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Essential Insight Exam Guide 
Mathematics Specialist 

Year 12 WACE 
 
 

Link: https://eibooks.com.au/wace 
Resource Hub 

• Subscribe for future updates. 
• Contact details for any queries or feedback. 
• Relevant WACE subject information. 
• University scholarship information. 
• Other useful information.  

 
Key Features of the Essential Insight Exam Guides 

• Contains the past five years of WACE exam questions from 2023 to 2019, categorised based on the most up 
to date SCSA syllabus reviews.  

• Significantly reduced overall cost compared to alternative book options. 
• Future editions will be released with the most up to date WACE exams. 
• Students can review chapters, specific questions or solutions at any given time throughout the course.  
• Students can refer to relevant chapters to complete during class or for private study to prepare for topic tests or 

exams. 
• Teachers can use these eBooks as a great reference point for lesson planning, developing internal assessments 

or when preparing class activities to ensure alignment with exam level questions. 
• Mark allocation included to guide student time management. 
• Fully worked answers from the WACE marking guide are included for feedback. 
• Increase student confidence and enable high achievement. 

 
How to Use Essential Insight Exam Guides 
Purchase of these eBook PDFs allows your students access to previous WACE exam questions, arranged by syllabus 
topics and answers from the marking guide. Revision for WACE assessments or exams becomes much more 
straightforward. Students can review chapters, specific questions or solutions at any given time throughout the course. 
Students can be referred to relevant chapters to complete during class or privately to prepare for topic tests or exams. 
These textbooks also act as a great reference for teachers regarding lesson planning, developing internal assessments 
or when preparing class activities to ensure alignment with exam level questions.  
 
Books available in this series 

Mathematics Science Humanities and Social Sciences 

• Mathematics Applications 
• Mathematics Methods 
• Mathematics Specialist 

• Biology 
• Chemistry 
• Human Biology 
• Physics 
• Psychology 

• Accounting and Finance 
• Economics 
• Geography 
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Unit 3 
 

Unit 3.1 – Complex numbers 
 
Section 1 
 

2023 
Section 1 

Question 2 
 

Complex 
numbers 

 
 

(3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (2 marks) 
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2023 
Section 1 

Question 6 
 

Complex 
numbers 

  
(5 marks) 
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2023 
Section 1 

Question 8 
 

Complex 
numbers 

 
(4 marks) 
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2022 
Section 1 

Question 6 
 

Complex 
numbers 

 
 

 
 
(a) Determine the exact polar form for z2 . (2 marks) 
 
 
 
 
 
 
(b) Plot the complex number w = z1 × (z2)–1 on the Argand diagram above. (3 marks) 
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2021 

Section 1 
Question 1 

 
Complex 
numbers 

 
 
(a) Arg ( – z). (1 mark) 
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(b) |z + 2|. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2021 

Section 1 
Question 6 

 
Complex 
numbers 
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2021 
Section 1 

Question 7 
 

Complex 
numbers 

The number 2021 can be expressed as a product of two consecutive prime numbers: 43 × 47 = 
2021. 
 
Consider the complex equation z 43 = 1. 
 
(a) Write an expression for the roots of z 43 = 1. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Let w be any one of the roots of the equation z 43 = 1. 
 
(b) How many of these roots will also be a solution of the equation z 47 = 1? Justify your answer. (3 
marks) 
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2020 
Section 1 

Question 8 
 

Complex 
numbers 

(3 marks) 
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2019 
Section 1 

Question 2 
 

Complex 
numbers 

 
 
(a) Show that (z – 2i) is a factor of P(z). (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Hence or otherwise, solve the equation P(z) = 0, giving solutions in the form a + bi. (4 marks) 
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2019 
Section 1 

Question 9 
 

Complex 
numbers 

 
(4 marks) 
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Section 2 
 

2023 
Section 2 
Question 

10 
 

Complex 
numbers 

 
 

(2 marks) 
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 (1 mark) 
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2023 
Section 2 
Question 

12 
 

Complex 
numbers 

 
 
(a) Represent the given information on the Argand diagram. (3 marks) 
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2022 
Section 2 

Question 9 
 

Complex 
numbers 

(a) Sketch the locus of a complex number z satisfying the condition: 
 

(2 marks) 
 

 
 
 

(3 marks) 
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(c) The sketch of the locus of a complex number z has been shown below. Write equations or 
inequalities in terms of z (without using x = Re(z) or y = Im(z)) for the indicated locus. (3 marks) 
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2022 
Section 2 
Question 

18 
 

Complex 
numbers 
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2021 

Section 2 
Question 

11 
 

Complex 
numbers 

Two complex numbers z1 and z2 are shown in the Argand plane below. 
 

 
 
(a) Write the expression for z1 in exact polar form. (2 marks) 
 
 
 
 
 
 
 
 
(b) Write the expression for z1 in exact Cartesian form. (1 mark) 
 
 
 
 
 
 
 
 
(c) Plot the complex number iz1 on the Argand diagram above. (2 marks) 
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2020 
Section 2 
Question 

10 
 

Complex 
numbers 

(a) The sketch of the locus of a complex number z has been shown below. Write equations or 
inequalities in terms of z (without using x = Re(z) or y = Im(z)) for the indicated locus. (4 marks) 
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2020 
Section 2 
Question 

11 
 

Complex 
numbers 

Let z, w and u be complex numbers where: 
 

 
 
(a) Determine Arg(u) exactly. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Determine |u| exactly. (2 marks) 
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2020 
Section 2 
Question 

13 
 

Complex 
numbers 

(4 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  



 

Unit 3.1 – Complex numbers – Section 2 
Essential Insight Exam Guide – 2025 Edition – Page 25 

2020 
Section 2 
Question 

15 
 

Complex 
numbers 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Express α = Arg(z − ri) in terms of θ where 0 < α < 2π. (3 marks) 
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2019 
Section 2 
Question 

10 
 

Complex 
numbers 

The sketch of the locus of a complex number z = x + iy is shown below. 
 

 
 
(a) Given that the equation for the above locus is written as Arg(z – z0 ) = kπ, determine the value of 
the constants z0 and k. (2 marks) 
 
 
 
 
 
 
 
 
(b) Determine the minimum value for |z – i| as an exact value. (3 marks) 
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2019 
Section 2 
Question 

12 
 

Complex 
numbers 

 
 
(a) Express w in the form w = r cisθ, where −π < θ ≤ π. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The complex number z is represented in the Argand diagram below. 
 

 
 
(b) Express z exactly in the form z = a + bi. (2 marks) 
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(c) Determine the exact polar form for wz and w2 z. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(d) On the Argand diagram on page 6, plot the position for wz and w2 z. Ensure that each position is 
labelled clearly. (2 marks) 
 
 
 
 
 
 
 
 
Consider the geometric transformation(s) applied to transform z → wz → w2 z → w3 z etc 
 
(e) Describe the geometric transformation(s) performed by the successive multiplication by w.  
(2 marks) 
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Marking Guide – Section 1 
 

2023 
Section 1 

Question 2 
 

Complex 
numbers 

 
 

(3 marks) 
 

 
 

 (2 marks) 
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2023 
Section 1 

Question 6 
 

Complex 
numbers 

  
(5 marks) 
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2023 
Section 1 

Question 8 
 

Complex 
numbers 

 
(4 marks) 
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2023 
Section 2 
Question 

10 
 

Complex 
numbers 

 
 

(2 marks) 
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 (1 mark) 
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2023 
Section 2 
Question 

12 
 

Complex 
numbers 

 
 
(a) Represent the given information on the Argand diagram. (3 marks) 
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2022 
Section 1 

Question 6 
 

Complex 
numbers 

 
 

 
 
(a) Determine the exact polar form for z2 . (2 marks) 
 

 
 

(b) Plot the complex number w = z1 × (z2)–1 on the Argand diagram above. (3 marks) 
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2021 

Section 1 
Question 1 

 
Complex 
numbers 

 
 
(a) Arg ( – z). (1 mark) 
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(b) |z + 2|. (3 marks) 
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2021 
Section 1 

Question 6 
 

Complex 
numbers 

 
 

 
 

 
 

 
 

 
 

 
2021 

Section 1 
Question 7 

 
Complex 
numbers 

The number 2021 can be expressed as a product of two consecutive prime numbers: 43 × 47 = 
2021. 
 
Consider the complex equation z 43 = 1. 
 
(a) Write an expression for the roots of z 43 = 1. (2 marks) 
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Let w be any one of the roots of the equation z 43 = 1. 
 
(b) How many of these roots will also be a solution of the equation z 47 = 1? Justify your answer. (3 
marks) 
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Unit 3.1 – Complex numbers – Marking Guide – Section 1 
Essential Insight Exam Guide – 2025 Edition – Page 42 

2020 
Section 1 

Question 8 
 

Complex 
numbers 

(3 marks) 
 

 
 

 
2019 

Section 1 
Question 2 

 
Complex 
numbers 

 
 
(a) Show that (z – 2i) is a factor of P(z). (2 marks) 
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(b) Hence or otherwise, solve the equation P(z) = 0, giving solutions in the form a + bi. (4 marks) 
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2019 
Section 1 

Question 9 
 

Complex 
numbers 

 
(4 marks) 
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Marking Guide – Section 2 
 

2022 
Section 2 

Question 9 
 

Complex 
numbers 

(a) Sketch the locus of a complex number z satisfying the condition: 
 

(2 marks) 
 

 
 

(3 marks) 
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(c) The sketch of the locus of a complex number z has been shown below. Write equations or 
inequalities in terms of z (without using x = Re(z) or y = Im(z)) for the indicated locus. (3 marks) 
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2022 
Section 2 
Question 

18 
 

Complex 
numbers 
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2021 
Section 2 
Question 

11 
 

Complex 
numbers 

Two complex numbers z1 and z2 are shown in the Argand plane below. 
 

 
 
(a) Write the expression for z1 in exact polar form. (2 marks) 
 

 
 

(b) Write the expression for z1 in exact Cartesian form. (1 mark) 
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(c) Plot the complex number iz1 on the Argand diagram above. (2 marks) 
 

 

 
 

 
 

 
  



 

Unit 3.1 – Complex numbers – Marking Guide – Section 2 
Essential Insight Exam Guide – 2025 Edition – Page 51 

2020 
Section 2 
Question 

10 
 

Complex 
numbers 

(a) The sketch of the locus of a complex number z has been shown below. Write equations or 
inequalities in terms of z (without using x = Re(z) or y = Im(z)) for the indicated locus. (4 marks) 
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2020 
Section 2 
Question 

11 
 

Complex 
numbers 

Let z, w and u be complex numbers where: 
 

 
 
(a) Determine Arg(u) exactly. (3 marks) 
 

 
 

(b) Determine |u| exactly. (2 marks) 
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2020 
Section 2 
Question 

13 
 

Complex 
numbers 

(4 marks) 
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2020 
Section 2 
Question 

15 
 

Complex 
numbers 

 

 

 
 
(b) Express α = Arg(z − ri) in terms of θ where 0 < α < 2π. (3 marks) 
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2019 
Section 2 
Question 

10 
 

Complex 
numbers 

The sketch of the locus of a complex number z = x + iy is shown below. 
 

 
 
(a) Given that the equation for the above locus is written as Arg(z – z0 ) = kπ, determine the value of 
the constants z0 and k. (2 marks) 
 

 
 

(b) Determine the minimum value for |z – i| as an exact value. (3 marks) 
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2019 
Section 2 
Question 

12 
 

Complex 
numbers 

 
 
(a) Express w in the form w = r cisθ, where −π < θ ≤ π. (2 marks) 
 

 
 

The complex number z is represented in the Argand diagram below. 
 

 
 
(b) Express z exactly in the form z = a + bi. (2 marks) 
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(c) Determine the exact polar form for wz and w2 z. (2 marks) 
 

 
 

(d) On the Argand diagram on page 6, plot the position for wz and w2 z. Ensure that each position is 
labelled clearly. (2 marks) 
 

 
 

Consider the geometric transformation(s) applied to transform z → wz → w2 z → w3 z etc 
 
(e) Describe the geometric transformation(s) performed by the successive multiplication by w.  
(2 marks) 
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Unit 3.2 – Functions and sketching graphs 
 
Section 1 
 

2023 
Section 1 

Question 1 
 

Functions 
and 

sketching 
graphs 
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2023 
Section 1 

Question 4 
 

Functions 
and 

sketching 
graphs 

 
 
 

 (2 marks) 
 

 
 
 

 (2 marks) 
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 (2 marks) 
 
 
 
 
 
 
 
 
 
 
 

 (2 marks) 
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2022 

Section 1 
Question 1 

 
Functions 

and 
sketching 

graphs 

 
 
(a) Determine the exact value of g ( f (–5)). (2 marks) 
 
 
 
 
 
 
 
(b) Determine the domain for f (g (x)). (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Explain why function g is not a one-to-one function. (1 mark) 
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2022 
Section 1 

Question 2 
 

Functions 
and 

sketching 
graphs 

The graph of y = f (x) is shown below. 
 

 

(2 marks) 
 
 
 
 
 
 

(5 marks) 
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2021 
Section 1 

Question 2 
 

Functions 
and 

sketching 
graphs 

The graphs of functions f and g are shown below. 
 

 
 
(a) Sketch the graph of function f –1 on the same axes used for function f . (2 marks) 
 
 
 
(b) Explain why the inverse of g is not a function. (1 mark) 
 
 
 
 
 
 

(3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
(d) Determine the exact value for g ( f (0)) . (2 marks) 
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(e) Determine the domain for the function y = f (g ( x )) . Justify your answer. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2021 

Section 1 
Question 4 

 
Functions 

and 
sketching 

graphs 
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2020 
Section 1 

Question 3 
 

Functions 
and 

sketching 
graphs 

 
 
Determine the value of the constants a, b, c and d. Justify your answers. (6 marks) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2020 

Section 1 
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Question 5 
 

Functions 
and 

sketching 
graphs 

 

 
 
 
 

(4 marks) 
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(3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2020 

Section 1 
Question 6 

 
Functions 

and 
sketching 

graphs 

 
 
(a) Determine the defining rule for y = g (x). (2 marks) 
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(4 marks) 
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2019 
Section 1 

Question 4 
 

Functions 
and 

sketching 
graphs 

Functions f, g and h are defined such that: 
 

 
 
(a) Determine the defining rule for f (h (x)). (1 mark) 
 
 
 
 
 
 
 
(b) Determine the domain for f (h (x)). (2 marks) 
 
 
 
 
 
 
 
(c) Determine the range for f (h (x)). (2 marks) 
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2019 
Section 1 

Question 5 
 

Functions 
and 

sketching 
graphs 

The graph of y = g(x) is shown below. 
 

 
 
(a) Sketch the graph of y = g –1(x) on the axes above. (3 marks) 
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2019 
Section 1 

Question 7 
 

Functions 
and 

sketching 
graphs 

The graphs of y = f  (|x|) and y = | f  (x)| are shown below. 
 

 
 
 
 
 
Given that y = f –1(x) is also a function, sketch a possible graph for y = f (x) on the axes below. 
Justify your answer considering y = f –1(x). 
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Section 2 
 

2022 
Section 2 
Question 

15 
 

Functions 
and 

sketching 
graphs 

 
 

 
 
Determine the defining rule for f . (4 marks) 
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Marking Guide – Section 1 
 

2023 
Section 1 

Question 1 
 

Functions 
and 

sketching 
graphs 
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2023 
Section 1 

Question 4 
 

Functions 
and 

sketching 
graphs 

 
 
 

 (2 marks) 
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 (2 marks) 
 

 
 

(2 marks) 
 

 
 

 (2 marks) 
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2022 
Section 1 

Question 1 
 

Functions 
and 

sketching 
graphs 

 
 
(a) Determine the exact value of g ( f (–5)). (2 marks) 
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(b) Determine the domain for f (g (x)). (3 marks) 
 

 
 
(c) Explain why function g is not a one-to-one function. (1 mark) 
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2022 
Section 1 

Question 2 
 

Functions 
and 

sketching 
graphs 

The graph of y = f (x) is shown below. 
 

 
 

(2 marks) 
 

 
 

(5 marks) 
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2021 
Section 1 

Question 2 
 

Functions 
and 

sketching 
graphs 

The graphs of functions f and g are shown below. 
 

 
 
(a) Sketch the graph of function f –1 on the same axes used for function f . (2 marks) 
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(b) Explain why the inverse of g is not a function. (1 mark) 
 

 
 

(3 marks) 
 

 
 
(d) Determine the exact value for g ( f (0)) . (2 marks) 
 

 
 
(e) Determine the domain for the function y = f (g ( x )) . Justify your answer. (3 marks) 
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2021 
Section 1 

Question 4 
 

Functions 
and 

sketching 
graphs 
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2020 
Section 1 

Question 3 
 

Functions 
and 

sketching 
graphs 

 
 
Determine the value of the constants a, b, c and d. Justify your answers. (6 marks) 
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2020 
Section 1 

Question 5 
 

Functions 
and 

sketching 
graphs 

 
 

 
 
 
 

(4 marks) 
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(3 marks) 
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2020 
Section 1 

Question 6 
 

Functions 
and 

sketching 
graphs 

 
 
(a) Determine the defining rule for y = g (x). (2 marks) 
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(4 marks) 
 

 
 

 
2019 

Section 1 
Question 4 

 
Functions 

and 
sketching 

graphs 

Functions f, g and h are defined such that: 
 

 
 
(a) Determine the defining rule for f (h (x)). (1 mark) 
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(b) Determine the domain for f (h (x)). (2 marks) 
 

 
 

(c) Determine the range for f (h (x)). (2 marks) 
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2019 
Section 1 

Question 5 
 

Functions 
and 

sketching 
graphs 

The graph of y = g(x) is shown below. 
 

 
 
(a) Sketch the graph of y = g –1(x) on the axes above. (3 marks) 
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2019 
Section 1 

Question 7 
 

Functions 
and 

sketching 
graphs 

The graphs of y = f  (|x|) and y = | f  (x)| are shown below. 
 

 
 
 
 
 
Given that y = f –1(x) is also a function, sketch a possible graph for y = f (x) on the axes below. 
Justify your answer considering y = f –1(x). 
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Marking Guide – Section 2 
 

2022 
Section 2 
Question 

15 
 

Functions 
and 

sketching 
graphs 

 
 

 
 
Determine the defining rule for f . (4 marks) 
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Unit 3.3 – Vectors in three dimensions 
 
Section 1 
 

2023 
Section 1 

Question 5 
 

Vectors in 
three 

dimensions 

 
 
(a) Explain why these planes are not parallel. (1 mark) 
 
 
 
 
 
 
 
 
(b) State the geometric interpretation of the solution in the above simultaneous equations. (1 mark) 
 
 
 
 
 
 
 
 
(c) Determine the vector equation for the intersection of these two planes. (3 marks) 
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2022 
Section 1 

Question 5 
 

Vectors in 
three 

dimensions 

 
 
(a) Show that none of these planes is parallel to another. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Solve the above equations simultaneously. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) State the geometric interpretation of the solution obtained in part (b). (1 mark) 
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2022 

Section 2 
Question 

19 
 

Vectors in 
three 

dimensions 

 
 
(a) Determine the Cartesian equation for the ramp. (2 marks) 
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At night, the lamp L emits a bright light and illuminates the ramp. The position that is closest to the 
lamp will be the most brightly illuminated.  
 
(b) Determine the coordinates for the point on the ramp that is the most brightly illuminated. (4 
marks) 
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2020 
Section 1 

Question 2 
 

Vectors in 
three 

dimensions 

 
 
 

(3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Determine the Cartesian equation for plane П. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
2020 

Section 1 
Question 4 

 
Vectors in 

three 
dimensions 

Consider the equations for three planes, each written in Cartesian form: 
 

 
 
(a) Explain whether or not any of these planes are parallel. (2 marks) 
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(b) Solve the given system of simultaneous equations. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Give the geometric interpretation of the solution for this system of equations. (2 marks) 
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2020 
Section 2 
Question 

21 
 

Vectors in 
three 

dimensions 

The sketch of the graph of y = f   (x) is shown below. 
 

 
 
Consider the equation |f   (x)| = k where k is any real constant. 
 
Define function N (k) = the number of real solutions to the equation |f   (x)| = k. 
 
Sketch the graph of function N (k) on the axes below. 
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Section 2 
 

2023 
Section 2 

Question 9 
 

Vectors in 
three 

dimensions 

 
 
(a) Write the equation of the sphere in vector form. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
(b) Determine the point(s) of intersection between the line and the sphere. (3 marks) 
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2023 
Section 2 
Question 

14 
 

Vectors in 
three 

dimensions 

 
 

 (2 marks) 
 
 
 
 
 
 
 

 (2 marks) 
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2023 
Section 2 
Question 

16 
 

Vectors in 
three 

dimensions 

 
 
(a) Determine the initial acceleration vector and indicate this clearly on the diagram above. (3 marks) 
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(b) Calculate the length of the path taken by the fly, correct to 0.001 metres. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

2022 
Section 2 
Question 

10 
 

Vectors in 
three 

dimensions 

 
 

 
 
 
(a) State what the following definite integrals measure about the motion of the particle: 
 

(2 marks) 
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(2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 

(3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Determine the Cartesian equation for the path of the particle. (2 marks) 
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2022 
Section 2 
Question 

11 
 

Vectors in 
three 

dimensions 

A Formula One (F1) racing car has an initial displacement of 192 metres with an initial velocity of 24 
metres per second. It accelerates for a period of 11 seconds in a straight line so that its velocity v 
metres per second and displacement  x  metres are related by the equation: 
 

 
 
(a) Determine the acceleration a as a function of displacement x i.e. determine a(x). (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Determine the displacement x as a function of time t . (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Calculate the top speed reached and the distance travelled during the 11 second period of 
acceleration. (4 marks) 
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2021 
Section 2 

Question 9 
 

Vectors in 
three 

dimensions 

A beam of light completes three revolutions each minute from a lighthouse L that is 50 metres from 
a coastline. Determine the speed of the beam of light moving along the coast when it is at point P , 
100 metres up the coast, correct to the nearest 0.01 metres per second. (5 marks) 
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2021 
Section 2 
Question 

14 
 

Vectors in 
three 

dimensions 

On a Saturday afternoon, three separate family groups visit their local cinema to watch a feature 
movie. The cinema names this as DollarDay where the ticket prices for adults, children and 
pensioners are charged in whole dollar amounts. 
 
The table below indicates the number of people in each category and the total paid for each family 
group. 
 

 
 
(a) Formulate the equations that can be used to determine the ticket prices. (1 mark) 
 
 
 
 
 
 
 
(b) Using the equations formed, determine the total cost for a group consisting of 1 child 
accompanied by 2 pensioners. (2 marks) 
 
 
 
 
 
 
(c) Solve simultaneously the equations formulated in part (a). (2 marks) 
 
 
 
 
 
 
 
 
(d) Explain the geometric interpretation of the equations and the simultaneous solution. (2 marks) 
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Now assume that the price for an adult is greater than the price for a child and that the price for a 
pensioner is the lowest priced ticket. 
 
(e) Determine the ticket prices for adults, children and pensioners on DollarDay. (3 marks) 
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2021 
Section 2 
Question 

16 
 

Vectors in 
three 

dimensions 

A rectangular prism is defined using the coordinate system shown with A (2, 0, 0), C (0, 4, 0) and T 
(0, 0, 3). Point M is the centre of the planar face OCFT with coordinates (0, 2, 1.5). 
 

 
 

(a) Determine the vector equation for the prism’s main diagonal 𝐵� ⃡     . (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Determine the Cartesian equation of the sphere that contains all vertices of the rectangular 
prism. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 

(c) Prove, using a vector method, that line �� ⃡      does not intersect 𝐵� ⃡     . (3 marks) 
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2021 

Section 2 
Question 

19 
 

Vectors in 
three 

dimensions 

 
 

 
 
The ski jumper’s suit and skis decrease the horizontal velocity x'(t) so that x'(t) = 32e – 0.05t . 
 
(a) Show that x(t) = 740 – 640e – 0.05t . (2 marks) 
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It is found that the expression for the position vector for the skier during the flight is given by: 
 

 
 
(b) Calculate the height of the skier above the sloped ground after 3 seconds of flight, correct to the 
nearest 0.01 metre. (3 marks) 
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It can be shown that the Cartesian equation for the skier’s flight is given by: 
 

 
 
(d) Calculate the time taken for the skier to land on the sloped ground, correct to the nearest 0.01 
second. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(e) Calculate the angle at which the skier impacts the sloped ground, correct to the nearest 0.1 
degree. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  



 

Unit 3.3 – Vectors in three dimensions – Section 2 
Essential Insight Exam Guide – 2025 Edition – Page 117 

2020 
Section 2 
Question 

14 
 

Vectors in 
three 

dimensions 

A particle travels in a straight line so that its velocity v cm per second and displacement x cm are 
related by the equation: 
 

 
 
(a) Determine the acceleration a in terms of its displacement x. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
(b) Does the particle’s motion constitute simple harmonic motion? Justify your answer. (1 mark) 
 
 
 
 
 
 
 
 
 
 
It is known that the initial displacement of the particle is x = 4 cm. 
 
(c) Determine, correct to the nearest 0.01 second, when the particle has a displacement of 2 cm. (2 
marks) 
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2019 
Section 2 
Question 

13 
 

Vectors in 
three 

dimensions 

 
 
(a) Determine the starting position of the particle and mark this as point A on the diagram above. (1 
mark) 
 
 
 
 
 
 
 
 
 
(b) Determine the initial velocity of the particle and illustrate this on the diagram above. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
(c) Write the expression, in terms of trigonometric functions, for the distance the particle would travel 
in completing one circuit of the given path. Do not evaluate this expression. (3 marks) 
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(d) Determine the Cartesian equation for the path of the particle. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2019 

Section 2 
Question 

16 
 

Vectors in 
three 

dimensions 

Plane Π1 has Cartesian equation z = 2x + y + 4. 
 
(a) Determine a vector that is normal to plane Π1 . (2 marks) 
 
 
 
 
 
 
 
 
 
 

 
 
(b) Determine the point of intersection between line L and plane Π1 . (3 marks) 
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Plane Π2 contains line L and is perpendicular to plane Π1 . 
 
(c) Determine the vector equation for plane Π2 . (4 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
(d) Determine whether line L is a tangent to sphere S. Justify your answer. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2019 

Section 2 
Question 

19 
 

Vectors in 
three 

dimensions 

Two parallel planes Π1 and Π2 have their equations given by: 
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Marking Guide – Section 1 
 

2023 
Section 1 

Question 5 
 

Vectors in 
three 

dimensions 

 
 
(a) Explain why these planes are not parallel. (1 mark) 
 

 
 
(b) State the geometric interpretation of the solution in the above simultaneous equations. (1 mark) 
 

 
 
(c) Determine the vector equation for the intersection of these two planes. (3 marks) 
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2022 
Section 1 

Question 5 
 

Vectors in 
three 

dimensions 

 
 
(a) Show that none of these planes is parallel to another. (2 marks) 
 

 
 
b) Solve the above equations simultaneously. (3 marks) 
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(c) State the geometric interpretation of the solution obtained in part (b). (1 mark) 
 

 
 

 
2022 

Section 2 
Question 

19 
 

Vectors in 
three 

dimensions 

 
 
(a) Determine the Cartesian equation for the ramp. (2 marks) 
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At night, the lamp L emits a bright light and illuminates the ramp. The position that is closest to the 
lamp will be the most brightly illuminated.  
 
(b) Determine the coordinates for the point on the ramp that is the most brightly illuminated. (4 
marks) 
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2020 
Section 1 

Question 2 
 

Vectors in 
three 

dimensions 

 
 
 

(3 marks) 
 

 
 

(b) Determine the Cartesian equation for plane П. (2 marks) 
 

 
 

 
2020 

Section 1 
Question 4 

 
Vectors in 

three 
dimensions 

Consider the equations for three planes, each written in Cartesian form: 
 

 
 
(a) Explain whether or not any of these planes are parallel. (2 marks) 
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(b) Solve the given system of simultaneous equations. (3 marks) 
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(c) Give the geometric interpretation of the solution for this system of equations. (2 marks) 
 

 
 

 
2020 

Section 2 
Question 

21 
 

Vectors in 
three 

dimensions 

The sketch of the graph of y = f   (x) is shown below. 
 

 
 
Consider the equation |f   (x)| = k where k is any real constant. 
 
Define function N (k) = the number of real solutions to the equation |f   (x)| = k. 
 
Sketch the graph of function N (k) on the axes below. 
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Marking Guide – Section 2 
 

2023 
Section 2 

Question 9 
 

Vectors in 
three 

dimensions 

 
 
(a) Write the equation of the sphere in vector form. (3 marks) 
 

 
 

 
 
(b) Determine the point(s) of intersection between the line and the sphere. (3 marks) 
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2023 
Section 2 
Question 

14 
 

Vectors in 
three 

dimensions 

 
 

 (2 marks) 
 

 
 

 (2 marks) 
 

 
 



 

Unit 3.3 – Vectors in three dimensions – Marking Guide – Section 2 
Essential Insight Exam Guide – 2025 Edition – Page 132 
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2023 
Section 2 
Question 

16 
 

Vectors in 
three 

dimensions 

 
 
(a) Determine the initial acceleration vector and indicate this clearly on the diagram above. (3 marks) 
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(b) Calculate the length of the path taken by the fly, correct to 0.001 metres. (2 marks) 
 

 
 

 
2022 

Section 2 
Question 

10 
 

Vectors in 
three 

dimensions 

 
 

 
 
 
(a) State what the following definite integrals measure about the motion of the particle: 
 

(2 marks) 
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(2 marks) 
 

 
 

(3 marks) 
 

 
 
(c) Determine the Cartesian equation for the path of the particle. (2 marks) 
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2022 
Section 2 
Question 

11 
 

Vectors in 
three 

dimensions 

A Formula One (F1) racing car has an initial displacement of 192 metres with an initial velocity of 24 
metres per second. It accelerates for a period of 11 seconds in a straight line so that its velocity v 
metres per second and displacement  x  metres are related by the equation: 
 

 
 
(a) Determine the acceleration a as a function of displacement x i.e. determine a(x). (2 marks) 
 

 
 
(b) Determine the displacement x as a function of time t . (2 marks) 
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(c) Calculate the top speed reached and the distance travelled during the 11 second period of 
acceleration. (4 marks) 
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2021 
Section 2 

Question 9 
 

Vectors in 
three 

dimensions 

A beam of light completes three revolutions each minute from a lighthouse L that is 50 metres from 
a coastline. Determine the speed of the beam of light moving along the coast when it is at point P , 
100 metres up the coast, correct to the nearest 0.01 metres per second. (5 marks) 
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2021 
Section 2 
Question 

14 
 

Vectors in 
three 

dimensions 

On a Saturday afternoon, three separate family groups visit their local cinema to watch a feature 
movie. The cinema names this as DollarDay where the ticket prices for adults, children and 
pensioners are charged in whole dollar amounts. 
 
The table below indicates the number of people in each category and the total paid for each family 
group. 
 

 
 
(a) Formulate the equations that can be used to determine the ticket prices. (1 mark) 
 

 
 
(b) Using the equations formed, determine the total cost for a group consisting of 1 child 
accompanied by 2 pensioners. (2 marks) 
 

 
 
(c) Solve simultaneously the equations formulated in part (a). (2 marks) 
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(d) Explain the geometric interpretation of the equations and the simultaneous solution. (2 marks) 
 

 
 
Now assume that the price for an adult is greater than the price for a child and that the price for a 
pensioner is the lowest priced ticket. 
 
(e) Determine the ticket prices for adults, children and pensioners on DollarDay. (3 marks) 
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2021 
Section 2 
Question 

16 
 

Vectors in 
three 

dimensions 

A rectangular prism is defined using the coordinate system shown with A (2, 0, 0), C (0, 4, 0) and T 
(0, 0, 3). Point M is the centre of the planar face OCFT with coordinates (0, 2, 1.5). 
 

 
 

(a) Determine the vector equation for the prism’s main diagonal 𝐵� ⃡     . (2 marks) 
 

 
 
(b) Determine the Cartesian equation of the sphere that contains all vertices of the rectangular 
prism. (3 marks) 
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(c) Prove, using a vector method, that line �� ⃡      does not intersect 𝐵� ⃡     . (3 marks) 
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2021 
Section 2 
Question 

19 
 

Vectors in 
three 

dimensions 

 
 

 
 
The ski jumper’s suit and skis decrease the horizontal velocity x'(t) so that x'(t) = 32e – 0.05t . 
 
(a) Show that x(t) = 740 – 640e – 0.05t . (2 marks) 
 

 
 
It is found that the expression for the position vector for the skier during the flight is given by: 
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(b) Calculate the height of the skier above the sloped ground after 3 seconds of flight, correct to the 
nearest 0.01 metre. (3 marks) 
 

 
 

 
 

 
 
It can be shown that the Cartesian equation for the skier’s flight is given by: 
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(d) Calculate the time taken for the skier to land on the sloped ground, correct to the nearest 0.01 
second. (3 marks) 
 

 
 
(e) Calculate the angle at which the skier impacts the sloped ground, correct to the nearest 0.1 
degree. (3 marks) 
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2020 
Section 2 
Question 

14 
 

Vectors in 
three 

dimensions 

A particle travels in a straight line so that its velocity v cm per second and displacement x cm are 
related by the equation: 
 

 
 
(a) Determine the acceleration a in terms of its displacement x. (2 marks) 
 

 
 
(b) Does the particle’s motion constitute simple harmonic motion? Justify your answer. (1 mark) 
 

 
 
It is known that the initial displacement of the particle is x = 4 cm. 
 
(c) Determine, correct to the nearest 0.01 second, when the particle has a displacement of 2 cm. (2 
marks) 
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2019 
Section 2 
Question 

13 
 

Vectors in 
three 

dimensions 

 
 
(a) Determine the starting position of the particle and mark this as point A on the diagram above. (1 
mark) 
 

 
 

(b) Determine the initial velocity of the particle and illustrate this on the diagram above. (3 marks) 
 

 
 

(c) Write the expression, in terms of trigonometric functions, for the distance the particle would travel 
in completing one circuit of the given path. Do not evaluate this expression. (3 marks) 
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(d) Determine the Cartesian equation for the path of the particle. (3 marks) 
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2019 
Section 2 
Question 

16 
 

Vectors in 
three 

dimensions 

Plane Π1 has Cartesian equation z = 2x + y + 4. 
 
(a) Determine a vector that is normal to plane Π1 . (2 marks) 
 

 
 

 
 
(b) Determine the point of intersection between line L and plane Π1 . (3 marks) 
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Plane Π2 contains line L and is perpendicular to plane Π1 . 
 
(c) Determine the vector equation for plane Π2 . (4 marks) 
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(d) Determine whether line L is a tangent to sphere S. Justify your answer. (3 marks) 
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2019 
Section 2 
Question 

19 
 

Vectors in 
three 

dimensions 

Two parallel planes Π1 and Π2 have their equations given by: 
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Unit 4 
 

Unit 4.1 – Integration and applications of integration 
 
Section 1 
 

2023 
Section 1 

Question 3 
 

Integration 
and 

applications 
of 

integration 

(5 marks) 
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2023 
Section 1 

Question 7 
 

Integration 
and 

applications 
of 

integration 
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2022 
Section 1 

Question 3 
 

Integration 
and 

applications 
of 

integration 
 (5 marks) 
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2021 
Section 1 

Question 8 
 

Integration 
and 

applications 
of 

integration 

 
 
 
(b) Show that the total area enclosed by the heart-shaped figure is given by: 
 

(2 marks) 
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2020 
Section 1 

Question 7 
 

Integration 
and 

applications 
of 

integration 

(5 marks) 
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2019 
Section 1 

Question 1 
 

Integration 
and 

applications 
of 

integration 

 
(4 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2019 

Section 1 
Question 3 

 
Integration 

and 
applications 

of 
integration 
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(3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2019 

Section 1 
Question 6 

 
Integration 

and 
applications 

of 
integration 

(6 marks) 
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2019 
Section 1 

Question 8 
 

Integration 
and 

applications 
of 

integration 

The top part of a wine glass is modelled by rotating the graph of x2 = y 2 (36 – x2 y) from y = 0 to y = 
5 about the y axis as shown below. Dimensions are measured in centimetres. 
 
 

 
 
(a) Show that the volume, V cm3 , when the glass is full is given by 
 

(1 mark) 
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(b) Determine the exact volume V cm3 . (4 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   



 

Unit 4.1 – Integration and applications of integration – Section 2 
Essential Insight Exam Guide – 2025 Edition – Page 167 

Section 2 
 

2023 
Section 2 

Question 18 
 

Integration 
and 

applications 
of 

integration 

 
 

 (3 marks) 
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(b) Calculate the exact area of the shaded region. (3 marks) 
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2022 
Section 2 

Question 13 
 

Integration 
and 

applications 
of 

integration 

 
 

 
 
 

 
 
(a) Explain, with reference to the graph above, why we know that there is one real and two complex 
solutions (a conjugate pair) to this cubic equation. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Determine the two exact complex solutions to the equation x3 – x2 – 5x + 21 = 0 . (2 marks) 
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(c) Calculate the area of the shaded region, correct to 0.001 square units. (4 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2022 

Section 2 
Question 17 

 
Integration 

and 
applications 

of 
integration 

 
 
(a) Calculate the volume of water that needs to be added to increase the depth of water from 6 cm 
to 32 cm. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Unit 4.1 – Integration and applications of integration – Section 2 
Essential Insight Exam Guide – 2025 Edition – Page 171 

Josie, an interior designer, uses a hose to add water to the vase. This hose has a water-saving 
device that regulates the rate at which water flows into the vase. This rate is given by: 
 

 
 
(b) If Josie has already poured 6000 cm3 , use the increments formula to calculate an approximation 
for the volume of water she will pour in the next 0.5 seconds. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To prevent an overflow of water, the device can be calibrated to switch off the flow after a set length 
of time using an in-built timer. 
 
(c) Calculate the rate of flow into the vase at the instant when the depth becomes 32 cm. (2 marks) 
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(d) Using separation of variables, obtain the defining rule for V (t). (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2021 

Section 2 
Question 13 

 
Integration 

and 
applications 

of 
integration 

A solid spherical cap with depth h is part of a solid sphere with radius 10 cm. This cap can be 
generated by revolving the shaded region about the x axis. 
 

 
 
(a) Show that the equation for the circle shown above is x2 + y2 = 20x . (1 mark) 
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(b) Develop an expression for the volume of the spherical cap in terms of h . (4 marks) 
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2020 
Section 2 

Question 9 
 

Integration 
and 

applications 
of 

integration 

 
 

 
 
Calculate, correct to the nearest 0.01 cm, the depth of wine in the glass if it is to contain 80% of its 
maximum volume. (4 marks) 
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2020 
Section 2 

Question 12 
 

Integration 
and 

applications 
of 

integration 

A cylindrical shaped tower has a path that spirals upwards from the ground to an observation deck 
at point B as shown in the diagram below. The path begins at point A on the ground and finishes at 
point B at the top. 
 
Let t = time in seconds that a tourist has been walking along the spiral path. The tourist takes 65 π 
seconds to reach point B. 
 
The tourist’s position on this path at any time t is given by: 
 

 
 

 
 
(a) Determine the height of the observation deck above the ground, correct to the nearest 0.01 
metres. (1 mark) 
 
 
 
 
 
 
 
 
 
 

(2 marks) 
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(c) Show that the tourist walks at a constant speed and determine this speed, correct to 0.01 metres 
per second. (3 marks) 
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2020 
Section 2 

Question 16 
 

Integration 
and 

applications 
of 

integration 

 
 

 
 
(a) Calculate the area, correct to 0.0001 square units, of the region that forms the interior of this 
curve. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
(b) By using the answer to part (a), determine whether this curve is a circle. Explain your answer. (2 
marks) 
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Marking Guide – Section 1 
 

2023 
Section 1 

Question 3 
 

Integration 
and 

applications 
of 

integration 

(5 marks) 
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2023 
Section 1 

Question 7 
 

Integration 
and 

applications 
of 

integration 
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2022 
Section 1 

Question 3 
 

Integration 
and 

applications 
of 

integration 
 (5 marks) 
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2021 
Section 1 

Question 8 
 

Integration 
and 

applications 
of 

integration 
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(b) Show that the total area enclosed by the heart-shaped figure is given by: 
 

(2 marks) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Unit 4.1 – Integration and applications of integration – Marking Guide – Section 1 
Essential Insight Exam Guide – 2025 Edition – Page 184 
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2020 
Section 1 

Question 7 
 

Integration 
and 

applications 
of 

integration 

(5 marks) 
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2019 
Section 1 

Question 1 
 

Integration 
and 

applications 
of 

integration 

 
(4 marks) 
 

 
 

 
2019 

Section 1 
Question 3 

 
Integration 

and 
applications 

of 
integration 
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(3 marks) 
 

 
 

 
2019 

Section 1 
Question 6 

 
Integration 

and 
applications 

of 
integration 

(6 marks) 
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2019 
Section 1 

Question 8 
 

Integration 
and 

applications 
of 

integration 

The top part of a wine glass is modelled by rotating the graph of x2 = y 2 (36 – x2 y) from y = 0 to y = 
5 about the y axis as shown below. Dimensions are measured in centimetres. 
 
 

 
 
(a) Show that the volume, V cm3 , when the glass is full is given by 
 

(1 mark) 
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(b) Determine the exact volume V cm3 . (4 marks) 
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Marking Guide – Section 2 
 

2023 
Section 2 

Question 18 
 

Integration 
and 

applications 
of 

integration 

 
 

 (3 marks) 
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(b) Calculate the exact area of the shaded region. (3 marks) 
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2022 
Section 2 

Question 13 
 

Integration 
and 

applications 
of 

integration 

 
 

 
 
 

 
 
(a) Explain, with reference to the graph above, why we know that there is one real and two complex 
solutions (a conjugate pair) to this cubic equation. (2 marks) 
 

 
 
(b) Determine the two exact complex solutions to the equation x3 – x2 – 5x + 21 = 0 . (2 marks) 
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(c) Calculate the area of the shaded region, correct to 0.001 square units. (4 marks) 
 

 
 

 
2022 

Section 2 
Question 17 

 
Integration 

and 
applications 

of 
integration 

 
 
(a) Calculate the volume of water that needs to be added to increase the depth of water from 6 cm 
to 32 cm. (3 marks) 
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Josie, an interior designer, uses a hose to add water to the vase. This hose has a water-saving 
device that regulates the rate at which water flows into the vase. This rate is given by: 
 

 
 
(b) If Josie has already poured 6000 cm3 , use the increments formula to calculate an approximation 
for the volume of water she will pour in the next 0.5 seconds. (2 marks) 
 

 
 
To prevent an overflow of water, the device can be calibrated to switch off the flow after a set length 
of time using an in-built timer. 
 
(c) Calculate the rate of flow into the vase at the instant when the depth becomes 32 cm. (2 marks) 
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(d) Using separation of variables, obtain the defining rule for V (t). (3 marks) 
 

 
 

 
2021 

Section 2 
Question 13 

 
Integration 

and 
applications 

of 
integration 

A solid spherical cap with depth h is part of a solid sphere with radius 10 cm. This cap can be 
generated by revolving the shaded region about the x axis. 
 

 
 
(a) Show that the equation for the circle shown above is x2 + y2 = 20x . (1 mark) 
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(b) Develop an expression for the volume of the spherical cap in terms of h . (4 marks) 
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2020 
Section 2 

Question 9 
 

Integration 
and 

applications 
of 

integration 

 
 

 
 
Calculate, correct to the nearest 0.01 cm, the depth of wine in the glass if it is to contain 80% of its 
maximum volume. (4 marks) 
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2020 
Section 2 

Question 12 
 

Integration 
and 

applications 
of 

integration 

A cylindrical shaped tower has a path that spirals upwards from the ground to an observation deck 
at point B as shown in the diagram below. The path begins at point A on the ground and finishes at 
point B at the top. 
 
Let t = time in seconds that a tourist has been walking along the spiral path. The tourist takes 65 π 
seconds to reach point B. 
 
The tourist’s position on this path at any time t is given by: 
 

 
 

 
 
(a) Determine the height of the observation deck above the ground, correct to the nearest 0.01 
metres. (1 mark) 
 

 
 

(2 marks) 
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(c) Show that the tourist walks at a constant speed and determine this speed, correct to 0.01 metres 
per second. (3 marks) 
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2020 
Section 2 

Question 16 
 

Integration 
and 

applications 
of 

integration 

 
 

 
 
(a) Calculate the area, correct to 0.0001 square units, of the region that forms the interior of this 
curve. (3 marks) 
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(b) By using the answer to part (a), determine whether this curve is a circle. Explain your answer. (2 
marks) 
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Unit 4.2 – Rates of change and differential equations 
 
Section 1 
 

2022 
Section 1 

Question 4 
 

Rates of 
change and 
differential 
equations 
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(5 marks) 
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2022 
Section 1 

Question 7 
 

Rates of 
change and 
differential 
equations 

 
 

 
 
(a) Using implicit differentiation, determine the equation of the tangent drawn at x = 0 . (3 marks) 
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(b) Write the expression for the area of the shaded region. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Evaluate this area exactly. (3 marks) 
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2021 
Section 1 

Question 3 
 

Rates of 
change and 
differential 
equations 

 
(5 marks) 
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2021 
Section 1 

Question 5 
 

Rates of 
change and 
differential 
equations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(3 marks) 
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2020 
Section 1 

Question 1 
 

Rates of 
change and 
differential 
equations 

(3 marks) 
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Section 2 
 

2023 
Section 2 
Question 

11 
 

Rates of 
change and 
differential 
equations 

 
 

 
 
 
 
 
 
 
 
 
(b) Determine the equation for the solution curve that contains the point (1, 2) and draw this curve on 
the diagram above. (3 marks) 
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2023 
Section 2 
Question 

17 
 

Rates of 
change and 
differential 
equations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(2 marks) 
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2023 
Section 2 
Question 

19 
 

Rates of 
change and 
differential 
equations 

 
 

 (3 marks) 
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(c) Determine the initial speed of the ball’s shadow, correct to the nearest 0.01 metres per second. 
(3 marks) 
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(e) Determine the fastest rate at which the shadow moves (correct to the nearest 0.01 metres per 
second) and the time when this occurs (correct to the nearest 0.01 seconds). (3 marks) 
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2022 
Section 2 

Question 8 
 

Rates of 
change and 
differential 
equations 

A regular hexagon expands so that the length of each side increases at a rate of 0.5 cm per second. 
Assuming that the polygon maintains its shape, determine the rate at which the area is increasing 
when the side length is 4 cm. (4 marks) 
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2022 
Section 2 
Question 

16 
 

Rates of 
change and 
differential 
equations 

 
 
(a) For 0 ≤ t ≤ 4 , using the growth rate equation explain the variation of the population. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
At the end of the fourth day, the environment for the ant colony improves dramatically so that its 
limiting population is increased to 300. 
 
(b) Sketch, on the axes above, the expected variation of the population for t > 4 days, using the 
increased limiting population value. (2 marks) 
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2021 
Section 2 
Question 

10 
 

Rates of 
change and 
differential 
equations 

 
 
(a) Calculate and draw the slope field at the point (0.5, – 1) . (3 marks) 
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(b) Determine the equation of the solution curve that contains the point (0, 0.5) . (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Draw the solution curve that contains the point (0, 0.5) . (2 marks) 
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2021 
Section 2 
Question 

12 
 

Rates of 
change and 
differential 
equations 

 
 
(a) Determine the values of A and n . (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Determine the horizontal acceleration, correct to the nearest 0.001 m/s2 , when the horizontal 
displacement is 10 metres. (3 marks) 
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2021 
Section 2 
Question 

18 
 

Rates of 
change and 
differential 
equations 

The equation x3 + y3 = 3xy + y implicitly defines the curve shown below. 
 

 
 

(3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
The slope of the curve at the origin O and points A and B is equal to zero. 
 
(b) Show that the equation that determines the x coordinates for points A and B is given  
by x4 –2x – 1 = 0 and hence determine the coordinates for point A correct to 0.001. (3 marks) 
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2020 
Section 2 
Question 

19 
 

Rates of 
change and 
differential 
equations 

The population P(t) of sardines in an ocean, measured in million tonnes after t years, was modelled 
by the logistic equation: 
 

 
 
The graph of this model is shown below. This graph contains a point of inflection at point I. 
 
 
 
 

 
 
(a) Calculate the size of the sardine ocean population at t = 0. (2 marks) 
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(c) When the sardine population is 500 000 tonnes, use the technique of increments to calculate the 
approximate change in population in the next month. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
(d) Determine the maximum rate of growth of the sardine population. (2 marks) 
 
 
 
 
 
 
 
 
 
 
Suppose that the initial population of sardines was 1.3 million tonnes. 
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2020 
Section 2 
Question 

20 
 

Rates of 
change and 
differential 
equations 

 
 

 (5 marks) 
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2019 

Section 2 
Question 

11 
 

Rates of 
change and 
differential 
equations 

 
 
(a) Calculate the value of the slope field at the point (2,0). (1 mark) 
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(b) On the diagram above, draw the solution curve that contains the point (2,0). (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Determine the equation for the solution curve that contains the point (2,0). (3 marks) 
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2019 
Section 2 
Question 

17 
 

Rates of 
change and 
differential 
equations 

In Australia, the killing of humpback whales was banned in 1963. 
 
At the end of 2018, 45 years later, the population P of migrating humpback whales off the coast of 
Western Australia was estimated at 30 000, i.e. P(45) = 30 000. 
 
(a) Assuming that the population of humpback whales had been increasing at an instantaneous rate 
equal to 10% of the population, estimate the number of humpback whales at the end of 1963. (3 
marks) 
 
 
 
 
 
 
 
 
 
 
 
To model the growth in the population from the end of 2018, a marine biologist suggests that the 
rate of growth be modelled by the equation below. 
 

 
 
The biologist re-defines P(0) = 30 000, i.e. t = number of years from the end of 2018. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Hence determine the year during which the population of humpback whales off the coast of 
Western Australia will reach double that estimated at the end of 2018. (2 marks) 
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(d) State the major difference in the variation in the population P(t) using the model in part (b) 
compared with that in part (a). (1 mark) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2019 

Section 2 
Question 

18 
 

Rates of 
change and 
differential 
equations 

A ferris wheel has a radius of 80 metres and rotates in an anticlockwise direction at a rate of one 
revolution every 72 seconds. The ferris wheel has 16 cars that are equally spaced around the wheel 
as shown in the diagram. 
 
A coordinate system is set up so that the centre of the ferris wheel is at the origin and the ground 
level has equation y = –80. Passengers begin their ride when a car is at position A (0,–80). 
 
Consider a passenger in a car at position P. 
 

 
 
 

(1 mark) 
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(1 mark) 
 
 
 
 
 
 
(c) Determine how quickly a passenger is moving upward when they are 100 metres above the 
ground, correct to the nearest 0.01 metres per second. (4 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
(d) Show that function y (t) satisfies the condition for simple harmonic motion. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A different passenger happens to be in a car that is two cars ahead of a particular car on the ferris 
wheel. 
 
(e) At what speed, correct to the nearest 0.01 metres per second, is the trailing passenger moving 
upward when the other passenger is moving downward at exactly the same speed? (3 marks) 
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Marking Guide – Section 1 
 

2022 
Section 1 

Question 4 
 

Rates of 
change and 
differential 
equations 
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(5 marks) 
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2022 
Section 1 

Question 7 
 

Rates of 
change and 
differential 
equations 

 
 

 
 
(a) Using implicit differentiation, determine the equation of the tangent drawn at x = 0 . (3 marks) 
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(b) Write the expression for the area of the shaded region. (2 marks) 
 

 
 

(c) Evaluate this area exactly. (3 marks) 
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2021 
Section 1 

Question 3 
 

Rates of 
change and 
differential 
equations 

 
(5 marks) 
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2021 
Section 1 

Question 5 
 

Rates of 
change and 
differential 
equations 

 
 

 
 

(3 marks) 
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2020 
Section 1 

Question 1 
 

Rates of 
change 

and 
differential 
equations 

(3 marks) 
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Marking Guide – Section 2 
 

2023 
Section 2 
Question 

11 
 

Rates of 
change and 
differential 
equations 

 
 

 
 

 
 
(b) Determine the equation for the solution curve that contains the point (1, 2) and draw this curve on 
the diagram above. (3 marks) 
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2023 
Section 2 
Question 

17 
 

Rates of 
change and 
differential 
equations 

 
 

 
 

(2 marks) 
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2023 
Section 2 
Question 

19 
 

Rates of 
change and 
differential 
equations 

 
 

 (3 marks) 
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(c) Determine the initial speed of the ball’s shadow, correct to the nearest 0.01 metres per second. 
(3 marks) 
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(e) Determine the fastest rate at which the shadow moves (correct to the nearest 0.01 metres per 
second) and the time when this occurs (correct to the nearest 0.01 seconds). (3 marks) 
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2022 
Section 2 

Question 8 
 

Rates of 
change and 
differential 
equations 

A regular hexagon expands so that the length of each side increases at a rate of 0.5 cm per second. 
Assuming that the polygon maintains its shape, determine the rate at which the area is increasing 
when the side length is 4 cm. (4 marks) 
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2022 
Section 2 
Question 

16 
 

Rates of 
change and 
differential 
equations 

 
 

 
 
(a) For 0 ≤ t ≤ 4 , using the growth rate equation explain the variation of the population. (2 marks) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Unit 4.2 – Rates of change and differential equations – Marking Guide – Section 2 
Essential Insight Exam Guide – 2025 Edition – Page 247 

At the end of the fourth day, the environment for the ant colony improves dramatically so that its 
limiting population is increased to 300. 
 
(b) Sketch, on the axes above, the expected variation of the population for t > 4 days, using the 
increased limiting population value. (2 marks) 
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2021 
Section 2 
Question 

10 
 

Rates of 
change and 
differential 
equations 

 
 
(a) Calculate and draw the slope field at the point (0.5, – 1) . (3 marks) 
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(b) Determine the equation of the solution curve that contains the point (0, 0.5) . (3 marks) 
 

 
 

(c) Draw the solution curve that contains the point (0, 0.5) . (2 marks) 
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2021 
Section 2 
Question 

12 
 

Rates of 
change and 
differential 
equations 

 
 
(a) Determine the values of A and n . (3 marks) 
 

 
 

(b) Determine the horizontal acceleration, correct to the nearest 0.001 m/s2 , when the horizontal 
displacement is 10 metres. (3 marks) 
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2021 
Section 2 
Question 

18 
 

Rates of 
change and 
differential 
equations 

The equation x3 + y3 = 3xy + y implicitly defines the curve shown below. 
 

 
 

(3 marks) 
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The slope of the curve at the origin O and points A and B is equal to zero. 
 
(b) Show that the equation that determines the x coordinates for points A and B is given  
by x4 –2x – 1 = 0 and hence determine the coordinates for point A correct to 0.001. (3 marks) 
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2020 
Section 2 
Question 

19 
 

Rates of 
change and 
differential 
equations 

The population P(t) of sardines in an ocean, measured in million tonnes after t years, was modelled 
by the logistic equation: 
 

 
 
The graph of this model is shown below. This graph contains a point of inflection at point I. 
 
 
 
 

 
 
(a) Calculate the size of the sardine ocean population at t = 0. (2 marks) 
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(c) When the sardine population is 500 000 tonnes, use the technique of increments to calculate the 
approximate change in population in the next month. (3 marks) 
 

 
 
(d) Determine the maximum rate of growth of the sardine population. (2 marks) 
 

 
 
Suppose that the initial population of sardines was 1.3 million tonnes. 
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2020 
Section 2 
Question 

20 
 

Rates of 
change and 
differential 
equations 

 
 

 (5 marks) 
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2019 
Section 2 
Question 

11 
 

Rates of 
change and 
differential 
equations 

 
 
(a) Calculate the value of the slope field at the point (2,0). (1 mark) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Unit 4.2 – Rates of change and differential equations – Marking Guide – Section 2 
Essential Insight Exam Guide – 2025 Edition – Page 259 

(b) On the diagram above, draw the solution curve that contains the point (2,0). (2 marks) 
 

 

 
 
(c) Determine the equation for the solution curve that contains the point (2,0). (3 marks) 
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2019 
Section 2 
Question 

17 
 

Rates of 
change and 
differential 
equations 

In Australia, the killing of humpback whales was banned in 1963. 
 
At the end of 2018, 45 years later, the population P of migrating humpback whales off the coast of 
Western Australia was estimated at 30 000, i.e. P(45) = 30 000. 
 
(a) Assuming that the population of humpback whales had been increasing at an instantaneous rate 
equal to 10% of the population, estimate the number of humpback whales at the end of 1963. (3 
marks) 
 

 
 
To model the growth in the population from the end of 2018, a marine biologist suggests that the 
rate of growth be modelled by the equation below. 
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The biologist re-defines P(0) = 30 000, i.e. t = number of years from the end of 2018. 
 

 
 

 
 
(c) Hence determine the year during which the population of humpback whales off the coast of 
Western Australia will reach double that estimated at the end of 2018. (2 marks) 
 

 
 
(d) State the major difference in the variation in the population P(t) using the model in part (b) 
compared with that in part (a). (1 mark) 
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2019 
Section 2 
Question 

18 
 

Rates of 
change and 
differential 
equations 

A ferris wheel has a radius of 80 metres and rotates in an anticlockwise direction at a rate of one 
revolution every 72 seconds. The ferris wheel has 16 cars that are equally spaced around the wheel 
as shown in the diagram. 
 
A coordinate system is set up so that the centre of the ferris wheel is at the origin and the ground 
level has equation y = –80. Passengers begin their ride when a car is at position A (0,–80). 
 
Consider a passenger in a car at position P. 
 

 
 
 

(1 mark) 
 

 
 

(1 mark) 
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(c) Determine how quickly a passenger is moving upward when they are 100 metres above the 
ground, correct to the nearest 0.01 metres per second. (4 marks) 
 
 

 
 
(d) Show that function y (t) satisfies the condition for simple harmonic motion. (2 marks) 
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A different passenger happens to be in a car that is two cars ahead of a particular car on the ferris 
wheel. 
 
(e) At what speed, correct to the nearest 0.01 metres per second, is the trailing passenger moving 
upward when the other passenger is moving downward at exactly the same speed? (3 marks) 
 

 
 

 
 
  



 

Unit 4.3 – Statistical inference – Section 1 
Essential Insight Exam Guide – 2025 Edition – Page 265 

Unit 4.3 – Statistical inference 
 
Section 1 
 
There have been no questions on this topic for this section in the exams of recent years. 
 
Section 2 
 

2023 
Section 2 
Question 

13 
 

Statistical 
inference 

 
 

 (3 marks) 
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Anja, a quality control officer, wants a 95% confidence interval based on a sample size of 100 with a 
width of no more than 0.1 kg. 
 
(d) What is the maximum standard deviation for this confidence interval? (2 marks) 
 
 
 
 
 
 
 
 
 
 
Over the next 50 days, Ben, who is a data collection agent, takes random samples of size 100 each 
day and a 95% confidence interval is calculated for each sample. Ten of these 50 intervals (20% of 
the intervals) have a lower bound that is less than 1.00 kg. Ben claims that this indicates that the 
mean weight of the packaging is set too low. 
 
(e) Is Ben correct? Justify your response. (2 marks) 
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2023 
Section 2 
Question 

15 
 

Statistical 
inference 

 
 

 (2 marks) 
 
 
 
 
 
 
 
 
(b) Calculate the standard deviation of the sample mean. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
(c) State two reasons why Ali is not correct. (2 marks) 
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A data analyst discovers that the sample size was actually 2n. In addition to this, the sample mean 
was actually $2000 more than that originally determined. 
 
(d) Re-calculate the 99% confidence interval for the population mean on the basis of the updated 
information. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2022 

Section 2 
Question 

12 
 

Statistical 
inference 

The inner diameter of a cylinder in a motor car engine is critical to its performance. Let  μ mm 
denote the population mean cylinder diameter produced by a manufacturing process. A random 
sample, R1 , of 100 cylinder diameters is taken and the standard deviation for this sample was found 
to be 1 mm. 
 

 
 

(3 marks) 
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From random sample R1 , a 95% confidence interval for μ is formed. 
 
(c) Calculate the width of this confidence interval, correct to 0.001. (2 marks) 
 
 
 
 
 
 
 
Lilian, the production manager, wishes to decrease the width of the confidence interval. She 
suggests: 
 
“We can form sample R2 by using the data from sample R1 and then combining this data with itself to 
form a sample with 200 observations. Using n = 200 will decrease the width of the confidence 
interval.” 
 
(d) State two major problems with using this idea. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2022 

Section 2 
Question 

14 
 

Statistical 
inference 

The annual incomes (in thousands of dollars) of a random sample of n Australians is taken. The 
sample standard deviation is 10.98. A 99% confidence interval I1 based on this sample is 90 ≤ μ ≤ 

94. 
 
(a) Calculate the value of the sample size n . (2 marks) 
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Another random sample of size n is taken and a 99% confidence interval I2 is calculated. 
 
(b) State two aspects in which the intervals I1 and I2 may be different. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A third random sample of size 50 is taken and a 99% confidence interval I3 is calculated. James 
suggests that since interval I3 is the widest, it is more likely to contain the population mean 
Australian income μ . 
 
(c) Is James correct? Justify your answer. (2 marks) 
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2020 
Section 2 
Question 

18 
 

Statistical 
inference 

The mass of chocolate that is placed into each biscuit produced by the BikkiesAreUs company has 
been observed to be normally distributed with mean µ = 7.5 grams and standard deviation σ = 1.5 
grams. 
 
(a) Determine the probability, correct to 0.01, that the total amount of chocolate used for 50 biscuits 
is less than 365 grams. (4 marks) 
 
 
 
 
 
 
 
 
(b) If the probability that the mean amount of chocolate used per biscuit differs from µ by less than 
0.2 grams is 98%, determine n, the number of biscuits that need to be sampled. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A competitor company called YouBeautChokkies produces similar biscuits. A sample of 144 biscuits 
was taken and it was found that the standard deviation of the mass of chocolate used in each biscuit 
was 1.8 grams and the total amount of chocolate used in the sample of 144 biscuits was 1.09 kg. 
 
Charlie Chokka, a representative from the YouBeautChokkies company, stated that “we are using 
significantly more chocolate for each biscuit than BikkiesAreUs. If you want that real chocolate taste, 
then buy from us!” 
 
(c) Perform the necessary calculations to comment on Charlie’s claim. (4 marks) 
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2021 
Section 2 
Question 

15 
 

Statistical 
inference 

An experiment was conducted to measure how quickly adults respond to the request: ‘send me a 
text message’. 
 
Let T = the number of hours taken for an adult to respond and send a text message. 
 
It was found that the distribution of the population of response times for adults was given by the 
probability density function shown below, with mean µ = 3 hours and standard deviation σ = 2.4 
hours. 
 

 
 
 
Random samples of size 64 are drawn repeatedly from the population of response times and the 

sample mean response time �̅ is determined for each sample. 
 
(a) Calculate, correct to 0.001, the probability that a sample mean response time will be between 
150 minutes and 210 minutes. (3 marks) 
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(b) Sketch the likely distribution of the sample mean �̅ (for samples of size 64) on the axes below. (2 
marks) 
 

 
 
 
Anika, a teacher at the TekNoCrat School, theorises that as teenagers tend to check their text 
messages more frequently than adults, then the population mean response time for teenagers will 
be much lower than the population mean adult response time µ = 3 . 
 
Anika is then presented with the sample mean response time for a sample gathered from an 
unknown source. 
 

 
 
Calculations are performed and Anika concludes by stating: ‘this sample was clearly not taken from 
the population of adult response times. It is highly likely that this sample was taken from a sample of 
100 teenagers’. 
 
(c) Perform the necessary calculations and comment on Anika’s claim. (4 marks) 
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2021 
Section 2 
Question 

17 
 

Statistical 
inference 

A researcher is interested in estimating the population mean µ (dollars) that Perth residents had 
spent via online shopping in December 2020. A random sample of size n gave a sample mean of 
$400, a sample standard deviation s and a 95% confidence interval of width $200. 
 
(a) State the 95% confidence interval obtained. (1 mark) 
 
 
 
 
 
(b) Calculate the standard deviation of the sample mean, correct to $0.01. (2 marks) 
 
 
 
 
 
 
 
(c) In terms of n, what sample size would yield a 95% confidence interval of width $50? Show your 
reasoning. (2 marks) 
 
 
 
 
 
 
 
(d) What is the probability that another sample of size 2n would produce a sample mean that differs 
from µ by more than $50? (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Four different confidence intervals (A, B, C and D) are obtained for the mean amount spent via 
online shopping by Perth residents in December 2020. 
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(e) Which of the confidence intervals (A, B, C or D) contains µ , the population mean expenditure for 
online shopping in December 2020? Justify your answer. (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
(f) For each of the following, state the confidence interval that has the smaller width. Justify your 
answers. 
 
(i) A and B. (1 mark) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(ii) C and D. (1 mark) 
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2020 
Section 2 
Question 

17 
 

Statistical 
inference 

Members of a random sample of n shoppers at the El Cheepo shopping centre were asked by a 
consumer researcher how much they had spent in the shopping centre that day. Let µ denote the 
mean and σ the standard deviation of the amount spent. The standard deviation σ is known from 
previous research. 
 
A 95% confidence interval for µ based on the sample is 150 ≤ µ ≤ 200 dollars. 
 
(a) Determine the sample mean for this sample. (1 mark) 
 
 
 
 
 
(b) Based on this confidence interval, calculate the standard deviation of the sample mean, correct 
to 0.01. (3 marks) 
 
 
 
 
 
 
 
 
The following week, the researcher again took a random sample of shoppers from the El Cheepo 
shopping centre, but this time the sample size was doubled. 
 
(c) What is the probability that the difference between µ and the sample mean from this sample will 
be less than $10? (4 marks) 
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2019 
Section 2 
Question 

14 
 

Statistical 
inference 

Trucks carrying iron ore for the Croc Rock mining company arrive at a weighing station. The service 
time T per truck is defined to be the time elapsed from the moment a truck enters the station zone, 
including the time to be positioned and then weighed, up to the time it leaves the zone. 
 
It is known that the population mean μ(T ) = 80 seconds and the population standard deviation σ(T ) 
= 20 seconds. 
 
At the Croc Rock weighing station, 100 trucks are weighed. 
 
(a) State the (approximate) distribution of the sample mean service time per truck for the 100 trucks. 
(3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
(b) What is the probability that the sample mean service time will be more than 83 seconds? (2 
marks) 
 
 
 
 
 
 
 
 
 
 
Suppose that more than 100 trucks were weighed at the Croc Rock weighing station. 
 
(c) How would this affect your answer to part (b)? Explain without recalculation. (2 marks) 
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It is desired that the probability that the sample mean service time will be between 80 seconds and 
82 seconds is greater than 40%. 
 
(d) Determine the minimum number of trucks that will need to be weighed. (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2019 

Section 2 
Question 

15 
 

Statistical 
inference 

A random sample of n commuters in Melbourne in August 2018 found that the average time to 
commute to work was 40 minutes. Repeated sampling of the mean indicated that the standard 
deviation of the sample mean was 3 minutes. 
 
(a) Determine a 90% confidence interval for the population mean commuting time μ to work, correct 
to 0.01 minutes. (3 marks) 
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Another random sample of 2n commuters in November 2018 found that the average time to 
commute to work was 45 minutes. Assume that both the August and November samples were 
drawn from the same population. 
 
(b) What is the standard deviation of the sample mean for the November sample, correct to 0.01 
minutes? (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Suppose that the August and November samples are combined to form a sample with 3n 
commuters. Consider 90% confidence intervals for the following samples for the purpose of 
determining the population mean commuting time μ. 
 

 
 
(c) Which of the three confidence intervals, A, N or C, will provide the greatest precision in 
determining the population mean μ? Justify your answer. (2 marks) 
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(d) Which of the three confidence intervals, A, N or C, contains the true value of the population 
mean μ? Justify your answer. (2 marks) 
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Marking Guide – Section 1 
 
There have been no questions on this topic for this section in the exams of recent years. 
 
Marking Guide – Section 2 
 

2023 
Section 2 
Question 

13 
 

Statistical 
inference 

 
 

 (3 marks) 
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Anja, a quality control officer, wants a 95% confidence interval based on a sample size of 100 with a 
width of no more than 0.1 kg. 
 
(d) What is the maximum standard deviation for this confidence interval? (2 marks) 
 

 
 
Over the next 50 days, Ben, who is a data collection agent, takes random samples of size 100 each 
day and a 95% confidence interval is calculated for each sample. Ten of these 50 intervals (20% of 
the intervals) have a lower bound that is less than 1.00 kg. Ben claims that this indicates that the 
mean weight of the packaging is set too low. 
 
(e) Is Ben correct? Justify your response. (2 marks) 

 
 

 
2023 

Section 2 
Question 

15 
 

Statistical 
inference 

 
 

 (2 marks) 
 

 
 

(b) Calculate the standard deviation of the sample mean. (2 marks) 
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(c) State two reasons why Ali is not correct. (2 marks) 
 

 
 
A data analyst discovers that the sample size was actually 2n. In addition to this, the sample mean 
was actually $2000 more than that originally determined. 
 
(d) Re-calculate the 99% confidence interval for the population mean on the basis of the updated 
information. (3 marks) 
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2022 
Section 2 
Question 

12 
 

Statistical 
inference 

The inner diameter of a cylinder in a motor car engine is critical to its performance. Let  μ mm 
denote the population mean cylinder diameter produced by a manufacturing process. A random 
sample, R1 , of 100 cylinder diameters is taken and the standard deviation for this sample was found 
to be 1 mm. 
 

 
 

(3 marks) 
 

 
 

 
 

 
 
From random sample R1 , a 95% confidence interval for μ is formed. 
 
(c) Calculate the width of this confidence interval, correct to 0.001. (2 marks) 
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Lilian, the production manager, wishes to decrease the width of the confidence interval. She 
suggests: 
 
“We can form sample R2 by using the data from sample R1 and then combining this data with itself to 
form a sample with 200 observations. Using n = 200 will decrease the width of the confidence 
interval.” 
 
(d) State two major problems with using this idea. (2 marks) 
 

 
 

 
2022 

Section 2 
Question 

14 
 

Statistical 
inference 

The annual incomes (in thousands of dollars) of a random sample of n Australians is taken. The 
sample standard deviation is 10.98. A 99% confidence interval I1 based on this sample is 90 ≤ μ ≤ 

94. 
 
(a) Calculate the value of the sample size n . (2 marks) 
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Another random sample of size n is taken and a 99% confidence interval I2 is calculated. 
 
(b) State two aspects in which the intervals I1 and I2 may be different. (2 marks) 
 

 
 
A third random sample of size 50 is taken and a 99% confidence interval I3 is calculated. James 
suggests that since interval I3 is the widest, it is more likely to contain the population mean 
Australian income μ . 
 
(c) Is James correct? Justify your answer. (2 marks) 
 

 
 

 
2020 

Section 2 
Question 

18 
 

Statistical 
inference 

The mass of chocolate that is placed into each biscuit produced by the BikkiesAreUs company has 
been observed to be normally distributed with mean µ = 7.5 grams and standard deviation σ = 1.5 
grams. 
 
(a) Determine the probability, correct to 0.01, that the total amount of chocolate used for 50 biscuits 
is less than 365 grams. (4 marks) 
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(b) If the probability that the mean amount of chocolate used per biscuit differs from µ by less than 
0.2 grams is 98%, determine n, the number of biscuits that need to be sampled. (3 marks) 
 

 
 
A competitor company called YouBeautChokkies produces similar biscuits. A sample of 144 biscuits 
was taken and it was found that the standard deviation of the mass of chocolate used in each biscuit 
was 1.8 grams and the total amount of chocolate used in the sample of 144 biscuits was 1.09 kg. 
 
Charlie Chokka, a representative from the YouBeautChokkies company, stated that “we are using 
significantly more chocolate for each biscuit than BikkiesAreUs. If you want that real chocolate taste, 
then buy from us!” 
 
(c) Perform the necessary calculations to comment on Charlie’s claim. (4 marks) 
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2021 

Section 2 
Question 

15 
 

Statistical 
inference 

An experiment was conducted to measure how quickly adults respond to the request: ‘send me a 
text message’. 
 
Let T = the number of hours taken for an adult to respond and send a text message. 
 
It was found that the distribution of the population of response times for adults was given by the 
probability density function shown below, with mean µ = 3 hours and standard deviation σ = 2.4 
hours. 
 

 
 
 
Random samples of size 64 are drawn repeatedly from the population of response times and the 

sample mean response time �̅ is determined for each sample. 
 
(a) Calculate, correct to 0.001, the probability that a sample mean response time will be between 
150 minutes and 210 minutes. (3 marks) 
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(b) Sketch the likely distribution of the sample mean �̅ (for samples of size 64) on the axes below. (2 
marks) 
 

 
 
Anika, a teacher at the TekNoCrat School, theorises that as teenagers tend to check their text 
messages more frequently than adults, then the population mean response time for teenagers will 
be much lower than the population mean adult response time µ = 3 . 
 
Anika is then presented with the sample mean response time for a sample gathered from an 
unknown source. 
 

 
 
Calculations are performed and Anika concludes by stating: ‘this sample was clearly not taken from 
the population of adult response times. It is highly likely that this sample was taken from a sample of 
100 teenagers’. 
 
(c) Perform the necessary calculations and comment on Anika’s claim. (4 marks) 
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2021 

Section 2 
Question 

17 
 

Statistical 
inference 

A researcher is interested in estimating the population mean µ (dollars) that Perth residents had 
spent via online shopping in December 2020. A random sample of size n gave a sample mean of 
$400, a sample standard deviation s and a 95% confidence interval of width $200. 
 
(a) State the 95% confidence interval obtained. (1 mark) 
 

 
 
(b) Calculate the standard deviation of the sample mean, correct to $0.01. (2 marks) 
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(c) In terms of n, what sample size would yield a 95% confidence interval of width $50? Show your 
reasoning. (2 marks) 
 

 
 
(d) What is the probability that another sample of size 2n would produce a sample mean that differs 
from µ by more than $50? (3 marks) 
 

 
 
Four different confidence intervals (A, B, C and D) are obtained for the mean amount spent via 
online shopping by Perth residents in December 2020. 
 

 
 
(e) Which of the confidence intervals (A, B, C or D) contains µ , the population mean expenditure for 
online shopping in December 2020? Justify your answer. (2 marks) 
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(f) For each of the following, state the confidence interval that has the smaller width. Justify your 
answers. 
 
(i) A and B. (1 mark) 
 

 
 
(ii) C and D. (1 mark) 
 

 
 

 
2020 

Section 2 
Question 

17 
 

Statistical 
inference 

Members of a random sample of n shoppers at the El Cheepo shopping centre were asked by a 
consumer researcher how much they had spent in the shopping centre that day. Let µ denote the 
mean and σ the standard deviation of the amount spent. The standard deviation σ is known from 
previous research. 
 
A 95% confidence interval for µ based on the sample is 150 ≤ µ ≤ 200 dollars. 
 
(a) Determine the sample mean for this sample. (1 mark) 
 

 
 
(b) Based on this confidence interval, calculate the standard deviation of the sample mean, correct 
to 0.01. (3 marks) 
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The following week, the researcher again took a random sample of shoppers from the El Cheepo 
shopping centre, but this time the sample size was doubled. 
 
(c) What is the probability that the difference between µ and the sample mean from this sample will 
be less than $10? (4 marks) 
 

 
 

 
2019 

Section 2 
Question 

14 
 

Statistical 
inference 

Trucks carrying iron ore for the Croc Rock mining company arrive at a weighing station. The service 
time T per truck is defined to be the time elapsed from the moment a truck enters the station zone, 
including the time to be positioned and then weighed, up to the time it leaves the zone. 
 
It is known that the population mean μ(T ) = 80 seconds and the population standard deviation σ(T ) 
= 20 seconds. 
 
At the Croc Rock weighing station, 100 trucks are weighed. 
 
(a) State the (approximate) distribution of the sample mean service time per truck for the 100 trucks. 
(3 marks) 
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(b) What is the probability that the sample mean service time will be more than 83 seconds? (2 
marks) 
 

 
 
Suppose that more than 100 trucks were weighed at the Croc Rock weighing station. 
 
(c) How would this affect your answer to part (b)? Explain without recalculation. (2 marks) 
 

 
 
It is desired that the probability that the sample mean service time will be between 80 seconds and 
82 seconds is greater than 40%. 
 
(d) Determine the minimum number of trucks that will need to be weighed. (3 marks) 
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2019 
Section 2 
Question 

15 
 

Statistical 
inference 

A random sample of n commuters in Melbourne in August 2018 found that the average time to 
commute to work was 40 minutes. Repeated sampling of the mean indicated that the standard 
deviation of the sample mean was 3 minutes. 
 
(a) Determine a 90% confidence interval for the population mean commuting time μ to work, correct 
to 0.01 minutes. (3 marks) 
 

 
 

Another random sample of 2n commuters in November 2018 found that the average time to 
commute to work was 45 minutes. Assume that both the August and November samples were 
drawn from the same population. 
 
(b) What is the standard deviation of the sample mean for the November sample, correct to 0.01 
minutes? (2 marks) 
 

 
 
Suppose that the August and November samples are combined to form a sample with 3n 
commuters. Consider 90% confidence intervals for the following samples for the purpose of 
determining the population mean commuting time μ. 
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(c) Which of the three confidence intervals, A, N or C, will provide the greatest precision in 
determining the population mean μ? Justify your answer. (2 marks) 
 

 
 
(d) Which of the three confidence intervals, A, N or C, contains the true value of the population 
mean μ? Justify your answer. (2 marks) 
 

 
 

 


