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Key Features of the Apex Exam Guides 

• Contains the past four years of QCE exam questions from 2023 to 2020, categorised based on the most up to date QCAA 
syllabus reviews.  

• Significantly reduced overall cost compared to alternative book options. 
• Future editions will be released with the most up to date QCE 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 QCE marking guide are included for feedback. 
• Increase student confidence and enable high achievement. 

 
How to Use Apex Exam Guides 

Purchase of these eBook PDFs allows your students access to previous QCE exam questions, arranged by syllabus topics and 
answers from the marking guide. Revision for QCE 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.  
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Paper 2 Section 2 

 
There have been no questions on this topic for this section in the exams of recent years. 
 
Marking Guide – Paper 1 Section 1 
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Section 1 

Question 2 
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Answer is C. 
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2021 

Paper 1 

Section 1 

Question 8 
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induction 

Let P(n) be the proposition that 
 

 
 
Answer is C. 
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Answer is D. 
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Marking Guide – Paper 1 Section 2 

 
2022 

Paper 1 

Section 2 

Question 18 

 

Proof by 

mathematical 

induction 

 
 
Evaluate the reasonableness of the proposition. [5 marks] 
 

Sample Response The response 

 

• correctly proves the initial statement [1 mark] 

 

• correctly establishes an appropriate assumption 
for 𝑛 = � [1 mark] 

 

• expresses the sum based on 𝑛 = � + 1 in terms 
of the assumption [1 mark] 

 

• expresses a result using a common factor of (1 
+ cis(�)) [1 mark] 

 

• proves the inductive step [1 mark] 
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2021 

Paper 1 

Section 2 

Question 16 

 

Proof by 

mathematical 

induction 

 
[6 marks] 
 

Sample Response The response 

 

• correctly proves the initial statement [1 mark] 

 

• correctly formulates an assumption for 𝑛 = � [1 
mark] 

 

• correctly establishes an expression representing 
the LHS of the inductive step proof and uses an 
index law to establish a term with a factor of 22� [1 
mark] 

 

• uses previous assumption in the inductive step [1 
mark] 

 

• completes proof by determining an expression 
with a factor of 3 representing the RHS of the 
inductive step proof [1 mark] 

 

• shows logical organisation, having attempted all 
steps of the proof, including the use of a suitable 
conclusion [1 mark] 
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2020 

Paper 1 

Section 2 

Question 16 

 

Proof by 

mathematical 

induction 

 
 

Sample Response The response 

 

• correctly proves the initial statement [1 
mark] 

 

• correctly states the assumption and the 
proof requirement for the inductive step 
[1 mark] 

 

• uses assumption in the proof of the 
inductive step [1 mark] 

 

• determines a simplified expression 
based on the use of a common 
denominator and a suitable trigonometric 
product identity [1 mark] 

 

• determines a simplified expression 
based on the recognition that (−1)� = 
(−1)�+2 [1 mark] 

 

• completes proof and communicates a 
suitable conclusion [1 mark] 
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Marking Guide – Paper 2 Section 1 
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Paper 2 

Section 1 

Question 3 
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Answer is A. 
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Marking Guide – Paper 2 Section 2 

 
There have been no questions on this topic for this section in the exams of recent years.  
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Unit 3 –  Topic 2: Vectors and matrices 
 
Paper 1 Section 1 
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Question 6 

 

Vectors and 

matrices 

The Cartesian equation for a sphere with centre (−2, 3, −4) and radius 9 is 
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Question 10 

 

Vectors and 

matrices 

A plane is represented by the equation x − 2z  = 5. A vector normal to this plane is 
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2021 

Paper 1 

Section 1 

Question 5 

 

Vectors and 

matrices 

The augmented matrix shown is produced when a Gaussian elimination technique is used to solve a certain 
system of equations with three variables. 
 

 
 
The geometric interpretation of the solution to this system of equations is best represented by 
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(5 marks) 
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Question 19 
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2022 

Paper 1 

Section 2 

Question 11 

 

Vectors and 

matrices 

The position vector of a particle, r1 (cm), over time, t(s), is given by 
 

 
 
a) Determine the velocity vector of the particle. [1 mark] 
 
 

 
 

 
 

 
 

 
 
b) Determine the time when the position vector of the particle is perpendicular to its velocity vector. [2 marks] 
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The position vector of a second particle, r2(cm), over time, t(s), is given by 
 

 
 
c) Determine whether the two particles collide. [3 marks] 
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2022 

Paper 1 

Section 2 

Question 16 

 

Vectors and 

matrices 

Consider this system of equations that corresponds to three planes. 
 

 
 
a) Use a Gaussian technique to determine the value of λ for which this system of equations has infinitely many 
solutions. [4 marks] 
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b) Use the result from Question 16a) to determine the infinitely many solutions. Express your answer in the 
form of a vector equation of a line. [3 marks] 
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2021 

Paper 1 

Section 2 

Question 12 

 

Vectors and 

matrices 

Consider the plane x – y – 2z = 15. 
 
a) Determine a vector n that is perpendicular to the plane. [1 mark] 
 
 

 
 

 
 
b) Determine the vector equation of the line l that is perpendicular to the plane and contains the point A (–2, 1, 
3). [1 mark] 
 
 

 
 

 
 

 
 

 
 
c) Use the result from Question 12b) to express the equation of the line l in parametric form. [1 mark] 
 
 

 
 

 
 

 
 

 
The line l and the plane intersect at point S. 
 
d) Show that the coordinates of S are (2,  – 3, – 5). [3 marks] 
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Question 14 

 

Vectors and 

matrices 

An object is projected vertically upwards from ground level. After the object has been in motion for 
t seconds, its position vector through the air, in metres, is modelled by 
 

 
 
a) Determine the velocity of the object through the air, v (t) , in metres per second. [2 marks] 
 
 

 
 

 
 

 
 

 
 

 
 
b) Determine the number of seconds until the object reaches its maximum height. [2 marks] 
 
 

 
 

 
 

 
 

 
 
c) Determine the maximum height that the object reaches, in metres. [2 marks] 
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[7 marks] 
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2020 

Paper 1 

Section 2 

Question 11 

 

Vectors and 

matrices 

The vertices of a regular hexagon are positioned on the circumference of a unit circle as shown on the Argand 
plane. 
 

 
 
Consider the complex number w, as shown on the plane. 
 
a) Determine w, expressing your answer in the form r cis(θ). [1 mark] 
 
 

 
 

 
 

 
b) Convert w into Cartesian form. [2 marks] 
 
 

 
 

 
 

 
 

 
Each vertex of the hexagon is a solution of an equation of the form zn = a where z ∈ C. 
 
c) State the value of n. [1 mark] 
 
 

 
 

 
 
d) State the value of a. [1 mark] 
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e) Verify that w satisfies the equation zn = a using the results from 11c) and 11d). [2 marks] 
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Paper 1 

Section 2 

Question 12 

 

Vectors and 

matrices 

Consider the vertices A, B and C of the rectangular prism as shown. 
 

 
 
a) State the coordinates of A, B and C. [1 mark] 
 
 

 
 

 
 

 
 
b) Determine a unit vector, 𝑛̂, that is normal to the plane containing A, B and C. [3 marks] 
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c) Verify that 𝑛̂ is perpendicular to ��⃗⃗⃗⃗  ⃗. [2 marks] 
 
 

 
 

 
 

 
 

 
 

 
d) Determine the Cartesian equation of the plane that contains A, B and C. [2 marks] 
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2020 

Paper 1 

Section 2 

Question 15 

 

Vectors and 

matrices 

The points O (0, 0, 0), A (–6, 2, –2) and C (3, 1, 2) are represented in three-dimensional space in the diagram. 
 

 
 
OABC forms a parallelogram in three-dimensional space. 
 
a) Determine the coordinates of B. [1 mark] 
 
 

 
 

 
 

 
 
M is the midpoint of BC. 
 

b) Determine the vector that represents 
�⃗⃗ ⃗⃗ ⃗⃗  . [1 mark] 
 
 

 
 

 
 

 
 

 
 

 
 
N divides AM in the ratio 2:1. 
 

c) Determine the vector that represents 
�⃗⃗⃗⃗⃗⃗ . [2 marks] 
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d) Use a vector method to show that O, B and N lie on a straight line. [2 marks] 
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Question 7 

 

Vectors and 

matrices 

 
 
 

2022 

Paper 2 

Section 1 

Question 2 

 

Vectors and 

matrices 

The win/draw/loss results after a netball competition involving five teams is represented in matrix M. 
 

 
 
The model M + M2 + M3  is used to rank the teams. The final positions from first to fifth are 
 
(A) S, Q, P, R, T 
(B) S, Q, P, T, R 
(C) S, P, Q, T, R 
(D) S, P, Q, R, T 

 
2022 

Paper 2 

Section 1 

Question 7 

 

Vectors and 

matrices 
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2022 

Paper 2 

Section 1 

Question 9 

 

Vectors and 

matrices 

Consider the matrix equation. 

 
 

2021 

Paper 2 

Section 1 

Question 2 

 

Vectors and 

matrices 

 
(A) 5.29 units2 
(B) 5.51 units2 
(C) 5.65 units2 
(D) 5.71 units2 
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Paper 2 

Section 1 

Question 5 
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2021 
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Question 6 
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2021 

Paper 2 

Section 1 

Question 7 

 

Vectors and 

matrices 

 
 

2020 

Paper 2 

Section 1 

Question 1 

 

Vectors and 

matrices 
 

 
(A) 1.73 s 
(B) 2.60 s 
(C) 3.66 s 
(D) 3.71 s 
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2020 

Paper 2 

Section 1 

Question 2 

 

Vectors and 

matrices 

 
 
(A) 3000 
(B) 4000 
(C) 5000 
(D) 6000 

 
2020 

Paper 2 

Section 1 

Question 6 

 

Vectors and 

matrices 

 
 

2020 

Paper 2 

Section 1 

Question 9 

 

Vectors and 

matrices 

Two objects, P and Q, move in three-dimensional space such that their positions, r, over time, t, are described 
by the following vectors until they collide. 
 

 
 
The objects will collide at 
 
(A) t = 0 
(B) t = 1 
(C) t = 2 
(D) t = 3 

  



Unit 3 –  Topic 2: Vectors and matrices 
Apex Exam Guide – 2025 Edition – Page 47 

Paper 2 Section 2 

 
2023 

Paper 2 

Section 2 

Question 11 
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2022 

Paper 2 

Section 2 

Question 12 

 

Vectors and 

matrices 

A scientist collects data for a species of tree frog in a protected area. Details for the female tree frog 
population are shown in the table. 
 

 
 
The scientist uses a Leslie matrix model to make predictions about the female tree frog population. 
 
a) State the initial population matrix. [1 mark] 
 
 

 
 

 
 

 
 

 
 
b) Determine the Leslie matrix. [1 mark] 
 
 

 
 

 
 

 
 

 
A species is considered to be endangered if the female population in a restricted area is predicted to fall to less 
than 125 in the next 20 years. 
 
c) Determine whether this species of tree frog is considered to be endangered. [3 marks] 
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Paper 2 
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Question 14 

 

Vectors and 

matrices 

 
 
a) Determine the general solution of the differential equation. [3 marks] 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
The initial velocity of the object is 1.5 m s-1. 
 
b) Determine the time when the particle comes to rest. [2 marks] 
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[1 mark] 
 
 

 
 

 
 

 
 

 
 
b) Determine the Cartesian equation of the line that passes through points A and B. [2 marks] 
 
 

 
 

 
 

 
 

 
 

 
[2 marks] 
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A research organisation plans to use a drone to drop a scientific instrument vertically from a stationary position 
above the ocean surface. The acceleration (ms-2) of the falling instrument can be modelled by 9.8 – 0.1v, where 
v is its velocity (ms-1). 
 
In order for the instrument sensors to activate, its speed as it hits the ocean surface must reach at least 20 m s-1. 
However, if it hits with a speed above 50 ms-1 , the sensors will be damaged.  
 
Determine the range of the drone’s flying height above the ocean surface to ensure that the sensors are 
activated but not damaged. [7 marks] 
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OABC is a triangular-based pyramid, as shown. 
 

 
 
Use a vector method to determine the area of the shaded face of the pyramid. [4 marks] 
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The Tasmanian thornbill is a species of bird that has an average life span of three years. Female thornbills do 
not reproduce in their first year, but produce an average of four female offspring in each of their second and 
third years. The survival rate of each age group is estimated as 25% in their first year and 30% in their second 
year. 
 
A Leslie matrix, L, modelling the population distribution of the Tasmanian thornbill, has been partially 
completed. 
 

 
 
a) State the values of x and y. [1 mark] 
 
 

 
 

 
 
At the start of 2021, a study began into the population of Tasmanian thornbills. The study: 
 
• estimated that the initial female population was 510 in their first year, 480 in their second year and 420 in 
their third year 
• found that the ratio of male to female was approximately 1:2. 
 
b) Estimate the total population of Tasmanian thornbills at the start of 2025. [4 marks] 
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[6 marks] 
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[7 marks] 
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Section 2 

Question 11 

 

Vectors and 

matrices 

Teams A, B, C, D and E participated in a competition with the following results: 
 
• A defeated D. 
• B defeated A, C and E. 
• C defeated A and E. 
• D defeated B, C and E. 
• E defeated A. 
 
To rank the teams at the end of the competition, the organisers constructed a dominance matrix, N, that is 
partially completed. 
 
a) By allocating 1 to represent ‘defeated’ and 0 to represent either ‘was defeated by’ or ‘no result’, complete 
matrix N. [1 mark] 
 

 
 
The organisers need to rank the teams into individual places from first to fifth place. 
 
They decide to use the ranking model N + N2  to achieve this. 
 
b) Use the model N + N2 to rank the teams. [2 marks] 
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c) Use the result from 11b) to identify a limitation of the organisers’ ranking model. [1 mark] 
 
 

 
 

 
 

 
 
d) State a mathematical refinement the organisers could consider to overcome the limitation of the ranking 
model identified in 11c). [1 mark] 
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[2 marks] 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
Points O, P and Q are joined to form a triangle. 
 
b) Determine the area of triangle POQ. [2 marks] 
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Question 17 
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matrices 

An object is released from rest at a height of 100 m above the ground. 
 
The motion of the vertical descent of the object is modelled by 
 

 
 
where v is the velocity (m s–1 ) and x is the displacement from the ground (m). 
 
Determine the velocity of the object when it strikes the ground. [7 marks] 
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An object is swinging at the end of a 0.5 m length of string in a vertical circular path with a constant angular 
speed, completing each revolution in 0.24 seconds. 
 
The object is projected from a height of 0.3 m above the ground in a vertical plane and just passes over a 
narrow pole as shown in the diagram. The pole is 2.05 m high and its base is 14 m horizontally from where the 
object was projected.  
 

 
 
A flat-topped vehicle of length 0.6 m and height 0.4 m is initially at rest against the pole as shown in the 
diagram. At the instant that the object is projected, the vehicle moves in a horizontal direction away from the 
pole in the same vertical plane with an acceleration of magnitude of a m s–2. The object strikes the middle of 
the top of the vehicle. 
 
Assuming that air resistance is negligible, use vector calculus to model the motion of the projectile in order to 
determine the value of a. [7 marks] 
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Question 1 
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Answer is C. 
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Question 4 
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Answer is D. 
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Answer is A. 
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Question 9 
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Answer is D. 
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The Cartesian equation for a sphere with centre (−2, 3, −4) and radius 9 is 
 

 
 
Answer is D. 
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Question 10 

 

Vectors and 
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A plane is represented by the equation x − 2z  = 5. A vector normal to this plane is 
 

 
 
Answer is C. 

 
2021 

Paper 1 

Section 1 

Question 3 

 

Vectors and 

matrices 

 
 
Answer is C. 
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Question 5 

 

Vectors and 

matrices 

The augmented matrix shown is produced when a Gaussian elimination technique is used to solve a certain 
system of equations with three variables. 
 

 
 
The geometric interpretation of the solution to this system of equations is best represented by 
 

 
 
Answer is D. 
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Answer is A. 
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Question 8 
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Answer is D. 
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(5 marks) 

 
Sample response The response 

 
 

  

 

 
 
 
 
 

 
 
 

 
  



Unit 3 –  Topic 2: Vectors and matrices 
Apex Exam Guide – 2025 Edition – Page 70 

2023 

Paper 1 

Section 2 

Question 14 
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Sample response The response 

  
 

 
 

Sample response The response 

 

 

 

 
 

Sample response The response 

 

 

 
 
 

 
 

Sample response The response 
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2023 

Paper 1 

Section 2 

Question 16 

 

Vectors and 

matrices 

 
(5 marks) 

Sample response The response 
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(6 marks) 

 
 

Sample response The response 

 

 



Unit 3 –  Topic 2: Vectors and matrices 
Apex Exam Guide – 2025 Edition – Page 73 

 

 
 
 
 
 
 
 
 

 

 

 
 
 
 
 
 

 



Unit 3 –  Topic 2: Vectors and matrices 
Apex Exam Guide – 2025 Edition – Page 74 

 

 
 
 
 
 
 
 
 
 

 



Unit 3 –  Topic 2: Vectors and matrices 
Apex Exam Guide – 2025 Edition – Page 75 

 

 



Unit 3 –  Topic 2: Vectors and matrices 
Apex Exam Guide – 2025 Edition – Page 76 

 

 
 
 
 

 

 
 



Unit 3 –  Topic 2: Vectors and matrices 
Apex Exam Guide – 2025 Edition – Page 77 

 

 
 
 
 
 

 



Unit 3 –  Topic 2: Vectors and matrices 
Apex Exam Guide – 2025 Edition – Page 78 

 

 

 
 

 
  



Unit 3 –  Topic 2: Vectors and matrices 
Apex Exam Guide – 2025 Edition – Page 79 

2022 

Paper 1 

Section 2 

Question 11 
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The position vector of a particle, r1 (cm), over time, t(s), is given by 
 

 
 
a) Determine the velocity vector of the particle. [1 mark] 
 

Sample Response The response 

 
• correctly determines the velocity vector [1 mark] 

 
b) Determine the time when the position vector of the particle is perpendicular to its velocity vector. [2 marks] 
 
 

Sample Response The response 

 

• establishes an equation in the form 
 
• solves equation to determine the time [1 mark] 

 
The position vector of a second particle, r2(cm), over time, t(s), is given by 
 

 
 
c) Determine whether the two particles collide. [3 marks] 
 

Sample Response The response 

 

• correctly equates 2 pairs of components for the 

particles, one of which must be the �̂ component, to 
form 2 equations [1 mark] 
• solves equations to determine two different time 
values [1 mark] 

The particles do not collide as the solutions are not 
consistent. 

• uses mathematical reasoning to make an 
appropriate conclusion whether the two particles 
collide [1 mark] 
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Vectors and 
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Consider this system of equations that corresponds to three planes. 
 

 
 
a) Use a Gaussian technique to determine the value of λ for which this system of equations has infinitely many 
solutions. [4 marks] 
 

Sample Response The response 

 

• correctly rearranges the three equations [1 mark] 

 

• establishes an augmented matrix [1 mark] 

 

• establishes a row of zeros in the row containing λ 
[1 mark] 

 
• determines a value of λ [1 mark] 

 
b) Use the result from Question 16a) to determine the infinitely many solutions. Express your answer in the 
form of a vector equation of a line. [3 marks] 
 

Sample Response The response 

 

• expresses � in terms of a parameter [1 mark] 

 

• expresses � in terms of a parameter [1 mark] 

 

• determines the infinite solutions expressed in the 
form of a vector equation of a line [1 mark] 
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• expresses � in terms of a parameter [1 mark] 

 

• expresses � in terms of a parameter [1 mark] 

 

• determines the infinite solutions expressed in the 
form of a vector equation of a line [1 mark] 

 

• expresses � in terms of a parameter [1 mark] 

 

• expresses � in terms of a parameter [1 mark] 

 

• determines the infinite solutions expressed in the 
form of a vector equation of a line [1 mark] 
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Question 12 

 

Vectors and 

matrices 

Consider the plane x – y – 2z = 15. 
 
a) Determine a vector n that is perpendicular to the plane. [1 mark] 
 

Sample Response The response 

 

• correctly determines a suitable vector � [1 mark] 

 
b) Determine the vector equation of the line l that is perpendicular to the plane and contains the point A (–2, 1, 
3). [1 mark] 
 

Sample Response The response 

 

• determines vector equation of the line [1 mark] 

 
c) Use the result from Question 12b) to express the equation of the line l in parametric form. [1 mark] 
 

Sample Response The response 

 

• expresses equation of the line in parametric form 
[1 mark] 

 
The line l and the plane intersect at point S. 
 
d) Show that the coordinates of S are (2,  – 3, – 5). [3 marks] 
 
 

Sample Response The response 

 

• substitutes result from 12c) into the equation of the 
plane [1 mark] 

 • determines value of the parameter [1 mark] 

 

• determines coordinates of S [1 mark] 

 

• verifies that S lies on the plane [1 mark] 

 

• uses �-coordinate of S to determine value of the 
parameter [1 mark] 

 

• shows that parameter value is consistent across the 
set of parametric equations by considering the 
remaining two coordinates of S [1 mark] 

 

• verifies that S lies on the plane [1 mark] 

 

• uses �-coordinate of S to determine the value of 
the parameter [1 mark] 

 

• shows that parameter value is consistent across the 
set of parametric equations by considering the 
remaining two coordinates of S [1 mark] 
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[1 mark] 
 

Sample Response The response 

 

• determines ��⃗⃗⃗⃗  ⃗ [1 mark] 

 

 
[1 mark] 
 

Sample Response The response 

 

• shows that ��⃗⃗⃗⃗  ⃗ is a scalar multiple of �� [1 mark] 

 

 
 

2021 

Paper 1 

Section 2 

Question 13 

 

Vectors and 

matrices 

 
[6 marks] 
 

Sample Response The response 

 

• correctly expresses � − � in terms of �, �, � and � 
in Cartesian form [1 mark] 

 

• expresses |� − �| 2 in terms of �, �, � and � in 
expanded form [1 mark] 

 

• correctly expresses |�| 2 + |�| 2 in terms of �, �, � 
and � in expanded form [1 mark] 
• correctly expresses (� �̅) in terms of �, �, � and � 
[1 mark] 

 

• completes proof [1 mark] 
• shows logical organisation, communicating key 
steps [1 mark] 
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Question 14 

 

Vectors and 

matrices 

An object is projected vertically upwards from ground level. After the object has been in motion for 
t seconds, its position vector through the air, in metres, is modelled by 
 

 
 
a) Determine the velocity of the object through the air, v (t) , in metres per second. [2 marks] 
 

Sample Response The response 

 

• correctly expands the given expression [1 mark] 

 
• determines �(�) [1 mark] 

 

• correctly uses the product rule to determine �(�) [1 
mark] 

 

• determines �(�) [1 mark] 

 
b) Determine the number of seconds until the object reaches its maximum height. [2 marks] 
 

Sample Response The response 

 

• establishes equation in terms of � [1 mark] 

 

• determines � [1 mark] 

 
c) Determine the maximum height that the object reaches, in metres. [2 marks] 
 

Sample Response The response 

 

• substitutes result from 14b) into expression for 
position [1 mark] 
• determines maximum height [1 mark] 

 

 
 

2021 

Paper 1 
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Question 19 
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matrices 

 
[7 marks] 
 

Sample Response The response 

 

• correctly determines the expression for the 
position of Object A [1 mark] 
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• correctly determines the expression for the 
position of Object B [1 mark] 

 

• determines an expression to represent the relative 
position of Objects A and B [1 mark] 

 

• determines an expression to represent the distance 
(or square of the distance) between the objects [1 
mark] 

 

• uses a trigonometric identity to determine an 
expression in terms of a single trigonometric 
function that represents the distance (or square of 
the distance) between the objects [1 mark] 

 

• determines the first time that Object A is 4 metres 
away from Object B [1 mark] 

 

• determines position of Object A [1 mark] 
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Paper 1 
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Question 11 

 

Vectors and 

matrices 

The vertices of a regular hexagon are positioned on the circumference of a unit circle as shown on the Argand 
plane. 
 

 
 
Consider the complex number w, as shown on the plane. 
 
a) Determine w, expressing your answer in the form r cis(θ). [1 mark] 
 

Sample Response The response 

 

• correctly expresses � in �cis(�) form [1 mark] 

 
b) Convert w into Cartesian form. [2 marks] 
 

Sample Response The response 

 

• converts � into �cos(�) + �cos(�)� form [1 mark] 
• uses exact values for Re (�) and Im (�) [1 mark] 

 
Each vertex of the hexagon is a solution of an equation of the form zn = a where z ∈ C. 
 
c) State the value of n. [1 mark] 
 

Sample Response The response 

 

• correctly states the value of 𝑛 [1 mark] 

 
d) State the value of a. [1 mark] 
 

Sample Response The response 

a = 1 • correctly states the value of � [1 mark] 
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e) Verify that w satisfies the equation zn = a using the results from 11c) and 11d). [2 marks] 
 

Sample Response The response 

 

• uses De Moivre’s theorem in the calculation of �𝑛 
for the value of 𝑛 [1 mark] 
• verifies the result by showing that the result of the 
calculation is the value of � [1 mark] 

 

 
 

2020 

Paper 1 

Section 2 

Question 12 

 

Vectors and 

matrices 

Consider the vertices A, B and C of the rectangular prism as shown. 
 

 
 
a) State the coordinates of A, B and C. [1 mark] 
 

Sample Response The response 

 • correctly states the coordinates of A, B and C [1 
mark] 

 
b) Determine a unit vector, 𝑛̂, that is normal to the plane containing A, B and C. [3 marks] 
 

Sample Response The response 

 

• determines 2 vectors in the plane containing A, B 
and C [1 mark] 

 

• determines a vector normal to the plane [1 mark] 

 

• determines a unit vector normal to the plane [1 
mark] 
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c) Verify that 𝑛̂ is perpendicular to ��⃗⃗⃗⃗  ⃗. [2 marks] 
 

Sample Response The response 

 

• substitutes the results from b) into 𝑛̂. ��⃗⃗⃗⃗  ⃗ [1 mark] 

 

• verifies the result by showing that the result of the 
calculation is 0 [1 mark] 

 
d) Determine the Cartesian equation of the plane that contains A, B and C. [2 marks] 
 

Sample Response The response 

Method 1 

 

• determines the vector equation of the plane [1 
mark] 

 

• determines the Cartesian equation of the plane [1 
mark] 

Method 2 

 

• substitutes a vector normal to the plane and a 
suitable set of coordinates into the Cartesian 
equation of plane formula to form an equation in 
terms of � [1 mark] 

 

• determines the Cartesian equation of the plane [1 
mark] 
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Question 15 

 

Vectors and 

matrices 

The points O (0, 0, 0), A (–6, 2, –2) and C (3, 1, 2) are represented in three-dimensional space in the diagram. 
 

 
 
OABC forms a parallelogram in three-dimensional space. 
 
a) Determine the coordinates of B. [1 mark] 
 

Sample Response The response 

 

• correctly determines the coordinates of B [1 mark] 

 
M is the midpoint of BC. 
 

b) Determine the vector that represents 
�⃗⃗ ⃗⃗ ⃗⃗  . [1 mark] 
 

Sample Response The response 

 

• determines vector 
�⃗⃗ ⃗⃗ ⃗⃗   [1 mark] 

 
N divides AM in the ratio 2:1. 
 

c) Determine the vector that represents 
�⃗⃗⃗⃗⃗⃗ . [2 marks] 
 

Sample Response The response 

 

• determines an expression for 
�⃗⃗⃗⃗⃗⃗  involving 
�⃗⃗⃗⃗⃗⃗  
and the 1:2 ratio [1 mark] 

 

• determines vector 
�⃗⃗⃗⃗⃗⃗  [1 mark] 
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d) Use a vector method to show that O, B and N lie on a straight line. [2 marks] 
 

Sample Response The response 

Method 1 

 

• correctly communicates a requirement that O, B 
and N lie on a straight line [1 mark] 

 

• correctly demonstrates that the requirement has 
been met [1 mark] 

Method 2 

 

• correctly communicates a requirement that O, B 
and N lie on a straight line [1 mark] 

 

• correctly demonstrates that the requirement has 
been met [1 mark] 
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Question 4 
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Answer is D. 
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Question 5 
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Answer is A. 
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Section 1 

Question 7 

 

Vectors and 

matrices 

 
 
Answer is A. 
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Question 2 

 

Vectors and 

matrices 

The win/draw/loss results after a netball competition involving five teams is represented in matrix M. 
 

 
 
The model M + M2 + M3  is used to rank the teams. The final positions from first to fifth are 
 
(A) S, Q, P, R, T – Answer 

(B) S, Q, P, T, R 
(C) S, P, Q, T, R 
(D) S, P, Q, R, T 

 
2022 

Paper 2 

Section 1 

Question 7 

 

Vectors and 

matrices 

 
 
Answer is B. 

 
  



Unit 3 –  Topic 2: Vectors and matrices 
Apex Exam Guide – 2025 Edition – Page 94 

2022 

Paper 2 

Section 1 

Question 9 

 

Vectors and 
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Consider the matrix equation. 

 
 
Answer is A. 

 
2021 

Paper 2 

Section 1 

Question 2 

 

Vectors and 

matrices 

 
(A) 5.29 units2 
(B) 5.51 units2 
(C) 5.65 units2 
(D) 5.71 units2 – Answer 
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Question 5 

 

Vectors and 

matrices 

 
 
Answer is D. 
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Paper 2 

Section 1 

Question 6 

 

Vectors and 

matrices 

 
 
Answer is A. 

 
2021 

Paper 2 

Section 1 

Question 7 

 

Vectors and 

matrices 

 
 
Answer is B. 
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Question 1 
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matrices 
 

 
(A) 1.73 s 
(B) 2.60 s 
(C) 3.66 s 
(D) 3.71 s – Answer 

 
2020 

Paper 2 

Section 1 

Question 2 

 

Vectors and 

matrices 

 
 
(A) 3000 
(B) 4000 – Answer 

(C) 5000 
(D) 6000 

 
2020 

Paper 2 

Section 1 

Question 6 

 

Vectors and 

matrices 

 
 
Answer is B. 
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2020 

Paper 2 

Section 1 

Question 9 

 

Vectors and 

matrices 

Two objects, P and Q, move in three-dimensional space such that their positions, r, over time, t, are described 
by the following vectors until they collide. 
 

 
 
The objects will collide at 
 
(A) t = 0 
(B) t = 1 
(C) t = 2 
(D) t = 3 – Answer 
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Marking Guide – Paper 2 Section 2 

 
2023 

Paper 2 

Section 2 

Question 11 

 

Vectors and 

matrices 

 
 

 
 

Sample response The response 

  

 
 

 
 

Sample response The response 

 

 

 

 
 

Sample response The response 
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Question 17 

 

Vectors and 

matrices 

 
 
 

Sample response The response 
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Unit 3 –  Topic 2: Vectors and matrices 
Apex Exam Guide – 2025 Edition – Page 102 

2022 

Paper 2 

Section 2 

Question 12 

 

Vectors and 

matrices 

A scientist collects data for a species of tree frog in a protected area. Details for the female tree frog 
population are shown in the table. 
 

 
 
The scientist uses a Leslie matrix model to make predictions about the female tree frog population. 
 
a) State the initial population matrix. [1 mark] 
 

Sample Response The response 

 

• correctly states the initial population matrix [1 
mark] 

 
b) Determine the Leslie matrix. [1 mark] 
 

Sample Response The response 

 

• correctly determines the Leslie matrix [1 mark] 

 
A species is considered to be endangered if the female population in a restricted area is predicted to fall to less 
than 125 in the next 20 years. 
 
c) Determine whether this species of tree frog is considered to be endangered. [3 marks] 
 

Sample Response The response 

 

• calculates a matrix representing the female 
population within a 20-year period [1 mark] 

 
• calculates female population for a year within a 
20-year period [1 mark] 

 

• makes a suitable decision whether the species is 
considered endangered [1 mark] 
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2022 

Paper 2 

Section 2 

Question 14 

 

Vectors and 

matrices 

 
 
a) Determine the general solution of the differential equation. [3 marks] 
 

Sample Response The response 

 

• correctly establishes a suitable integration result 
based on the separation of variables technique [1 
mark] 

 

• determines one side of the general solution in 
terms of v [1 mark] 
• determines the other side of the general solution in 
terms of t [1 mark] 

 
The initial velocity of the object is 1.5 m s-1. 
 
b) Determine the time when the particle comes to rest. [2 marks] 
 

Sample Response The response 

 

• determines an expression that represents the 
integration constant [1 mark] 

 

• determines the time when the particle is at rest [1 
mark] 
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2022 

Paper 2 

Section 2 

Question 15 

 

Vectors and 

matrices 

 
[1 mark] 
 

Sample Response The response 

 

• correctly determines ��⃗⃗⃗⃗  ⃗ [1 mark] 

 
b) Determine the Cartesian equation of the line that passes through points A and B. [2 marks] 
 

Sample Response The response 

 

• correctly substitutes the coordinates of A into the 
numerator of the equation [1 mark] 
• substitutes direction vector of the line into the 
denominator [1 mark] 

 

 
[2 marks] 
 

Sample Response The response 

 

• substitutes values into a suitable mathematical rule 
that represents an equation of the plane [1 mark] 

 
• determines a Cartesian equation of the plane [1 
mark]  
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2022 

Paper 2 

Section 2 

Question 19 

 

Vectors and 

matrices 

A research organisation plans to use a drone to drop a scientific instrument vertically from a stationary position 
above the ocean surface. The acceleration (ms-2) of the falling instrument can be modelled by 9.8 – 0.1v, where 
v is its velocity (ms-1). 
 
In order for the instrument sensors to activate, its speed as it hits the ocean surface must reach at least 20 m s-1. 
However, if it hits with a speed above 50 ms-1 , the sensors will be damaged.  
 
Determine the range of the drone’s flying height above the ocean surface to ensure that the sensors are 
activated but not damaged. [7 marks] 
 

Sample Response The response 

 

• correctly establishes a differential equation 
in terms of � and � [1 mark] 

 

• determines general solution of the 
differential equation [1 mark] 

 

• determines value for the constant [1 mark] 

 

• determines model for the velocity in terms 
of displacement [1 mark] 

 

• determines displacement of the drop for the 
minimum acceptable speed [1 mark] 

 

• determines displacement of the drop for the 
maximum acceptable speed [1 mark] 

 

• communicates range of the drone’s flying 
height including units [1 mark] 

 

• correctly establishes a differential equation 
in terms of � and � [1 mark] 

 

• determines a general solution of the 
differential equation [1 mark] 

 

• determines a value for the constant [1 
mark] 



Unit 3 –  Topic 2: Vectors and matrices 
Apex Exam Guide – 2025 Edition – Page 106 

 

• determines a model for the velocity in 
terms of its displacement and initial height 
[1 mark] 

 

• determines displacement of the drop for the 
minimum acceptable speed [1 mark] 

 

• determines displacement of the drop for the 
maximum acceptable speed [1 mark] 

 

•  communicates range of the drone’s flying 
height including units [1 mark] 

 

• correctly establishes a differential equation 
in terms of � and � [1 mark] 

 

• determines a general solution of the 
differential equation [1 mark] 

 

• determines a model for the velocity using 
the initial boundary condition [1 mark] 

 

• uses this model to determine the time of 
the drop for both the minimum and 
maximum acceptable speeds [1 mark] 

 

• determines displacement of the drop for the 
minimum acceptable speed [1 mark] 
• determines displacement of the drop for the 
maximum acceptable speed [1 mark] 

 

• communicates range of the drone’s flying 
height including units [1 mark] 
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2021 

Paper 2 

Section 2 

Question 11 

 

Vectors and 

matrices 

OABC is a triangular-based pyramid, as shown. 
 

 
 
Use a vector method to determine the area of the shaded face of the pyramid. [4 marks] 
 

Sample Response The response 

 

• correctly determines the two vectors representing 
any two sides of the triangle ABC [1 mark] 

 

• determines cross product of two vectors 
representing any two sides of the triangle ABC [1 
mark] 

 

• uses vector expression to represent the area of a 
triangle [1 mark] 

 

• determines area [1 mark] 
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2021 

Paper 2 

Section 2 

Question 14 

 

Vectors and 

matrices 

The Tasmanian thornbill is a species of bird that has an average life span of three years. Female thornbills do 
not reproduce in their first year, but produce an average of four female offspring in each of their second and 
third years. The survival rate of each age group is estimated as 25% in their first year and 30% in their second 
year. 
 
A Leslie matrix, L, modelling the population distribution of the Tasmanian thornbill, has been partially 
completed. 
 

 
 
a) State the values of x and y. [1 mark] 
 

Sample Response The response 

 

• correctly states the values of � and � [1 mark] 

 
At the start of 2021, a study began into the population of Tasmanian thornbills. The study: 
 
• estimated that the initial female population was 510 in their first year, 480 in their second year and 420 in 
their third year 
• found that the ratio of male to female was approximately 1:2. 
 
b) Estimate the total population of Tasmanian thornbills at the start of 2025. [4 marks] 
 

Sample Response The response 

 

• correctly identifies the initial matrix [1 mark] 

 

• determines female population in their first, second 
and third years at the start of 2025 [1 mark] 

 

• determines total female population at the start of 
2025 [1 mark] 

 
• determines total population at the start of 2025, 
rounded to a whole number [1 mark] 
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2021 

Paper 2 

Section 2 

Question 16 

 

Vectors and 

matrices 
 

[6 marks] 
 
 

Sample Response The response 

 

• correctly substitutes results into given equation to 
form an equation based on 3 × 3 matrices [1 mark] 

 

• uses equation based on 3 × 3 matrices to establish 
3 equations in 3 unknowns [1 mark] 

 

• expresses 3 equations in matrix form [1 mark] 
• demonstrates the use of matrix algebra in solving 
the matrix equation [1 mark] 
• determines values of  , ! and � [1 mark] 
• shows logical organisation, communicating key 
steps to at least the start of expressing the 3 
equations in matrix form [1 mark] 
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2021 

Paper 2 

Section 2 

Question 17 

 

Vectors and 

matrices 

 
[7 marks] 
 

Sample Response The response 

 

• correctly determines the net forces along the plane 
[1 mark] 

 

• determines equation for acceleration along the 
plane [1 mark] 

 

• determines differential equation in terms of 
velocity and displacement [1 mark] 

 

• determines general solution to a differential 
equation [1 mark] 

 

• determines value of arbitrary constant [1 mark] 

 

• establishes equation to solve for � when � = 2 [1 
mark] 

 

• determines � [1 mark] 

 

• correctly determines the net forces along the plane 
[1 mark] 

 

• determines equation for acceleration along the 
plane [1 mark] 

 

• determines differential equation in terms of 
velocity and displacement [1 mark] 

 

• determines general solution to a differential 
equation [1 mark] 



Unit 3 –  Topic 2: Vectors and matrices 
Apex Exam Guide – 2025 Edition – Page 111 

 

• determines value of arbitrary constant [1 mark] 

 

• establishes equation to solve for � when � = 2 [1 
mark] 

 

• determines � [1 mark] 

 

 
 

2020 

Paper 2 

Section 2 

Question 11 

 

Vectors and 

matrices 

Teams A, B, C, D and E participated in a competition with the following results: 
 
• A defeated D. 
• B defeated A, C and E. 
• C defeated A and E. 
• D defeated B, C and E. 
• E defeated A. 
 
To rank the teams at the end of the competition, the organisers constructed a dominance matrix, N, that is 
partially completed. 
 
a) By allocating 1 to represent ‘defeated’ and 0 to represent either ‘was defeated by’ or ‘no result’, complete 
matrix N. [1 mark] 
 

 
 
The organisers need to rank the teams into individual places from first to fifth place. 
 
They decide to use the ranking model N + N2  to achieve this. 
 

Sample Response The response 

 

• correctly completes matrix " [1 mark] 
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b) Use the model N + N2 to rank the teams. [2 marks] 
 

Sample Response The response 

 

• calculates " + "# [1 mark] 

 

• ranks the teams to show that teams A and C are 
tied [1 mark] 

 
c) Use the result from 11b) to identify a limitation of the organisers’ ranking model. [1 mark] 
 

Sample Response The response 

The limitation of the ranking model is that it does 
not provide individual positions from first to fifth. 

• identifies a limitation of the organiser’s model 
based on the model " + "# [1 mark] 

 
d) State a mathematical refinement the organisers could consider to overcome the limitation of the ranking 
model identified in 11c). [1 mark] 
 

Sample Response The response 

 

• correctly describes a suitable mathematical 
refinement [1 mark] 
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2020 

Paper 2 

Section 2 

Question 15 

 

Vectors and 

matrices 

 
[2 marks] 
 

Sample Response The response 

 

• correctly determines a numerical expression for 
cos(�) [1 mark] 

 • determines angle POQ [1 mark] 

 
Points O, P and Q are joined to form a triangle. 
 
b) Determine the area of triangle POQ. [2 marks] 
 

Sample Response The response 

Method 1 

 
 

• correctly determines 
$⃗⃗⃗⃗  ⃗  ×  
&⃗⃗⃗⃗⃗⃗   [1 mark] 

 
• determines area [1 mark] 

Method 2 

 
 

• correctly substitutes values into suitable rule [1 
mark] 

 • determines area [1 mark] 
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2020 

Paper 2 

Section 2 

Question 17 

 

Vectors and 

matrices 

An object is released from rest at a height of 100 m above the ground. 
 
The motion of the vertical descent of the object is modelled by 
 

 
 
where v is the velocity (m s–1 ) and x is the displacement from the ground (m). 
 
Determine the velocity of the object when it strikes the ground. [7 marks] 
 

Sample Response The response 

 

• correctly uses separation of variables [1 mark] 

 

• correctly develops the general solution of the 
differential equation [1 mark] 

 • correctly uses the given position of the origin [1 
mark] 

 

• uses the given condition to determine value for � 
[1 mark] 

 

• substitutes the displacement at impact to form an 
equation in terms of � [1 mark] 

 

• determines one reasonable solution of � [1 mark] • 
shows logical organisation communicating key steps 
[1 mark] 
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2020 

Paper 2 

Section 2 

Question 19 

 

Vectors and 

matrices 

An object is swinging at the end of a 0.5 m length of string in a vertical circular path with a constant angular 
speed, completing each revolution in 0.24 seconds. 
 
The object is projected from a height of 0.3 m above the ground in a vertical plane and just passes over a 
narrow pole as shown in the diagram. The pole is 2.05 m high and its base is 14 m horizontally from where the 
object was projected.  
 

 
 
A flat-topped vehicle of length 0.6 m and height 0.4 m is initially at rest against the pole as shown in the 
diagram. At the instant that the object is projected, the vehicle moves in a horizontal direction away from the 
pole in the same vertical plane with an acceleration of magnitude of a m s–2. The object strikes the middle of 
the top of the vehicle. 
 
Assuming that air resistance is negligible, use vector calculus to model the motion of the projectile in order to 
determine the value of a. [7 marks] 
 

Sample Response The response 

Method 1 

 

• correctly determines the tangential velocity of 
object [1 mark] 

 

• identifies the parametric form of the projectile path 
[1 mark] 

 

• determines the Cartesian form of the projectile 
path [1 mark] 

 

• determines the angle of release of the object [1 
mark] 
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• determines the horizontal displacement at impact 
[1 mark] 

 

• determines the time of flight [1 mark] 

 

• determines the acceleration of the trolley [1 mark] 

Method 2 

 

• correctly determines the tangential velocity of 
object [1 mark] 

 

• identifies the parametric form of the projectile path 
[1 mark] 
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• determines the Cartesian form of the projectile 
path [1 mark] 

 

• determines the angle of release of the object [1 
mark] 

 

• determines the horizontal displacement at impact 
[1 mark] 

 

• determines the time of flight [1 mark] 

 

 

• determines the acceleration of the trolley [1 mark] 

 

 
 

  



Unit 3 – Topic 3: Complex numbers 2 
Apex Exam Guide – 2025 Edition – Page 118 

Unit 3 – Topic 3: Complex numbers 2 
 
Paper 1 Section 1 

 
2023 
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Section 1 

Question 3 
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2023 

Paper 1 

Section 1 

Question 6 

 

Complex 

numbers 2 

 
 

2022 

Paper 1 

Section 1 

Question 4 
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numbers 2 
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Question 2 
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2021 

Paper 1 

Section 1 

Question 6 
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2020 

Paper 1 

Section 1 

Question 6 
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Question 10 
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Section 2 

Question 13 

 

Complex 

numbers 2 

(5 marks) 
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Section 2 

Question 12 

 

Complex 

numbers 2 
 

[6 marks] 
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2022 

Paper 1 

Section 2 

Question 15 

 

Complex 

numbers 2 

Consider the equation z3 =1 where z ∈ C. 

 

a) Sketch the solutions to z3 = 1 on the Argand diagram. [2 marks] 
 

 
 
 
The solutions to z3 =1 can be expressed in the form z = a + bi, where a, b ∈ R. 
 
b) Determine the largest possible positive value of ab. [2 marks] 
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Question 18 
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numbers 2 
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2023 

Paper 2 

Section 1 

Question 3 

 

Complex 

numbers 2 

 
 

2023 

Paper 2 

Section 1 

Question 10 

 

Complex 

numbers 2 

 
 
 

2022 

Paper 2 

Section 1 

Question 1 

 

Complex 

numbers 2 

A solution of the equation z2 = ai , where a ∈ R, is z = –2 – 2i. 
 
The other solution is 
 
(A) –8i 
(B) –2 + 2i 
(C) 2 + 2i 
(D) 8i 
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Question 18 
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(5 marks) 
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Question 18 
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[5 marks] 
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Question 18 
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[6 marks] 
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Section 2 

Question 16 

 

Complex 

numbers 2 

Consider the identity 
 

 
 
a) Determine the values of A, B and C using De Moivre’s theorem. [5 marks] 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
b) State an appropriate method of verifying your results from 16a). [1 mark] 
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Marking Guide – Paper 1 Section 1 

 
2023 

Paper 1 

Section 1 

Question 3 

 

Complex 

numbers 2 

 
 
Answer is A. 

 
2023 

Paper 1 

Section 1 

Question 6 

 

Complex 

numbers 2 

 
 
Answer is B. 

 
2022 

Paper 1 

Section 1 

Question 4 

 

Complex 

numbers 2 

 
 
Answer is D. 
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Section 1 

Question 2 
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numbers 2 

 
 
Answer is A. 

 
2021 

Paper 1 

Section 1 

Question 6 

 

Complex 

numbers 2 

 
 
Answer is C. 

 
2020 

Paper 1 
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Question 6 
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Answer is B. 

 



Unit 3 – Topic 3: Complex numbers 2 
Apex Exam Guide – 2025 Edition – Page 136 

2020 

Paper 1 

Section 1 

Question 10 

 

Complex 

numbers 2 

 
 
Answer is B. 
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Question 13 

 

Complex 

numbers 2 

(5 marks) 
 

Sample response The response 
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2022 

Paper 1 

Section 2 

Question 12 

 

Complex 

numbers 2 
 

[6 marks] 
 

Sample Response The response 

 

• correctly multiplies the numerator and 
denominator by the complex conjugate of z2 [1 
mark] 
• realises denominator (in simplest form) and 
expands numerator [1 mark] 

 

• determines modulus of the expression [1 mark] 

 

• simplifies numerator [1 mark] 

 

• factorises numerator [1 mark] 

 

• completes the proof using mathematical reasoning 
[1 mark] 

 

• correctly determines the magnitude of z1 and z2 [1 
mark] 
• correctly expresses the argument of z1 and z2 [1 
mark] 

 

• uses De Moivre’s formula to express quotient of 
modulus [1 mark] 
• uses De Moivre’s formula to express difference of 
arguments [1 mark] 

 

• determines magnitude of quotient [1 mark] 
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• completes the proof using mathematical reasoning 
[1 mark] 

 

 
 

2022 

Paper 1 

Section 2 

Question 15 

 

Complex 

numbers 2 

Consider the equation z3 =1 where z ∈ C. 

 

a) Sketch the solutions to z3 = 1 on the Argand diagram. [2 marks] 
 

Sample Response The response 

 

• correctly sketches 3 solutions, each with a 
modulus of 1 [1 mark] 
 

 

 
 
The solutions to z3 =1 can be expressed in the form z = a + bi, where a, b ∈ R. 
 
 
b) Determine the largest possible positive value of ab. [2 marks] 
 

Sample Response The response 

 

• recognises a solution from which its � and � 
values produce the largest possible positive product 
[1 mark] 
 

 

• determines a positive product of ab [1 mark] 
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Paper 1 

Section 2 

Question 18 

 

Complex 

numbers 2 

 
 

Sample Response The response 

 

• correctly applies the factor theorem to determine � 
[1 mark] 

 

• correctly uses the conjugate root of the given root 
to identify another factor of $(�) [1 mark] 

 
• correctly identifies that (�2 + 1) is a factor of $(�) 
[1 mark] 

 

• determines the remaining quadratic factor in terms 
of � [1 mark] 

 

• applies the complex root requirement to the 
remaining quadratic factor [1 mark] 

 

• determines the possible values for � given �, � ∈ 
'+ [1 mark] 
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Marking Guide – Paper 2 Section 1 

 
2023 
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Question 3 

 

Complex 

numbers 2 

 
 
Answer is C. 

 
2023 

Paper 2 

Section 1 

Question 10 

 

Complex 

numbers 2 

 
 
Answer is C. 

 
2022 

Paper 2 

Section 1 

Question 1 

 

Complex 

numbers 2 

A solution of the equation z2 = ai , where a ∈ R, is z = –2 – 2i. 
 
The other solution is 
 
(A) –8i 
(B) –2 + 2i 
(C) 2 + 2i – Answer 

(D) 8i 
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Answer is B. 
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Question 8 
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Answer is A. 
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Question 12 

 

Complex 

numbers 2 

 
 

Sample response The response 

 

 

  

 

 
 

Sample response The response 

 

 
 
 

 
 

Sample response The response 

 

 

  
 

 
 

Sample response The response 
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Question 18 
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(5 marks) 

 
 

Sample response The response 
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Section 2 

Question 18 

 

Complex 

numbers 2 

 
[5 marks] 
 

Sample Response The response 

 

• correctly determines an expression for $(2�) using 
the remainder theorem [1 mark] 

 

• correctly determines an expression for $(2�) using 
substitution into $(�) [1 mark] 

 

• forms two simultaneous equations by equating 
parts [1 mark] 

 

• determines $(� – bi ) using the values for � and � 
[1 mark] 

 

• evaluates the reasonableness of the statement using 
mathematical reasoning [1 mark] 

 

 
 

2021 

Paper 2 

Section 2 

Question 18 

 

Complex 

numbers 2 
 

[6 marks] 
 

Sample Response The response 

 

• correctly determines the roots of �5 = 1 [1 mark] 

 

• correctly recognises one possible pair of roots [1 
mark] 

 

• determines a quadratic factor of $(�) in factorised 
form [1 mark] 

 

• expresses determined quadratic factor of $(�) in 
expanded form [1 mark] 

 

• uses the factor of � = 2 to express $(�) in 
factorised form [1 mark] 

 

• determines $(�) in expanded form [1 mark] 
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• correctly determines the roots of �5 = 1 [1 mark] 

 

• correctly determines one possible pair of roots [1 
mark] 

 

• determines a quadratic factor of $(�) in factorised 
form [1 mark] 

 

• expresses determined quadratic factor of $(�) in 
expanded form [1 mark] 

 
• uses the factor of � = 2 to express $(�) in 
factorised form [1 mark] 

 

• determines $(�) in expanded form [1 mark] 

 

• correctly determines equation using � = 2 [1 mark] 

 
• correctly determines the roots of �5 = 1 [1 mark] 

 

• determines one possible pair of roots [1 mark] 

 

• determines two equations using two possible 
conjugate pairs [1 mark] 

 
• solves the simultaneous equations to determine �, 
� and � [1 mark] 

 
• determines $(�) in expanded form [1 mark] 
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2020 

Paper 2 

Section 2 

Question 16 

 

Complex 

numbers 2 

Consider the identity 
 

 
 
a) Determine the values of A, B and C using De Moivre’s theorem. [5 marks] 
 

Sample Response The response 

Method 1 

 

• correctly uses De Moivre’s theorem [1 
mark] 

 

• uses binomial expansion with the real parts 
and simplifies the expression [1 mark] 

 

• establishes a simplified expression 
following the use of a suitable Pythagorean 
identity [1 mark] 

 

• establishes a simplified expression in the 
form of �cos4(�) + �sin2(�) + ( [1 mark] 

 • communicates the values of �, � and ( [1 
mark] 

Method 2 

 

• correctly uses De Moivre’s theorem [1 
mark] 

 

• uses binomial expansion and simplifies the 
expression [1 mark] 

 

• establishes a simplified expression 
following the use of a suitable Pythagorean 
identity [1 mark] 

 

• establishes a simplified expression in the 
form of �cos4(�) + �sin2(�) + ( [1 mark] 

 • communicates the values of �, � and ( [1 
mark] 

 
b) State an appropriate method of verifying your results from 16a). [1 mark] 
 

Sample Response The response 

 

• describes an appropriate verification 
strategy [1 mark] 

 

 

  



Unit 4 – Topic 1: Integration and applications of integration 
Apex Exam Guide – 2025 Edition – Page 150 

Unit 4: Further calculus and statistical inference 
 

Unit 4 – Topic 1: Integration and applications of integration 
 
Paper 1 Section 1 

 
2022 

Paper 1 

Section 1 

Question 1 

 

Integration 

and 

applications 

of 

integration 

Let z = a + 3i and w = –3 + bi, where a, b ∈ R. 
 
If z = w, then 
 
(A) a = −3, b = −3 
(B) a = −3, b = 3 
(C) a =3, b = −3 
(D) a = 3, b = 3 

 
2022 

Paper 1 

Section 1 

Question 8 

 

Integration 

and 

applications 

of 

integration 

 
 

2020 

Paper 1 

Section 1 

Question 1 

 

Integration 

and 

applications 

of 

integration 

 
 

2020 

Paper 1 

Section 1 

Question 5 

 

Integration 

and 

applications 

of 

integration 
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Paper 1 Section 2 

 
2023 

Paper 1 

Section 2 

Question 11 

 

Integration 

and 

applications 

of 

integration 

Determine the following definite integrals. 
 

(2 marks) 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

(3 marks) 
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2022 

Paper 1 

Section 2 

Question 13 

 

Integration 

and 

applications 

of 

integration 

 
[6 marks] 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 
[2 marks] 
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2022 

Paper 1 

Section 2 

Question 17 

 

Integration 

and 

applications 

of 

integration 

 
 
Determine the volume of this solid. Express your answer in simplest form. [5 marks] 
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2022 

Paper 1 

Section 2 

Question 19 

 

Integration 

and 

applications 

of 

integration 

 
[7 marks] 
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2021 

Paper 1 

Section 2 

Question 15 

 

Integration 

and 

applications 

of 

integration 

 
[4 marks] 
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2021 

Paper 1 

Section 2 

Question 17 

 

Integration 

and 

applications 

of 

integration 

 
[7 marks] 
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2020 

Paper 1 

Section 2 

Question 13 

 

Integration 

and 

applications 

of 

integration 

The expected value of an exponential random variable X with parameter λ > 0 can be determined using the 
rule 
 

 
 
Use integration by parts to determine E (X). 
 
Express your answer in simplest form. [4 marks] 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  



Unit 4 – Topic 1: Integration and applications of integration 
Apex Exam Guide – 2025 Edition – Page 159 

2020 

Paper 1 

Section 2 

Question 17 

 

Integration 

and 

applications 

of 

integration 

Determine the smallest positive value of a given 
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2020 

Paper 1 

Section 2 

Question 19 

 

Integration 

and 

applications 

of 

integration 

 
[7 marks] 
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Paper 2 Section 1 

 
2023 

Paper 2 

Section 1 

Question 8 

 

Integration 

and 

applications 

of 

integration  
 
 
  



Unit 4 – Topic 1: Integration and applications of integration 
Apex Exam Guide – 2025 Edition – Page 162 

Paper 2 Section 2 

 
2023 

Paper 2 

Section 2 

Question 14 

 

Integration 

and 

applications 

of 

integration 

 
(4 marks) 
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2022 

Paper 2 

Section 2 

Question 11 

 

Integration 

and 

applications 

of 

integration 

 
 
 
a) Use Simpson’s rule with four strips to determine an approximate area of the surface of the dam. [4 marks] 
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b) Evaluate the reasonableness of this approximation. [2 marks] 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
2021 

Paper 2 

Section 2 

Question 13 

 

Integration 

and 

applications 

of 

integration 

 
 
a) Use Simpson’s rule with four intervals to determine an approximation for this area. [4 marks] 
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b) Use a calculus approach to evaluate the reasonableness of your area approximation from Question 13a). [2 
marks] 
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2020 

Paper 2 

Section 2 

Question 14 

 

Integration 

and 

applications 

of 

integration 

The time, t, (months) that it takes before a phone owner cracks the screen on their phone can be modelled by 
an exponentially distributed random variable 
 

 
 
a) Show that f (t) is a probability density function. [1 mark] 
 
 

 
 

 
 

 
 

 
 
b) Determine the probability that a phone owner cracks the screen on their phone within 1 year. [2 marks] 
 
 

 
 

 
 

 
 

 
 

 
 
Three-quarters of phone owners take between 1 and m months before they crack the screen on their phone. 
 
c) Determine the value of m. [2 marks] 
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Marking Guide – Paper 1 Section 1 

 
2022 

Paper 1 

Section 1 

Question 1 

 

Integration 

and 

applications 

of 

integration 

Let z = a + 3i and w = –3 + bi, where a, b ∈ R. 
 
If z = w, then 
 
(A) a = −3, b = −3 
(B) a = −3, b = 3 – Answer  

(C) a =3, b = −3 
(D) a = 3, b = 3 

 
2022 

Paper 1 

Section 1 

Question 8 

 

Integration 

and 

applications 

of 

integration 

 
 
Answer is B. 

 
2020 

Paper 1 

Section 1 

Question 1 

 

Integration 

and 

applications 

of 

integration 

 
 
Answer is B. 

 
2020 

Paper 1 

Section 1 

Question 5 

 

Integration 

and 

applications 

of 

integration 

 
 
Answer is A. 
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Marking Guide – Paper 1 Section 2 

 
2023 

Paper 1 

Section 2 

Question 11 

 

Integration 

and 

applications 

of 

integration 

Determine the following definite integrals. 
 

(2 marks) 
 
 

Sample response The response 

 

 

 
 

(3 marks) 
 
 
 

Sample response The response 
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2022 

Paper 1 

Section 2 

Question 13 

 

Integration 

and 

applications 

of 

integration 

 
[6 marks] 
 

Sample Response The response 

 

• correctly sets up the partial fractions [1 mark] 

 

• determines value of A [1 mark] 
• determines value of B [1 mark] 

 

• determines an expression for the indefinite integral 
[1 mark] 

 

 

 
 
[2 marks] 
 

Sample Response The response 

 

• substitutes limits of integration into the result from 
13a) [1 mark] 

 

• expresses a definite integral value in simplest form 
[1 mark] 
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2022 

Paper 1 

Section 2 

Question 17 

 

Integration 

and 

applications 

of 

integration 

 
 
Determine the volume of this solid. Express your answer in simplest form. [5 marks] 
 

Sample Response The response 

 

• correctly substitutes into the appropriate volume of 
a solid of revolution rule [1 mark] 

 

• expands an integrand [1 mark] 

 

• uses a suitable double-angle identity to enable an 
integration process to be completed [1 mark] 

 

• integrates an expression [1 mark] 

 

• determines volume in simplest form [1 mark] 
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2022 

Paper 1 

Section 2 

Question 19 

 

Integration 

and 

applications 

of 

integration 

 
[7 marks] 
 

Sample Response The response 

 

• correctly determines the expressions for 
)*

)+
and � 

in preparation for the use of the integration by parts 
rule [1 mark] 

 

• applies the integration by parts rule and simplifies 
an integrand [1 mark] 

 

• determines a suitable substitution variable in 
preparation for using a substitution method of 
integration [1 mark] 

 

• expresses an integrand in terms of the substitution 
variable [1 mark] 

 

• determines a general solution for /(�) [1 mark] 

 

• determines a value of the constant of integration 
and communicates a solution [1 mark] 

 

• shows logical organisation communicating key 
steps up to the stage where an integration method 
using substitution is considered [1 mark] 

 

• correctly determines the equivalent substitution 
variable in preparation for using a substitution 
method of integration [1 mark] 
• expresses an integrand in terms of the substitution 
variable [1 mark] 

 

•determines expressions for 0′ and � in preparation 
for using the integration by parts rule [1 mark] 
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• applies the integration by parts rule [1 mark] 

 

• determines a general solution for /(�) [1 mark] 

 

• determines a value of the constant of integration 
and communicates a solution [1 mark] 
• shows logical organisation communicating key 
steps up to the stage where an integration method 
using integration by parts is considered [1 mark] 

 

 
 

2021 

Paper 1 

Section 2 

Question 15 

 

Integration 

and 

applications 

of 

integration 

 
[4 marks] 
 

Sample Response The response 

 

• correctly factorises the denominator to establish 
the form of the partial fraction decomposition [1 
mark] 

 

• determines values of A and B [1 mark] 

 

• determines indefinite integral of the fraction [1 
mark] 

 

• determines expression in the form ln|/(�)| [1 
mark] 
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2021 

Paper 1 

Section 2 

Question 17 

 

Integration 

and 

applications 

of 

integration 

 
[7 marks] 
 

Sample Response The response 

 

• correctly uses simultaneous equations to establish 
an equation in one unknown [1 mark] 

 

• correctly determines �-coordinates of the points of 
intersection [1 mark] 

 

• correctly determines functions in the form � = /(�) 
[1 mark] 

 

• determines expression to represent the volume 
between the two curves [1 mark] 

 

• integrates expression [1 mark] 

 

• determines (positive) value of 1 in terms of 2 [1 
mark] 
• shows logical organisation, communicating key 
steps to at least the start of finding the volume of 
revolution [1 mark] 
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2020 

Paper 1 

Section 2 

Question 13 

 

Integration 

and 

applications 

of 

integration 

The expected value of an exponential random variable X with parameter λ > 0 can be determined using the 
rule 
 

 
 
Use integration by parts to determine E (X). 
 
Express your answer in simplest form. [4 marks] 
 

Sample Response The response 

 

• correctly determines 
)*

)+
 and � [1 mark] 

 

• substitutes into the integration by parts rule [1 
mark] 

 
•  

 

•  

 

 
 
  



Unit 4 – Topic 1: Integration and applications of integration 
Apex Exam Guide – 2025 Edition – Page 175 

2020 

Paper 1 

Section 2 

Question 17 

 

Integration 

and 

applications 

of 

integration 

Determine the smallest positive value of a given 
 

 
 

Sample Response The response 

 

• correctly expresses the expression inside the 
brackets of the integrand in terms of sin(2�)and 
cos(2�) [1 mark] 

 

• correctly simplifies the expression inside the 
brackets of the integrand [1 mark] 

 

• uses a suitable Pythagorean identity to express the 
integrand as a single trigonometric expression [1 
mark] 

 

• determines the definite integral equation [1 mark] 

 

• substitutes limits of integration [1 mark] 

 

• solves equation to determine the smallest positive 
value of � [1 mark] 
• shows logical organisation communicating key 
steps [1 mark] 
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2020 

Paper 1 

Section 2 

Question 19 

 

Integration 

and 

applications 

of 

integration 

 
[7 marks] 
 

Sample Response The response 

 

• correctly expresses � as the subject of the given 
relationship [1 mark] 

 

• establishes volume of bowl as a definite integral [1 
mark] 

 

• determines an expression for 
)3

)ℎ
[1 mark] 

 

• uses a related rate of change equation to determine 

a relationship between 
)ℎ

)5
 and ℎ [1 mark] 

 

• correctly determines the instantaneous depth of 
liquid for the required calculation [1 mark] 

 

• determines the required rate [1 mark] 
• shows logical organisation communicating key 
steps [1 mark] 
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Marking Guide – Paper 2 Section 1 

 
2023 

Paper 2 

Section 1 

Question 8 

 

Integration 

and 

applications 

of 

integration  
 
Answer is A. 

 
Marking Guide – Paper 2 Section 2 

 
2023 

Paper 2 

Section 2 

Question 14 

 

Integration 

and 

applications 

of 

integration 

 
(4 marks) 

 
Sample response The response 
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2022 

Paper 2 

Section 2 

Question 11 

 

Integration 

and 

applications 

of 

integration 

 
 
 
a) Use Simpson’s rule with four strips to determine an approximate area of the surface of the dam. [4 marks] 
 

Sample Response The response 

 

• correctly determines the width of each interval [1 
mark] 

 

• correctly determines the 5 required �-values [1 
mark] 

 

• substitutes �-values into Simpson’s rule [1 mark] 

 

• determines an approximate area [1 mark] 
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b) Evaluate the reasonableness of this approximation. [2 marks] 
 

Sample Response The response 

 

• uses a suitable mathematical representation to 
communicate the approach [1 mark] 

 

• determines area and evaluates the reasonableness 
of the approximation [1 mark] 

 

 
 

2021 

Paper 2 

Section 2 

Question 13 

 

Integration 

and 

applications 

of 

integration 

 
 
a) Use Simpson’s rule with four intervals to determine an approximation for this area. [4 marks] 
 

Sample Response The response 

 

• correctly determines the interval width required for 
the calculations [1 mark] 

 

• correctly determines all required values of /(�) [1 
mark] 

 

• substitutes values into Simpson’s rule [1 mark] 

 

• approximates the area using Simpson’s rule [1 
mark] 

 
b) Use a calculus approach to evaluate the reasonableness of your area approximation from Question 13a). [2 
marks] 
 

Sample Response The response 

 
• correctly expresses the exact area as a definite 
integral [1 mark] 

 

• calculates the value of the definite integral and 
provides a suitable comment on the reasonableness 
of the response [1 mark] 
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2020 

Paper 2 

Section 2 

Question 14 

 

Integration 

and 

applications 

of 

integration 

The time, t, (months) that it takes before a phone owner cracks the screen on their phone can be modelled by 
an exponentially distributed random variable 
 

 
 
a) Show that f (t) is a probability density function. [1 mark] 
 

Sample Response The response 

 

• correctly substitutes the given information into a 
definite integral to show that /(�) is a probability 
density function [1 mark] 

 
b) Determine the probability that a phone owner cracks the screen on their phone within 1 year. [2 marks] 
 

Sample Response The response 

 

• correctly represents the required probability as a 
definite integral [1 mark] 

 

• determines the probability [1 mark] 

 
Three-quarters of phone owners take between 1 and m months before they crack the screen on their phone. 
 
c) Determine the value of m. [2 marks] 
 

Sample Response The response 

 

• correctly establishes definite integral equation [1 
mark] 

 

• solves equation to determine 6 [1 mark] 
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Unit 4 – Topic 2: Rates of change and differential equations 
 
Paper 1 Section 1 

 
2023 

Paper 1 

Section 1 

Question 7 

 

Rates of 

change and 

differential 

equations 

 
 

2022 

Paper 1 

Section 1 

Question 3 

 

Rates of 

change and 

differential 

equations 

A particle travels in a straight line over time, t, with a constant acceleration, a (t). 
 
Which function could represent the particle’s displacement, x (t)? 
 

 
 

2022 

Paper 1 

Section 1 

Question 7 

 

Rates of 

change and 

differential 

equations 

Two forces act concurrently on a 2 kg object placed at the origin. 
 

 
 
The magnitude of the acceleration of the object is 
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2021 

Paper 1 

Section 1 

Question 9 

 

Rates of 

change and 

differential 

equations 

 
 
(A) P 
(B) Q 
(C) R 
(D) S 
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2020 

Paper 1 

Section 1 

Question 7 

 

Rates of 

change and 

differential 

equations 
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Paper 1 Section 2 

 
2023 

Paper 1 

Section 2 

Question 17 

 

Rates of 

change and 

differential 

equations 

 
(7 marks) 
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2023 

Paper 1 

Section 2 

Question 18 

 

Rates of 

change and 

differential 

equations 

 
(6 marks) 
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2022 

Paper 1 

Section 2 

Question 14 

 

Rates of 

change and 

differential 

equations 

 
 

 
 
a) Determine the value of the slope at point A. [2 marks] 
 
 

 
 

 
 

 
 

 

 
[2 marks] 
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2021 

Paper 1 

Section 2 

Question 11 

 

Rates of 

change and 

differential 

equations 

 
 
a) Determine f (2) . [1 mark] 
 
 

 
 

 
 

 
 

 
 
a) Determine f ' (2) . [1 mark] 
 
 

 
 

 
 

 
 

 
 
c) Use the results from Questions 11a) and 11b) to determine the equation of the tangent to the graph of y = f 

(x) at x = 2. [2 marks] 
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2021 

Paper 1 

Section 2 

Question 18 

 

Rates of 

change and 

differential 

equations 

This differential equation can be used to determine the current I (amperes) at time t (seconds) with voltage V 
(volts) in an electric circuit containing a resistance R (ohms): 
 

 
 
where k, R and V are positive constants and � ≥ 0. 
 
Assuming that there is no current in the electric circuit initially, show that the size of the current can never 

be greater than 
3

9
. [6 marks] 
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2020 

Paper 1 

Section 2 

Question 14 

 

Rates of 

change and 

differential 

equations 

 
[2 marks] 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
[2 marks] 
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Paper 2 Section 1 

 
2023 

Paper 2 

Section 1 

Question 1 

 

Rates of 

change and 

differential 

equations 

 
 

2023 

Paper 2 

Section 1 

Question 6 

 

Rates of 

change and 

differential 

equations 

 
 

2022 

Paper 2 

Section 1 

Question 3 

 

Rates of 

change and 

differential 

equations 
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2022 

Paper 2 

Section 1 

Question 6 

 

Rates of 

change and 

differential 

equations 

 
 
Determine the momentum of the object when t = 3. 
 
(A) 24 kg m s-1 
(B) 27 kg m s-1 
(C) 96 kg m s-1 
(D) 100 kg m s-1 

 
2022 

Paper 2 

Section 1 

Question 8 

 

Rates of 

change and 

differential 

equations 
 

 
2020 

Paper 2 

Section 2 

Question 12 

 

Rates of 

change and 

differential 

equations 
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A scientist commenced this experiment at 9:00 am on a certain day and observed that 100 yeast cells were 
present at this time. 
 
b) Show that the solution of the differential equation can be expressed as 
 

 
 

[3 marks] 
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c) Determine the time of day when 900 yeast cells were present. [2 marks] 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
The scientist predicted that the number of yeast cells would eventually exceed 1200. 
 
d) Evaluate the reasonableness of the scientist’s prediction. [2 marks] 
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2021 

Paper 2 

Section 1 

Question 9 

 

Rates of 

change and 

differential 

equations 

Two vertical forces act on a skydiver with a mass of 85 kg, as shown. 
 

 
 
When the magnitude of the air resistance is 62 N, the magnitude of the acceleration of the skydiver is 
 
(A) 0.73 m s-2 
(B) 2.65 m s-2 
(C) 9.07 m s-2 
(D) 12.44 m s-2 

 
2020 

Paper 2 

Section 1 

Question 4 

 

Rates of 

change and 

differential 

equations 

 
 

2020 

Paper 2 

Section 1 

Question 5 

 

Rates of 

change and 

differential 

equations 

The gradient of the tangent at point A on the curve y2 = 4x is 1.36 
 
The x-coordinate of A is 
 
(A) 0.12 
(B) 0.46 
(C) 0.54 
(D) 1.47 
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Paper 2 Section 2 

 
2023 

Paper 2 

Section 2 

Question 16 

 

Rates of 

change and 

differential 

equations 

 
(6 marks) 
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2022 

Paper 2 

Section 2 

Question 16 

 

Rates of 

change and 

differential 

equations 

An object with a mass of 12 kg lies on a frictionless inclined plane. A rope is attached to the object at an angle 
of 25° above the plane, as shown. 
 

 
 
The force of the rope, T N, prevents the object from moving. When the rope is detached, the object moves 
down the plane with an acceleration of 5.6 m s-2. 
 
Determine the magnitude of T. [6 marks] 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



Unit 4 – Topic 2: Rates of change and differential equations 
Apex Exam Guide – 2025 Edition – Page 197 

 
2021 

Paper 2 

Section 2 

Question 15 

 

Rates of 

change and 

differential 

equations 

Water is poured into a cone-shaped cup at a rate of 2 cm3 s-1. The cup has a height of 12 cm and a radius 
of 6 cm, as shown. 
 

 
 
As the cup fills, the ratio of the height of the water h to the surface radius of the water r remains constant. 
 
a) Given that h = 2r, determine a function for the volume of water in the cup, V, in terms of h. 
 
Express your answer in simplified form. [1 mark] 
 
 

 
 

 
 

 
 

 
 
b) Use the results from Question 15a) to show that the rate at which the height of water in the cup is increasing 

with respect to time is given by 
8

;<2. [3 marks] 
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c) Determine the rate at which the height of water in the cup is increasing with respect to time when the 
volume of water in the cup reaches half of the total capacity of the cup. [4 marks] 
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Marking Guide – Paper 1 Section 1 

 
2023 

Paper 1 

Section 1 

Question 7 

 

Rates of 

change and 

differential 

equations 

 
 
Answer is D. 

 
2022 

Paper 1 

Section 1 

Question 3 

 

Rates of 

change and 

differential 

equations 

A particle travels in a straight line over time, t, with a constant acceleration, a (t). 
 
Which function could represent the particle’s displacement, x (t)? 
 

 
 
Answer is B. 

 
2022 

Paper 1 

Section 1 

Question 7 

 

Rates of 

change and 

differential 

equations 

Two forces act concurrently on a 2 kg object placed at the origin. 
 

 
 
The magnitude of the acceleration of the object is 
 

 
 
Answer is A. 
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2021 

Paper 1 

Section 1 

Question 9 

 

Rates of 

change and 

differential 

equations 

 
 
(A) P – Answer 

(B) Q 
(C) R 
(D) S 

 



Unit 4 – Topic 2: Rates of change and differential equations 
Apex Exam Guide – 2025 Edition – Page 201 

2020 

Paper 1 

Section 1 

Question 7 

 

Rates of 

change and 

differential 

equations 

 
 
Answer is C. 
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Marking Guide – Paper 1 Section 2 

 
2023 

Paper 1 

Section 2 

Question 17 

 

Rates of 

change and 

differential 

equations 

 
(7 marks) 

 
Sample response The response 
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2023 

Paper 1 

Section 2 

Question 18 

 

Rates of 

change and 

differential 

equations 

 
(6 marks) 

 
Sample response The response 
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2021 

Paper 1 

Section 2 

Question 18 

 

Rates of 

change and 

differential 

equations 

This differential equation can be used to determine the current I (amperes) at time t (seconds) with voltage V 
(volts) in an electric circuit containing a resistance R (ohms): 
 

 
 
where k, R and V are positive constants and � ≥ 0. 
 
Assuming that there is no current in the electric circuit initially, show that the size of the current can never 

be greater than 
3

9
. [6 marks] 

 
Sample Response The response 

 

• correctly uses the separation of variables method 
to set up indefinite integrals [1 mark] 

 

• develops a general solution of the differential 
equation [1 mark] 

 

• uses the given condition to determine expression 
for the constant of integration [1 mark] 

 

• rearranges relationship to express ln|1 – >I | as the 
subject of the equation [1 mark] 

 

• expresses relationship as an exponential function 
[1 mark] 

 

• considers value of ? over time to determine the 
required limit [1 mark] 
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2020 

Paper 1 

Section 2 

Question 14 

 

Rates of 

change and 

differential 

equations 

 
[2 marks] 
 

Sample Response The response 

 

• correctly determines 
)@

)+
 [1 mark] 

 

• determines an expression for acceleration as a 
function of displacement [1 mark] 

 

 
[2 marks] 
 

Sample Response The response 

 

• determines a correct exact value for the inverse 
trigonometric expression on the numerator [1 mark] 

 

• determines a reasonable solution for �(0) (based 
on the given range (−22 ≤ �(0) ≤ 0) [1 mark] 
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Marking Guide – Paper 2 Section 1 

 
2023 

Paper 2 

Section 1 

Question 1 

 

Rates of 

change and 

differential 

equations 

 
 
Answer is D. 

 
2023 

Paper 2 

Section 1 

Question 6 

 

Rates of 

change and 

differential 

equations 

 
 
Answer is D. 
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2022 

Paper 1 

Section 2 

Question 14 

 

Rates of 

change and 

differential 

equations 

 
 

 
 
a) Determine the value of the slope at point A. [2 marks] 
 

Sample Response The response 

 

• correctly substitutes the coordinates of A into the 
differential equation [1 mark]  
• determines a value of the slope at A [1 mark] 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Unit 4 – Topic 2: Rates of change and differential equations 
Apex Exam Guide – 2025 Edition – Page 209 

 
[2 marks] 
 

Sample Response The response 

 

• correctly shows a solution curve that starts at (−6, 
3.5) and has a negative slope in the 2nd quadrant [1 
mark] 
• correctly shows a solution curve with an 
asymptotic nature in the 3rd quadrant as ��→ 0− 
and there is no solution curve in the 1st or 4th 
quadrant [1 mark] 
 

 
 

 
2021 

Paper 1 

Section 2 

Question 11 

 

Rates of 

change and 

differential 

equations 

 
 
a) Determine f (2) . [1 mark] 
 

Sample Response The response 

 

• correctly determines the required value [1 mark] 

 
a) Determine f ' (2) . [1 mark] 
 

Sample Response The response 

 

• correctly determines the gradient function [1 mark] 
 

 

• determines gradient of the tangent [1 mark] 
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c) Use the results from Questions 11a) and 11b) to determine the equation of the tangent to the graph of y = f 

(x) at x = 2. [2 marks] 
 

Sample Response The response 

 

• determines �-intercept of the tangent [1 mark] 

 

• determines equation of the tangent [1 mark] 

 

 
 

2022 

Paper 2 

Section 1 

Question 3 

 

Rates of 

change and 

differential 

equations 

 
 
Answer is C. 

 
2022 

Paper 2 

Section 1 

Question 6 

 

Rates of 

change and 

differential 

equations 

 
 
Determine the momentum of the object when t = 3. 
 
(A) 24 kg m s-1 
(B) 27 kg m s-1 
(C) 96 kg m s-1 – Answer 

(D) 100 kg m s-1 

 
2022 

Paper 2 

Section 1 

Question 8 

 

Rates of 

change and 

differential 

equations 
 

 
Answer is B. 
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2020 

Paper 2 

Section 2 

Question 12 

 

Rates of 

change and 

differential 

equations 

 
 

Sample Response The response 

 

• correctly uses separation of variables technique 
and substitutes the given result into the differential 
equation [1 mark] 

 

• correctly develops the required general solution [1 
mark] 

 
A scientist commenced this experiment at 9:00 am on a certain day and observed that 100 yeast cells were 
present at this time. 
 
b) Show that the solution of the differential equation can be expressed as 
 

 
 

[3 marks] 
 

Sample Response The response 

 

• correctly determines � [1 mark] 

 

• substitutes the value of � into the general equation 
and simplifies sufficiently to produce a function that 
includes the term A� [1 mark] 

 

• develops the solution for � in the required form [1 
mark] 
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c) Determine the time of day when 900 yeast cells were present. [2 marks] 
 

Sample Response The response 

 

• correctly determines the value of � when � = 900 
[1 mark] 

 
• communicates the time of day [1 mark] 

 
The scientist predicted that the number of yeast cells would eventually exceed 1200. 
 
d) Evaluate the reasonableness of the scientist’s prediction. [2 marks] 
 

Sample Response The response 

Method 1 

 

• correctly recognises that the number of yeast cells 
will never exceed 1000 [1 mark] 

 

• comments that the prediction is not reasonable [1 
mark] 

Method 2 

 

• correctly recognises that the number of yeast cells 
will never reach 1200 [1 mark] 

 

• comments that the prediction is not reasonable [1 
mark] 

 

 
 

2021 

Paper 2 

Section 1 

Question 9 

 

Rates of 

change and 

differential 

equations 

Two vertical forces act on a skydiver with a mass of 85 kg, as shown. 
 

 
 
When the magnitude of the air resistance is 62 N, the magnitude of the acceleration of the skydiver is 
 
(A) 0.73 m s-2 
(B) 2.65 m s-2 
(C) 9.07 m s-2 – Answer 

(D) 12.44 m s-2 
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2020 

Paper 2 

Section 1 

Question 4 

 

Rates of 

change and 

differential 

equations 

 
 
Answer is A. 

 
2020 

Paper 2 

Section 1 

Question 5 

 

Rates of 

change and 

differential 

equations 

The gradient of the tangent at point A on the curve y2 = 4x is 1.36 
 
The x-coordinate of A is 
 
(A) 0.12 
(B) 0.46 
(C) 0.54 – Answer 

(D) 1.47 
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Marking Guide – Paper 2 Section 2 

 
2023 

Paper 2 

Section 2 

Question 16 

 

Rates of 

change and 

differential 

equations 

 
(6 marks) 

 
 

Sample response The response 
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2022 

Paper 2 

Section 2 

Question 16 

 

Rates of 

change and 

differential 

equations 

An object with a mass of 12 kg lies on a frictionless inclined plane. A rope is attached to the object at an angle 
of 25° above the plane, as shown. 
 

 
 
The force of the rope, T N, prevents the object from moving. When the rope is detached, the object moves 
down the plane with an acceleration of 5.6 m s-2. 
 
Determine the magnitude of T. [6 marks] 
 
 

Sample Response The response 

 

• correctly determines an equation in terms of |B| (or 
C) and � when the rope is attached [1 mark] 

 

• correctly calculates the magnitude of the net force 
acting when the rope is detached [1 mark] 

 

• determines an equation in terms of � when the 
rope is detached [1 mark] 

 
• determines a value representing � [1 mark] 

 

• determines an equation in terms of |B| (or C) [1 
mark] 

 
• determines the magnitude of B [1 mark] 
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2021 

Paper 2 

Section 2 

Question 15 

 

Rates of 

change and 

differential 

equations 

Water is poured into a cone-shaped cup at a rate of 2 cm3 s-1. The cup has a height of 12 cm and a radius 
of 6 cm, as shown. 
 

 
 
As the cup fills, the ratio of the height of the water h to the surface radius of the water r remains constant. 
 
a) Given that h = 2r, determine a function for the volume of water in the cup, V, in terms of h. 
 
Express your answer in simplified form. [1 mark] 
 

Sample Response The response 

 

• correctly determines a function for the volume in 
simplified form [1 mark] 

 
b) Use the results from Question 15a) to show that the rate at which the height of water in the cup is increasing 

with respect to time is given by 
8

;<2. [3 marks] 

 
Sample Response The response 

 
• determines an expression for 

)3

)ℎ
 [1 mark] 

 

• correctly states a related rates equation in terms of 
1, ℎ and � [1 mark] 

 

• demonstrates suitable working leading to the 
required result [1 mark] 

 
c) Determine the rate at which the height of water in the cup is increasing with respect to time when the 
volume of water in the cup reaches half of the total capacity of the cup. [4 marks] 
 

Sample Response The response 

 

• correctly uses a suitable equation to determine ℎ 
when the cup is half full [1 mark] 

 
• determines ℎ when 1 reaches half capacity [1 
mark] 

 

• determines required rate [1 mark] 

 
• correctly communicates relevant units [1 mark] 
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Unit 4 – Topic 3: Statistical inference 
 
Paper 1 Section 1 

 
2023 

Paper 1 

Section 1 

Question 5 

 

Statistical 

inference 

A confidence interval for a parameter is a range of values within which the 
 
(A) sample estimate of the parameter always lies. 
(B) sample estimate of the parameter never lies. 
(C) parameter always lies. 
(D) parameter never lies.  

 
2023 

Paper 1 

Section 1 

Question 10 

 

Statistical 

inference 
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2022 

Paper 1 

Section 1 

Question 2 

 

Statistical 

inference 

Which statement regarding sample means is true? 
 
(A) The distribution of X is always normally distributed. 
(B) The distribution of X̄ is always normally distributed. 
(C) The value of x̅ changes when different samples are selected. 
(D) The value of μ changes when different samples are selected 

 
2022 

Paper 1 

Section 1 

Question 5 

 

Statistical 

inference 

Four random samples of different sizes were taken to estimate a certain population mean, given a known 
population standard deviation. A 95% confidence interval was calculated for each sample. 
 

 
 
Which sample used the largest sample size? 
 
(A) Sample 1 
(B) Sample 2 
(C) Sample 3 
(D) Sample 4 

 
2022 

Paper 1 

Section 1 

Question 9 

 

Statistical 

inference 

A random variable X is normally distributed with a mean of 36 and a standard deviation of 4. 
 
The respective mean and standard deviation of the distribution of X̄ from repeated random samples of size 9 
are 
 

 
 

2021 

Paper 1 

Section 1 

Question 1 

 

Statistical 

inference 

Which of the following is a population parameter? 
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2021 

Paper 1 

Section 1 

Question 4 

 

Statistical 

inference 

The number of sunflower seeds in each packet produced by a company is known to be normally distributed 
with a standard deviation of 100. A worker counts the number of seeds in a random sample of four packets and 
calculates the sample mean. 
 
Based on this sampling, the standard deviation of the distribution of the sample mean is 
 
(A) 25 
(B) 50 
(C) 75 
(D) 100 

 
2021 

Paper 1 

Section 1 

Question 7 

 

Statistical 

inference 

The mass of a particular variety of cake is claimed to be normally distributed with a mean of 660 grams. A 
random sample of five of these cakes is found to have a mean mass of 600 grams. 
 
Which option represents an approximate confidence interval for μ based on this sample? 
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2021 

Paper 1 

Section 1 

Question 10 

 

Statistical 

inference 

The 2016 Australian census recorded the number of bedrooms per household. The results are summarised in 
the histogram, as shown. Based on this data, the mean number of bedrooms per household was calculated to be 
3.5. 
 

 
 
Fifty samples of size 40 were randomly selected from the census data and the sample means recorded. 
 
The histogram that most likely represents the distribution of the sample means is 
 

 
 

2020 

Paper 1 

Section 1 

Question 3 

 

Statistical 

inference 
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2020 

Paper 1 

Section 1 

Question 9 

 

Statistical 

inference 

The scores on a test are assumed to be normally distributed. 
 
Researchers use the results from a random sample of scores to calculate a confidence interval for the 
population mean. However, a shorter confidence interval width is required so the researchers decide to use a 
second sample for their calculations. 
 
Assuming that the standard deviations for both samples are the same, the researchers can ensure that a shorter 
confidence interval width is produced by 
 
(A) decreasing the sample size and decreasing the confidence level. 
(B) decreasing the sample size and increasing the confidence level. 
(C) increasing the sample size and decreasing the confidence level. 
(D) increasing the sample size and increasing the confidence level. 
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Paper 1 Section 2 

 
There have been no questions on this topic for this section in the exams of recent years. 
 
Paper 2 Section 1 

 
2023 

Paper 2 

Section 1 

Question 2 

 

Statistical 

inference 

 
 

2023 

Paper 2 

Section 1 

Question 9 

 

Statistical 

inference 

 
 
 

2022 

Paper 2 

Section 1 

Question 4 

 

Statistical 

inference 

 
 
The mean length of time taken for students to answer questions in this class is 15 seconds. 
 
The probability that the next question in this class is answered between 8 seconds and 17 seconds is 
 
(A) 0.05 
(B) 0.12 
(C) 0.22 
(D) 0.26 
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2022 

Paper 2 

Section 1 

Question 5 

 

Statistical 

inference 

A random sample of the petrol price per litre at 50 petrol stations produced a sample mean of $1.52 and a 
standard deviation of $0.14. 
 
Based on this sample and using a z-value of 1.5, an approximate confidence interval for μ is 
 
(A) ($1.47, $1.57) 
(B) ($1.48, $1.56) 
(C) ($1.49, $1.55) 
(D) ($1.50, $1.54) 

 
2022 

Paper 2 

Section 1 

Question 10 

 

Statistical 

inference 

In a town, the mean number of residents per household is 3.79 people with a standard deviation of 1.47 
people. 
 
Using a random sample of 45 households from the town, determine the probability that the mean number of 
residents per household will be more than 4. 
 
(A) 0.17 
(B) 0.33 
(C) 0.83 
(D) 0.96 

 
2021 

Paper 2 

Section 1 

Question 1 

 

Statistical 

inference 

The time taken to complete orders at a pizza store is normally distributed with a mean time (μ) of 10 minutes. 
 
The owner of the pizza store records the time taken to complete orders for a random sample of 20 pizzas each 
day over a 30-day period. From this data, an approximate 90% confidence interval for μ is calculated at the 
end of each day. 
 
How many of these confidence intervals would be expected to contain μ? 
 
(A) 3 
(B) 18 
(C) 27 
(D) 30 

 
2021 

Paper 2 

Section 1 

Question 4 

 

Statistical 

inference 

The mean time that visitors spend at an art exhibition is 39 minutes and the standard deviation is 6 minutes. 
 
Determine the approximate probability that the mean time spent at the exhibition by a random sample of 35 
visitors is between 38 and 40 minutes. 
 
(A) 0.13 
(B) 0.16 
(C) 0.68 
(D) 0.84 

 
2021 

Paper 2 

Section 1 

Question 10 

 

Statistical 

inference 
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2020 

Paper 2 

Section 1 

Question 3 

 

Statistical 

inference 

The masses of packages of cheese produced by a company are assumed to be normally distributed with a 
known mean of μ grams and a standard deviation of 7.37 grams. 
 
The packages of cheese are labelled to contain 500 grams. 
 
Given there is a 25% probability that the mean mass of 20 randomly selected packages will be less than the 
labelled amount, the value of μ is 
 
(A) 498.89 
(B) 500.25 
(C) 501.11 
(D) 504.98 

 
2020 

Paper 2 

Section 1 

Question 7 

 

Statistical 

inference 

The heights of all students at a school were measured. A mean height of 157.0 cm was calculated from this 
data. 
 
A random sample of 35 students from this school was selected. The mean height of this sample was 159.7 cm 
with a standard deviation of 8.7 cm. 
 
The smallest confidence level that could be used to produce a confidence interval that contains μ, based on this 
sample, is 
 
(A) 85% 
(B) 90% 
(C) 95% 
(D) 99% 

 
2020 

Paper 2 

Section 1 

Question 10 

 

Statistical 

inference 

The time taken by the Year 7 students at a particular school to complete a standardised test is known to be 
normally distributed. A researcher claims that the population mean is 8.2 minutes. 
 
The mean time taken to complete this test by a sample of 10 of these students is 8.1 minutes with a standard 
deviation of 1.2 minutes. 
 
The 95% confidence interval for μ based on this sample is 
 
(A) (7.36, 8.84) minutes 
(B) (7.46, 8.94) minutes 
(C) (7.86, 8.33) minutes 
(D) (7.96, 8.44) minutes 
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2023 

Paper 2 

Section 2 

Question 13 

 

Statistical 

inference 
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2023 

Paper 2 

Section 2 

Question 15 

 

Statistical 

inference  
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2023 

Paper 2 

Section 2 

Question 19 

 

Statistical 

inference 

 
(7 marks) 
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2022 

Paper 2 

Section 2 

Question 13 

 

Statistical 

inference 

An article claims that the mean starting salary of graduates in Australia is currently $64 800 with a standard 
deviation of $4500. 
 
To check the validity of this claim, an employment agent intends to collect data on the starting salaries of a 
random sample of 360 graduates. 
 
a) Determine the probability that the sample mean starting salary will be between $64 000 and $65 000. [2 
marks] 
 
 

 
 

 
 

 
From the data, the agent calculates a confidence interval for the population mean starting salary of ($64 589, 
$65 811). 
 
 

 
 

 
c) Comment on the reasonableness of the article’s claim based on this confidence interval. [2 marks] 
 
 

 
 

 
 

 
 

 
 
 

 
2022 

Paper 2 

Section 2 

Question 17 

 

Statistical 

inference 

The mass of a population of elephants is known to be normally distributed. 
 
A biologist randomly selects a number of elephants from this population and measures their masses. The mean 
mass of the sample is 5206 kg with a standard deviation of 356 kg. 
 
The biologist uses the data to calculate a 90% confidence interval for the population mean mass of (5159.1, 
5252.9) kg. 
 
Determine a 99% confidence interval for the population mean mass based on the same data. [6 marks] 
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Question 12 

 

Statistical 

inference 

The life span of batteries manufactured by a company is assumed to be normally distributed with an unknown 
mean and standard deviation. 
 
A supervisor at the company randomly selects n batteries and uses the life spans from this sample to calculate 
an approximate 95% confidence interval for the population mean of (2321.4, 2423.6) hours. 
 
a) Determine the mean life span for this sample of batteries. [1 mark] 
 
 

 
 

 
 

 
 
The standard deviation of the life spans of batteries in this sample is 125 hours. 
 
b) Determine n. [3 marks] 
 
 

 
 

 
 

 
 

 



Unit 4 – Topic 3: Statistical inference 
Apex Exam Guide – 2025 Edition – Page 230 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
c) Use the result from Question 12b) to explain whether the assumption that the life span of batteries is 
normally distributed is required to support the supervisor’s calculations. [2 marks] 
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[7 marks] 
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Question 13 

 

Statistical 

inference 

Data records show that the speeds of cars at a particular location on a highway are normally distributed with a 
mean of 98.7 km h–1 and a standard deviation of 4.1 km h–1. The speed limit at this location is 100 km h–1. 
 
A police officer plans to record the speeds of 20 randomly selected cars at this location. 
 
a) Determine the expected number of cars in the sample that will be travelling within ± 1 km h–1 of the 
population mean. [2 marks] 
 
 

 
 

 
 

 
 

 
 
b) Determine the probability that the mean speed of this sample will exceed the speed limit. [2 marks] 
 
 

 
 

 
 

 
 

 
 

 
There is a 5% probability that the mean speed of this sample will exceed k. 
 
c) Determine the value of k. [2 marks] 
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Question 18 

 

Statistical 

inference 

The mass of a certain species of kangaroo is known to be normally distributed with a mean mass of μ kg and 
standard deviation of σ kg. 
 
When one of the kangaroos is randomly selected, the probability that its mass is greater than 83.2 kg is 0.145. 
 
When a sample of 12 kangaroos is randomly selected, the probability that the sample mean mass is less than 
74.1 kg is 0.079. 
 
A 90% approximate confidence interval for μ is calculated using a random sample of n of the kangaroos that 
has a sample mean mass of 79.1 kg and a sample standard deviation equal to σ. 
 
Determine the possible range of values that n could have been, given that the confidence interval did not 
contain μ. [6 marks] 
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2023 

Paper 1 

Section 1 

Question 5 

 

Statistical 

inference 

A confidence interval for a parameter is a range of values within which the 
 
(A) sample estimate of the parameter always lies. 
(B) sample estimate of the parameter never lies. 
(C) parameter always lies. 
(D) parameter never lies. – Answer is A. 

 
2023 
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Question 10 
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Answer is B. 
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Question 2 

 

Statistical 

inference 

Which statement regarding sample means is true? 
 
(A) The distribution of X is always normally distributed. 
(B) The distribution of X̄ is always normally distributed. 
(C) The value of x̅ changes when different samples are selected. – Answer 

(D) The value of μ changes when different samples are selected 

 
2022 

Paper 1 

Section 1 

Question 5 

 

Statistical 

inference 

Four random samples of different sizes were taken to estimate a certain population mean, given a known 
population standard deviation. A 95% confidence interval was calculated for each sample. 
 

 
 
Which sample used the largest sample size? 
 
(A) Sample 1 – Answer 

(B) Sample 2 
(C) Sample 3 
(D) Sample 4 

 
2022 

Paper 1 

Section 1 

Question 9 

 

Statistical 

inference 

A random variable X is normally distributed with a mean of 36 and a standard deviation of 4. 
 
The respective mean and standard deviation of the distribution of X̄ from repeated random samples of size 9 
are 
 

 
 
Answer is D. 
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Question 1 

 

Statistical 

inference 

Which of the following is a population parameter? 
 

 
 
Answer is B. 
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Question 4 

 

Statistical 

inference 

The number of sunflower seeds in each packet produced by a company is known to be normally distributed 
with a standard deviation of 100. A worker counts the number of seeds in a random sample of four packets and 
calculates the sample mean. 
 
Based on this sampling, the standard deviation of the distribution of the sample mean is 
 
(A) 25 
(B) 50 – Answer 

(C) 75 
(D) 100 

 
2021 
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Section 1 

Question 7 

 

Statistical 

inference 

The mass of a particular variety of cake is claimed to be normally distributed with a mean of 660 grams. A 
random sample of five of these cakes is found to have a mean mass of 600 grams. 
 
Which option represents an approximate confidence interval for μ based on this sample? 
 

 
 
Answer is B. 
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Statistical 
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The 2016 Australian census recorded the number of bedrooms per household. The results are summarised in 
the histogram, as shown. Based on this data, the mean number of bedrooms per household was calculated to be 
3.5. 
 

 
 
Fifty samples of size 40 were randomly selected from the census data and the sample means recorded. 
 
The histogram that most likely represents the distribution of the sample means is 
 

 
 
Answer is D. 
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Question 10 

 

Statistical 

inference 

The 2016 Australian census recorded the number of bedrooms per household. The results are summarised in 
the histogram, as shown. Based on this data, the mean number of bedrooms per household was calculated to be 
3.5. 
 

 
 
Fifty samples of size 40 were randomly selected from the census data and the sample means recorded. 
 
The histogram that most likely represents the distribution of the sample means is 
 

 
 
Answer is D. 
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inference 

 
 
Answer is C. 
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Question 9 

 

Statistical 
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The scores on a test are assumed to be normally distributed. 
 
Researchers use the results from a random sample of scores to calculate a confidence interval for the 
population mean. However, a shorter confidence interval width is required so the researchers decide to use a 
second sample for their calculations. 
 
Assuming that the standard deviations for both samples are the same, the researchers can ensure that a shorter 
confidence interval width is produced by 
 
(A) decreasing the sample size and decreasing the confidence level. 
(B) decreasing the sample size and increasing the confidence level. 
(C) increasing the sample size and decreasing the confidence level. – Answer 

(D) increasing the sample size and increasing the confidence level. 
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There have been no questions on this topic for this section in the exams of recent years. 
 
Marking Guide – Paper 2 Section 1 
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Answer is B. 
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Question 9 
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Answer is B. 
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Question 4 

 

Statistical 

inference 

 
 
The mean length of time taken for students to answer questions in this class is 15 seconds. 
 
The probability that the next question in this class is answered between 8 seconds and 17 seconds is 
 
(A) 0.05 
(B) 0.12 
(C) 0.22 
(D) 0.26 – Answer 
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Statistical 

inference 

A random sample of the petrol price per litre at 50 petrol stations produced a sample mean of $1.52 and a 
standard deviation of $0.14. 
 
Based on this sample and using a z-value of 1.5, an approximate confidence interval for μ is 
 
(A) ($1.47, $1.57) 
(B) ($1.48, $1.56) 
(C) ($1.49, $1.55) – Answer 

(D) ($1.50, $1.54) 
 

2022 

Paper 2 

Section 1 

Question 10 

 

Statistical 

inference 

In a town, the mean number of residents per household is 3.79 people with a standard deviation of 1.47 
people. 
 
Using a random sample of 45 households from the town, determine the probability that the mean number of 
residents per household will be more than 4. 
 
(A) 0.17 – Answer 

(B) 0.33 
(C) 0.83 
(D) 0.96 

 
2021 

Paper 2 

Section 1 

Question 1 

 

Statistical 

inference 

The time taken to complete orders at a pizza store is normally distributed with a mean time (μ) of 10 minutes. 
 
The owner of the pizza store records the time taken to complete orders for a random sample of 20 pizzas each 
day over a 30-day period. From this data, an approximate 90% confidence interval for μ is calculated at the 
end of each day. 
 
How many of these confidence intervals would be expected to contain μ? 
 
(A) 3 
(B) 18 
(C) 27 – Answer 

(D) 30 
 

2021 

Paper 2 

Section 1 

Question 4 

 

Statistical 

inference 

The mean time that visitors spend at an art exhibition is 39 minutes and the standard deviation is 6 minutes. 
 
Determine the approximate probability that the mean time spent at the exhibition by a random sample of 35 
visitors is between 38 and 40 minutes. 
 
(A) 0.13 
(B) 0.16 
(C) 0.68 – Answer 

(D) 0.84 
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Question 10 
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Answer is B. 
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Question 3 

 

Statistical 

inference 

The masses of packages of cheese produced by a company are assumed to be normally distributed with a 
known mean of μ grams and a standard deviation of 7.37 grams. 
 
The packages of cheese are labelled to contain 500 grams. 
 
Given there is a 25% probability that the mean mass of 20 randomly selected packages will be less than the 
labelled amount, the value of μ is 
 
(A) 498.89 
(B) 500.25 
(C) 501.11 – Answer 

(D) 504.98 
 

2020 

Paper 2 

Section 1 

Question 7 

 

Statistical 

inference 

The heights of all students at a school were measured. A mean height of 157.0 cm was calculated from this 
data. 
 
A random sample of 35 students from this school was selected. The mean height of this sample was 159.7 cm 
with a standard deviation of 8.7 cm. 
 
The smallest confidence level that could be used to produce a confidence interval that contains μ, based on this 
sample, is 
 
(A) 85% 
(B) 90% 
(C) 95% – Answer 

(D) 99% 
 

2020 

Paper 2 

Section 1 

Question 10 

 

Statistical 

inference 

The time taken by the Year 7 students at a particular school to complete a standardised test is known to be 
normally distributed. A researcher claims that the population mean is 8.2 minutes. 
 
The mean time taken to complete this test by a sample of 10 of these students is 8.1 minutes with a standard 
deviation of 1.2 minutes. 
 
The 95% confidence interval for μ based on this sample is 
 
(A) (7.36, 8.84) minutes – Answer 

(B) (7.46, 8.94) minutes 
(C) (7.86, 8.33) minutes 
(D) (7.96, 8.44) minutes 
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Sample response The response 

 
 

 

 
 

Sample response The response 
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Sample response The response 

 

 

 

 

 

 
 

Sample response The response 

 

 

 
 

 
 

Sample response The response 
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(7 marks) 

 
Sample response The response 
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An article claims that the mean starting salary of graduates in Australia is currently $64 800 with a standard 
deviation of $4500. 
 
To check the validity of this claim, an employment agent intends to collect data on the starting salaries of a 
random sample of 360 graduates. 
 
a) Determine the probability that the sample mean starting salary will be between $64 000 and $65 000. [2 
marks] 
 

Sample Response The response 

 

• correctly calculates  [1 mark] 

 
• calculates required probability [1 mark] 

 
From the data, the agent calculates a confidence interval for the population mean starting salary of ($64 589, 
$65 811). 
 

Sample Response The response 

 

• correctly determines the value of �̅ [1 mark] 

 
c) Comment on the reasonableness of the article’s claim based on this confidence interval. [2 marks] 
 

Sample Response The response 

D lies within the confidence interval. 
 
The website’s claim is reasonable. 

• correctly recognises that the population mean lies 
within the confidence interval [1 mark] 
• correctly evaluates the reasonableness of the claim 
using a suitable comment [1 mark] 
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Question 17 

 

Statistical 

inference 

The mass of a population of elephants is known to be normally distributed. 
 
A biologist randomly selects a number of elephants from this population and measures their masses. The mean 
mass of the sample is 5206 kg with a standard deviation of 356 kg. 
 
The biologist uses the data to calculate a 90% confidence interval for the population mean mass of (5159.1, 
5252.9) kg. 
 
Determine a 99% confidence interval for the population mean mass based on the same data. [6 marks] 
 

Sample Response The response 

 

• correctly determines the required 
value of � for a 90% CI [1 mark] 

 

• establishes an equation in terms of 
𝑛 [1 mark] 

 

• solves the equation to determine 𝑛 
[1 mark] 

 
• rounds 𝑛 to an integer value [1 
mark] 

 

• determines a 99% confidence 
interval [1 mark] 
• shows logical organisation 
communicating key steps [1 mark] 
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Question 12 

 

Statistical 

inference 

The life span of batteries manufactured by a company is assumed to be normally distributed with an unknown 
mean and standard deviation. 
 
A supervisor at the company randomly selects n batteries and uses the life spans from this sample to calculate 
an approximate 95% confidence interval for the population mean of (2321.4, 2423.6) hours. 
 
a) Determine the mean life span for this sample of batteries. [1 mark] 
 

Sample Response The response 

 
• correctly determines the mean lifetime of the 
sample [1 mark] 

 
The standard deviation of the life spans of batteries in this sample is 125 hours. 
 
b) Determine n. [3 marks] 
 

Sample Response The response 

 

• determines an equation in terms of 𝑛 [1 mark] 

 
• solves equation for 𝑛 [1 mark] 

 • expresses sample size rounded to a whole number 
[1 mark] 
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c) Use the result from Question 12b) to explain whether the assumption that the life span of batteries is 
normally distributed is required to support the supervisor’s calculations. [2 marks] 
 

Sample Response The response 

Yes, the assumption is required. 
 
Because the sample size is less than 30, the 
distribution of the sample mean cannot be assumed 
to be normal unless the population is normally 
distributed. 

• makes a suitable statement [1 mark]  
• discusses the sample size and its relation to a 
normal distribution [1 mark] 
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inference 

 
[7 marks] 
 

Sample Response The response 

 

• correctly determines equation in terms 
of � [1 mark] 

 
• solves equation to determine � [1 
mark] 

 

• determines population mean [1 mark] 

 

• determine population variance [1 
mark] 
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• justifies that the distribution of C̅ can 
be considered normal [1 mark] 

 

• determines mean and standard 
deviation of the sample mean [1 mark] 
• determines required probability [1 
mark] 
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Question 13 

 

Statistical 

inference 

Data records show that the speeds of cars at a particular location on a highway are normally distributed with a 
mean of 98.7 km h–1 and a standard deviation of 4.1 km h–1. The speed limit at this location is 100 km h–1. 
 
A police officer plans to record the speeds of 20 randomly selected cars at this location. 
 
a) Determine the expected number of cars in the sample that will be travelling within ± 1 km h–1 of the 
population mean. [2 marks] 
 

Sample Response The response 

 

• correctly calculates required probability [1 mark] 

 

• calculates the expected number [1 mark] 

 
b) Determine the probability that the mean speed of this sample will exceed the speed limit. [2 marks] 
 

Sample Response The response 

 

• correctly calculates σ G̅  [1 mark] 

 

• calculates required probability [1 mark] 

 
There is a 5% probability that the mean speed of this sample will exceed k. 
 
c) Determine the value of k. [2 marks] 
 

Sample Response The response 

 

• correctly uses appropriate mathematical 
representation [1 mark] 

 

• correctly determines the value of � [1 mark] 
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The mass of a certain species of kangaroo is known to be normally distributed with a mean mass of μ kg and 
standard deviation of σ kg. 
 
When one of the kangaroos is randomly selected, the probability that its mass is greater than 83.2 kg is 0.145. 
 
When a sample of 12 kangaroos is randomly selected, the probability that the sample mean mass is less than 
74.1 kg is 0.079. 
 
A 90% approximate confidence interval for μ is calculated using a random sample of n of the kangaroos that 
has a sample mean mass of 79.1 kg and a sample standard deviation equal to σ. 
 
Determine the possible range of values that n could have been, given that the confidence interval did not 
contain μ. [6 marks] 
 

Sample Response The response 

 

• correctly uses the sample of 1 to determine 
an equation in terms of H and I [1 mark] 

 

• correctly uses the sample of 12 to 
determine an equation in terms of H and I [1 
mark] 

 

• solves simultaneous equations to determine 
the values of H and I [1 mark] 
• determines solution of 𝑛 [1 mark] 

 

• evaluates the reasonableness of the solution 
to the equation to determine suitable integer 
values of 𝑛 [1 mark] 
shows logical organisation communicating 
key steps [1 mark] 

 

 
 


