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General instructions 

• Working time – 3 hours.  
(plus 5 minutes reading time) 

• Write using blue or black pen. Where diagrams 
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• NESA approved calculators may be used. 
• Attempt all questions. 
• At the conclusion of the examination, bundle the 

booklets used in the correct order within this 
paper and hand to examination supervisors. 

SECTION I  

• Mark your answers on the answer grid provided 
 
SECTION II 
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booklet. Write on both sides of the paper. 

• All necessary working should be shown in every 
question. Marks may be deducted for illegible or 
incomplete working. 
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Section I 
 
10 marks 
Attempt Questions 1 to 10 
Allow approximately 15 minutes for this section 
 
Mark your answers on the answer grid provided. 
 
Questions Marks 
1. Let arg(𝑧𝑧) = 𝜋𝜋

5
 for a certain complex number z. What is arg(𝑧𝑧7) ? 1 

 

(A)  −7𝜋𝜋
5

 

(B)  −3𝜋𝜋
5

 

(C)   2𝜋𝜋
5

 

(D)  3𝜋𝜋
5

 

 

2. Which of following integrals uses the correct substitution for  1 

�
ln(tan−1𝑥𝑥)

1 + 𝑥𝑥2
√3

0
𝑑𝑑𝑥𝑥, 

(A)  ∫ ln𝑢𝑢 𝑑𝑑u√3
0  

(B)  ∫ ln𝑢𝑢
1+tan2 𝑢𝑢

𝑑𝑑𝑢𝑢
𝜋𝜋
6
0  

(C)  ∫ ln𝑢𝑢 𝑑𝑑𝑢𝑢
𝜋𝜋
3
0  

(D)  ∫ ln𝑢𝑢
1+tan2 𝑢𝑢

𝑑𝑑𝑢𝑢
𝜋𝜋
3
0  

 

3. What are the coordinates of the foci of the hyperbola 25𝑦𝑦2 − 16𝑥𝑥2 = 400? 1 

(A) (0, ±4√41 ) 
 

(B) (±4√41, 0) 
 

(C) (0, ±√41 ) 
 

(D) (±√41, 0) 
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4. Given that 𝑤𝑤5 = 1   and 𝑤𝑤 is a complex number, what is the value of 1 

1 + 𝑤𝑤 + 𝑤𝑤2 + 𝑤𝑤3 + 𝑤𝑤4 +𝑤𝑤5 ? 
(A) 1 

(B) 0 

(C) 𝑤𝑤 

(D) −𝑤𝑤 

5. What is the eccentricity of the ellipse given by the equation: 1 

 
x2

9
+
𝑦𝑦2

5
= 1 

  

(A) 2
 3

 

(B) √14
3

 

(C)  2
√5

 

(D) �14
5

 

 

6. Given that 𝛼𝛼,𝛽𝛽 and  𝛾𝛾 are the roots of the polynomial 2𝑥𝑥3 + 4𝑥𝑥 − 5 = 0. 1 

 What is the value of (𝛽𝛽 + 𝛾𝛾 − 3𝛼𝛼)(𝛼𝛼 + 𝛾𝛾 − 3𝛽𝛽)(𝛼𝛼 + 𝛽𝛽 − 3𝛾𝛾)? 

(A) 32 

(B) 160 

(C) -32 

(D) -160 

 

7. Which of the following is an expression of ∫ 𝑑𝑑𝑑𝑑
√7−6𝑑𝑑−𝑑𝑑2

 ? 1 

(A)  sin−1 �𝑑𝑑−3
2
� + 𝑐𝑐  

 
(B)  sin−1 �𝑑𝑑−3

4
�+ 𝑐𝑐  

 
(C)  sin−1 �𝑑𝑑+3

2
� + 𝑐𝑐 

 
(D) sin−1 �𝑑𝑑+3

4
�+ 𝑐𝑐  
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8. The region bounded by the curve = 𝑒𝑒𝑥𝑥 , the line 𝑦𝑦 = 𝑥𝑥, the y-axis and the line x = 2 is rotated about the 
y-axis to form a solid. 1 

                                         

 

 Using method of cylindrical shells, which of the following is an expression for the volume V of the 
solid formed?  

(A) 2𝜋𝜋 ∫ 𝑥𝑥(𝑒𝑒𝑑𝑑 − 𝑥𝑥)2
0  𝑑𝑑𝑥𝑥 

(B) 2𝜋𝜋 ∫ (𝑥𝑥 − 𝑒𝑒𝑑𝑑) 𝑑𝑑𝑥𝑥2
0  

(C) 2𝜋𝜋 ∫ (𝑒𝑒𝑑𝑑 − 𝑥𝑥)2
0  𝑑𝑑𝑥𝑥 

(D) 2𝜋𝜋 ∫ 𝑥𝑥(𝑥𝑥 − 𝑒𝑒𝑑𝑑)2
0  𝑑𝑑𝑥𝑥 

9. A particle of mass 𝑚𝑚 falls vertically from rest under gravity in a medium in which the resistance to 
motion has magnitude 1

20
𝑚𝑚𝑣𝑣2 where 𝑣𝑣 𝑚𝑚𝑠𝑠−1 is the speed of the particle and 𝑔𝑔 = 9.8 𝑚𝑚𝑠𝑠−2 is the 

acceleration due to gravity. What is the terminal velocity of the particle? 1 

(A) 9.8 𝑚𝑚𝑠𝑠−1 

(B) 14 𝑚𝑚𝑠𝑠−1 

(C) 19.6 𝑚𝑚𝑠𝑠−1 

(D) 20 𝑚𝑚𝑠𝑠−1  
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10. The diagram below shows the graph of the function 𝑦𝑦 = 𝑓𝑓(𝑥𝑥):                

 1 

                       

 Which diagram represents the graph of  𝑦𝑦 = �|𝑓𝑓(𝑥𝑥)| ? 

(A)    

 

 

(B)   

                

 

(C)  

 

 

(D)  
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Section II 
 
90 marks 
Attempt Questions 11 to 16 
Allow approximately 2 hours 45 minutes for this section. 
 
Write your answers in the writing booklets supplied. Additional writing booklets are available. 
Your responses should include relevant mathematical reasoning and/or calculations. 
 

Question 11 (15 marks) Marks 

(a) For 𝑧𝑧 = 1 − 𝑖𝑖, 𝑤𝑤 = 3 − 2𝑖𝑖, find: 

(i) |𝑧𝑧 + 𝑤𝑤| 1 

(ii) 𝑧𝑧2 − 𝑤𝑤2 1 

 

(b) Find the exact value of: 

(i) ∫ 𝑑𝑑+1
√𝑑𝑑2+2𝑑𝑑+5

𝑑𝑑𝑥𝑥3
2  2 

(ii) ∫ √4 − 𝑥𝑥2 𝑑𝑑𝑥𝑥√2
0  3 

 

(c) Find the equation of the tangent to the curve 3𝑥𝑥2 − 2𝑥𝑥𝑦𝑦 + 𝑦𝑦3 = 1 at the point P (1, 1) to the curve. 3 

 

(d) Sketch the region in the Argand diagram whose points satisfy: 3 

|𝑧𝑧 − 5𝑖𝑖| ≤ 5 and |𝑧𝑧 + 5| > |𝑧𝑧 − 5𝑖𝑖| 

(e) Find: 2 

�
ln𝑥𝑥
𝑥𝑥2

𝑑𝑑𝑥𝑥 

 

 

                             Examination continues overleaf…. 
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Question 12 (15 marks) 

(a) The region bounded by the curve 𝑦𝑦 = 𝑥𝑥3, the x-axis, x =  0 and x =  2 is rotated about the line 
 x =  2. Find the volume of this solid using the method of slicing. 3 
        

                    

 (b)  𝑧𝑧1 = 1 + 𝑖𝑖  and 𝑧𝑧2 = √3 − 𝑖𝑖   

(i) Find 𝑧𝑧1 ÷ 𝑧𝑧2 in the form 𝑎𝑎 + 𝑖𝑖𝑖𝑖 where a and b are real. 1 

(ii) Write 𝑧𝑧1 and 𝑧𝑧2 in modulus-argument form. 2 

(iii)  Write cos 5𝜋𝜋
12

  as a surd by equating equivalent expressions for 𝑧𝑧1 ÷ 𝑧𝑧2. 1 

 

(c) (i) Find the values of A, B, C and D such that: 2 

5𝑥𝑥3 − 3𝑥𝑥2 + 2𝑥𝑥 − 1
𝑥𝑥4 + 𝑥𝑥2 =

𝐴𝐴
𝑥𝑥

+
𝐵𝐵
𝑥𝑥2 +

𝐶𝐶𝑥𝑥 + 𝐷𝐷
𝑥𝑥2 + 1

 

   

(ii) Hence integrate: 2 

�
5𝑥𝑥3 − 3𝑥𝑥2 + 2𝑥𝑥 − 1

𝑥𝑥4 + 𝑥𝑥2
𝑑𝑑𝑥𝑥 

   

(f) (i) If 𝛼𝛼 is a root of the polynomial 𝑄𝑄(𝑥𝑥) with a multiplicity 𝑚𝑚, show that 𝛼𝛼 is also a root of 𝑄𝑄′(𝑥𝑥), with  
multiplicity (𝑚𝑚 − 1). 1 

(ii) If the following polynomial 𝑄𝑄(𝑥𝑥) has a triple root, factorise 𝑄𝑄(𝑥𝑥) into its linear factors 3 
𝑄𝑄(𝑥𝑥) = 2𝑥𝑥4 +  9𝑥𝑥3 +  6𝑥𝑥2 − 20𝑥𝑥 − 24. 
                                  Examination continues overleaf….  
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Question 13 (15 marks) 

  

(a) Given that a, b and c are real positive numbers 

(i) Prove that 𝑎𝑎2 + 𝑖𝑖2 + 𝑐𝑐2 ≥ 𝑎𝑎𝑖𝑖 + 𝑖𝑖𝑐𝑐 + 𝑎𝑎𝑐𝑐. 2 

(ii) Show that 2 
1
𝑎𝑎

+
1
𝑖𝑖

+
1
𝑐𝑐
≥

9
𝑎𝑎 + 𝑖𝑖 + 𝑐𝑐

 

(iii) Given that 𝑎𝑎2 + 𝑖𝑖2 + 𝑐𝑐2 = 9, prove that 2 
1

1 + 𝑎𝑎𝑖𝑖
+

1
1 + 𝑖𝑖𝑐𝑐

+
1

1 + 𝑎𝑎𝑐𝑐
≥

3
4

 

 

 

(b) If 𝑧𝑧 and 𝑤𝑤 are complex numbers such that |𝑧𝑧| =  |𝑤𝑤|, show that 3 
1
2

(𝑧𝑧 + 𝑤𝑤).
1
2

(𝑧𝑧 +𝑤𝑤)��������� +
1
2

(𝑧𝑧 − 𝑤𝑤).
1
2

(𝑧𝑧 − 𝑤𝑤)��������� = 𝑧𝑧𝑧𝑧̅. 

 

(c) A particle of mass 𝑚𝑚 kg is projected vertically upwards with a speed of  𝑈𝑈 𝑚𝑚𝑠𝑠−1. At time 𝑡𝑡 seconds the 
particle has vertical height 𝑥𝑥 metres above the point of projection, speed 𝑣𝑣 𝑚𝑚𝑠𝑠−1 and acceleration 
𝑎𝑎 𝑚𝑚𝑠𝑠−2. The particle moves under gravity in a medium where the resistance to motion has magnitude 
𝑚𝑚
𝑔𝑔
𝑣𝑣2 Newtons where 𝑔𝑔 𝑚𝑚𝑠𝑠−1 is the acceleration due to gravity. 

(i) Show that 𝑎𝑎 = − 1
𝑔𝑔

(𝑔𝑔2 + 𝑣𝑣2). 1 

(ii) Show that 3 

𝑣𝑣 = 𝑔𝑔 �
𝑈𝑈 − 𝑔𝑔 𝑡𝑡𝑎𝑎𝑡𝑡 𝑡𝑡
𝑔𝑔 +  𝑈𝑈 𝑡𝑡𝑎𝑎𝑡𝑡 𝑡𝑡

� 

(iii) Find the time taken for the particle to reach its maximum height 1 

(iv) Express 𝑥𝑥 in terms of 𝑡𝑡. 1 

 

 

                                                         Examination continues overleaf…. 
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Question 14 (15 marks) 

(a) The circles XPYS and XYRQ intersect at the points X and Y. PXQ, PYR, QSY, PST and QTR  
are straight lines. 

                                      

(i) Explain why ∠𝑆𝑆𝑆𝑆𝑄𝑄 = ∠𝑌𝑌𝑌𝑌𝑄𝑄 + ∠𝑌𝑌𝑌𝑌𝑆𝑆 . 1 

(ii) Show that ∠𝑌𝑌𝑌𝑌𝑄𝑄 + ∠𝑌𝑌𝑌𝑌𝑆𝑆 + ∠𝑆𝑆𝑆𝑆𝑄𝑄 = 180°.  2 

(iii) Prove that STQX is a cyclic quadrilateral. 1 

(iv) Let ∠𝑄𝑄𝑌𝑌𝑌𝑌 = 𝛼𝛼 and ∠𝑌𝑌𝑄𝑄𝑌𝑌 = 𝛽𝛽. Show that ∠𝑆𝑆𝑆𝑆𝑄𝑄 = 𝛼𝛼 + 𝛽𝛽 3 

(a) 𝑌𝑌(acos𝜃𝜃, 𝑖𝑖sin𝜃𝜃) and 𝑄𝑄(acos𝜑𝜑, 𝑖𝑖sin𝜑𝜑) are the end points of a diameter of the ellipse shown below. 

 

Tangents to the ellipse at P, Q cut the x-axis at X, U respectively, and the y-axis at Y, V respectively. 

(i) Derive the expression for the gradient of the tangent to the ellipse and hence show that the tangent 
at P has the following equation. 
                                          𝑥𝑥cos 𝜃𝜃

𝑎𝑎
+ 𝑦𝑦sin 𝜃𝜃

𝑖𝑖
= 1 2 

(ii) Show that 𝜑𝜑 = 𝜃𝜃 ± 𝜋𝜋 2 

(iii) What are the coordinates of X, Y, U, V in terms of a, b and 𝜃𝜃? 2 

(iv) Show that the area of XYUV is  2 
4𝑎𝑎𝑖𝑖

|sin2𝜃𝜃| 
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Question 15 (15 marks) 

(a)  The solid S is generated by moving a straight edge so that it is always parallel to a fixed plane P. It is 
constrained to pass through a circle C and line segment l. 

The circle C, which forms a base for S, has radius 𝑎𝑎 and the line segment l is at a distance 𝑑𝑑 from C. 
Both C and 𝒍𝒍 are perpendicular to P. The perpendicular to C at its centre O bisects 𝒍𝒍. 

 

 

(i) Calculate the area of the triangular cross-section EFG which is parallel to P and distance 𝑥𝑥 from 
the centre O of C. 2 

(ii) Calculate the volume of S. 2 

 

(b) (i)   Prove the identity:  2 

 

cos3𝐴𝐴 −
3
4

cos𝐴𝐴 =
1
4

cos3𝐴𝐴 

(iii) Show that 𝑥𝑥 = 2√2cosA satisfies the cubic equation 𝑥𝑥3 − 6𝑥𝑥 + 2 = 0  2 

 given that cos3𝐴𝐴 = − 1
2√2
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(c) For 𝑡𝑡 = 1,2,3 …, 𝑆𝑆𝑛𝑛  and 𝑆𝑆𝑛𝑛 are two different sequences of positive integers.  

Given that 𝑆𝑆𝑛𝑛 = 𝑆𝑆1 + 𝑆𝑆2 + 𝑆𝑆3 + 𝑆𝑆4 … +  𝑆𝑆𝑛𝑛  

Also 𝑆𝑆1 = 6,  𝑆𝑆2 = 20 𝑎𝑎𝑡𝑡𝑑𝑑 𝑆𝑆𝑛𝑛 = 6𝑆𝑆𝑛𝑛−1 − 8𝑆𝑆𝑛𝑛−2   for 𝑡𝑡 = 3, 4, 5 …    

(i) Prove by mathematical induction that 𝑆𝑆𝑛𝑛 = 4𝑛𝑛 + 2𝑛𝑛, 𝑡𝑡 = 1,2,3. .. 4 

(ii) Hence or otherwise, find 𝑆𝑆𝑛𝑛, 𝑡𝑡 = 1, 2, 3 … in simplest form 3 

 
 

 

 

 

 

 

                                                          Examination continues overleaf…. 
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Question 16 (15 marks) 

(a) The graph of  𝑓𝑓(𝑥𝑥) = 𝑒𝑒−𝑑𝑑 − 2 is shown below: 

                                    

Draw separate one-third page sketches of the following functions. Indicate clearly any asymptotes and 
intercepts with the axes. 

(i) 𝑦𝑦 = |𝑓𝑓(𝑥𝑥)| 1 

(ii) 𝑦𝑦 = {𝑓𝑓(𝑥𝑥)}2 1 

(iii) 𝑦𝑦 = 1
𝑓𝑓(𝑑𝑑) 2 

(iv) 𝑦𝑦 = ln𝑓𝑓(𝑥𝑥) 1 

(b) If a polynomial 𝑌𝑌(𝑥𝑥) is divided by 𝑥𝑥2– 𝑢𝑢2, where 𝑢𝑢 ≠ 0, the remainder is 𝑝𝑝𝑥𝑥 + 𝑞𝑞. 

(i) Show that  2 

𝑝𝑝 = 1
2𝑢𝑢

[𝑌𝑌(𝑢𝑢) − 𝑌𝑌(−𝑢𝑢)]  and 

𝑞𝑞 =
1
2

[𝑌𝑌(𝑢𝑢) + 𝑌𝑌(−𝑢𝑢)] 

(ii) Find the remainder when 𝑌𝑌(𝑥𝑥) = 𝑥𝑥𝑛𝑛 − 𝑢𝑢𝑛𝑛, n is a positive integer, is divided by 𝑥𝑥2– 𝑢𝑢2. 3 

(Hint: Consider all possible cases for the value of 𝑡𝑡.) 

(c)  For 

𝐼𝐼𝑛𝑛 = �
1

(1 + 𝑥𝑥2)𝑛𝑛
1

0
𝑑𝑑𝑥𝑥      n = 1,2,3, … 

(i) Show that 3 

𝐼𝐼𝑡𝑡+1 =
2𝑡𝑡 − 1

2𝑡𝑡
𝐼𝐼𝑡𝑡 +

1
𝑡𝑡 × 2𝑡𝑡+1    𝑡𝑡 = 1,2,3, … 

(ii) Hence evaluate  2 

�
1

(1 + 𝑥𝑥2)3
1

0
𝑑𝑑𝑥𝑥   
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