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 2026   HIGHER SCHOOL CERTIFICATE 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 

• Reference sheets are provided with this paper 

• For questions in Section II, show relevant mathematical reasoning 
and/or calculations 

Total marks:  

100 

Section I – 10 marks (pages 1–4) 

• Attempt Questions 1–10 

• Allow about 15 minutes for this section 
Section II – 90 marks (pages 5–11) 
• 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 For 𝑧 ∈ and Im (𝑧) ܥ < 0, then ݃ݎܣ ( ௭௭̅௭−௭̅) is given by 

 

 

A. 
గ2  

B. − గ2  
C. 

గ4  

D. 0  

 

2 Which of the following statements is FALSE? 

 

A. If ܽ2 is not divisible by 4, then ܽ is odd. 

B. If ݉2 − ݊2 is divisible by 3, then ݉ − ݊ is divisible by 3. 

C. If ݊ is any integer, then ݊2 + ݊ is even. 

D. If (3ݔ −  .are either both odd or both even ݕ and ݔ is even, then (ݕ3

 

3 Evaluate 

      ∫ 1√ݔ݀ − 20.5ݔ2
−0.5  

 

 

A. 
గ√2  

B. 0 

C. √2గ2   

D. 
గ2√2  
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4 Consider the statement: 

If  2ݔ  − ݔ5 + 6 ≤ 0, then ݔ ≥ 2. 

Which of the following is the contrapositive of the given statement? 

 

 

A. If 2ݔ − ݔ5 + 6 ≤ 0, then ݔ < 2. 
B. If ݔ < 2,  then  2ݔ − ݔ5 + 6 > 0. 
C. If 2ݔ − ݔ5 + 6 > 0, then ݔ < 2. 
D. If ݔ ≥ 2,  then  2ݔ − ݔ5 + 6 ≤ 0. 

 

5 A particle moves along the x-axis with acceleration ܽ = 25)ݒ− +   .(2ݒ
Intially the particle is at 10 m to the right of the origin with a velocity of −10 metres per second.  

Which one of the statements is true? 

 

 

A. The displacement is given by − 15 (tan−1 ௩5 − tan−1 2) + 10 . 

B. The particle moves in the negative x-direction, slows down and stops after travelling for − 15 (tan−1 2) metres from its intial position. 

C. The particle does not pass through the origin. 

D. All of the above is true. 

 

6 Evaluate  

        ∫ √ 1ݔ − 0.5 ݔ
0  . ݔ݀

 

 

A. 
14− గ8   

B. 
గ4 − 12  

C. 
12− గ4  

D. 
గ8 − 14  
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7 Given ̰ݎ = ݏ̰ ,(34) = (01) and ̰ݐ = ( 2−2). 
 

Given ܱ, ܴ, ܵ and ܶ are points on the Cartesian plane with radius vectors ܱ̰, ܴ,̰ ̰ܵ, ̰ܶ 

 

Find the point(s) ܨ if ܶ⃗⃗⃗⃗ܨ  ⃗ is parallel to ܴܵ⃗⃗⃗⃗  ⃗ and twice its length. 

 

 

A. 4)ܨ, 8) or (−4,−8) 
B. 8)ܨ, 4) or (−8,−4) 
C. 8)ܨ, 4) or (−4,−8) 
D. 4)ܨ, 8) or (−8,−4) 

 

 

8 Particle ܣ and ܤ, both same mass ݉ ݇g, are connected by a light inextensible string passing over a 

frictionless pulley. Particle ܣ is on a frictionless table inclined at an angle of 30o to the horizontal. 

Initially both the particles are at rest. After particle ܣ has travelled ݔ metres towards the pulley, it 

is travelling at ݒ metres per second (݃ = 10௠௦2). 
 

 
The expression of ݔ in terms of ݐ is given by 

 

 

A. ݔ = 52   2ݐ

B. ݔ = 54   2ݐ

C. ݔ = 58   2ݐ

D. ݔ =   2ݐ5
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9 Consider the vectors ̰ݎ and ̰ݏ where |̰ݎ | = 9 and ̰ݏ =  ( 2−21 ).  

If the vector projection of ̰ݎ in the direction of ̰ݏ is equal to −4~݅ + 4~݆ − 2~݇, then the scalar 

projection of ̰ݏ in the direction of ̰ݎ is given by 

 

A. −18  

B. −2  

C. 3  

D. 2  

 

10 Which of the following gives the same curve as ̰(ݐ)ݎ =  (sin cosݐݐ  ? (ݐ

 

 

A. (sin (గ2 − cosݐ(ݐ (గ2 −   ((ݐ

B. (sin 2cosݐ2ݐ   (2ݐ

C. ( sin   (ݐcos 2ݐ2ݐ2

D. ( 
 −cos ݐ2) + గ2)2ݐ + గ2sin ݐ2) + గ2) ) 
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Section II 

90 marks 

Attempt Questions 11–16 

Allow about 2 hour and 45 minutes for this section 

 

Answer each question in the appropriate writing booklet. Extra writing booklets are available. 

 

In Questions 11–16, your responses should include relevant mathematical reasoning and/or 

calculations. 

 

 
 

Question 11 (15 marks) Use a separate Writing Booklet for Question 11. 

 

(a) Find real values of ݔ and ݕ in the following expression: 1ݔ − 2݅ + 2ݕ2 − ݅ = 1 − ݅ 
3 

 

(b) Find the vector equation of the line ݈ through ܲ(1, −2, 3) and parallel to 2~݅ + 3~݆ − ~݇. 
Hence, determine if the point ܳ(7, 7, 0) lies on ݈. 

3 

 

 

 

 

 

(c) Evaluate the following: 

ݔ4)∫ + 1) sin 1. ݔ݀ ݔߨ
0  

 

3 

 

 

 

(d) Sketch the region given by |𝑧| < 1 and  0 < arg(𝑧 + ݅) ≤ గ3 . Indicate all essential features. 3 

 

(e) If ݉+ ݊ is even, prove that ݉3 + ݊3 is also even. Is the converse true? Provide a proof or a 

counter example to justify your response. 

3 

 

 

End of Question 11  
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Question 12 (15 marks) Use a separate Writing Booklet for Question 12. 

 

(a) i. Write  
(1+௜√3)12(√3−௜)ೖ  in  ݁ݎ௜ఏ form. 

ii. For what values of ݇ is 
(1+௜√3)12(√3−௜)ೖ   purely imaginary? 

2 

 

2 

 

(b) Let ܽ and ܾ are positive real numbers.  

Prove that (ܽ + ܾ)2 ≥ 4ܾܽ, and hence, prove that (√3ݔ + 1√௫3 )2 ≥ 4 for all real ݔ except 0. 3 

 

(c) Define the lines ݈1 and ݈2 by  

݈1: (ߣ)ݎ̰ =  (211) + ߣ (121)  
 

݈2: (ߤ)ݎ̰ = ( 2−1−1) + ߤ (143) 

where ߣ,   .are any real numbers ߤ

 

i. Prove that ݈1 and ݈2 are NOT skew lines. 

 

ii. Find the equation of a line that passes through the point of intersection of ݈1 and ݈2 in part (i) and is perpendicular to both lines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 

 

3 

 

(d) Let ݂(ݔ) = ln ݔ − ݔ + 1. 

i. Show that ∀ݔ > 0, (ݔ)݂ ≤ 0. 
      ii.          Let ݌௜ > 0, ∀݅ = 1, 2, 3, . . . , ݊ such that ∑ ௜௡1݌ = 1. 

Prove that ∑ ln(݊݌௞)௡1 ≤ 0. 

 

1 

2 

 

 

End of Question 12 
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Question 13 (15 marks) Use a separate Writing Booklet for Question 13. 

 

(a) Let 𝑧 = ݔ + ܽ represent the square roots of ݕ݅ + ܾ݅.  
Prove the following: 

2ݔ = 12 (|𝑧|2 + ܽ) 
and 

2ݕ = 12 (|𝑧|2 − ܽ) 

3 

 

(b) The displacement of a particle moving along the x-axis is given by 

ݔ  = 3 sin ݐ2) + గ6) + 2 cos  .is in seconds ݐ is in metres and ݔ where ,ݐ2

Prove that this is a simple harmonic motion and state its amplitude and period. 

3 

 

 

(c) ݐ݁ܮ ABC be a non-equilateral triangle with position vectors ܱ⃗⃗⃗⃗ܣ  ⃗ (ܽ)̰ , ⃗⃗⃗⃗⃗⃗ ܤܱ  ⃗(ܾ)̰ and ܱ⃗⃗⃗⃗ܥ  ⃗ (ܿ)̰ relative to the circumcentre ܱ. 
Let ܩ be the centroid of the triangle ܥܤܣ, with position vector ܱ⃗⃗⃗⃗ܩ  ⃗ (݃)̰ given by 

݃ = ̰ܽ + ܾ̰ + ̰ܿ3  

Prove that 2ܣܩ + 2ܤܩ + 2ܥܩ = 3(ܴ2 −  .where ܴ is the circumradius ,(2ܩܱ

3 

 

 

 

 

 

 

 

Question 13 continues on the next page 
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(d) A lighthouse beacon rotates once every 20 seconds. The light source is mounted on a circular 

mechanism with a diameter of 4 metres, and the centre of the rotating mechanism is located 

1.5 metres above the ground level. 

As the light moves in a vertical circular path, the height of the light source above the ground 

varies in simple harmonic motion. 

Prove that the light source is below the ground for 10 − 20గ sin−1 (34) seconds during each 

complete rotation of the mechanism. 

 

3 

 

(e) The Laplace Transform is an advanced technique used to solve differential equations.  

It is an operational on ݂(ݐ) defined as 

ℒ(݂(ݐ)) = ∫ ݁−௦௧݂(ݐ)݀ݐ.∞
0  

Show that ℒ(ݐ) = 1௦2 . 
 

3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

End of Question 13 
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Question 14 (15 marks) Use a separate Writing Booklet for Question 14. 

 

(a) Show that 

∫ 2ݔ)5 + 2ݔ)ݔ݀(3 − 2ݔ)(9 + 1) = ln(2 − √3) − 3√3ߨ
0 . 

3 

 

(b) The base of a pyramid is the parallelogram ܦܥܤܣ with vertices at points 1−,2)ܣ, 3), ,2−,4)ܤ 1), ,ܽ)ܥ ܾ, ܿ) and 4)ܦ, 3, −1). The apex of the pyramid is located at ܲ(4, −4, 9). 
i. Show that the values of ܽ, ܾ and ܿ are given by 6, 2 and −3 respectively. 

ii. Find the cosine of the angle between the vectors ⃗⃗⃗⃗ܤܣ  ⃗ and ⃗⃗ܦܣ ⃗⃗  ⃗. 
iii. Show that the area of the base of the pyramid is given by 2√65 2ݑ. 
iv. Show that 6~݅ + 2~݆ + 5~݇ is perpendicular to both ⃗⃗⃗⃗ܤܣ  ⃗ and ⃗⃗ܦܣ ⃗⃗  ⃗, hence find a unit 

vector that is perpendicular to the base of the pyramid. 

v. Show that the height of the pyramid is given by 
36√65  Hence, find the exact .ݑ 

volume of the pyramid. 

 

 

1 

   1 

   2 

   2 

2 

 

(c) The Fibonacci sequence is defined by 1ܨ = 2ܨ = 1, ௡ܨ = ௡−1ܨ + ݊)௡−2ܨ ≥ 3). 
 

Using the identity ܨ௡ = ௡ߙ − ௡√5ߚ , 
 

where ߙ = 1 + √52 , ߚ = 1 − √52 , 
 

prove by mathematical induction that 12ܨ + 22ܨ +⋯+ ௡2ܨ =  ௡+1ܨ௡ܨ
 

for all positive integers ݊. 

4 

 

End of Question 14 
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Question 15 (15 marks) Use a separate Writing Booklet for Question 15. 

 

(a) Evaluate the following integral: 

          ∫ 2ݔ tan−1 2ݔݔ + 1 1. ݔ݀
0  

3 

 

(b) A particle moves in a straight line with acceleration 

ݔ̈ = 32ݔ−  

Initially, the particle is at rest at ݔ = 2. 
i. Prove that 2ݒ = 14 (16 −  .(4ݔ

 

ii. Find the value of the greatest speed, and where it occurs. 

 

 

iii. Describe the motion of the particle. 

 

 

 

 

 

 

 

 

   3 

 

   3 

 

 

   1 

 

(c) Using De Moivre’s theorem, prove that  

tan ߠ5 = tan5 ߠ − 10 tan3θ +5 tan5ߠ tan4 ߠ − 10 tan2 ߠ + 1 . 
 

Hence, find the roots of the polynomial 5 tan4 ߠ − 10 tan2 ߠ + 1 = 0.  
Also, write the exact value of tan గ10 in surd form. 

   5 

 

 

 

 

 

 

 

 

 

 

 

End of Question 15 
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Question 16 (15 marks) Use a separate Writing Booklet for Question 16. 

 

(a) Define for ݊ ≥ 0 

௡ܫ = 1)ݔ∫ − 1.ݔ௡݀(3ݔ
0  

i. For ݊ ≥ 1, show that ܫ௡ = 3௡3௡+2  .௡−2ܫ
 

ii. Hence, find 4ܫ. 

 

 

 

 

 

 

3 

 

2 

 

 

(b) A particle moves in simple harmonic motion given by the model ݔ = ܣ sin  .ݐ݊
Initially the particle is at the origin and moves towards the positive extremity. Matthew 

claims that when the particle has displacement 
1௞  of the positive extremity, the velocity is also 1௞ of the maximum speed, where ݇ > 1. 

i. Provide a counter example to show that the statement is NOT always true. 

 

ii. Find the value of ݇ for which the statement is true. 

 

 

 

 

 

2 

 

2 

 

(c) 

 

i. Prove by calculus that ݂(ݏ) = ௡2௦ + 1௧−௦ , ݐ > ݏ > 0, has a minimum when ݏ = ௡௧1+௡. It is given that ܵ = ௡௧௡−1 is a loca maximum of the given function. 

 

ii. Suppose ݔ௜ > 0 for ݅ = 1, 2, … , ݊ where ݊ ≥ 2.  
 

Using part (i), show by mathematical induction that 

 
1௫1 + 1௫2 +⋯+ 1௫೙ ≥ ௡2௦ ,  where ݏ = 1ݔ + 2ݔ +⋯+   .௡ݔ

 
(Hint: for ݊ = ݇ + 1 case, you may take ݐ = ݏ +  (.௞+1ݔ

 

 

   2 

    

   4 

 

 

 

 

 

END OF PAPER 
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Marker’s Feedback: This question is mostly done well except for occasional error in solving the 
simultaneous equations. 

 

 

Marker’s Feedback: This question is mostly done well. 



 

 

Marker’s Feedback: Most common error in this question is the incorrect simpliƱcation after 
substituting values. It is recommended that students state that they are using integration by parts. 

 

 

Marker’s Feedback: 1 mark is allocated for showing the points of intersection between the circle and 
the vector. Only a couple of students showed this so majority only managed to achieve 2 marks. 

 



 

 

Marker’s Feedback: Marks were allocated depending on the accuracy and detail of the proof. A few 
students failed to mention the converse of the statement. It would be wise to mention the converse 
before proving whether the converse is true or false. 

  



 

 

 

 

 

 

Marker’s Feedback: Common errors are students not expressing the Ʊnal answer in exponential form 
and forgetting to include the 2 in raising to the power of 12 and k. For part (ii) students are adding 2 n , 
thus achieving the incorrect answer.  

 

                  

Marker’s Feedback: This question was mostly done well. Common error includes incorrect 
substitution for a and b. 



 

 

 

 

Marker’s Feedback: This question was mostly done well, except for some students who did not solve 
the dot product of the given direction vectors. 

 

 



 

  

Marker’s Feedback: For part (i), since it is a one-mark question, the marks allocated depended on the 
marker’s discretion. Students who showed knowledge of Ʊrst and second derivatives were likely to 
achieve the mark. For part (ii), majority of the students only achieved 1 mark. Students should show 
evidence that they can link part (ii) with part (i) and demonstrate correct application of the sigma 
notation.  



 

 

 

Marker’s Feedback: This question was mostly done well in various ways. Marks were given depending 
on the accuracy of the proof. 

 

 

Marker’s Feedback: A few students forgot to show why it is SHM. Common error is not being able to 
solve for the amplitude. 



 

 

Marker’s Feedback: In order to achieve full marks, students should demonstrate the correct use of the 
dot product and the distributive law. Only a few students achieved full marks for this question. 

  



 

 

Marker’s Feedback: This question was very poorly done. 

 



 

  

Marker’s Feedback: Students who recognised that they simply must replace f(t) with t and used 
integration by parts were likely able to achieve full marks. 
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