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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. 
 
 
Section I 

1. What is the value of 
10
𝑖𝑖|𝑧𝑧|

 , if ? 

 (A) −5𝑖𝑖√2 
 
  (B) 2 − 5𝑖𝑖 
 
 (C) 5𝑖𝑖√2   
 
 (D) 2 + 5𝑖𝑖 
   
 
2. Which of the following are the coordinates of the foci of  9𝑥𝑥2 − 36𝑦𝑦2 = 324? 

 (A)  ( ± √5, 0 )  

 (B) (0, ± √5 )  

 (C)  ( ± 3√5, 0 )  

 (D)   ( 0, ±3√5 )              

3. Consider the region bounded by the y−axis, the line y = 4 and the curve  𝑦𝑦 =  𝑥𝑥2.  
 If this region is rotated about the line y = 4, which expression gives the volume of the 
 solid of revolution? 
  

 (A)     𝑉𝑉 =  𝜋𝜋 ∫ 𝑥𝑥2 𝑑𝑑𝑑𝑑4
0  

 (B)     𝑉𝑉 = 2𝜋𝜋 ∫ (4 − 𝑦𝑦)𝑥𝑥 𝑑𝑑𝑑𝑑2
0  

 (C)     𝑉𝑉 =  𝜋𝜋 ∫ (4 − 𝑦𝑦)2 𝑑𝑑𝑑𝑑2
0  

 (D)     𝑉𝑉 =  𝜋𝜋 ∫ (4 − 𝑦𝑦)2 𝑑𝑑𝑑𝑑4
0          
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Section I (cont’d) 
 

4. .   

 (A)      
1
9
  

 (B)      
1
3
 

 (C)      4
3
 

 (D)      9 

 

5. For the hyperbola (𝑦𝑦 + 1)2 − 𝑥𝑥2 = 1, find an expression for 
𝑑𝑑2𝑦𝑦
𝑑𝑑𝑥𝑥2

. 
 (A)      

𝑥𝑥
(𝑦𝑦+1)3

   

 (B)     
1

(𝑦𝑦+1)3
 

 (C)      𝑥𝑥
𝑦𝑦+1

 

 (D)      
1

𝑦𝑦+1
 

 
6.  The polynomial 𝑃𝑃(𝑥𝑥) = 4𝑥𝑥3 + 16𝑥𝑥2 + 11𝑥𝑥 − 10 has roots 𝛼𝛼, 𝛽𝛽 and 𝛼𝛼 + 𝛽𝛽. What is the 

 value of 𝛼𝛼𝛼𝛼? 

 (A)      
5
2
  

 (B)      −5
2 

 (C)      5
4
 

 (D)      −5
4             
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Section I (cont’d) 
 
7. The diagram below shows the graph of the function ( )y f x=  

 

  
 
Which of the following is the graph of  𝑦𝑦 = 1

𝑓𝑓(𝑥𝑥)? 
 
(A)  (B)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(C)            (D)  
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Section I (cont’d) 
 
8. The diagram shows the graph of 𝑦𝑦 =  𝑃𝑃"(𝑥𝑥) which is the second derivative of a  

 polynomial 𝑃𝑃(𝑥𝑥). 

 

 

 

 

 

 Which of the following expressions could be 𝑃𝑃(𝑥𝑥)? 

 (A)  (𝑥𝑥 +  2)2 (𝑥𝑥 –  1)     

 (B) (𝑥𝑥 +  2)4 (𝑥𝑥 –  1) 

 (C)  (𝑥𝑥 −  2)4 (𝑥𝑥 –  1)   

 (D)  (𝑥𝑥 −  2)4 (𝑥𝑥 +  1) 
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9. In the Argand diagram the point P represents the complex number 𝑧𝑧.  When this number is 
 divided by 5𝑖𝑖 it gives a new complex number. 

 

 

 

Which one of the points on the diagram above represents the new complex number? 

  (A)      𝑄𝑄  

  (B)      𝑅𝑅 

  (C)      𝑆𝑆 

  (D)      T 

 

10. The sides of a triangle are the first three terms of an arithmetic progression with the first term 
 1 and the common difference 𝑑𝑑. What is the largest set of possible values of 𝑑𝑑.  

 (A)      −1 < 𝑑𝑑 < 1 

  (B)      −1
2 < 𝑑𝑑 < 1   

 (C)      −1
3 < 𝑑𝑑 < 1 

  (D)      −1
4 < 𝑑𝑑 < 1 

 

End of Section  
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Section II 
90 marks 
Attempt Questions 11 – 16 
Allow about 2 hours 45 minutes for this section 
 
Answer each question in a SEPARATE 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                                       Marks 
 
(a) For the complex number 𝑧𝑧 =  √2 + √2𝑖𝑖  
 

(i) Express 𝑧𝑧 in modulus-argument form 2 
 
(ii)  Find 𝑧𝑧12.  2 

 
 
(b)  Evaluate     to 4 significant figures.      4 

 
 
 
(c) Find the square root of 1 + 2√2𝑖𝑖.            3 
 
 
 
(d) Reduce the polynomial 𝑥𝑥6 − 9𝑥𝑥3 + 8 to irreducible factors over the: 
  
 (i) real field 2 
 (ii) complex field  2 
 
  

 
 
 
 
 
 

End of Question 11 
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Question 12  (15 marks)  Use a SEPARATE writing booklet                                      
 Marks 
 

(a) Use the substitution 𝑡𝑡 = tan 𝜃𝜃
2
 to find ∫ 1

1+cos𝜃𝜃+sin𝜃𝜃
𝑑𝑑𝑑𝑑. 3 

 
 
 

(b) 𝑃𝑃(𝑎𝑎 sec 𝜃𝜃 , tan 𝜃𝜃)  is a point on the hyperbola 
𝑥𝑥2

𝑎𝑎2
− 𝑦𝑦2 = 1, 𝑎𝑎 > 1,  with  3 

 eccentricity 𝑒𝑒 and asymptotes 𝐿𝐿1 and 𝐿𝐿2. 𝑀𝑀 and 𝑁𝑁 are the feet of the  
 perpendiculars from 𝑃𝑃  to 𝐿𝐿1 and 𝐿𝐿2 respectively.  
 Show that 𝑃𝑃𝑃𝑃. 𝑃𝑃𝑃𝑃 = 1

𝑒𝑒2 . 
 

 

(c) Use integration by parts to find ∫ 𝑥𝑥 𝑠𝑠𝑠𝑠𝑠𝑠2𝑥𝑥𝑥𝑥𝑥𝑥.  3 

       

 

(d)  The area between the curve 𝑦𝑦 =  3𝑥𝑥 − 𝑥𝑥2 and 𝑦𝑦 = 𝑥𝑥, between 𝑥𝑥 = 1 and 𝑥𝑥 = 2 is rotated 
 about the 𝑦𝑦 − axis.  Using the method of cylindrical shells, find the volume of the solid of 
 revolution formed.               3 

             

 
 
 

(e) (i)  Given that sin 𝑥𝑥 can be written as sin(2𝑥𝑥 − 𝑥𝑥) show that  
     . 1 
 (ii) Hence or otherwise find the general solutions of .     2 

 
 
 
 
 
 
  End of Question 12 
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Question 13 (15 marks) Use a SEPARATE writing booklet.                                                 Marks 
 
(a) The roots of 𝑥𝑥3 + 𝑥𝑥2 + 1 = 0 are 𝛼𝛼, 𝛽𝛽 and 𝛾𝛾.  Find the cubic equation whose roots are 4 

 
1

1−𝛼𝛼
 , 1
1−𝛽𝛽

 , 1
1−𝛾𝛾

     

            Express your answer in the form 𝑎𝑎𝑎𝑎3 + 𝑏𝑏𝑥𝑥2 + 𝑐𝑐𝑐𝑐 + 𝑑𝑑 = 0. 

 

(b) (i) On the same Argand diagram carefully sketch the region where                                           
  |𝑧𝑧 − 1| ≤ |𝑧𝑧 − 3| and |𝑧𝑧 − 2| ≤ 1 hold simultaneously.       3 

 (ii) Find the greatest possible value for |𝑧𝑧| and arg 𝑧𝑧.                                                          2 

  

 

(c) The ellipse 𝑥𝑥
2

𝑎𝑎2
+ 𝑦𝑦2

𝑏𝑏2
= 1 intersect the 𝑥𝑥-axis at the points A and B.                                        

 The point P ( 𝑥𝑥1, 𝑦𝑦1 ) lies on the ellipse. The tangent at P intersects the vertical line passing 
 through B at the point Q as shown in the diagram. 

 

  

 

 

 

 

             (i)    Show that the equation of tangent at P is 
𝑥𝑥𝑥𝑥1
𝑎𝑎2

+ 𝑦𝑦𝑦𝑦1
𝑏𝑏2

= 1       2     

   (ii)  Show that the coordinates of Q are �𝑎𝑎, 𝑏𝑏2

𝑦𝑦1
�1 − 𝑥𝑥1

𝑎𝑎
��        1 

              (iii)   Show that AP is parallel to OQ           3 

 
 
  End of Question 13 
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Question 14 (15 marks)    Use a SEPARATE writing booklet.                                             Marks  

(a)  A sketch of the function 𝑓𝑓(𝑥𝑥) is shown below.  

 

 
 
 
 
 
 
 
 
 
 Draw a separate half-page graph for each of the following functions,  
 showing all asymptotes and intercepts. 
   (i)       𝑦𝑦 =  |𝑓𝑓(𝑥𝑥)|                   2 

   (ii)      𝑦𝑦 = [𝑓𝑓(𝑥𝑥)] 2         2 

  (iii)     𝑦𝑦 =  ln𝑓𝑓(𝑥𝑥)             2 

 (b)       The point 𝑃𝑃 �𝑐𝑐𝑐𝑐, 𝑐𝑐
𝑡𝑡
� lies on the rectangular hyperbola 𝑥𝑥𝑥𝑥 =  𝑐𝑐2.        

(i)       Find the equation of the tangent to the hyperbola at the point P. 2 
 
 (ii)      The tangent at P cuts the x−axis at A and the y−axis at B. Show that the   2 
             area of the triangle AOB is independent of t.   

  
(c)       Find the values of the real numbers 𝑝𝑝 and 𝑞𝑞 given that 

𝑥𝑥3 + 2𝑥𝑥2 − 15𝑥𝑥 − 36 = (𝑥𝑥 + 𝑝𝑝)2(𝑥𝑥 + 𝑞𝑞)     2 
 

(d) The region shown below is bounded by the lines , ,  and the curve . 
 The region is rotated through 360º about the line  to form a solid.  Calculate the volume 
 of the solid using the  method of slicing?        3 

  
                                                       End of Question14 
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Question 15 (15 marks) Use a SEPARATE writing booklet.                                             Marks
  
(a)     A particular solid has as its base the region bounded by the hyperbola 𝑥𝑥

2

4
− 𝑦𝑦2

5
= 1 and       4

 the line 𝑥𝑥 = 4.   

 Cross-sections perpendicular to this base and the 𝑥𝑥 −axis are equilateral triangles.  
 Find the volume of this solid. 

 

 

(b)  Let ( )∫ −=
4

1

n
n dx1xI , where 𝑛𝑛 = 0, 1, 2. 

  (i)   Show that (𝑛𝑛 + 2)I𝑛𝑛 = 8 − 𝑛𝑛I𝑛𝑛−1.           3 

 (ii)  Evaluate  I4.               3 

 

 
(c) (i) Use the results 𝑧𝑧 + 𝑧𝑧̅ = 2𝑅𝑅𝑅𝑅(𝑧𝑧) and |𝑧𝑧|2 = 𝑧𝑧𝑧𝑧̅ for the complex numbers 𝑧𝑧 to    3
  show that |𝛼𝛼|2 + |𝛽𝛽|2 − |𝛼𝛼 − 𝛽𝛽|2 = 2𝑅𝑅𝑅𝑅(𝛼𝛼𝛽̅𝛽). 

 
 
 
 
 
 
 
 
 
 
 (ii)     The diagram shows the angle 𝜃𝜃 between the complex numbers 𝛼𝛼 and 𝛽𝛽.   2 
           Prove that 
  |𝛼𝛼||𝛽𝛽| cos 𝜃𝜃 = 𝑅𝑅𝑅𝑅(𝛼𝛼𝛽̅𝛽). 
 
 
 
 
 End of Question 15 
  

𝜃𝜃 

0 

𝛼𝛼 

𝛽𝛽 
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Question 16 (15 marks) Use a SEPARATE writing booklet.                                               Marks 
 
 (a)   Let 𝐹𝐹(𝑥𝑥) = 𝑒𝑒𝑥𝑥2 for all 𝑥𝑥 ≥ 0. 
 
  (i) Find 𝐹𝐹−1(𝑥𝑥), the inverse function of 𝐹𝐹(𝑥𝑥)  1 
 
  (ii)  State its domain and range of 𝐹𝐹−1(𝑥𝑥).      2 
 
 (iii) On the same set of axes, sketch 𝐹𝐹−1(𝑥𝑥) and 𝐹𝐹(𝑥𝑥) indicate the region  2
   represented by  
 
 ∫ 𝐹𝐹(𝑥𝑥)𝑑𝑑𝑑𝑑1

0    and     ∫ 𝐹𝐹−1(𝑥𝑥)𝑑𝑑𝑑𝑑𝑒𝑒
1  

 
 (iv) Evaluate   ∫ 𝐹𝐹(𝑥𝑥)𝑑𝑑𝑑𝑑1

0 + ∫ 𝐹𝐹−1(𝑥𝑥)𝑑𝑑𝑑𝑑𝑒𝑒
1 .            2 

 
 
 

(b) The cubic equation 𝑥𝑥3 + 𝑘𝑘𝑘𝑘 + 1 = 0, where 𝑘𝑘 is a constant, has roots 𝛼𝛼, 𝛽𝛽 and 𝛾𝛾. For each 
 positive integer 𝑛𝑛, 

 𝑆𝑆𝑛𝑛 = 𝛼𝛼𝑛𝑛 + 𝛽𝛽𝑛𝑛 + 𝛾𝛾𝑛𝑛. 
 
 (i)    State the value of 𝑆𝑆1.            1 
 
 (ii)    Express 𝑆𝑆2 in terms of 𝑘𝑘.            2 
 

 (iii)    Show that for all values of 𝑛𝑛,  
 

 𝑆𝑆𝑛𝑛+3 + 𝑘𝑘𝑆𝑆𝑛𝑛+1 + 𝑆𝑆𝑛𝑛 = 0.  3 
 

   (iv)    Hence or otherwise express 𝛼𝛼5 + 𝛽𝛽5 + 𝛾𝛾5 in terms of 𝑘𝑘.       2 
 
 
 
 
 
 
 

End of Examination 
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