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2024 TRIAL EXAMINATION 

   

Mathematics Extension 2  
 
General 
Instructions 

• Reading time – 10 minutes  
• Working time – 3 hours  
• Write using black pen  
• Calculators approved by NESA may be used  
• A reference sheet is provided at the back of this paper  
• For questions in Section II, show relevant mathematical 

reasoning and/ or calculations 
 

Total marks: 
100 

Section I – 10 marks (pages 3–7) 

• Attempt Questions 1–10  
• Allow about 15 minutes for this section  
 
Section II – 90 marks (pages 8–15) 

• Attempt Questions 11–16 
• Allow about 2 hours and 45 minutes for this section 
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Section I 
 
10 Marks 
Attempt Questions 1-10 
Allow about 15 minutes for this section 
 

Use the multiple-choice answer sheet for Questions 1-10 

 

1. Given 𝑧𝑧 = 3 − 2𝑖𝑖 and 𝑤𝑤 = 1 + 𝑖𝑖, then 
𝑧𝑧
𝑤𝑤

 in simplest form is 

  

 (A) 1 

 (B) 5 + 𝑖𝑖 

 (C) 
1

√2
−

5
√2

𝑖𝑖 

 (D) 1
2

−
5
2

𝑖𝑖 

 
 

 
2. Consider the statement: 

‘If 𝑛𝑛 is even, then if 𝑛𝑛 is a multiple of 5, then 𝑛𝑛 is a multiple of 10.’ 
 Which of the following is the negation of this statement? 
   

 (A) 𝑛𝑛 is odd and 𝑛𝑛 is not a multiple of 5 or 10 

 (B) 𝑛𝑛 is even and 𝑛𝑛 is a multiple of 5 but not a multiple of 10 

 (C) If 𝑛𝑛 is even, then 𝑛𝑛 is not a multiple of 5 and 𝑛𝑛 is not a multiple of 10 

 (D) If 𝑛𝑛 is odd, then if 𝑛𝑛 is not a multiple of 5 then 𝑛𝑛 is not a multiple of 10 
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3. If 𝜔𝜔 ≠ 1 is a cube of unity, what is the value of (1 + 𝜔𝜔)2? 
   

 (A) 𝜔𝜔3 

 (B) 𝜔𝜔2 

 (C) 𝜔𝜔 

 (D) 1 

 
 
 

 

4. Which of the following is obtained when 
1 − 𝑖𝑖

1 + √3𝑖𝑖
 is expressed in modulus-argument 

 form? 
   

 (A) 
1

√2
cis �

17𝜋𝜋
12 �  

 (B) √2 cis �
17𝜋𝜋
12 � 

 (C) 
1

√2
cis �

7𝜋𝜋
12� 

 (D) √2 cis �
7𝜋𝜋
12� 

 
 
 

5. Which of the following is the unit vector perpendicular to 2 𝑖𝑖
~

+ 𝑗𝑗
~

− 𝑘𝑘
~

? 

   

 (A) −2 𝑖𝑖
~

+ 2𝑗𝑗
~

− 2𝑘𝑘
~

 

 (B) 
1

√3
�−𝑖𝑖

~
+ 𝑗𝑗

~
− 𝑘𝑘

~
� 

 (C) 2 𝑖𝑖
~

− 3𝑗𝑗
~

− 𝑘𝑘
~

 

 (D) 
1

14 �2 𝑖𝑖
~

− 3𝑗𝑗
~

− 𝑘𝑘
~

� 
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6. Which integral is necessarily equal to � 𝑓𝑓(𝑥𝑥)𝑑𝑑𝑑𝑑
𝑎𝑎

−𝑎𝑎
? 

  

 (A) � �𝑓𝑓(𝑥𝑥) − 𝑓𝑓(−𝑥𝑥)�𝑑𝑑𝑑𝑑
𝑎𝑎

0
 

 (B) � �𝑓𝑓(𝑥𝑥) − 𝑓𝑓(𝑎𝑎 − 𝑥𝑥)�𝑑𝑑𝑑𝑑
𝑎𝑎

0
 

 (C) � �𝑓𝑓(𝑥𝑥 − 𝑎𝑎) + 𝑓𝑓(−𝑥𝑥)�𝑑𝑑𝑑𝑑
𝑎𝑎

0
 

 (D) � �𝑓𝑓(𝑥𝑥 − 𝑎𝑎) + 𝑓𝑓(𝑎𝑎 − 𝑥𝑥)�𝑑𝑑𝑑𝑑
𝑎𝑎

0
 

  
 
 
 

7. The displacement 𝑥𝑥 of a particle at time 𝑡𝑡 is given by 

 
𝑥𝑥 = 6 sin 5𝑡𝑡 + 8 cos 5𝑡𝑡. 

What is the maximum velocity of the particle? 
   

 (A) 5 

 (B) 10 

 (C) 10√5 

 (D) 50 
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8. The points 𝐴𝐴, 𝐵𝐵 and 𝐶𝐶 are collinear, where 

𝑂𝑂𝑂𝑂�⎯� = 𝑎𝑎 𝑖𝑖
~

+ 2𝑗𝑗
~

− 𝑘𝑘
~

, 𝑂𝑂𝑂𝑂�⎯� = −2 𝑖𝑖
~

+ 𝑏𝑏𝑗𝑗
~

+ 𝑘𝑘
~

, 𝑂𝑂𝑂𝑂�⎯� = 3 𝑖𝑖
~

− 𝑗𝑗
~

+ 4𝑘𝑘
~

 

 What are the values of 𝑎𝑎 and 𝑏𝑏? 
   

 (A) 𝑎𝑎 = 5, 𝑏𝑏 = −3 

 (B) 𝑎𝑎 = −4, 𝑏𝑏 =
8
7

 

 (C) 𝑎𝑎 =
−16

3
, 𝑏𝑏 =

4
5

 

 (D) 𝑎𝑎 =
1
3

, 𝑏𝑏 = 8 

 
 
 

9. Which of the following curves represents arg �
𝑧𝑧 − 𝑖𝑖
𝑧𝑧 + 2� =

𝜋𝜋
3

? 

 (A) 

 

(B) 

 
     

 (C) 

 

(D) 

 
     

 
  

𝐼𝐼𝐼𝐼 

𝑅𝑅𝑅𝑅 

1 

−2 

𝐼𝐼𝐼𝐼 

𝑅𝑅𝑅𝑅 

1 
−2 

𝐼𝐼𝐼𝐼 

𝑅𝑅𝑅𝑅 

1 

2 

𝐼𝐼𝐼𝐼 

𝑅𝑅𝑅𝑅 

1 
2 
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10. The acceleration, 𝑎𝑎 ms−2, of a particle moving in a straight line is given by 𝑎𝑎 = 8 − 𝑣𝑣2, 

where 𝑣𝑣 is the velocity of the particle at any time 𝑡𝑡. The initial velocity of the particle 
when at the origin 𝑂𝑂 is 2 ms−1. 
 
The displacement of the particle from 𝑂𝑂 when its velocity is √3 ms−1 is 

  
   

 (A) ln
1
2

 

 (B) 
1
2

ln �
4
5� 

 (C) 
1
2

ln �
1
5� 

 
(D) 1

2
ln �

5
8� 

 
 

End of Section I 
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Section II 
 
90 Marks 
Attempt Questions 11-16 
Allow about 2 hours and 45 minutes for this section 
 
Begin each question in a new writing booklet. Extra writing booklets are available. 
 
For questions in Section II, your responses should include relevant mathematical reasoning 
and/or calculations. 
 
Question 11 (16 marks) Begin a new Writing Booklet. 
 

(a) Find the square roots of 15 + 8𝑖𝑖. 2 
    

 
 

(b) i. Write 1 − √3 𝑖𝑖 in mod-arg form. 2 
    
 ii. Hence �ind �1 − √3 𝑖𝑖�

5
 in the form 𝑎𝑎 + 𝑖𝑖𝑖𝑖. 3 

    
  
 

(c) Integrate  
   
 

i. � sin3 𝑥𝑥 𝑑𝑑𝑑𝑑 2 

    
 

ii. �
𝑥𝑥3 + 2𝑥𝑥 + 4

𝑥𝑥 + 1
𝑑𝑑𝑑𝑑 2 

    
  
 

(d) Express 
7𝑥𝑥 + 11

(𝑥𝑥 − 3)(𝑥𝑥 + 1)2  as a sum of partial fractions over ℝ. 3 

    
  
 

 

(e) The complex numbers 𝑧𝑧 = 3𝑒𝑒𝑖𝑖𝜋𝜋
3  and 𝑤𝑤 = 9𝑒𝑒𝑖𝑖𝜋𝜋

4  are given. 
Find the value of 

𝑧𝑧
𝑤𝑤

, giving the answer in the form 𝑟𝑟𝑒𝑒𝑖𝑖𝑖𝑖 . 

 

2 

   
 
 

End of Question 11  
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Question 12 (14 marks) Begin a new Writing Booklet. 
 

(a) If 𝑛𝑛 is a positive integer, prove √2 + 6𝑛𝑛 is always irrational. 3 
    

 
  

(b) A polynomial 𝑃𝑃(𝑧𝑧) has the equation 𝑃𝑃(𝑧𝑧) = 𝑧𝑧3 − 6𝑧𝑧2 + 𝑘𝑘𝑘𝑘 − 26, where  
𝑘𝑘 ∈ ℝ. It is known that 2 − 3𝑖𝑖 is a zero of 𝑃𝑃(𝑧𝑧). 

 

   
 i. Find the three complex roots of the polynomial, 𝑃𝑃(𝑧𝑧). 2 
    
 ii. Hence, �ind the value of 𝑘𝑘. 1 
    

  
 

(c) Use an appropriate substitution to evaluate � 𝑥𝑥3�𝑥𝑥2 − 6 𝑑𝑑𝑑𝑑
√10

√7
. 3 

    
  
 

(d) i. Two people are arguing about the truth of the following statement. 
 

∃𝑥𝑥 ∈ ℝ such that 𝑥𝑥2 = √𝑥𝑥 
 
Person A claims to prove the above statement by saying that 𝑥𝑥 = 1. 
Explain why this is suf�icient proof. 

1 

    
 ii. Person B realises his mistake; he’d read the statement as 

 
∀𝑥𝑥 ∈ ℝ, 𝑥𝑥2 = √𝑥𝑥 

 
Explain how Person B might have disproved this new statement. 

1 
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(e) 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 is a trapezium in which 𝑂𝑂𝑂𝑂�⎯� = 𝑝𝑝

~
 and 𝑂𝑂𝑂𝑂�⎯� = 𝑞𝑞

~
. 

𝑂𝑂𝑂𝑂 is parallel to 𝑃𝑃𝑃𝑃 and 𝑆𝑆𝑆𝑆 ∶ 𝑅𝑅𝑅𝑅 = 2 ∶ 3. 

3 

 

 

 

 Using vectors, express 𝑆𝑆𝑆𝑆�� in terms of 𝑝𝑝
~

 and 𝑞𝑞
~

.  

    
  
 

End of Question 12 
  

𝑝𝑝
~

 

𝑞𝑞
~

 

𝑂𝑂 𝑃𝑃 

𝑅𝑅 𝑄𝑄 𝑆𝑆 
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Question 13 (15 marks) Begin a new Writing Booklet. 
 

(a) Find the 5th roots of 32𝑖𝑖. 3 
    

 
 

(b) Integrate � sin3 𝜃𝜃 cos4 𝜃𝜃 𝑑𝑑𝑑𝑑. 3 

    
  
 

(c) A sequence is de�ined by 3 
 𝑎𝑎1 = 5, 𝑎𝑎2 = 13 and 𝑎𝑎𝑛𝑛 = 5𝑎𝑎𝑛𝑛−1 − 6𝑎𝑎𝑛𝑛−2 for integers 𝑛𝑛 ≥ 3. 

 
Use mathematical induction to prove that 𝑎𝑎𝑛𝑛 = 2𝑛𝑛 + 3𝑛𝑛. 

 

    
  
 

(d) Using the substitution 𝑡𝑡 = tan
𝑥𝑥
2

, evaluate � cosec 𝑥𝑥 𝑑𝑑𝑑𝑑
𝜋𝜋
2

𝜋𝜋
3

. 4 

    
 
 

(e) Find the vector equation of the line passing through points 𝐴𝐴 an 𝐵𝐵, where 
𝐴𝐴 = (2, −1, 3) and 𝐵𝐵 = (1, 4, 2). 

2 

    
 
 

End of Question 13  
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Question 14 (15 marks) Begin a new Writing Booklet. 
 

(a) An object moving in a straight line according to the equation  
  

𝑥𝑥 = 6.5 + 5 sin 3𝑡𝑡 + 12 cos 3𝑡𝑡. 
 

 

 where 𝑥𝑥 is the displacement in metres and 𝑡𝑡 is the time in seconds.  
   
 (i) Prove that the object is moving in simple harmonic motion by 

showing that 𝑥𝑥 satis�ies an equation of the form 𝑥̈𝑥 = −𝑛𝑛2(𝑥𝑥 − 𝑐𝑐). 
2 

    
 (ii) When is the displacement of the object zero for the �irst time? 3 
    

 
 

(b) 𝑟𝑟1
~

 and 𝑟𝑟2
~

 are two lines with vector equations:  

 
𝑟𝑟1
~

= �
2
0
1

� + 𝜆𝜆 �
0

−1
1

� 

𝑟𝑟2
~

= �
1
1

−1
� + 𝜇𝜇 �

1
2

−1
� 

where 𝜆𝜆, 𝜇𝜇 ∈ ℝ. 

 

   
 (i) Show that these two lines intersect. 2 
    
 (ii) Find the angle between the lines. 1 
    
 (iii) Find the shortest distance from the point 𝑃𝑃(1, 2, 2) to the line  

𝑟𝑟1
~

= �
2
0
1

� + 𝜆𝜆 �
0

−1
1

� 

3 
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(c) An object of 20 kg mass moves on a smooth inclined plane with velocity, 𝑣𝑣(𝑡𝑡), 

where 𝑡𝑡 is time in seconds. The inclined plane makes an angle of 30° with the 
horizontal and the normal reaction force is 𝑁𝑁, as shown in the diagram. 
 
The acceleration due to gravity is 9.8 ms−2, whilst a lateral constant force 𝐹𝐹 
is applied in the direction of the upward slope. 

 

 

 

 

   
 i. Show that the resultant force on the object, parallel to the slope of the 

plane, is  

𝑅𝑅 =
1
2

�√3𝐹𝐹 − 196�. 

2 

    
 ii. If the object is initially at rest, determine the minimum lateral force, 

in Newtons (kg ms−2), required to push the object 1 m up the slope 
within 1 minute. 

2 

    
  
 

End of Question 14 
  

𝐹𝐹 

𝑁𝑁 

𝑚𝑚𝑚𝑚 
30° 

𝑣𝑣 
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Question 15 (15 marks) Begin a new Writing Booklet. 
 

(a) A plastic toy is released on the surface of the ocean, at which point it 
immediately sinks. Let gravity be 10 ms−2 and the resistance due to the 
water is proportional to the square of the velocity. 

 

   
 (i) Explain why the acceleration of the stone can be given by  1 
  

𝑎𝑎 = 10 −
𝑘𝑘
𝑚𝑚

𝑣𝑣2. 
 

    
 

(ii) Given
𝑘𝑘
𝑚𝑚

=
1

10
, show that 𝑣𝑣 = 10 �

𝑒𝑒2𝑡𝑡 − 1
𝑒𝑒2𝑡𝑡 + 1

�. 4 

    
 

(iii) Using 𝑎𝑎 = 𝑣𝑣
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

, show that 𝑥𝑥 = 5 ln �
100

100 − 𝑣𝑣2�. 2 

    
 (iv) How far does the toy sink in the �irst 5 seconds? 2 
    

 
 

(b) Sketch the region of the Argand diagram that satis�ies the following 
conditions 

3 

 |𝑧𝑧 − 𝑖𝑖| ≤ |𝑧𝑧 − 2 + 𝑖𝑖| 
−

𝜋𝜋
6

≤ Arg(𝑧𝑧) ≤
𝜋𝜋
6

 
 

   
 
 

(c) Show that 𝑥𝑥√𝑥𝑥 + 1 ≥ 𝑥𝑥 + √𝑥𝑥, for 𝑥𝑥 ≥ 0. 3 
    

  
 

End of Question 15  
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Question 16 (15 marks) Begin a new Writing Booklet.  
 

(a) 
i. Let 𝐼𝐼𝑛𝑛 = � 𝑥𝑥(ln 𝑥𝑥)𝑛𝑛𝑑𝑑𝑑𝑑

𝑒𝑒

1
. 3 

  
Show that 𝐼𝐼𝑛𝑛 =

𝑒𝑒2

2
−

𝑛𝑛
2

𝐼𝐼𝑛𝑛−1, 𝑛𝑛 = 1, 2, 3, … 
 

    
 ii. Hence evaluate 𝐼𝐼2. 2 
    

 
 

(b) A model plane is launched from atop a tree house, 3 m above the ground with  
 a velocity of 5 𝑖𝑖

~
− 3𝑗𝑗

~
+ 4𝑘𝑘

~
  ms−1 where 𝑖𝑖

~
, 𝑗𝑗

~
 and 𝑘𝑘

~
 are all unit vectors in the  

 east, north and vertically up directions, respectively. 
 
The acceleration of the plane due to the combined effects of gravity and air 
resistance is −2 𝑖𝑖

~
+ 𝑗𝑗

~
− 2𝑘𝑘

~
. 

 

 

 (i) Show that the angle above the horizontal at which the plane is 
launched is approximately 0.6 radians. 

1 

    
 (ii) Find the displacement vector for the plane. 3 
    
 (iii) Find the maximum height reached by the model plane. 1 
    
 (iv) Find the time taken for the plane to land. 1 
    
 (v) At 3 seconds after launch, a sudden wind kicks up, impacting the 

�light of the plane, applying additional acceleration of 𝑖𝑖
~

+ 3𝑗𝑗
~

− 𝑘𝑘
~

. 
 
The new vector represents changes to the current system of forces 
acting upon the model plane. 
 

4 

  How far from its intended destination will it now land?  
    

 
 

End of Examination 
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