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Section I – 10 marks 

 

 Attempt Questions 1 – 10. 

 Allow about 15 minutes for this section. 

 Shade the correct response on the multiple-choice answer sheet for Questions 1-10. 

 Each question is worth one mark. 
 

 

1 Which of the following is  3( 1 2 )i  ? 

 (A) 11 2i    

 (B) 11 2i   

 (C)   11 2i  

 (D) 1 8i   

 

2 The cartesian equation of the ellipse is 2 24 4x y  . 

What are the parametric equations of this ellipse? 

 

 (A) 2cosx   and siny   

 (B) 2sinx   and cosy   

 (C) 4cosx   and siny   

 (D) 4sinx   and cosy   

 

3 Let 2 3z i  . What is the value of 1z ? 

 (A) 
1

(2 3 )
5

i   

 (B) 
1

(2 3 )
13

i  

 (C) 
1

(2 3 )
5

i  

 (D) 
1

(2 3 )
13

i  

 

4 A disc of radius 4 cm is spinning such that a point on the circumference is moving  

at a speed of 80 / mincm . The angular speed of the disc (in revolutions per minute) is? 

 

 (A) 320 rpm 

 (B) 20 rpm 

 

(C) 
10


 rpm 

(D)   
160


 rpm 
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5 The diagram below shows the graph of the function ( )y f x . 

 

Which of the following is the graph of ( )y f x ? 

 

(A)   

 

(B)  

 
 

 

(C)   

 

(D)   
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6 Which of the following is the correct expression for 
2

1

4 36
dx

x 
 ? 

 (A) 1sin
3

x
C    (B) 11

tan
3 3

x
C   

 (C)  2log 9e x x C    (D)  21
log 9

2
e x x C    

 

7 For the ellipse with the equation 
2 2( 2) ( 3)

1
5 3

x y 
  . What is the eccentricity? 

 (A) 
2

5
 (B) 

2

3
 

 (C) 
5

3
 (D) 

5

2
 

 

8 A solid is formed by rotating the region enclosed by the parabola 2 4y ax , its vertex (0,0) 

and the line x a  about the x-axis. What is the volume of this solid using the method of 

cylindrical shells? 

 (A) 
37

4

a
units3 (B) 

37

8

a
units3 

 (C) 
37

16

a
units3 (D) 32 a units3 

 

9 What is the value of 
2

0 4

x
dx

x  using the substitution 24sinx  ? 

 (A) 0.75   

 (B) 2   

 (C) 6   

 (D) 3 8    

 

10 What are the values of real numbers p and q such that 1 i  is a root of the equation 
3 0z pz q   ? 

 (A) 2p    and 4q    

 (B) 2p    and 4q   

 (C) 2p   and 4q   

 (D) 2p   and 4q   

End of Section I 

Section II commences on the next page 
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Section II - 90 marks 

 

 

 Attempt Questions 11 ‒ 16. 

 Allow about 2 hours and 45 minutes for this section. 

 Answer each question in a SEPARATE writing booklet or answer sheet. Extra 

writing booklets are available. 

 In Questions 11 – 16 your responses should include all relevant mathematical 

reasoning and/or calculations. 

 

 

 

Question 11 (15 marks)  Marks 

    

(a) Find 
21

1

x
dx

x




 . 2 

    

    

    

(b) (i) Show that 2(1 2 ) 3 4i i    . 1 

 (ii) Hence solve the equation 2 5 (7 ) 0z z i    . 2 

   

   

(c) Use integration by parts to evaluate xxe dx

 . 2 

    

    

    

(d) Let 1 3z i  .  

 (i) What is the exact value of z  and arg z? 2 

 (ii) Find the exact value of 6z . 2 

    

    

    

(e) Consider the function 1cos ( )xy e .  

 (i) Find the domain and the range. 2 

 (ii) Sketch the graph of 1cos ( )xy e ? 1 

 (iii) Hence, or otherwise, sketch the graph of 
2

1cos ( )xy e    . 1 
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Question 12 (15 marks)  Marks 

    

(a) Let two complex numbers be 1 12 12
2(cos sin )z i    and 2 2z i . 

 
 

 
(i) On an Argand diagram sketch the vectors OA and OB to represent 1z  

and 2z  respectively. 

1 

 (ii) Draw the vectors 1 2z z  and 
1 2z z  on the same Argand diagram. 1 

 (iii) What are the exact values of 1 2arg( )z z  and 1 2arg( )z z ? 2 

    

    

    

(b) Use the substitution 
2

tan xt   to evaluate 
2

0

1

2 cos 2sin
dx

x x



  . 4 

    

    

    

(c) Let ( ) (2 )( 4)f x x x   . Draw separate one-third page sketches of the 

following functions indicating clearly any asymptotes and intercepts with the 

axes. 

 

 (i) 
1

( )
y

f x
  2 

 (ii) ( )f xy e  2 

    

    

    

(d) The function 3y x  is rotated about the y axis { :0 2}x x   to form a solid. 

Calculate the volume of this solid using the method of slicing.  

3 
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Question 13 (15 marks)  Marks 

    

(a)   

  

 

 

  

 cos , sinP a b  is a point on the ellipse 
2 2

2 2
1.

x y

a b
  The tangent at 

P meets a directrix of the ellipse at D. S is the corresponding focus. 

 

 

 
 

(i) 

 

Show that the tangent at P has equation 
cos sin

1
x y

a b

 
  . 

 

2 

 
 

(ii) 

 

Show that 90 .PSD   
3 

   

(b) The polynomial equation 3 2 1 0x x    has roots ,   and    .   

 (i) Find the equation with 1 1 1,   and       as the roots. 2 

 (ii) Find the equation with 2 2 2,   and       as the roots. 2 

    

(c) (i) Find real numbers a, b, c and d such that: 2 

  
3 2

2 2 2 2

5 3 2 1

( 1) 1

x x x a b cx d

x x x x x

   
  

 
  

 (ii) Hence, evaluate in simplest form: 2 

 
 3 2

2 2

5 3 2 1

( 1)

x x x
dx

x x

  

   

    

(d) The polynomial 4 2( ) 28P x x ax bx     has a double root at 2x  . 

What are the values of a and b? 

2 

    

x

y

S

P

D

NOT TO  

SCALE 
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Question 14 (15 marks)  Marks 

 

 

(a) 

 

 

The variable points , and ,
c c

P cp Q cq
p q

   
   
   

lie on the hyperbola 2xy c   

as shown in the diagram below. 

 

 

   

 
 

The tangents to the hyperbola at P and Q intersect at the point T. 

M is the midpoint of PQ. The equation of the tangent at P is  
2 2 .x p y cp   

 

 

 

 (i)  Show that the coordinates of T are: 

2 2
, .

cpq c

p q p q

 
 

  
 

 

2 

 (ii) If O is the origin, show that O, T and M are collinear. 1 

 (iii) Find an expression for q in terms of p if T, M and S are collinear, 

where S is the focus of the hyperbola. 
2 

 

 

 

 

 

 

   

x

y

P

Q

T

NOT TO  

SCALE 
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(b) A solid is formed by rotating about the y-axis the region bounded by the 

curve siny x  and the x-axis between 0 x   . Find the volume of this 

solid using the method of cylindrical shells. 

4 

    

    

(c) (i) Find the three cubic roots of -1 by solving the equation 3 1 0z     2 

 (ii) 

 

 

Let   be a cubic root of –1, where   is not real.  

Show that 2 1   . 

 

1 

 (iii) Hence simplify 6(1 ) . 1 

    

    

(d) Find the equation of the tangent to the curve 2 2 2 0x y x xy    at (1, 2). 2 
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Question 15 (15 marks)  Marks 

    

(a) A train of mass 2000 kg is travelling around a curve of radius 1 km on a 

track banked so that the outer rail is 3 cm higher than the inner rail, where 

the rails are 1.2 m apart. The banked track makes an angle   with the 

horizontal. When the train has a speed of v ms-1, the normal reaction force 

exerted by the track on the train is N Newtons and the lateral thrust exerted 

by one of the rails on the train is F Newtons. Take 210 msg  . 

 

 

 
(i) By considering the forces acting on the train with F directed up the 

slope, show that 22cos (10,000tan )F v   . 

3 

 
(ii) Find the magnitude of the lateral thrust when v is 80% of 

0v  if the 

lateral thrust F is zero when 0v v . 

2 

    

    

    

(b) Let 8 45
( ) 1

2
P z z z   . The complex number w is a root of ( ) 0P z  .  

 (i) Show that iw and 
1

w
 are also roots of ( ) 0P z  . 2 

 (ii) Find all the roots of ( ) 0P z   in exact form. 2 

    

    

    

(c) (i) Show that sin sin3 2sin 2 cosx x x x  .  1 

 (ii) Hence, or otherwise, solve sin sin 2 sin3 0x x x    for 0 2x   . 2 

    

    

   

(d) A particle of mass m is moving in a straight line under the action of a force. 3 

 

3
(6 10 )

m
F x

x
   

 

 What is the velocity in any position, if the particle starts from rest at 1x  ?  

    



Page 12 of 15 
 

End of Section II 

End of Examination 

Question 16 (15 marks)  Marks 

    

   

(a) The point P on an Argand diagram represents the complex number 

.z x iy   If P moves such that  Im 1z i z    find the minimum value 

of 1 .z   

 

3 

    

(b) (i) Let 
1

0
(1 )r n

nI x dx  , where 0r  , for 0,1,2,3,...n   

Show that 
1

1
n n

nr
I I

nr



. 

3 

 (ii) Hence or otherwise, find the value of 
3
2

1
3

0
(1 )nI x dx  . 2 

    

(c)  

 

 

 

From a point O, a particle of mass m is projected upwards with an 

initial velocity of u metres per second. It moves under a constant 

gravitational force mg and an air resistance of kmg, where 1k  . 

Show that:  

 

 (i) the equation of the upward motion is   1x g k   . 

 

1 

 (ii) 

 

the greatest height reached by the particle is  
 

2

2 1

u

g k
. 

 

3 

 (iii) 

 

 

 

 

the total time T that elapses before the particle returns to its point of 

projection is: 
2

1 1

1 1

u

g k k

 
 

  
 

 

3 
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