥 is 'greater than or equal to' −2.

Extra spicy

18. 𝑥 > 4 19. D

20. 𝑥 = 7, 11 or 13 21. C

Remember this? 

22. E 23. C 24. E

Chapter 6 extended application

1. a. 𝑥 + 2𝑦 = 850 

b. The value of one console is $692.

c. The value of Bundle 1 is $771.

d. The value of the game in Bundle 3 is $78.95.

e. The amount of money saved by buying the bundle instead of 
each included item individually is $69.05.

f. Suggested option 1: Businesses can mass-produce products 
so it lowers the production of cost for each product.

Suggested option 2: Businesses can offer discounts and sell 
substantiallymoreproductstoincreasetheirprofit.

Note: There are other possible options.

2. a. Michael’sspeedis10km/h.

b. Wayne lives 3 km from the skate park.

c. It takes Wayne 20 minutes to get to the skatepark from  
his house.
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Chapter 6 review

Multiple choice

1. B 2. A 3. B 4. A 5. D

Fluency

6. a. 𝑥 = 8 b. 𝑥 = 1 c. 𝑥 = 10 d. 𝑥 = 10 

7. a. 𝑥 = 5 b. 𝑦 = 2 c.  k = 25 d. 𝑥 = 1 

8. a.  u = 17 b. 𝑥 = 6 c.  a = 0 d.  b = 1 

9. a.  k = 3 b.  j = 4 c. 𝑥 = 6 d.  z = 2 

10. a.  a = 7 b.  b = 3 c.  c = 2 d.  d = 1 

11. a. i. Let𝑥 be the price for each pencil.

ii.  4𝑥 = 12 

iii.      𝑥 = 3 

iv. Each pencil costs $3.

b. i. Let a be the amount of money CJ gets paid each week.

ii.    1 __ 3  a = 120 

iii.  a = 360 

iv. The amount of money CJ got paid each week is $360.

c. i  Let h be the number of hours Madison has been  
drawing for.

ii.  h + h + 3 = 8 

iii.  h = 2.5

iv. Madison has been drawing for 2.5 hours.

d. i Let t be the number of tests Clement scored 40 marks in.

ii.  40t + 2 × 45 = 210 

iii.  t = 3

iv. Clement scored 40 marks in 3 tests.

12. a. 
x

3 41 2 50

b.  
x

3 41 20

c.  
x

3 41 20−1

d.  
x

−7 −1−2−8 −6 −5 −4 −3

13. a. 𝑥 > 9    b. 𝑥 ≥ 6 c. 𝑥 > 50 d. 𝑥 ≥ 3 

Problem solving

14. Mandyspends$200on𝑥 books. Each book costs $16.  
Write an equation to describe this situation.

Key points

• Mandy spends $200 on𝑥 books.

• Each book costs $16.

• Write an equation to describe this situation.

Explanation

Totalcostof𝑥 books = costof1book × 𝑥

 200 = 16𝑥

Answer

TheequationtodescribeMandy'ssituationis200 = 16𝑥.

15. Damienboughtsomecupcakesfromalocalbakerytosharewithhis 
𝑥 students. Every student receives three cupcakes. Damienfound
that there were six leftover cupcakes. If there are 30 cupcakes  
intotal,howmanystudentsdoesDamienhave?

Key points

• Damienboughtsomecupcakesfromalocalbakerytoshare
withhis𝑥 students.

• Every student receives three cupcakes.

• Damienfoundthatthereweresixleftover cupcakes.

• If there are 30 cupcakes in total, how many students does 
Damien have?

Explanation

Numberofcupcakeseachstudentgets × numberof
students + numberofleftovers = totalnumberofcupcakes

3𝑥 = 24

𝑥 = 8

3𝑥 + 6 = 30
−6 −6

÷3÷3

Answer

Damienhas8students.

d. It takes Wayne 33 minutes to skate to Michael’s house 
without making any stops.

e. Wayne has to leave 2 minutes early in order to meet Michael 
on time.

f. Suggested option 1: The local government can ensure there 
are regular cleaners to clean up skateparks.

Suggested option 2: The skaters should make sure that they 
leave the communal skate park in a reasonably tidy manner.

Note: There are other possible options.

3. a. 𝑥 + 𝑦 + 5 = 20 

b.  3𝑥 + 0.5𝑦 + 5 × 2 = 20 

c. $10 of the total amount paid can be attributed to adults  
and children.

d. 𝑥 ≤ 3 

e. There is one adult and 14 children in the group.

f. Suggested option 1: Tickets for children are cheaper because 
this event is a school fair.

Suggested option 2: Tickets for children and senior citizens 
are cheaper because they do not have an income.

Note: There are other possible options.
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16. Danieldid2tpush-upsononeday,andonthenextdayDanieldid
four push-ups. Tasha did t push-ups each day for 4 days. Overall, 
DanielandTashadidthesamenumberofpush-ups. How many 
push-ups does t represent?

Key points

• Danieldid2tpush-upsononeday,andonthenextdayDaniel
did four push-ups.

• Tasha did t push-ups each day for 4 days.

• Overall,DanielandTashadidthesamenumberof push-ups.

• How many push-ups does t represent?

Explanation

Totalnumberofpush-upsDanieldid = totalnumberofpush-ups
that Tasha did

4 = 2t

2 = t

2t + 4 = 4t
−2t−2t

÷2÷2

Answer

t represents 2 push-ups.

17. Davidspent$33dollarsintotaltoprepareforhisparty.  
He purchases a $25 jumbo pack of lollies, then purchases mesh 
bags to divide up the lollies so that each of his guests gets one 
mesh bag. The cost for each mesh bag is 50 cents. How many 
guests are there at the party?

Key points

• Davidspent$33dollarsintotaltoprepareforhis party.

• He purchases a $25 jumbo pack of lollies, then purchases mesh 
bags to divide up the lollies so that each of his guests gets 
one mesh bag.

• The cost for each mesh bag is 50 cents.

• How many guests are there at the party?

Explanation

Let g be the number of guests at the party.

Priceofjumbopack + (priceofeachmeshbag × numberof
guests) = totalcost

0.5g = 8

g = 16

25 + 0.5g = 33
−25−25

÷0.5÷0.5

Answer

There are 16 guests at the party.

18. Vutha and Jayden are stacking lego blocks. It is known that 
Jayden has between 90 and 95 lego blocks, inclusive, and Vutha 
has between 87 and 93 lego blocks, exclusive. Generate two 
inequalities on the same number line, for both Vutha and Jayden 
to evaluate what the range of their number of lego blocks are.

Key points

• Vutha and Jayden are stacking lego blocks. It is known that 
Jayden has between 90 and 95 lego blocks, inclusive.

• Vutha has between 87 and 93 lego blocks, exclusive.

• Generate two inequalities on the same number line, for both 
Vutha and Jayden to evaluate what the range of their number  
of lego blocks are.

Explanation

Jayden’s range of lego blocks is  90 ≤ 𝑥 ≤ 95 .

Vutha’s range of lego blocks is  87 < 𝑥 < 93 .

x
9387 89 91 95 97 9985

Vutha
Jayden

Smallest,
exclusive

Biggest,
inclusive

Therefore, the range of their number of lego blocks are  
87 < 𝑥 ≤ 95 .

Answer

The range of their number of lego blocks are  87 < 𝑥 ≤ 95 .

Reasoning

19. a. TheequationforJames'proposalwillbe3j + 2j = 300.

b.  j = 60.Thefirstprizewinnerreceives$180under 
James’ proposal.

c. TheequationforBethany'sproposalwillbe
2b + b = 300 − b .

d.  b = 75 . Bethany proposes to spend $75 on advertising.

e.  

350 400 450300

f. Suggested option 1: James’ proposal is better because more 
prize money would attract more students to participate in  
the fete.

Suggested option 2: Bethany’s proposal is better because the 
advertising poster would attract more students to participate 
in the fete.

Note: There are other possible options.

20. a. 𝑦 < 3

y
3 41 2 50

b.  𝑦 > 19

y
21 2219 20 242318

c.  Both inequalities cannot be true at the same time because 
there is no overlap between the two number lines.

y
5 10 150 3 19 20
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7A Angles and parallel lines

Student practice
Worked example 1
a.  a° = 65°asa°and25°arecomplementaryangles,b° = 270°asa°,

b°and25°formafullrevolution.

b.  q° = 35° asq°and35°areverticallyoppositeangles,p° = 145°
asp°andq°aresupplementaryangles.

Worked example 2
a.  a° = 48°asa°and48°arealternateangles.

b.  a° = 56° asa°and56°arecorrespondingangles,b° = 124°asb°  
anda°aresupplementaryangles.

Worked example 3
a.  a° = 55°asa°and55°arealternateangles,b° = 125°asb°anda°  

areco-interiorangles.

b.  a° = 65°asa°and65°arealternateangles,b° = 45°asa°,b°and
70°aresupplementaryangles.

Understanding worksheet

1. a. Verticallyopposite b. Supplementary

c. Complementary d. Verticallyopposite

2. a. Alternate b. Corresponding

c. Co-interior d. Alternate,corresponding

3. complementary;supplementary;alternate;co-interior

Fluency

4. a.  a° = 70°asa°and20°arecomplementaryangles.

b.  a° = 28°asa°and62°arecomplementaryangles.

c.  p° = 72°asp°and18°arecomplementaryangles.

d.  a° = 45°asa°,25°and20° arecomplementaryangles.

e.  b° = 47°asb°and43°arecomplementaryangles, 
 a° = 270° asa°and90°formafullrevolution.

f.  a° = 57°asa°and33°arecomplementaryangles.

g.  a° = 65°asa°and25°arecomplementaryangles.

h.  a° = 51°asa°,90°and39°aresupplementaryangles.

5. a.  a° = 120°asa°and60°aresupplementaryangles.

b.  b° = 144°asb°and36°aresupplementaryangles.

c.  a° = 50°asa°and50°areverticallyoppositeangles.

d.  a° = 102°asa°,22°and56°aresupplementaryangles.

e.  a° = 25°asa°,a°and130°aresupplementaryangles.

f.  a° = 85°asa°,21°and74°aresupplementaryangles.

g.  a° = 45°asa°and45°areverticallyoppositeangles,
b° = 105°as30°,45°andb°aresupplementaryangles.

h.  a° = 110°asa°and70°aresupplementaryangles, 
 b° = 85°asb°,70°and25°aresupplementaryangles.

6. a.  a° = 59°asa°and59°arecorrespondingangles.

b.  a° = 67°asa°and67°arecorrespondingangles,b° = 67°as
b°and67°arealternateangles.

c.  a° = 127°asa°and127°arecorrespondingangles, 
 b° = 53°asa°andb°aresupplementaryangles.

d.  a° = 40°asa°and40°arealternateangles.

e.  a° = 122°asa°and58°areco-interiorangles.

f.  a° = 59°asa°and59°arealternateangles.

g.  a° = 70°asa°and110°areco-interiorangles.

h.  a° = 67°asa°and113°aresupplementaryangles.

7. a.   a° = 110°asa°and70°areco-interiorangles,b° = 110°as
a°andb°arecorrespondingangles.

b.  a° = 50°asa°and50°arealternateangles,b° = 50°asa°,b°  
and80°aresupplementaryangles.

c. a° = 85°asa°and85°arecorrespondingangles,b° = 95°
asb°anda°aresupplementaryangles,c° = 95°asc°and
b°arecorrespondingangles,d° = 85°asd°andc°are
supplementaryangles.

d.  b° = 119°asb°and61°areco-interiorangles,a° = 61°asa°  
andb°areco-interiorangles.

e.  a° = 55°asa°and55°arecorrespondingangles,b° = 74°as
b°and74°arealternateangles.

f.  a° = 64°asa°and64°arealternateangles,b° = 47°asb°  
and47°arealternateangles.c° = 69°asa°,b°andc°are
supplementaryangles.

g.  a° = 113°asa°and113°arealternateangles,b° = 45°as
b°and45°arealternateangles.c° = 22°asa°,b°andc°are
supplementaryangles.  

h.  a° = 72°asa°,59°and49°sumto180°astheyare
supplementaryangles.

8. A

Spot the mistake

9. a. StudentBisincorrect. b. StudentAisincorrect.

Problem solving

10. NadiaandLenawantedtoinserttheirtentpegsatanangleof40°
totheground. Whatanglecouldtheymeasureabovetheground
toensuretheyhadplacedthemcorrectly?

Key points

• NadiaandLenawantedtoinserttheirtentpegsatanangleof
40°totheground.

• Whatanglecouldtheymeasureabovethegroundtoensure
theyhadplacedthemcorrectly?

Explanation

Lookingatthepegline,a°and40°aresupplementary, 
thereforetheysumto180°.

 a° + 40° = 180°

 a° = 140°

Answer

Theycouldmeasurea140°angleabovethegroundtoensurethey
hadplacedthemcorrectly.

11. Kathyisrenovatingherhouseandneedstoplaceawedgeinthe
doortokeepitinplace. Whatangle( a )shouldshecutthebottom
ofherdoorsothewedgefitsperfectly.

Key points

• Kathyhasawedgetojamherdoorintoplace.

• Whatangleshouldshecutthebottomofherdoorsothewedge
fitsinperfectly.
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Explanation

Lookingatthevisual,a° and40°arecomplementary,therefore
theysumto90°.

 a° + 40° = 90°

  a° = 50°

Answer

Sheshouldcutthebottomofherdoorata50°anglesothewedge
fitsinperfectly.

12. MrMorrowbuiltatwo-turntrackforBMXsprintracingasalunch
timeactivity. Hewantedoneeasyturnandonesharpturn. Ifthe
startandfinishstraightswereparalleltoeachother,andtheeasy
turnwas148°, whatwastheangleofthesharpturn?

Key points

• MrMorrowbuiltatwo-turntrackforBMXsprintracingasa
lunchtimeactivity.

• Hewantedoneeasyturnandonesharpturn.

• Ifthestartandfinishstraightswereparalleltoeachother, 
andtheeasyturnwas148°.

• Whatwastheangleofthesharpturn?

Explanation

 a°and148°areco-interior,thereforetheysumto180°.

 a° + 148° = 180°

  a° = 32°

Answer

Theangleofthesharpturnis32°.

13. AnancienttridentofNeptunehadparallelprongs. Iftheoutside
anglewasmeasuredat215° whatisthemeasurementofangle a ?

Key points

• AnancienttridentofNeptunehadparallelprongs.

• Iftheoutsideanglewasmeasuredat215°.

• Whatisthemeasurementofangle a ?

Explanation

 b°and215°formafullrevolution,thereforetheysumto360°.

 b° + 215° = 360°

  b° = 145°

a°
b°

215°

 a°andb°areco-interior,thereforetheysumto180°.

 a° + 145° = 180°

  a° = 35°

Answer

Themeasurementoftheanglea°is35°.

14. Tonyhadeightfriendsvisitforhisbirthday. Hedecidedtocutthe
cakeintonineequalslices. Whatangleiseachslice?

Key points

• Tonyhadeightfriendsvisitforhisbirthday.

• Hedecidedtocutthecakeintonineequalslices.

• Whatangleshouldhemeasureforeachslice?

Explanation

Afullrevolutionisequalto360°.Tonywillneedtodividethe 
cakeninetimesintonineequalslices.Sotheangleforeachslice 
is360° ÷ 9 = 40°.

Answer

40°angleforeachslice.

Reasoning

15. a. a° = 52°asa°and128° areco-interiorangles.

b.  b° = 32°asb°,a°and96°aresupplementaryangles.

c.  c° = 148°asc°and32°areco-interiorangles.

d.  d° = 70°.

e. Suggestedoption1:Weinteractwithnetworkwiring 
atschool.

Suggestedoption2:Weinteractwiththeelectoral
gridnetwork.

Note:Thereareotherpossibleoptions.

16. a.   a°anda°arealternateangles,thereforetheyareequal.b°and
b°arealternateangles,thereforetheyareequal.

b.  a° + b° + c° = 180°asa°,b°andc°aresupplementaryangles.

c. Fromparta,twotransversalscrossapairofparallellines,
resultingintwopairsofequalalternateangles,a° = a°and
b° = b°.

Frompartb,a°,b°andc°aresupplementaryanglesand
sumto180°.

Thetwotransversalscrossinganyparallellineswillform
alternateanglesa° = a°andb° = b°.

Giventhata° + b° + c° = 180°,wecanprovethatfor 
alltriangles,thesumofthreeinternalanglesis180°.

Extra spicy

17. B 18.  a° = 24° 19.  a° = 101° 20. D

Remember this?

21. D 22. D 23. B

7B Triangles and quadrilaterals

Student practice
Worked example 1
a.  a° = 78° b.  a° = 46°

Worked example 2
a.  a° = 127° b.  a° = 38°

Worked example 3
a.  a° = 112°

b.  a° = 58°,b° = 122°

Worked example 4
a.  a = 18mm b.  a = 10m
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Understanding worksheet

1. a. Scalene,right b. Equilateral,acute

c. Isosceles,acute d. Isosceles,obtuse

2. a. Quadrilateral,trapezium

b. Quadrilateral,kite

c. Quadrilateral

d. Quadrilateral,parallelogram,rectangle

3. sidelengths;internalangles;rhombuses;parallelogram

Fluency

4. a.  a° = 52° b.  a° = 65°

c.  a° = 38° d.  a° = 92°

e.  a° = 36° f.  a° = 61°

g.  a° = 45° h.  a° = 36°

5. a.  a° = 98° b.  a° = 52°

c.  a° = 125° d.  a° = 66°

e.  a° = 20° f.  a° = 135°

g.  a° = 113° h.  a° = 20°

6. a.  a° = 114° b.  a° = 126°

c.  a° = 115° d.  a° = 97°

e.  a° = 68° f.  a° = 32°

g.  a° = 100° h.  a° = 68°

7. a.  a° = 123° b.  a° = 76°

c.  a° = 144° d.  a° = 42°

e.  a° = 127° f.  a° = 67°

g.  a° = 123° h.  a° = 99°

8. a.  w = 10cm b.  h = 12cm

c. 𝑥 = 34 mm d.  b = 8mm

e.  a = 17m,b = 17m f.  d = 11m

g.  h = 3.8km h.  a° = 108°,w = 11cm

9. B

Spot the mistake

10. a. StudentAisincorrect. b. StudentAisincorrect.

Problem solving

11. Nillahleanedaladderupagainstawall.Iftheladderwasleaningat
anangleof 35° totheground, whatanglewoulditmakeatthewall?

Key points

• Nillahleanedaladderupagainstawall.

• Theladderwasleaningatanangleof 35° totheground.

• Whatanglewoulditmakeatthewall?

Explanation

Theladderleaningagainstthewallcanberepresentedasa 
right-angledtriangle:

a°

35°

Wall Ladder

Astheladderisperpendiculartotheground,wecanfindtheangle
a°itwouldmakeatthewallas:a° = 180° − 35° − 90° = 55°.

Answer

Theladderwouldmakea55°angleatthewall.

12. DylanandAndrewareracingontheparallelogramtrack.  
Dylanstartsfromthestartingpoint,travelsupandthenacross. 
Andrewstartsfromthestartingpoint,travelsacrossandthenup. 
Whotravelsthefurthest?

Key points

• DylanandAndrewareracingontheparallelogramtrack.

• Dylanstartsfromthestartingpoint,travelsupandthenacross.

• Andrewstartsfromthestartingpoint,travelsacrossandthenup.

• Whotravelsthefurthest?

Explanation

Asthetrackisaparallelogram,bothpairsofoppositesidesare
equalinlength.Therefore,travelling‘up’oneithersideofthe
trackwouldbethesamedistance,andtraveling‘across’oneither
sidewouldbethesame.AsbothDylanandAndrewtravelupand
acrossonceeach,theyeffectivelytravelthesamedistance.

Answer

DylanandAndrewtravelthesamedistance.

13. Phillipaismakingkitesforherfriends. Sheisusingfibreglass
sticksasstructuralsupport. Whatangledoessheneedtoensure
theyjoinat?

Key points

• Phillipaismakingkitesforherfriends.

• Sheisusingfibreglasssticksasstructuralsupport.

• Whatangledoessheneedtoensuretheyjoinat?

Explanation

Asthediagonalsofakiteareperpendicular,Phillipaneedsto
ensurethatshejoinsthefibreglasssticksatanangleof90°,
otherwisetheshapewillnotbeakite.

Answer

Phillipaneedstomakesurethesticksjoinata90°angle.

14. DorianandRajaaredecidingwhatshapetoframetheir 
businesslogo. Dorianwantstheframetohavefourequal 
sidelengths. Rajawantsthepairsofoppositeinterioranglesof
theframetobeequal. Whatshapecansatisfybothofthem?

Key points

• DorianandRajaaredecidingwhatshapetoframetheir
businesslogowith.

• Dorianwantsfourequalsidelenghts.

• Rajawantstwopairsofequaloppositeinteriorangles.

• Whatshapecansatisfybothofthem?

Explanation

Arhombushasfoursidesthatareequalinlength,andwould
thereforesatisfyDorian’sconditions.Italsohastwoseparate
equalpairsofoppositeinteriorangles,andwouldtherefore
satisfyRaja’sconditions.

Answer

Arhombuswouldsatisfybothofthem.
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15. Sameeraisbuildingatriangularframeforivytogrowalong
herwall. Shehastwobeamsthatarethreemetreslong. Shehas
placedoneatanangleof 50° totheground. Whatangletothe
groundshouldSameerasettheotherbeamattomeetthecurrent
beamatthetip?

Key points

• Sameeraisbuildingatriangularframeforivytogrow
alongherwall.

• Shehastwobeamsthatarethreemetreslong.

• Shehasplacedoneatanangleof 50° totheground.

• WhatangletothegroundshouldSameerasettheotherbeamat
tomeetthecurrentbeamatthetip?

Explanation

Thetwobeamsoftheframeareboththreemetres,whichmakes
thetriangularframeisosceles.Asitisisosceles,thetwobottom
anglesofthetrianglewouldthereforebeequal.Sameerawould
havetoplacetheotherbeamata50°angleinorderforthemto
joinattheend.

Answer

Sameerahastoplacetheotherbeamata50°angle.

Reasoning

16. a.  a° = 72°.

b. b° = 54°.

c. c° = 72°.

d. d° = 126°.

e. Suggestedoption1:Cindycoulduseplantsthatrequire 
lesswater.

Suggestedoption2:Cindycouldlookforalternativesources
ofwatersuchasgreywaterrecyclingorcapturingrainwater.

Note:Thereareotherpossibleoptions.

17. a.  a° + b°equals180°.

b.  b° + c°equals180°.

c. Asa° + b°equals180°andb° + c°alsoequals180°, 
thisimpliesthata° = c°astheyareinterchangeablein 
bothequations.Thesametechniquecanberepeatedwithall
pairsofoppositeanglesusingtheanglethatisadjacentto
themboth.

Extra spicy

18. D 19. C 20.  a° = 129° 21.  a° = 43°

Remember this?

22. D 23. E 24. C

7C  Transformations on the  
Cartesian plane

Student practice
Worked example 1
a. 

b.   B′ =  (  2,−2 )    

Worked example 2
a. 

b. 

Worked example 3
a. 

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5 6

y

x
−2

A’ B’

C’

A B

C

1

2

3

1
−1

−1

−2

−3

−4

−3−4

4

2 3 4

y

x
−2

A B

C

C’

A’ B’

1

2

3

1
−1

−1

−2

−3

−4

−3−4

4

2 3 4

y

x
−2

x = −1

A’

B’

B

CP

A

A’

B’ C’
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b. 

Understanding worksheet

1. a. b. (3,−2) c. (2,5) d. (3,−6)

2. a. Translation b. Reflectionin𝑥–axis

c. Reflectionin𝑦–axis d. Rotationaboutorigin

3. translation;reflection;rotation;vector

Fluency

4. a. 

1

2

3

1
−1

−1

4

5

2 3 4

y

x
A

C

D

B
D’

C’

A’

B’

b.  

1

2

3

1
−1

−1

4

5

2 3 4

y

x
−2

A

CD

B A’

C’D’

B’

c.  

1

2

3

1−1
−1

−2

−3−4

4

2

y

x
−2

A

CD
B

A’

D’
B’

C’

d.  

1

2

3

1−1
−1

−2

−3−4

4

2

y

x
−2

A

D

B

C

B’

A’

C’
D’

B

C

P
A

A’B’

C’

(−3,−2)

5. a.   A′ =  (  3,5 )    b.   B′ =  (  6,5 )    

c.   C′ =  (  6,5 )    d.   D′ =  (  −6,4 )    

e.   E′ =  (  −4,9 )    f.   F′ =  (  −38,−3 )    

g.   G′ =  (  15,−37 )    h.   H′ =  (  21,−18 )    

6. a. 

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2

A

B

C

A’

B’

C’

b.  

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2

A

B

CA’

B’

C’

c.  

1

2

3

1
−1

−1

−2

−3

−4

−5

−6

−3−4−5−6

4

5

6

2 3 4 5 6

y

x
−2

A

B

C

D

x = 2

A’

B’

D’

x = 2

C’
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d.  

1

2

3

1
−1

−1

2

−3

−4

−5

−6

−7

−3−4−5−6

4

5

2 3 4 5 6

y

x
−2

A

B

C

D
y = −2

D’

A’

B’

7. a. 

B

C

C’
B’

A’ P

A

b.  B

B’

C

C’

P

A

A’

c.  

P A’

B’

C’

A B

C

d.  

A’

B

D

D’

C

A

B’

8. E

Spot the mistake

9. a. StudentBisincorrect. b. StudentBisincorrect.

Problem solving

10. Matthewisstudyinggraphicdesign.Hemakesadesignby
reflectingtriangleABCoverthemirrorline. Whatshapehas
Matthewmade?

Key points

• MatthewmakesadesignbyreflectingtriangleABC overthe
mirrorline.

• WhatshapehasMatthewmade?

Explanation

ReflectpointsA,Band Cinthe𝑥–axis.

Connecttheimageofthereflectedpointstocreatethe
reflectedtriangle.

A A’

B B’

C’C

Answer

ThedesignthatMatthewmadeisintheshapeofakite.

11. Gridtown’smajordeliverycompanyiscalledVectorsandRogers.
Driversaregivenvectorstodescribethejourneyfromonestopto
thenext. Adriverleavesthedepotwiththeinstructions: 
   (  3,5 )  ,  (  −2,−2 )    and   (  1,3 )    . Whatisthedeliveryvectorthatgoes
directlyfromthedepottothefinaldelivery

Key points

• Driversaregivenvectorstodescribethejourneyfromonestop
tothenext.

• Adriverleavesthedepotwiththeinstructions:   (  3,5 )  , 
 (  −2,−2 )     and   (  1,3 )    .

• Whatisthedeliveryvectorthatgoesdirectlyfromthedepotto
thefinaldelivery?

Explanation

Togodirectlyfromthedepottothefinaldelivery,thedriver
couldmove2unitstotherightand6unitsup.Thevectorwould
thereforebe  (  2,6 )  .  

Answer

Thedeliveryvectorthatgoesdirectlyfromthedepottothefinal
deliveryis  (  2,6 )   .

12. LarryandhisfriendBuzzareplayingLaserTag.Buzzishiding
behindawall.Larrythinkshecantaghisfriendbuzzbyreflecting
alaseroffthemirrorlabeledinthediagrambelow. IfTrepresents
Larry’saimthroughthemirror, willLarrybeabletotagBuzz?

Key points

• Buzzishidingbehindawall.Larrythinkshecantaghis
friendbuzzbyreflectingalaseroffthemirrorlabeledinthe
diagrambelow.

• IfTrepresentsLarry’saimthroughthemirror.

• WillLarrybeabletotagBuzz?

Explanation

DrawthereflectionofLarry’slineoverthemirrorline.Thisline
doesnottouchBuzz,thereforeLarryisunabletotagBuzz.
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T

T’

Mirror

LarryBuzz

Answer

LarrywillnotbeabletotagBuzz.

13. ThepointsAandBare4mapart.Ifbothpointsarerotated 90°  
aroundpointC, howfarapartaretheirimagesA’andB’?

Key points

• ThepointsAandBare4mapart.

• Bothpointsarerotated 90° aroundpointC.

• HowfarapartaretheirimagesA’andB’?

Explanation

Rotatingbothpoints AandBbythesamedegreewillnotchange
thedistancesbetweenthepoints.ThereforetheimagesA’ andB’ 
arestill4mapart.

4 m

B’

A’

A

C

B4 m

Answer

TheimagesA’andB’ are4mapart.

14. NamethetransformationsfromFig1toFig2toFig3toFig4that
PatrickusedtocreatethefollowingpatternsothatKysaiacan
replicateit.

Key points

• NamethetransformationsfromFig1toFig2toFig3toFig4.

Explanation

TogofromFig1toFig2,werotatethetriangleABC  90°  
anticlockwiseabouttheorigin.

TogofromFig2toFig3,wereflectthetriangleA’B’C’in
the𝑥–axis.

TogofromFig3toFig4,werotatethetriangleA’’B’’C’’  90°  
anticlockwiseabouttheorigin.

Answer

Fig1toFig2isarotation90°anticlockwiseabouttheorigin.

Fig2toFig3isareflectioninthe𝑥–axis.

Fig3toFig4isarotation90°anticlockwiseabouttheorigin.

Reasoning

15. a. 

1

2

3

−1−1−3−4−5−6−7−8

4

5

6

7

8

y

9

−9 −2

C2

R2

b.  

1

2

3

111

4

5

6

7

8

2 3 4 5 6 7 8

y

9

9

R1

C1

c.  

1

2

3

1−1−1

−2

−7

−8

−3−4−5−6−7−8

4

5

6

7

8

2 3 4 5 6 7 8

y

x

−9

9

9−9 −2

R3 R4

R1

C1C2

C3 C4

R2

−3

−6

−5

−4

d. Suggestedoption1:Yes,alteringthelayoutofalearningspace
helpsstudentsbemoreengagedwiththeirlessonsbecause
theycancollaboratewithdifferentclassmates.

Suggestedoption2:No,alteringthelayoutofalearningspace
doesnothelpstudentsbemoreengagedwiththeirlessons
becausetheycanbedistractedbynewclassmates.

Note:Thereareotherpossibleoptions.
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16. a. 

1

2

3

1−1−1

−2

−3

−4

−5

−6

−7

−8

−3−4−5−6−7−8

4

5

6

7

8

2 3 4 5 6 7 8

y

x
−2

D
C

A

A’

C’

B’

D’

0

B

b.  

1

2

3

1−1−1

−2

−3

−4

−5

−6

−7

−8

−3−4−5−6−7−8

4

5

6

7

8

2 3 4 5 6 7 8

y

x
−2

D
C

A

A’

C’

B’

D’

0

B

c. Arotationof  (  𝑥,𝑦 )   anticlockwise180°willhavecoordinates 
   (  −𝑥,−𝑦 )   .

Extra spicy

17. B 18. 11 19. (−2,−4) 20. B

Remember this?

21. C 22. C 23. B

7D Congruent 2D shapes

Student practice
Worked example 1
a.  ̄  CB  b.  D 

Worked example 2
a. 1 b. 5 c. 97°

Understanding worksheet

1. a. 

b.  

c.  

d.  

2. a. 2 b. 2 c. 2 d. 1

3. congruent;equal;reflected;isometric

Fluency

4. a.  ̄  AC  b.  W 

c.  ̄  AD  d.  Q 

e.  Q f.  B 

g.  ̄  TS and ̄  VU  h.  G 

5. a. 3 b.  60° c. 3 d. 2

e.  66° f. 72° g. 5 h.  63° 

6. a. 4.1 b.  114° c. 5 d.  56° 

7. a. 20 b. 7.5 c. 16 d.  115° 

e.  115° f.  46° 

8. A

Spot the mistake

9. a. StudentAisincorrect. b. StudentAisincorrect.

Problem solving

10. Euclidtownwasplannedwithstreetscreatingcongruentshapes
alongsideeachother. Wecanseeapairofcongruentshapesin 
thediagram. WhatisthedistancefromtheplaygroundtoCentral
stationifthedistancefromthecinematoCentralstationis125m?

Key points

• Euclidtownwasplannedwithstreetscreatingcongruentshapes.

• Thepairofshapesinthediagramarecongruent.

• WhatisthedistancefromtheplaygroundtoCentralstationif
thedistancefromthecinematocentralstationis125m?

Explanation

Comparethelengthsandtheanglesatthevertices.

ThecinematoCentralstationisthelongestsideontherighthand
sideofthefigureandtheplaygroundisthelongestsideontheleft
handsideofthefigure.

Solve.

PlaygroundtoCentralstation = cinematoCentralstation

PlaygroundtoCentralstation = 125m

Answer

ThedistancefromtheplaygroundtoCentralstationis125m.
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11. Dakotaisweldingmetalpiecestogetherfollowingthedesign
inthediagram. Shehascuta20cmpieceanda30cmpieceas
showninthediagram. Whatangledoessheneedtojointhemat?

Key points

• Sheisfollowingthediagram.

• Shehascuta20cmpieceanda30cmpieceasshownin
thediagram.

• Whatangledoessheneedtojointhemat?

Explanation

Comparethelengthsandtheanglesatthevertices.

Inthediagramtheanglebetweenthe20cmsideandthe30cm
sideis130°,forDakota’sdesigntobecongruentwiththediagram
shemusthavethesameangle.

Answer

Dakotaneedstojointhemetalpiecesata130°angle.

12. Gabrieldecidedtopaintamuralonthewallofhissolarpanelshop.
Thedesignwasaparallelogramthathasaheightof1mandwidth
of0.5m rotatedrepeatedly 36° . Usetherulefortheareaofa
parallelogram,base  ×  height,todeterminethetotalareaGabriel
willneedtopaint.

Key points

• Thedesignwasaparallelogramthathasaheightof1mand
widthof0.5m.

• Eachparallelogramisrotatedrepeatedlyby  36° .

• Theareaofaparallelogramisbase  ×  height.

• DeterminethetotalareaGabrielwillneedtopaint.

Explanation

Findtheareaofoneparallelogram.

Area = base × height

  = 0.5 × 1 

  = 0.5  m   2  

Findthetotalarea.

Totalarea = areaofoneparallelogram × numberofparallelograms

  = 0.5 × 10 

  = 5  m   2  

Answer

ThetotalareaGabrielneedstopaintis5  m   2 .

13. Noahbuiltasquareboxframewith4congruenttrapeziums. Ifthe
areaoftheboxincludingtheframewas3cm2squared andthe
areainsidetheframewas2.8cmsquared. Whatwastheareaof
onetrapezium?

Key points

• Noahbuiltasquareboxframewith4congruenttrapeziums.

• Theareaoftheboxincludingtheframewas3cmsquared.

• Theareainsidetheframewas2.8cmsquared.

• Whatwastheareaofonetrapezium?

Explanation

Determinetheareaofthetrapeziums.

Areaoftrapeziums = totalarea − areainsideframe

   =  3   2  −  2.8   2  

  = 9 − 7.84 

   = 1.16 

Congruentfigureshavecorrespondinggeometricproperties, 
soeachtrapeziumwillhavethesamearea.

Areaofonetrapezium =  
area of all trapeziums

  __________________________ 4    

  =  1.16 ______ 4    

  = 0.29cm2

Answer

Theareaofonetrapeziumis0.29cm2.

14. Tranwantstomowashapeinthebackrightcornerofthelawnto
mirrortheshapeTrevorcutinthebackleftcorner. Tranmeasured
3malongthebackfenceandbeganmowingparalleltothe 
rightfence. Tranmows4mandthenneedstoturntocomplete
theshape. WhatangledoesTranneedtoturntoensuretheymow
thesameshapeasTrevor?

Key points

• TranwantstocopytheshapeTrevorcutinthetopleftcorner.

• Tranmeasured3malongthebackfenceandbeganmowing
paralleltotherightfence.

• Tranmows4mandthenneedstoturntocompletetheshape.

• WhatangledoesTranneedtoturntoensuretheymowthe
sameshapeasTrevor?

Explanation

Comparethelengthsandtheanglesatthevertices.

InTrevor’sshapethereisanangleof120°afterthe4mlongside.

FindtheanglewhichTranmustturntohaveanidenticalangle.
3 m Back fence

Right fence

3 m

5.7 m

3.46 m

4 m
120° 120°

60°

Tranmustturn60°tohisleftinordertocreatethecorrectangle.

Answer

Tranneedstoturn60°tohisleft.

Reasoning

15. a. Thelinesegmentswithlength2are ̄  BC , ̄  IJ , ̄  EF and ̄  GF .

b. Thelinesegmentswithlength4are ̄  AB , ̄  AJ , ̄  ED and ̄  GH .

c. Thelinesegmentswithlength5are ̄  PA , ̄  FP , ̄  DP , ̄  HP , ̄  CP ,
and ̄  IP .

d. InToby’sdesigntheangles∠CPA,∠IPA,∠DPFand∠HPFare
all53°,andtheangles∠BCP,∠JIP,∠EFPand∠GFPareall127° 

e. Suggestedanswer1:Tobyshouldmakehist-shirtsoverseas
sothatthoselessfortunatewillbeabletoaffordthem.

Suggestedanswer2:Tobyshouldmakehist-shirtsin
Australiatocreatemorejobsandimprovetheeconomy.

Note:Thereareotherpossibleoptions.

16. a. Thevalueofc°mustbe90°.

b. TheangleofrotationaroundO is90°anticlockwise.

c. When  (  3,2 )   wasrotated90°anticlockwiseitbecame  (  −2,3 )   . 
The𝑥-value is now the negative value of what 𝑦 was and the
𝑦-value is what the 𝑥-value was. The same is true when we
rotated  (  −3,4 )  .  
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Extra spicy

17.  a = 40°,b = 70° 

18. B

19. A

20. 16

Remember this?

21. A 22. C 23. C

7E Rules for congruent triangles

Student practice
Worked example 1
a. ThesetrianglesarecongruentbyASA.

b. ThesetrianglesarecongruentbySAS.

Worked example 2
a.  △ADB ≡ △CDBbySSSand∠DCBiscorrespondingwith∠DAB.

 ∴ a = 40° 

b. TrianglesarecongruentbyAASandthesidewithlength𝑥is
correspondingwiththesideoflength9.

 ∴𝑥 = 9 

Understanding worksheet

1. a. 
112°

8

112°

38°
8

5 5

b.  
51°

51°

31°5.4

5.4
2.9

4.8

c.  

53°

53°

87°

40°
40°

4
5

3.2

4

d.  

58°

58°

23°

23°
2

2

5 4.4

2. a. 

7

7

9 9

5

5

51°

51°

b.  

41°

41°

5

5

4
4

6

6

c.  

72°

72°

3.8 4.8

4.3

4.3

49°
49°

59° 59°

d.  

6

6

3. equal;sidelengths;adjacent;angles;hypotenuse

Fluency

4. a. ThesetrianglesarecongruentbySSS.

b. ThesetrianglesarecongruentbyRHS.

c. ThesetrianglesarecongruentbyASA.

d. ThesetrianglesarecongruentbySAS.

e. ThesetrianglesarecongruentbySSS.

f. ThesetrianglesarecongruentbyRHS.

g. ThesetrianglesarecongruentbySAS.

h. ThesetrianglesarecongruentbyAAS.

5. a. Thesetrianglesdonotsatisfyacongruencetest.

b. Thesetrianglesdonotsatisfyacongruencetest.

c. Thesetrianglesdonotsatisfyacongruencetest.

d. Thesetrianglesdonotsatisfyacongruencetest.

e. Thesetrianglesdonotsatisfyacongruencetest.

f. ThesetrianglesarecongruentbySAS.

g. Thesetrianglesdonotsatisfyacongruencetest.

h. ThesetrianglesarecongruentbyAASorASA.

6. a.  △ABD ≡ △BCDbyRHSand ̄  DC iscorrespondingwith ̄  AD .

 ∴𝑥 = 25 

b.  △ADC ≡ △ABCbySSSand∠DCAiscorrespondingwith∠BCA.

 ∴ a° = 40° 

c.  △ABD ≡ △CBDbyRHSand∠ABDiscorresponding

with∠CBD.

 ∴ a° = 60° 
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d. TrianglesarecongruentbyRHSandsidewithlengthhis
correspondingwiththesideof2.7cm.

 ∴ h = 2.7cm

e. TrianglesarecongruentbySSSanda°andb°are
correspondingwiththeanglesof75°and30°.

 ∴ a° = 75°andb° = 30° 

f. TrianglesarecongruentbyASAandwandlare
correspondingwiththesidelengths3and2.

 ∴ w = 3andl = 2 

g. TrianglesarecongruentbySASandwiscorrespondingwith
thesidelengths6.2.

 ∴ w = 6.2 

h.  ∠EGD = 120° ∴ ∠EGF = 60°and△EGFisanisoscelestriangle
and ̄  EG  =  ̄  EF .

 △ ABC ≡ △ DEF byAAS,so ̄  EF  = 3 

 ∴𝑥 = 3 

7. E

Spot the mistake

8. a. StudentBisincorrect. b. StudentAisincorrect.

Problem solving

9. Ihavethreelogsandmakeatriangle.Idon’tlikethetrianglethatI
havemade,canImakeadifferenttrianglewiththesamethreelogs?
Whyorwhynot?

Key points

• Ihavethreelogsandmakeatriangle.

• CanImakeadifferenttrianglewiththesamethreelogs?

Explanation

Twotrianglesarecongruentiftheysatisfyanycongruencetest.

Usingthesamethreelogsanytrianglewillhavethesamethree
sidelengths.ThereforethesetrianglessatisfytheSSStest.

Soalltrianglesmadewiththesamethreelogswillbecongruent.

Answer

No,sincealltrianglescreatedwiththeselogswillbecongruent
andthereforethesametriangle.

10. MishieandRexaresecuringapoleinthegroundandusingropes
andpegstosecurethepole.Thepoleis3mhigh. Mishieplacesa
pegat4malongthegroundfromthepole. Mishiemeasuresthe
ropefromthetopofthepoletothepeg.Thishasameasurement
of5m. RexplaceshispegdirectlyoppositetoMishie’speg,also 
4mawayfromthepole. WillRexalsorequire5mofrope?Explain.

Key points

• Thepoleis3mhigh.

• Mishieplacesapegat4malongthegroundfromthepole.

• Theropefromthetopofthepoletothepegis5mlong.

• RexplaceshispegdirectlyoppositetoMishie’speg,also4m
awayfromthepole.

• WillRexalsorequire5mofrope?Explain.

Explanation

Findcorrespondingfeatures.

Boththeleftandrightsideshavecorrespondingsidelengthsof 
4mand3mandacorrespondingangleof90°whichisadjacentto
thecorrespondingsidelengths.

Givereasonsforcongruenttriangles.

 ∴ThesetrianglesarecongruentbySAS.

Sincethetrianglesarecongruent,allthreesideswillhave
correspondingsidelengths.

 ∴ThelengthofRex’sropewillalsobe5m.

Answer

Rexwillalsorequire5mofropebecausethetrianglesare
congruentbySASandthereforehavecorrespondingsidelengths.

11. Petro’sladderistouchingtheground4mawayfromthewall.  
Ithasanangleof35°withtheground. Atwhatanglewiththe
grounddoesPetro’sladderneedtobetoreach4mupthewall?

Key points

• Petro’sladderistouchingtheground4mawayfromthewallit
isatanangleof35°withtheground.

• Ithasanangleof35°withtheground.

• AtwhatanglewiththegrounddoesPetro’sladderneedtobeto
reach4mupthewall?

Explanation

Findcorrespondingfeatures.

Tworight-angledtriangleswithcorrespondinghypotenusesand
oneothercorrespondingsidelengthof4m.

Givereasonsforcongruenttriangles.

 ∴ThesetrianglesarecongruentbyRHS.

Findthesideoranglethatcorrespondswiththepronumeral.

Correspondingangleistheanglebetweentheladderandthewall.

 a° = 180° − 90° − 35° 

  = 55° 

Answer

Petro'sladderneedstobeata55°anglewiththegroundtoreach
4mupthewall.

12. HéritierandAlywnareplayingrugby.Theyfaceoff15mapart. 
RoundoneHéritierturnedleft 30° andAlywnturnedright 52° . 
Alwynran7.5mtointerceptHéritierwherehewouldbeafter
running9m. Inthenextround,Héritierturnsrightat 30° and
Alwynturnsleftat 52° . HowfardoesAlwynneedtorunto
interceptHéritierwhenheruns9m?

Key points

• Theyfaceoff15metresapart.

• InroundoneHéritierturnedleft 30° andAlywnturnedright 52° .

• Alwynran7.5metrestointerceptHéritierwherehewouldbe
afterrunning9metres.

• InthenextroundHéritierturnsright 30° andAlwynturnsleft 
52°  thistime.

• HowfardoesAlwynneedtoruntointerceptHéritierwhenhe
runs9metres?

Explanation

Findcorrespondingfeatures.

Bothtrianglesshareside ̄  HA andhaveacorrespondingside
lengthof9m.Bothtriangleshavecorrespondinganglesof30°  
and52°,whicharebothadjacenttoside ̄  HA .

Givereasonsforcongruenttriangles.

 ∴ThesetrianglesarecongruentbyASAorSAS.

Findthesideoranglethatcorrespondswiththedesiredvalue.

Thecorrespondingsidelengthonthelowertriangleis7.5m.

Answer

Alywnneedstorun7.5mtointerceptHéritier.
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13. AliceandBobholdaropeateitherend,whileChrisandDiannehold
anotherropeateitherend. Iftheirropescrossexactlyinthemiddle
ofeachother, howdoweknowthatthereisthesamedistance
betweenAliceandCharlieasthereisbetweenBobandDianne?

Key points

• AliceandBobholdaropeateitherend,whileChrisandDianne
holdanotherropeateitherend.

• Theirropescrossexactlyinthemiddleofeachother.

• HowdoweknowthatthereisthesamedistancebetweenAlice
andCharlieasthereisbetweenBobandDianne?

Explanation

ConstructtwotrianglesdenotingthecentrepointasE.
A

E

D

C
B

Findcorrespondingfeatures.

 △AECand△BEDhavecorrespondingsidelengths ̄  AE  =  ̄  BE   
and ̄  CE  =  ̄  DE andacorrespondingangle∠AEC = ∠DEBwhich 
isadjacenttothecorrespondingsides.

Givereasonsforcongruenttriangles.

 ∴ △AEC ≡ △BEDbySAS

ACiscorrespondingwithDB.

 ∴Theyarethesamelength.

Answer

ThetrianglesarecongruentbySAS.

Reasoning

14. a. Thesidelengths ̄  AB and ̄  AC areequalandtheangles∠ABC  
and∠ACBarealsoequal.

b. MaggieandMichaelknowthat△ABD ≡ △ADCbytheSAStest.

c.  ∠BADand∠DACareequalangles.

d.  ∠BDA and∠CDAaresupplementaryanglesandsincethey 
areonthesameline,theirsummustbe180°.

 ∴ ∠BDA = ∠CDA =  180 _____ 2   = 90° 

SoMaggieandMichaelbothhavearightangledtriangle.

e. Suggestedoption1:

Suggestedoption2:

Note:Thereareotherpossibleoptions.

15. a. Theselinescanonlymeetatonepoint.

b. Theselinescanonlymeetatonepoint.

c. Theanswersfrompartaandbdemonstratedthatwhenaside 
lengthandtwoanglesofatrianglearespecifiedtheremaining
linescanonlyintersectatasinglepoint.Thismeansthatonly
onetrianglecanbemadeundertheseconditions,thereforeall 
trianglessharingtwoanglesandasidelengthmustbe
congruent,demonstratingwhyAASasacongruencetest 
mustalwaysbetrue.

7F Congruence and quadrilaterals

Student practice
Worked example 1
a. SSS b. SAS

Worked example 2
a.  △ABC ≡ △CDAbySSS

 ∠CDAand∠CBAareadjacentcorrespondingsides.

∴∠CDA = ∠CBA 

b.  △ABC ≡ △ADCbyASA

 ̄  AD and ̄  BC areadjacenttocorrespondingangles.

∴ ̄  AD  =  ̄  BC  

Understanding worksheet

1. a. Supplementaryangles b. Verticallyoppositeangles

c. Complementaryangles d. Alternateangles

2. a. Quadrilateral,trapezium,parallelogram

b. Quadrilateral,kite

c. Quadrilateral,trapezium,kite,parallelogram,rhombus

d. Quadrilateral,trapezium

3. quadrilateral;triangles;transversals;intersections

Fluency

4. a. Scalene b. Scalene

c. Isosceles d. Right-angled

5. a. Verticallyopposite b. Supplementary

c. Alternate d. Alternate

e. Supplementary

6. a.  67° b. 14 c.  62° d.  116° 

e.  100° f. 8.7 g.  90° h.  74° 

7. a. SSS b. ASA

c. RHS d. AAS

e. SASorRHS f. ASA

g. SSSorRHS h. AAS

8. a.  △ABD ≡ △BCDbyASA

 ̄  AD and ̄  BC areadjacenttocorrespondingangles.

∴ ̄  AD  =  ̄  BC  

b.  △ACB ≡ △ADCbySAS

 ̄  AC and ̄  BD areoppositetocorrespondingangles.

∴ ̄  AC  =  ̄  BD  

Extra spicy

16. C 17.  60°  18. 12 19. D

Remember this?

20. B 21. E 22. D
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c.  △ AED ≡ △ BECbyAAS

 ̄  AE and ̄  EC areadjacenttocorrespondingangles.

∴ ̄  AE  =  ̄  EC  

d.  △DEC ≡ △DEAbySSS

 ∠DCEand∠DAEareadjacenttocorrespondingsidelengths.

∴∠DCE = ∠DAE 

e.  △BEC ≡ △DECbySAS

 ∠BECand∠DEC arecorrespondingand 
supplementaryangles.

 ∠BEC = ∠DEC = 90° 

9. E

Spot the mistake

10. a. StudentAisincorrect. b. StudentAisincorrect.

Problem solving

11. Makenahasfourrightangledtriangularshapedblocks,asshown
inthediagram.Heputsthemtogethertomakeaquadrilateral. 
WhatarethenamesoftheshapesMakenacanmakewiththe
triangularblocks?

Key points

• Makenahasfourrightangledtriangularshapedblocks.

• Heputsthemtogethertomakeaquadrilateral.

• WhatarethenamesoftheshapesMakenacanmakewiththe
triangularblocks?

Explanation

ByarrangingthetriangularblocksasseenbelowMakenacan
makearhombus.

4 cm 4 cm

4 cm4 cm
2.6 cm

3 cm
3 cm 3 cm

3 cm

2.6 cm

2.6 cm2.6 cm

Arhombusisaparticularinstanceofseveralothershapes
includingaparallelogram,kite,trapeziumandquadrilateral.

Makenacanalsoarrangetheblockstoformarectangle.
6 cm

6 cm

2.6 cm 2.6 cm

Answer

Rhombus,parallelogram,kite,trapezium,rectangleandquadrilateral.

12. Rebeccahastwotriangularstickersthatarescaleneandcongruent.
DrawadiagramofthethreeparallelogramsRebeccacanmake
withthestickers, includinganymeasurements.

Key points

• Rebeccahastwotriangularstickersthatarescalene 
andcongruent.

• Includeanymeasurements.

• DrawadiagramofthethreeparallelogramsRebeccacanmake
withthestickers.

Explanation

Threeseparateparallelogramscanbeformedbyconnectingeach
ofthecorrespondingsidesofthecongruenttriangles. 
Combinetheanglesateachofthevertices.

Answer

100°

100°

150° 150°

30°

30°

130°

130°

50°

50°

80°

80°

13. WhenAngeloiscreatinghouseframesheusesatapemeasureto
checkforrightanglesinthequadrilateralshapeshecreates.  
Hemeasuresallfoursidesandthediagonals. ShowhowAngelo
canprovethatallinterioranglesinaquadrilateralareequalto
exactly90°byusingthediagrambelow.

Key points

• Hechecksforrightanglesinthequadrilateralshecreates.

• Hemeasuresallfoursidesandthediagonals.

• Includinganymeasurements.

• ShowhowAngelocanprovethatallinterioranglesina
quadrilateralareequaltoexactly90°.

Explanation

Determinetherelevanttriangles.

Thediagonals ̄  AC and ̄  BD create4triangles,△ADC,△BDC,
△DABand△CBA.

Determineiftheyarecongruent.

 ̄  AC  =  ̄  BD , ̄  AD  =  ̄  BC and ̄  AB  =  ̄  DC  

∴△ ADC ≡ △ BDC ≡ △ DAB ≡ △ CBAbySSS

 ∠ADC,∠DCB,∠CBAand∠BADareallcorrespondingastheyareall
adjacenttothetwoshortestsidesofthetriangle.

Thesumoftheinternalanglesofaquadrilateralis360°.

∴∠ADC = ∠DCB = ∠CBA = ∠BAD =  360 _____ 4  

  = 90° 

ThereforeAngelocanprovetheinterioranglesofaquadrilateral
are90°,ifthediagonalshavethesamelength.

Answer

Angelocanprovetheinterioranglesofaquadrilateralare90°, 
ifthediagonalshavethesamelength.

14. Donatohasapairofbluecarpettriangles,picturedbelow, 
thatheknowsarecongruentbecausetheybothhaveanangle
of70° betweensidelengthsof7mand5m. Usethegiven
informationtodetermineasmanyofthelengthandangle
measurementsaspossibleinthediagrampatternbelow.

Key points

• Thetrianglesarecongruent.

• Theybothhaveanangleof70°.

• Theyhavesidelengthsof7mand5m.

• Usethegiveninformationtodetermineasmanyofthelength
andanglemeasurementsaspossible.

Explanation

Theredtrianglessharethesidelengthsof ̄  AE and ̄  BE .

∴Theredtriangleswillalsohavesidelengthsof7mand5m.

TheanglesbetweenthetwotrianglesatthecentrepointE  
aresupplementary.

Angle = 180° − 70° 

  = 110° 
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Answer

Theredtriangleswillhavesidelengthsof7mand5mandan
angleof110°adjacenttothesesides.

15. Toulahasakite thathasdiagonalswithlengths48cmand60cm, 
picturedbelow.CalculatetheareaofToula’skiteusingtheformula

fortheareaofatriangle,    
base × height

  _________________                 2                .

Key points

• Toulahasakite.

• Thediagonalshavelengths48cmand60cm.

• Theareaofatriangleisequalto   
base × height

  _________________                 2                .

• CalculatetheareaofToula’skite.

Explanation

Dividethekiteintotwotrianglesalongthe60cmdiagonal.

Determinethebaseandheightofthetwotriangles.

Thekitewasdividedalongthe60cmdiagonalsothebaseofthe
newtrianglesis60cm.Thediagonalsofakitewillbisectthenon
equalpairofinternalangles.

∴height=  48 ____ 2   = 24 

Calculatetheareaofeachtriangle.

Area=  
base × height

  _________________ 2     

  =  24 × 60 __________ 2    

  = 720cm2

Calculatethetotalareaofthekite.

Totalarea= 2 × 720 

  = 1440cm2

Answer

TheareaofToula'skiteis1440cm2

Reasoning

16. a. Salvadorecouldmakearhombus.

b. TheanglebetweenthebeamsatpointDis112°.

c. Theanglebetweenthesetwobeamswillbe90°.

d. Thestructuralsupportswillmakea34°anglewiththeground.

e. Suggestedoption1:Flowerssuchasorchidscouldbe
displayedinahanginggarden.

Suggestedoption2:Fernscouldbedisplayedina
hanginggarden.

Note:Thereareotherpossibleoptions.

17. a. Sincethetrianglesareisosceles ̄  AD  =  ̄  CD  and∠DAC = ∠ACD, 
thereforeif ̄  AE  =  ̄  EC ,△ADEand△CDEsatisfytheSAS
congruencetest.Thesameappliesfor△ABC.

b. Since△ABE ≡ △BECand△ADE ≡ △DECthepairs∠AED, 
 ∠CEDand∠AEBand∠CEBarebothcorrespondingand
supplementary,sotheyallequal90°,showcasingthatthe
diagonalsareperpendiculartoeachother.

Since ̄  AE  =  ̄  EC , ̄  ED and ̄  EB willcutthetrianglesdirectly
downthemiddlebisecting∠ABCand∠ADC.

c. Squaresandrhombusesarespecifictypesofkiteswhereall
thesidesareequalandallinternalanglesareequal.Unlikea
normalkite,squaresandrhombuseshaveahorizontalaxisof
symmetrysothediagonalswillbisectallinternalanglesand
notjusttwolikeinpartb.

Extra spicy

18. D 19. A 20. 64cm 21.  30° 

Remember this?

22. C 23. D 24. C

Chapter 7 extended application

1. a. 55unitstotherightand10unitsup.

b. 20unitstotherightand50unitsup.

c. Type:parallelogram.

Properties:oppositesidesparallelandcongruent, 
oppositeanglesareequal.

d.  

20

20

A
B

D
C

40

60

40

y

x

80

100

60 10080

Oppositesidesareequalandthetwotriangleshavea
commonsideACandsoarecongruentbySSS.Thedistances 
AtoBtoCandAtoDtoCarethereforeequal.

e. Method1(startingatA):(55,10),(−35,40),(55,10)or
(20,50),(35,40),(20,50).

Method2(startingatC ):(−55,−10),(35,−40),(−55,−10)or
(−20,−50),(−35,40),(−20,−50).

f. Suggestedoption1:Chess.

Suggestedoption2:Sudoku.

Note:Thereareotherpossibleoptions.

2. a. 10pieces.

b. A:135°,B:131°,C:45°,D:45°,E:49°,F:49° 

c. G:86°,H:103°,I:86°,J:49°,K:103° 

d.  

32°

135°
131°

45°

77°

b°

f °

g° k°
j°

a°d°
h°

c°
i°

e°

e.  

32°

135°
131°

45°

77°

90°

90°

58°

58°

135°

77°

b°

f °

g° k°
j°

a°d°
h°

c°
i°

e°
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f. Suggestedoption1:Handmadegiftsaregreatbecause
itshowsthatsomeoneputtimeandeffortintocreating
somethingforyou.

Suggestedoption2:Handmadegiftscanbehardtokeep
becausetheyaretoodelicateandbreakeasily.

Note:Thereareotherpossibleoptions.

3. a. 400m

b. 500m

c.  600 − 𝑦

d. 𝑥 = 400m,𝑦 = 200m

e. 300m

f. Suggestedoption1:Threethingsyoushouldtakewhilegoing
campingareatent,sleepingbagsandapillow.

Suggestedoption2:Threethingsyoushouldtakewhilegoing
campingareflashlights,camptablesandcutlery.

Note:Thereareotherpossibleoptions.

Chapter 7 review

Multiple choice

1. B 2. E 3. C 4. B 5. A

Fluency

6. a.  m°and163°aresupplementaryangles.

 m° + 163° = 180°

 m° = 17°

b.  p°and90°arecorrespondingangles.

 p° = 90°

c.  m°and37°arealternateangles.

 m° = 37°

d.  t°and103°areverticallyoppositeangles.

 t° = 103°

 t°and𝑥°are co-interior angles.

103° + 𝑥° = 180°

𝑥° = 77°

7. a.  f ° = 35° b.  a° = 76°

c.  a = 3 d.  r° = 110°

8. a.  g = 6 b.  m = 8

c.  c° = 112° d.  d° = 54°,𝑦 = 7

9. a. 

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
−2

A’ B’

C’ D’

b.  

1

2

3

1
−1

−1

−2

−3

−4

−5

−3−4−5

4

5

2 3 4 5

y

x
−2

A’

B’C’

c.   B′ = (9,11)    d.   D′ = (3,−14)    

10. a. 

5

5

−5

−10

−10

10

10

y

x
−5

A
B

C

A’

B’

D’ D

C’

b.  

5

5

−5

−10

−10

10

10

y

x
−5

A
B

C

D

B’

A’

D’

C’ y = −2

c.  

5

5

−5

−10

−10

10

10

y

x
−5

A
B

C

D

B’

A’

D’

C’
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d.  

5

5

−5

−10

−10

10

10

y

x
−5

A
B

C

D

B’

A’
D’

C’

11. a.  ̄  CA  b.  ̄  MJ  

c. VertexT d.  ̄  ZY , ̄  XY , ̄  ZW , ̄  XW  

12. a.  ̄  BC  = 4 b. ∠HKJ = 67°

c.  ̄  F′G′  = 17 d. ∠DAB = 113°

13. a. ThesetrianglesarecongruentbySSS.

b. ThesetrianglesarecongruentbyRHS.

c. ThesetrianglesarecongruentbySAS.

d. ThesetrianglesarecongruentbyAAS.

14. a. ThesetrianglesarecongruentbyAAS.Sidewithlengthgis
correspondingwiththesideoflength11,∴g = 11.

b. ThesetrianglesarecongruentbySAS.Sidewithlengthkis
correspondingwiththesideoflength5,∴k = 5.

c. ThesetrianglesarecongruentbyASA.Sidewithlengthdis
correspondingwiththesideoflength14.5,∴d = 14.5.

d. ThesetrianglesarecongruentbySSS.a°iscorresponding
with60°,∴a° = 60°.Sidewithlengthziscorrespondingwith
thesideoflength4,∴z = 4.

15. a. △ABC ≡ △ADCbySSS

∠ABCand∠ADCareadjacenttocorrespondingsidelengths.

∴∠ABC = ∠ADC 

b. △LPR ≡ △MORbyASAorAAS

 ̄  LP iscorrespondingwith ̄  MO .

∴ ̄  LP  =  ̄  MO  

c. △ABE ≡ △CBEbySAS

 ̄  AB iscorrespondingwith ̄  BC .

∴ ̄  AB  =  ̄  BC  

d. △WOZ ≡ △WOXbyRHS

∠ZWOand∠XWOareadjacenttocorrespondingsidelengths.

Problem solving

16. Atthelocalplayground,theslideisataninclineof30°.  
Iftheplatformatthetopoftheslideisparalleltotheground, 
whatistheanglebetweentheslideandtheground?

Key points

• Atthelocalplayground,theslideisataninclineof30°.

• Theplatformatthetopoftheslideisparalleltotheground.

• Whatistheanglebetweentheslideandtheground?

Explanation

30°

30°
Slide

Platform

Ground

Theanglebetweentheslideandthegroundformsalternate
angleswiththeanglebetweentheslideandtheplatform.

Alternateanglesareequal.Therefore,theanglewearelookingfor
isalso30°.

Answer

Theanglebetweentheslideandthegroundis30°.

17. Apantryisbeingbuiltintothecornerofakitchenasshownin 
thediagram.Theseconddiagramshowsthetopofthepantry.

Thewallsofthekitchenareperpendiculartooneanother.  
Insidethepantry,thepantrydoorsforma45°anglewiththe
right-handwall. Calculatetheexterioranglethatthepantry 
doorsmakealongtheleft-handwall( 𝑦 °).

Key points

• Apantryisbeingbuiltintothecornerofakitchenasshownin
thediagram.Theseconddiagramshowsthetopofthepantry.

• Thewallsofthekitchenareperpendiculartooneanother.

• Insidethepantry,thepantrydoorsforma45°anglewiththe
right-handwall.

• Calculatetheexterioranglethatthepantrydoorsmakealong
theleft-handwall( 𝑦 °).

Explanations

Theanglethatthepantrydoormakesalongtheleft-handwall(𝑦°)
istheoppositeexteriorangleofthetwointeriorangles.

Addthetwointerioranglestogivethevalueoftheopposite
exteriorangle.

𝑦° = 90° + 45°

𝑦° = 135°

𝑦° = 135°

45°

45°Pantry door

y° = 90° + 45°
= 135°

Answer

Theanglethatthepantrydoorsmakealongtheleft-handwall 
is135°.

18. AlistairandZoeareplayingagameofchess,buttheydon’tknow
therules.ThestartingpositionofAlistair’sknight(K)atB2and
Zoe’squeen(Q)atD1isshownbelow. Alistairmakestwomoves
withhisknight,whichcanbedescribedbythevectors:(1,2),(−1,2).  
ThenZoemakesonemovewithherqueen,whichcanbedescribed 
bythefollowingvectors(2,1),(−3,4). Statethefinalpositions
oftheknightandqueenanddeterminewhethertheyarenextto
eachother.

Key points

• ThestartingpositionofAlistair’sknight(K)atB2andZoe’s
queen(Q)atD1isshownbelow.

• Alistairmakestwomoveswithhisknight,whichcanbe
describedbythevectors:(1,2),(−1,2).

• ThenZoemakesonemovewithherqueen,whichcanbe
describedbythefollowingvectors(2,1),(−3,4).

• Statethefinalpositionsoftheknightandqueenanddetermine
whethertheyarenexttoeachother.
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Explanations

DetermineAlistair’sfinallocation.Alistair’smovementscanbe
describedas(1 − 1,2 + 2) = (0,4).ThismeansthatAlistair’s
Knight(K)movedupby4units.

DetermineZoe’sfinallocation.Zoe’smovementscanbedescribed
as(2 − 3,1 + 4) = (−1,5).ThismeansthatZoe’sQueen(Q)
movedupby5unitsandmovedtotheleftby1unit.

A

8
7
6
5
4
3
2
1

B C D E F G H

K
Q

C6B6

Fromthediagram,wecanseethatthefinalpositionofKisB6,
andthefinalpositionofQisC6.Theyarenexttoeachother.

Answer

ThefinalpositionoftheknightisB6,andthefinalpositionofthe
queenisC6.Theyarenexttoeachother.

19. Adecorativetilingpatternismadefromcongruenttrapeziums.  
Sofar,thetilerhaslaiddownsixteentiles,asshowninthe
diagrambelow.Ifthetilerneedstocreatearowoftileswitha
lengthof200cm, howmanytilesdotheystillneedtolay?

Key points

• Adecorativetilingpatternismadefromcongruenttrapeziums.

• Sofar,thetilerhaslaiddownsixteentiles,asshowninthe
diagrambelow.

• Thetilerneedstocreatearowoftileswithalength200cm.

• Howmanytilesdotheystillneedtolay?

Explanations

Fromthediagram,apairoftiles(twocongruenttrapeziumsform
arectanglewithalengthof2 + 3 = 5cm.

 cm

2 cm

2 cm

3 cm

3 cm

A200cmrowneeds200 ÷ 5 = 40ofsuchrectangles. 
Eachrectangleis2trapeziumtiles,thereforea200cmrow 
oftilesrequire40 × 2 = 80tiles.

16tileshavealreadybeenlaiddown.

Remainingnumberoftiles = 80 − existingnumberoftiles

 = 80 − 16

 = 64

Answer

Theywillneedtolay64moretiles.

20. Mahimawishestomakethefollowingpaperfanoutofblueand
yellowstickswhichshewillneedtopurchase. Asthebluesticks
areallidentical,Mahimathinksthatshewillneednearly50cm
ofyellowsticksintotalbecause 4.5 × 11 = 49.5.  IsMahima
correct?Howcanweverifyhermeasurements?

Key points

• Mahimawishestomakethefollowingpaperfanoutofblueand
yellowstickswhichshewillneedtopurchase.

• Asthebluesticksareallidentical,Mahimathinksthatshe
willneednearly50cmofyellowsticksintotalbecause 
4.5 × 11 = 49.5. 

• IsMahimacorrect?Howcanweverifyhermeasurements?

Explanations

AllindividualtrianglesarecongruentbySAS,asallbluesticks
haveidenticallength,andallanglesbetweenthebluesticksare
labeledidentical.Therefore,eachyellowstickhasanidentical
lengthof4.5cm.2 cm

4.5 cm

12.8 cm
16.36°

Lookingatthediagram,thereare12bluesticksandeverytwoblue 
sticksareconnectedwithoneyellowstick.Therefore,thereare11
yellowsticks.

ThetotallengthofyellowsticksMahimaneedstobuyis
11 × 4.5 = 49.5cm,whichisnearly50cm.Mahimaiscorrect.

Answer

Mahimaiscorrect.Wecanverifyhermeasurementasall
individualtrianglesarecongruentbySAS.

21. Pamhasdrawnaquadrilateral. Bothdiagonalsbisectinternalangles.  
Ifthediagonalsareofequallength, provethatPam’squadrilateral
mustbeasquare.

Key points

• Pamhasdrawnaquadrilateral.

• Bothdiagonalsbisectinternalangles.

• Thediagonalsareofequallength.

• ProvethatPam’squadrilateralmustbeasquare.

Explanations

Drawadiagramaccordingtotheinformationgiven.

Aquadrilateralisafour-sidedpolygon.

Arhombushasbothdiagonalsbisectinginternalangles. 
Arectanglehasdiagonalsofthesamelength.

Asquareisarectanglethatisarhombus.Therefore,Pam’s
quadrilateralmustbeasquare.

 

Answer

Aquadrilateralisafour-sidedpolygon.Arhombushasboth
diagonalsbisectinginternalangles.Arectanglehasdiagonals
ofthesamelength.Asquareisarectanglethatisarhombus.
Therefore,Pam’squadrilateralmustbeasquare.

Reasoning

22. a. 𝑥° = 135°

b. Yes,wecanconcludethatallfivesquareshavethesameside
lengthbasedoncongruence.Bydefinition,congruentshapes
haveequalsidelengthsandangles.
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c. Theleftmosttriangleandtherightmosttriangleare
congruentbyRHS.

d. Asquareisaspecialrectangle,andarectangleisaspecial
parallelogram.Aparallelogramhasdiagonalsbisectingeach
other.Therefore,thesquarehasthebluesupports(diagonals)
bisectingeachother.

e. Suggestedoption1:Abridgecanbemadewithsteel.

Suggestedoption2:Abridgecanbemadewithconcrete.

Note:Thereareotherpossibleoptions.

23. a. 

2

3

1
−1

−1

−2

−3

−3−4−5

4

6

2 3

y

x
4 5−2

1

5

B

A

D0

C

C’
B’

A’D’

b.  

2

3

1
−1

−1

−2

−3

−3−4−5

4

6

2 3

y

x
4 5−2

1

5

B

A

D0

C

C’
B’

A’D’

c. Theanswersforpartsaandbareidentical.Thisimpliesthat
rotatingapoint90°clockwiseisequivalenttoswappingthe𝑥
and𝑦coordinates, followed by making the new 𝑦 coordinate
negative.Whenanypoint(𝑥, 𝑦)isrotated90°clockwiseabout
theorigin,thecoordinatesofthetransformedpointaregiven
by(𝑦, − 𝑥).
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8A Classifying data

Student practice
Worked example 1
a. i. A sample of 30 random people. 

ii. Survey

b. i. Population of the rest home. 

ii. Census

Worked example 2
a. Primary data b. Secondary data

Worked example 3
a. i. The variable is students’ arm spans, in centimetres.

ii. Numerical continuous variable.

b. i. The variable is the rate of an activity out of 5 stars.

ii. Categorical ordinal variable.

Understanding worksheet

1. a. Sample b. Population

c. Sample d. Population

2. a. Categorical b. Numerical

c. Categorical d. Numerical

3. sample; population; numerical; discrete; continuous; categorical

Fluency

4. a. i.  The population of the house is being used. 

ii. Census

b. i. Samples of ice cream flavours are being used.

ii. Survey

c. i. Samples of movies are being used.

ii. Survey

d. i. A sample of soil is being used.

ii. Survey

e. i. A sample of every second shopper is being used.

ii. Survey

f. i. The population of a country is being used.

ii. Census

g. i. A sample of online reviews is being used.

ii. Survey

h. i. The population of all customers is being used.

ii. Census

5. a. Secondary data b. Primary data

c. Primary data d. Primary data

e. Primary data f. Secondary data

g. Primary data h. Primary data

6. a. i. The variable is favourite food.

ii. Categorical nominal variable.

b. i. The variable is the time it takes to solve a Rubik’s Cube.

ii. Numerical continuous variable.

c. i. The variable is height.

ii. Numerical continuous variable.

d. i. The variable is types of birds.

ii. Categorical nominal variable.

e. i. The variable is the number of crunches.

ii. Numerical discrete variable.

f. i. The variable is birth date.

ii. Categorical ordinal variable.

g. i. The variable is temperature.

ii. Numerical continuous variable.

h. i. The variable is car registration numbers.

ii. Categorical nominal variable.

7. C

Spot the mistake

8. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

9. Mr Aykroyd is a Year 8 coordinator and wants to get feedback 
about recent uniform changes from the students. Should he use  
a sample or the population to conduct his investigation?

Key points

• Mr Aykroyd wants to get feedback about recent uniform 
changes from the students.

• Should he use a sample or the population to conduct  
his investigation?

Explanations

Uniform changes will apply to all year 8 students. The opinions on 
uniform changes of a selected sample of year 8 students might not 
be representative of the cohort. Therefore Mr Aykroyd should use 
a population to conduct his investigation.

Population

Sample

A small number
of selected year

8 students

All year 8 students

Answer

Mr Aykroyd should use the population to conduct his investigation.

10. Eddie wants to investigate how long his classmates spend on 
homework every night. State the variable of this investigation, 
with appropriate units, and determine its type.

Key points

• Eddie wants to investigate how long his classmates spend on 
homework every night.

• State the variable of this investigation, with appropriate units, 
and determine its type.
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8B Collecting data

Student practice
Worked example 1
Method 2

Worked example 2
The voucher incentive introduces bias.

Understanding worksheet

1. a. Sample size  ≈  √ 
____________________

   (  population size )     

b. Sample size  ≥ 30 

c. Sample size  ≈  √ 
____________________

   (  population size )     

d. Sample size  ≥ 30 

2. a. Biased b. c. Biased d. Biased

3. representative; thirty; randomly; equal

Unbiased

Explanations

The variable is the time Eddie’s classmates spend on homework 
every night. An appropriate unit is time in hours.

Time is a numerical continuous variable as it is a number and 
is measured.

Answer

The variable is the time Eddie’s classmates spend on homework 
every night. An appropriate unit is time in hours, and the type of 
data is numerical continuous.

11. Ying is trying to decide what kind of outfits she needs to pack 
for her trip to Bali. She does some research online on the kind of 
weather to expect during the time of the year she will be visiting. 
Is Ying using primary or secondary data sources to make  
her decision?

Key points

• Ying is trying to decide what kind of outfits she needs to pack 
for her trip to Bali.

• She does some research online on the kind of weather to expect 
during the time of the year she will be visiting.

• Is Ying using primary or secondary data sources to make 
her decision?

Explanation

Research online is a secondary data source as Ying did not 
conduct the research herself.

Answer

Ying is using a secondary data source to make her decision.

12. A confectionery company weighs every second bag of gummy 
worms on the production line to make sure it matches with  
what it says on the packet. What is the sample and population  
of this process?

Key points

• A confectionery company weighs every second bag of gummy 
worms on the production line to make sure it matches with 
what it says on the packet.

• What is the sample and population of this process?

Explanation

The sample is every second bag of gummy worms selected 
from the population of all gummy worms produced by the 
confectionery company.

Answer

The sample is every second bag of gummy worms. The population  
is all bags of gummy worms produced by the confectionery company.

13. Donnie has to complete an assignment on the most popular  
music in the year he was born. To obtain the appropriate data, 
should Donnie just talk to his parents and relatives or go online  
to look up top ten hits from the year he was born?

Key points

• Donnie has to complete an assignment on the most popular 
music in the year he was born.

• To obtain the appropriate data, should Donnie just talk to his 
parents and relatives or go online to look up top ten hits from 
the year he was born?

Explanation

Donnie’s parents and relatives are a small sample selected from 
the population of music listeners in the year Donnie was born.

The top ten hits from online research is obtained from the 
population of all music listeners in the year Donnie was born.

A population is always better than a sample as a sample might  
not be accurately representative of a population.

Answer

Donnie should go online to look up top ten hits from the year 
he was born.

Reasoning

14. a.  The sample of this study is 50 Australians aged 13 to 16.  
The population of this study is Australian teenagers.

b. The variable of time per week spent on extracurricular 
activities is numerical continuous. An appropriate unit is  
time in hours.

c. Question 2 and 4 will result in categorical nominal data.

d. Mr Cronenberg is using secondary data.

e. Suggested option 1: Soccer

Suggested option 2: Guitar

Note: There are other possible options.

15. a.  1, 1, 1, 2, 2, 2, 3, 3, 4, 4, 5, 5, 5, 6, 7, 7, 7, 8, 9. This data could be 
numerical discrete.

b. Even: 2, 6, 4, 2, 8, 2, 4; Odd:1, 1, 5, 3, 7, 7, 3, 5, 1, 7, 9, 5.  
This data could be categorical nominal.

c. The order and organisation of data often helps with 
understanding what kind of data is in the set. Values that 
have been organised into ascending or descending order form 
numerical data. Data grouped into categories is categorical.

Extra spicy

16. D

17. C

18. The area of a house is numerical continuous.

19. There is no guarantee that a sample will be representative of the 
entire population. Using a population when possible will always 
be better for statistical analysis.

Remember this?

20. D 21. A 22. B
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Fluency

4. a. b. c. d. 

5. a. b. c. d. 

6. a. b. c. d. 

7. a.  The sample’s restriction to teenage male relatives only 
introduces bias.

b. The sample’s restriction to friends’ families only introduces bias.

c. The sample’s restriction to the location of Sydney city only 
introduces bias.

d. The sample’s restriction to rescued greyhounds only 
introduces bias.

e. The sample’s restriction to your cat only introduces bias.

f. The sample’s restriction to five teachers only introduces bias.

g. The sample’s size introduces bias.

h. The sample’s restriction to volunteers only introduces bias.

8. C

Spot the mistake

9. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

10. Miriam is a scientist who lives in New Zealand and likes to 
birdwatch every day. She keeps a record of all the native birds 
she sees when she travels around the country. What is the target 
population of Miriam’s research?

Key points

• Miriam keeps a record of all the native birds she sees when she 
travels around the country.

• What is the target population of Miriam’s research?

Explanation

For the sample of native birds Miriam sees when she travels across  
the country to be representative of the target population, the target  
population needs to be all native birds across the country.

Population

Sample

Native birds
that Miriam

sees

All native birds

Answer

The target population of Miriam’s research is all native birds 
across New Zealand.

Method 2 Method 1 Method 1 Method 2

Method 2 Method 1 Method 1 Method 2

Method 1 Method 2 Method 2 Method 1

11. The director of a large company is organising a staff lunch.  
She wants to know if the employees have any dietary requirements 
before booking a caterer. Explain why she must use the population 
as opposed to a sample of her employees in order to get this data.

Key points

• She wants to know if the employees have any dietary 
requirements before booking a caterer.

• Explain why she must use the population as opposed to a 
sample of her employees in order to get this data.

Explanation

Dietary requirements of all employees need to be catered for.  
This is not suitable for selecting a sample as the employees not 
chosen in the sample are not considered. Therefore the director 
must use the entire population to obtain this data.

Answer

The director must use the entire population because she needs to 
obtain the dietary requirements of all employees.

12. Marco is planning on travelling to Thailand. He gathers data on 
yearly rainfall and finds that the probability of heavy rain on any day  
in Thailand is 34%. The majority of rainfall in Thailand occurs during  
the monsoon season late in the year, whereas Marco is travelling 
there in March. Did Marco’s data provide him with a meaningful 
conclusion relevant to his situation? Explain your reasoning.

Key points

• He gathers data on yearly rainfall and finds that the probability 
of heavy rain on any day in Thailand is 34%.

• The majority of rainfall in Thailand occurs during the monsoon  
season late in the year, whereas Marco is travelling there in March.

• Did Marco’s data provide him with a meaningful conclusion 
relevant to his situation? Explain your reasoning.

Explanation

Marco’s method will produce a sample which is not representative 
of the target population of the number of rainy days on any day  
in Thailand. This is because the majority of rainfall in Thailand 
does not occur in March.

Answer

Marco’s data does not provide him with a meaningful conclusion  
relevant to his situation because his sample was not representative  
of rainfall in Thailand in March. 

13. Dawn has found that out of the 100 cars that passed her house on 
a Friday evening between 8 pm and 10 pm, two were speeding. 
She presents her findings to the local council and asks for speed 
bumps to be installed due to the high likelihood of drivers 
speeding on her street. Does Dawn’s survey support her claim? 
Explain your reasoning.

Key points

• Dawn has found that out of the 100 cars that passed her house  
on a Friday evening between 8 pm and 10 pm, two were speeding.

• She presents her findings to the local council and asks for speed 
bumps to be installed due to the high likelihood of drivers 
speeding on her street.

• Does Dawn’s survey support her claim? Explain your reasoning.

Explanation

The sample of cars between 8 pm and 10 pm on a Friday evening is  
not representative of all the cars driving on Dawn’s street at all times.  
Therefore Dawn’s selected sample is not representative of the 
population and so her survey does not support her claim.

Answer

Dawn’s survey does not support her claim because her sample 
of cars driving between 8 pm and 10 pm on a Friday night is not 
representative of the targeted population of all cars on her street.
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8C Interpreting data displays

Student practice
Worked example 1
a. Donkey Kong = 1

Kirby = 3

Mario = 16

Pac-Man = 8

Sonic the Hedgehog = 4

b. 32

Worked example 2
a. Donkey Kong b. 11

Worked example 3
a. Mario b. 32

Worked example 4
a. 20 years b. 20 to 29 years

Understanding worksheet

1. a. IIII b. IIII IIII c. IIII I d. IIII IIII II

2. a. Stem-and-leaf plot b. Dot plot

c. Pie chart d. Pie chart

3. frequency; dot; proportions; numerical

Fluency

4. a. Turning Red b. The Bad Guys

c. 72 d.     5 ____ 24   

5. a.  I. The Bad Guys; II. The Bob's Burgers Movie; III. Cheaper by 
the Dozen; IV. Home Team; V. Marmaduke; VI. Turning Red

b. Marmaduke

c. 4

d. 26

6. a. The Loch Ness monster b. The Yowie

c. The Mothman d. 120

7. a. 104 b. 2 days c. 45 d.    11 ____ 30   

8. C

Spot the mistake

9. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

10. Zeus asks 11 members of his council to vote on a new secretary. 
Each member will vote only once and Zeus wants to use a dot plot  
to record the data. How long should Zeus make the vertical scale  
of his dot plot to ensure that all the potential votes can be included?

14. Callum is an engineer at a robotics company. His job is to test every  
third robot on the assembly line over the course of a month. If a 
total of 1500 robots were produced that month, find the number 
of robots in Callum’s test sample and comment on whether it is 
representative of the population.

Key points

• His job is to test every third robot on the assembly line over the 
course of a month.

• A total of 1500 robots were produced that month.

• Find the number of robots in Callum’s test sample and 
comment on whether it is representative of the population.

Explanation

Callum will test  1500 ÷ 3 = 500  robots on the assembly line over 
the course of a month.

The total targeted population is 1500, which is more than 1000, 
so an appropriate sample size is   √ 

_
 1500   ≈ 39  cars.

 500 > 39 , so the sample is representative of the population.

Answer

The number of robots in Callum’s test sample is 500. This is 
representative of the population of all robots.

Reasoning

15. a. ‘2001: A Space Odyssey’ is the most popular.

b. The target population of Luke’s survey is all people.

c. The sample chosen by Luke is not representative of the  
target population because it is restricted to students at  
Luke’s university.

d. One source of bias in Luke’s sample is the restriction to only 
students at Luke’s university. An improvement could be 
posting an ad online so that it reaches a wider population.

Another source of bias is that Luke chose the movies to put  
on his list. He could have asked people to tell him their 
choices and ranked them based on the number of times  
a movie is mentioned.

e. Suggested option 1: An advantage is the ease of access  
to information, such as research for a school assignment.

Suggested option 2: A disadvantage is the unknown 
credibility of the sources as not all sources are reliable.

Note: There are other possible options.

16. a. This sample is not representative of the target population.

b. This sample is representative of the target population.

c. The sample in part a is not representative of the target  
population because the age of pensioners is not representative  
of the target population of all ages.

The sample in part b is representative of the target population  
because the age of pensioners is representative of the target 
population of people aged 65 or above.

Extra spicy

17. C 18. 1300 19. D

20. 3.3%. This is lower than 4% so he should not return the book  
for revisions.

Remember this?

21. C 22. A 23. E
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Key points

• Zeus asks 11 members of his council to vote on a new secretary.

• Each member will vote only once.

• Zeus wants to use a dot plot to record the data.

• How long should Zeus make the vertical scale of his dot plot to 
ensure that all the potential votes can be included?

Explanation

The longest vertical scale of his plot needs to be the highest 
number of potential votes for one candidate.

0
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8
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um
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Votes for a new secretary

Number of candidates

Candidate 1 Candidate 2 ... Candidate 11

The highest number of potential votes for one candidate is 11,  
as there are 11 members in total.

The lowest number of potential votes for one candidate is 0.

Therefore, the vertical scale of Zeus’ dot plot should start with 
0 and go up to 11 to ensure that all the potential votes can 
be included.

Answer

The vertical scale of Zeus’ dot plot should start with 0 and 
go up to 11.

11. Ms Muscat is a Year 8 coordinator who has 400 grades to analyse 
for an end-of-year mathematics exam. If each student received 
a grade from A to E for this assessment, suggest a suitable 
data display that Ms Muscat can use in order to compare the 
proportions of grades.

Key points

• Ms Muscat is a Year 8 coordinator who has 400 grades to 
analyse for an end-of-year mathematics exam.

• If each student received a grade from A to E for this assessment.

• Suggest a suitable data display that Ms Muscat can use in order 
to compare the proportions of grades.

Explanation

Ms Muscat should use a pie chart because the type of variable 
is categorical. The categories are A, B, C, D, E. The angle each 
sector makes within the pie chart shows the proportions of 
each category.

One possible pie chart for Ms Muscat is shown below.

A

Year 8 mathematics grades

BD

C

E

Answer

Ms Muscat could use a pie chart to compare the proportions 
of grades.

12. The winner of an election must have at least half of all the votes.  
What is the minimum size of the angle of the sector that represents  
the winner in a pie chart?

Key points

• The winner of an election must have at least half of all the votes.

• What is the minimum size of the angle of the sector that 
represents the winner in a pie chart?

Explanation

The minimum number of votes that a winner of an election must 
obtain is half of all the votes, which is 50% of the total votes.

 50% × 360° = 180° 

The following pie chart shows a potential spread of votes where 
the winner obtains 50% of the votes.

Votes for an election

Winner
180°

C

D

B

E

A

The winner of the election must have a sector with an angle of 
180° or more.

Answer

The winner of the election must have a sector with an angle of 
180° or more.

13. The following back-to-back stem-and-leaf plot shows the marks 
out of 100 for an English assignment for two classes, 8X and 8Y.

Which class received higher marks for the English assignment 
overall? Explain your reasoning.

Key points

• The following back-to-back stem-and-leaf plot shows the marks 
out of 100 for an English assignment for two classes, 8X and 8Y.

• Which class received higher marks for the English assignment 
overall? Explain your reasoning.

Explanation

Looking at the stem-and-leaf plot, 8Y’s marks are mostly around  
70 to 90, whereas 8X’s are between 50 and 70. So 8Y did 
better overall.

8X Stem 8Y
9 5 2 0 3 1 Key

8 4 0 6 | 1 = 61 marks
9 9 8 8 5 4 3 3 5 4

9 3 2 2 6 1 4 5 8
6 5 5 3 3 7 3 7 8 8

0 0 8 2 3 4 5 5 6 7 8 9
2 9 0 1 4 5 9

Answer

Class 8Y received higher marks than 8X because most of 8Y’s 
marks are concentrated further down the stem-and-leaf plot 
compared to 8X’s marks.

Most frequent range of marks for 8Y

Most frequent range of marks for 8X

ANSWERS 	938

8C
 A

N
SW

ER
S

 



8D Frequency tables and histograms

Student practice
Worked example 1
a. 0–5, 6–11, 12–17, 18–23, 24–29

Hairdresser visits in a year Tally Frequency

0–5 IIII I 6

6–11 IIII 5

12–17 IIII II 7

18–23 I 1

24–29 I 1

Worked example 2
a. 147–<152 cm, 152–<157 cm, 157–<162 cm, 162–<167 cm, 

167–<172 cm, 172–<177 cm

Height in cm Tally Frequency

147–<152 II 2

152–<157 II 2

157–<162 III 3

162–<167 IIII 4

167–<172 IIII III 8

172–<177 I 1

Worked example 3

a.  

1
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2
3
4
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Rent amounts of three-bedroom properties in Melbourne

400 500 600 700 800 900 1000 1100 1200
Rent per week (AUD)

b. Positively skewed

Understanding worksheet

1. a. 15–19 people b. 12–15 goals

c. 46–<50 mm d. 550–<650 cm

2. a. Symmetric b. Bi-modal

c. Positively skewed d. Negatively skewed

3. intervals; inclusive; continuous; histogram; shape

Fluency

4. a. 19

b. 17–22, 23–28, 29–34, 35–40

14. Sammy is a wedding planner. He asks a sample of 30 guests to try  
different entrees and vote for their favourite. He recorded the 
results in a frequency table.

There are 240 guests coming to the wedding. According to the table,  
at least how many servings of arancini balls should be prepared 
for the event?

Key points

• Sammy asks a sample of 30 guests to try different entrees and  
vote for their favourite and records the results in a frequency table.

• There are 240 guests coming to the wedding.

• According to the table, at least how many servings of arancini 
balls should be prepared for the event?

Explanation

The proportion of people who voted arancini balls as their 

favourite is     8 ____ 30   =    4 ____ 15   .

If     4 ____ 15    of the total 240 guests favour arancini balls, the least 

number of servings for arancini balls prepared should 

be     4 ____ 15   × 240 = 64  servings.
Votes for favourite entrees

Fish cakes

Samosas
Spring rolls

Bread and dips

Arancini balls

× 240 = 64 servings4
15

Answer

At least 64 servings of arancini balls should be prepared for 
the event.

Reasoning

15. a. Chinese b. 38% c. 3% d. 12%

e. Suggested option 1: French and Indonesian could be included 
in the ‘Other’ category.

Suggested option 2: German and Khmer could be included in 
the ‘Other’ category.

Note: There are other possible options.

16. a.  The type of variable is categorical. A dot plot is suitable to 
display the data.

b. The type of variable is numerical. A stem-and-leaf plot is 
suitable to display the data.

c. For part a, the variable is categorical, so it is not possible to 
use a stem-and-leaf plot. Stem-and-leaf plot can only be used 
for data that can be counted or measured with numbers.

For part b, the variable is numerical, a stem-and-leaf plot 
is suitable. For numerical data that is measured, it may not 
be practical to use a dot plot or pie chart, especially if each 
person has a distinctly different time result.

Extra spicy

17. C 18. B 19. 68 20. Foxes

Remember this?

21. B 22. B 23. E
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c.  Class size Tally Frequency

17–22 IIII I 6

23–28 IIII IIII 9

29–34 IIII 4

35–40 I 1

d. 23–28

5. a. 34

b. 136–<141 cm, 141–<146 cm, 146–<151 cm, 151–<156 cm, 
156–<161 cm, 161–<166 cm, 166–<171 cm

c.  Height in cm Tally Frequency

136–<141 II 2

141–<146 0

146–<151 II 2

151–<156 IIII I 6

156–<161 III 3

161–<166 IIII 4

166–<171 III 3

d. 151–<156 cm

6. a. Weekly salary (AUD) Tally Frequency

481–<581 II 2

581–<681 IIII 4

681–<781 II 2

781–<881 IIII 4

881–<981 I 1

981–<1081 IIII 5

1081–<1181 I 1

1181–<1281 I 1

b. 100

c.  
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Weekly salaries of 20 Victorians

400 600 800 1000 1200 1400
Weekly salary (AUD)

d. $981–<$1081

e. Bi-modal

7. a. 380

b. 350–<400, 400–<450, 450–<500, 500–<550, 550–<600, 
600–<650, 650–<700, 700–<750

c.  Rent per week Tally Frequency

350–<400 II 2

400–<450 III 3

450–<500 III 3

500–<550 II 2

550–<600 III 3

600–<650 IIII 4

650–<700 I 1

700–<750 II 2

d.  

1
0

2
3
4
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Rent amounts of one-bedroom properties in Melbourne

350 400 450 500 550 600 650 700 750
Rent per week (AUD)

e. $600–650 per week

f. Symmetric

g. The shape of a histogram tells us where the majority of the 
values in the distribution lie. We can see from the above 
histogram that most of the rent amounts are concentrated 
around $400 to $650.

8. C

Spot the mistake

9. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

10. Giuseppe is analysing his profits for the month of April. He collects  
data in Australian dollars every day and records it in a frequency 
table. Should Giuseppe choose inclusive or exclusive class 
intervals to group the data for a histogram?

Key points

• Giuseppe collects data every day, in Australian dollars.

• Should Giuseppe choose inclusive or exclusive class intervals to 
group the data for a histogram?

Explanation

Dollars are a continuous variable. Continuous data should be 
grouped in exclusive class intervals, where the maximum values  
of each interval are included in the following interval.

Answer

Giuseppe should choose exclusive class intervals.

11. Patrick is a teacher who wants to record the assignment results 
for his class of 28 students in a frequency table. The marks of the 
students ranged from 25 to 100, including decimals. How many 
exclusive class intervals of size 10 will be in Patrick’s table?

Key points

• There are 28 students.

• The marks of the students ranged from 25 to 100, 
including decimals.

• How many exclusive class intervals of size 10 will be in 
Patrick’s table?
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Explanation

The frequency is highest in the first interval and lowest in the 
last interval. The frequency values decrease consistently, and this 
shows that the histogram will be positively skewed, with a peak 
on the left and tail on the right.

This prediction is correct when we create the histogram:
Time to get to school

10 20 30 40 50 60
Time to get to school (mins)

2

0

4

6

8

10

12
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y

Answer

Positively skewed

Reasoning

15. a. 290 cents

b. 50

c. $4.40–$5.40

d.  Price of Big Mac Tally Frequency

390–<440 IIII III 8

440–<490 IIII IIII 9

490–<540 IIII IIII 9

540–<590 I 1

590–<640 II 2

640–<690 I 1

e. Suggested option 1: Costs of ingredients are different in 
different countries.

Suggested option 2: Some countries are willing to pay more 
for Big Macs than others.

Note: There are other possible options.

16. a. Histogram A

b. Histogram B

c. It tells you whether the temperatures tend to be warmer  
or colder, based on the skew. Negative skew indicates 
overall warmer temperatures or larger values, positive skew 
indicates overall colder temperatures or smaller values.

Extra spicy

17. D

18. B

19. It will make the data either positively or negatively skewed,  
where it may not have been before.

20. 0–<20 hours

Remember this?

21. A 22. B 23. E

Explanation

The maximum mark was 100, and the minimum mark was 25. 

∴ Range  = 100 − 25 = 75 

Divide the range by 10 and round up to the nearest whole number. 
This will be the number of class intervals of size 10.

 75 ÷ 10 = 7.5 ≈ 8 

Answer

There will be 8 exclusive class intervals of size 10.

12. Stacey has collected data ranging from 50 cm to 350 cm. 
Determine the size of each exclusive class interval if Stacey 
organises the measurements in 6 equal ordered groups.

Key points

• The data ranges from 50 to 350.

• Stacey organises the measurements in 6 equal ordered groups.

• Determine the size of each exclusive class interval.

Explanation

The maximum value was 350, and the minimum value was 50.

∴ Range  = 350 − 50 = 300 

Range  ÷  number of intervals  =  size of class interval

 300 ÷ 6 = 50 

Answer

Each exclusive class interval is of size 50.

13. Lena is an accountant who is analysing her client’s daily 
spendings during the previous financial year. She has to group 
amounts ranging from $15 to $500 dollars in exclusive class 
intervals of size 100. List the class intervals starting with the 
minimum of $15 and including the maximum of $500.

Key points

• The amounts range from $15 to $500.

• The exclusive class intervals are of size 100.

• List the class intervals starting with the minimum of $15 and 
including the maximum of $500.

Explanation

The maximum value was $500, and the minimum value was $15.

∴ Range  = 500 − 15 = 485 

Divide the range by 100 and round up to the nearest whole 
number to find the number of class intervals of size 100.

 485 ÷ 100 = 4.85 ≈ 5 

Starting with the minimum value (15), group the data into 
exclusive class intervals of size 100. Make sure that the maximum 
value (500) is included in the last class interval.

The intervals will be: $15–<$115, $115–<$215, $215–<$315, 
$315–<$415, $415–<$515.

Answer

$15–<$115, $115–<$215, $215–<$315, $315–<$415, $415–<$515.

14. Sally asks 29 people how long it takes them to get to school in  
the morning. She records the results in the following table.

Predict the overall shape of the histogram Sally constructs 
from the data.

Key points

• The data is shown in the frequency table.

• Predict the overall shape of the histogram Sally constructs 
from the data.
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8E Measures of centre and spread

Student practice
Worked example 1
a. Mean  = 7.7 ; median  = 8 ; mode  =   12 ; range  = 14 .

b. Mean  = 3.4 ; median  = 3 ; mode  = 3 ; range  = 5 .

Worked example 2
a. Outlier  = 60 

b. With outlier: mean  = 10.1 ; median  = 8 ; mode  =   12 ; range  = 59 .

Without outlier: mean  = 7.7 ; median  = 8 ; mode  =   12 ; range  = 14 .

c. The mean increased from 7.7 to 10.1.

The median did not change from 8.

The mode did not change from 12.

The range increased from 14 to 59.

Understanding worksheet

1. a. 
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b.  
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c.  
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200 400 600 800 1000

2. a. True b. True c. True d. False

3. median; range; maximum; mean

Fluency

4. a. Mean  = 8 ; median  = 8 ; mode  = 7  and  9  and  11 ; range  = 13 .

b. Mean  = 10.2 ; median  = 9 ; mode =  7  and  12 ; range  = 15 .

c. Mean  = 19.2 ; median  = 20.5 ; mode  = 21  and  22 ; range  = 19 .

d. Mean  = 40.3 ; median  = 42 ; mode  = 67 ; range  = 59 .

e. Mean  = 8.3 ; median  = 7.5 ; mode  = 9.5  and  15.5 ; range  = 14.5 .

f. Mean  = 16.5 ; median  = 16.7 ; mode  = 10, 14  and  18 ;  
range  = 18 .

g. Mean  = 9.8 ; median  = 11.25 ; no mode; range  = 18.8 .

5. a. Number (n) Frequency ( f ) n × f

0 3 0

1 4 4

2 6 12

3 8 24

Total 21 40

Mean = 1.9; median = 2; mode = 3; range = 3.

b.  Number (n) Frequency ( f ) n × f

1 2 2

2 4 8

3 6 18

4 2 8

5 4 20

Total 18 56

Mean = 3.1; median = 3; mode = 3; range = 4.

c.  Number (n) Frequency ( f ) n × f

5 1 5

6 4 24

7 4 28

8 5 40

9 3 27

10 2 20

Total 19 144

Mean = 7.6; median = 8; mode = 8; range = 5.

d.  Number (n) Frequency ( f ) n × f

10 5 50

20 3 60

30 4 120

40 6 240

50 4 200

Total 22 670

Mean = 30.5; median = 30; mode = 40; range = 40.
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6. a. Outlier  = 40 b. No outliers

c. No outliers d. Outlier  = 9 

e. Outlier  = 0 f. Outlier  = 50 

g. Outlier = 138

7. a. Outlier  = 130 

b. With outlier: mean  = 38.8 ; median  = 30 ; mode  = 20, 22, 23, 
30  and 36; range  = 129 .

c. Without outlier: mean  = 35.7 ; median  = 30 ; mode  = 20, 22, 
23, 30  and 36; range  = 89 .

d. Median and mode are not affected by the outlier.

e. Without the outlier, the mean decreased by 3.1 seconds from 
38.8 to 35.7. The range decreased by 40 seconds from 129 to 89.

8. D

Spot the mistake

9. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

10. Zoe measures the temperature inside a terrarium every day for 
a month. After gathering the data, she can see one outlier caused 
by the wrong setting on her thermometer. Should Zoe use the 
mean or median to estimate the average temperature inside the 
terrarium that month?

Key points

• Zoe measures the temperature inside a terrarium every day 
for a month.

• After gathering the data, she can see one outlier caused by the 
wrong setting on her thermometer.

• Should Zoe use the mean or median to estimate the average 
temperature inside the terrarium that month?

Explanation

As the outlier is caused by a wrong setting on her thermometer, 
Zoe would like the outlier to have the least effect on the  
average temperature.

Therefore, Zoe should use the median because outliers affect the 
mean of numerical data, and have little to no effect on the median.

Answer

Zoe should use the median to estimate the average temperature 
inside the terrarium that month.

11. Cindy asks 10 of her classmates how many times they have  
been overseas. When she organised the responses, the minimum 
value was 0, and the range was 7. Cindy then records one more 
friend’s response and the range of her data increases by 5.  
How many times has the last friend Cindy surveyed been overseas?

Key points

• Cindy asks 10 of her classmates how many times they have 
been overseas.

• When she organised the responses, the minimum value was 0,  
and the range was 7.

• Cindy then records one more friend’s response and the range of 
her data increases by 5.

• How many times has the last friend Cindy surveyed 
been overseas?

Explanation

As the range increased, the data from the last friend Cindy surveyed  
would be the maximum data.

New range  =  maximum value  −  minimum value

  7 + 5 =  maximum value  − 0 

  12 =  maximum value

Therefore, the last friend that Cindy surveyed has been 
overseas 12 times.

Answer

The last friend that Cindy surveyed has been overseas 12 times.

12. Jeffrey wants to become a court typist. He needs to be able to type 
an average of 200 spoken words per minute in order to qualify. 
It took Jeffrey 1.5 hours to type up a speech 19 000 words long. 
Does he qualify for the job?

Key points

• Jeffrey needs to be able to type an average of 200 spoken words 
per minute in order to qualify.

• It took Jeffrey 1.5 hours to type up a speech 19 000 words long.

• Does he qualify for the job?

Explanation

There are 60 minutes in an hour. 1.5 hours  
= 1.5 × 60 = 90  minutes.

Mean number of words Jeffrey types per minute 

 =   
Total number of words Jeffrey types over 90 minutes

     ____________________________________________________________   90    

 =   19 000 _________ 90    

 ≃ 211  words per minute

 211 > 200 . Therefore, Jeffrey qualifies for the job.

Answer

Jeffrey qualifies for the job.

13. Carol is studying for an exam every day of the school week Monday  
until Friday. She studied for 4 hours on Monday, 2 hours on 
Wednesday, 3 hours on Thursday, and 2 hours on Friday. How long 
did Carol study for on Tuesday if the mean number of hours she 
studied per day was 3 that school week?

Key points

• Carol is studying for an exam every day of the school week 
Monday until Friday.

• She studied for 4 hours on Monday, 2 hours on Wednesday,  
3 hours on Thursday, and 2 hours on Friday.

• The mean number of hours she studied per day was 3 that 
school week.

• How long did Carol study for on Tuesday?

Explanation

Mean number of hours Carol studied per day

 =   Total number of hours studied over the week    ___________________________________________________  5 days    

 3 =   
4 + number of hours studied on Tuesday + 2 + 3 + 2

     ___________________________________________________________   5    

 3 =   
11 + number of hours studied on Tuesday

    _______________________________________________  5    

 15 = 11 +  number of hours studied on Tuesday

Number of hours studied on Tuesday  = 4 

Answer

Carol studied for 4 hours on Tuesday.
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14. 5 friends are comparing their scores for a test. The median and 
mode of their scores is 75 out of 100. If the range of their scores  
is 50, then what is the lowest possible mark in the data set?

Key points

• 5 friends are comparing their scores for a test.

• The median and mode of their scores is 75 out of 100.

• The range of their scores is 50.

• What is the lowest possible mark in the data set?

Explanation

The lowest mark possible in the data set would be (the highest 
mark in the data set  −50 ).

For the mark to be the lowest, the highest mark in the data set 
should be minimised.

Given the median and the mode of the data set is 75, the lowest 
highest possible mark would be 75.

One possible dataset could be: 25, 75, 75, 75, 75.

Note: There are other possible datasets. Datasets that satisfy:  
the lowest being 25, the highest being 75, 75 appearing more  
than once will be correct.

Answer

The lowest possible mark in the dataset is 25 out of 100.

Reasoning

15. a. 46

b. 14, 17 and 18

c. Mean  = 20.1 ; median  = 18 ; range  = 32 .

d. Mean  = 18.7 ; median  = 18 ; range  = 13 .

The mean decreased from 20.1 to 18.7.

The median did not change from 18.

The range decreased from 32 to 13.

e. Suggested option 1: The most important rule is that players  
must not participate in violent conduct towards the opponents.

Suggested option 2: The most important rule is that players 
must obey the instructions of the sports official.

Note: There are other possible options.

16. a. Mean  = 5.3 ; median  = 4.5 ; mode = 2 and  4 ; range  = 8 .

b. Mean  = 21.1 ; median  = 23.5  ; mode  = 10 ; range  = 48 .

c. The data set in part a had more consistent results. The bigger 
the range is, the less reliable small data sets are.

Extra spicy

17. 25 18. B 19. D 20. 2, 4, 4, 4, 6

Remember this?

21. D 22. E 23. C

Chapter 8 extended application

1. a.    a + b + c + d + e  _____________________ 5    = 17 ;  a + b + c + d + e = 85 

b.    a + b + c ___________ 3    = 15  1 __ 3   ;  a + b + c = 46 

c.    c + d + e ___________ 3    = 18  1 __ 3   ;  c + d + e = 55 

d. Conrad’s age is 16 years old.

e. Andy and Barbara are 15 years old, Donna is 18 years old, 
Ernie is 21 years old.

f. Suggested option 1: How to split household chores so that the 
house is tidy and clean.

Suggested option 2: Be considerate to other people, for example,  
do not spend too much time in the bathroom.

Note: There are other possible options.

2. a. The total annual income of Average Town is  $170 000 000 .

b. The mean annual income of Average Town after Milo moves 
away is  $85 003 .

c. The mean annual income of Sleepy Village after Milo moves 
there is  $40 159 .

d. The total annual income of Sleepy Village needs to increase  
by  $11 250 000 .

e. The annual income of Average Town after the move is  $80 000 .

f. Suggested option 1: Moving to the countryside could provide 
a quieter life if this is of the person’s preference.

Suggested option 2: Moving to the city provides more  
career opportunities.

Note: There are other possible options.

3. a.  5854  computer games were sold in 2022.

b.  950  adventure games were sold in 2023.

c. Game sales decreases by  0.9%  from 2022 to 2023.

d.  Game 
genre

Number 
of sales in 
2022

Number 
of sales in 
2023

Sales 
increase/
decrease (%)

Action 1508 1393 −7.626%

Adventure 964 950 −1.452%

Platformer 890 1003 12.697%

RPG 1472 1500 1.902%

Simulation 1020 957 −6.176%

e.  

RPG: 1529

Sales by genre in 2024

Platformer: 1130

Simulation: 898

Adventure: 936

Action: 1287

f. Suggested option 1: Support physical stores that are slowly 
going obsolete.

Suggested option 2: For collection purposes.

Note: There are other possible options.

Chapter 8 review

Multiple choice

1. B 2. D 3. C 4. D 5. E

Fluency

6. a. i. Population
ii. Census

b. i. Sample
ii. Survey

c. i. Sample
ii. Survey

d. i. Population
ii. Census
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7. a. Primary data b. Primary data

c. Secondary data d. Primary data

8. a. Method 2 b. Method 1

c. Method 2 d. Method 2

9. a.  The sample is restricted to people aged 16 years only. It does 
not include young people of other ages who are members of 
the population, introducing bias.

b. The sample is too small to be representative of the population,  
introducing bias.

c. The sample is restricted to people at a particular desk only.  
It does not include people at other desks in the office who are 
members of the population, introducing bias.

d. The sample is restricted to people living on a particular street 
only. It does not include people living on other streets in 
Victoria who are members of the population, introducing bias.

10. a. Ice-cream b. Caramel

c.  60 d.    1 __ 5   

11. a.  25  animals b.  16  days

c.  57  animals d.     5 ____ 31   

12. a.  25 

b. The intervals are 10–15, 16–21, 22–27, 28–33,  
and 34–39 people.

c.  Number of people Tally Frequency

10–15 I 1

16–21 IIII IIII 9

22–27 IIII I 6

28–33 III 3

34–39 I 1

d. 16–21 people

13. a. 7

b.  Age Tally Frequency

11 II 2

12 III 3

13 IIII 4

14 III 3

15 II 2

16 III 3

17 I 1

18 II 2

c.  
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Age of 20 students at a school

10 11 12 13 14 15 16 17 1918
Age

d. Symmetric

14. a. Mean = 15.1; median = 14; mode = 10, 12, 19; range = 13

b. Mean = 27.7; median = 25; mode = none; range = 26

c. Mean = 54.2; median = 53.5; mode = 42; range = 44

d. Mean = 89; median = 89; mode = 90; range = 23

15. a. 3

b. Mean = 14.2; median = 14.5; mode = 17, 18; range = 19

c. Mean = 14.5; median = 15; mode = 17, 18; range = 13

d. The mean, median, and range were affected by the outlier.  
The mode was not affected by the outlier.

Problem solving

16. Jessica wants to investigate how long her classmates listen to 
music everyday. State the variable of this investigation,  
with appropriate units, and determine its type.

Key points

• Jessica wants to investigate how long her classmates listen to 
music everyday.

• State the variable of this investigation, with appropriate units, 
and determine its type.

Explanation

Determine the variable, or the quantity or quality is being measured,  
counted, or observed.

The variable is the amount of time Jessica’s classmates listen to 
music everyday. Appropriate units are time in minutes or time  
in hours.

Determine whether the variable is numerical or categorical first. 
Then, if the variable is numerical, determine whether it is counted 
or measured.

Time is a numerical continuous variable as it is a number and  
is measured.

Answer

The variable is the amount of time Jessica’s classmates listen to 
music everyday. An appropriate unit is time in minutes. The type 
of variable is numerical continuous.

17. Lauren is a food critic and reviews food items at restaurants. 
She reviewed every second item on the menu at 12 restaurants. 
If there is an average of 36 food items on each menu, find the 
number of food items in Lauren’s testing sample and comment  
on whether it is representative of the population.

Key points

• Lauren reviewed every second item on the menu at 12 restaurants.

• There are an average of 36 food items on each menu.

• Find the number of food items in Lauren’s testing sample and 
comment on whether it is representative of the population.
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Explanation

Lauren reviews    (  36 ÷ 2 )   × 12 = 216   food items. The total 
population is  432  food items, so an appropriate sample size is  ≥ 30 .

 216 ≥ 30 , so the sample size is appropriate and the sample is 
representative of the population.

Answer

The number of food items in Lauren’s testing sample is  216 .  
This is representative of the population of food items at  
the restaurants.

18. Ms Suzanna is a Year 8 English teacher for 4 classes, who has 
180 grades to analyse for an essay assessment. If each student 
received a grade from A to E for the assessment, suggest a suitable 
data display that she can use in order to compare the proportions 
of grades.

Key points

• Ms Suzanna has 180 grades to analyse for an essay assessment.

• Each student received a grade from A to E for the assessment.

• Suggest a suitable data display that she can use in order to 
compare the proportions of grades.

Explanation

Data displays include pie charts, dot plots, and stem-and-leaf plots.

The data that Ms Suzanna is visualising is categorical. The categories  
are A, B, C, D, and E. Therefore, Ms Suzanna should use a pie chart  
because it divides categories into sectors that represent proportions  
of each category.

One possible pie chart for Ms Suzanna is shown below.

A

Year 8 assessment grades

BD

C

E

Answer

Ms Suzanna could use a pie chart to compare the proportions  
of grades.

19. Ryan is analysing his business’ profits for the month of March. 
He collects data in Australian dollars everyday and records it in a 
frequency table. Should Ryan choose inclusive or exclusive class 
intervals to group the data for a histogram? Explain why.

Key points

• Ryan collects data in Australian dollars everyday.

• Should Ryan choose inclusive or exclusive class intervals to 
group the data for a histogram? Explain why.

Explanation

Dollars are a continuous variable. Continuous data should be 
grouped in exclusive class intervals, where the maximum values  
of each interval are included in the following interval.

Answer

Ryan should choose exclusive class intervals to group the data for 
a histogram.

20. Jimmy is studying for a test every day of the school week, Monday 
until Friday. He studied for three hours on Monday, four hours on 
Tuesday, four hours on Wednesday and one hour on Friday.  
How long did Jimmy study for on Thursday night if the mean 
number of hours he studied in the week was three hours?

Key points

• Jimmy is studying for a test every day of the school week, 
Monday until Friday.

• He studied for three hours on Monday, four hours on Tuesday, 
four hours on Wednesday and one hour on Friday.

• The mean number of hours he studied in that week was  
three hours.

• How long did Jimmy study for on Thursday night?

Explanation

Mean number of hours Jimmy studied per day  

=   Total number of hours studied over the week    ___________________________________________________  5 days    

 3 =   
3 + 4 + 4 + number of hours studied on Thursday + 1

     _____________________________________________________________   5    

 3 =   
number of hours studied on Thursday + 12

    _________________________________________________  5    

 15 =  number of hours studied on Thursday  + 12 

Number of hours studied on Thursday  = 15 − 12 

  = 3 

Answer

Jimmy studied for  3  hours on Thursday.

Reasoning

21. a. Primary data

b.  Number of hours Tally Frequency

0–<5 IIII 4

5–<10 III 3

10–<15 IIII III 8

15–<20 I 1

20–<25 0

25–<30 II 2

30–<35 II 2

c.  Number of hours 20 students spent
listening to music by Taylor swift

5 10 15 20 25 30 35
Number of hours

2

0

4

6

8

10

Fr
eq

ue
nc

y

d. Mean = 12.8; median = 11; range = 34

e. Suggested option 1: An advantage of having a pre-made playlist  
is that Tina does not have to pay money to hire a band.

Suggested option 2: A disadvantage of having a pre-made 
playlist is that live music is a more immersive musical 
experience that students may find cool and unique.

Note: There are other possible options.
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22. a.  The type of variable is categorical. A dot plot is a suitable  
data display.

b. The type of variable is numerical. A stem-and-leaf plot is a 
suitable data display.

c. For part a, the variable is categorical, so it is not possible to 
use a stem-and-leaf plot. A stem-and-leaf plot can only be 
used for data that can be counted or measured with numbers.

For part b, the variable is numerical. For numerical data that 
is measured, such as time, it may be impractical to use a dot 
plot or pie chart, especially if each person has a different  
time result.
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9A The Cartesian plane

Student practice
Worked example 1
a. (3,5) b. (5,0)

Worked example 2

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

A

B

Worked example 3

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

A

B

Quadrant 1Quadrant 2

Quadrant 3 Quadrant 4

Point A is found in the fourth quadrant.

Point B is found on the 𝑦-axis.

Understanding worksheet

1. a. (2,2) b. (4,−4)

c. (−4,0) d. (−3,−3)

2. a. Quadrant 2 b. Quadrant 1

c. 𝑦-axis d. 𝑥-axis

3. Cartesian;    (  𝑥,𝑦 )    ; horizontal; four

Fluency

4. a. A(3,2) b. B(−3,4)

c. C(0,4) d. D(−3,0)

e. E(−3,−5) f. F(4,−5)

g. G(2.5,−4) h. H(5.5,0)

5.  

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

H

B
E A

F

C
G

D

6.  

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

H

B

E

A

F

C

G

D

a. Quadrant 1 b. Quadrant 2

c. Quadrant 3 d. Quadrant 4

e. 𝑦-axis f. 𝑥-axis

g. 𝑦-axis h. 𝑥-axis

7. a. Quadrant 1 b. Quadrant 1

c. Quadrant 2 d. Quadrant 2

e. Quadrant 3 f. Quadrant 4

g. 𝑦-axis h. 𝑥-axis

8. B

Spot the mistake

9. a. Student B is incorrect. b. Student B is incorrect.

Problem solving

10. Nora lives on 3rd street and 5th road, represented as    (  3,5 )    .  
Her grandmother lives at 5th street and 9th road, represented  
as    (  5,9 )    . Plot the coordinates on a Cartesian plane.

Key points

• Nora lives at    (  3,5 )    .

• Nora’s grandmother lives at    (  5,9 )    .

• Plot the coordinates on a Cartesian plane.

Explanation

Nora lives at (3,5), which is 3 units right and 5 units up from 
the origin.

Nora’s grandmother lives at (5,9), which is 5 units right  
and 9 units up from the origin.
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Answer

2

−5

−4

−10

−6

5

4

10

6

y

x
−2

N

G

11. Stanley is keeping track of the amount of push ups and sit ups he 
does per day by using a Cartesian plane. He uses the 𝑥-axis for 
the number  of push ups and the 𝑦-axis for the number of sit ups. 
Plot the following: Monday (10,32), Tuesday (15,25), Wednesday 
(5,63) and Thursday (32,20) to then determine what day Stanley 
did the most push ups?

Key points

• Stanley uses the 𝑥-axis for the number of push ups  
and the 𝑦-axis for the number of sit ups.

• He recorded: Monday (10,32), Tuesday (15,25),  
Wednesday (5,63) and Thursday (32,20).

• Plot these coordinates, and then determine the day that Stanley 
did the most push ups.

Explanation

Plot the coordinates on the Cartesian plane.

Monday is 10 units right and 32 units up.

Tuesday is 15 units right and 25 units up.

Wednesday is 5 units right and 63 units up.

Thursday is 32 units right and 20 units up.

The number  of push ups is r epr esented along the 𝑥-axis.

The coor dinate with the highest 𝑥-value (i.e. the coor dinates
furthest to the right) is (32,20), which is Thursday.

20

10

−20

40

20

60

y

x
−10

Monday

Tuesday

Wednesday

Thursday

30

Answer

Stanley did the most push ups on Thursday.

12. On a Cartesian plane, Jessie’s work is located at    (  −3,−2 )    .  
Jessie lives four  blocks nor th and five blocks east.  
State the ordered coordinates for Jessie’s home.

Key points

• Jessie’s work is located at    (  −3,−2 )    .

• Jessie lives four  blocks nor th and five blocks east.

• State the ordered coordinates for Jessie’s home.

Explanation

Plot (−3,−2) on the Car tesian plane. It is thr ee units down  
and 2 units left of the origin.

2

−5

−4

−10

−6

5

4

10

6

y

x
−2

Jessie’s work

To find Jessie’s home, deter mine the coor dinates that ar e four  
units up and five units r ight.

2

−5

−4

−10

−6

5

4

10

6

y

x
−2

Jessie’s work

Jessie’s home
4 units up

5 units   right

So Jessie’s home is located at (2,2).

Alter natively, incr ease the 𝑥-coor dinate by 5 and the
𝑦-coor dinate by 4.

   (  −3 + 5,−2 + 4 )   =  (  2,2 )    

Answer

Jessie’s home is located at (2,2).

13. The Cartesian plane below displays information about where 
seven family members live. Show that the distance between 
Michelle and Carrie is equal to seven units.

Key points

• The Cartesian plane shows where each family member lives.

• Show that the distance between Michelle and Carrie is equal  
to seven units.

Explanation

2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

Michelle

Carrie

Michelle is located at (2,3) and Car r ie is located at (2,−4).

Both family member s’ locations have the same 𝑥-coor dinate,  
so the distance between them will be the difference between  
their  𝑦-coor dinates.
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2

2

−2

−4

−4

−6

−6

4

4

6

6

y

x
−2

Michelle

Carrie

3 − (−4) = 7 units

  3 −  (  −4 )   = 7  

Answer

The distance between Michelle and Carrie is the difference 
between their  𝑦-coor dinates, 7 units.

14. A particular shopping centre displays the following information 
on a Cartesian plane. Coles is located at the origin, Bank of 
Melbourne is located at    (  −3,−4 )    , the food court has the same 
𝑥-coor dinate as Bank of Melbour ne and a 𝑦-coor dinate of  1.   
The bathrooms are one unit left and three units up from the  
food court. The bathrooms are located in which quadrant?

Key points

• Bank of Melbourne is located at    (  −3,−4 )    .

• The food cour t has the same 𝑥-coor dinate as Bank of Melbour ne 
and a 𝑦-coor dinate of  1. 

• The bathrooms are one unit left and three units up from  
the food court.

• The bathrooms are located in which quadrant?

Explanation

The food cour t has the same 𝑥-coor dinate as Bank of Melbour ne
and a 𝑦-coor dinate of 1.

The 𝑥-coor dinate of the Bank of Melbour ne is −3, so the food
cour t is at (−3,1).

Plot this on a Car tesian plane. (−3,1) is thr ee units left  
and one unit up from the origin.

2

−5

−4

−10

−6

5

4

10

6

y

x
−2

Food court

To find the bathr ooms, deter mine the coor dinates that  
are one unit left and three units up from the food court.

2

−5

−4

−10

−6

5

4

10

6

y

x
−2

Food court

Toilets

3 units up

1 unit left

So the bathr ooms ar e located at (−4,4).

Alter natively, decr ease the 𝑥-coor dinate by 1 and incr ease  
the 𝑦-coor dinate by 3.

   (  −3 − 1,1 + 3 )   =  (  −4,4 )    

(−4,4) is in quadr ant 2.

Answer

The bathrooms are in quadrant 2.

Reasoning

15. a. (−3,2) b. Quadrant 2

c. (−10,0) d. (−2.5,0)

e. Suggested option 1: The building where classes are held could 
be situated halfway between the houses that are furthest 
away from each other.

Suggested option 2: The school could allow more time for 
these students to get to class.

Note: There are other possible options.

16. a. Quadrant 4 b. Quadrant 2

c. Since the positive and negative signs of the 𝑥- and
𝑦-coor dinates ar e differ ent for these two points, they ar e  
not found in the same quadrant.

Extra spicy

17. (−1,0) (0,0) (1,0) (2,0) 18. (1,−3.5)

19. C 20. B

Remember this?

21. C 22. B 23. C

9B Tables of values

Student practice
Worked example 1

a.  𝑥𝑥 −3 −2 −1 0 1

𝑦𝑦 −10 −6 −2 2 6

Coordinate (−3,−10) (−2,−6) (−1,−2) (0,2) (1,6)

b.  𝑥𝑥 −3 −2 −1 0 1

𝑦𝑦 8 6 4 2 0

Coordinate (−3,8) (−2,6) (−1,4) (0,2) (1,0)
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Fluency

4. a. 𝑥𝑥 −3 −2 −1 0 1

𝑦𝑦 −2 −1 0 1 2

Coordinate (−3,−2) (−2,−1) (−1,0) (0,1) (1,2)

b.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −6 −4 −2 0 2

Coordinate (−2,−6) (−1,−4) (0,−2) (1,0) (2,2)

c.  𝑥𝑥 −1 0 2 4 6

𝑦𝑦 1 0 −2 −4 −6

Coordinate (−1,1) (0,0) (2,−2) (4,−4) (6,−6)

d.  𝑥𝑥 −2 0 2 4 6

𝑦𝑦 4 −2 −8 −12 −16

Coordinate (−2,4) (0,−2) (2,−8) (4,−12) (6,−16)

5. a. 𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −6 −3 0 3 6

b.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −10 −5 0 5 10

c.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −2 0 2 4 6

d.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −5 −2 1 4 7

e.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 1 2 3 4 5

f.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −1 1 3 5 7

g.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 0    1 _ 2   1    3 _ 2   2

h.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 0.5 1.25 2 2.75 3.5

6. a. 𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 8 4 0 −4 −8

b.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 4 2 0 −2 −4

c.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 9 6 3 0 −3

Worked example 2

a.  𝑥𝑥 0 1 2 3

𝑦𝑦 2 5 8 11

b.  𝑥𝑥 −1 0 1 2

𝑦𝑦 5 3 1 −1

Worked example 3

a.  

2−4

5

4

10

y

x
−2

y = 2x + 3

b.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 10 7 4 1 −2

2−4

5

4

10

y

x
−2

y = −3x + 4

Understanding worksheet

1. a. 𝑥𝑥 1 2 3 4

𝑦𝑦 2 5 8 11

Coordinate (1,2) (2,5) (3,8) (4,11)

b.  𝑥𝑥 0 1 2 3

𝑦𝑦 1 1.5 2 2.5

Coordinate (0,1) (1,1.5) (2,2) (3,2.5)

c.  𝑥𝑥 −1 0 1 2

𝑦𝑦 7 5 3 1

Coordinate (−1,7 ) (0,5) (1,3) (2,1)

d.  𝑥𝑥 −2 −1 0 1

𝑦𝑦 14 10 6 2

Coordinate (−2,14) (−1,10) (0,6) (1,2)

2. a. 2 b. 2 c. −1 d. −1

3. Car tesian; 𝑥-coor dinates; 𝑦-coor dinates; smallest
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d.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 0 −2 −4 −6 −8

e.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 2 1 0 −1 −2

f.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 0 −1 −2 −3 −4

g.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦    5 _ 2      9 _ 4   2    7 _ 4      3 _ 2   

h.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 4 3.5 3 2.5 2

7. a. 𝑦 = 2𝑥

2

2

2

−4

−4

4

4

y

x
−2

y = 2x

b.  𝑦 = 𝑥

2

2

−2

4

4

6

y

x
−2 6 8−4

−4

8

y = x

c.  𝑦 = 𝑥 − 1

2

2

2

−4

−4

4

4

y

x
−2

y = x − 1

d.  𝑦 = −2𝑥 + 3

2

1

−2

4

2

y

x
−1 3

−4

4 5

y = −2x + 3

e.  𝑦 = 2𝑥 + 4

2

2

4

4

6

y

x
−2−4

8

y = 2x + 4

10

12

f.  𝑦 = −  1 _ 3   𝑥

2

2

−2

4

4

y

x
−2 6 8−4

−4

10

y = 1−3 x

g.  𝑦 =    1 _ 2   𝑥 + 6

2

2

4

4

6

y

x
−2

8

10

12

6 8 10

y = 1
2 x + 6
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c.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −4 −1 2 5 8

2

1

−2

4

2

y

x
−1 3

−4

y = 3x + 2

−2−3

6

8

10

d.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 6 2 −2 −6 −10

1 2
x

−1 3−2−3

−5

−10

5

10

y

y = −4x − 2

e.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦    4 _ 3      2 _ 3   0 −   2 _ 3   −   4 _ 3   

1 2
x

−1 3−2−3

−0.5

−1

0.5

1

y

y = 2−3 x

h.  𝑦 = −0.25𝑥 + 2

2

0.5

−4

1

−6

1.5

4

2

6

y

x
−2

2.5

y = −0.25x + 2

8. a. 𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −8 −4 0 4 8

2

−5

−4

−10

5

4

10

y

x
−2

y = 4x

b.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 4 2 0 −2 −4

2

1

−2

4

2

y

x
−1 3

−4

y = −2x

−2−3
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f.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 3    7 _ 2   4    9 _ 2   5

1

2

3

4

y

5

1 2
x

−1 3−2−3

6
y = x + 41

2

g.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −4.5 −3.7 5 −3 −2.25 −1.5

−4

−3

−2

−1

y

1 2
x

−1 3−2−3

1

y = 0.75x − 3
−5

h.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 2 1 0 −1 −2

1 2
x

−1 3−2−3

−1

−2

1

2

y

y = x − 2x

3

−3

9. E

Spot the mistake

10. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

11. Lester starts the Bolt for Gold running competition that  
his high school sports department is currently enrolled in.  
The distance that he has achieved over  the fir st five days  
generates a linear pattern. State the coordinates of Lester’s  
fir st five consecutive r uns.

Key points

• Lester starts the Bolt for Gold running competition that  
his high school sports department is currently enrolled in.

• The distance that he has achieved over  the fir st five days 
generates a linear pattern.

• State the coor dinates of Lester ’s fir st five consecutive runs.

Explanation

The day    (  d )     and distance    (  k )     ar e the 𝑥 and 𝑦 values r espectively,
and so the coordinates are:

Day  (    d  )   1 2 3 4 5

Distance,  
km   (  k )   

3 3.25 4.5 5.75 7

Coordinate (1,3) (2,3.25) (3,4.5) (4,5.75) (5,7)

Answer

(1,3); (2,3.25); (3,4.5); (4,5.75); (5,7)

12. Clinton loves to bake cookies. The time (t) it takes him to bake (c) 
number of cookies is found by the rule  t = 2c + 15 . Generate a 
table of values that displays how long it will take Clinton to bake 
1, 4, 6, 10 and 20 cookies.

Key points

• Clinton loves to bake cookies.

• The time (t) it takes him to bake (c) number of cookies is found 
by the rule  t = 2c + 15 .

• Generate a table of values that displays how long it will take 
Clinton to bake 1, 4, 6, 10 and 20 cookies.

Explanation

We can construct a table of values and substitute 1, 4, 6, 10 and 20 
as  c  to find how much time it takes:

c 1 4 6

t  2 (  1 )   + 15 = 17  2 (  4 )   + 15 = 23  2 (  6 )   + 15 = 27 

c 10 20

t  2 (  10 )   + 15 = 35  2 (  20 )   + 15 = 55 

Answer

c 1 4 6 10 20

t 17 23 27 35 55

13. For Christmas, Edrolo purchases travel vouchers for their employees.  
Each employee receives a  $150  voucher, plus an additional one off  
$30  transaction fee. The rule that displays the cost is represented 
as  $c = 150v + 30 , where  v  represents the number of vouchers 
and  c  represents the cost in dollars ($). Generate a table of values 
that displays how much it will cost Edrolo to purchase 50, 70, 90, 
120 and 200 travel vouchers.
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Answer

𝑥𝑥 0 1 2 3 4 5 6

𝑦𝑦 14 16 18 20 22 24 26

2

10

20

4

30

6

y

x
−2 8

y = 2x + 14

15. Daniel has been saving to pur chase his fir st car . After one year  
he has saved  $2000 , after three years he has  $3500 . Generate a 
table of values displaying Daniel’s savings and construct a graph 
using this information.

Key points

• Daniel has been saving to purchase his fir st car .

• After one year he has saved  $2000 .

• After three years he has saved  $3500. 

• Generate a table of values displaying Daniel’s savings  
and construct a graph using this information.

Explanation

We can generate a table of values based on the pattern of Daniel’s 
savings, where he saves an additional $1500 every 2 years.  
Let  s  be savings and  t  be the number of years.

Number of 
years ( t )

1 3 5 7 9

Savings ( s ) 2000 3500 5000 6500 8000

We can also construct a graph by plotting the points from the 
table on a Cartesian plane:

2000

2

4000

4

6000

y

x

8000

6 8 10

Answer

Number of 
years ( t )

1 3 5 7 9

Savings ( s ) 2000 3500 5000 6500 8000

2000

2

4000

4

6000

y

x

8000

6 8 10

Key points

• For Christmas, Edrolo purchases travel vouchers for  
their employees.

• Each employee receives a  $150  voucher, plus an additional  
one off  $30  transaction fee.

• The rule that displays the cost is represented as  $c = 150v + 30 ,  
where  v  represents the number of vouchers and  c  represents 
the cost in dollars ($).

• Generate a table of values that displays how much it will cost 
Edrolo to purchase 50, 70, 90, 120 and 200 travel vouchers.

Explanation

We can construct a table of values and substitute 50, 70, 90, 120 
and 200 as  v  to find each cost:

v 50 70

c ($)  150 (  50 )   + 30 = 7530  150 (  70 )   + 30 = 10 530 

v 90 120

c ($)  150 (  90 )   + 30 = 13 530  150 (  120 )   + 30 = 18 030 

v 200

c ($)  150 (  200 )   + 30 = 30 030 

Answer

v 50 70 90 120 200

c ($) 7530 10 530 13 530 18 030 30 030

14. Steve loves ordering pizza from Cagney’s restaurant. All medium 
sized pizza costs  $14 . Each additional topping costs  $2.   
Generate a table of values and a graph to display this scenario. 
Toppings on the pizza is r epr esented as (𝑥) and is between  
 0  and  6 , and total cost is r epr esented as (𝑦).

Key points

• Steve loves ordering pizza from Cagney’s restaurant.

• All medium sized pizza costs  $14 .

• Each additional topping costs  $2. 

• Toppings on the pizza is r epr esented as (𝑥) and is between  
 0  and  6 , and total cost is represented as (𝑦).

• Generate a table of values and a graph to display this scenario.

Explanation

As each pizza costs $14 but each additional topping 𝑥 costs $2,
this can be r epr esented by the r ule:  𝑦 = 2𝑥 + 14 

We can generate a table of values with this rule by substituting 
values fr om 0 to 6 as 𝑥:

𝑥𝑥 0 1 2 3 4 5 6

𝑦𝑦 14 16 18 20 22 24 26

We can also construct a graph:

2

10

20

4

30

6

y

x
−2 8

y = 2x + 14
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Reasoning

16. a. Burgers   (  b )   15 18 20 25 40

Cost  $ (  c )   39.25 45.1 49 58.75 88

Burgers   (    b  )   50 60

Cost  $ (  c )   107.5 127

b. (15,39.25), (18,45.1), (20,49), (25,58.75), (40,88), 
(50,107.5), (60,127)

c.   1.95 (  100 )   + 10 = $205  

d.  
Burgers   (  b )   80 81 82 83

Cost  $ (  c )   166 167.95 169.9 171.85

Burgers   (  b )   84 85

Cost  $ (  c )   173.8 175.75

y

x

150

80 81 82 83 84 850

155

160

165

170

175

180

86

c = 1.95b + 10

e. Suggested option 1: Matt could have barbeque sausages.

Suggested option 2: Matt could have barbeque 
chicken skewers.

Note: There are other possible options.

17. a. 𝑥𝑥 −3 −2 −1 0 1 2 3

𝑦𝑦 −8 −6 −4 −2 0 2 4

b.  𝑥𝑥 −3 −2 −1 0 1 2 3

𝑦𝑦 4 2 0 −2 −4 −6 −8

c. The 𝑥-coor dinates for par ts a and b are the same, but the 
𝑦-coor dinates ar e differ ent. The 𝑦-coor dinates for par t b  
ar e flipped and backwar ds fr om those in par t a. This is due  
to the coefficient values being differ ent, wher e the coefficient 
is negative in part b but positive in part a.

Extra spicy

18. Both   (  −3,11 )    and   (  2,−14 )    ar e coor dinates for  𝑦 = −5𝑥 − 4.

19.  

5

5

−5

−10

−10

10

10

y

x
−5

(10,8)

(6,5)

(2,2)

(−5,−3.25)

(−10,−7)

(0,0.5)

20. A 21. B

Remember this?

22. C 23. A 24. C

9C Linear rules

Student practice
Worked example 1
a.  𝑦 = 3𝑥 + 2 b.  𝑦 = −2𝑥 + 3 

Worked example 2
a.  𝑦 = 2𝑥 − 2 b.  𝑦 = −3𝑥 + 4 

Worked example 3
a.  𝑦 = 2𝑥 − 4 b.  𝑦 = −2𝑥 + 2.25       

Understanding worksheet

1. a. 2 b. 5 c.  −0.5 d.  −0.8 

2. a. +3 b.  −3 c.  −0.5 d. 2

3. equation; r elationship; coor dinates; coefficient

Fluency

4. a.  𝑦 = 4𝑥 + 3 b.  𝑦 = 3𝑥 + 2 

c.  𝑦 = 4𝑥 d.  𝑦 = 3𝑥 + 14 

e.  𝑦 = 𝑥 − 9 f.  𝑦 = 2𝑥 − 6 

g.  𝑦 = 1.5𝑥 + 7 h.  𝑦 = 4.5𝑥 + 18 

5. a.  𝑦 = 2𝑥 + 5 b.  𝑦 = 7𝑥 + 3 

c.  𝑦 = 2 d.  𝑦 = 2𝑥 − 1 

e.  𝑦 = −0.5𝑥 + 8 f.  𝑦 = −11𝑥

6. a.  𝑦 = 4𝑥 + 3 b.  𝑦 = 3𝑥 + 2 

c.  𝑦 = 4𝑥 d.  𝑦 = −4𝑥 + 5 

e.  𝑦 = 0.5𝑥 + 3 f.  𝑦 = −0.2𝑥 + 3 

g.  𝑦 = −5𝑥 + 2 h.  𝑦 =   2 __ 3  𝑥 + 3 

7. a.  𝑦 = 4𝑥 + 6 b.  𝑦 = 2𝑥 + 2 

c.  𝑦 = 𝑥 − 3 d.  𝑦 = −3𝑥 − 3 

e.  𝑦 =   1 __ 2  𝑥 + 2 f.  𝑦 =   2 __ 3  𝑥 + 9 

g.  𝑦 =   1 __ 5  𝑥 + 4 h.  𝑦 =   1 __ 4  𝑥 −   7 __ 2   
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8. C

Spot the mistake

9. a. Student A is incorrect. b. Student A is incorrect.

Problem solving

10. Georgie generates a linear equation  𝑦 = −2𝑥 + 8 .  
State the constant and coefficient for  this linear  equation.

Key points

• Georgie generates a linear equation  𝑦 = −2𝑥 + 8 .

• State the constant and coefficient for  this linear  equation.

Explanation

The coefficient is the number  that a pr onumer al is being 
multiplied by.

y = −2x  + 8
The coefficient is −2.

The constant is a number that cannot change its value  
in an expr ession.

y = −2x + 8
The constant is 8.

Answer

The coefficient is −2 and the constant is 8.

11. Clinton is the Head of Marketing at Butter Chicken Co. He has 
calculated that for each new post he puts up on social media,  
the number of followers increases by 15. Write a rule for to show 
the linear  r elationship between the number  of posts (𝑥) and 
number  of follower s (𝑦).

Key points

• For every new post he gains 15 followers.

• Write a rule for to show the linear relationship between  
the number  of posts (𝑥) and number of follower s (𝑦).

Explanation

To deter mine the coefficient, calculate the value that 𝑦 changes  
by for  each 𝑥-value incr ease of  1.  For  each post (𝑥), he gains  
15 follower s (𝑦). ∴ The coefficient of 𝑥 is 15.

The coor dinate wher e  𝑥 = 0  is    (  0,15 )    .  
Therefore, the constant is  15 .

The r ule is  𝑦 = 15𝑥 + 15 .

Answer

The linear  r elationship between the number  of posts (𝑥)  
and number  of follower s (𝑦) is  𝑦 = 15𝑥 + 15 .

12. Tori is currently going through physio rehab and is having an ice 
salt bath each night to help with muscle recovery. For each bath 
she applies 125 grams of ice salt. The bag has a total of 1600 grams.  
On the tenth night she has 350 grams remaining. Generate two 
known coordinates and a rule that displays how much ice salt  
   (  s,   grams   )     is left in the packet on any given day (d).

Key points

• For each bath she applies 125 grams of ice salt.

• The bag has a total of 1600 grams.

• On the tenth night she has 350 grams remaining.

• Generate two known coordinates and a rule that displays 
how much ice salt    (  s,   grams   )     is left in the packet on any 
given day    (  d )    .

Explanation

In the beginning, ther e wer e 1600 gr ams in the bag. ∴    (  0,1600 )   

After  10 days, ther e wer e 350 gr ams r emaining. ∴    (  10,350 )   

To deter mine the coefficient, calculate the value that s changes  
by for each d-value incr ease of 1. For each bath Tori uses  
125 gr ams of salt. ∴  The coefficient of d is −125.

Identify the constant by r efer r ing to the coor dinate wher e d = 0. 
The coordinate where d = 0 is   (  0,1600 )   . ∴  The constant is 1600.

The rule is s = −125d + 1600.

Answer

The two known coordinates are   (  0,1600 )    and   (  10,350 )   .  
The rule that displays how much ice salt   (  s,  grams  )    is left  
in the packet on any given day   (  d )    is s = −125d + 1600.

13. Lenny is working on her maths homework with her sister, Penny. 
Lenny explains to Penny that the following gr aph does not 
represent  𝑦 = −4𝑦 + 5 . Explain wher e Penny has gone wr ong.

Key points

• The graph does not represent  𝑦 = −4𝑥 + 5 .

• Explain wher e Penny has gone wrong.

Explanation

To deter mine the coefficient, calculate the value that 𝑦 changes  
by for  each 𝑥-value incr ease of  1. 

𝑦-value decr eases by  4 . ∴  The coefficient is  −4 .

Refer  to the 𝑦-axis to deter mine the constant, this is when 𝑥 = 0 , 
this coordinate is    (  0,20 )    . ∴  The constant is  20 .

The r ule is  𝑦 = −4𝑥 + 20 .

Penny has the cor r ect value for  the coefficient but an incor r ect 
value for the constant.

Penny has taken the constant to be the 𝑥-value when 𝑦 = 0 ,  
when it is the 𝑦-value when 𝑥 = 0 .

Answer

Penny has the incorrect value for the constant. This is due to her 
mistaking the constant as the 𝑥-value when 𝑦 = 0 .

14. Xavier is in grade one. Each new day he learns to spell an 
additional three words. The following coordinates display how 
many words he has learnt on three particular days in grade one. 
Calculate and explain what the value of w represents when  d = 0 .

Key points

• Each new day he learns to spell an additional three words.

• The coordinates display how many words he has learnt  
on three particular days in grade one.

• Calculate and explain what the value of w represents when  d = 0 ?

Explanation

Identify any two or der ed pair s of coor dinates.

   (  20,240 )     and    (  30,270 )    

The  w -value incr eases by  270 − 240 = 30  for each  d -value 
increase of  30 − 20 = 10 .

∴  The  w -value incr eases by 3 for  each  d -value incr ease of 1.

∴  The coefficient is 3.

Substitute any one coordinate into the rule and solve for the constant.

   (  20,240 )    

  240 = 20 (  3 )   +   constant

 240 = 60 +  constant

 180 =  constant

The constant is 180. This represents the number of words 
(w = 180) Xavier  knew when he star ted gr ade one (d = 0).
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Answer

The constant is 180. This represents the number of words 
(w = 180) Xavier  knew when he star ted gr ade one (d = 0).

Reasoning

15. a.  This value when  𝑥 = 0  represents the value of the motorised 
scooter at the start of 2018.

b. The value of the motorised scooter in the third year is $2450.

c. The value of the coefficient of 𝑥 is  −350 .

d. In this scenar io, the value of the coefficient r epr esents  
the change of value of the motorised scooter per year.

e. Suggested option 1: Mobile phones may have a linear 
depreciation model.

Suggested option 2: A car may have a linear depreciation model.

Note: There are other possible options.

16. a. The coefficient of 𝑥 is 3.

b. The coefficient of 𝑥 is 4.

c. In par t a, the value of 𝑥 incr eases by 1 between each pair  
of coor dinates. Ther efor e, the value of the coefficient of 𝑥 is
calculated by the differ ence between 𝑦-values of two adjacent
pairs of coordinates.

In par t b, the value of 𝑥 incr eases by a differ ent number 
between each pair of coordinates. Therefore, the value of 
the coefficient of 𝑥 is calculated by dividing the differ ence
between 𝑦-values by the differ ence between 𝑥-values of any
two pairs of coordinates.

Extra spicy

17. B 18.    3 __ 2   ≠ 1 19.  𝑦 = 2𝑥 + 2 20. C

Remember this? 

21. D 22. E 23. C

9D Gradient

Student practice
Worked example 1
a. Positive gradient b. Negative gradient

c. Undefined gr adient d. Zero gradient

Worked example 2
a. m = 3 b. m = −3

Worked example 3
a. m = 3 b. m = −2

Understanding worksheet

1. a. Negative b. Positive

c. Zero d. Undefined

2. a.  m =   8 __ 4   b.  m =   4 __ 8   c.  m =   −4 _____ 2    d.  m =   −4 _____ 1    

3.    rise _____ run  ; steeper; vertical; zero

Fluency

4. a. Positive b. c. Positive d. 

e. f. Zero

5. a.  m = 2 b.  m = 4 

c.  m = 1 d.  m = −  3 __ 2   

e.  m = −2 f.  m = −  1 __ 3   

g.  m =   9 __ 2   h.  m =    73 _____ 100   

6. a.  m = 3 b.  m = 4 

c.  m = 4 d.  m = −1 

e.  m = −  1 __ 4   f.  m = −  2 __ 5   

g.  m = −  1 __ 3   h.  m = −1 

7. A

Spot the mistake

8. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

9. Antonia plays Overcooked on her new Nintendo Switch. For every 
hour  she plays she does 30 star  jumps. After three hours, Antonia 
has done 90 star  jumps. State the gradient for this scenario.

Key points

• Antonia plays Overcooked on her new Nintendo Switch.  
For every hour she plays she does 30 star  jumps.

• After three hours, Antonia has done 90 star  jumps.

• State the gradient for this scenario.

Explanation

For  the fir st hour  Antonia does 30 star t jumps.

The gr adient is the number  of the jumps Antonia does per  hour .

∴  The gr adient is 30.

Answer

The gradient for this scenario is 30.

10. Duyen has a Fr ank Gr een r eusable cup. Duyen fills up her  coffee 
and leaves it open. The coffee has an initial temperature of 90°C. 
The temperature decreases at a constant rate. For every one minute,  
it decreases by  2 °C. Using the table of values, calculate the gradient.

Key points

• Duyen has a Fr ank Gr een r eusable cup. Duyen fills up her coffee  
and leaves it open. The coffee has an initial temperature of 90°C.

• The temperature decreases at a constant rate.

• For every one minute, it decreases by  2 °C.

• Using the table of values, calculate the gradient.

Explanation

Gr adient  =   rise _____ run   

  =   
 𝑦  2   −  𝑦  1  

 _________  𝑥  2   −  𝑥  1     

Choose two coordinates.

After  1 minute the temper atur e is 88°C. ∴  (1,88)

After  2 minutes the temper atur e is 86°C. ∴  (2,86)

Negative Negative

Undefined
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Match coordinates.

(1,88) (2,86)

(  𝑥 1   ,  𝑦 1   ) (  𝑥 2   ,  𝑦 2   )

 m =   86 − 88 ___________ 2 − 1    

 m =   −2 _____ 1    

 m = −2 

Answer

The gr adient is −2.

11. Matthew rode his bike to work and each week he measured his 
average time. His initial average time was 30 minutes. After week 
four he has an average time of 18 minutes. Calculate the gradient 
for Matthew’s average riding time.

Key points

• Matthew rode his bike to work and each week he measured  
his average time. His initial average time was 30 minutes.

• After week four he has an average time of 18 minutes.

• Calculate the gradient for Matthew’s average riding time.

Explanation

Gr adient  =   rise _____ run   

  =   
 𝑦  2   −  𝑦  1  

 _________  𝑥  2   −  𝑥  1     

Choose two coordinates.

Matthew’s initial time was 30 minutes. ∴  (0,30)

After  four  weeks Matthew’s aver age time is 18 minutes. ∴  (4,18)

Match coordinates.

(0,30) (4,18)

(  𝑥 1   ,  𝑦 1   ) (  𝑥 2   ,  𝑦 2   )

 m =   18 − 30 ___________ 4 − 0    

 m =   −12 _______ 4    

 m = −3 

Answer

The gradient for Matthew’s average riding time is  −3 .

12. Emilia needs to get her washing machine serviced. The technician 
has estimated that it will take 1–2 hours to service. For one hour  
they charge $75 and for 2 hours they charge $125. Find the gradient  
for this scenario and determine if it is positive or negative.

Key points

• Emilia needs to get her washing machine serviced. The technician 
has estimated that it will take 1–2 hours to service.

• For one hour they charge $75 and for 2 hours they charge $125.

• Find the gradient for this scenario and determine if it is positive 
or negative.

Explanation

Gr adient  =   rise _____ run   

  =   
 𝑦  2   −  𝑦  1  

 _________  𝑥  2   −  𝑥  1     

Choose two coordinates.

For  one hour  they char ge $7 5. ∴  (1,7 5)

For  two hour s they char ge $125. ∴  (2,125)

Match coordinates.

(1,75) (2,125)

(  𝑥 1   ,  𝑦 1   ) (  𝑥 2   ,  𝑦 2   )

 m =   125 − 75 ____________ 2 − 1    

 m =   50 ____ 1    

 m = 50 

∴  The gr adient is positive.

Answer

The gradient for this scenario is 50 and it is positive.

13. Henry is a car salesperson. The following graph displays Henry’s 
sales data. Using the gradient, determine how much Henry earns 
per sale?

Key points

• Henry is a car salesperson. The following graph displays 
Henry’s sales data.

• Using the gradient, determine how much Henry earns per sale?

Explanation

2

100

200

300

4

400

6 8

y

x
−2

500

600

To
ta

l w
ee

ks
 e

ar
ni

ng
s 

($
c)

Number of sales (s)

5 − 2 = 3

550 − 400 = 150

Gr adient  =   rise _____ run   

  =   
 𝑦  2   −  𝑦  1  

 _________  𝑥  2   −  𝑥  1     

Choose two coordinates and match coordinates.

(2,400) (5,550)

(  𝑥 1   ,  𝑦 1   ) (  𝑥 2   ,  𝑦 2   )

 m =   550 − 400 ______________ 5 − 2    

 m =   150 _____ 3    

 m = 50 

∴  The gr adient is 50, so Henr y ear ns $50 per  sale.

Answer

Henry earns $50 per sale.

Reasoning

14. a. The gradient for Company A is 80.

b. The daily rate for Company D is $60.

c. Company B: (1,150),(5,350)

Gr adient for  Company B  =   350 − 150 ______________ 5 − 1    

  =   200 _____ 4    

  = 50 

Company C: (1,190),(5,350)
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Gr adient for  Company C  =   350 − 190 ______________ 5 − 1    

  =   160 _____ 4    

  = 40 

 40 ≠ 50 

Therefore, the gradients for Company B and C are not the 
same for  the fir st two days.

d. Suggested option 1: Bronwen can take public transport for 
her trip in Queensland.

Suggested option 2: Bronwen can ride a bike for her trip  
in Queensland.

Note: There are other possible options.

15. a.  m = −3 b.  m = −3 

c. The gradient value for line A and line B is the same.  
The similarity when calculating the gradient is the use of  

the formula, m  =   rise _____ run     =   
 𝑦  2   −  𝑦  1  

 _________  𝑥  2   −  𝑥  1     . The difference when 

calculating the gradient is the different   𝑥  1  , 𝑦  1  , 𝑥  2  , 𝑦  2    values.  

For line A,   𝑥  1   = 3,  𝑦  1   = −6,  𝑥  2   = 6,  𝑦  2   = −15 ; for line B,   

𝑥  1   = 3,  𝑦  1   = −3,  𝑥  2   = 6,  𝑦  2   = −12 .

Extra spicy

16. E 17.  a = 3 18. B 19.  m = 2 

Remember this? 

20. D 21. E 22. C

9E Gradient-intercept form

Student practice
Worked example 1
a. −4 is the gr adient    (  m )    

2 is the 𝑦-inter cept    (  c )    

b. 3 is the gradient    (  m )    

−3 is the 𝑦-inter cept    (  c )    

Worked example 2

a.  

2

1

−2

4

2

y

x
−1 3

−4

−6

6

b.  

2

1

−2

4

2

y

x
−1 3

−4

−6

6

Worked example 3
a. 5 is the 𝑦-inter cept    (  c )    

−2.5 is the 𝑥-inter cept

b. −3 is the 𝑦-inter cept    (  c )    

0.7 5 is the 𝑥-inter cept

Understanding worksheet

1. a. 𝑦 = 3 𝑥 + 1 b. 𝑦 = −2 𝑥 + 4

c. 𝑦 =    1 _ 2    𝑥 + 3 d. 𝑦 = −  1 _ 3    𝑥 − 4

2. a.  𝑦 − 4𝑥 = −1 b.  𝑥 = −  
𝑦
 __ 2   + 2 

c.  𝑦 + 3 = 3𝑥 d.  𝑥 =   
−3𝑦
 ______ 2    +   3 __ 2   

3.  𝑦 = m𝑥 + c ; 𝑦-inter cept; gr adient; r ear r anged

Fluency

4. a. m = 3, c = 1 b. m = 5, c = −1

c. m = −4, c = −2 d. m =    2 __ 3   , c = 1

e. m = −   1 __ 2   , c = 3 f. m =    1 __ 4   , c = 0

g. m = −1, c = 2 h. m = 0, c = 2

5. a. m = 2, c = 2 b. m = 4, c = −3

c. m = −2, c = 2 d. m =    1 __ 2   , c = 2

e. m = −   3 __ 4   , c = −3 f. m = −   1 __ 2   , c = 0

g. m = −1, c = −3 h. m = 0, c = −4

6. a. 

2

1

4

2

y

x
−1 3

6
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b.  

2

1

−2

4

2

y

x
−1 3

−4

−6

6

c.  

2

1

−2

4

2

y

x
−1 3

−4

−6

6

d.  

2

−5

−

−10

−15

5

4

y

x
−2

e.  

2

−5

−4

−10

−15

5

4

y

x
−2

f.  

2

1

−2

4

2

y

x
−1 3

6

g.  

2

1

−2

4

2

y

x
−1 3 4 5

h.  

2

1

4

2

y

x
−1 3 4 5

6

7. a. 

5

−5 5

y

x
−10−15−20

−5

−10

−15

−20

b.  

2

−5

−4

−10

−15

5

4

y

x
−2
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c.  

5
x

−5

−5

−10

5

y

−15

d.  

2

5

−2

4

y

x
−5

−4

e.  

2

2

−2

−4

−4

4

4

y

x
−2

f.  

5

5

10

10

y

x

g.  

5

5−10

10

10

y

x
−5

h.  

5

5

10

10

y

x

8. a. −1 is the 𝑦-inter cept

1 is the 𝑥-inter cept

b. 5 is the 𝑦-inter cept

−1.25 is the 𝑥-inter cept

c. 2 is the 𝑦-inter cept

0.4 is the 𝑥-inter cept

d. −3 is the 𝑦-inter cept

−1.5 is the 𝑥-inter cept

e. 3 is the 𝑦-inter cept

−2 is the 𝑥-inter cept

f. 5 is the 𝑦-inter cept

−45 is the 𝑥-inter cept

g. 3 is the 𝑦-inter cept

6 is the 𝑥-inter cept

h.    42 ____ 5     or  8.4 is the 𝑦-inter cept

6 is the 𝑥-inter cept

9. D

Spot the mistake

10. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

11. Vaike went on a walk and the rule linking her distance (d)  
and time (t) in the gr adient-inter cept for m is  d = 4t .  
State the gr adient and 𝑦-inter cept of the r ule.

Key points

• Distance (d) and time (t) in the gr adient-inter cept for m 
is  d = 4t .

• State the gr adient and 𝑦-inter cept of the rule.

Explanation

The linear  equation in gr adient-inter cept for m is denoted as  
𝑦 = m𝑥 + c .

In this case, d = 𝑦 and t = 𝑥.

The coefficient of t is the gr adient. ∴  m = 4.

The constant is the 𝑦-inter cept. ∴ c = 0. 

Answer

The gr adient is 4 and the 𝑦-inter cept is 0.

12. Stefan is making a BBQ for  the footy finals. His BBQ gas bottle starts  
with 9 kg of gas. Gas is used at a constant rate of 0.5 kg per hour. 
Generate an equation in the gradient intercept form to display 
Stefan’s gas bottle in terms of mass of gas (G) and (t) time, per hour.

Key points

• His BBQ gas bottle starts with 9 kg of gas.

• Gas is used at a constant rate of 0.5 kg per hour.

• Generate an equation in the gradient intercept form to display  
Stefan’s gas bottle in terms of mass of gas (G) and (t) time,  
per hour.
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Explanation

Substitute the values and variables given into the linear equation 
in gr adient-inter cept for m.

The gradient is 0.5, as it is consistently depreciating each hour, 
so  m = −0.5 .

 𝑦 = −0.5𝑥 + c 

The 𝑦 is going to be r eplaced with  G  as we are calculating the mass 
of gas over a period of time.

 G = −0.5𝑥 + c 

The 𝑥 is going to be r eplaced with the  t .

 G = −0.5t + c 

The  c  is going to be replaced with +9 as it is the starting value.  
It is a positive, so  G = −0.5t + 9 .

Answer

 G = −0.5t + 9 

13. Bonnie is doing her maths homework and has been asked the 
following question: ‘If the 𝑥-inter cept of a line is positive and  
the 𝑦-inter cept is negative, does the line have a positive or 
negative gradient?’ What should Bonnie’s answer to this be?

Key points

• ‘If the 𝑥-inter cept of a line is positive and the 𝑦-inter cept is
negative, does the line have a positive or negative gradient?’

• What should Bonnie’s answer to this be?

Explanation

The gr adient will be positive as for  ever y unit incr ease on the 𝑥-axis, 
the 𝑦 value will also incr ease. Both the 𝑦 and 𝑥 values ar e incr easing 
which makes the gradient positive.

10

10

−10

−20

−20

20

20

y

x
−10

= 5m = 10
2

Answer

The gradient will be positive.

14. Tasha is eating an ice cream. The ice cream starts at a height of 15 cm.  
The ice cream is melting at a constant rate of 2.5 cm/minute. 
Gener ate an equation in the gr adient-inter cept for m to r epr esent 
this scenario.

Key points

• The ice cream starts at a height of 15 cm.

• The ice cream is melting at a constant rate of 2.5 cm/minute.

• Gener ate an equation in the gr adient-inter cept form  
to represent this scenario.

Explanation

Substitute the values given into the gr adient-inter cept for m.

The gr adient is −2.5, as it is consistently depr eciating each minute,  
so  m = −2.5 .

 𝑦 = −2.5𝑥 + c 

The  c  is going to be replaced with 15 as it is the starting point.

 𝑦 = −2.5𝑥 + 15 

Answer

 𝑦 = −2.5𝑥 + 15 

15. A cyclist rides at a constant rate of 29 km per hour. The equation 
in gr adient-inter cept for m can be wr itten as  D = 29t , where  
D represents total distance, in km and  t  represents time, in hours. 
Using the context of the question, explain why the 𝑦-inter cept is 
equal to zero.

Key points

• A cyclist rides at a constant rate of 29 km per hour.

• The equation in gr adient-inter cept for m can be wr itten 
as  D = 29t .

• D represents total distance, in km.

• t represents time, in hours.

• Explain why the 𝑦-inter cept is equal to zero.

Explanation

The cyclist is starting the ride at 0 km, which means the starting 
point for  this scenar io is 0. This is r epr esented as the 𝑦-inter cept.

Answer

The cyclist’s starting point is at 0 km,  ∴    c  will be 0.

Reasoning

16. a.  The value of the car when it was new was $23 500.  
This is r epr esented as the 𝑦-inter cept.

b. The equation will be  V = 23 500 − 1250t .

c. The  m  is −1250, this is how much the value of the car  will 
depreciate each year.

d. Suggested option 1: Technology depreciates in value over time.

Suggested option 2: Jewellery can depreciate in value over time.

Note: There are other possible options.

17. a.  𝑦 = 5 − 3𝑥

b.  𝑦 = 5 − 3𝑥

c. The fir st set of equations given in par t a and b have different 
coefficients of 𝑥 and 𝑦. Both equations in par t a and b rearranged  
have the same values for  the gr adient and the 𝑦-inter cept.

Extra spicy

18. 𝑦 = −10𝑥 − 6 19.  𝑦 = −2𝑥 + 4 

20. A 21. A

Remember this?

22. D 23. C 24. D

9F Solving linear equations graphically

Student practice
Worked example 1
a. 𝑥 = 2 b. 𝑥 = 1

Worked example 2
a. 𝑥 = 0 and 𝑦 = 3 b. 𝑥 = −2 and 𝑦 = 1
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Understanding worksheet

1. a.  2 b.  3 c.  −2 d.  −4.5 

2. a. 𝑥 = 3 b. (3,5)

c. (−4,16) d. 𝑥 = 0.5

3. RHS; straight; intersection; shared

Fluency

4. a.  𝑥 = 1 b.  𝑥 = 2 

c.  𝑥 = 3 d.  𝑥 = 0 

e.  𝑥 = 1.5 f.  𝑥 = −0.5 

g.  𝑥 = −0.9 h.  𝑥 = 0.6 

5. a.  𝑥 = 1 b.  𝑥 = 2 

c.  𝑥 = 0.5 d.  𝑥 = 3 

e.  𝑥 = 1.25 f.  𝑥 = 3.5 

g.  𝑥 = −0.25 h.  𝑥 = 4.25 

6. a.  𝑥 = 2  and  𝑦 = 5 b.  𝑥 = 2  and  𝑦 = 7 

c.  𝑥 = 0  and  𝑦 = −3 d.  𝑥 = 4  and  𝑦 = −9 

e.  𝑥 = −2  and  𝑦 = −1 f.  𝑥 = 1.333  and  𝑦 = 6.333 

g.  𝑥 = 0.909  and  𝑦 = 2.364 h. No solution

7. a.  𝑥 = 9  and  𝑦 = 1 b.  𝑥 = 3  and  𝑦 = 4 

c.  𝑥 = 1  and  𝑦 = 5 d.  𝑥 = −2  and  𝑦 = 5 

e.  𝑥 = −2  and  𝑦 = −3 f.  𝑥 = −1  and  𝑦 = −4 

g.  𝑥 = 0.5  and  𝑦 = −2 h.  𝑥 = −3  and  𝑦 = 4.667 

8. A

Spot the mistake

9. a. Student B is incorrect. b. Student B is incorrect.

Problem solving

10. Two friends are heading out to dinner. They are both travelling 
from different locations. They are also travelling at different 
speeds (km/h). There is a point where their travelling paths  
cross over. The point at which they meet on the way to dinner  
is mathematically r efer r ed to as what? Explain.

Key points

• The two friends cross paths at a certain point.

• What is the mathematical name of the point at which 
they meet?

Explanation

From key idea 2, a point at which two lines meet is referred  
to as the point of intersection.

Answer

The point at which their paths cross is called the point  
of intersection.

11. Matheus has graphed the equation  𝑦 = 3𝑥 + 2  to represent  
the rate it takes to build a snowman. His friend Olaf has graphed  
𝑥 = −0.5𝑦 + 3.5  to represent the rate it takes for the snowman  
to melt. Graphically show the point where the rate of building  
a snowman equals the rate of the snowman melting.

Key points

• The rate of building the snowman is represented by the 
equation  𝑦 = 3𝑥 + 2 .

• The rate of of the snowman melting is represented by the 
equation  𝑥 = −0.5𝑦 + 3.5 .

• Represent the point where both rates are equal through graphs.

Explanation

Rear r ange  𝑥 = −0.5𝑦 + 3.5  to the for m  𝑦 = m𝑥 + c .

 𝑦 = −2𝑥 + 7 

Plot and label both of the gr aphs on the same set of axes.

5 10
x

−5−10

−5

−10

5

10

y

y = 3x + 2

y = −2x + 7

Identify the point of inter section and label it.

Answer

5 10
x

−5−10

−5

−10

5

10

y

y = 3x + 2

y = −2x + 7

Point of intersection
(1,5)

12. You ar e saving to go to Ed Sheer an’s next music concer t.  
Your savings are displayed in the following graph. You will need  
to have a total of $150 by a certain date. How many weeks will  
it take to save enough money to go to the concert?

Key points

• The savings is displayed in the graph.

• The goal is to reach $150.

• Find the number of weeks it takes to reach the goal.

Explanation

Locate $150 on the 𝑦-axis. Use it to locate the 𝑥-coor dinate.
y

x

50

2 4 6 8 10

100

150

Sa
vi

ng
s

Weeks
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Answer

It takes 8 weeks to save enough money to go to the concer t.

13. The following graph displays the number of hours worked    (  h )     
and the total amount saved    (  $a )     over a month for Mimi and Yuri. 
Evaluate how many hours it will take both Mimi and Yuri in order 
for them to have saved the same amount.

Key points

• The graph displays the number of hours worked and the total 
amount saved over a month for Mimi and Yuri.

• Find the number of hours it takes for Mimi and Yuri to save  
the same amount of money.

Explanation

The point where Mimi and Yuri save the same amount of money  
is when the two graphs meet, that is, the point of intersection.

Locate the point of inter section and tr ace to the 𝑥-axis to find  
the number of hours.

50

2 4 6 8

100

150

$a

h

Answer

It takes 6.25 hour s for  Mimi and Yur i to have saved the same 
amount of money.

14. Aram knows that two lines have a point of intersection at the 
coor dinate (2,−2). The rules for the lines are:

Rule 1:  −𝑥 + 2𝑦 = −6 

Rule 2:  3𝑥 + 2𝑦 = 2 

Using the gr adient-inter cept method or  a digital technology  
of your  choice, gr aph and pr ove that the solution (2,−2) is true  
for both lines.

Key points

• Two lines have a point of intersection at (2,−2).

• The rules for the lines are:  −𝑥 + 2𝑦 = −6  and  3𝑥 + 2𝑦 = 2 .

• Plot the gr aphs of the lines and ver ify that (2,−2) is the point  
of intersection.

Explanation

Rear r ange both r ules into the for m  𝑦 = m𝑥 + c .

Rule 1:  𝑦 =   𝑥 __ 2   − 3 

Rule 2:  𝑦 =   −3𝑥 ______ 2    + 1 

Plot the gr aphs on the same set of axes and locate the point  
of intersection.

Answer

5 10
x

−5−10

−5

−10

5

10

y

Point of intersection
(2,−2)

Reasoning

15. a.  The rule that applies to Anthony is  C = 6 + 2d ; the rule that 
applies to Simon is  C = 4 + 3d .

b. It takes Anthony 3 days to have 12 cookies.

c. It takes Simon 5 days to have 19 cookies.

d. It takes 2 days for  Simon and Anthony to have the same 
amount of cookies.

e. Suggested option 1: You get to bring the snacks that you like, 
which may not be available at the venue.

Suggested option 2: The snacks provided at the venue are 
expensive, so it is cheaper  to br ing your  own.

Note: There are other possible options.

16. a.  𝑥 = −  8 __ 3   b.  𝑥 =   8 __ 3   

c. The equations in parts a and b are almost identical, only differ 
by a negative sign. In par t a, the equation has a negative 

gr adient and the solution is  𝑥 = −  8 __ 3   . In par t b, the equation 

has a positive gr adient and the solution is  𝑥 =   8 __ 3   .  

The solutions are also almost identical, differing only  
by a negative sign.

Extra spicy

17. 𝑦 =    2𝑥 _ 3     + 1

   2 × 6 _______ 3    + 1 = 4 + 1 = 5  ✔

18. E

19. B

20.  𝑦 = 3𝑥 − 12 

 𝑥 = 3 

Remember this? 

21. B, D, E 22. E 23. E

	  ANSWERS 965

9F
 A

N
SW

ER
S

 



9G Non-linear graphs

Student practice
Worked example 1

a.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 12 4 3 4 12

b.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 −7 1 2 1 −7 

Worked example 2

a.  

5

5

−5

−10

10

15

10

y

x
−5

b.  

5 10
x

−5−10

−5

−10

5

y

Understanding worksheet

1. a. b. Linear c. d. Linear

2. a.  𝑦 = −1 b.  𝑦 = 2 c. d.  𝑦 = 2 

3. non-linear ; par abola; power ; symmetr ical

Fluency

4. a. 𝑥𝑥 −3 −1 0 1 3

𝑦𝑦  9  1  0  1  9 

b.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦  27  3  0  3  27 

c.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦  36  4  0  4  36 

Non-linear Non-linear 

𝑦 = 0.25

d.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 2.25 0.25 0 0.25 2.25

e.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦  10  2  1  2  10 

f.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 8.5 0.5 −0.5 0.5 8.5

g.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦  0 −2  0  4  18 

h.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 15 3 0 −1 3

5. a. 𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 −9 −1 0 −1 −9

b.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 −18 −2 0 −2 −18

c.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 −45 −5 0 −5 −45

d.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 −4.5 −0.5 0 −0.5 −4.5

e.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 −7 1 2 1 −7 

f.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 −13 −5 −4 −5 −13

g.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 −15 −3 0 1 −3

h.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 0 2 0 −4 −18

6. a. 

5

5

−5

−10

10

15

10

y

x
−5
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b.  

10

5

−10

−10

20

30

10

y

x
−5

c.  

10

20

30

40

y

5 10
x

−5−10

d.  

2

1

−4

2

3

4

4

y

x
−2

5

e.  

5

5

−5

−10

10

15

10

y

x
−5

f.  

5

5

−5

−10

10

15

10

y

x
−5

g.  

5

5

−5

−10

10

15

20

10

y

x
−5

h.  

5

5

−5

−10

10

15

10

y

x
−5

7. a. 

5 10
x

−5−10

−5

−10

−15

5

y
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b.  

5 10
x

−5−10

−10

−20

−30

10

y

c.  

−40

−30

−20

−10

y

5 10
x

−5−10

−50

d.  

2

−5

−4

−4

−6

−3

4

−2

6

y

x
−2

−1

e.  

5 10
x

−5−10

−5

−10

−15

5

y

f.  

−20

−15

−10

−5

y

5 10
x

−5−10

g.  

5 10
x

−5−10

−5

−10

−15

5

y

h.  

5 10
x

−5−10

−10

−5

−15

5

y

8. A

Spot the mistake

9. a. Student B is incorrect. b. Student B is incorrect.

Problem solving

10. The following graph displays Kayla’s savings over a certain period 
within a year. Kayla started saving at the beginning of January. 
Calculate Kayla’s maximum savings amount.

Key points

• The graph displays Kayla’s savings over 6 months.

• Find Kayla’s maximum savings amount.
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Explanation

Tr ace the maximum point of the gr aph to its cor r esponding 𝑦-axis.
y

x

1

1 2 3 4 5 6

2

3

4

5

6

Ba
la

nc
e 

(×
10

00
)

Months

The maximum point is  $6000 .

Answer

Kayla’s maximum savings amount is  $6000 .

11. Ron and Kyle are running around a local football oval.  
They are running in opposite directions but at different speeds. 
During their run, they cross paths twice. The fir st point of 
intersection is marked with a red dot. The second point of 
intersection is marked with a blue dot. State the coordinates  
for both points of intersection.

Key points

• During Ron’s and Kyle’s run, they cross paths twice.

• The fir st point of inter section is mar ked with a r ed dot, and the 
second a blue dot.

• Find the coordinates for both points of intersection.

Explanation

Tr ace the dots to their  r espective 𝑥- and 𝑦- coor dinates on the axes.

−2

2 4

y

x
−2−4

4

6

8

2

The coordinate for the red dot is    (  −1,4 )    , for the blue dot is    (  1,4 )    .

Answer

The coordinates of the points of intersection are    (  −1,4 )     and    (  1,4 )    .

12. A tennis ball is dropped from a height of 15 metres. The equation  

d = −  5 __ 3   t   2  + 15  provides the distance above ground, (d ), of the 

tennis ball, after t seconds. After how many seconds does it take 
for the ball to hit the ground?

Key points

• A tennis ball is dropped from a height of 15 metres.

• The equation that describes the motion is  d = −  5 __ 3   t   2  + 15,  

where  t  is time in seconds,  d  is distance above ground 
in metres.

• Find the time it takes for the ball to hit the ground.

Explanation

Plot the graph  d = −10 t   2  + 15  by fir st gener ating a table 
of values.

 t  −3 −1  0  1  3 

 d  0  13.33  15  13.33  0 

5

5−10

10

15

10

d

t
−5

Because time,  t , must be greater than  0 , we only look at the right 
half of the graph.

When the ball hits the ground,  d = 0 . At  d = 0 ,  t = 3 .

Answer

It takes the ball 3 seconds to hit the gr ound.

13. Jacob threw a rock into a lake and the equation  
 h = −5 s   2  + 40s + 1.2  can be used to find the height (h),  
in centimetres of the rock at any given point. Calculate the  
height of the rock after 6 seconds (s).

Key points

• The equation  h = −5 s   2  + 40s + 1.2  describes the motion  
of the rock after being thrown into a lake, where  t  is time  
in seconds,  h  is height in centimetre.

• Find the height of the rock after 6 seconds.

Explanation

The equation to find height given time input is  
 h = −5 s   2  + 40s + 1.2 . To find the height after  6 seconds, 
substitute 6 into  s .

h =  −5 (  6  )     2  + 40 (  6 )   + 1.2 

  = −5 × 36 + 40 × 6 + 1.2 

  = −180 + 240 + 1.2 

  = 61.2  cm

Answer

The height of the rock after 6 seconds is 61.2 cm.
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14. Jenny is playing Angry Birds. She has taken a shot that will 
move her distance away from the point of origin by 2.83 metres, 
rounded to two decimal places. The new position can be 
represented as (2.83,0). The non-linear  equation that this shot 
creates is  𝑦 = −0.25 𝑥   2  + 2 , wher e 𝑥 r epr esents the distance
in metr es and 𝑦 r epr esents the height in metr es. Calculate the 
distance the bird has travelled when the bird is at a height of 
1.4 m, correct to one decimal place.

Key points

• The shot takes the bird 2.83 metres from the point of origin, 
with a coordinate of    (  2.83,0 )    .

• The equation that descr ibes the motion is 𝑦  = −0.25 𝑥   2  + 2 , 
wher e 𝑥 is the distance in metr es and 𝑦 is the height in metres.

• Find the distance the bird has travelled when it is at a height  
of 1.4 m to one decimal place.

Explanation

Plot the gr aph of  𝑦 = −0.25 𝑥   2  + 2  by fir st gener ating a table 
of values.

𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 1 1.75 2 1.75 1

1
x

−1

−1

−2

1

2

y

2 3 4−2−3−4

−3

−4

Tr ace the gr aph to find the cor r esponding 𝑥 value of  𝑦 = 1.4 .

1
x

−1

−1

−2

1

2

y

2 3 4−2−3−4

−3

−4

When  𝑦 = 1.4 ,  𝑥 ≈ 1.5 .

Answer

The bir d has tr avelled appr oximately  1.5  m when it is at a 
height of  1.4  m.

Reasoning

15. a. The coordinate for Arlo’s starting position is    (  0,0 )    .

b. When  𝑥 = 2 ,  𝑦 = 0 .

c. The maximum height of Ar lo’s jump is  1  m.

d. When  𝑥 = 1.5 ,  𝑦 = 0.75 . This value represents Arlo’s height 
above ground, that is, Arlo is  0.75  m high when he is  1.5  m 
away from his original position ( 0.5  m away from the bird).

e. Suggested option 1: Cubic graph.

Suggested option 2: Exponential gr aph.

Note: There are other possible options.

16. a. 𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 10 1 −2 1 10

b.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −10 −1 2 −1 −10

c. The values generated in the tables in parts a and b are  
almost identical, namely they are the numbers 10, 1 and 2. 
The only difference is in their signs, the values in part b are 
the negative of the values in part a.

Extra spicy

17.  𝑥 = −1  and  𝑦 = −3  or   𝑥 = 3  and  𝑦 = 5 

18.  𝑥 = −2  or   𝑥 = 2 

19. B 20. A

Remember this? 

21. B 22. E 23. C

Chapter 9 extended application

1. a. C

20

200 400 600 800 1000

40

60

80

k

All points are located in quadrant 1.

b. The constant value is  $10.00 . This is the supply charge, it means 
that regardless of the kWh consumed, a  $10.00  charge will be 
placed on the consumer.

c. Megawatt charges $0.12 per kWh while Electabuzz charges 
$0.08 per kWh. As the cost of Megawatt increases more rapidly,  
it will produce a steeper line.

d.  k 0 100 200 300 400

C 8.5 20.5 32.5 44.5 56.5

k 500 600 700 800

C 68.5 80.5 92.5 104.5
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e. Megawatt is the mor e expensive option after   37.5  kWh.

f. Suggested option 1: Use less air -con dur ing summer .

Suggested option 2: Minimise light usage during the day.

Note: There are other possible options.

2. a. d

2

1 2 3 4 5

4

6

8

10

Hours

D
is

ta
nc

e 
(k

m
)

h

b. The gradient for this line has an upward trend, which displays 
a positive gradient. The gradient of 0.7, also indicates that it 
has a positive gradient.

c. Aver age pace on day 1 = m1 =    6.3 − 1.4 ____________ 4.5 − 1     = 0.7  km/h

Aver age pace on day 2 = m2 =    9.8 − 7  ____________ 5 − 1     = 1.4 km/h

0.7  =    1 _ 2    × 1.4 ∴ m1 =    
m2 _ 2    

d. 2 hour s and 45 minutes  = 2.75  hours.

 d = 1.4 × 2.75 = 3.85  km.

e. The equation for  day 1 has a 𝑦-inter cept of 0 because the
travellers had not travelled any distance at the moment of  
star ting. The equation for  day 2 has a 𝑦-inter cept of 6.3 because 
the travellers had already travelled 6.3 km by the end of day 1.

f. Suggested option 1: Plenty of drinking water.

Suggested option 2: Sunglasses, cap and sunscreen to  
prevent sunburn.

Note: There are other possible options.

3. a. Tank one:  𝑦 = −95𝑥 + 100 000 

Tank two:  𝑦 = −75𝑥 + 95 000 

b. The point of intersection represents the time it takes for the 
two tanks to contain the same amount of water, that is it takes 
250 minutes for both tanks to contain  76 250  L of water.

c.  Minutes 
(𝑥𝑥)

50 250 700 750 1050

Litres 
(𝑦𝑦)

95 250 76 250 33 500 28 750 250

d. It will take appr oximately 1053 minutes for  tank one to r each 
zer o litr es. This is the 𝑥-inter cept at    (  1053,0 )    .

e. Using the point    (  1000,20 000 )    ,  20 000 = −75 × 1000 + c ;  
c = 95 000 .

f. Suggested option 1: Plant the crops where they would be 
exposed to a lot of sunlight.

Suggested option 2: Use the right kind and amount of fertiliser.

Note: There are other possible options.

Chapter 9 review 

Multiple choice

1. B 2. D 3. A 4. E 5. E

Fluency

6. a. 

5

5

−5

−10

−10

10

10

y

x
−5

(1,0)

  (  1,0 )    is on the 𝑥-axis

b.  

5

5

−5

−10

−10

10

10

y

x
−5

(2,4)

  (  2,4 )    is in Quadrant 1

c.  

5

5

−5

−10

−10

10

10

y

x
−5

(−1,3)

  (  −1,3 )    is in Quadrant 2

d.  

5

5

−5

−10

−10

10

10

y

x−5

(−4,−0.5)

  (  −4,−0.5 )    is in Quadrant 3
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7. a. 𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 0 2 4 6 8

b.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −1 −2 −3 −4 −5

c.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 2 2   1 __ 2   3 3   1 __ 2   4

d.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 5   1 __ 3   4   2 __ 3   4 3   1 __ 3   2   2 __ 3   

8. a. 𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −4 −2 0 2 4

5

5

−5

−10

−10

10

10

y

x
−5

y = 2x

b.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −7 −2 3 8 13

5

5

−5

−10

−10

10

15

10

y

x
−5

y = 5x + 3

c.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 1   1 __ 2      1 __ 2   −   1 _ 2   −1   1 _ 2   −2   1 _ 2   

1

5

−1

−2

−3

−10

2

10

y

x
−5

y = − − x1
2

d.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦    3 __ 2      3 __ 4   0 −   3 _ 4   −   3 _ 2   

1

5

−1

−2

−3

−10

2

10

y

x
−5

y = − − x3
4

9. a.  𝑦 = 2𝑥 + 1 b.  𝑦 =   2 __ 3  𝑥 − 4 

c.  𝑦 = −  1 __ 2  𝑥 − 3 d.  𝑦 = −3𝑥 + 5 

10. a. 0 b. 4 c.    3 __ 5   d.  −  3 __ 7   

11. a.  2 b.    1 __ 3   c.  −1 d.  −  10 ____ 9    

12. a. 

5

5

−5

−10

−10

10

10

y

x
−5
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b.  

5

5

−5

−10

−10

10

10

y

x
−5

c.  

5

5

−5

−10

−10

10

10

y

x
−5

d.  

5

5

−5

−10

−10

10

10

y

x
−5

13. a. 𝑥-inter cept:    (    2 __ 7  ,0 )    , 𝑦-inter cept:    (  0,−2 )    

b. 𝑥-inter cept:    (    8 __ 3  ,0 )    , 𝑦-inter cept:    (  0,8 )    

c. 𝑥-inter cept:    (  91,0 )    , 𝑦-inter cept:    (  0,−13 )    

d. 𝑥-inter cept:    (  −  17 ____ 57  ,0 )    , 𝑦-inter cept:    (  0,  17 ____ 19   )    

14. a.  𝑥 = 2 b.  𝑥 = −2 

c.  𝑥 = 0.5 d.  𝑥 = −1.5 

15. a. 𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 18 2 0 2 18

b.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 −27 −3 0 −3 −27 

c.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 21 5 0 −3 −3

d.  𝑥𝑥 −3 −1 0 1 3

𝑦𝑦 −30 −8 0 6 12

Problem solving

16. A battleship game is represented on a Cartesian plane. A submarine  
is located at    (  7,11 )    . An enemy submarine is located seven units 
west and five units south. State the ordered coordinates for the 
enemy submarine.

Key points

• A battleship game is represented on a Cartesian plane.

• A submarine is located at    (  7,11 )    .

• An enemy submarine is located seven units west and five  
units south.

• State the ordered coordinates for the enemy submarine.

Explanation

Seven units west and five units south fr om the coor dinate    (  7,11 )     
yields the new coordinate    (  7 − 7,11 − 5 )   =  (  0,6 )    .

Therefore, the enemy submarine is located at    (  0,6 )    .

Answer

   (  0,6 )    

17. A large cup of boba from Ling Ling’s Tea costs  $6.80 . A customer may  
choose to add up to six toppings, wher e each topping costs  $0.50 .  
Generate a table of values and a graph to display the cost of a cup 
of boba,  C , with any given number of toppings,  t ,where  0 ≤ t ≤ 6 .

Key points

• A large cup of boba from Ling Ling’s Tea costs  $6.80 .

• A customer  may choose to add up to six toppings, wher e each 
topping costs  $0.50 .

• Generate a table of values and a graph to display the cost of a 
cup of boba,  C , with any given number of toppings,  t .

Explanation

As one cup of boba with no toppings costs  $6.80 , this means that 
when  t = 0 ,  C = $6.80 . We can generate a table of values as well 
as a gr aph as mor e toppings ar e added, which adds an extr a  0.5t  
to the cost each time.

t C

0 6.80

1  6.80 +    0.5 (  1 )      = 7.3 

2  6.80 +    0.5 (  2 )      = 7.8 

3  6.80 +    0.5 (  3 )      = 8.3 

4  6.80 +    0.5 (  4 )      = 8.8 

5  6.80 +    0.5 (  5 )      = 9.3 

6  6.80 +    0.5 (  6 )      = 9.8 

5

5−10

10

15

10

C

C = 0.5t + 6.80

t
−5
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The function displayed in the graph is  C = 0.5t + 6.80 , where the 
gradient is  0.5  (the cost of a topping) and the 𝑦-inter cept is  6.80  
(the cost with no toppings).

Answer

t C

0 6.80

1  6.80 +    0.5 (  1 )      = 7.3 

2  6.80 +    0.5 (  2 )      = 7.8 

3  6.80 +    0.5 (  3 )      = 8.3 

4  6.80 +    0.5 (  4 )      = 8.8 

5  6.80 +    0.5 (  5 )      = 9.3 

6  6.80 +    0.5 (  6 )      = 9.8 

5

5−10

10

15

10

C

C = 0.5t + 6.80

t
−5

18. Joey and Jack ar e keeping tr ack of the velocity, in cm/s, of a pr ojectile  
in a physics exper iment. The following table displays their record 
of the pr ojectile’s instantaneous velocity,  v , at a given time,  t .

Determine  v  when  t = 0  and explain what the value r epresents.

Key points

• Joey and Jack are keeping track of the velocity, in cm/s, of a 
pr ojectile in a physics exper iment.

• The following table displays their  r ecor d of the pr ojectile’s 
instantaneous velocity,  v , at a given time,  t .

• Determine  v  when  t = 0  and explain what the value r epresents.

Explanation

Identify the gr adient between the two points    (  3,42 )     and    (  6,54 )     in 

the table. As    54 − 42 __________ 6 − 3    =   12 ____ 3    = 4 , the gradient is 4.

Solve for the unknown value   v  0    when  t = 0 , using the two 
coordinates (0,v2) and    (  3,42 )    , and the fact that the gradient 
between two points is 4:

   
42 −  v  0  

 _________ 3 − 0    = 4 

 42 −  v  0   = 12 

  v  0   = 30 

Therefore, when  t = 0 ,  v = 30 . This means that the pr ojectile has 
an initial velocity of 30 cm/s.

Answer

 v = 30  cm/s, which r epr esents the initial velocity of the pr ojectile 
when Joey and Jack fir st begin their  exper iment.

19. Poh and Lee are competing in a dumpling eating competition.  
The number of dumplings eaten for each of them are displayed 
in the following graph. Determine the gradient of each line and 
explain what they r epr esent.

Key points

• Poh and Lee are competing in a dumpling eating competition.

• The number of dumplings eaten for each of them are displayed 
in the following graph.

• Deter mine the gr adient of each line and explain what  
they represent.

Explanation

To find the gr adient of Poh’s line, we use the coor dinates    (  1,4 )      

and    (  2,8 )    . The gradient is calculated by    8 − 4 _______ 2 − 1   = 4 . This means 

that for each additional minute, Poh eats 4 dumplings.

To find the gr adient of Lee’s line, we use the coor dinates    (  2,6 )      

and    (  3,9 )    . The gradient is calculated by    9 − 6 _______ 3 − 2   = 3 . This means 

that for each additional minute, Lee eats 3 dumplings.

Answer

Poh’s line: gr adient  = 4 , and he consumes 4 dumplings every minute.

Lee’s line: gr adient  = 3 , and he consumes 3 dumplings every minute.

20. A tub of water initially has  5  L of water in it. Additional water is 

poured into it at a rate of    1 __ 5    L per second. Generate an equation in 

the gr adient-inter cept for m to r epr esent the volume of water  in 
the tub at a given time, represented as  t .

Key points

• A tub of water initially has  5  L of water in it.

• Additional water is poured into it at a rate of    1 __ 5    L per second.

• Gener ate an equation in the gr adient-inter cept for m to 
represent the volume of water in the tub at a given time, 
represented as  t .

Explanation

Let  V  be the volume and  t  be the time in seconds.

The 𝑦-inter cept of the equation is 5 as this is the volume of water 
in litres at time  t = 0 .

The gradient is    1 __ 5    as for every second  t  that passes,    1 __ 5   L is poured in.

Ther efor e, the equation in gr adient-inter cept for m is  V =   1 __ 5  t + 5 .

Answer

 V =   1 __ 5  t + 5 

21. The neighbourhood around Khemarak Phoumin Street and Hun 
Sen Street is represented on a Cartesian plane. The two streets are 
represented by the following equations:

Khemarak Phoumin Street:  −7𝑥 + 𝑦 = 13 

Hun Sen Street:  −3𝑥 + 6𝑦 = 0 

Using the gr adient-inter cept method, gr aph the two lines to 
determine where the two boulevards intersect.

Key points

• The neighbourhood around Khemarak Phoumin Street and Hun 
Sen Street is represented on a Cartesian plane.

• The two streets are represented by the following equations: 
Khemarak Phoumin Street:  −7𝑥 + 𝑦 = 13 , Hun Sen Street:  
−3𝑥 + 6𝑦 = 0 .

• Using the gr adient-inter cept method, gr aph the two lines to 
determine where the two streets intersect.

Explanation

Conver t the Khemar ak Phoumin Str eet equation to gr adient-
intercept form by adding  7𝑥 to both sides, obtaining  𝑦 = 7𝑥 + 13 .

Similarly, the Hun Sen Street equation is converted by adding  3𝑥 

to both sides and dividing ever y ter m by 6, obtaining  𝑦 =   3 __ 6  𝑥  

or   𝑦 =   1 __ 2  𝑥.
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The lines are displayed in the following graph:

10

5

−10

−20

−30

−10 10

y

x
−5

Point of intersection
(−2,−1)

y = x1
2

y = 7x + 13

The graph shows that both lines meet at the point    (  −2,−1 )    .

Answer

10

5

−10

−20

−30

−10 10

y

x
−5

Point of intersection
(−2,−1)

y = x1
2

y = 7x + 13

The streets meet at    (  −2,−1 )  .  

22. Jer r y is tr ying to send his cousin, Muscle Mouse, who lives next door ,  
a letter that he had stored in a glass bottle. To send the letter,  
Jer r y has to slingshot the bottle so that it flies over  the fence and 
lands on the other side. Tom, who is 0.7 m tall, is standing 5 m east  
of Jer r y next to a fence. Using the diagram below, determine how 
high Tom needs to jump in or der  to catch the bottle.

Key points

• To send the letter , Jer r y has to slingshot the bottle so that it flies 
over the fence and lands on the other side.

• Tom, who is 0.7 m tall, is standing 5 m east of Jerry next to  
a fence.

• Using the diagram below, determine how high Tom needs to 
jump in or der  to catch the bottle.

Explanation

Looking at the diagram, Jerry’s position is (0,0) on the  
Car tesian plane. Since Tom is standing 5 m east of Jer r y next  
to a fence, Tom’s position will be (5,0) on the 𝑥-axis.

Looking at the tr ajector y of the gr aph, when  𝑥 = 5 ,  y = 1 , 
meaning that at Tom’s position, the bottle will be 1 m above  
the ground.

Knowing that Tom is 0.7  m tall, he will need to jump  
1 − 0.7 = 0.3  m in order to catch the bottle.

Answer

Tom needs to jump 0.3 m in or der  to catch the bottle.

Reasoning

23. a. Time (m) Temperature (T )

0 25

1 35

2 45

3 55

4 65

5 75

6 85

7 95

8 105

9 115

10 125

b.  

6 8 10
x

2

y = 10x + 25
50

100

150

y

4

The r ule is  𝑦 = 10𝑥 + 25 .

c.  

6 108 12 14 16
x

2

(10,125)

(15,150)

50

100

150

y

4

The gradient between the two points is 5.

The gradients found in part b and part c represent the change 
in internal temperature of the oven as each minute passes. 
The discrepancy in the gradient indicates that the internal 
temperature did not rise consistently.

d. It takes 20 minutes for  the oven to r etur n to r oom temper atur e.

e. Suggested option 1: It is impor tant to test the inter nal 
temperature of an oven for better, more consistent results 
when cooking.

Suggested option 2: It is impor tant to test the inter nal 
temperature of an oven because if the temperature is inaccurate,  
this can result in food being undercooked which may be 
dangerous to consume.

Note: There are other possible options.
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24. a. 𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −2 0 2 4 6

5

5

−5

−10

−10

10

10

y

x
−5

b.  𝑥𝑥 −2 −1 0 1 2

𝑦𝑦 −8 −3 2 7 12

5

5

−5

−10

−10

10

10

y

x
−5

c. The gradients in the graphs increase going from parts a to b.  
Comparing the graphs, we can see that as the gradient increases,  
the slope of the linear line also increases and becomes steeper.
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10A Introduction to probability

Student practice
Worked example 1
a. S = {1, 2, 3, 4, 5, 6}

b.  1 __ 6  c.  1 __ 3 

Understanding worksheet

1. a. Likely b. Certain c. d. Even

2. a. True b. False c. True d. False

3. experiment;samplespace;outcome;trial

Fluency

4. a. S = {P,R,O,B,A,I,L,T,Y}

b.  1 ____ 11  c. 18. ̄  18% d. False e. 0. ̄  36

f. ChoosingtheletterX.

Note:Thereareotherpossibleoptions.

5. a. S = {purple,grey,red}

b.  1 __ 5  c. 30% d. True e. 0.7

f. Pickingagreyorpurplecounter.

6. a. S = {green,red,blue,yellow}

b.  1 __ 8  c. 25% d. True e. 0.625

f. Landingonred.

7. a. S = {1,2,3,4,5,6,7,8,9,10}

b.  1 ____ 10  c. 70% d. False e. 0.4

f. Generatinganumberthatisafactorof7.

Note:Thereareotherpossibleoptions.

8. a. S = {6,A,J,K,Q ,2}

b.  1 __ 7  c. 43% d. False e.  2 __ 7 

f. Pickingapicturecard.

Note:Thereareotherpossibleoptions.

9. D

Spot the mistake

10. a. StudentAisincorrect. b. StudentAisincorrect.

Problem solving

11. Inanexperiment,agroupofpeoplearerandomlysurveyedand
areaskedforthemonththeywerebornin.Listallthepossible
outcomesoftheexperiment.

Key points

• Agroupofpeoplearerandomlysurveyedandareasked
forthemonththeywerebornin.

• Listallthepossibleoutcomesoftheexperiment.

Unlikely

Explanation

Thepossibleoutcomesarethe12monthsoftheyear.

Thepossibleoutcomesare:January,February,March,April,May,
June,July,August,September,October,NovemberandDecember.

Answer

S = {January,February,March,April,May,June,July,August,
September,October,November,December}

12. 10tennisballs,4soccerballsand6basketballsareinasportsbag.
Whatistheprobabilityofpickingasoccerball?

Key points

• Asportsbaghas10tennisballs.

• Italsohas4soccerballs.

• Italsohas6basketballs.

• Whatistheprobabilityofpickingasoccerball?

Explanation

Determinethenumberofsoccerballsandthetotalnumber
ofballsinthesportsbag.

B

B

B

B

B

B

T

T TT

T

TT
T

T

T
S

S

S S

Numberofsoccerballs = 4

Totalnumberofballsinasportsbag = 10 + 4 + 6 = 20

Calculatetheprobability:

Pr(soccerball) =  number of soccer balls  __________________________  total number of balls  

 =  4 ____ 20 

 =  1 __ 5 

Answer

Pr(soccerball) =  1 __ 5 

13. Inaclassof24students,8studentshave1sibling,10studentshave
2siblingsand6studentshad3ormoresiblings.Calculatethe
likelihoodofselectingarandomstudentwhohas2ormoresiblings.

Key points

• Theclasshas24studentsintotal.

• 8studentshave1sibling.

• 10studentshave2siblings.

• 6studentshave3ormoresiblings.

• Calculatethelikelihoodofselectingarandomstudent
whohas2ormoresiblings.

Explanation

Determinethenumberofstudentswith2ormoresiblings
andthetotalnumberofstudents.

Thenumberofstudentswith2ormoresiblingsincludesthose
with2siblingsandthosewith3ormore.

Numberofstudentswith2ormoresiblings = 10 + 6 = 16

Totalnumberofstudents = 24

Calculatetheprobability:

Pr(2ormoresiblings)
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=  
number of students with 2 or more siblings

    ___________________________________________________   total number of students  

=  16 ____ 24 

=  2 __ 3 

Answer

Pr(2ormoresiblings) =  2 __ 3 

14. Jameshas2boxesofchocolatecontainthefollowingchocolates:

Chocolates Box 1 Box 2

FreddoFrogs 6 8

CaramelloKoala 4 5

Marsbar 2 4

WhichboxisJamesmostlikelytopickaMarsbar?

Key points

• Thereare6FreddoFrogsinbox1and8inbox2.

• Thereare4CaramelloKoalasinbox1and5inbox2.

• Thereare2Marsbarsinbox1and4inbox2.

• WhichboxisJamesmostlikelytopickaMarsbar?

Explanation

CalculatetheprobabilitiesofpickingaMarsbarinbox1
andbox2.

Box1:

NumberofMarsbarsinbox1:2

Totalnumberofchocolatesinbox1:2 + 4 + 6 = 12

Pr(Marsbarfrombox1) =  2 ____ 12  =  
1 __ 6 

Box2:

NumberofMarsbarsinbox2:4

Totalnumberofchocolatesinbox2:8 + 5 + 4 = 17

Pr(Marsbarfrombox2) =  4 ____ 17 

Comparethe2probabilities:

 4 ____ 17 isgreaterthan 
1 __ 6 .So,JamesismorelikelytopickaMarsbar

frombox2.

Answer

JamesismorelikelytopickaMarsbarfrombox2.

15. Inagameshow,thenumbers2,6and9arewrittenoncardsand
putinahat.1cardischosenandthenputbackinthehat,
andanothercardisselected.The2numbersareaddedtogether.
Awinningscoreisasumlessthan7.Howmanytimesareyou
morelikelytolosecomparedtowinning?

Key points

• Inagameshow,thenumbers2,6and9arewrittenoncards
andputinahat.

• 1cardischosenandthenputbackinthehat,andanothercard
isselected.

• The2numbersareaddedtogether.

• Youwinifthesumislessthan7.

• Howmanytimesmorelikelyareyoutolosecomparedtowinning?

Explanation

Thetableshowsall9possibleoutcomesofadding2,6,and9.

+ 2 6 9

2 4 8 11

6 8 12 15

9 11 15 18

Thereisonly1outcomeoutofthe9possible,wherethesumis
lessthan7,i.e.2 + 2 = 4.

∴Theprobabilityofwinningis:

Pr(winning) =   sum less than 7  ___________________________  total possible outcomes  =  
1 __ 9 

Theprobabilityoflosingis:

Pr(losing) =  
sum greater than 8

  ___________________________  total possible outcomes  =  
8 __ 9 

As  8 __ 9  = 8 ×  
1 __ 9  ,itis8timesmorelikelytolosethanwin.

Answer

Theprobabilityoflosingis8timesthatofwinning.

Reasoning

16. a. S = {green,yellow,purple,red}

b. Theprobabilityoftheplayerwinningis 1 __ 2 .

c. Theprobabilityoftheplayerlosingis 1 __ 2 .Thereforethegame

isfair.

d. Inthisgame,theprobabilityofwinningisnow 5 ____ 12 andthe

probabilityoflosingis 7 ____ 12 .Asthereisnotanequalchance

towin,thisgameisnotfair.

e. Fairgame:theplayerwinsifthespinnerlandsonyellow,
andlosesifitlandsongreen.

Unfairgame:theplayerwinsifthespinnerlandsonpurple,
andlosesifitlandsonyellow,greenorred.

Note:Thereareotherpossibleoptions.

17. a. Bag A Bag B

Yellow 2 3

Black 6 9

Note:Thereareotherpossibleoptions.

b.  Bag A Bag B

Yellow 6 4

Black 3 8

Note:Thereareotherpossibleoptions.

c. Probabilitiesarefractionsofthetotalnumberofmarbles,
ratherthanhowmanyofeachmarblethereis.

Extra spicy

18. Thereare9bluemarbles.

19. 

R

B Y

Y

B

B

B

R
G

Y

G

Y

20. E 21. B

Remember this?

22. E 23. E 24. E
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10B Complementary events

Student practice
Worked example 1

a. Pickingoutlettersthatarenotvowels(C,M,P,L,N,T).

b. Pickingoutcoinsinthewalletthatare5c,10c,or$1.

Worked example 2
a. Pr(red′) =  2 __ 3  b. Pr(green) =  1 __ 2 

Understanding worksheet

1. a. Complementary b. Notcomplementary

c. Complementary d. Notcomplementary

2. a. Flippingatail.

b. Rollinga1,2,3,5,6.

c. Pickingaredorgreenmarbleoutofabag.

d. Generating4,6,8,or10.

3. complementary;outcomes;probabilities;sum

Fluency

4. a. Pickingabluecounter.

b. Pickingalimeorraspberryicypolefromthebagoficypoles.

c. Pickingablackcardfromastandarddeckof52cards.

d. Rollingadieandrollinganoddnumber.

e. Rollingadieandrolling1,2,3,4,6.

f. Rollingadieandrolling2,4,6.

g. Randomlypickinganumbergreaterthanorequalto6
andlessthanorequalto15.

h. Randomlypickinganumbergreaterthanorequalto3
andlessthanorequalto10.

5. a. Pickingyelloworwhite.

b. Pr(black′) = 0.8

c. Pr(white) = 0.4

d. Pr(notwhiteorblack) = 0.4

e. True

6. a. Pickinggreen,redororange.

b. Pr(blue’) =  4 __ 5 

c. Pr(orange) = 0

d. Pr(notorangeorblue) =  4 __ 5 

e. False

7. a. Pickingaheart,clubordiamond.

b. Pr(spade′) = 75%

c. Pr(queen) =  1 _ 13 

d. Pr(queen’) =  12 ____ 13 

e. Pr(evenorpicturecard) =  8 _ 13 

f. Pr(notevenorapicturecard) =  5 _ 13 

8. D

Spot the mistake

9. a. StudentBisincorrect. b. StudentBisincorrect.

Problem solving

10. Ononedayatatrainstation,atrainwascancelled.Statethe
outcomesofthecomplementaryevent.

Key points

• Ononedayatatrainstation,atrainwascancelled.

• Statetheoutcomesofthecomplementaryevent.

Explanation

S = {traincancelled,trainnotcancelled}

Thecomplementaryeventofthetrainbeingcancelledisthetrain
notbeingcancelled.

Answer

Thecomplementaryeventisthetrainnotbeingcancelled.

11. AstoresellingPlayStation5consolesstatesthattheprobability
ofthestorerunningoutofPS5sis0.65.Whatistheprobability
thattheywillnotrunout?

Key points

• TheprobabilityofthestorerunningoutofPS5sis0.65.

• Whatistheprobabilitythattheywillnotrunout?

Explanation

S = {storerunningoutofPS5,storenotrunningoutofPS5}

ThecomplementaryeventofthestorerunningoutofPS5
istheeventofthestorenotrunningoutofPS5.

Theprobabilityoftwocomplementaryeventssumto1.

Pr(storenotrunningoutofPS5) = 1 − 0.65 = 0.35

Answer

TheprobabilitythatthestorewillnotrunoutofPS5is0.35.

12. TheprobabilitythatMaxrideshisbiketoworkis 1 __ 3 .Theprobability

thathetakesthetramtoworkis 1 __ 2 .Calculatetheprobabilitythat

hewillneitherridehisbikenortakethetramtowork.

Key points

• TheprobabilitythatMaxrideshisbiketoworkis 1 __ 3 .

• Theprobabilitythathetakesthetramtoworkis 1 __ 2 .

• Calculatetheprobabilitythathewillneitherridehisbike
nortakethetramtowork.

Explanation

S = {bike,tram,neitherbikenortram}

Pr(neitherbikenortram) = 1 − Pr(bike) − Pr(tram)

 = 1 −  1 __ 3  −  
1 __ 2 

 =  1 __ 6 

Answer

Theprobabilitythathewillneitherridehisbikenortakethetram

toworkis 1 __ 6 .
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13. TheYear8studentsataschoolweresurveyedfortheirbloodtype
(A,B,ABandO).Theresultsareshownbelow:

Ifastudentwaschosenatrandom,findtheprobabilitythatthey
arenotbloodtypeAorAB,writtenasapercentage.

Key points

• TheYear8studentsataschoolweresurveyedfortheirblood
type(A,B,ABandO).Theresultsareshowninthetable.

• Ifastudentwaschosenatrandom,findtheprobabilitythat
theyarenotbloodtypeAorAB,writtenasapercentage.

Explanation

Thetotalnumberofstudentsis76 + 20 + 6 + 98 = 200.

Pr(typeA) + Pr(typeAB) =  76 _ 200  +  
6 _ 200  =  

82 _ 200 

Pr(nottypeAortypeAB) = 1 −  82 _ 200  =  
118 _ 200  =  

59 _ 100  = 59%

Answer

TheprobabilitythatthestudentisnotbloodtypeAorABis59%.

14. Patrick’s‘Onrepeat’playlisthassongsfromthefollowingartists:
TwoDoorCinemaClub(5),LastDinosaurs(7),Gordi(10)and
MaggieRogers(8).

Whichartisthasaprobabilityofnotplayingnextequalto 5 __ 6 ?

Key points

• Patrick’s‘Onrepeat’playlisthassongsfromthefollowing
artists:TwoDoorCinemaClub(5),LastDinosaurs(7),
Gordi(10)andMaggieRogers(8).

• Whichartisthasaprobabilityofnotplayingnextequalto 5 __ 6 ?

Explanation

Theprobabilitiesofeacheventare:

Pr(TwoDoorCinemaClub) =  5 ____ 30  =  
1 __ 6 

Pr(LastDinosaurs) =  7 ____ 30 

Pr(Gordi) =  10 ____ 30  =  
1 __ 3 

Pr(MaggieRogers) =  8 ____ 30  =  
4 _ 15 

Pr(playingnext) = 1 − Pr(notplayingnext)

 = 1 −  5 __ 6 

 =  6 __ 6  −  
5 __ 6 

 =  1 __ 6 

TwoDoorCinemaClubhasaprobabilityofplayingnextequalto 1 __ 6 .

SotheprobabilityofTwoDoorCinemaClubnotplayingnextis 5 __ 6 .

Answer

TwoDoorCinemaClub.

Reasoning

15. a. Fordie1,theeventcomplementarytorollinga3isrollinga
1ora4.Fordie2,theeventcomplementarytorollinga3is
rollinga1,5ora6.

b. Fordie1,Pr(3′) =  1 __ 2 .Fordie2,Pr(3′) = 0.80

c. Die1

d. Fordie1,therearefoursides.Sotheprobabilityofrollingone

sideis 1 __ 4  = 0.25.Pr(3)is 1 __ 2 whichistwicetheprobabilityof

rollingoneside.So3isontwosides.

Fordie2,thereare5sides.Sotheprobabilityofrolling

onesideis 1 __ 5  = 0.2 = 20%.Pr(6)is40%whichistwice

theprobabilityofrollingoneside.So6isontwosides.

e. Suggestedanswer1:DungeonsandDragons.

Suggestedanswer2:Monopoly.

Note:Thereareotherpossibleoptions.

16. a. Pickinganorangecounteroragreencounter,andpicking
abluecounter.

Note:Thereareotherpossibleoptions.

b. Pickinganorangecounteroragreencounter,andpicking
anorangecounterorabluecounter.

Note:Thereareotherpossibleoptions.

c. Complementaryeventsarealwaysmutuallyexclusive.
Forexample,thecomplementaryeventtopickinganorange
oragreencounterispickingabluecounter.Thefirsteventonly
hastheoutcomespickinganorangeorgreencounter,andthe
secondeventonlyhastheoutcomepickingabluecounter.
Thereisnooverlap,sotheeventsaremutuallyexclusive.

Extra spicy

17. D 18.  5 __ 6  19. E 20.  13 ____ 15 

Remember this?

21. D 22. B 23. C

10C Venn diagrams and two-way tables

Student practice
Worked example 1
a. 13 b. 10 c.  7 _ 20 

Worked example 2
a. 10 b. 17 c.  7 __ 22 

Worked example 3
a.  Enough 

water
Not enough 
water

Total

Enough food 2 3 5

Not enough 
food

6 9 15

Total 8 12 20

b.

23 6

9

WaterFood
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Understanding worksheet

1. a. 2 b. 24 c. 4 d. 16

2. a. 3 b. 2 c. 8;4 d. 17;4

3. Venndiagram;two-waytable;inclusive;exclusive

Fluency

4. a. 10 b. 9 c. 5 d. 12

e. 13

5. a.  4 _ 29  b.  6 _ 29  c.  15 ____ 29  d.  13 ____ 29 

e.  19 ____ 29 

6. a. 3 b. 5 c. 13 d. 7

e. 10

7. a.  1 __ 6  b.  2 __ 7  c.  19 ____ 42  d.  17 ____ 21 

e.  23 ____ 42 

8. a. Venndiagram

35 2

1

MeditationYoga

Two-waytable

Meditation Not meditation Total

Yoga 3 5 8

Not yoga 2 1 3

Total 5 6 11

b. Venndiagram

311 2

4

SwimmingPilates

Two-waytable

Swimming Not swimming Total

Pilates 3 11 14

Not pilates 2 4 6

Total 5 15 20

c. Venndiagram

58 10

7

SpidersSnakes

Two-waytable

Spiders Not spiders Total

Snakes 5 8 13

Not snakes 10 7 17

Total 15 15 30

d. Venndiagram

26 41

5

ChineseIndonesian

Two-waytable

Chinese Not Chinese Total

Indonesian 0 26 26

Not 
Indonesian

41 5 46

Total 41 31 72

9. B

Spot the mistake

10. a. StudentBisincorrect. b. StudentAisincorrect.

Problem solving

11. Fivefriendsgotoaconcert.Twopeoplebuyfoodandwater,
onepersonbuysfoodonlyandonepersondoesnotbuyanything.
Howmanypeopleonlyboughtwater?

Key points

• 5friendsgotoaconcert.

• 2peoplebuyfoodandwater,1personbuysfoodonlyand
1persondoesnotbuyanything.

• Howmanypeopleonlyboughtwater?

Explanation

DrawaVenndiagramtoshowthegiveninformation.

21

5 − 2 − 1 − 1 = 1

1

WaterFood

Answer

Onepersononlyboughtwater.
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12. Afamilyof10gotopickstrawberriesandcherriestogether.
Iffourmembersonlypickedstrawberries,twomembersonly
pickedcherriesandthreememberspickedboth,howmany
familymembersdidnotpickeither?

Key points

• Afamilyof10gotopickstrawberriesandcherriestogether.

• Fourmembersonlypickedstrawberries,twomembersonly
pickedcherriesandthreememberspickedboth.

• Howmanyfamilymembersdidnotpickeither?

Explanation

DrawaVenndiagramtoshowthegiveninformation.

3 24

10 − 4 − 3 − 2 = 1

1

CherriesStrawberries

Answer

Onefamilymemberdidnotpickstrawberriesorcherries.

13. Leonoraisthesportscaptainatherschoolandsurveysstudents
toseehowmanyteamscanbeformedforbasketballandnetball
nextterm.Ofthe100studentssurveyed,50saidtheywouldbe
interestedinbasketballand45saidtheywouldbeinterested
innetball.If25studentsdidnotexpressinterestforeither,
howmanystudentssaidtheywouldbeinterestedinboth?

Key points

• Leonoraisthesportscaptainatherschoolandsurveys
studentstoseehowmanyteamscanbeformedforbasketball
andnetballnextterm.

• Ofthe100studentssurveyed,50saidtheywouldbeinterested
inbasketballand45saidtheywouldbeinterestedinnetball.

• 25studentsdidnotexpressinterestforeither.

• Howmanystudentssaidtheywouldbeinterestedinboth?

Explanation

Drawatwo-waytabletoshowthegiveninformationandfill
inthemissingboxes.

Netball Not netball Total

Basket 
-ball

45 − 25 = 20 50 − 20 = 30 50

Not 
basket 
-ball

50 − 25 = 25 25 100 − 50 = 50

Total 45 30 + 25 = 55 100

Answer

20studentssaidtheywouldbeinterestedinbothbasketball
andnetball.

14. Inhisafterhourspaintingclass,Pablocounts4peoplewithshort
hairand8withlonghair.Forthesamegroupof12people,thereare
7whobringtheirownpaintbrushesand5whoborrowonesfrom
theartstudio.Ifthereare2peoplewithshorthairwhobring
theirownpaintbrushes,whatistheprobabilitythataperson
selectedatrandomhaslonghairorborrowspaintbrushesfrom
thestudio,includingthosethatidentifywithboth?

Key points

• Inhisafterhourspaintingclass,Pablocounts4peoplewith
shorthairand8withlonghair.

• Forthesamegroupof12people,thereare7whobringtheir
ownpaintbrushesand5whoborrowonesfromtheartstudio.

• Thereare2peoplewithshorthairwhobringtheirown
paintbrushes.

• Whatistheprobabilitythatapersonselectedatrandomhaslong
hairorborrowspaintbrushesfromthestudio,includingthose
thatidentifywithboth?

Explanation

Drawatwo-waytabletoshowthegiveninformationandfill
inthemissingboxes.

Bring brushes Borrows brushes Total

Long hair 7 − 2 = 5 5 − 2 = 3 8

Short hair 2 4 − 2 = 2 4

Total 7 5 12

Thereare5 + 3 + 2 = 10peoplewhohavelonghair
orborrowbrushes.

Pr(longhairorborrowsbrushesorboth) =  10 ____ 12 

 =  5 __ 6 

Answer

Theprobabilitythatapersonselectedatrandomhaslonghair
orborrowspaintbrushesfromthestudio,includingthosethat

identifywithbothis 5 __ 6 .

15. MrBjarnelindwantstoshortlistinternationalcitiestovisitwithhis
family.Helooksattwofactorsinmakinghisdecision,theduration
oftheflightandwhetherthecityischild-friendly.MrB’sresearch
showsthatofthe20citiesconsidered,5citieshaveflightsthat
aretenhoursorlessand13citiesarechild-friendly.Ifthereare
4citiesthatarenotchild-friendlyandhaveflightsovertenhours,
whatistheprobabilityofchoosingacitythatischildfriendly
buthasaflightthatismorethantenhours?

Key points

• MrBjarnelindwantstoshortlistinternationalcitiestovisit
withhisfamily.Helooksattwofactorsinmakinghisdecision,
thedurationoftheflightandwhetherthecityischild-friendly.

• MrB’sresearchshowsthatofthe20citiesconsidered,
5citieshaveflightsthataretenhoursorlessand13cities
arechild-friendly.

• Thereare4citiesthatarenotchild-friendlyandhaveflights
overtenhours.

• Whatistheprobabilityofchoosingacitythatischildfriendly
buthasaflightthatismorethantenhours?

Explanation

Drawatwo-waytabletoshowthegiveninformationandfill
inthemissingboxes.

Child-
friendly city

Non-child-
friendly

Total

Flights that 
are 10 hours 
or less

5 − 3 = 2 7 − 4 = 3 5

Flights 
more than 
10 hours

13 − 2 = 11 4 20 − 5 = 15

Totals 13 20 − 13 = 7 20
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Thereare5 + 3 + 2 = 10peoplewhohavelonghair
orborrowbrushes.

Pr(child-friendlycitythathasaflightmorethan10hours) =  11 ____ 20 

Answer

Theprobabilityofchoosingacitythatischildfriendlybut

hasaflightthatismorethan10hoursis 11 ____ 20 .

Reasoning

16. a. 4animalssleepatleast12hoursadayandarenotpredators.

b. Theprobabilityis 23 ____ 30 .

c. 

310 13

4

Sleep less
than 12 hoursPredators

d. Taylenmighthavecalculatedhisincorrectanswerbecause
hecountedtheanimalsthatonlysleeplessthan12hours.
Insteadheshouldhavecountedboththe‘3’andthe‘13’
withinthecirclethatislabelled‘sleeplessthan12hours’.

e. Suggestedanswer1:Predatorsusealotofenergywhen
huntingforprey,andmayneedmoretimetorecoverfromthis.

Suggestedanswer2:Predatorsbeingasleepformorehours
maygivepreyanimalsabetterchanceatsurvival.

Note:Thereareotherpossibleoptions.

17. a. Venndiagram2showstheexclusive‘or’.

b. Venndiagram1showstheinclusive‘or’.

c. Venndiagram1shows‘AorB’.

Venndiagram2shows‘onlyAoronlyB’or‘AorBbut
notboth’.

Extra spicy

18.  2 __ 5  19. 2 20. B 21. C

Remember this?

22. B 23. C 24. D

10D  Tree diagrams and  
multi-step experiments

Student practice
Worked example 1
a. 4 b.  1 __ 4  c.  3 __ 4 

Worked example 2
a. 12 b.  1 __ 2  c.  1 ____ 4 

Worked example 3

a. 
Wheel

1

2

3

4

1,H

1,T
2,H

2,T

3,H

3,T
4,H

4,T

Coin toss Outcomes

H

T
H

T

H

T
H

T

b.  Coin toss

H T

1 1,H 1,T

Wheel spin 2 2,H 2,T

3 3,H 3,T

4 4,H 4,T

Understanding worksheet

1. a. H,3 b. N c. 1,1 d. T,H,T

2. a. T,T b. B,2 c. 2,3 d. M,R

3. multi-step;outcomes;treediagram;two-waytable

Fluency

4. a. 6 b.  1 __ 6  c.  2 __ 3  d. 1 e.  1 __ 3 

5. a. 9 b.  1 __ 9  c.  1 __ 3  d.  2 __ 3  e.  2 __ 3 

6. a. 12 b.  1 ____ 12  c.  1 __ 6  d.  1 __ 6  e.  1 __ 2 

7. a. 36 b. 0 c.  5 __ 6  d.  11 ____ 36  e.  5 __ 6 

8. a. Treediagram

H

H

T

T

H

T

H,T

H,H

T,H

T,T

Outcomes2nd coin

1st coin

Two-waytable

H T

H H,H H,T

T T,H T,T
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b. Treediagram

Coin toss

H

T

H,B

H,Y

H,O

T,B

T,Y

T,O

Wheel spin Outcomes

Y

O

B

Y

O

B

Two-waytable

Blue (B) Yellow (Y) Orange (O)

H H,B H,Y H,O

T T,B T,Y T,O

c. Treediagram

E

G

E,L

E,J

E,T

F,J

F,L

F,T

G,L

G,T

G,J

OutcomesPants

T-shirts J

T

L

J

T

LF

J

T

L

Two-waytable

J L T

E E,J E,L E,T

F F,J F,L F,T

G G,J G,L G,T

d. Treediagram

1,A

1,B

1,C

1,D

2,A

2,B

2,C

2,D

OutcomesHat

Die

1

2

3

4

C

D

A

B

C

D

A

B

3,A

3,B

3,C

3,D

C

D

A

B

4,A

4,B

4,C

4,D

C

D

A

B

5

5,A

5,B

5,C

5,D

C

D

A

B

Two-waytable

A B C D

1 1,A 1,B 1,C 1,D

2 2,A 2,B 2,C 2,D

3 3,A 3,B 3,C 3,D

4 4,A 4,B 4,C 4,D

5 5,A 5,B 5,C 5,D

9. A

Spot the mistake

10. a. StudentAisincorrect. b. StudentAisincorrect.

Problem solving

11. Scartossestwocoinsatthesametimetodeterminethefateof
hisminions.Howmanypossiblecombinationsexist?

Key points

• Scartossestwocoinsatthesametimetodeterminethefateof
hisminions.

• Howmanypossiblecombinationsexist?

Explanation

H

H

T

T

H

T

H,T

H,H

T,H

T,T

Outcomes2nd coin

1st coin
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Answer

4combinationsexist.

12. Nalaplaystwogamesofpaper-scissors-rockwithafriend.
Whatistheprobabilityofherfriendchoosingrockbothtimes?

Key points

• Nalaplaystwogamesofpaper-scissors-rockwithafriend.

• Whatistheprobabilityofherfriendchoosingrockbothtimes?

Explanation

S P R

S S,S S,P S,R

P P,S P,P P,R

R R,S R,P R,R

Numberofdesiredoutcomes(R,R) = 1

Totalnumberofoutcomes = 9

Pr(R,R) =  1 __ 9 

Answer

Theprobabilityis  1 __ 9 .

13. Sarabithrowstwo6-sideddiceinagameofMonopoly.Howmany
possiblecombinationsarethereofgettingthesamenumberon
bothdice?

Key points

• Sarabithrowstwo6-sideddiceinagameofMonopoly.

• Howmanypossiblecombinationsarethereofgettingthesame
numberonbothdice?

Explanation

Thedesiredoutcomesinclude(1,1),(2,2),(3,3),(4,4),(5,5),(6,6).

∴Numberofdesiredoutcomes = 6

Answer

Thereare6combinationspossible.

14. SimbaplaysLuckyWheelattheschoolfete,wherethereare
10differentwedges,eachwithadifferentprize.IfSimbapays
fortwospins,whatistheprobabilityofthewheellandingon
twodifferentwedges?

Key points

• SimbaplaysLuckyWheelattheschoolfetewherethereare
10differentwedges.

• Eachwedgehasadifferentprize.

• Simbapaysfortwospins.

• Whatistheprobabilityofthewheellandingontwo
differentwedges?

Explanation

Numberofdesiredoutcomes(twodifferentwedges) = 90

Totalnumberofoutcomes = 100

Pr(twodifferentwedges) =   90 _____ 100  =  
9 ____ 10 

Answer

Theprobabilityis  9 ____ 10 .

15. Pumbadecidestodressupfortheking’scoronation.Hehasone
redbowtie,oneorange,oneyellow,onewhiteandoneblue.
Healsohasanumberofhairtiestochoosefrom.Ifthereare85
possiblecombinationsofbowtiesandhairties,howmanytypes
ofhairtiesdoesPumbahave?Assumethatthereisoneofeach
typeofhairtie.

Key points

• Pumbadecidestodressupfortheking’scoronation.

• Hehasoneredbowtie,oneorange,oneyellow,onewhite
andoneblue.

• Healsohasanumberofhairtiestochoosefrom.

• Thereare85possiblecombinationsofbowtiesandhairties.

• HowmanytypesofhairtiesdoesPumbahave?Assumethat
thereisoneofeachtypeofhairtie.

Explanation

Thereare5typesofbowties.

Thereareatotalof85possibleoutcomes.

Totalnumberofoutcomes = typesofbowties × typesofhairties

Let𝑥be the number of types of hair ties.

5 × 𝑥 = 85

 𝑥 = 17

Answer

Pumbahas17typesofhairties.

Reasoning

16. a. 32 b. 64 c.  1 _____ 64  d.  1 __ 2 

e. Suggestedoption1:DungeonsandDragonsisagamethat
involvesmoreskillthanUnoorPokemonGowhicharegames
morebasedonluck.

Suggestedoption2:DungeonsandDragonshasrole-playing
whereasUnoorPokemonGodonot.

Note:Thereareotherpossibleoptions.

17. a. Thereare8possibleoutcomes.

b. Thereare16possibleoutcomes.

c. Thepatternisthateachtime,thenumberofoutcomes
doubleswhenanextracoinistossed.

Extra spicy

18.  1 __ 2  19. 50% 20. A 21. B

Remember this?

22. B 23. D 24. E

10E Experimental probability

Student practice
Worked example 1
 3 _ 10 

Worked example 2

a. i.  1 __ 6  ii. 2

b. i.  1 __ 3  ii. 10

Understanding worksheet

1. a. Experimentalprobabilityonly

b. Experimentalprobabilityonly

c. Theoreticalprobability

d. Experimentalprobabilityonly
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2. a. Frequency:7;Trials:14 b. Frequency:4;Trials:17

c. Frequency:8;Trials:9 d. Frequency:18;Trials:25

3. experimental;frequency;theoretical;trials.

Fluency

4. a.  1 __ 5  b.  1 __ 6  c.  1 __ 5  d.   9 ____ 50 

e.  19 ____ 85  f.   89 _____ 500 

5. a. i.  1 ____ 10 

ii. 1

b. i.  1 __ 5 

ii. 3

c. i.  1 __ 2 

ii. 15

d. i.  4 __ 5 

ii. 52

e. i.  2 __ 5 

ii. 28

f. i.  7 ____ 10 

ii. 63

6. a. 16 b.  3 ____ 16  c. 6 d.   9 ____ 16 

e. 54 f.  1 __ 2  g. 100

7. D

Spot the mistake

8. a. StudentBisincorrect. b. StudentAisincorrect.

Problem solving

9. CindyplaysFortniteandischeckingthestatisticsofthegames
shehasplayedinthelastweek.Theresultsareshownbelow.

Outcome Top25 Between26and75 Bottom25

Frequency 5 15 10

Basedonthetableabove,whatistheexperimentalprobability
ofCindybeinginthetop25inhernextmatch?

Key points

• Thetableshowsthefrequencyofgameoutcomes.

• WhatistheexperimentalprobabilityofCindybeinginthe
top25inhernextmatch?

Explanation

Totalnumberofgames = 5 + 15 + 10 = 30

Experimentalprobability =  
number of top 25 games

  _____________________________  total number of games  

 =  5 _ 30 

 =  1 _ 6 

Outcome Top25

Frequency 5

Experimental probability  1 _ 6 

Answer

TheexperimentalprobabilityofCindybeinginthetop25is 1 __ 6 .

10. Ashopsellsfourtypesoftoasties:chickenschnitzel,smashed
avocado,roastveggieandroastbeef.Maddypredictsthatthe

probabilityofacustomerorderingtheroastveggietoastieis 3 ____ 10 .

Iftheshophas150toastieordersinoneday,howmanyare
expectedtoberoastveggietoasties?

Key points

• Maddypredictsthattheprobabilityofacustomerordering

theroastveggietoastieis 3 ____ 10 .

• Theshophas150toastieorders.

• Howmanytoastiesareexpectedtoberoastveggietoasties?

Explanation

Theoreticalprobability =  3 _ 10 

Numberoftrials = 150

Expectedoccurrence = theoreticalprobability × numberoftrials

 =  3 _ 10  × 150

 = 45

Answer

45toastiesareexpectedtoberoastveggietoasties.

11. Noahisspinningaspinnerthatheconstructed.

Herecordsthecoloureachtimethespinnerisspun.Therewere
10reds,23blues,4greensand8yellows.

Istheexperimentalprobabilityoflandingonredorblue
greaterthan,equaltoorlessthanthetheoreticalprobability?

Key points

• Herecordsthecoloureachtimethespinnerisspun.

• Therewere10reds,23blues,4greensand8yellows.

• Istheexperimentalprobabilityoflandingonredorblue
greaterthan,equaltoorlessthanthetheoreticalprobability?

Explanation

Calculatethetheoreticalprobabilityoflandingonredorblue
usingthespinner.

Thespinnerismadeupof8equalsectors.

2ofthesearered,and4oftheseareblue.

So2 + 4 = 6areredorblue.

Thereare8sectors,sothetheoreticalprobabilityis 6 __ 8  =  
3 __ 4 .

Calculatetheexperimentalprobabilityusingtherecordeddata.

10redsand23blueswerespun,so10 + 23 = 33trialswere
redorblue.

Thenumberoftrialsis10 + 23 + 4 + 8 = 45.

Sotheexperimentalprobabilityis 33 ____ 45  =  
11 ____ 15 .

0 11
4

1
2

3
4

11
15

Experimental 
probability

< , = or > Theoretical 
probability

Red or blue  11 _ 15 
<  3 _ 4 

 11 ____ 15  <  
3 __ 4 ,sotheexperimentalprobabilityislessthanthe

theoreticalprobability.

Answer

Theexperimentalprobabilityislessthanthetheoreticalprobability.
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12. Afactorythatproducescomputerchipsforsmartphones
estimatesthattheprobabilityofachipbeingfaultyis0.002.
Howmanychipsareexpectedtobefaultyinadayifthefactory
produces2000perday?

Key points

• Thetheoreticalprobabilityofachipbeingfaultyis0.002.

• Thefactoryproduces2000chipsperday.

• Howmanychipsareexpectedtobefaultyinaday?

Explanation

Expectedoccurrence = theoreticalprobability × numberoftrials

 = 0.002 × 2000

 = 4

Answer

4chips

13. Aweatherreporterstatedthattheprobabilityofthedaily
temperaturebeingover20degreesinamonthinSydneywas30%.
Ifthiscorrespondedto9days,overwhatnumberofdayswasthe
temperaturerecorded?

Key points

• Theprobabilityofthedailytemperaturebeingover20degrees
inamonthinSydneywas30%.

• Theexpectednumberofdaysis9.

• Overwhatnumberofdayswasthetemperaturerecorded?

Explanation

Thetheoreticalprobabilityistheprobabilitygivenbythereporter,
andtheexpectedoccurrenceisthenumberofdaysitisexpected
tobeover20degrees.

0

0% 10
%

20
%

40
%

50
%

60
%

70
%

80
%

90
%

10
0%

3 6

30
%

9 12 15 18 21 24 27 30

Theoreticalprobabilityis30% = 0.3.

Expectedoccurrence = 9

Expectedoccurrence = theoreticalprobability × numberoftrials

Sonumberoftrials =  
expected occurrence

  __________________________  theoretical probability 

 =   9 _ 0.3 

 = 30

Answer

Thetemperaturewasrecordedover30days.

Reasoning

14. a. 50trialsinExperiment1

400trialsinExperiment2

b.  21 ____ 25 inExperiment1

 3 __ 5 inExperiment2

c. 24peopleinExperiment1

78peopleinExperiment2

d. Experiment2,sinceithadmoretrials

e. Suggestedoption1:Increasethenumberoftrials.

Suggestedoption2:Ensuretheexperimentcontains
anaccuratecross-sectionofthepopulation.

Note:Thereareotherpossibleoptions.

15. a. Outcome 1 2 3 4

Frequency 5 5 5 5

Note:Thereareotherpossibleoptions.

b.  Outcome 1 2 3 4

Frequency 10 3 3 4

Note:Thereareotherpossibleoptions.

c. Youarenotmorelikelytorolla1onthe24throll;eachroll
isindependentoftherollsbeforeitandthusindependent
oftheexperimentalprobability.

Extra spicy

16. B

17. 
< 10°C

≥ 10°C

< 10°C

≥ 10°C

Rained

Did not rain

3
5

11
15

4
15
11
15

4
15

2
5

18. D 19. 9

Remember this?

20. C 21. B 22. C

Chapter 10 extended application

1. a. S = {red1,red2,red3,red4,red5,red6,red7,red8,red9}

b.  8 __ 9 

c. 1 2 3 4 5 6 7 8 9

1 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9

2 2,1 2,2 2,3 2,4 2,5 2,6 2,7 2,8 2,9

3 3,1 3,2 3,3 3,4 3,5 3,6 3,7 3,8 3,9

4 4,1 4,2 4,3 4,4 4,5 4,6 4,7 4,8 4,9

5 5,1 5,2 5,3 5,4 5,5 5,6 5,7 5,8 5,9

6 6,1 6,2 6,3 6,4 6,5 6,6 6,7 6,8 6,9

7 7,1 7,2 7,3 7,4 7,5 7,6 7,7 7,8 7,9

8 8,1 8,2 8,3 8,4 8,5 8,6 8,7 8,8 8,9

9 9,1 9,2 9,3 9,4 9,5 9,6 9,7 9,8 9,9

c.  2 __ 27 

d. 10times

e. Suggestedoption1:Unoisbetterwithlessplayersbecauseit
iseasiertofollowwhatishappeninginthegame.

Suggestedoption2:Unoisbetterwithmoreplayers,asitis
morefuntoplaywithalargegroupofpeople.

Note:Thereareotherpossibleoptions.

2. a. 40 b. 3 c.  21 ____ 40  d.  33 ____ 40 
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Chapter 10 review

Multiple choice

1. D 2. C 3. A 4. C 5. E

Fluency

6. a. S = {O,P,R,T,U,N,I,E,S}

b.  7 ____ 13 

c. True

d. ChoosingtheletterP,TandI

7. a. Pickingaredcard b.  10 ____ 13 

c.  2 ____ 13  d.  5 ____ 13 

8. a.  2 ____ 15  b.  19 ____ 30  c.  3 __ 5  d.  7 ____ 10 

9. a.  1 __ 5  b.  8 ____ 15  c.  1 __ 2  d.  7 ____ 15 

10. a.  1 __ 9  b.  1 __ 3  c.  2 __ 3  d.  2 __ 3 

11. a.  1 ____ 12  b.  2 __ 3  c.  1 __ 2  d.  1 __ 2 

12. a. i.  1 __ 2 

ii. 25

b. i.  2 __ 3 

ii. 20

c. i.  1 __ 3 

ii. 5

d. i.  1 __ 2 

ii. 35

13. a. 36 b.  1 __ 3  c. 15 d. 105

Problem solving

14. Inagameshow,acontestantistoselectnumberedtilesfromabag.
Thetilescontainoddnumbersbetween0and35.Whatisthe
probabilitythecontestantwillselectatilewithanumberunder10?

Key points

• Inagameshow,acontestantistoselectnumberedtilesfromabag.

• Thetilescontainoddnumbersbetween0and35.

• Whatistheprobabilitythecontestantwillselectatilewitha
numberunder10?

Explanation

Atilewithanoddnumberunder10:1,3,5,7,9.Therearefive
tilesintotalthatmatchthiscriteria.

Thereare 35 + 1 _________ 2   =  36 ____ 2   = 18oddnumbertilesinthebag.

Probabilityofselectingatilewithanumberunder10 =  5 ____ 18 .

Answer

Theprobabilityofthecontestantselectingatilewithanumber

under10is 5 ____ 18 .

15. Threehousesarecompetinginaswimmingcarnival:blue,

redandyellow.Theprobabilityofthebluehousewinningis 1 __ 5 ,

andtheredandyellowhousesarebothtwiceaslikelytowinas
thebluehouse.Findtheprobabilitythattheredhousedoes
notwin.

Key points

• Threehousesarecompetinginaswimmingcarnival.

• Thethreehousesareblue,redandyellow.

• Theprobabilityofthebluehousewinningis 1 __ 5 ,andtheredand

yellowhousesarebothtwiceaslikelytowinasthebluehouse.

• Findtheprobabilitythattheredhousedoesnotwin.

Explanation

Probabilitythattheredhousedoesnotwin = probabilitythatthe
bluehousewins + probabilitythattheyellowhousewins

 =  1 __ 5  +  
1 __ 5  × 2

 =  1 __ 5  +  
2 __ 5 

 =  3 __ 5 

Answer

Theprobabilitythattheredhousedoesnotwinis 3 __ 5 .

16. Atravelagencyhascollecteddataon70familieswhohave
bookedaholidaytoeithertheNetherlandsorFrancefornext
JulyorAugust.Fromtheirsample,21familieshavebookedtogo
totheNetherlandsinJuly,and25familieswishtogotoFrance
inAugust.Intotal,35familieshavebookedholidaysinJulyand
31familieshavebookedholidaystotheNetherlands.Howmany
familieswanttogototheNetherlandsinAugustorFranceinJuly?

Key points

• Atravelagencyhascollecteddataon70familieswhohave
bookedaholidaytoeithertheNetherlandsorFrancefornext
JulyorAugust.

• Fromtheirsample,21familieshavebookedtogotothe
NetherlandsinJuly,and25familieswishtogotoFrance
inAugust.

• Intotal,35familieshavebookedholidaysinJulyand31families
havebookedholidaystotheNetherlands.

• HowmanyfamilieswanttogototheNetherlandsinAugustor
FranceinJuly?

e. Sampleresponse:

AnimatedReleased 
after 2015

2

314

Note:Thereareotherpossibleoptions.

3. a. 0.1

b. 26.7%

c. 15times

d. Whenmoretrialsareconducted,thereismorecertainty
aroundthemostlikelyoutcomeintermsoftestinghow
longaparticulardesignmightlastintheair.

e. Suggestedoption1:Thetechniqueofthrowingtheplane.
Suggestedoption2:Conditionsonthedayifthrowingplanes
outside(E.g.wind).

Note:Thereareotherpossibleoptions.
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Explanation

Converttheinformationgivenintoatwo-waytableandfillinthe
twowaytableusingtheinformationgiven.

Netherlands France Total

July 21 35 − 21 = 14 35

August 31 − 21 = 10 25 25 + 10 = 35

Total 31 14 + 25 = 39 70

Thereare10familiesthatwanttogototheNetherlandsinAugust,
and14familiesthatwanttogotoFranceinJuly.Thisis
10 + 14 = 24familiesintotal.

Answer

24familieswanttogototheNetherlandsinAugustorto
FranceinJuly.

17. Dhileenaistryingtoplanheroutfitforherschoolformal.
Shehaseightdifferentdressestochoosefrominherwardrobe.
Shealsohasmanydifferentnecklacestochoosefrominher
jewellerycabinetwhichshecouldwearwithherdress.Ifthere
are136possiblecombinationsofdressesandnecklaces,
howmanynecklacesdoesDhileenahave?

Key points

• Dhileenaistryingtoplanheroutfitforherschoolformal.
Shehaseightdifferentdressestochoosefrominherwardrobe.

• Shealsohasmanydifferentnecklacestochoosefrominher
jewellerycabinetwhichshecouldwearwithherdress.

• Thereare136possiblecombinationsofdressesandnecklaces.

• HowmanynecklacesdoesDhileenahave?

Explanation

Numberofpossiblecombinationsofdressesandnecklaces 
 = numberofdresses × numberofnecklaces

 136 = 8 × numberofnecklaces

 136 ÷ 8 = 8 × numberofnecklaces ÷ 8

numberofnecklaces = 17

Answer

Dhileenahas17necklaces.

18. Hannahisacallcentresalesrepresentative.Theprobabilityofher
makingasaleinanycallis25%.HowmanycallswouldHannah
needtomakeifshewishestomake5sales?

Key points

• Hannahisacallcentresalesrepresentative.Theprobabilityof
hermakingasaleinanycallis25%.

• HowmanycallswouldHannahneedtomakeifshewishesto
make5sales?

Explanation

Numberofsalesmade = numberofcallsmade × probabilityof
makingasaleinacall

 5 = numberofcallsmade × 25%

 5 ÷ 25% = numberofcallsmade × 25% ÷ 25%

 20 = numberofcallsmade

Answer

Hannahwouldneedtomake20callsifshewishestomake5sales.

Reasoning

19. a. 

7248

Satisfactory 
service

Factory
trained

32

64

b. 216workerstookpartinthestudy.

c.  10 ____ 27 

d. 300workersareexpectedtonotprovidesatisfactoryservice.

e. Suggestedoption1:Conductingstudiesandcollectingdata
onthequalityofrepairservicesshowsthatthebusiness
isstrivingforhighqualitycustomerserviceswhichcould
increasethenumberofcustomers.

Suggestedoption2:Conductingstudiesandcollectingdataon
thequalityofrepairservicescouldensurebettertrainingfor
theemployeesandthereforehigheremployeesatisfaction.

Note:Thereareotherpossibleoptions.

20. a. Theprobabilitythatthesecondcounterisalsoblueis 1 __ 9 .

b. Theprobabilitythathernextcounterwillbeyellowis 1 __ 9 .

c. Theprobabilitythathernextcounterwillbeyellowis 1 ____ 15 .

d. Inpartsaandb,thecountersarereplacedbeforepickingthe
nextandsothetotalnumberofcountersinthebucketdoes
notchangebetweentrials.Astherearethesamenumber
(two)ofeachcounterinthebucketthenumeratoralsodoes
notchange.

Inpartc,thecounterwasnotreplacedandsothedenominator
ofthefractionforthesecondpickchangesasthetotalnumber
ofcounterschangesbetweentrials.
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11A Introduction to ratios

Student practice
Worked example 1
a.  3 : 4 b.  7 : 13 

Worked example 2
a.  9 _ 11  b.  2 _ 9  c.  5 : 1 

Worked example 3
a.  33% b.  50% c.  79 : 21 

Understanding worksheet

1. a. 6 b. 3 c. 1 : 3 d. 3 : 6

2. a.  1 : 5 b.  4 __ 6   c.  4 : 5, 5 __ 4  d.  3 : 1, 3 __ 4   

3. proportional; quantities; part-whole; part-part

Fluency

4. a.  2 : 8 b.  11 : 9 c.  16 : 9 d.  7 : 13 

e.  5 : 2 f.  13 : 10 g.  11 : 26 h.  24 : 15 

5. a.  1 __ 3  b.  5 __ 6   c.  11 ____ 14  d.  5 __ 1 

e.  4 ____ 13  f.  23 ____ 38   

6. a.  1 : 10 b.  5 : 7 c.  4 : 13 d.  27 : 2 

7. a.  53% b.  70% c.  60% d.  33% 

e.  67% f.  85% 

8. a.  3 : 97 b. 3 : 5 c. d.  5 : 6 

9. C

Spot the mistake

10. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

11. A farmer’s paddock has a width of 301 m and a length of 452 m. 
Write the ratio of the paddock’s width to its perimeter.

Key points

• The paddock has a width of 301 m.

• The paddock has a length of 452 m.

• What is the ratio of the width to its perimeter?

Explanation

Needtheratiowidth : perimeter

Perimeter = 2 × width + 2 × length 

Perimeter = 2 × 301 + 2 × 452 

Perimeter = 1506

sowidth : perimeter = 301 : 1506 

11 : 100

301 m

452 m

Answer

 301 : 1506 

12. Two painters, Julia and Brianca, divided up payment for their 
work on a day based on the ratio of hours that they worked. 
Julia worked from 7 am to 3 pm and Brianca worked from 
9 am to 2 pm. What fraction of the total pay does Julia receive?

Key points

• Julia and Brianca divide their payment based on the ratio 
of hours that they worked.

• Julia worked from 7 am to 3 pm.

• Brianca worked from 9 am to 2 pm.

• What fraction of the total pay does Julia receive?

Explanation

Determine the number of parts needed for each quantity.

Juliaworked7am–3pm = 8hours

Briancaworked9am–2pm = 5hours

Determine the number of parts in the whole

Totalnumberofhoursworked = Julia’shours + Brianca’shours

  = 8 + 5 

  = 13  hours

Determine the part-whole fraction.

   8 ____ 13   

Answer

   8 ____ 13   

13. Coles reported that their ratio of revenue to expenses was  14 : 9  
and Woolworths reported a ratio of  5 : 3 . Which business had the 
greatest revenue as a percentage of their expenses?

Key points

• Coles’ ratio of revenue to expenses was  14 : 9. 

• Woolworths ratio was  5 : 3 .

• Which business had the greatest revenue as a percentage 
of their loss?

Explanation

Write the part-part fractions for each business.

Coles =  14 ____ 9   Woolworths =  5 __ 3   

Convert the part-part fractions to percentages.

Coles:    14 ____ 9   × 100 = 156%   Woolworths: 5 __ 3  × 100 = 167% 

Compare the two percentages.

Woolworths has the greatest revenue as a percentage of their loss.

Answer

Woolworths

14. Jenny is making her world famous cordial but forgot the exact 

ratio of water to sugar to lemon juice she needed. Shefilled   1 __ 3    

of the bowl with water,    2 __ 5    with sugar and    1 __ 5    with lemon juice. 

She later found that the ratio she was meant to use was  5 : 6 : 4.  
Did she get the ratio right?
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11B Equivalent ratios

Student practice
Worked example 1
a.  4 : 14 b.  6 : 4 

Worked example 2
a.  1 : 4 b.  3 : 1 : 4 

Worked example 3
a.  4 : 1 b.  3 : 2 c.  1 : 2 

Worked example 4
a.  3 : 20 b.  1 : 2 

Understanding worksheet

1. a. 10 b. 4.5 c. 35 d. 7

2. a. Not equivalent b. Equivalent

c. Not equivalent d. Not equivalent

3. equivalent ratio; simplest form; whole; highest common factor

Fluency

4. a.  10 : 18 b.  80 : 30 

c.  5 : 3 d.  5 : 10 

e.  25 : 70 : 20 f.  7 : 3 : 1 

g.  7 : 11 h.  24 : 20 

5. a.  3 : 2 b.  3 : 2 

c.  1 : 4 d.  3 : 7 

e.  13 : 7 : 2 f.  5 : 7 : 4 

g.  7 : 2 : 1 h.  2 : 7 : 11 

Key points

• Jenny has forgotten the ratio of water to sugar to lemon juice 
for her lemonade.

• Shefilled   1 __ 3    of the bowl with water,    2 __ 5    with sugar and    1 __ 5    with 

lemon juice.

• The correct ratio is  5 : 6 : 4. 

• Did she get the ratio right?

Explanation

Modify the part-whole fractions so that they share a common 
denominator, the lowest common multiple of 3 and 5 is 15, 
so this will be the denominator.

   1 __ 3  =  
5 ____ 15     2 __ 5  =  

6 ____ 15     1 __ 5  =  
3 ____ 15   

Using the new part-whole fraction, write the part-part-part ratio.

 5 : 6 : 3 

Compare this to the correct ratio.

They are not the same.

Answer

No

15. It is recommended that vegetarians have a  5 : 1 : 1  ratio of legumes 
(such as soybeans and lentils) to eggs to nuts as part of their diet. 
Nick made a meal where 65% of the meal was legumes and the 
rest made up equally of eggs and nuts. Does this meal satisfy 
the recommendation?

Key points

• Vegetariansshouldhavea5 : 1 : 1ratiooflegumesto
eggs to nuts.

• Nick’s meal is 65% legumes and the rest is made up of 
eggs and nuts.

• Does this meal satisfy the recommendation?

Explanation

Write the part-part-part ratio as a part-whole fraction for 
the legumes.

Numberofpartsinthewhole = 5 + 1 + 1 

  = 7 

Part-wholefraction =  5 __ 7    

Convert the part-whole fraction to a percentage.

   5 __ 7  × 100 =  500 _____ 7    

  = 71% 

As the part-whole percentage of the legumes is not 65%, 
Nick’s meal does not satisfy the recommendation.

Answer

No

Reasoning

16. a. Ying will need to borrow $700 000 from the bank.

b. The ratio of the loan amount to the price of the house 
is  700 000 : 800 000 .

c. The percentage of the loan amount to the price of the house 
is  87.5% 

d. The loan amount needs to decrease by $60 000 in order 
for Ying not to pay LMI.

e. Suggested option 1: When banks give out larger loans they 
place themselves at risk and LMI ensures the bank will 
be protected.

Suggested option 2: When someone takes a mortgage with 
a deposit of less than 20%, they are more likely to be unable 
to make their mortgage payments, LMI protects the bank 
from losing their money.

Note: There are other possible options.

17. a.  The ratio where the left side represents the smallest portion 
of the whole is  12 : 9 .

b. The ratio where the left side represents the largest portion 
of the whole is  98 : 1 .

c. To compare two ratios it is helpful to evaluate them 
asfractionsbydividingthefirstpartoftheratiobythe
second part, whichever of the two ratios has the higher 
value for this is the greater ratio.

Extra spicy

18. A 19. 4 20. 9 and 2 21. A

Remember this?

22. B 23. C 24. E
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6. a.  2 : 1 b.  5 : 3    

c.  2 : 9 d.  8 : 5 

e.  48 : 11 f.  62 : 7 

g.  68 : 33 h.  1 : 3 : 2 

7. a.  2 : 5 b.  16 : 9 

c.  6 : 7 d.  13 : 45 

e.  5 : 1 f.  21 : 4 : 30 

g.  2 : 4 : 11 h.  67 : 129 : 3 

8. a.  1 : 2 b.  4 : 5 

c.  11 : 50 d.  90 : 17 

e.  7 : 5 f.  40 : 3 

g.  1 : 4 h.  31 : 12 : 20 

9. D

Spot the mistake

10. a. Student A is incorrect. b. Student A is incorrect.

Problem solving

11. A shade of purple is made by combining red and blue paint tins in 
the ratio  2 : 3 . This is enough paint to cover 20 m2. How many tins 
of each colour is required to cover 60 m2?

Key points

• A shade of purple is made by combining red and blue paint tins 
in the ratio  2 : 3 .

• This is enough paint to cover 20 m2.

• How many tins of each colour is required to cover 60 m2?

Explanation

To cover 20 m2, we need 2 tins of red paint and 3 tins of blue paint.

To cover  20 × 3 = 60  m2, we need  2 × 3 = 6  tins of red paint 
and  3 × 3 = 9  tins of blue paint.

2 : 3

6 : 9
×3 ×3

Answer

To cover  60  m2, we need 6 tins of red paint and 9 tins of blue paint.

12. Matej is making multiple tiles of the pattern shown below.  
It consists of 4 equilateral triangles and 1 square.

If Matej has 48 triangles, what number of squares does he need  
so that he only has completed tiles?

Key points

• The pattern consists of 4 equilateral triangles and 1 square.

• Matej has 48 triangles.

• What number of squares does he need so that he only has 
completed tiles?

Explanation

Theratiooftriangle : squareneededtocomplete1tileis4 : 1.

48 triangles would make  48 ÷ 4 = 12  tiles.

12 patterns would need  12 × 1 = 12  squares.
4 : 1

48 : 12
×12 ×12

Answer

Matej needs 12 squares so that he only has completed tiles.

13. At his cafe, Hugh makes milkshakes which need milk and ice cream.  

He uses    1 __ 3    of a container of ice cream and    2 __ 5    of a carton of milk for 

a large milkshake. Whatisthefullysimplifiedratioofmilktoice
cream for each large milkshake?

Key points

• He uses    1 __ 3    of a container of ice cream and    2 __ 5    of a carton of milk 

for a large milkshake.

• Whatisthefullysimplifiedratioofmilktoicecreamforeach
large milkshake?

Explanation

Simplifythemilk : icecreamratio, 2 __ 5  :  
1 __ 3 .

 6 _ 15  :  
5 _ 15 

6 : 5

 2 __ 5  :  
1 _ 3 

×15 ×15

Answer

Thefullysimplifiedratioofmilktoicecreamforeachlarge
milkshakeis6 : 5.

14. Jemima is making concrete for a building project where the ratio of  
cement to sand to aggregate should be  1 : 2 : 4 . She mixes 5 bags  
of cement, 10 bags of sand and 15 bags of aggregate. Calculate the  
simplifiedratiotodetermineifJemimahasusedthecorrect
quantities for her mix.

Key points

• The ratio of cement to sand to aggregate should be  1 : 2 : 4 .

• She mixes 5 bags of cement, 10 bags of sand and 15 bags  
of aggregate.

• CalculatethesimplifiedratiotodetermineifJemimahasused
the correct quantities for her mix.

Explanation

Simplifytheratio5 : 10 : 15.
5 : 10 : 15

1 : 2 : 3
÷5 ÷5÷5

Thesimplifiedratiois1 : 2 : 3.Thisisnotequalto1 : 2 : 4.

Therefore, Jemima has used the incorrect quantities for her mix.

Answer

Jemima has used the incorrect quantities for her mix.

15. Alex is making her own soil mix for her indoor plants. To make 
the soil, she mixes a ratio of 2 parts peat moss, 1 part perlite 

and    1 __ 2    part compost. She has 8 bags of peat moss but needs to 

buy perlite and compost. If each bag of perlite cost $29.98 and 
each bag of compost cost $9.46, how much will it cost her to buy 
enough perlite and compost?

Key points

• To make the soil, Alex mixes a ratio of 2 parts peat moss,  

1 part perlite and    1 __ 2    part compost.

• She has 8 bags of peat moss but needs to buy perlite 
and compost.

• One bag of perlite costs $29.98 and one bag of compost 
costs $9.46.

• How much will it cost her to buy enough perlite and compost?
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11C Dividing a quantity in a given ratio

Student practice
Worked example 1
a. 5 per part b. 5 per part

Worked example 2
a. 6 and 12 b. 10, 35 and 15

Worked example 3
a. 12 pencils b. 700gofflour

Understanding worksheet

1. a.  12 b.  11 c.  25 d.  18 

2. a. 1 : 4

2 : 8
×2 ×2

b. 8 : 5

32 : 20
×4 ×4

  

c. 3 : 7

18 : 42
×6 ×6

d. 
×5

6 : 9 : 10

30 : 45 : 50
×5 ×5

3. parts; part-whole; value; equivalent

Fluency

4. a. 5 b. 5 c. 2 d. 6

e. 13 f. 2.07 g. 2.18 h. 15.33

5. a.  6 : 4 b.  28 : 4 

c.  40 : 25  d.  9 : 30 : 6 

e.  32.80 : 8.20  f.  56 : 42 : 63 

g.  20.67 : 24.11 : 17.22 h.  10 : 24 

6. a. $42 b. 9 hours

c. 45 cm d. 2500 players

e. 1400 kg f. 1.2 L

g. 3.6 L h. 48.57 g

7. E

Spot the mistake

8. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

9. In the world’s population, the ratio of people with brown eyes to 
other colours is  3 : 2 . In a year level of 60 students, what is the 
expected number of students with brown eyes?

Key points

• The ratio of people with brown eyes to other colours is  3 : 2 .

• A year level has 60 students.

• What is the expected number of students with brown eyes?

Explanation

Theratioofpeatmoss : perlite : compostis2 : 1 :  1 __ 2   .

Make an equivalent ratio to represent 8 bags of peat moss.

2 : 1 :  1 __ 2 

8 : 4 : 2
×4 ×4 ×4

Therefore, to use up 8 bags of peat moss, Alex will need 4 bags of 
perlite and 2 bags of compost.

Costof4bagsofperlite = Costof1bagofperlite × 4

  = 29.98 × 4 

  = $119.92 

Costof2bagsofcompost = Costof1bagofcompost × 2

  = 9.46 × 2 

  = $18.92 

Totalcostforperliteandcompost = 119.92 + 18.92 

  = $138.84 

Answer

It would cost Alex $138.84 to buy enough perlite and compost.

Reasoning

16. a. Joyce’s proposed ratio is  4 : 6 : 1 .

b. The ratio of hours spent relaxing to sightseeing to travelling 
for Daniel’s itinerary is  8 : 11 : 4 .

c. The percentage of time travelling to time for all activities for 
Daniel’s itinerary is more than the percentage proposed  
by Joyce.

d. 4 hours relaxing and 1 hour travelling.

e. Suggestedoption1:Anadvantageofensuringeverydaysatisfies 
Joyce’s proposed ratio is that it ensures that not too much 
time is spent travelling or relaxing instead of sightseeing.  
A disadvantage is that this may limit the amount of time spent 
sightseeing when more might be needed.

Suggested option 2: An advantage of satisfying the ratio over 
every day of the trip is that the same amount of time is spent 
on each activity but each day can vary depending on what 
sights they want to see. A disadvantage is that they might 
spend a whole day relaxing or travelling and not seeing any 
interesting sights.

Note: There are other possible options.

17. a.  23 + 1 : 11 + 1 = 24 : 12 

 23 − 10 : 11 − 10 = 13 : 1 

b.  23 × 2 : 11 × 2 = 46 : 22 

 23 ÷ 3 : 11 ÷ 3 =  23 ____ 3   :  
11 ____ 3    

c. In part a, the ratio  24 : 12  is not equivalent to the original 
ratio  23 : 11 . In part b, the ratio  46 : 22  is equivalent to the 
original ratio  23 : 11 . Therefore, multiplying or dividing both 
parts by a number can be used to make equivalent ratios,  
and adding or subtracting a number from both parts cannot 
be used to make equivalent ratios.

Extra spicy

18. B 19. D

20.  a = 16  and  b = 1 21.  1 : 2 = 3 : 6 = 4 : 8 

Remember this?

22. B 23. A 24. E
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Explanation

60 into the ratio  3 : 2 . The number of parts in the whole is 
3 + 2 = 5 .

The value of 1 part is  60 ÷ 5 = 12 .
3 : 2

36 : 24
×12 ×12

60 shared in the ratio  3 : 2 is36and24.

Therefore, the expected number of students with brown eyes is 36.

Answer

The expected number of students with brown eyes is 36.

10. Two friends, Dain and Felicity, are playing an online RPG  
(role playing game) and have just defeated a boss. They will share 
the loot received, 45 000 gold pieces, according to the ratio of 
damage they each dealt. Dain dealt 4000 damage and Felicity 
dealt 5000 damage. How much gold should Felicity receive?

Key points

• Two friends, Dain and Felicity, are playing an online RPG  
(role playing game) and have just defeated a boss.

• They will share the loot received, 45 000 gold pieces,  
according to the ratio of damage they each dealt.

• Dain dealt 4000 damage and Felicity dealt 5000 damage.

• How much gold should Felicity receive?

Explanation

45 000 into the ratio  4000 : 5000 . The number of parts in the 
whole is  4000 + 5000 = 9000 .

The value of 1 part is  45 000 ÷ 9000 = 5 .
4000 : 5000

20000 : 25000
×5 ×5

45 000 shared in the ratio  4000 : 5000 is20000and25000.

Therefore, the amount of gold Felicity should receive is 25 000.

Answer

Felicity should receive 25 000 gold.

11. The ratio of the distance between Marble Cliff and Stone Lake to 
the distance between Stone Lake and Glacier Forest is  3 : 4 .

The distance between Marble Cliff and Stone Lake is 21 km. 
Find the distance between Marble Cliff and Glacier Forest.

Key points

• The ratio of the distance between Marble Cliff and Stone Lake 
to the distance between Stone Lake and Glacier Forest is  3 : 4 .

• The distance between Marble Cliff and Stone Lake is 21 km.

• Find the distance between Marble Cliff and Glacier Forest.

Explanation

3parts = 21  km. The value of 1 part is  21 ÷ 3 = 7  km.

The number of parts in total is  3 + 4 = 7 .

Distance between Marble Cliff and Glacier Forest is 

 7 × 7 = 49  km.
3 : 4

21 : 28
×7 ×7

Answer

The distance between Marble Cliff and Glacier Forest is 49 km.

12. The angles of a triangle are in the ratio  2 : 5 : 1 . Calculate the 
sizes of the angles.

Key points

• The angles of a triangle are in the ratio  2 : 5 : 1 .

• Calculate the sizes of the angles.

Explanation

The internal angles of a triangle sum to  180° .

180 into the ratio  2 : 5 : 1 . The number of parts in the whole  
is  2 + 5 + 1 = 8 .

The value of 1 part is  180 ÷ 8 = 22.5° .

The sizes of the angles are  2 × 22.50 = 45  ° ,  5 × 22.50 = 112.50°  

and  1 × 22.50 = 22.50°  respectively.

180

22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5

2 parts = 45 5 parts = 112.50 1 part = 22.5

Answer

The sizes of the angles are  45° ,  112.5°  and  22.5° .

13. Beatrix knows that onaveragetheratioofmuffinstopastriessold
at her bakery is  4 : 11 . Muffinscost$6.50andpastriescost$4.70. 
Today, she is expecting 210 customers to come in and buy one 
item each. How much revenue is she expecting to make from  
sales today?

Key points

• Onaveragetheratioofmuffinstopastriessoldatherbakery
is  4 : 11 .

• Muffinscost$6.50andpastriescost $4.70.

• Today, she is expecting 210 customers to come in and buy one 
item each.

• How much revenue is she expecting to make from sales today?

Explanation

210 into the ratio  4 : 11 . The number of parts in the whole is  
4 + 11 = 15 .

The value of 1 part is  210 ÷ 15 = 14 .
4 : 11

56 : 154
×14 ×14

Today,56muffinsand154pastriesareexpectedtobesold.

This is a revenue of  56 × 6.5 + 154 × 4.7 = $1087.80  in total.

Add together the amount earned from sales to get total revenue.

Answer

Beatrix is expecting to make $1087.80 in revenue from sales.

Reasoning

14. a. There are 6 parts in total in the NPK ratio for indoor plants.

b. Kurt should put 6 kg of Nitrogen, 4 kg of Phosphorus and 2 kg 
of Potassium.

c. It will need to contain 36 kg of fertiliser.

d. The maximum amount of each element Kurt can put in is  
0.8 kg Nitrogen, 1.6 kg Phosphorus and 1.6 kg Potassium.

e. Suggested option 1: Kurt should consider how much 
people that live around his shop are willing to spend when 
determining the prices.

Suggested option 2: Kurt should consider the supply costs 
when determining the prices.

Note: There are other possible options.
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11D Introduction to rates

Student practice
Worked example 1
a. 5 children/parent b. $7/kg

Worked example 2
a. 3500 people/year b. 7.29 cm/year

Understanding worksheet

1. a. students/teachers b. $/m

c. km/s d. people/m2

2. a. 10 km/h b. $1.71/L

c. $21.38/h d. 1 m/day

3. different; one; units; quantities; average

Fluency

4. a. 3 waiters/table b. 6 patients/doctor

c. 5 customers/checkout d. 7 children/teacher

e. 2 guests/room f. 4 sandwiches/guest

g. 52 students/bus h. 170 points/game

5. a. $4/kg b. $70/grandchild

c. 160 km/h d. 6.25 L/person

e. 2.2 kg/planter f. 1.6 m2/chicken

g. $214.29/week h. 11.67 L/m2

6. a. 15 customers/year b. 3 rabbits/month

c. 5 roses/week d. 9 goals/game

e. 90 hairdressers/year f. 46 pages/day

g. 155 people/year h. 16 million bacteria/minute

7. a. $2.5/year b. 5 minutes/day

c. 8.33 cm/year d. 3.33 km/minute

e. 5.83 cm2/day f. $15/year

g. 1.4 mm/hour h. 16.11 g/day

8. B

Spot the mistake

9. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

10. Joey pays $6.30 for 3 mangoes. Write the price per mango as a 
simplifiedrate.

Key points

• Joey pays $6.30 for 3 mangoes.

• Write the price per mango as a simplifiedrate.

Explanation

$6.30for3mangoesasaratiowouldbe$6.30 : 3.

Simplifying this ratio and dividing both sides by 3 gives  
$2.10 : 1mango.Asarate,thiswouldbe$2.10/mango.

As a ratio:
$6.3 : 3mangoes

$2.10 : 1mango
÷3 ÷3

As a rate:

$2.10permango = $2.10/mango

Answer

$2.10/mango

11. Enyd is learning Japanese using an app. After 20 days of using  
the app, her vocabulary grew from 30 words to 150 words.  
What is the average rate at which Enyd is expanding her  
Japanese vocabulary, in words/day?

Key points

• After 20 days of using the app, Enyd’s vocabulary grew from 
30 words to 150 words.

• What is the average rate at which Enyd is expanding her 
Japanese vocabulary, in words/day?

Explanation

The change in Enyd’s vocabulary growth is  150 − 30 = 120  words.

As she used the app for 20 days, the changes in quantities as a 
ratiowouldbe120words : 20days.

Simplifyanddividebothsidesby20toget6words : 1day.

6words : 1dayexpressedasanaveragerateis6words/day.

Answer

6 words/day

12. It takes Marlene 16 hours to crochet a square blanket 2 m long. 
Write the rate at which Marlene can crochet, in m2/h.

Key points

• It takes Marlene 16 hours to crochet a square blanket 2 m long.

• Write the rate at which Marlene can crochet, in m2/h.

Explanation

The blanket is a square, and so to convert the length 2 m to m2, 
the length is squared to get  2 × 2 = 4  m2.

The ratio would therefore be 4 m2 : 16hours.Toexpressthisratio 
asasimplifiedrate,wedividebothsidesby4toget0.25m2/h.

15. a. Ratio1 : 2,quantity36,thewholenumberdifference
between the two shares is 1.

b. Ratio1 : 8,quantity27,thewholenumberdifference
between the two shares is 7.

c. A quantity is able to be shared into whole number shares 
when the total quantity is divisible by the total number of 
parts or the total number of parts is a factor of the quantity.

Extra Spicy

16. C

17.  23

15

20
16

4

18. C 19. 125 coins

Remember this?

20. B 21. C 22. B
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Answer

0.25 m2/h

13. Grandma gives Lottie and Oscar $2.50 for every year that makes 
up each of their ages. Lottie is 3 years older than Oscar, and she 
gets $55 from grandma. How old is Oscar?

Key points

• Grandma gives Lottie and Oscar $2.50 for every year that makes 
up each of their ages.

• Lottie is 3 years older than Oscar.

• Lottie gets $55 from grandma.

• How old is Oscar?

Explanation

As Lottie gets $2.50 for every year of her age and she has been 
given $55, this means she is  55 ÷ 2.50 = 22  years old.

Lottie is 3 years older than Oscar, so Oscar must be  22 − 3 = 19  
years old.

Answer

19 years old

14. After working at the same factory for 5 years, Missy’s salary 
increased from $2500 per month to $3200 per month. What is the 
average rate at which Missy’s salary increased over the 5 years,  
in dollars/month per year?

Key points

• After working at the same factory for 5 years, Missy’s salary 
increased from $2500 per month to $3200 per month.

• What is the average rate at which Missy’s salary increased over 
the 5 years, in dollars/month per year?

Explanation

The change in Missy’s salary is  $3200 − $2500 = $700  per month.

Tofindtheaveragerate,wewritetheincreaseasaratioofthe
numberofyears,whichis$700permonth : 5years.

Simplify this ratio by dividing both sides by 5 to get  
$140permonth : 1year.

This ratio expressed as an average rate would be $140 dollars/
month per year.

Answer

$140 dollars/month per year

Reasoning

15. a. 40 words per minute b. 3 wpm/day

c. 55 wpm; Above standard d. 12 minutes

e. Suggested option 1: Accuracy is more important so that 
proper spelling and grammar are used and so the reader can 
actually understand what is being typed out.

Suggested option 2: Accuracy is more important as speed can 
be learnt with practice and repetition, whereas it is harder to 
learn accurate typing.

Note: There are other possible options.

16. a. 25 km/h b. $25/kg

c. Parts a and b are similar in terms of numerical value  
(i.e. both contain quantities of 25) however the units that 
are being represented and thus the meanings of the rates are 
completely different. The answer in part a expresses a speed 
(distance relative to time) as a rate of 25 kilometres per hour, 
whereas the answer in part b expresses the dollar amount of 
something relative to its weight as a rate of $25 per kilogram.

Extra spicy

17. Emma initially invested $1250.

18. D 19. D

20. Itwilltake20hours,wherethefirstlumberjackwillcut60trees
and the second lumberjack will cut 40.

Remember this?

21. C 22. D 23. C

11E Solving rate problems

Student practice
Worked example 1
a. 30 cups of coffee b. 112 minutes

Worked example 2
a. Donnie is faster than Terry by 0.15 km/h.

b. In 30 days, Josiah spends 7.5 hours more commuting compared 
to Layla.

Worked example 3
Approximately 2 hours

Understanding worksheet

1. a. 15 b. 9 c. 20 d. 11

2. a.  ÷2,   ÷2 b.  ÷4,   ÷4 c.  ÷10,    d.  ÷8,   ÷8 

3. proportional; operations; equal; addition

Fluency

4. a. 3375 words b. 22 tests

c. 85 goals d. 845 children

e. 119 souvenirs f. 113 errors

g. 18 litres

5. a. 9 people b. 6 students

c. 50foragingflights d. 5 minutes

e. 5 hours f. 1 350 000 sheets of paper

g. 107.1 volts

6. a. Wendy services 1 more computer per hour than Tim.

b. Lester gets paid $2.50 per hour more than Bobbie.

c. Gianni used 0.13 more metres of material than Coco.

d. Carlo saves $3.43 more than Nora per day.

7. a.  Mark serves 8 more customers per 8 hour workday compared 
to Nick.

b. Cindy will need 0.625 L less petrol to complete a 250 km trip 
compared to Tahlia.

c. Darlene will need 0.3 hours less time to knit a 3 m2 blanket 
compared to Arlene.

d. Sydney’s rent is $3722 higher during a non-leap year 
compared to Melbourne.

 ÷10 
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8. a.  It will take both of the rowers 2 minutes to row 1 km together, 
to the nearest minute.

b. It will take both of them 3 hours to move the apartment together,  
to the nearest hour.

c. It will take both of them 8 hours to complete the  
assignment together, to the nearest hour.

d. It will take all 3 of them 3 hours to organise the section together,  
to the nearest hour.

9. B

Spot the mistake

10. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

11. On a particular day, Dr Rosanna starts seeing patients at 8:30 am 
andfinishesby5:30pm. If she saw 40 patients that day, then what 
is the rate at which Dr Rosanna saw her patients, in patients/hour, 
to the nearest patient?

Key points

• On a particular day, Dr Rosanna starts seeing patients 
at8:30amandfinishesby 5:30 pm.

• She saw 40 patients that day.

• What is the rate at which Dr Rosanna saw her patients, 
in patients/hour, to the nearest patient?

Explanation

From 8:30 am to 5:30 pm, there are 9 hours. Therefore, Dr Rosanna  
worked for 9 hours on that day.

 9hours : 40patients

 9 ÷ 9hours : 40 ÷ 9  patients

 1hour : 4patientstothenearestpatient.

Answer

Dr Rosanna saw her patients at a rate of 4 patients/hour, 
to the nearest patient.

12. Ruth’stropicalfisharebreedingatarateof8newfryevery2days 
perfemalefish. If Ruthhasatotalof9femalefish, then how long 
will it take them to birth a total of 90 new fry?

Key points

• Ruth’stropicalfisharebreedingatarateof8newfryevery2 
days per femalefish.

• Ruth has a total of 9 femalefish.

• How long will it take them to birth a total of 90 new fry?

Explanation

Foreachfemalefish:

 8newfry : 2days

  8 ÷ 2newfry : 2 ÷ 2  days

 4newfry : 1day

 4 × 22.5newfry : 1 × 22.5  days

 90newfry : 22.5days

Therefore,for9femalefish,itwilltakethem22.5 ÷ 9 = 2.5  days 
to birth a total of 90 new fry.

Answer

It will take them 2.5 days to birth a total of 90 new fry.

13. One small ink cartridge contains enough ink for 600 pages 
of printing, while amediumcartridgeistwiceasefficientasthe 
small cartridge. If a large ink cartridge is enough for 1800 pages, 
then how much ink does it contain, in terms of the small and 
medium cartridges combined?

Key points

• One small ink cartridge contains enough ink for 600 pages 
of printing.

• Amediumcartridgeistwiceasefficientasthesmallcartridge.

• A large ink cartridge is enough for 1800 pages.

• How much ink does it contain, in terms of the small and 
medium cartridges combined?

Explanation

 1smallcartridge : 600pages

Sinceamediumcartridgeistwiceasefficientasthesmallcartridge:

1mediumcartridge : 600 × 2  pages

1mediumcartridge : 1200pages

 1largecartridge : 1800pages

As  1800 = 1200 + 600 , one large cartridge contains the same 
amount of ink as one small and one medium cartridge combined.

Answer

A large ink cartridge contains the same amount of ink as one small 
and one medium cartridge together.

14. 7 robots at a car factory can assemble 336 cars in 1 day. 
How many days will it take 10 robots to assemble 1920 cars?

Key points

• 7 robots at a car factory can assemble 336 cars in 1 day.

• How many days will it take 10 robots to assemble 1920 cars?

Explanation

In 1 day:

 7robots : 336cars

  7 ÷ 7robots : 336 ÷ 7  cars

 1robot : 48cars

 1 × 10robots : 48 × 10  cars

 10robots : 480cars

Therefore, it will take 10 robots  1920 ÷ 480 = 4  days to 
assemble 1920 cars.

Answer

It will take 10 robots 4 days to assemble 1920 cars.

15. Bo and Maira own a joinery business. Bo can assemble a regularly 
sized kitchen in 7 hours and Maira can assemble it in 8 hours. 
How long will it take both of them to assemble a kitchen which 
is twice the size of a regular kitchen, in hours, correct to one 
decimal place?

Key points

• Bo can assemble a regularly sized kitchen in 7 hours.

• Maira can assemble it in 8 hours.

• How long will it take both of them to assemble a kitchen which 
is twice the size of a regular kitchen, in hours, correct to one 
decimal place?

Explanation

For regularly sized kitchen:

Bo:1kitchen : 7hours.Therefore,Bo’srateis 1 __ 7    kitchen/hour.

Maira:1kitchen : 8hours.Therefore,Maira’srateis 1 __ 8    kitchen/hour.

Combinedrate =  1 __ 7  +  
1 __ 8  =  

8 ____ 56  +  
7 ____ 56  =  

15 ____ 56    kitchen/hour.
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15regularkitchens : 56hours

The large kitchen they are assembling now is twice as big 
as the regular kitchen.

 15 × 2regularkitchens : 56 × 2  hours

∴15largekitchens : 112hours

 15 ÷ 15largekitchens : 112 ÷ 15  hours

1largekitchen : 7.5hours

Answer

It takes both of them 7.5 hours to assemble a kitchen which 
is twice the size of a regular kitchen.

Reasoning

16. a.  The total increase in height over a one week period at this 
growth rate is 7 metres.

b. At this rate, it will take 12 weeks for the moso bamboo to 
grow to its full height of 12 m, from 0 cm.

c. Moso bamboo grows 140 mm/day faster compared to  
golden bamboo, to the nearest mm.

d. Suggested option 1: Hairbrushes and furniture.

Suggested option 2: Toothbrushes and bedsheets.

Note: There are other possible options.

17. a.  $50 per 2 kg ($50/2 kg) is a higher rate compared to $45 per 
2 kg ($45/2 kg).

b. 15 km per 2 hours (15 km/2 hours) is a higher rate compared 
to 15 km per 3 hours (15 km/3 hours).

c. When comparing rates with fractions with the same 
denominator, the fraction that has the bigger numerator 
is the higher rate. When comparing rates with fractions 
with the same numerator, the fraction that has the smaller 
denominator is the higher rate.

Extra spicy

18. E

19. Ittakes18daystofillthepool.

20. D

21. Ittakes4people20hourstofinishhalfoftheproject.

Remember this?

22. B 23. C 24. A

11F Speed

Student practice
Worked example 1
a. 92.5 km/h b. 1.75 hour c. 156 km

Worked example 2
a. Parts C and E b. Parts A, D and F

c. Part B

Worked example 3
a. 3 hours b. 2.5 km/h c. 1.4 km/h

Understanding worksheet

1. a. Stationary b. Constant speed

c. Variable speed d. Variable speed

2. a. Constant b. Stationary

c. Variable d. Stationary

3. time; distance; hour; second

Fluency

4. a. 13 km/h b. 8 m/s

c. 44 km/h d. 31.25 km/h

e. 312 500 km/h f. 120 cm/min

g. 16.25 km/s h. 120 km/h

5. a. 2 hours

b. 0.5 hours or 30 minutes

c. 4.8 hours or 4 hours and 48 minutes

d. 18.75 seconds

e. 8.25 hours or 8 hours and 15 minutes

f. 75 seconds

g. 5000 seconds or 83 minutes and 20 seconds

h. 0.125 hours or 7 minutes and 30 seconds

6. a. 75 km b. 288 km c. 168 m d. 153 km

e. 28 km f. 13.6 m g. h. 

7. a. B, E b. A, C, F c. D d. C

e. E f. E g. C h. A

8. a. b. c. d. 

e. f. g. h. 

9. B

Spot the mistake

10. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

11. Herbie walked to the beach from his house at an average speed  
of 3 km/h for 45 minutes. If Herbie also stopped for a coffee for  
15 minutes during this time, then how far away is the beach from 
his house?

Key points

• Herbie walked to the beach from his house at an average speed 
of 3 km/h for 45 minutes.

• Herbie also stopped for a coffee for 15 minutes.

• How far away is the beach from his house?

Explanation

 s = 3  km/h

 t = 45 − 15 = 30minutes = 0.5  hours

 d = st = 3 × 0.5 = 1.5  km

Answer

The beach is 1.5 km away from his house.

55.8 km 40.85 km

10 hours 80 km/h 50 km/h 70 km/h

25 km/h 36 km/h 50 km/h 10 hours
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12. Renae walks from her house to the river 5 km away in one hour. 
She jogs back at a speed of 7 km/h. How long will it take Renae  
to get home at this speed, to the nearest minute?

Key points

• Renae walks from her house to the river 5 km away in one hour.

• She jogs back at a speed of 7 km/h.

• How long will it take Renae to get home at this speed, to the 
nearest minute?

Explanation

 s =  d __ t   =  
5 __ 7    hours

  =  5 __ 7  × 60  minutes

  = 42.857... 

  ≃ 43  minutes

Answer

It will take Renae 43 minutes to get home at this speed, to the 
nearest minute.

13. Ismael and Astrid both competed in the 1 km race. Ismaelfinished
the race in 17 minutes and Astridfinisheditinthreetenthsof 
an hour. Determine who won the race and by how much.

Key points

• Ismael and Astrid both competed in the 1 km race.

• Ismaelfinishedtheracein17 minutes.

• Astridfinisheditinthreetenthsof an hour.

• Determine who won the race and by how much.

Explanation

The person who wins the race is the person who took less time to 
finishtherace.

Ismaeltook17minutestofinishtherace.

Astrid took    3 ____ 10 hours =  
3 ____ 10  × 60 = 18minutestofinishtherace.

 18 > 17, 18 − 17 = 1  minute

∴Ismaelwontheracebyoneminute.

Answer

Ismael won the race by one minute.

14. On the way to the supermarket from her house, Sana’s average 
walking speed was 4 km/h. She walked back the same way, at an 
average speed of 3 km/h. If the supermarket is 3.5 km away from 
Sana’s house, then how much longer did it take her to get home 
compared to how long it took to get there, to the nearest minute?

Key points

• On the way to the supermarket from her house, Sana’s average 
walking speed was 4 km/h.

• She walked back the same way, at an average speed of 3 km/h.

• The supermarket is 3.5 km away from Sana’s house.

• How much longer did it take her to get home compared to how 
long it took to get there, to the nearest minute?

Explanation

Way to supermarket:

 t =  d __ s   =  
3.5 ____ 4   =  

7 __ 8    hours

   7 __ 8  × 60 = 52.5  minutes   

Way from supermarket:

 t =  d __ s   =  
3.5 ____ 3   =  

7 __ 6    hours

   7 __ 6  × 60 = 70  minutes

Timedifference = 70 − 52.5 

  = 17.5 

  ≃ 18  minutes

Answer

It took Sana 18 more minutes to get home compared to how long 
it took to get there, to the nearest minute.

15. A car leaves a street corner and travels at a constant speed of  
60 km/h. A drone leaves the same corner 30 minutes after the  
car and follows it at a speed of 120 km/h. How long will it take  
the drone to catch up to the car?

Key points

• A car leaves a street corner and travels at a constant speed 
of 60 km/h.

• A drone leaves the same corner 30 minutes after the car and 
follows it at a speed of 120 km/h.

• How long will it take the drone to catch up to the car?

Explanation

When the drone catches up to the car, the distance the drone has 
travelled would equal the distance the car travelled during that 
time plus the 30 minutes headstart.

  d  drone   = s × t = 120t km

  d  car   = s × t + s × t headstart = 120t km

 = 60t + 60 × 0.5as30minutes = 0.5hours

 = 60t + 30km

   d  drone   =  d  car   

120t = 60t + 30

 60t = 30

 t = 0.5hours

Answer

It will take the drone 0.5 hour to catch up to the car.

Reasoning

16. a. It takes 77 hours to travel 1228 km at this speed.

b. The time taken to travel 16 km at this speed is 47 seconds.

c. Thrust SSC did not break the sound barrier record because  
its speed is 341 m/s, which is slower than the speed of sound 
in air, which is 343 m/s.

d. Suggested option 1: Imposing speed limit has positive 
environmentalbenefitsaslowerspeedleadstolower 
vehicle emissions.

Suggested option 2: Imposing speed limit enables cars on the 
sameroadtoalldriveatasimilarspeedtoreducetrafficjams.

Note: There are other possible options.

17. a. 45 km/h

b. 20 km/h

c. Averagespeedforentiredistance =  total d ________ total t   

  =  150 _____ 5    

  = 30  km/h

From part a, the speed during part A is 45 km/h.

From part b, the speed during part B is 20 km/h.

If:

Average speed for both part A and B = speedforpartA ×  
fraction of hours for part A + speedforpartB × fractionof
hours for part B
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 = 45 ×  2 __ 5  + 20 ×  3 __ 5   

 = 18 + 12 

= 30  km/h

Therefore, it is possible to determine the average speed of an 
object using fraction addition of component speeds. 

Extra spicy

18. 436 km/h 19. C 20. B 21. 11:46 am

Remember this?

22. C 23. E 24. A

Chapter 11 extended application

1. a.  1 : 8 

b. 2.5 mL baking soda

60 mL water

480 mL shaving cream

30 mL contact lens solution

c.  2 : 1 

d.  1 : 6 

e.  2 : 1 : 8 : 6 

f. Suggested option 1: A fun science experiment would be 
making elephant’s toothpaste (or foam) from soap, water, 
yeast and hydrogen peroxide.

Suggested option 2: A fun science experiment would be making 
aballooninflateonitsownwithvinegarandbakingsoda.

Note: There are other possible options.

2. a.     𝑥 ____ 2.5    km/h

b.    𝑥 + 6 ________ 2     km/h

c.     𝑥 ____ 2.5    km

d.    𝑥 + 6 ________ 4     km

e. Total distance covered by Bernie: 10 km

Total distance covered by Garry: 16 km

f. Suggested option 1: This method can work as walking up to 
higher ground can put your phone in the line of sight with a 
cell tower.

Suggested option 2: Walking up to higher ground can improve  
signal as there are less disruptions in connections to cell towers,  
such as hills or buildings.

Note: There are other possible options.

3. a.  1 : 3 

b.  1 : 1 

c. 250 people in the line were accepted on the ride. 

d.  2 : 3 

e. 420peoplewereinlineinthefirstplace.

f. Suggested option 1: Amusement rides impose height 
restrictions due to some rides being potentially dangerous 
and small children being at risk of falling.

Suggested option 2: Amusement rides impose height 
restrictionsduetosafetyfixturesoftheridepossiblybeing
ineffective if people are too short or tall. 

Note: There are other possible options.

Chapter 11 review

Multiple choice

1. E 2. C 3. E 4. D 5. C

Fluency

6. a.  6 : 24 b.  3 : 4 c.  1 : 5 d.  7 : 6 

7. a.  12 : 16 b.  2 : 4 

c.  15 : 35 : 55 d.  18 : 33 : 48 

8. a.  4 : 7 b.  10 : 9 

c.  10 : 18 : 85 d.  115 : 235 : 339 

9. a. 3 b. 4.09 c. 4 d. 13.15

10. a. 15 slices b. 84 furniture

c. 48 games d. 50 participants

11. a. $200/month b. 3 customers/minute

c. 2.13 litres/minute d. 41.18 m/minute

12. a. Boyle collected 15 more gold coins per quest than Charles.

b. Nak runs 3.57 more metres per minute than Dom.

c. Socheata folds 2 more origami birds in an hour than Sorya.

d. Kai takes 4 fewer hours to bake 200 cupcakes than Kathy.

13. a.  It will take both students 5 hours to complete the  
projects together.

b. It will take both farmers 26 minutes to move 50 bags of  
wheat together.

c. It takes both kitchen hands 32 minutes to clean the  
dishes together.

d. It takes all three gardeners 12 minutes to mow the lawn together.

14. a. A, E b. B, D c. A d. D

Problem solving

15. In a shopping mall’s parking lot, there are 350 cars and  
500 motorbikes. Write the ratio of motorbikes to the total  
number of vehicles in the parking lot.

Key points

• In a shopping mall’s parking lot, there are 350 cars and  
500 motorbikes.

• Write the ratio of motorbikes to the total number of vehicles in 
the parking lot.

Explanation

Numberofmotorbikes = 500 .

Totalnumberofvehicles = numberofcars + numberofmotorbikes

  = 350 + 500 

  = 850 

∴Motorbikes : totalnumberofvehicles = 500 : 850 .  
Thissimplifiesto10 : 17. 
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Answer

The ratio of motorbikes to the total number of vehicles in the 
parking lot is  10 : 17. 

16. When Kris does his shopping for clothes, he buys 3 pairs of 
trousers for every 5 t-shirts. If Kris bought 9 pairs of trousers,  
how many t-shirts did he buy?

Key points

• When Kris does his shopping for clothes, he buys 3 pairs of 
trousers for every 5 t-shirts.

• Kris bought 9 pairs of trousers.

• How many t-shirts did he buy?

Explanation

Trousers : t-shirts = 3 : 5 
3 : 5

9 : 15
×3 ×3

Therefore, Kris bought 15 t-shirts along with 9 pairs of trousers.

Answer

Kris bought 15 t-shirts.

17. The ratio of the width to length of a swimming pool is  5 : 12 .  
Find the dimensions of the swimming pool if it has an area  
of  1500  m2.

Key points

• The ratio of the width to length of a swimming pool is  5 : 12 .

• It has an area of  1500  m2.

• Find the dimensions of the swimming pool.

Explanation

Let𝑥 be the value of 1 part. Width = 5𝑥m, length = 12𝑥m.

Areaofswimmingpool = width × length

  1500 = 5𝑥 × 12𝑥

  1500 = 60 x   2  

   𝑥   2  = 25 

 𝑥 = 5 

Sowidth = 5 × 5 = 25m,length = 12 × 5 = 60  m.

Answer

The width of the swimming pool is 25 m and the length is 60 m.

18. Overthefirst3daysofLunarNewYear,Wangcollected 
51 red packets. What is the average rate at which Wang  
collects red packets?

Key points

• Overthefirst3daysofLunarNewYear,Wangcollected  
51 red packets.

• What is the average rate at which Wang collects red packets?

Explanation

51redpackets : 3days

17 red packets/day

As a ratio:

As a rate:

17redpackets : 1day
÷3 ÷3

Answer

Wang collects red packets at an average rate of 17 per day.

19. Sok and Stein live in a house that has 3 identical bedrooms.  
They are trying to repaint the walls of the bedrooms. Sok takes  
3 hours to paint 1 room while Stein only takes 2 hours.  
How long will it take both of them to paint all the bedrooms?

Key points

• Sok and Stein live in a house that has 3 identical bedrooms.

• Sok takes 3 hours to paint 1 room.

• Stein only takes 2 hours to paint 1 room.

• How long will it take both of them to paint all the bedrooms?

Explanation

Calculate the combined rates of Sok and Stein.

Sok:    1 room/3 hours

Stein: 1 room/2 hours

Combinedrate =  1 __ 3  +  
1 __ 2  =  

2 __ 6  +  
3 __ 6  =  

5 __ 6   .

 5rooms : 6hours

5 ÷ 5rooms : 6 ÷ 5  hours

 1room :  6 __ 5    hours

 6 ÷ 5 = 1.2 

It will take both of them 1.2 hours to paint 1 bedroom. Therefore, 
to paint all 3 bedrooms they will need  1.2 × 3 = 3.6  hours.

Answer

It will take both of them 3.6 hours to paint 3 bedrooms.

20. In a training session for a cycling race, Chloe leaves the starting 
line at 150 km/h. After 15 minutes, Rachel leaves the starting line 
at 170 km/h. How long will it take for Rachel to pass Chloe by 2 km?

Key points

• In a training session for a cycling race, Chloe leaves the 
starting line at 150 km/h.

• After 15 minutes, Rachel leaves the startling line at 170 km/h.

• How long will it take for Rachel to pass Chloe by 2 km?

Explanations

Let  t  be Rachel’s travel time.

Rachel’sdistance = s × t = 170t  km

Chloe’sdistance = s × t + s ×  t  head start   

  = 150t + 150 × 0.25as15minutes = 0.25hours

  = 150t + 37.5  km

Rachel’sdistance = Chloe’sdistance + 2 

  170t = 150t + 37.5 + 2 

  20t = 39.5 

  t = 1.975  hours

Answer

It will take Rachel 1.975 hours to pass Chloe by 2 km.

Reasoning

21. a. The ratio for 24 servings is  24 : 18 : 42 .

b. Blending and rubbing spices requires 20 minutes, preparing 
vegetables and garnishes requires 25 minutes and cooking 
requires 15 minutes.

c. The kitchen sends out 0.4 servings/minute, and 2 servings 
every 5 minutes.

d. It takes the 2 chefs 413 minutes to cook 48 servings of the dish.
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e. Suggested option 1: The presentation of the food makes a 
great dining experience.

Suggested option 2: The ambience of the restaurant makes a 
great dining experience.

Note: There are other possible options.

22. a. The difference in speeds between lines B and A is    125 _____ 6     km/h.

b. The difference in speeds between lines C and B is equal  

to    100 _____ 3     km/h.

c. Line C displays a horizontal line indicating the speed is at  
0 km/h, therefore 0 subtracted from any number will have  
no change. Line A and B both display positive speeds, 
therefore the difference between lines B and A will not  
equal any of their own speeds.
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12A Perimeter and units of length

Student practice
Worked example 1
a. 116 mm b. 2.55 km

Worked example 2
a. 12.2 cm b. 20 cm

Worked example 3
a. 5 m b. 11 mm

Understanding worksheet

1. a. m b. mm c. cm d. m

2. a. 2 b. 1 c. 4 d. 3

3. perimeter; length; measurement; convert

Fluency

4. a. 2 m b. 13 mm

c. 1.2 km d. 7000 mm

e. 0.735 m f. 0.01456 km

g. 26.3 mm h. 28.560045 km

5. a. 12 m b. 90 mm c. 14.1 km d. 24 cm

e. 25.2 m f. 18.6 cm g. 26.8 m h. 14.5 cm

6. a.  b = 10  cm b.  w = 4.6  km

c.  b = 40  cm d. 𝑥 = 6  m

e.  a = 5  km f.  t = 24  cm

g.  d = 13.2  mm h. 𝑥 = 7  m

7. a. 6 m b. 22 cm c. 85 mm d. 

e. f. 200 m g. h. 

8. E

Spot the mistake

9. a. Student A is incorrect. b. Student A is incorrect.

Problem solving

10. Eliud runs 3km to warm up for his training. How many laps of a 
standard 400 m athletics track does he need to complete?

Key points

• Eliud needs to run 3 km.

• The athletics track is 400 m.

• How many laps of this athletics track does he need to run?

Explanation

Convert 3 km to m. There are 1000 m in 1 km, so multiply 3 km  
by 1000.

 3 × 1000 = 3000  m

Calculate the number of 400 m laps required to run 3 km.

 3000 ÷ 400 = 7.5  laps

Answer

Eliud needs to run 7.5 laps.

1050 cm

1875 mm 3.095 km 8380 mm

11. Robert has a table that is 80 cm tall. If hestacksfifteen78mm
high cubes on top of each other on top of the table, what is the 
total height of the table and stack, in cm?

Key points

• The table is 80 cm tall.

• Robertstacksfifteen78mmhighcubesontopofeachotheron
top of the table.

• What is the total height of the table and stack, in cm?

Explanation

Convert 78 mm to cm. There are 10 mm in 1 cm, so divide by 10.

 78 ÷ 10 = 7.8  cm

Calculate how tall a stack of 15 cubes is, given each cube is 
7.8 cm tall.

 15 × 7.8 = 117  cm

Add this to the height of the table (80 cm) to calculate the 
total height.

 117 + 80 = 197  cm

Answer

The total height of the table and the stack is 197 cm.

12. Hannah wants to make a square on the ground with her 12 m rope.  
Determine the length of one of the sides.

Key points

• Hannah wants to make a square.

• She will use 12 m of rope.

• Determine the length of one of the sides.

Explanation

A square has four equal sides. Hannah will use 12 m to make these 
four sides, so each side is  12 ÷ 4 = 3  m.

3 m

3 m

3 m 3 m + 3 m + 3 m + 3 m = 12 m3 m

Answer

Each side is 3 m.

13. Phemines has bought a new block of land as displayed in the 
diagram. If it costs $12 for 1 metre of fencing, determine how 
much it will cost her to build a fence at the perimeter of her new 
block of land?

Key points

• It costs $12 for 1 metre of fencing.

• How much will it cost her to build a fence at the perimeter of 
her new block of land?

Explanation

The total cost of the fencing will be $12 per every metre of 
fencing required.

Tocalculatetheamountoffencingwemustfirstcalculatethe
length of the perimeter.

From the diagram we can see that the blue lines are parallel to the 
line at the bottom of the diagram and the pink lines are parallel to  
the line on the left. We also see that the pink and blue lines are 
perpendicular to each other.

85 m

135 m
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12B Circumference of a circle

Student practice
Worked example 1
a. i. C = 5π  cm

ii. ≈ 15.708 cm

b. i. C = 2π × 1.8 m

ii. ≈ 11.310 m

Worked example 2
a.  25 1 __ 7 cm b.  10.048  m

Worked example 3
a.  d ≈ 3.501  mm b.  r ≈ 1.687  cm

Understanding worksheet

1. a. d = 8 b. r = 3

c. r = m, d = 2m d. r =  
p
 __ 2 ,d = p

2. a. 1 b. 2.5 c. 2 d. 6

3. circumference;radius;diameter;π

Fluency

4. a. i.  C = 3πm

ii.  ≈ 9.425  m

b. i.  C = 2π  cm

ii.  ≈ 6.283  cm

c. i.  C = 15π  mm

ii.  ≈ 47.124  mm

d. i.  C = 5.5π  km

ii.  ≈ 17.279  km

e. i.  C =  3 __ 4 π  mm

ii.  ≈ 2.356  mm

f. i.  C =  7 ____ 22 π  km

ii.  ≈ 1.000  km

5. a. i.  C = 4π  m

ii.  ≈ 12.566  m

b. i.  C = 30π  mm

ii.  ≈ 94.248  mm

c. i.  C = 1.8π  cm

ii.  ≈ 5.655  cm

d. i.  C = 42.96π  m

ii.  ≈ 134.963  m

e. i.  C =  50 _____ 157 π  km

ii.  ≈ 1.000  km

f. i.  C =  220 _____ 7  π  mm

ii.  ≈ 98.736  mm

This means that the blue lines must sum to the length of the line 
on the bottom and the pink lines must sum to the length of the 
line on the left.

Sothetotalperimeter = 135 + 135 + 85 + 85 = 440  m

Because the cost of the fencing is $12 per metre the total cost  
= 12 × 440 = $5280.

Answer

It will cost Phemines $5280 to build a fence at the perimeter of 
her new block of land.

14. Wacławlovesgeometricpatterns.Hebeganbydrawing an 
equilateral triangle with each side of length  s , like the one in Fig 1.  
He then created Fig 2 and 3 by drawing smaller equilateral 
triangles inside the same triangle. Determine the side lengths  
of each of the smaller triangles shown in Fig 2 and Fig 3 below,  
in terms of s.

Key points

• The large triangle is equilateral, with a side length of  s .

• Waclaw created Fig 2 and 3 by drawing smaller equilateral 
triangles inside the same triangle.

• Determine the side lengths of the smaller triangles in Fig 2 and 3,  
in terms of s.

Explanation

The vertices of the centre small equilateral triangle in Figure 2 
split each of the sides of the larger equilateral triangle into two.  
So the side length is half of  s , which is    s __ 2   .

Fig 2

s

A B

s
2

s
2

Nowconsidertheequilateraltrianglesofsidelength s __ 2 .Theseare

further split into even smaller equilateral triangles in Figure 3.

Fig 3
A B

The vertices of the centre triangle inscribed in this equilateral 
triangle splits each of the    s __ 2    sides in two. So the side length is half 

of    s __ 2   , which is    s __ 4   .

Fig 3
A B

s
4s

2 s
4

Answer

The largest side length is  s,thesecond-largestsidelengthis s __ 2 , 

and the third-largest side length is    s __ 4   .

Reasoning

15. a. The length of the inner square’s perimeter is 32 m.

b. The perimeter of the rectangle is 22 m.

c. The perimeter of the rectangle ABCD is 48 m.

d. The length of the perimeter is 72 m.

e. Suggested option 1: You can warm up by going jogging.

Suggested option 2: You can warm up by stretching.

Note: There are other possible options.

16. a. Perimeterofsquare = perimeterofrhombus = 24cm

b. Perimeterofrectangle = perimeterofparallelogram = 14cm

c. Perimeterofarhombus = perimeterofasquare = 4a 

Perimeterofarectangle = perimeterofaparallelogram  
= 2l + 2w 

Extra spicy

17. 16 cm

18. A

19. D

20. 𝑥 = 6 and 𝑦 = 4

Remember this?

21. D 22. C 23. B
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6. a. 6.286 cm b. 22.608 km

c. 2.357 m d. 13.125 m

e. 11.393 mm f. 18.500 m

7. a. 22.000 m b. 15.700 km

c. 13.619 m d. 38.465 m

e. 55.500 cm f. 1570.795 km

8. a. d = 1.592  m b. d = 4.870  cm

c. r = 0.955  km d. d = 1.500  cm

e. r = 1.210  mm f. d = 428.127  mm

g. r = 0.037  km h. r = 0.736  m

9. D

Spot the mistake

10. a. Student A is incorrect. b. Student B is incorrect.

Problem solving

11. Pietro created a walking path with semi-circles around a square 
for his race horses. The square has side lengths of ten metres. 
How long is his new walking track? Round your answer correct  
to 2 decimal places.

Key points

• The square has side lengths of ten metres.

• How long is his new walking track?

• Round your answer to 2 decimal places.

Explanation

Calculate the circumference of two of the semicircles put together. 
The diameter will be 10 m.

 C = πd 

 C = π × 10 

 C = 31.416 , rounded to 3 decimal places.

Multiply this circumference by two to calculate the other two 
semi-circles perimeter.

 31.416 × 2 = 62.83185307 

Answer

The new walking track will be 62.83 m long.

12. The Earth is almost a perfect circle at the equator. The distance 
around the equator is 40 075 km. What is the direct distance from 
the surface of the Earth to its centre, to the nearest kilometre?

Key points

• The distance around the equator is 40 075 km.

• What is the direct distance from the surface of the Earth to  
its centre, to the nearest kilometre?

Explanation

Rearrange the equation to make the unknown,    (  r )    , is the subject.

 C = 2πr 

 r =  C ____ 2π   

Substituteinthecircumferencegivenintotheequationtofindr .

 r =  40 075 _________ 2π    

 r = 6378 , rounded to the nearest kilometre.

Answer

The distance from the surface of Earth to the centre is 6378 km.

13. Newtown is planning to install a new Ferris wheel as a feature of its  
tourism advertising campaign. The wheel, excluding the carriages, 
has a total length of 80 m. The pods can carry 10 passengers each, 
but need to be spaced out by 10 m around the Ferris wheel.  
How many passengers can be on the Ferris wheel at one time?

Key points

• The wheel, excluding the carriages, has a total length of 80 m.

• The pods can carry 10 passengers each.

• Need to be spaced out by 10 m around the Ferris wheel.

• How many passengers can be on the Ferris wheel at one time?

Explanation

Calculate the circumference of the Ferris wheel if the 
diameter is 80 m.

 C = πd 

 C = π × 80 

 C = 251.327  m rounded to 3 decimal places.

Divide the circumference by 10, to calculate how many pods can 
be around the wheel.

 251.327 ÷ 10 = 25.1327 

Round this value down, as there can not be half pods, this means 
there can be 25 pods around the Ferris wheel.

Multiplytheamountofpodsbytheamountofpeoplethatcanfit
intoeachpod,tocalculatetheamountofpeoplethatcanfitonthe
Ferris wheel at one time.

 25 × 10 = 250 

d = 80 m

10 m

Answer

250passengerscanfitontheFerriswheelatonetime.

14. Guiseppe has measured his pizzas to have a circumference of 94 cm.  
To the nearest centimetre, what is the minimum width of the pizza  
boxes Giuseppe needs to order?

Key points

• Guiseppe has measured his pizzas to have a circumference  
of 94 cm.

• What is the minimum width of the pizza boxes Giuseppe 
needs to order?

• To the nearest centimetre.

Explanation

Rearrange the equation to make the diameter,  d , the subject.

 C = πd 

 d =  C __ π   

Substitutethegivencircumferenceintotheequationtofindd .

 d =  94 ____ π    

 d = 29.92 

 d = 30  cm, rounded to the nearest centimetre.

Answer

Guiseppe needs to order a pizza box that has a minimum 
width of 30 cm.
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12C  Area of squares, rectangles  
and triangles

Student practice
Worked example 1
a.  3.8  cm2 b.  880 000  m2

Worked example 2
a.  8.36  m2 b.  4.18  cm2

Worked example 3
a. 21 cm2 b. 10 cm2

Understanding worksheet

1. a. mm2 b. m2 c. ha d. km2

2. a.  Base of triangle: 11 cm 
Height of triangle: 6 cm

b. Base of triangle: 13.6 cm 
Height of triangle: 14 cm

c. Base of triangle: 11.1 cm 
Height of triangle: 11.1 cm

d. Base of triangle: 7.2 cm 
Height of triangle: 5.8 cm

3. squares; formula; perpendicular; multiplying

Fluency

4. a. 1200 mm2 b.  0.3  m2

c.  370 000  cm2 d.  0.02  km2

e.  0.845  m2 f.  180 000 000  cm2

g.  89 000  m2 h.  0.000092  km2

5. a. 15 m2 b. 25 cm2

c. 121 mm2 d. 6 m2

e. 7.36 km2 f. 7.65 km2

g. 295.84 mm2 h. 2.835 cm2

6. a. 17 cm2 b. 28 km2

c. 61 m2 d. 20 m2

e. 944.5 cm2 f. 20 mm2

g. 16 cm2 h. 261 mm2

7. a.  a = 3  m b.  a = 4  cm

c.  a = 4  m d.  a = 11.25  cm

e.  a = 1.2  km f.  a = 5  m

g.  a = 3  cm h.  a = 3  cm

15. Xavier is designing circular walkways over the local wetlands.  
The tradesmen need the plans to be correct to three decimal places.  
Whichofthefollowingestimatesforπwillproduceanestimate
for the exterior circumference of the walkway?

π ≈  22 ____ 7   ,π ≈  
333 _____ 106 andπ ≈  

355 _____ 113    

Key points

• The tradesmen need the plans to be correct to three 
decimal places.

• Whichofthefollowingestimatesforπwillproduceanestimate
for the exterior circumference of the walkway?

Explanation

Substitutethegivenradiusandeachπestimatesintothe
following equation. Add one onto the equation to get an  
accurate value for the circumference.

 C = 2πr 

Estimate one:

 C = 2 ×  22 ____ 7   × 11 

 C = 69.143  m, correct to three decimal places.

Estimate two:

 C = 2 ×  333 _____ 106  × 11 

 C = 69.113  m, correct to three decimal places.

Estimate three:

 C = 2 ×  355 _____ 113  × 11 

 C = 69.115  m, correct to three decimal places.

Calculatethecircumferenceusingπ.

 C = 2πr 

 C = 2π × 11 

 C = 69.115  m, correct to three decimal places.

Compare which of the estimates was closest to the value.

Answer

Theestimate,π ≈  355 _____ 113   , will produce the most accurate 

circumference correct to three decimal places.

Reasoning

16. a.  The Moon will travel 2 415 256 km in one orbit around  
the Earth.

b. The Moon is travelling at approximately 3684 km/h around 
the Earth.

c. The Earth is travelling at approximately 107 513 km/h 
around the Sun.

d. Mercury is travelling at approximately 175 524 km/h around 
the Sun.

Venus is travelling at approximately 125 664 km/h.

Mars is travelling at approximately 86 885 km/h.

Jupiter is travelling at approximately 47 039 km/h.

e. Suggested option 1: Yes it is possible, due to the wide range 
of technology that humans have created, this could help make 
other planets livable.

Suggested option 2: No it is not possible, other planets have  
been found to not be liveable for humans, which means we  
would not survive on any other planet for long periods of time.

Note: There are other possible options.

17. a. 31.42 cm

b. Triangle’sperimeter = 26 .04cm. 
Square’sperimeter = 28cm.

c. The circumference in part a and the perimeters from part b 
will become more similar as more sides get added on.  
The difference between the two will decrease as the  
shapes from part b are getting closer to being a circle.

Extra spicy

18. C 19. 0 20. E

21.  A = 36  units squared

Remember this?

22. C 23. E 24. D
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8. B

Spot the mistake

9. a. Student A is incorrect. b. Student A is incorrect.

Problem solving

10. Mark is planning to paint the side of his barn. He has measured it 
to be 5 m wide, while the right and left sides are both 2.5 m high. 
The barn reaches 3.5 m at its highest point perpendicular to  
the ground. How many square metres does he need to paint?

Key points

• The barn is 5 m wide.

• The sides of the barn are 2.5 m high.

• The highest point of the barn is 3.5 m.

• Find the area of that side of the barn.

Explanation

The barn is a composite shape. Split the composite shape into  
a triangle and a rectangle.

5 m

2.5 m

1 m

2.5 m

Find the area of the triangle.

Areaoftriangle =  1 __ 2  × base × height

  =  1 __ 2  × 5 × 1 

  =  5 __ 2   

  = 2.5  m2

Find the area of the rectangle.

Areaofrectangle = length × width

  = 5 × 2.5 

  = 12.5  m2

Find the area of the barn.

Areaofthebarn = areaoftriangle + areaofrectangle

  = 2.5 + 12.5 

  = 15  m2

Answer

Mark needs to paint an area of 15 square metres.

11. Dean’s yard was 8 m wide and 12 m long. If he created a 1 m wide 
path around the edge of his yard, what area did the path cover?

Key points

• Dean’s yard was 8 m wide and 12 m long.

• He creates a 1 m wide path around the edge of his yard.

• Find the area that the path covers.

Explanation

Split the path into four separate rectangles.

12 m

6 m

1 m

Find the area of the two long rectangles.

Areaoftwolongrectangles = 2 × 12 × 1 

  = 24  m2

Find the area of the two short rectangles.

Areaoftwoshortrectangles = 2 × 6 × 1 

  = 12  m2

Find the total area.

Totalarea = 24 + 12 = 36  m2

Answer

The path covers an area of 36 m2.

12. The regulations of a soccer pitch are that they must be a 
rectangularfieldwithlength from 100 m to 120 m and width 
from 50 m to 100 m. What is the difference in area between the 
smallestandlargestpossiblefields?

Key points

• The length of the pitch is between 100 m to 120 m.

• The width of the pitch is between 50 m to 100 m.

• Find the difference in area between the smallest and largest 
possiblefields.

Explanation

Findtheareaofthelargestpossiblefield.

Thelargestfieldhasthemaximumlengthandwidth. 
So,length = 120mandwidth = 100m.

Area = 120 × 100 = 12 000  m2

Findtheareaofthesmallestpossiblefield.

Thesmallestfieldhastheminimumlengthandwidth. 
So, length  100mandwidth = 50  m.

Area = 100 × 50 = 5000  m2

Find the difference in the area of the largest pitch and the area  
of the smallest pitch.

 12 000 − 5000 = 7000  m2

Answer

The difference in area between the smallest and largest possible 
fieldsis7000m2.

13. Fran’s company is trying to position itself as a futurist start-up. 
They have created a design on their business cards to give the 
impression of heading to the future. If their business cards are 8 cm  
wide and 6 cm high, then what area of the card is painted black, 
excluding the writing?

Key points

• The business cards are 8 cm wide and 6 cm high.

• The bottom of the card is equally divided into three.

• Find the total area of the black triangle.

Explanation

Since the bottom of the card is divided equally into three,  

each section has a length of    8 __ 3    cm.

The future 
is ahead.

8 cm

6 cm

cm8
3 cm8

3
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12D  Area of special quadrilaterals

Student practice
Worked example 1
a.  36  cm2 b.  69.12  mm2

Worked example 2
a.  25.5  cm2 b.  350  mm2

Worked example 3
a.  36  cm2 b.  31.5  cm2

Understanding worksheet

1. a.  14  mm2 b.  30  cm2

c.  28.7  km2 d.  27.1  cm2

2. a. Rectangle

b. Trapezium

c. Kite, parallelogram

d. Trapezium, kite, parallelogram, rectangle

3. parallelogram; diagonals; rhombus; parallel

Fluency

4. a.  12  cm2 b.  7  m2

c.  96  cm2 d.  25.01  cm2

e.  266  cm2 f.  691.2  cm2

g.  3.96  m2 h.  50.96  m2

5. a.  4  m2 b.  33  mm2

c.  95  mm2 d.  601.65  cm2

e.  520  cm2 f.  102  mm2

g.  3.15  cm2 h.  120  cm2

6. a.  4  cm2 b.  8  cm2

c.  18  cm2 d. 72 mm2

e.  50.6  km2 f.  69.69  m2

g.  18  cm2 h.  14.4  km2

7. a.  ab ____ 2  units
2 b. 𝑦z  units2

c.  bc  units2 d.  r (  s + t )   _________ 2  units2

e.   𝑥   2   units2 f.    (  a + 1 )  b   units2

8. a.  20  mm2 b.  48  mm2

c.  30  cm2 d.  312  km2

e.  52.5  cm2 f.  27.5  cm2

9. D

Spot the mistake

10. a. Student A is incorrect. b. Student B is incorrect.

Each triangle has a base of    8 __ 3    cm and a height of  6  cm. So the area 

of the two triangles are the same. Therefore, we simply need to 
findtheareaofonetriangletodoublethattofindthetotalarea.

Thetotalareaoftheblacktriangles = 2 ×  1 __ 2  ×  
8 __ 3  × 6 

  = 16  cm2

Answer

The total area of the card that is painted black is 16 cm2.

14. Angelo has put up his 5-acre rectangular block of land for sale. 
The advertising states that the property has 125 m of road frontage.  
Considering that a hectare equals 2.5 acres, how far back from the 
road does his property go, in metres?

Key points

• Angelo’s rectangular block of land is 5 acre.

• One side of the rectangle has a length of 125 m.

• A hectare equals 2.5 acres.

• Find the length of the other side of the rectangle in metres.

Explanation

Convert the area of the land from acres to hectares.

Area = 5 ÷ 2.5 = 2  hectares

Convert the area of the land from hectares to square metres.

Area = 2 × 10 0   2  = 20 000  m2

Find the other side length of the rectangle that has an area of  
 20 000  m2 and one side with length  125  m.

 20 000 ÷ 125 = 160  m

Answer

The property has a length of 160 m from the road.

Reasoning

15. a. The total area of the court is 350 m2.

b. The total length of all the white lines is 146.2 m.

c. 7.31 square metres of white needs to be applied.

d. Warren should make the line 6.84 cm wide.

e. Suggested option 1: No, it cannot survive without volunteers 
becausethegovernmentdoesn’tgivesufficientfundingto
maintain the functionality of the facilities.

Suggested option 2: Yes, it can survive without volunteers 
because clubbing facilities do not require high maintenance.

Note: There are other possible options.

16. a. Area of  △ABC = 9  cm2. Area of  △AED = 21  cm2.

b. Area of  △ADC = areaofquadrilateralAEDB − areaof
△ABC − areaof△AED 

 = 12  cm2

c. The area of quadrilateral  EFCD  is 24 cm2. The area  △ADC  
is half of the area of quadrilateral  EFCD . This is because 
the base and height of  △ADC  is equal to the width and length 
of quadrilateral  EFCDrespectively.Sincetheareaoftriangle  

 =  1 __ 2  × base × height,△ADC  has an area that is half that 

of quadrilateral  EFCD .

Extra spicy

17. A 18. a =  12 ____ 5  m 19. D 20. 800 pixels

Remember this?

21. B 22. B 23. D
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Problem solving

11. Bobby has built some water barriers to help funnel his sheep 
into a smaller area before he shears them. The piece of land he’s 
working with is a 9 m by 11 m rectangle. The area he’s trying 
to funnel them into is a 5 m by 5 m square. Use the diagram to 
determine the area of land in this rectangle that is not covered  
by water. Water is coloured blue.

Key points

• The piece of rectangular land is 9 m by 11 m.

• The small area is a 5 m by 5 m square.

• Water is coloured blue on the diagram.

• Determine the area of land that is not covered by water.

Explanation

The area of land not covered by water consists of a trapezium 
and a square.

5 m

6 m

5 m

9 m

11 m

Find the area of the trapezium.

Areaoftrapezium =  6 ×  (  9 + 5 )   ______________ 2    

  = 42  m2

Find the area of the square.

Areaofsquare = 5 × 5 = 25  m2

Find the total area of the land.

Totalarea = 42 + 25 = 67  m2

Answer

The total area of the land is 67 m2.

12. Strawberry Fields have re-zoned some farmland on the outskirts 
of their town. Roads are running parallel to each other in an east-
west direction and streets are running parallel to each other in 
northeast-southwest direction. If the roads are 80 m apart and  
the intersections between roads and streets are 96 m away from 
each other, then what is the area of the block of land enclosed by 
the streets and roads?

Key points

• The roads and streets form a quadrilateral that have two 
opposite pairs of parallel sides.

• The height of the quadrilateral is 80 m and the base is 96 m.

• Find the area of the quadrilateral that the roads form.

Explanation

The road forms a parallelogram.

Areaofparallelogram = base × height

  = 96 × 80 

  = 7680  m2

Answer

The block of land enclosed by the streets and roads have an area 
of  7680  m2.

13. Joshua created a pattern mural on a wall that was 4 m high and  
7 m wide. He started by drawing a rhombus that had a vertex on  
each side of the wall and painting a star pattern inside the rhombus.  
He then coloured the wall outside of the rhombus blue. What is 
the size of the area that is covered by blue paint?

Key points

• The wall is 4 m high and 7 m wide.

• A rhombus is drawn on the wall with each vertex on the middle 
of each side of the wall.

• The area outside the rhombus is coloured blue.

• Find the area that’s been coloured blue.

Explanation

Find the area of the rhombus.

Areaofrhombus =  
 d  1   ×  d  2  
 _________ 2    

  =  4 × 7 _______ 2    

  = 14  m2

Find the area of the wall.

Areaofwall = length × width

  = 4 × 7 

  = 28  m2

Areaoutsidetherhombus = areaofwall − areaofrhombus

  = 28 − 14 

  = 14  m2

Answer

The area that is not covered in blue paint has a size of 14 m2.

14. Tori has created a kite that has a total surface area of 1400 cm2. 
What is the area of the smallest rectangle she could place around it?

Key points

• The kite has an area of 1400 cm2.

• Findtheareaofthesmallestpossiblerectanglethatcanfit
around the kite.

Explanation

The area of the kite is equal to half of the rectangle created by its 
perpendicular diagonals.

So the area of the smallest rectangle is twice the area of the kite.

Areaofrectangle = 1400 × 2 = 2800  cm2

Answer

TheareaofthesmallestrectanglethatToricouldfitaroundthe
kite is  2800  cm2.

15. Raviwantstoplacesoundproofingfoamalonga17mby5mwall 
to reduce feedback when recording his sitar. Unfortunately, he only  
has enough to cover  65  m2 so he decides to compromise by covering  
as much as he can with a trapezium shape. Determine the value of  
a  in the following diagram.

Key points

• The wall is 17 m wide and 5 m tall.

• Ravi can only cover 65 m2 of the wall.

• He decides to cover the wall in the shape of a trapezium.

•  a  is the short parallel side of the trapezium.

• Find the value of  a .

Explanation

The trapezium has an area of 65 m2, a long parallel side of 17 m 
and a height of 5 m.

Areaoftrapezium =  h (  b + a )   ___________ 2    

  65 =  5 ×  (  17 + a )    ________________ 2    

   130 = 5 ×  (  17 + a )    

  26 = 17 + a 

  a = 9  m
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12E Area of a circle

Student practice
Worked example 1
a. i.  49π  cm2

ii.  153.938  cm2

b. i.  12.25π  mm2

ii.  38.485  mm2

Worked example 2
a.  12  4 __ 7 mm

2 b.  158.29  mm2

Worked example 3
a. i.  4π  cm2

ii.  12.566  cm2

b. i.  4  1 __ 2  π  m2

ii.  14.137  m2

Worked example 4
a.  r = 2.523  cm b.  d = 7.136 m

Understanding worksheet

1. a. 12 b. 24 c. 52 d. 44

2. a. 16 b. 289 c. 5.29 d. 9

3. area; radius; irrational; exact

Fluency

4. a. i.  π  cm2

ii.  3.142  cm2
b. i.  9π  m2

ii.  28.274  m2

c. i.  25π  km2

ii.  78.540  km2
d. i.  18.49π  m2

ii.  58.088  m2

e. i.  392.04π  cm2

ii.  1231.630  cm2
f. i.  9.61π  mm2

ii.  30.191  mm2

g. i.  2735.29π  m2

ii.  8593.167  m2
h. i.  4057.69π  km2

ii. 12 747.609 km2

5. a. i.  4π  cm2

ii.  12.566  cm2
b. i.  36π  cm2

ii.  113.097  cm2

c. i.  π __ 4 km
2

ii.  0.785  km2

d. i.  29.16π  m2

ii.  91.609  m2

e. i.  45.563π  cm2

ii.  143.139  cm2
f. i.  242.269π  cm2

ii.  761.111  cm2

g. i.  4π _____ 9  cm
2

ii.  1.396  cm2

h. i.  0.006π  km2

ii.  0.020  km2

6. a.  22 ____ 7  cm
2 b.  58.059  m2

c.  352 _____ 7  km
2 d.  216.315  cm2

e.  1.395  cm2 f.  126 _____ 11  mm
2

g.  12 741.147  km2 h.  74 ______ 53 cm
2

7. a. i.  π  cm2

ii.  3.142  cm2
b. i.  8π  m2

ii.  25.133  m2

c. i.  16π  cm2

ii.  20.265  cm2

d. i.  9π _____ 8  m
2

ii.  3.534  m2

e. i.  121π ________ 4  mm
2

ii.  95.033  mm2

f. i.  225π ________ 32  mm
2

ii.  22.089  mm2

g. i.  4489π ________ 64  cm
2

ii.  220.353  cm2

h. i.  18 76 9π ________ 80 000  km
2

ii.  0.737  km2

8. a.  r = 1.382  m b.  d = 3.909  cm

c.  r = 2.167 cm d.  r = 2.200  km

e.  d = 6.283 mm f.  d = 10.000  m

g.  d = 6.000  mm h.  r = 4.000  mm

9. C

Spot the mistake

10. a. Student B is incorrect. b. Student B is incorrect.

Answer

The value of  a  is 9 m.

Reasoning

16. a. The total area of the Hansen family’s property is 6300 m2.

b. The total area of the Davinport family’s property is 4900 m2.

c. The combined area of the blocks of land is 11 200 m2.  
Each family should have 5600 m2 of land if they are to  
have an equal share.

d. The trapezium needs to be 28 m wide for both families to 
have an equal amount of land.

e. Suggested option 1: The amount of shore line improves a 
property because there would be better scenery.

Suggested option 2: The amount of shore line does not improve  
a property because it is irrelevant to the lives of the residents.

Note: There are other possible options.

17. a. 38 cm2

b. 38 cm2

c. The rectangle and triangle have the same height. The rectangle  
hasawidthof7andthetrianglehasabaseof5 = 12 − 7.

All trapeziums will have a rectangle with area  a × h  and 

trianglewitharea =  h ×  (  b − a )   ______________ 2    .

Therefore, total area of trapezium is:

 a × h +  h ×  (  b − a )   ______________ 2     

 =  2 × a × h ____________ 2   +  h × b − h × a  ________________ 2    

 =  2 × a × h + h × b − h × a   _______________________________  2   =  a × h + h × b  ________________ 2   =  h (  b + a )   ___________ 2    

Extra spicy

18.  h = 5.92  cm 19. D

20.  P ≈ 31cm 21. C

Remember this?

22. D 23. D 24. D
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Problem solving

11. Melanie is watering her crops with a sprinkler that rotates 360° 
and sprays water in every direction. How much area does the 
sprinkler water?

Key points

• The sprinkler rotates 360° and sprays water in every direction.

• The sprinkler can spray water up to 12 m away from itself.

• Find the area that the sprinkler waters.

Explanation

The area that the sprinkler waters is a circle with a radius of 12 m.

Area = π ×  r   2  

  = π × 1 2   2  

  = 144π  m2

Answer

The sprinkler waters an area of  144π  m2.

12. Henry has a windscreen that is 80 cm high and 130 cm wide. 
If he attaches a single windscreen wiper that is 70 cm long, 
what is the area of the windscreen that is untouched by the 
windscreen wiper?

Key points

• The windscreen is 80 m high and 130 cm wide.

• The wiper is 70 cm long.

• Find the area of the windscreen that the wiper cannot wipe.

Explanation

The wind screen is a rectangle with a length and width of 130 cm 
and 80 cm respectively. The area of the region that the wiper can 
wipe is a semicircle with a radius of 70 cm.

Find the area of the windscreen.

 A = 130 × 80 = 10 400  cm2

Find the area of the semicircle.

 A =  π × 7 0   2  ___________ 2   = 2450π  cm2

Areaofregionwipercannotwipe = areaofthewindscreen – area
of the semicircle

 = 10 400 − 2450π  cm2

Answer

The area of the windscreen that is untouched by the windscreen 
wiper is  10 400 − 2450π  cm2.

13. Annunziata sells pizzas for $24. Her pizzas have a radius of 18 cm. 
She is creating a new pizza size that has a radius of 21 cm. 
How much should she sell the new size of pizza so her customers 
pay exactly the same amount per cm2?

Key points

• Annunziata sells pizzas for $24.

• Currently, her pizzas have a radius of 18 cm.

• The new pizza has a radius of 21 cm.

• What should the price of the new pizza be so that the customers 
pay exactly the same amount per cm2?

Explanation

Find the area of the current pizza.

 A = π × 1 8   2  = 324πcm2

Find the price per cm2 of the current pizza.

 324π ÷ 24 = $   27π _____ 2     per cm2

Find the area of the new pizza.

 A = π × 2 1   2  = 441πcm2

Find the total price of the new pizza.

Totalprice = priceperunitarea × totalarea

  =  27π _____ 2   × 441π

  = $   11907 π   2  ____________ 2    

Answer

The price of the new pizza should be  $  11907 π   2  ____________ 2  .

14. Ferdinand measures the distance around his circular plate 
to be 20 cm. What is the area that his plate covers?

Key points

• The circumference of the plate is 20 cm.

• Find the area of the plate.

Explanation

Find the radius of the plate.

Circumferenceofacircle = 2πr , so

 r = circumference ÷ 2π

  = 20 ÷ 2π

  =  10 ____ π     cm

Find the area of the plate.

 A = π ×  ( 10 ____ π  )  
2
  

  = π ×  100 _____ 
 π   2 
    

  =  100 _____ π     cm2

Answer

The area of the plate is    100 _____ π     cm2.

15. Archibald has a 20 m rope that is 3 cm thick on his ship. When he  
is at port, his ropes are rolled up and placed on the dock, as shown  
in the diagram. What is the radius of a circle that has the same 
amount of area that Archibald’s rope would cover?

Key points

• The rope is 20 m long and 3 cm thick.

• Find the radius of a circle that has the same area as the rope 
when it is rolled up into a circle.

Explanation

Find the area of the rope. When stretched out, the rope can 
be viewed as a rectangle with lengths and widths of 20 m and 
3cmrespectively.Note:3cm = 0.03m.

 A = 20 × 0.03 = 0.6 =  3 __ 5    m
2

The area of this rectangle is the same as the area of the circle 
that the rope forms when rolled up.

Find the radius of the circle that has the same area.

 A = π r   2  

   3 __ 5  = π r   2  

  r   2  =  3 ____ 5π   

 r = √ 
____

  3 ____ 5π     m

Answer

A circle that has the same amount of area as the rope has a radius 

of   √ 
____

  3 ____ 5π     m.
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12F  Composite shapes with sectors

Student practice
Worked example 1
a. 𝑥 =  1 __ 6   b.  a = 40° 

Worked example 2
a. 5.585 cm2 b.  38.727  cm2

Worked example 3
a. 5.236 cm b. 61.373 mm

Understanding worksheet

1. a. b.  

c.  d.  

2. a.  1 __ 2 , 
1 __ 2   b.  1 __ 4 , 

1 __ 4   c.  1 __ 6 , 
1 __ 6  d.  2 __ 7 , 

2 __ 7   

3. circle; multiplying; circumference; radii

Fluency

4. a. a = 180° b. 𝑥 =  1 __ 3   

c.  a = 270° d. 𝑥 =  11 ____ 30   

e.  a = 135° f. 𝑥 =  3 __ 8   

g.  a = 140° h. 𝑥 =  19 ____ 60   

5. a. 13.090 cm2 b. 4.189 mm2

c. 6.545 cm2 d. 381.704 mm2

e. 44.323 cm2 f. 12.582 m2

g. 0.996 km2 h. 54.342 m2

6. a. 3.927 cm b. 2.094 cm

c. 25.918 mm d. 4.712 km

e. 28.798 cm f. 22.235 m

g. 24.245 m h. 42.106 mm

7. a. 32.371 km2 b. 5213.495 m2

c. 50.758 m2 d. 140.549 cm2

e. 43.012 cm2 f. 61.242 km2

g. 35.126 mm2 h. 102.540 mm2

8. a. 329.956 cm b. 24.712 cm

c. 38.247 km d. 74.841 mm

e. 20.279 m f. 48.784 mm

g. 89.973 mm h. 15.770 cm

9. C

Spot the mistake

10. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

11. Jeremy has eight friends over for his birthday party. To ensure 
he and all of his friends have an equal share of the cake he needs 
to cut nine equal slices. If each is a sector of his cake, how many 
degrees should there be between each cut?

Key points

• Jeremy has eight friends over for his birthday party.

• To ensure he and all of his friends have an equal share of the 
cake he needs to cut nine equal slices.

• If each is a sector of his cake, how many degrees should there 
be between each cut?

Explanation

A full circle is  360° .

To cut the circle into 9 equal sectors, each sector would be  
360° ÷ 9 = 40° .

40°

40°40°

40° 40°
40°

40°

40° 40°

Reasoning

16. a.  A = 4πm2

b.  A = 2π + 4  m2

c.  A = 2πm2

d. Greyarea = 2π − 4  m2

Pinkarea =  7 ____ 4    m
2

Yellowarea = 2π −  9 __ 4    m
2

e. Suggested option 1: The Apple logo.

Suggested option 2: The Baskin Robbins logo.

Note: There are other possible options.

17. a.  π __ 4  b.  2 __ π   

c. From part a,    π __ 4  ≈ 0.785 . From part b,    2 __ π   ≈ 0.647 . Therefore, 

a roundpeginasquareholeisabetterfitthanasquarepeg
in a round hole as a round peg covers more area in a square 
hole than a square peg does in a round hole.

Extra spicy

18. C 19. B 20.  14πcm2 21.    4 __ 9   

Remember this?

22. E 23. D 24. A
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Answer

There should be  40°  between each cut.

12. Bernie is planning a new go-kart track that is made up of identical 
arcs joined together. He connects a series of arcs from 8 quadrants 
and draws them on a grid. If the grid represents 10 m intervals, 
then how long is one lap of Bernie’s track, correct to 3 decimal places.

Key points

• Bernie is planning a new go-kart track that is made up of 
identical arcs joined together.

• He connects a series of arcs from 8 quadrants and draws them 
on a grid.

• The grid represents 10 m intervals.

• How long is one lap of Bernie’s track, correct to 3 decimal places?

Explanation

10 m

One arc

Theperimeterofonearc =  90° ______ 360°  × 2π × 10 

  =  1 __ 4  × 20 × π 

  = 5π  m

There are 8 identical arcs in total.

Perimeterofentiretrack = perimeterofonearc × 8 

  = 5π × 8 

  = 40π 

  ≃ 125.664  m

Answer

One lap of Bernie’s track is  125.664  m.

13. Tui has a wall between her lounge and dining room that has a height  
of 3.5 m and a width of 6.5 m. She has cut an arch into the wall 
that consists of a semicircle with a radius of 3.5 m and a rectangle 
that is 1.75 m high. Calculate the area of the wall she has left, 
correct to 3 decimal places.

Key points

• Tui has a wall between her lounge and dining room that has a 
height of 3.5 m and a width of 6.5 m.

• She has cut an arch into the wall that consists of a semicircle 
with a radius of 3.5 m and a rectangle that is 1.75 m high.

• Calculate the area of the wall she has left, correct to  
3 decimal places.

Explanation

AreaofwallTuihasleft = areaofbigrectangle − areaofarch

Areaofrectangle = l × w 

  = 6.5 × 3.5 

  = 22.75  m2

Areaofarch = areaofsemi-circle + areaofrectangleinarch

Semi-circle

Rectangle in arch

6.5 m

3.5 m

3.5 ÷ 2 = 1.751.75 m
3.5 m

  =  180° ______ 360°  × π ×   (  3.5 ÷ 2 )     2  + 1.75 × 3.5 

 =  1.752π _________ 2   + 6 .125

AreaofwallTuihasleft = 22.75 − ( 
1.752π _________ 2   + 6 .125 )  

 = 11.814m2

Answer

The area of wall Tui has left is equal to 11.814 m2.

14. Campbell has 7 players on his basketball team. He wants them to 
be equally spaced around the centre circle for a passing drill.  
What should the circular distance between each player be,  
correct to 3 decimal places?

Key points

• Campbell has 7 players on his basketball team.

• He wants them to be equally spaced around the centre circle  
for a passing drill.

• What should the circular distance between each player be, 
correct to three decimal places?

Explanation

The distance between each player is the length of each arc 
of a sector.

r = 3.6 ÷ 2 = 1.8

Angle = °360
7

Each arc has a radius of 1.8 m and an angle of    (   360 _____ 7   )  °.  

Lengthofeacharc =  360 _____ 7   ÷ 360 × 2π × 1.8 

  =  360 _____ 7   ×  
1 _____ 360  × 3.6π 

  =  1 __ 7  × 3.6π  m

  =  18 ____ 35  π  m

  ≃ 1.616  m

Answer

The circular distance between each player should be  1.616  m.

15. Sean’s frisbee has a radius of 12 cm. He cuts it into sectors of 
202.5° and 157.5° and turns both of them into smaller frisbees. 
What is the radius of the bigger of the two new frisbees?

Key points

• Sean’s frisbee has a radius of 12 cm.

• He cuts it into sectors of 202.5° and 157.5° and turns both of 
them into smaller frisbees.

• What is the radius of the bigger of the two new frisbees?

Explanation

To turn a big frisbee into two smaller ones, the total amount of 
material does not change.

∴Areaoforangesector = areaoforangecircle

Areaoforangesector =  202.5° ________ 360°   × π ×  12   2  

  =  202.5° ________ 360°   × 144π 

  = 81π  cm2
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Areaoforangecircle = 81π  cm2

  = π ×  r   2  

  81π = π ×  r   2  

  81π ÷ π = π ×  r   2  ÷ π 

  81 =  r   2  

  r = 9 

The new orange frisbee has a radius of 9 cm; the new blue frisbee 
has a radius of 7.937 cm.

 9 > 7.937 

∴Theradiusofthebiggerofthetwonewfrisbeesis9cm.

Answer

The radius of the bigger of the two new frisbees is 9 cm.

Reasoning

16. a.  The area covered by a sprinkler with a radius of 5.5 m  
is 95.033 m2.

b. The area a sprinkler with radius of 11 m could water  
is 120.375m2.

c. The total area that all four sprinklers could water is 113.097 m2.

d. The sprinkler with a radius of 11 m from part b covers the 
largest area.

e. Suggested option 1: I prefer to grow edible plants because  
it saves time and money.

Suggestedoption2:Iprefertogrowprettyflowersbecause
they make my garden look good.

Note: There are other possible options.

17. a. Totallength = 85.332 +  180 _____ 360  × 2 × π × 36.5 

  = 85.332 +  1 __ 2  × 2 × π × 36.5 

  = 85.332 + 36.5π 

  = 85.332 + 114.6681... 

  ≃ 200  m as required

b. The distance of the second lane is 203.142 m.

c. Thestaggerforeachofthefirstthreelanesisequaltoπ  m.

Extra spicy

18. C 19. 4πcm2

20. B 21.  18π − 36  cm2

Remember this?

22. B 23. D 24. D

12G  Volume of prisms and cylinders

Student practice
Worked example 1
a.  90  mm3 b.  39.9  m3

Worked example 2
a.  12  m3 b.  21 600  mm3 c.  62.832  cm3

Worked example 3
a.  557.080  cm3 b.  98.628  m3

Understanding worksheet

1. a.  35 b.  40 000 

c.  0.000058 d.  0.00067 

2. a. Yes b. No c. Yes d. No

3. volume; perpendicular; prism; cylinder

Fluency

4. a. 90 mm3 b.  5  km3

c.  109.2  cm3 d.  157.5  m3

e.  374  cm3 f.  154.08  mm3

5. a.  12.32  m3 b.  37.1  cm3

c.  21 600  mm3 d.  112  cm3

e.  166.375  cm3 f.  2002  mm3

g.  51.84  m3 h.  14 784  mm3

6. a.  785.398  cm3 b.  1244.071  m3

c.  84.823  cm3 d.  62.090  cm3

e.  173 180.295  mm3 f.  5489.870  cm3

7. a.  950  m3 b.  1026  km3

c.  133  m3 d.  1311.239  cm3

e.  51.389  m3 f.  47.124  cm3

8. D

Spot the mistake

9. a. Student B is incorrect. b. Student A is incorrect.

Problem solving

10. Ali’s garden bed has a width of 2.5 metres, a length of 3 metres 
and a height of 0.5 metres. What volume of soil can it hold?

Key points

• The rectangular garden bed has a width, length and height of 
2.5 m, 3 m and 0.5 m respectively.

• Find the volume of the garden bed.

Explanation

Volume = length × width × height

  = 3 × 2.5 × 0.5 

  = 3.75  m3

Answer

The garden bed can hold 3.75 m3 of soil.

11. Charya is going to make 100 door stops for his school with 
recycled plastic. The door stops will be in the shape of a triangular 
prism with height of 1.2 cm, width of 1.8 cm and length of 6.8 cm. 
What volume of plastic will he need to make all 100 door stops?

Key points

• Each door stop is in the shape of a triangular prism with a height,  
width and length of 1.2 cm, 1.8 cm and 6.8 cm respectively.

• Find the volume of plastic needed for 100 door stops.
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Explanation

Find the volume of each door stop.

Volume = areaofcrosssection × width

  =  1 __ 2  × length × height × width

  =  1 __ 2  × 6.8 × 1.2 × 1.8 

  = 7.344  cm3

Find the volume of 100 door stops.

Totalvolume = 100 × 7.344 

  = 734.4  cm3

Answer

Charya will need  734.4  cm3 of plastic to make 100 door stops.

12. Corynneedstofillhiswatertankbecauseitiscompletelyempty.
It is circular with a width of 3 metres and a height of 1.8 metres. 
A cubic metre is equivalent to 1000 litres. How much water does 
Corynneedtofillhistank,roundedtothenearestlitre?

Key points

• The tank has a circular cross section with a diameter of 3 metres  
and a height of 1.8 metres.

• 1 m3 = 1000L.

• Find the volume of the tank to the nearest litre.

Explanation

A prism with a circular cross section is a cylinder.

Volumeofcylinder = π ×  r   2  × h 

  = π ×  ( 
3 _ 2 ) 

2
 × 1.8 

  = 4.05π  m3

Convert the volume to litres.

1 m3 = 1000L,so

 4.05π  m3 = 1000 × 4.05π 

  ≈ 12 723  L

Answer

Coryn needs  12 723Lofwatertofillhistank.

13. Melbourne covers an area of 9993 km2. If 40 mm of rain fell in  
a day, what is the total volume of rain? Give your answer in m3.

Key points

• Melbourne has an area of 9993 km2.

• On a particular day, there was a 40 mm depth of rainfall.

• Find the total volume of rain in m3, correct to 3 decimal places.

Explanation

Convert Melbourne’s area to m2.

 9993  km2 = 9 993 000 000  m2

Convert the depth of rainfall to m.

 40mm = 0.04  m

Find the volume of rainfall.

Volume = areaofcrosssection × height

  = 9 993 000 000 × 0.04 

  = 399 720 000  m3

Answer

The volume of rain is  399 720 000  m3.

14. Enzo has been tasked with building a 20 m long tunnel that has 
a 6 m wide semicircle for a cross section. The tunnel is to be 
built using concrete that needs to be 1 m thick. How many cubic 
metres of concrete does Enzo need to build the tunnel, correct to 
3 decimal places?

Key points

• The tunnel has a 6 m wide, 20 m long semi-cylinder.

• The tunnel is to be built using concrete that needs to be 
1 m thick.

• Find the volume of concrete required to build the tunnel in m3 
to 3 decimal places.

Explanation

Volume = areaofcrosssection × length

  = (outersemicircle − innersemicircle) × length

  = ( 
π ×  4   2  ________ 2   −  π ×  3   2  ________ 2  ) × 20 

  =  7π ____ 2   × 20 

 = 70π  m3

  ≈ 219.911  m3

Answer

Enzo will need  219.911  m3 of concrete to build the tunnel.

Reasoning

15. a. The volume of Leslie’s spa is 5.1 m3.

b. The volume of the deep end of the pool is  14.85  m3.

The volume of the shallow end of the pool is  8.91  m3.

c. The volume of the pool is  46.035  m3.

d. Leslie needs to replace 2301.75 L of water each week.

e. Suggested option 1: Add a diving board at the deep end of  
the pool.

Suggested option 2: Add animal themed slides to the deep end 
of the pool.

Note: There are other possible options.

16. a.  12  cm3 b.  6  cm3

c. The cross-section in part b is a consistent cross-section, 
therefore, multiplying it by the perpendicular length will 
produce the correct area for the volume. The cross-section 
in part a is not consistent because any cross-section that is 
parallel to it will be a different size. Therefore it can not be 
usedtofindthevolume.

Extra spicy

17. 54 cm 18.  20 ____ 27 m
3 19. C 20. D

Remember this?

21. C 22. D 23. D
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12H  Time 

Student practice
Worked example 1
a.  210  minutes b.  3 1 __ 2 years

Worked example 2
a. 0645 b. 4:15 pm

Worked example 3
a. 6:20 pm b. 11:30 am

Worked example 4
a. 1 hour 30 minutes b. 13 hours 5 minutes

Understanding worksheet

1. a. 2:30 b. 10:40 c. 8:08 d. 4:36

2. a. b.  

c.  d.  

3. 12-hour; 24-hour; UTC; daylight saving

Fluency

4. a. 120 minutes b. 36 hours

c. 45 months d. 168 hours

e. 2700 seconds f. 9 hours 45 minutes

g.  80 2 __ 3 hours h.  80 1 __ 2 months

5. a. 1230 b. 1:15 c. 0720 d. 0018

e. 11:23 f. 1755 g. 9:21 h. 0416

6. a. 12:00 pm b. 2:30 pm

c. 5:40 am d. 8:45 pm

e. 1:45 am next day f. 1:55 am next day

g. 10:38 pm h. 11:12 pm previous day

7. a. 5:30 pm b. 1:00 pm

c. 1:40 pm d. 4:45 pm

e. 1:30 pm f. 10:00 pm previous day

g. 2:35 pm next day h. 4:43 pm previous day

8. a. 2 hours 30 minutes b. 1 hour 25 minutes

c. 48 minutes d. 3 hours 8 minutes

e. 3 hours 14 minutes f. 3 hours 5 minutes

g. 21 hours 55 minutes h. 45 hours 10 minutes

pm

pm am

9. E

Spot the mistake

10. a. Student A is incorrect. b. Student A is incorrect.

Problem solving

11. Patrick has gone for a jog at lunchtime. He started running at 
12:45pmandfinishedrunningat1:25pm. How long did he  
run for?

Key points

• Patrickstartedjoggingat12:45pmandfinishedat 1:25 pm.

• Find the duration of Patrick’s jogging session.

Explanation

Find the duration between 12:45 pm and 1:25 pm by subtracting 
the hours and minutes of the start time from that of the end time. 
This is, often, more convenient to do in a 24-hour clock.

12:45pm = 1245

1:25pm = 1325

13hour − 12hour = 1hour

25min − 45min = −20min

1hour − 20min = 40minutes.

Answer

Patrick ran for 40 minutes.

12. Vutha is visiting family in Phnom Penh but will continue to work 
remotely for his company in Brisbane. If he’s scheduled to have a 
meeting with Tori at 10:30 am Brisbane time, what time will this 
be in Phnom Penh?

Key points

• Vutha is to have a meeting with Tori at 10:30 am Brisbane time.

• Find the time that Vutha will be having his meeting in 
Phnom Penh.

Explanation

Brisbanetime = UTC+10;PhnomPenhtime = UTC+7.

SoPhnomPenhtime = Brisbanetime − 3hours.

10:30am − 3hours = 7:30am

Answer

Vutha will have the meeting at 7:30 am in Phnom Penh.

13. Perth is in the UTC +8 time zone and Sydney is in the UTC +10 
time zone. Perth doesn’t use daylight saving time, but Sydney does.  
Play in the test match at Perth is scheduled to start at 10:30 pm. 
Richie lives in Sydney and wants to watch the start of play.  
What time will it be in Sydney when play starts?

Key points

• Perth is in the UTC +8 time zone; Sydney is in the UTC +10 
time zone.

• Perth doesn’t use daylight saving time but Sydney does.

• Play starts at 10:30 pm at Perth.

• Richie lives in Sydney and wants to watch the start of play.

• What time will it be in Sydney when play starts?

Explanation

Perth is in the UTC +8 time zone; Sydney is in the UTC +10 
time zone.

SoSydneytime = Perthtime + 2hours.

10:30pm + 2hours = 12:30amnextday.

Answer

It will be 12:30 am the next day in Sydney when play starts.
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14. Rebecca’sflighttoSydneyleavesLosAngelesat5:20pmon
Thursday. Thetotaldurationoftheflightis15hrsand55mins. 
What day and time does she arrive in Sydney?

Key points

• Rebecca’sflightleavesLosAngelesat5:20pmon Thursday.

• Theflighttakes15hrsand 55 mins.

• Find the time and date of Rebecca’s arrival.

Explanation

Split15hrs55minsinto12hrs + 3hrs55minutes.

5:20pmThursday + 12hrs = 5:20amFriday

5:20amFriday + 3hrs55mins = 9:15amFriday

Sydney is in the UTC +10 time zone.

Sydneytime = LosAngelestime + 18hours

9:15amFriday + 18hours = 3:15amSaturday

Answer

Rebecca arrives in Sydney at 3:15 am on Saturday.

15. Kathy is going to meet with six of her students at lunchtime today. 
Southey High School’s lunchtime is from 12:18 pm to 1:20 pm.  
If she plans to have a 2-minute gap between each meeting,  
how much time will she have per student in minutes and seconds 
if each student has an equal share of her time?

Key points

• Kathy is going to meet six students at lunchtime.

• Lunchtime is from 12:18 pm to 1:20 pm.

• There is a 2-minute gap between each meeting.

• Each student is to have an equal share of Kathy’s time.

• Find the duration of time each student has to meet with Kathy.

Explanation

Find the duration between 12:18 pm to 1:20 pm.

12:18pm = 1218;1:20pm = 1320

13hr − 12hr = 1hr

20min − 18min = 2mins

The duration of lunchtime is 1 hr 2 mins.

Find the available meeting time by subtracting the in between 
2-min gaps.

Therearesixstudentssotherearefivegaps.

5 × 2mins = 10mins

Availabletime = 1hr2mins − 10mins

 = 1hr − 8mins

 = 52mins

Divide the available time equally into six.

52mins ÷ 6  = 8mins40secs

Answer

Kathy will have 8 minutes 40 seconds per student.

Reasoning

16. a.  When Matthew goes to bed on Friday night, it is 5:00 am 
Friday on Vancouver Island and 1:00 pm Friday in London.

When Matthew wakes up on Saturday morning, it is 1:00 pm 
Friday on Vancouver Island and 9:00 pm Friday in London.

b. When Andrew starts his work week Monday morning, it is 
1:00 am Monday on Vancouver Island and 7:00 pm Monday  
in Melbourne.

WhenAndrewfinisheshisworkweekonFridaynight,itis
9:00 am Friday on Vancouver Island and 3:00 am Saturday  
in Melbourne.

c. When Dylan wakes up on Saturday morning, it is 3:00 pm 
Saturday in London and 1:00 am Sunday in Melbourne.

When Dylan goes to bed on Sunday night, it is 7:00 am 
Monday in London and 5:00 pm Monday in Melbourne.

d. Matthew could schedule a video call with both of his brothers 
7:00am–9:00amSundayMelbournetime.

e. Suggested option 1: Being able to see and speak to one 
another while not being physically present.

Suggested option 2: Being able to have conferences and 
meetings with team members who are working overseas.

Note: There are other possible options.

17. a. The Earth travels 2 573 400 km in one day.

b. The Earth travels 939 291 000 km around the Sun in 365 days.

c. A single orbit around the Sun is approximately 939 950 000 km  
whereas the orbit in 365 days is 939 291 000 km. This means 
that the Earth doesn’t complete its orbit for each calendar 
year and there is some distance lost. To make up for this  
lost distance, an extra day is added to the calendar every  
four years, which we call the leap year.

Extra spicy

18. B 19. 1827 20. 1:24 pm 21. D

Remember this?

22. C 23. C 24. E

Chapter 12 extended application

1. a. 218 750 km2

b. South Australia: 1 250 000 km2

Tasmania: 93 750 km2

c. 876 953 km2

d. Queensland: 1 646 484.375 km2

Northern Territory: 1 285 156.25 km2

e. 8 046 186.125 km2

f. Suggested option 1: My favourite state in Australia is Queensland  
because the weather is always nice and sunny there.

Suggested option 2: My favourite state in Australia is New 
South Wales because Sydney is one of the most multicultural 
cities in Australia. 

Note: There are other possible options.

2. a. 676 m2

b. 23.758 m2

c. 1757.163 m2

d. 7542.964 m2

e. Totalplayingarea = Trapezium1 + Trapezium2  
= 3372.5m2 + 6 740.5m2 = 10113m2

Total area of synthetic grass: 6438.043 m2

Total area of dirt: 3674.957 m2

f. Suggested option 1: An advantage of building an indoor 
stadium is that it is useful in any weather conditions,  
however a disadvantage is that there is often less space  
and more constraints compared to an outdoor one.

Suggested option 2: An advantage of building an indoor 
stadium is that it is easier to maintain due to less wear  
and tear, however a disadvantage is that it may be more  
costly to maintain due to increased use of utilities.

Note: There are other possible options.
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3. a.  π = 3.14159

b. Perimeter of inner square: 2.8284

Perimeter of outer square: 4

Comparison: The perimeters of the inner and outer squares 
are not very close to the circumference of the circle  π .

c. Perimeter of inner pentagon: 2.939

Perimeter of outer pentagon: 3.6325

Comparison: Although the perimeters of the inner and outer 
pentagonsareclosertoπthanthesquares’,theyarenota
very good estimation.

d. Perimeter of inner hexagon: 3

Perimeter of outer hexagon: 3.4644

Perimeter of inner octagon: 3.0616

Perimeter of outer octagon: 3.3136

Comparison: The two octagons’ perimeters are closer in value 
to the circumference  π  compared to the hexagons. 

e.  Sides Perimeter (inside) Perimeter (outside)

10 3.0902 3.2492

20 3.1286 3.1676

30 3.1359 3.153

40 3.1384 3.148

50 3.1395 3.1455

60 3.1404 3.1446

70 3.1402 3.1437

80 3.1408 3.1432

Comparison: Once the number of sides of the polygons reach 60,  
the inner and outer polygons correctly estimate  π  to 2 decimal 
places (3.14). However, the 80-sided polygons do not yield 
much better estimates compared to the 60-sided ones.

f. Withan80-sidedpolygon,onlythefirsttwodecimalplaces
are accurately calculated (3.14). This is not a better estimate 

than Archimedes’    22 ____ 7     estimation as    22 ____ 7     when rounded to  

4 decimal places is 3.1429, and this is closest to the  
5 decimal-place approximation of 3.14159.

Chapter 12 review

Multiple choice

1. C 2. C 3. E 4. D

5. D 6. B 7. D 8. C

Fluency

9. a.  32  km b. c.  15  cm d.  41  m

10. a. i.  20πmm
ii.  62.832  mm

b. i.  7.25πcm
ii.  22.777  cm

c. i.  8πkm

ii.  25.133  km

d. i.  38 ____ 3  πm

ii.  39.794  m

11. a.  6  mm2 b.  108  km2

c.  1313  cm2 d.  1149  mm2

10.6 mm

12. a. b. c. d.  14  km2

13. a. i.  2246.76πm2

ii.  7058.405  m2

b. i.  81 ____ 64 πcm
2

ii.  3.976  cm2

c. i.  60.0625πcm2

ii.  188.692  cm2
d. i. 58.32πmm2

ii.  183.218  mm2

14. a.  45.203  cm b.  114.034  cm2

c.  59.751  cm d.  95.778  cm2

15. a.  156.520  mm3 b.  277.200  m3

c.  4316.171  cm3 d.  107.301  cm3

16. a.  103.5  hours b. 9:13 pm

c. 12:35 am d. 2:00 am

Problem solving

17. Victoria wants to build a square-shaped wooden fence around  
her garden. The perimeter of her garden is 5 m. What is the length 
of each side of the garden in cm?

Key points

• The perimeter of the square-shaped garden is 5 m.

• Determine the side length of the square in cm.

Explanation

Perimeterofasquare = 4 × sidelength

  5 = 4 × sidelength

 sidelength =  5 __ 4    m

   5 __ 4 m = 125  cm

Answer

The length of each side of the garden is  125  cm.

18. Quin has a hula hoop that has a circumference of 1.2 m. Using an  

estimated value of  π ≈   22 ____   7     , what is the radius of Quin’s hula hoop?

Key points

• The circumference of the hula hoop is 1.2 m.

• Use the estimated value of  π ≈   22 ____   7     .

• Find the radius of the hula hoop.

Explanation

Circumferenceofacircle = 2 × π × radius

  1.2 = 2 ×  22 ____ 7   × radius

 radius =  21 _____ 110    m

Answer

The radius of Quin’s hula hoop is    21 _____ 110    m.

19. Sheridan’s favourite clothing brand is Cathnandu. Cathnandu’s logo  
is in the following shape. What is the area of this logo on Sheridan’s  
Cathnandu jacket?

Key points

• Cathnandu’s logo consists of two identical triangles and  
a rectangle.

• Determine the area of Cathnandu’s logo.

3.96 cm2 82.5 km2 5.945 mm2
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Explanation

Find the area of each of the triangles.

Area =  1 __ 2  × base × height

  =  1 __ 2  × 6 × 6 

  = 18  mm2

The area of the two triangles, then, is  2 × 18 = 36  mm2.

Find the area of the rectangle.

Area = length × width

  = 8 × 6 

  = 48  mm2

Find the total area of the logo.

Totalarea = 36 + 48 

  = 84  mm2

Answer

The area of the logo on Sheridan’s Cathnandu jacket is  84  mm2.

20. Jesswantstogiveherfriendakite-shapedboxfilledwithsweets
as a gift for her birthday. The top view of the box is shown in the 
diagram below. She also wishes to cover the top of the box with 
photos of them, where each photo will be 3 cm by 5 cm. How many  
photoswillshebeabletofitonthetopofthebox?

Key points

• The top of the box is in the shape of a kite.

• The top of the box is to be covered with photos, each with a 
dimension of 3 cm by 5 cm.

• Findthenumberofphotosthatcanfitonthetopof the box.

Explanation

Find the area of the kite.

The kite has diagonal lengths of  30  cm and  11 × 2 = 22  cm.

Area =  1 __ 2  ×  d  1   ×  d  2   

  =  1 __ 2  × 30 × 22 

  = 330  cm2

Find the area of each photo.

Area = length × width

  = 5 × 3 

  = 15  cm2

Findthenumberofphotosthatcanfitonthetopofthebox.

Numberofphotos = areaofthetopofthebox ÷ areaofeachphoto

  = 330 ÷ 15 

  = 22 

Answer

Thetopoftheboxcanfit22  photos.

21. A circular garden bed at a popular tourist attraction has a diameter  
of 44 metres and is surrounded by a dog walking path of 3.5 metres.

In order to protect dogs’ paws from the heat of the pavement 
during summer, the city council has decided to paint the path 
withareflectivegreymaterialinordertoreduceroadsurface
temperatures. One can of this paint will cover approximately 60 m2.  
How many cans of paint are needed to paint the path above? 
Round your answer to the nearest can.

Key points

• The circular garden has a diameter of 44 m and is surrounded 
by a walking path of 3.5 m.

• One can of paint will cover approximately 60 m2.

• Determine, to the nearest can, the number of cans required to 
paint the walking path.

Explanation

Find the area of the garden bed, the inner circle.

Area = π ×  r   2  

  = π ×  ( 
44 ____ 2  ) 

2
  

  = 484π  m2

Find the area of the garden bed and the walking path, the outer circle.

Area = π ×  ( 
44 ____ 2   + 3.5) 

2
  

  = π ×  ( 
51 ____ 2  ) 

2
  

  =  2601 _______ 4   π  m2

Find the area of the walking path.

Areaofwalkingpath = areaofoutercircle − areaofinnercircle

  =  2601 _______ 4   π − 484π 

  =  665 _____ 4   π  m2

Find the number of cans of paint required.

Numberofcansofpaintrequired = areaofwalkingpath ÷ area
covered by one can of paint

  =  665 _____ 4   π ÷ 60 

  =  133 _____ 48   π 

  ≈ 9  cans

Answer

9 cans of paint are needed to paint the walking path.

22. Alea is President for a student society and wishes to design a logo 
for the club and then stitch it onto members’ uniforms. The logo is 
shown below.

At the local craft store, thread costs $0.50 per cm2. By calculating 
the area of the logo, determine how much the stitch will cost for Alea.

Key points

• The logo is a combination of semicircles with a circle and a 
semicircle cut out.

• Thread costs $0.50 per cm2.

• Determinethecostofthreadbyfirstdeterminingthearea
of the logo.

Explanation

Tofindtheareaofthelogo,splittheshapeintotwoasfollows.

20 cm

40 cm

20 cm

Shape 1

Shape 2

4 cm

Shape 1 is a semicircle of diameter 20 cm with a circle of diameter 
4 cm cut out of it. Shape 2 is a semicircle of diameter 40 cm with a 
semicircle of diameter 20 cm cut out of it.

Find the area of Shape 1.

Area = areaofsemicircle − areaofcircle

  =  1 __ 2  × π ×  ( 
20 ____ 2  ) 

2
 − π ×  ( 

4 __ 2 ) 
2
  

  = 50π − 4π 

  = 46π  cm2
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Find the area of Shape 2.

Area = areaofbigsemicircle − areaofsmallsemicircle

  =  1 __ 2  × π ×   (  40 _ 2   )    
2
  −  1 __ 2  × π ×   (  20 _ 2   )    

2
  

  = 200π − 50π 

  = 150π  cm2

Totalareaofthelogo = areaofShape1 + areaofShape2

  = 46π + 150π 

  = 196π  cm2

Find the cost of the thread.

Costofthread = totalarea × costperunitarea

  = 196π × 0.50 

  = 98π 

  ≈ $307.88 

Answer

It will cost Alea  $307.88  for the thread.

23. Malia is conducting a science experiment on displacement of 
water and volumes of objects. She learns that the volume of 
displaced liquid should approximately equal the volume of 
the object that is placed. WhenMaliaputsasmallfishintoa
rectangularfishtank(shownbelow),shenoticesthatthewater
level rises by 15 mm. Whatisthevolumeofthefishsheputin?
Express your answer in cm3.

Key points

• The volume of displaced liquid should equal the volume of the 
object that is placed.

• Whenasmallfishisputintothetank,thewaterlevel rises  
by 15 mm.

• The dimension of the tank is  620mm × 330mm × 850  mm.

• Determinethevolumeofthefishthatwasputin, in cm3.

Explanation

Find the volume of the displaced water. For ease of calculation, 
firstconvertallmeasurementstocm.

Volume = surfacearea × height

  = 62 × 33 × 1.5 

  = 3069  cm3

Since the volume of object placed is equal to the volume of 
displacewater,volumeoffishisalso3069  cm3.

Answer

Thevolumeofthefishis3069  cm3.

24. Will’s journey from Singapore to Melbourne has two stopovers in 
Kuala Lumpur and Bali, with the whole journey taking 34 hours 
and 30 mins. If Will leaves Singapore at 9:15 pm on Thursday, 
what would the local time and day be in Melbourne when he arrives?  
Singapore time is UTC +8 while Melbourne time is UTC +11.

Key points

• Will’s journey from Singapore to Melbourne takes 34 hours  
and 30 mins.

• He leaves Singapore at 9:15 pm on Thursday.

• Singapore time is UTC +8 and Melbourne time is UTC +11.

• What day and time does Will arrive in Melbourne?

Explanation

Singapore time is UTC +8 and Melbourne time is UTC +11,  
soMelbournetime = Singaporetime + 3hours.

Will’s journey takes 34 hours and 30 mins. Break 34 hours and  
30minsinto24hours + 10hours30mins.

Will leaves on Thursday at 9:15 pm. 24 hours after this is  
9:15 pm Friday.

Melbournetime = 7:45am + 3hours = 10:45am.

Answer

The local time and day will be 10:45 am Saturday when Will 
arrives in Melbourne.

Reasoning

25. a. The area of the available wall space Ryan has is  900  cm2.

b. The total area of blue in the painting is  64π  cm2.

c. The area of the painting is  668.25  cm2, which takes  74.25 % of  
the available wall space. So Ryan does have enough wall space.

d. The painting will cost Ryan  $595.87 .

e. The volume of the cylindrical kaleidoscope is  904.79  cm3.

f. Suggested option 1: Coloured paper.

Suggested option 2: Cardboard.

Note: There are other possible options.

26. a.  20  cm2

b.  20  cm2

c. The area of a kite can be thought of as the sum of the area 
of two identical triangles.

Area =  1 __ 2  × b × h +  
1 __ 2  × b × h = b × h 

When stacked together to form a kite, the base,  b , of the 
triangles is equal to one of the diagonals of the kite, say   d  1   . 
The height of one of the triangles,  h , is half of the other 

diagonal, say   d  2   , where  h =  
 d  2  
 ___ 2   . Putting it altogether, 

Area = b × h =  d  1   ×  
 d  2  
 ___ 2  =  

 d  1   ×  d  2  
 _________ 2    .
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13A Introduction to Pythagoras

Student practice
Worked example 1
a.   12   2  +  9   2  =  15   2   or   9   2  +  12   2  =  15   2  

b.   m   2  +  u   2  =  7.02   2   or    u   2  + m   2  =  7.02   2  

Worked example 2
a. No b. Yes

Worked example 3
a. Yes b. No

Understanding worksheet

1. a. 2.5 b. 6 c.   √ 
____

  5 __ 9  b  d.  c  √ 
_
 2   ______ 2  

2. a.   3   2  

b.   17   2  

c. Hypotenuse  = 13 ,   a   2    +  5   2  =  13   2  

d. Hypotenuse  = r ,   r   2  =  e   2    +  𝑥   2  

3. (a, b, c); longest side;  90˚ ;   a   2  +  b   2  =  c   2  

Fluency

4. a.   8   2  +  6   2  =  10   2   or   6   2  +  8   2  =  10   2  

b.   5   2  +  12   2  =  13   2   or   12   2  +  5   2  =  13   2  

c.   b   2  +  99   2  =  101   2   or   99   2   + b   2  =  101   2  

d.   e   2  +  16.25   2  =  w   2   or   16.25   2   + e   2  =  w   2  

e.   c   2  +  b   2  =  a   2   or   b   2  +  c   2  =  a   2  

f.    ( 
5 _ 2 ) 

2
 +  g   2  =  h   2   or   g   2  + ( 

5 _ 2 ) 
2
 =  h   2  

g.    ( 
d _ 2 ) 

2
 + ( 

d _ 2 ) 
2
 =  b   2  

h.    (  8.5a )     2  + ( 
r _ 2 ) 

2
 =  d   2   or    ( 

r _ 2 ) 
2
 +   (  8.5a )     2  =  d   2  

5. a.   4   2  +  3   2   = 5   2  

  16 + 9 = 25 

  25 = 25 

b.     8   2  +  6   2   = 10   2  

 64 +  36  = 100 

  100  = 100 

c.   9   2  + (12    )     2  =  15   2  

  81  + 144 = 225 

  225 = 225 

d.   1.5   2  +  2   2   = 2.5   2  

  2.25  +  4  =  6.25 

  6.25  = 6.25 

e.     6.5   2  =  (6)   2  +  2.5   2  

 42.25 = 36 + 6.25 

 42.25 = 42.25 

f.    2 5   2  = ( 7    )     2  +  24   2  

 625 = 49+   576 

 625 =   625 

g. ( 5    )     2  + 1 2   2   =  (    √ 
_
 169   )     2  

  25 + 144  = 169 

  169 = 169 

h. ( 1    )     2  +   (   √ 
_
 3   )     2  =  2   2  

  1  +  3  =  4 

  4  =  4 

6. a. Yes b. Yes c. Yes d. No

e. Yes f. Yes g. No h. Yes

7. a. Correct b. Incorrect

c. Correct d. Correct

e. Correct f. Correct

g. Incorrect h. Incorrect

8. a. Yes b. No c. Yes d. Yes

e. Yes f. No g. No h. Yes

9. B

Spot the mistake

10. a. Student A is incorrect. b. Student A is incorrect.

Problem solving

11. The local council wants to build a ramp that has a length of  800  cm, 
a horizontal distance of  700  cm and a vertical distance of  50  cm. 
Determine if this style of ramp is possible.

Key points

• The local council wants to build a ramp that has a length 
of  800  cm, a horizontal distance of  700  cm and a vertical 
distance of  50  cm.

• Determine if this style of ramp is possible.

Explanation

The horizontal distance, vertical distance and the length of the 
ramp are pythagorean triads and should follow the formula  
  a   2  +  b   2  =  c   2   where a is horizontal distance,  b  is vertical distance 
and  c  is the length of the ramp.

  700   2  +  50   2  = 80 0   2  

 490 000 + 2 500 = 80 0   2  

 492 500 ≠ 640 000 

Horizontal distance = 700 cm

Vertical distance
= 50 cm

Length of ramp 
=    490 350 cm

∴Thistypeoframpisnotpossible.

Answer

This type of ramp is not possible.

12. In a game of cricket, a news anchor tells a story of a batter who 
hits a ball at a  90˚  degree angle and is caught by their opponent at 
the Square Leg position from  20  metres away. The batter runs  
 20  metres straight down to the wickets while the opponent 
throws  25  metres to the wickets and gets the batter out.  
Was this story possible?

Key points

• A batter who hits a ball at a  90˚  degree angle and is caught by 
their opponent at the Square Leg position from  20  metres away.

• The batter runs  20  metres straight down to the wickets while 
the opponent throws  25  metres to the wickets and gets the 
batter out.

• Was this story possible?

Explanation

The distance between batter and square-leg ( a = 20 ), between 
batter and wickets ( a = 20 ) and between square-leg and wickets 
( c = 25 ) are pythagorean triads and should follow the formula   
a   2  +  b   2  =  c   2  .

   a   2  +  b   2  =  c   2  

   20   2  +  20   2  =  25   2  

 400 + 400 = 625 

  800 ≠ 625 
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c =    800 m

Wickets

Batter Square-leg

a = 20 m

20 m

∴Thisstorywasimpossible.

Answer

This story was impossible.

13. Ritchie leaves his house with his dog Daisy. They walk  600  metres 
south down Beach Street, then  450  metres east along Neptune Street. 
Theyplanonfinishingupbywalkingdiagonallyallthewayhome
for  750  metres. Will Ritchie and Daisy be able to get all the way 
back home based on these directions?

Key points

• Ritchie and Daisy walk  600  metres south down Beach Street, 
then  450  metres east along Neptune Street.

• Theyplanonfinishingupbywalkingdiagonallyalltheway
home for  750  metres.

• Will Ritchie and Daisy be able to get all the way back home 
based on these directions?

Explanation

The length of Beach Street ( a = 600 ), the length of Neptune 
Street ( b = 450 ) and the diagonal distance ( c = 750 ) are 
pythagorean triads and should follow the formula   a   2  +  b   2  =  c   2  .

   a   2  +  b   2  =  c   2  

   600   2  +  450   2  =  750   2  

 360 000 + 202 500 = 562 500 

  562 500 = 562 500 

Neptune Street 450 m

Beach Street 600 m
Diagonal distance 
=    6002 + 4502

∴RitchieandDaisywillbeabletogetallthewaybackhome
based on these directions.

Answer

Yes, Ritchie and Daisy will be able to get all the way back home 
based on these directions.

14. NailMood is celebrating Pythagoras Day on the 345th day of the 
year with a special nail design. The nail design is an equilateral 
triangle with side length  s  that was formed by placing two  
right-angled triangles together that have a height of h.

Clients who can correctly rewrite Pythagoras’ theorem, 
a2 + b2 = c2, in terms of  s  and  h  will get their nails done for free. 
What is the Pythagoras’ formula in terms of  s  and  h ?

Key points

• The nail design is an equilateral triangle with side length s that 
was formed by placing two right-angled triangles together that 
have a height of h.

• Clients who can correctly rewrite Pythagoras’ theorem, 
a2 + b2 = c2, in terms of  s  and  h  will get their nails 
done for free.

• What is the Pythagoras’ formula in terms ofs  and  h ?

Explanation

s
2

s
2

h
ss

The nail design is an equilateral triangle, so all three sides of 
the triangle will have length  s , which is the hypotenuse of the 
highlighted right-angled triangle.

The height of the right-angled triangle is  h .

As the equilateral triangle is formed using two identical right-
angled triangles, the base of the highlighted right-angled triangle 
will be half of its hypotenuse, which is    s __ 2   .

In the Pythagorean formula,   a   2  +  b   2  =  c   2  ,  a = base =  s __ 2   ,   

 b = height = h ,  c = hypotenuse = s .

Answer

The Pythagoras’ formula in terms of  s  and  h  is    (    s __ 2  )   
2
 +  h   2  =  s   2   or   

h   2  +  (   s __ 2  )   
2
 =  s   2  .

15. Grace is comparing three televisions, a 75 inch 66 inch or a 55 inch 
from Aldi’s special buys to place inside her entertainment unit.  
Her entertainment unit is 60 inches wide and 36 inches high. 
Grace wants to centre the television so that there is no more than 
four inches of space between the television and the entertainment 
unit on either side. If televisions are measured by their diagonal 
and in inches, which one should Grace buy? 

Key points

• Grace is comparing three televisions, a 75 inch 66 inch 
or a 55 inch from Aldi’s special buys to place inside her 
entertainment unit.

• Her entertainment unit is 60 inches wide and 36 inches high.

• Grace wants to centre the television so that there is no more 
than four inches of space between the television and the 
entertainment unit on either side.

• If televisions are measured by their diagonal and in inches, 
which one should Grace buy?

Explanation

The TV Grace should buy should be big enough so that there are 
less than 4 inches of space between either side, but small enough 
sothatitfitsintheentertainmentunit.
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60

36

4

44

4

Calculate the minimum diagonal length of the TV.

Assume that the gap between the television and the 
entertainment unit on either side is 4 inches.

Then the dimension of the television should at least be 
   (  60 − 4 × 2 )   inches ×   (  36 − 4 × 2 )     inches.

Thisis52inches × 28inches.

The length ( a = 52 ), width ( b = 28 ) and the diagonal length  
( c ) of the television make a Pythagorean triad and should follow 
the formula   a   2  +  b   2  =  c   2  .

   a   2  +  b   2  =  c   2  

  52   2  +  28   2  =  c   2  

  3488 =  c   2  

   √ 
_
 3488   =  √ 

_
  c   2    

  c ≈ 59  inches.

∴TheminimumdiagonallengthoftheTVis59inches.

Calculate the maximum diagonal length of the TV.

The diagonal length of the television should at least be 59 inches 
for the gap between the television and the entertainment unit on 
either side is less than 4 inches.

Themaximumdiagonallengthofthetelevisionthatcouldfit
inside the entertainment unit is   √ 

_____________
  60   2  +  36   2    ≈ 70  inches.

The only TV that has its diagonal length greater than 59 but 
smaller than 70 inches is LG TV. Therefore Grace should buy 
the LG TV.

Answer

Grace should buy the LG TV.

Reasoning

16. a. a2  + b2  = c2

b.    (  0.5 × 8 )     2  +   (  0.5 × 6 )     2  =  5   2  

c. Rahul’s calculations are incorrect.

d. The length of the rope is 5.6 m.

e. The dimensions of the new cat jump path would be 1.25 m.

Suggested option 1: Yes, this scale is appropriate for a fully 
grown cat because a fully grown cat’s body length is around 
50 to 60 cm.

Suggested option 2: No, this scale is not appropriate for a fully 
grown cat because it is too short for a cat to play around with.

Note: There are other possible options.

17. a.    4   2  +  3   2  =  5   2  . Yes, this equation can be used to calculate a 
right angled triangle.

b.   5   2  −  3   2  =  4   2  . Yes, this equation can be used to calculate a 
right angled triangle.

c. The two formulas in part a. and part b. are both   a   2  +  b   2  =  c   2   
rearranged.

Extra spicy

18. Thedimensionsofeachsquareis3cm × 3cm,4cm × 4cmand 
5cm ×5 cm.

The area of each square is 9   cm   2  , 16   cm   2   and 25   cm   2   respectively.

13B Calculating the hypotenuse

Student practice
Worked example 1
a.  g = 13  units b.  d =  √ 

_
 2    cm

Worked example 2
a.  c = 4.47  cm b.  t = 0.23  m

Worked example 3
a.  c =  √ 

______________
 9 a   2  + 9 b   2     b.  c =   √ 

____________
  a   2  + 9 b   2    ______________ 2  

Understanding worksheet

1. a. Yes b. No c. Yes d. Yes

2. a.   √ 
___________
 81 + 20  = √ 

__
  c 2 

    √ 
_______________
 101  = c

b.  √ 
__
  c 2  = √ 

___________
 44 + 100 

 c = √ 
_______________
 144 

 c = 12

c. k2 = 132 + (11)2

 k = √ 
________________
 169 + 121 

k = √ 
_
 290 

d.   √ 
_______________
 25 + 144  = √ 

__
  n 2 

 √ 
_______________
 169  = n

 13 = n

3.   a   2  +  b   2  =  c   2  ;  c ; opposite; irrational

Fluency

4. a.  1 b.   √ 
_
 2    c.  2 d.   √ 

_
 10   

e.  9 f.   √ 
_
 142   g.  13 h.  0.5 

5. a.  c = 10  units b.  d = 13  cm

c.  t = 15  cm d.  b = 130  m

e.  e = 20  km f.  a = 2.5  m

g.  f = 0.5  km h.  u = 25  mm

6. a. c = √ 
_
 117 units

b.  e =  √ 
_
 8500    mm or  e = 10 √ 

_
 85    mm

c.  b =  √ 
_
 98    mm or  b = 7 √ 

_
 2    mm

d.  e =  √ 
_
 82    m

e.  c =  √ 
_
 0.61    km

f.  e =  √ 
_
 422.5    m

g.  a =  √ 
_
 7.84    cm

h.  r =  √ 
_
 5    cm

19. E 20. E

21.  p =  b   2  

𝑦 =  1 _ 2  ab 

 t =  1 _ 2  ab 

 h =  a   2  

 △ =  1 _ 2  ab 

 g =  1 _ 2  ab 

Remember this?

22. E 23. C 24. E
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Key points

• The needle is placed 5 mm from the probe.

• The sound waves reach 5 mm to the vein.

• Find the minimum length of the needle in exact form.

Explanation

The situation forms a right-angled triangle where the two shorter 
side lengths are 5 mm and 5mm and the hypotenuse is the 
minimum length of the needle. Let the minimum length of the 
needle be  c .

c2 =  5   2  +  5   2  

  = 25 + 25 

  = 50 

  c =  √ 
_
 50    mm

Answer

The minimum length of the needle needs to be   √ 
_
 50    mm for it to 

be able to reach the sound waves in the vein.

13. ZipIt, a zipline company, is installing a new zipline that will 
connect two corners of their properties together using a cable. 
ZipIt knows the area of the two properties is measured in 
hectares (ha) and1ha = 10000m2. Determine the length of the 
zipline rope that will connect the two corners of the property 
together. Give your answer in exact form.

Key points

• The company is installing a zipline to connect two corners  
of their property.

• The areas of the two properties are 121 ha and 112 ha.

• 1ha = 10 000 m2.

• Find the length of the zipline cable in exact form.

Explanation

Convert the area of each property into m2.

 121ha = 1 210 000  m2

 1 1   2 ha = 121ha = 1 210 000  m2

Find the side length of each property.

  √ 
____________
 1 210 000   = 1100  m

Now we have a triangle with both shorter side lengths of 1100 m2 
and  c  as the hypotenuse.

Finish

1100 m

1100 m
Start

c

Find  c .

c2 = 110 0   2  + 110 0   2  

  = 1 210 000 + 1 210 000 

  = 2 420 000 

  c =  √ 
____________
 2 420 000    m

Answer

The length of the zipline rope is   √ 
____________
 2 420 000    m.

14. Jarrodisflyinghisdronebutlosthisglassesandcanonly
see distances less than  50  metres away. According to drone 
regulations, he must keep his drone in his visual line of sight.  
Heflieshisdronedirectlyupwards, 40  metres from the ground, 
and  50  metres horizontally away from him. The distance from the 
ground to his eye is  1.6  m. Determine by how much the drone is in 
or out of his line of sight. Round your answer to a whole number.

7. a.  d = 3.61  m b.  a = 7.07  m

c.  g = 34 176.01  m d.  L = 3.74  m

e.  s = 4.37  cm f.  C = 7.81  units

8. a.  c =  √ 
_
  e   2  +  f   2    

b.  c =  √ 
_
 13 a   2     or  c = a √ 

_
 13   

c.  c =  √ 
_
 2 a   2     or  c = a √ 

_
 2   

d.  c =   √ 
______________
 4 a   2  + 4 b   2    ________________ 2     or  c =  2 √ 

_
  a   2  +  b   2    ______________ 2     or  c =  √ 
_
  a   2  +  b   2    

e.  c =   √ 
____________________

  121 a   2  + 169 b   2     ______________________ 3    

f.  c =  √ 
_____________________

  2.25 a   2  + 2.25 b   2     or  c = 1.5 √ 
_
  a   2  +  b   2    

g.  c =  √ 
____________
 3 a   2  +  b   2    

h.  c =   √ 
_______________
 4 a   4  + 16 b   4     __________________ 7     or  c =  2 √ 

____________
  a   4  + 4  b   4     ________________ 7    

9. A

Spot the mistake

10. a. Student A is incorrect. b. Student A is incorrect.

Problem solving

11. The kitchen work triangle determines how functional it is to use 
the cook top, sink and fridge. No part of the triangle should be 
less than  1.2  metres or more than  2.7  metres. The diagram shows 
Hymie’s kitchen. Determine the distance from the sink to the stove 
top and if Hymie’s kitchen work triangle meets the criteria for a 
functional kitchen space. Round your answer to 2 decimal places.

Key points

• The criteria for a functional kitchen work triangle is one where 
no side length is less than 1.2 metres or more than 2.7 metres.

• Hymie’s kitchen work triangle has shorter sides with lengths  
of 2.20 m and 1.20 m.

• Find the hypotenuse of Hymie’s kitchen work triangle to two 
decimal places.

• Determine whether it meets the criteria for a functional 
kitchen space.

Explanation

The distance from the sink to the stove top is the hypotenuse  
of Hymie’s kitchen work triangle. Let it be  c .

c2 = 2.2 0   2  + 1.2 0   2  

  = 4.84 + 1.44 

  = 6.28 

  c =  √ 
_
 6.28   

  = 2.51  m

Since 2.51 m is between 1.20 m and 2.70 m, Hymie’s kitchen work 
trianglesatisfiesthecriteriaforafunctionalkitchenspace.

Answer

The distance from the sink to the stove top of Hymie’s kitchen is  
2.51mandHymie’skitchenworktrianglesatisfiesthecriteriafor
a functional kitchen space.

12. Darina is studying medicine and learns that she must use 
Pythagoras’ theorem to determine how long a needle needs to  
be so that it meets the sound waves from the ultrasound probe  
in a vein. The needle will be placed  5  mm from the probe,  
and the sound waves need to reach  5  mm to the vein. What is  
the minimum length the needle needs to be so that it reaches  
the sound waves in the vein? Leave your answer in exact form.
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Key points

• Jarrod can only see distances less than  50  metres away.

• The drone is 40 metres from the ground and 50 metres 
horizontally away from him.

• The distance from the ground to his eye is 1.6 m.

• Determine the distance by which the drone is in or out  
of Jarrod’s line of sight. Express in whole numbers.

Explanation

Thefigurebelowshowstheschematicofthesituation.

50 m

1.6 m

38.4 mVisual line of sight

1.6 m

Drone’s height 
above ground 
40 m 

IfanartificiallineisdrawnhorizontallyacrossfromJarrod’s
eye level, a right-angled triangle is formed as shown. Here, the 
triangle has a base of  50  m, a height of  40 − 1.6 = 38.4  m and the 
visual line of sight is the hypotenuse. Let it be  c .

Find  c .

c2 = 5 0   2  + 38. 4   2  

  = 2500 + 1474.56 

  = 3974.56 

  c =  √ 
_
 3974.56   

  ≈ 63.04  m

Since  63.04 > 50 , the drone is out of Jarrod’s line of sight.

Find the distance by which the drone is out of Jarrod’s 
line of sight.

 63.04 − 50 ≈ 13  m

Answer

The drone is out of Jarrod’s line of sight by 13 m.

15. The Redland City council is building a new Olympic size indoor lap  
and diving pool that will be  50  m by  25  m. The pool will gradually 
increase in depth until it reaches a diving depth of 5 m, and the 
bottom of the diving area will be  500  m2. There will be vertical 
tiled lines to denote the gradual increase in depth of the pool,  
and the diving area will be painted a solid colour. What is the length  
of one of the tile lines? Round your answer to 3 decimal places.

Key points

• The pool is  50  m by  25  m.

• The deepest part of the pool is 5 m.

• The bottom of the diving area is  500  m2.

• Vertical tiled lines are placed to denote the gradual increase  
in depth of the pool.

• Find the length of one of the tile lines to 3 decimal places.

Explanation

Find the width of the bottom rectangle using the diving area.

5 mA

B

25 m

Width

Area = 500 m2

Width = 500 ÷ 25 = 20  m

The visual below shows the front view of the pool.

5 mA

A

B

B

20 m

Pool slant

30 m

5 m5 m

50 m

There is a right-angled triangle and the three sides are:

• point A and B as the hypotenuse

• point B to the top of the pool (5 m)

• part of the length of the pool

c2 = 3 0   2  +  5   2  

  = 900 + 25 

  = 925 

  c =  √ 
_
 925   

  = 30.414  m

Answer

The length of each tile line is  30.414  m.

Reasoning

16. a.   ̄  BC    is 9 block units.

 ̄  CD    is 20 block units.

   ̄  DH    is 7 block units.

b. Petra will need to swim 15 block units from point A to C.

c. Petra will need to swim and walk a total of 38 block units 
from point A to D and from D to shelter.

d. The route    ̄  AC   to  H  is the quickest route with a time of  
 12.41  seconds.

It is faster than the route    ̄  AB   to  H  by  0.14  seconds, and    ̄  AD   to  H  
by  4.56  seconds.

e. Suggested option 1: They could use building blocks to build  
a closer shelter.

Suggested option 2: Since running is faster, they could use the 
building blocks to make a path across the river.

Note: There are other possible options.
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13C Calculating the shorter side

Student practice
Worked example 1
a.  a = 12  units b.  f =  √ 

_
 7    cm

Worked example 2
a.  b ≈ 3.87  units b.  p ≈ 0.79  m

Worked example 3
a.  b = 3.00 b.  h ≈ 6.36  cm

Understanding worksheet

1. a.  9 b.  9 c.  −9 d.  9 

2. a.  b ,  7 b.  8 ,  k 

c. 30,  L d.  12 000 , a

3.  a =  √ 
_
  c   2  −  b   2    ;  b ; rational; surd

Fluency

4. a.   b   2  +  6   2  = 1 0   2  b.   c   2  +  9   2  = 1 5   2  

c.   b   2  +  c   2  =  a   2  d.   k   2  + 1. 5   2  = 2. 5   2  

e.   k   2  +  k   2  = 18 8   2  f.   u   2  +  7   2  =   ( √ 
_
 625  )    2  

g.   r   2  +  1   2  =   ( √ 
_
 3  )    2  h.   h   2  + ( 

7 __ 4 ) 
2
 = ( 

13 ____ 4  ) 
2
  

5. a.  b = 8  cm b.  a = 12  cm

c.  c = 12  cm d.  g = 20  km

e. 𝑦 = 50  m f.  k = 2  m

g.  r = 0.4  cm h.  u = 24  mm

6. a.  a =  √ 
_
 32    cm b.  c =  √ 

_
 5    cm

c.  p =  √ 
_
 80    m d.  k =  √ 

_
 72    km

e. 𝑦 =  √ 
_
 4400    m f.  r =  √ 

_
 0.0133    cm

g.  m =  √ 
_
 145    cm h.  r =  √ 

_
 2    units

7. a.  d = 7.42  m b.  v = 3.32  km

c.  g = 10 908.71  m d.  h = 5.72  m

e.  a = 6.36  m f.  h = 2.74  cm

8. a.  b = 4.00 b.  b = 3.00 

c.  a = 4.24 d.  c = 7.00 

e.  a = 2.77 f.  b = 17.89 

g.  a = 5.00 h.  a = 7.00  cm

9. D

Spot the mistake

10. a. Student A is incorrect. b. Student A is incorrect.

Problem solving

11. Schnitzel von Crumb has been taken off his leash and runs straight 
to the water  d  metres away. He paddles in a straight line parallel 
to the beach for  5  metres, then travels diagonally back to his 
owner on the beach who is standing  8  metres away. What is the 
total distance Schnitzel von Crumb travelled? Round your answer 
to the nearest metre.

Key points

• Schnitzel runs straight to the water that is d metres away from 
his owner.

• He paddles for 5 metres parallel to the beach.

• He then travels 8 metres diagonally back to his owner on 
the beach.

• Find the total distance that Schnitzel von Crumb travelled to the 
nearest metre.

Explanation

The path that Schnitzel von Crumb travels forms a triangle as 
shown below.

8 m
d

5 m

Find the distance  d .

  d   2  +  5   2  = 82

  d =  √ 
_
  8   2  −  5   2    

  d =  √ 
_
 39    m

Find the total distance travelled, which is also the perimeter  
of the triangle.

Distancetravelled = 5 + 8 +  √ 
_
 39   

  ≈ 19  m

Answer

The total distance that Schnitzel von Crumb travelled is 19 m.

12. Sophieismakingadressforherfashiondesignfinalproject. 
She uses sewing darts to create a curved shape from her fabric. 
Darts are isosceles triangles that are folded down the middle and 
sewn on the dart length. Determine the dart width if the length  
of the dart is  11  mm and the fold is  7.5  mm. Round your answer  
to one decimal place.

Key points

• Darts are isosceles triangles where the height is the fold and 
the two equal sides are the dart lengths.

• The dart length is 11 mm and the fold is 7.5 mm.

• Find the dart width to one decimal place.

17. a. Yes, it can. b. Yes, it can.

c. It does not matter how the sides a and b of the triangle are 
labelled because of the commutative law. The formula can  
be be written in the form  c =  √ 

_
  a   2  +  b   2     through rearranging 

the original formula.

  a   2  +  b   2  =  c   2  

  c   2  =  a   2  +  b   2  

 c =  √ 
_
  a   2  +  b   2    

Extra spicy

18. 11 19. A

20. C 21.  A =  25π _____ 8  

Remember this? 

22. E 23. E 24. B
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Explanation

Once folded, the dart forms a right-angled triangle with one short 
side of 7.5 mm and a hypotenuse of 11 mm. Let the other short 
sidebe𝑥.

11 mm
x

7.5 mm

ApplyingPythagoras’theoremtofind𝑥.

  𝑥   2  + 7. 5   2  = 112

 𝑥 =  √ 
_______________
 1 1   2  − 7. 5   2    

 𝑥 =  √ 
_
 64.75    mm

The dart width is the length before it was folded, so it is twice  
of what was found.

Dartwidth = 2 ×  √ 
_
 64.75   

  ≈ 16.1  mm

Answer

The dart width is 16.1 mm.

13. A new roundabout sign needs to be installed with a metal pole. 
The roundabout sign is an equilateral triangle with dimensions  
900  mm. To meet regulations, the distance from the bottom of the 
roundabout sign to the ground must be  2000  mm, the metal pole 
does not extend past the sign, and the sign is centred on the pole. 
Determine the maximum length of the metal pole. Round your 
answer to two decimal places.

Key points

• The roundabout sign is an equilateral triangle with 
dimensions  900  mm.

• The distance from the bottom of the roundabout sign to the 
ground must be  2000  mm.

• The metal pole does not extend past the sign, and the sign is 
centred on the pole.

• Find the maximum length of the metal pole to two 
decimal places.

Explanation

Find the height of the sign. Let it be  h .

900 mm h

900 mm

900 mm 900 mm

450 mm

h

When looking at half of the sign, it is a right-angled triangle with 
one short side of 450 mm and a hypotenuse of 900 mm.

ApplyPythagoras’stheoremtofindh .

  h   2  + 45 0   2  = 9002

  h =  √ 
_________________

  90 0   2  − 45 0   2    

  h =  √ 
___________
 607 500   

Find the maximum length of the pole.

Maximumlengthofpole = requiredheightaboveground 
+ heightofthesign

  = 2000 +  √ 
___________
 607 500   

  ≈ 2779.42  mm

Answer

The maximum length of the pole is 2779.42 mm.

14. A hack to drink a juice box is to place the bendy straw upside down. 
The bendy part of the straw must form a  90°  angle while lying 
inside of the box at a diagonal. Currently the bendy straw is folded 
on itself and is the same length as the diagonal length of the front 
of the box,  11.41  cm. Determine the maximum length of b,  
correct to two decimal places.

Key points

• The diagonal length of the front of the box is  11.41  cm.

• The width of the box is 3 cm and the height of the box is 10 cm.

• Find the length of b, the diagonal length of the bottom surface 
of the box, to two decimal places.

Explanation

Find the length of the box, let it be  a .

11.41 cm

a

10 cm

Front view

  a   2  + 1 0   2  = 11.412

  a =  √ 
_________________

  11.4 1   2  − 1 0   2    

  a =  √ 
_
 30.1881   

  a =  √ 
_
 30.1881    cm

Find  b .

a

3 cm

Top view

b

  a   2  +  3   2  = b2

  b =  √ 
_
  a   2  +  3   2    

  b =  √ 
_______________
 30.1881 + 9   

  b ≈ 6.26  cm

Answer

The maximum length of  b  is 6.26 cm.

15. Calculate the missing side lengths, t, e, n  of the triangle if the area 
of the triangle is 1840 mm2. Round the lengths to the nearest mm.

Key points

• The area of the triangle is  1840  mm2.

• Find the lengths t, e, n.

Explanation

Areaoftriangle =  1 __ 2  × base × height

   1840 =  1 __ 2  × (e + 4e) × 85  

  5e =  1840 × 2 ____________ 85    

  e =   736 _________ 17 × 5   

  e =  736 _____ 85    

  e ≈ 9  mm

Find the length  t . Make sure to use the exact value of  e  and only 
round off at the end of the calculation.

  e   2  + 8 5   2  = t2

  t = √ 
__________________

    ( 
736 _____ 85  ) 

2
 + 8 5   2    

  t ≈ 85  mm
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Find the length of  n .

   (  4e  )     2  + 8 5   2   = n2

  n = √ 
________________________

    ( 
4 × 736 __________ 85  ) 

2
 + 8 5   2    

  n ≈ 92  mm

Answer

The side lengths  t ,  e  and  n  respectively are  85  mm,  9  mm 
and  92  mm.

Reasoning

16. a.  The vertical distance between home base and 2nd base is 55 m.

b. The distance between each of the four stripes from 2nd base 
to the mound is 7 m.

The distance between each of the four stripes from 2nd base 
to 1st base is 10 m.

c. The length of stripe 1 is 7 m.

d. The lengths of stripes 2, 3 and 4 respectively are 14 m,  
21 m and 29 m.

e. Suggested option 1:

Suggested option 2:

Note: There are other possible options.

17. a. Thelengthof ̄  BC    is  8  m.

b. Thetotallengthof ̄  AB and ̄  BC    is  14  m.

c. From part b, we see that the total length of the two shorter 
sides is greater than the hypotenuse. This is always true for 
any right-angled triangle. Therefore, it is faster to walk along 
the hypotenuse as it involves less distance.

Extra spicy

18. D

19. Areaof4triangles =  1 __ 2  × a × b × 4 = 2ab 

Areaofsquare  =  (  b − a  )     2  =  a   2  − 2ab +  b   2   

Areaof4triangles + square = 2ab +  a   2  − 2ab +  b   2   
=  a   2  +  b   2  =  c   2  

20.    ̄  AB    = 8.5, ̄  BE  = 7.5,   ̄  AD    = 17, ̄  BD  = 15

21. D

Remember this?

22. E 23. C 24. B

Chapter 13 extended application

1. a. The distance between the 2 trestle legs is  180  mm.

b. No, the measurements are not correct. This is because the 
measurements do not satisfy Pythagoras’s theorem. That is  
13 0   2  + 79 4   2  ≠  800   2  .

c. The new height and distance between the longer trestle legs 
respectively are  400 √ 

_
 3    mm and the new distance is  800  mm.

d. The height of  c  is approximately  313  mm.

e. Breeshay will need  7  pieces of 1.8 m timber and the total 
price is  $78.40 .

f. Suggested option 1: A pro of using wooden tables is that it is 
generally more durable than plastic tables.

Suggested option 2: A pro of using plastic tables is that it is 
easier to clean and maintain.

Note: There are other possible options.

2. a. The diagonal length of the drop zone is  406.9  pixels.

b. The diagonal length of Picture 1 is  897.4  pixels.

c. The new length and width of Picture 1, using Chris’s method, 
respectively, are  391  pixels and  112  pixels. As the length is 
longer than the side length of the drop zone, the new scaled 
picturewillnotfitinit.

d. The new length and width of Picture 1, using Kai’s method, 
respectively, are  177.4  pixels and  50.7  pixels. As the length and  
width are both shorter than the side length of the drop zone, 
thenewscaledpicturewillfitinit.

e. The formula used in part d will work for Picture 2, because 
using the formula, we get a new width of  140.8  pixels and a 
new length of  211.2  pixels. These are both smaller than  
 287.7  pixels, the side length of the drop zone.

f. Suggested option 1: A con of using maths techniques to scale 
imagesisthatitcantakeaverylongtimetofigureoutthe
perfect technique to shrink all types and sizes of images.

Suggested option 2: A pro of using maths techniques to scale 
images is that a good formula could consistently work for 
many types of images.

Note: There are other possible options.

3. a.  The diameter of the mini, small and jumbo cones respectively 
are  2  cm,  4  cm and  8  cm.

b. The height of the mini, small, regular and jumbo cones 
respectively are  3.87  cm,  7.75  cm,  11.62  cm and  15.49  cm.

c. The diameter of the hole for the jumbo cone will be  3.2  cm.

d. The diameter of the hole for the mini, small and regular cones 
respectively are  0.8  cm,  1.6  cm and  2.4  cm.

e. The surface area for the mini, small, regular and jumbo cones 
respectively are  4π  cm2,  16π  cm2,  36π  cm2 and  64π  cm2. 
Based on the surface area per unit price, the jumbo cone is 
the best buy.

f. Suggested option 1: She could place the cones circle side 
down on the counter and label them.

Suggested option 2: She could hang a poster that shows the 
different sized cones.

Note: There are other possible options.
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Chapter 13 review

Multiple choice

1. D 2. C 3. B 4. D

Fluency

5. a.  1 2   2  +  9   2  = 1 5   2  

b.  1 44   2  +  𝑥   2  = 1 45   2  

c.   p   2  +  q   2  =  (   8 __ 3  )   
2
  

d.    (   b __ 5  )   
2
 +  (   b __ 2  )   

2
 = (13.5a)2  

6. a. Yes b. No c. No d. Yes

7. a.  8.49  m b.  6.83  m

c.  118  m d.  13.54  cm

8. a.  c =  √ 
_______________
 16 a   2  + 4 b   2    b.  c =   √ 

__________________
  81 a   2  + 196 b   2     ____________________ 4    

c.  c =  √ 
______________
 9 a   2  + 3 b   2    d.  c =   √ 

_______________
 9 a   4  + 25 b   4     _________________ 8    

9. a.  a =  √ 
_
 57    m b.  s =  √ 

_
 0.0253    m

c.  g =  √ 
_
 90    cm d.  h = 1  cm

10. a.  b = 6 b.  r = 2 

c.  b = 10.67 d.  h = 3.33 

Problem solving

11. Aplaneisflyingatahorizontaldistanceof2100mawayfromthe
base of a mountain and at an altitude of 1000 m in the air. It is due 
tofly2900minthetrajectoryshownbelow,towardsamountain
peak 3000 m high. Determineiftheflightpathispossible.

Key points

• Aplaneisflyingatahorizontaldistanceof2100mawayfrom
the base of a mountain and at an altitude of 1000 m in the air.

• Itisduetofly2900minthetrajectoryshownbelowtowardsa
mountain peak 3000 m high.

• Determineiftheflightpathis possible.

Explanation

Thehorizontaldistance,verticaldistance,andtheflightpathform
a Pythagorean triad, and should follow the formula   a   2  +  b   2  =  c   2  ,  
where  a  is horizontal distance,  b  is vertical distance, and  c  is the 
flightpath.

 a = 2100  m

 b = 3000 − 1000 = 2000  m

 c = 2900  m

 210 0   2  + 200 0   2  = 290 0   2  

 4 410 000 + 4 000 000 = 290 0   2  

 8 410 000 = 290 0   2  
Flight path
= 2900 metres Vertical distance

= 2000 metres

Horizontal distance = 2100 metres

Thisflightpathispossible.
Answer
Thisflightpathispossible.

12. Rachel is currently at point X and wants to cross to Point Y.  
There is a rectangular pond, however she cannot walk through it 
asitisfilledwithmischievousgeese. Therefore, Rachel must walk 
32 metres directly north and 58 metres directly west. How much 
further is this compared to if Rachel could walk straight through 
the pond? Round your answer to the nearest metre.

Key points

• Rachel is currently at point X and wants to cross to Point Y.

• There is a rectangular pond, however she cannot walk through 
itasitisfilledwithmischievous geese.

• Therefore, Rachel must walk 32 metres directly north and  
58 metres directly west.

• How much further is this compared to if Rachel could walk straight  
through the pond? Round your answer to the nearest metre.

Explanation

Vertical distance
= 32 metres

Y

X

Horizontal distance = 58 metres

Calculate the distance that Rachel must walk to get from point X to 
point Y, given that she cannot walk through the pond.

Rachel must walk  32  metres north (vertical distance) and  
 58  metres west (horizontal distance).

 32 + 58 = 90  m

Calculate the distance straight through the pond from point X to 
point Y, or the hypotenuse,  c , of the triangle above, where  a = 32  
and  b = 58 .

  a   2  +  b   2  =  c   2  

 3 2   2  + 5 8   2  =  c   2  

 1024 + 3364 =  c   2  

  c   2  = 4388 

 c =  √ 
_
 4388   = 66.24  m

Calculate how much further it is to walk around the pond than to 
walk straight through the pond.

Difference = Distancetowalkaroundthepond − distanceto
walk directly through the pond

  = 90 − 66.24 

  = 23.76  m

Round to the nearest metre.

  = 24  m

Answer

It is  24  m further for Rachel to walk around the pond compared to 
walking straight through the pond.
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13. Tourists travel in a shuttle bus from the airport to their respective 
hotels in a rural neighbourhood. There is a cell tower on the route, 
and there is signal coverage as far as 31 km away from the tower. 
The bus passes the tower through the road shown in the diagram 
below, where its closest point to the tower is 14 km away. For how 
many kilometres will people on the bus have signal? Round your 
answer to two decimal places.

Key points

• Tourists travel in a shuttle bus from the airport to their 
respective hotels in a rural neighbourhood.

• There is a cell tower on the route, and there is signal coverage 
as far as 31 km away from the tower.

• The bus passes the tower through the road shown in the 
diagram below, where its closest point to the tower is  
14 km away.

• For how many kilometres will people on the bus have signal? 
Round your answer to two decimal places.

Explanation

14 km

31 km

31 km

Cell tower

x km

x km

Calculatethelengthof𝑥, where a = 14  km and  c = 31  km.

  a   2  +  𝑥   2  =  c   2  

 1 4   2  +  𝑥   2  = 3 1   2  

  𝑥   2  = 3 1   2  − 1 4   2  

  𝑥   2  = 961 − 196 

  𝑥   2  = 765 

𝑥 =  √ 
_
 765    km

Distancethatpeopleonthebushavesignal = 2𝑥

 = 2 √ 
_
 765   

 = 55.32  km

Answer

People on the bus have signal for  55.32  km.

Reasoning

14. a. Height = 𝑥 √ 
_
 3   km,lineofsight = 2𝑥km.

b. 7.27 km   

c. 10.28 km

d. 3.07 km

e. Technology has the potential to fail. Lighthouses are another 
way of indicating where land is, which is extremely important 
information for ships to know in case their navigation 
technology fails.

15. a.  90˚ 

b. Student B

c. In a right-angled triangle, the sum of the two non-right angles 
is always 90°. A square’s interior angles are all equal to 90°. 
Orienting the angles of four congruent right-angled triangles 
so that two different non-right angles meet at each vertex of 
the quadrilateral will ensure 90° interior angles, and hence a 
square shape.
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GLOSSARY

A
acute angle An acute angle is any angle that is greater than 
0° but less than 90°.
adjacent angles Adjacent angles are angles that share a 
vertex and a common side.
algebraic fraction Algebraic fraction is a fraction using a 
variable in the numerator, or the denominator, or in both 
the numerator and the denominator. 
angle The angle between line segments AB and BC is 
denoted ∠ABC.
anticlockwise Anticlockwise is the opposite direction that 
the hands of a clock move around.
approximately equal Approximately equal to is 
represented in calculations using the ≈ sign. 
area The area is the amount of space that is contained by 
the boundaries of a flat, two-dimensional shape.
average A statistical average is a value which measures 
the central tendency of a set of numbers. It can be a mean, 
median, or mode.

B
best buy Best buy refers to comparing the price of two or 
more goods for the same quantity. 
bias Statistical bias occurs when a sample is not 
representative of the target population.
bisect To bisect a line or an angle is to divide it into two 
equal parts.

C
Cartesian coordinates Cartesian coordinates are the numbers  
that indicate the location of a point on a Cartesian plane. 
The 𝑥–coordinate is written before the 𝑦-coordinate.
Cartesian plane A Cartesian plane is a set of two 
perpendicular number lines that intersect at the origin.
categorical data Categorical data is descriptive information  
and separated into groups.
centimetre (cm) A centimetre (cm) is one-hundredth of  
a metre.
circumference The circumference is the perimeter of a circle.
class interval A class interval defines the width of the 
groups into which a set of data has been organised.
clockwise Clockwise is the same direction that the hands 
of a clock move around.
coefficie  A coefficient is the number that a pronumeral 
is being multiplied by.
common denominators Common denominators are when 
fractions have denominators that are the same. 
common factors Common factors are the same factors that 
occur between two or more numbers. 

commutative law The commutative law means that the 
order of the numbers in an addition and multiplication 
calculation can change without affecting the result. 
compensation strategy The compensation strategy 
uses rounded numbers and then adjustments to make 
calculations simpler to solve. 
compound event A compound event is an event that 
consists of multiple outcomes.
constant A constant is a number that cannot change its 
value in an expression or equation.
constant speed Constant speed occurs when the speed of an  
object remains the same and does not increase or decrease.
converting Converting is the process of rewriting a value 
in a different form, with no change to the value. 
convex polygon All internal angles of a convex polygon are 
less than 180°.
Coordinated Universal Time Coordinated Universal Time 
or UTC is the standard by which the world regulates clocks 
and time.
coprime Two numbers are coprime if they have no common  
factors other than one.
cost price or wholesale price The cost price or wholesale 
price is the amount spent by businesses to make or buy an 
item for sale. 
cross section A cross section is a surface that is created 
when making a straight cut through a 3D shape.
cylinder A cylinder is a 3-dimensional object that has 2 flat,  
circular bases that are connected by a curved surface.

D
daylight saving time Daylight saving time is a practice 
that occurs in some states of Australia where clocks are 
advanced 1 hour to increase the amount of daylight after 
work in summer months.
denominator The denominator is the value on the bottom 
of a fraction and represents the number of parts each unit 
is split into. 
diagonal A diagonal line joins one corner to the opposite 
corner of a four-sided shape and is not an edge.
directed numbers Directed numbers have a direction and 
value, one direction is positive (+) and the other direction 
is negative (−).
discount A discount describes the percentage or amount 
that the marked price is decreased by.
distribution A statistical distribution describes how values 
are distributed on a scale. The shape of a distribution tells 
us which values are common and which are not.

GLOSSARY 1031
 



distributive law The distributive law for multiplication 
means that multiplying a number by a group of numbers 
is the same as multiplying the number by the sum of the 
other numbers.
dividend A dividend is the first number in a division 
calculation. It is the number that is being divided by the 
second number. 
divisor A divisor is the second number in a division 
calculation. It is the number by which a given value  
is divided. 
duration Duration is the time that passes between  
two moments.

E
equals sign The equals sign (=) in an equation or number 
sentence indicates that the value on the left of the sign is 
the same value as on the right.
equate When you equate expressions, you make them 
equal to each other.
equation An equation is another name for a number 
sentence. An equation can contain letters, numbers and 
operations, as well as an equals sign. Each side of an 
equation is equal.
equilateral triangle An equilateral triangle contains three 
sides of equal length and three 60° interior angles.
estimates Estimates are approximate values that are close 
to the actual value.
evaluate Evaluate means to carry out mathematical 
operations in the correct order to find a value of an 
expression or equation.
event An event is a single outcome or group of outcomes 
(known as a compound event).
exact form Exact form is when a number cannot be 
simplified to a whole number or rational number and  
left as an irrational number.
exclusive Exclusive is excluding the value(s).
expanded form Expanded form is a way of representing 
repeated multiplications (factors) of all numbers in  
an expression.
experiment An experiment is a series of trials conducted 
to examine the results of chance activities.
expression An expression is a number of terms grouped 
together by operations.

F
factorising Factorising in algebra is the opposite of 
expanding brackets.
false equation A false equation is when the left-hand side 
and right-hand side of an equation are not equal.
fini e A finite amount can be counted, measured or given 
a value.

First Index Law The First Index Law states to add the 
indices (or powers) when multiplying terms with the same 
base in index form.
formula Formula is a rule written using mathematical 
symbols and pronumerals that are connected using an 
equals sign.
frequency Frequency refers to how many times  
something occurs.

G
gradient The gradient is the slope and direction of a line.

H
highest common factor (HCF) Highest common factor (HCF)  
is the largest number that is a factor of two or more numbers.
hectare A hectare is a metric unit of area equal to  
10 000 square metres.
hypotenuse The hypotenuse is the longest side on a right-
angled triangle; it is always opposite to the right angle.

I
improper fraction An improper fraction has a numerator 
greater than or equal to its denominator.
inclusive Inclusive is including the value(s).
index notation Index notation is a way of representing 
repeated factors of the same number.
inequality Inequality is a statement when one value or 
algebraic expression is less than or greater than another.
infini e An infinite amount cannot be counted, measured 
or given a value.
integer An integer is a whole number that is either positive,  
negative or zero.
inverse operations Inverse operations are mathematical 
operations that undo each other. The inverse of 
multiplication is division and the inverse of division  
is multiplication; the inverse of addition is subtraction  
and the inverse of subtraction is addition.
isometric transformation An isometric transformation 
does not change the size or shape of the original image 
after the transformation.

K
kilometre (km) A kilometre (km) is one thousand metres.
kite A kite is a quadrilateral with reflection symmetry 
across a diagonal.

L
lead digit rounding Lead digit rounding rounds the 
number based on the first digit and replaces all other  
digits with zeros.
line segment A line segment between vertices A and B is 
denoted    ̄  AB   .
linear rule A linear rule is an equation used for a straight line.

GLOSSARY1032
 



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

M
mark-up A mark-up describes the percentage or amount 
that the cost price is increased by.
marked price, selling price, retail price, or recommended 
retail price (RRP) The marked price, also known as the 
selling price, retail price, or recommended retail price 
(RRP) is the price an item is sold for after mark-up.
metre (m) A metre (m) is a standardised unit measuring 
length.
millimetre (mm) A millimetre (mm) is one-thousandth of 
a metre.
mixed number A mixed number is a combination of a 
whole number and a proper fraction.
multi-step equation A multi-step equation is an equation that  
can be solved by applying more than two inverse operations. 
multi-step experiments Multi-step experiments describe 
a probability event that is made up of two or more actions, 
such as tossing three coins and looking at the different 
combinations of possible outcomes.
multiplier Multiplier is the number by which a given value 
is multiplied. 

N
number sentence A number sentence is an equation 
expressed using numbers and operations.
numerator The numerator is the value on the top of a 
fraction and represents the number of parts of a unit we 
are considering.
numerical data Numerical data is quantitative data that 
can either be discrete or continuous.

O
obtuse angle An obtuse angle is any angle greater than 90° 
but less than 180°.
one-step equation A one-step equation is an equation that 
can be solved by applying a single inverse operation.
operation An operation in maths is a mathematical process  
used to solve problems. The four basic operations in maths 
are addition, multiplication, subtraction and division.
outcome An outcome is the result of a trial in an experiment.
order of operations Order of operations is a set of rules that  
tells us what calculations are performed first in a number 
sentence or equation. The order follows brackets, indices, 
division or multiplication and then addition or subtraction. 

P
parabola A parabola forms an equation where 𝑥 is raised
to the power of 2.
parallel lines Parallel lines never touch and are always the 
same distance apart.

parallelogram A parallelogram is a quadrilateral with two 
opposite pairs of parallel sides.
part-whole A part-whole ratio compares two or more 
parts to a whole.
partitioning strategy The partitioning strategy deconstructs  
larger numbers into smaller numbers to make calculations 
simpler to solve.
percentage A percentage represents a value out of 100 parts,  
where 100 parts represents one whole.
perpendicular lines Perpendicular lines meet at a right 
angle (90°).
population A population refers to the entire group that the 
conclusions of the study are applied to as opposed to part 
of the group.
powers of 10 Powers of 10 are the result of multiplying ten 
by itself a certain number of times.
prism A prism is a 3-dimensional object which has two 
identical polygon faces on either end, connected by 
rectangular faces. A prism has the same cross-section 
when cut anywhere along its length.
product The product is the result when two or more 
values are multiplied together.
proportional In a rate, the quantities are proportional 
to each other. This means that the ratio between the two 
quantities must always remain the same.
proportional relationship If two quantities have a 
proportional relationship they can be written as a ratio.
Pythagorean triad A Pythagorean triad is a set of three 
positive integers represented by (a,b,c ), that satisfies the 
rule a2 + b2 = c2.

Q
quadrant A quadrant is exactly one quarter of a circle.
quotient The quotient is the result of a division calculation. 

R
range The range measures the spread of data. It is the 
difference between the maximum and minimum values.
ratio A ratio is a proportional relationship between two or 
more quantities with the same unit.
rational A rational number is a number that can be 
expressed as a ratio of two integers, whereas an irrational 
number cannot.
reciprocal The reciprocal of a number is 1 divided by  
that number.
revenue Revenue is the income that a business receives 
from selling goods and services.
right-angled triangle A right-angled triangle contains one 
interior angle that is 90 ̊.
rhombus A rhombus is a quadrilateral with four equal sides.
rule A rule is a formula written using mathematical 
symbols and pronumerals to describe a pattern.
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S
sample A sample, or sampling, refers to the collection of data  
from a small group that is representative of the population.
sample space The sample space of an experiment lists all 
the possible outcomes.
Second Index Law The Second Index Law states to subtract 
the index of the divisor (or denominator) from the index of 
the dividend (or numerator) when dividing terms with the 
same base in index form. 
sector A sector comprises two radii and an arc that is a 
part of a circle with the same radius.
semicircle A semicircle is exactly half of a circle.
simplest form A fraction is in its simplest form when the 
numerator and denominator have no common factors 
other than 1.
solving equations Solving equations is a process to find the 
value of the unknown by performing a series of  
inverse operations.
stationary An object is stationary when distance does not 
change over a time interval and the speed is equal to zero.
subject The subject of a formula is the variable isolated on 
one side of the equal sign.
substitution Substitution is the process of replacing a 
variable or an unknown with a given value.
surds Surds are the square roots of numbers that cannot 
be simplified into a whole number.

T
term A term is a part of an expression or equation made 
up of a number and/or pronumerals. Terms are separated 
by addition or subtraction.
theoretical probability The theoretical probability states 
the likelihood of an event occurring in an experiment.
Third Index Law The Third Index Law states to multiply the  
indices when raising a term in index form to another power. 
trapezium A trapezium is a quadrilateral with one pair of 
parallel sides.
trial A trial is a single test in an experiment.
true equation A true equation is when the left-hand side 
and right-hand side of an equation are equal.
two-step equation A two-step equation is an equation that 
can be solved by applying two inverse operations.
two-way table A two-way table displays the frequency 
(count) of two categories, written in a table format with 
rows and columns.

U
unit price The unit price refers to the price for when the 
quantity is one.
unit rates Unit rates are rates in their simplest form,  
per one unit.
unitary method The unitary method is a process of 
calculation where the first step is to determine the value  
of one unit.
units Units of measurement define the magnitude and type  
of quantity. Unit rates are always expressed as quantities 
per one unit of the other quantity, and must include units 
of measurement.

V
variable A variable is a quantity that changes and can include  
qualities that are given numerical values.
Venn diagram A Venn diagram provides a visual 
representation of similarities and differences between  
two or more sets of information.
vertical algorithm The vertical algorithm is a written 
method used to add and subtract numbers.

X
x-axis The 𝑥-axis is the horizontal axis that runs left to
right through zero.
x-intercept The 𝑥-intercept of a straight line is where a line
crosses the 𝑥-axis of a graph and when 𝑦 is equal to 0.

Y
y-axis The 𝑦-axis is the vertical axis that runs up and down
through zero.
y-intercept The 𝑦-intercept of a straight line is where a
line crosses the 𝑦-axis of a graph and when 𝑥 is equal to 0.
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