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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 1 mark  

 

1 If 1 2z i    and  3w i   then z w  is? 

 

(A) 3 2i   

 (B) 4 3i  

 (C) 2i   

 (D) 4 i  

 

2 The function defined by ( ) 3 cos 3sinf x x x   has an amplitude of 

  

 (A) 3 3    

  

 (B) 3   

  

 (C) 2 3  

  

 (D) 3 3   

 

 

3 The equations of the directrices of the ellipse  
2 2

1
16 9

x y
   are 

(A) 
16 7

7
x    

 (B) 
7

16
x    

 (C) 
16

5
x    

 (D) 
5

16
x    



  

Page 3 of 16 
 

4 The diagram below shows the graph of 
2 ( ).y f x   

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Which expression best represents the function ( )?f x   

  

(A)  2 1x x   

(B)  2 1x x  

(C)  2 1x x   

(D)  21x x  

 

 

5 The linear factorisation of 4 27 18x x   over the complex number field is: 

 

(A)     2 2 3 3x i x i x x     

(B)     2 2 3 3x i x i x x     

(C)     3 3 2 2x i x i x x     

(D)     3 3 2 2x i x i x x     
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6 If  , ,     are the roots of  3 1 0x x   , then the cubic equation with roots  , ,
2 2 2

  
  is 

(A) 38 2 1 0x x     

(B) 38 2 1 0x x    

(C) 
3

8 2
1 0

x x
    

(D) 
3

1 0
8 2

x x
    

 

 

7 The circle 
2 2 4x y   is rotated about the line x = 3 through 360. The volume of the solid 

 formed is given by 

 (A) 

2

2

2

2 (3 ) 4V x x dx


  




  

 (B) 

2

2

2

4 (3 ) 4V x x dx


  




 

 (C) 

2

2

0

2 (3 ) 4V x x dx  




 

 (D) 

2

2

0

4 (4 ) 3V x x dx  




 

 

8 The equation 
2 2 2 2 0x y xy     defines y  implicitly as a function of .x   

 The value of  
dy

dx
 at the point ( 2, 0)  is? 

 (A)       2   

 (B)      1  

 (C)       0  

 (D)       1 
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9  

 

 

 

 

 

 

 

 

Which pair of inequalities represents the shaded region of the Argand plane shown above? 

(A) 
3

| | 6 and arg( )
4 4

z z
 

     

(B) 
3

| | 6 and arg( )
4 4

z z
 

    

(C) | | 36 and arg( )
4 4

z z
 

     

(D) 
3

| | 36 and arg( )
4 4

z z
 

    

 

 

 

10 What is the natural domain of the function   2 21
( ) 1 log 1

2
ef x x x x x      ? 

 

 

(A) 1x    

(B) 1 1x    

(C) 1 or 1x x    

(D) 1x   

 

 

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. Extra writing booklets are available. 

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

calculations. 

 

Question 11 (15 marks)  Use a SEPARATE writing booklet  

 

(a) Consider the curve ( )y f x , with its stationary points and intercepts shown in the 

diagram below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (i) On separate one-third page number planes, sketch the graphs of:  

    

  1
( )

( )
y

f x
    2 

    

  ( ) ( )y f x   2 

    

  ( ) | | ( )y f x   2 

    

  ( )( ) f xy e   2 

    

 (ii) State the number of solutions to the equation  ( ) 1.f x    1 

    

    

  Question 11 continues on the following page… 
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Question 11 continued  

    

    

(b) Sketch the locus of the complex number z  such that:  

   

 (i) | 2 | | 2 |z i z       2 

   

 
(ii) 0 arg( 1 )

6
z i


      2 

   

 (iii) 
1

Im 0, 0.z z
z

 
   

 
  2 

    

   

   

   

   

   

   

   

   

   

   

   

 End of Question 11  

   

 Please turn over  
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Question 12 (15 marks)  Use a SEPARATE writing booklet  

 

(a) (i) Show that 2 i  is a root of  3 11 20 0x x   . 2 

    

 (ii) Find all the roots of  3 11 20 0x x   . 2 

    

    

    

    

(b) Given that ,  and     are the roots of 
3 22 3 0,x x x     find the value of   

2 2 2 + .    

2 

   

   

   

   

(c) Given the polynomial 
4 3 2( ) 2 9 6 20 24 0P x x x x x       has a root of 

multiplicity 3, find all the roots of the equation ( ) 0.P x   

3 

   

   

   

   

(d) (i) Write down all the fifth roots of 1  in the form cos sin ( ),i         

 and plot the five roots on an Argand diagram. 

3 

   

 (ii) Hence, express 
5 1x   as the product of real factors in the form 

   2 2

1 1 1 2 2 2( 1) ( cos ) ( cos )x x a b x c x a b x c       where 1 2 1 2, , ,a a c c

 are integers and 1 2,b b  are rational numbers.  

3 

   

   

   

   

   

   

 End of Question 12  

   

 Please turn over  
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Question 13 (15 marks)  Use a SEPARATE writing booklet  

 

(a) Evaluate 

3

2 2
1

1

1
dx

x x





using the substitution tanx  . 4 

   

    

   

   

(b) Find:  

   

 
(i) 

1

2
1

3

5 2
dx

x x  





  3 

   

 
(ii) 2xxe dx




  2 

   

 

 

  

   

(c) The points ,
c

P cp
p

 
 
 

 and ,
c

Q cq
q

 
 
 

 are points on the rectangular hyperbola   

 2.xy c  Tangents to the rectangular hyperbola at P and Q intersect at the point .R    

   

 
(i) Prove that the coordinates of R in terms of c, p and q are 

2 2
, .

cpq c

p q p q

 
 

  
 

3 

   

 (ii) If P and Q are variable points on the rectangular hyperbola which move such 

 that 
2 2 2p q  , show that the equation of the locus of R is 

2 22y c xy  , 

 stating any restriction(s) that may apply. 

3 

   

   

 

 

 
 

   

   

   

   

   

  

End of Question 13 

 

  

Please turn over 
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Question 14 (15 marks)  Use a SEPARATE writing booklet  

 

(a) A fly is standing on a small turntable at a distance of 8 cm from the centre. If the 

turntable is rotating at 45 revolutions per minute, find 
 

   

 (i) the speed of the fly in metres per second (correct to two decimal places); 2 

   

 (ii) the acceleration of the fly (correct to two decimal places). 1 

   

   

   

   

(b) The point ( cos , sin )P a b   lies on the ellipse 
2 2

2 2
1

x y

a b
   and the ellipse meets the  

 

 x-axis at the points ( , 0)A a  and '( , 0).A a   

   

 (i) Prove that the equation of the tangent at P is given by cos sin .bx ay ab     2 

    

 
(ii) The tangent at P meets the tangents from A and 'A  at points Q and 'Q  

respectively. Find the coordinates of Q and 'Q . 

2 

    

 
(iii) The points A, 'A , 'Q and Q form a trapezium. Prove that the product of the 

lengths of the parallel sides is independent of the position of P. 

2 

   

   

   

   

(c) (i) Write down the expansion of 
3(cos sin )i   in the form a + ib, where a and 

b are in terms of sin θ and cos θ. 

2 

    

 (ii) Hence show that 
3cos3 4cos 3cos .      2 

    

 
(iii) Hence solve the equation  cos 3θ + cos θ = 0, where .

2 2

 
     2 

    

   

   

   

   

 End of Question 14 

 

 

 Please turn over  
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Question 15 (15 marks)  Use a SEPARATE writing booklet  

   

(a) Suppose   is one of the complex roots of 
3 1 0z   .  

   

 (i) Show that 
21 0.      1 

    

 
(ii) Show that 

2

2

2
( 1) 2cos ,

1 1 3

kk

k k  

 

  
    

    
 where k is a positive  3 

  integer.  

    

    

    

    

   

   

   

   

   

   

   

   

   

   

   

   

   

    

    

    

    

    

    

    

(b) In the diagram above, the points 1 1( , )P x y  and 2 2( , )Q x y  lie on the same branch of 

the hyperbola 
2 2

2 2
1

x y

a b
  . The tangents at P and Q meet at 0 0( , ).T x y   

 

   

 (i) Write down, in Cartesian form, the equation of the tangent at P. 1 

    

 
(ii) Hence show that the chord of contact, PQ, has equation 0 0

2 2
1.

xx yy

a b
    

2 

    

 (iii) The chord PQ passes through the right-hand focus ( , 0)S ae , where e is the 

eccentricity of the hyperbola.  

 

Prove that T lies on the directrix of the hyperbola. 

2 

    

   

Question 15 continues on the next page… 
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Question 15 continued  

    

    

(c) (i) Find 
2

0

cos .x dx







 1 

   

 (ii) Let 
2

0

cos .n

nI x dx








  3 

   

 
 Show, using integration by parts, 2

1
( is an integer 2).n n

n
I I n

n



     

   

 (iii) Hence, evaluate 
2

5

5

0

cos .I x dx








 2 

   

   

   

   

   

   

   

   

   

   

   

   

 End of Question 15 

 

 

 Please turn over  
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Question 16 (15 marks)  Use a SEPARATE writing booklet  

 

(a) (i) Find real numbers p, q and r such that 3 

   

   
3 2

300

1000 10 10 100

x p qx r

x x x x


 

   
  

 

   

 (ii) A particle of mass m kg is projected vertically upwards in a highly resistive 

 medium at an initial velocity of 5 m/s. The particle is subjected to the force  
 

 
 of gravity and to a resistance due to the medium of magnitude

31
.

100
mv   

 

  Given the acceleration due to gravity is 10 m/s2, x is the displacement of the 

 particle from its starting position, and regarding upwards motion as positive 
 

   

 
 ( )   Explain why 

31
(1000 ).

100
x v    1 

    

  ( )   Hence, find the maximum height reached by the particle, giving your 

  answer correct to one decimal place. 

4 

  

   

   

(b) The base of a solid is the region enclosed by the parabola 
24x y   and the y-axis.  

  

 
 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 The top of the solid is formed by a plane inclined at 45 to the x-y plane. Each 

vertical cross-section of the solid taken parallel to the y-axis is a rectangle as shown 

in the diagram above. The point ( , )P x y  lies on 
24 .x y    

 

Find the volume of the solid. 

4 

   

Question 16 is continued on the next page 
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Question 16 continued 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

(c) The diagram above shows a particle P, of mass m kg moving with constant angular 

velocity   in a horizontal circle about Q, of radius r metres on the inside of a fixed 

smooth hemispherical bowl of internal radius 2r metres, centre at O. There is a 

normal reaction force N acting inward toward the centre of the hemisphere. 

3 

   

 
By resolving forces vertically and radially at P, show that 

2 .
3

g

r
    

 

   

   

   

   

   

   

 

 

End of Question 16 

End of paper 
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STANDARD INTEGRALS 

 

 

 

0,logln

ln
1

0,ln
1

,0,sin
1

0,tan
11

0,sec
1

tansec

0,tan
1

sec

0,cos
1

sin

0,sin
1

cos

0,
1

0,ln
1

0 if,0;1,
1

1

22

22

22

22

1

22

1

22

2

1






























 





 




 




 




 




 




 















xxxNote

axxdx
ax

axaxxdx
ax

axaa
a

x
dx

xa

a
a

x

a
dx

xa

aax
a

dxaxax

aax
a

dxax

aax
a

dxax

aax
a

dxax

ae
a

dxe

xxdx
x

nxnx
n

dxx

e

axax

nn
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