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Section I 
 

10 Marks 

Attempt Questions 1–10 

Allow about 20 minutes for this section 

 

Use the multiple-choice answer sheet for Questions 1-10 

 

1 Let 1 2z i= +  and 2w i= − + . What is the value of 
5

iw
? 

 (A) 1 2i− −  

 (B) 1 2i− +  

 (C) 1 2i−  

 (D) 1 2i+  

 
 

2 What is the volume of the solid formed when the region bounded by the curves, 2y x=  , 

230y x= −  and the y-axis is rotated about the y-axis? 

 

What is the correct expression for volume of this solid using the method of cylindrical shells? 

 (A) ( )
5

2 2

0
2 30V x x dxπ= − −  

 (B) ( )
5

2 2

0
2 30V x x x dxπ= − −  

 (C) ( )
5

2 2

0
2 30V x x dxπ= − −  

 

(D) ( )
5

2 2

0
2 30V x x x dxπ= − −  
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3 The diagram shows the graph of the function ( )y f x= . 

 

 

 Which of the following is the graph of ( )xfy =2 ? 

 

(A)   

 

(B)   

  
 

 

(C)   

 

(D)   
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4 Let ,α β and γ  be roots of the equation 3 23 4 0x x+ + = . Which of the following polynomial 

equations have roots 2 2,α β and 2γ ? 

 (A) 3 29 24 4 0x x x− − − =  

 (B) 3 29 12 4 0x x x− − − =  

 (C) 3 29 24 16 0x x x− − − =  

 (D) 3 29 12 16 0x x x− − − =  

 

 

 

5 A particle of mass m is moving in a straight line under the action of a force. 

3
(6 10 )

m
F x

x
= −  

What of the following is an expression for its velocity in any position, if the particle 

starts from rest at 1x = ? 

 (A) 21
( 3 10 7 )v x x

x
= ± − + −  

 (B) 2( 3 10 7 )v x x x= ± − + −  

 

(C) 21
2( 3 10 7 )v x x

x
= ± − + −  

(D)     21
2( 3 10 7 )v x x

x
= ± − + +  

 

 

6 Which of the following is an expression for 
2

2

4 13
dx

x x+ + ? 

 (A) 11 ( 2)
tan

3 3

x
c

− +
+  (B) 12 ( 2)

tan
3 3

x
c

− +
+  

 (C) 11 ( 2)
tan

9 9

x
c

− +
+  (D) 12 ( 2)

tan
9 9

x
c

− +
+  

 

 

7 Consider the hyperbola with the equation 
2 2

1
16 9

x y
− = . 

What are the coordinates of the foci of the hyperbola? 

 

(A) ( 4,0)±  (B) (0, 4)±  

(C) (0, 5)±  (D) ( 5,0)±  
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8 The diagram below shows the hyperbola 
2 2

2 2
1

x y

a b
− =  where 0a b> > . The points 

P ( sec , tan )a bθ θ  and Q ( sec , tan )a bα α  lie on the hyperbola and the chord PQ subtends 

a right angle at the origin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Use the parametric representation of the hyperbola to determine which of the following 

expressions is correct? 

 

 (A) 
2

2
sin sin

a

b
θ α = −  

 (B) 
2

2
sin sin

a

b
θ α =  

 (C) 
2

2
tan tan

a

b
θ α = −  

 

(D) 
2

2
tan tan

a

b
θ α =  

 

 

9 It is given that 3 i+  is a root of 3 2( ) 10P z z az bz= + + +  where a and b are real numbers. 

Which expression factorises P(z) over the real numbers? 

(A) 2( 1)( 6 10)z z z− + −  

(B) 2( 1)( 6 10)z z z− − −  

(C) 2( 1)( 6 10)z z z+ + +  

(D)    ( ) ( )21 6 10z z z+ − +  

 

 

P

Q

O x

y
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10       If  3 3 2x y x y+ = , then 
dy

dx
 is given by: 

 

(A)      
2 3

2

3

2 3

x y

y y x

+

−
 

 

(B)      
2 3

2

3

3 2

x y

y x y

+

−
 

 

(C)       
2 2 33 3

2

x y x y

y

+ +
 

 

(D)      
2 3

2

3

3 2

x y

y x y

+

−
 

 

 

 

 

 

End of Section I 
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Marks 

 

 

2 

 

 

 

 

1 

 

 

1 

 

 

2 

 

 

 

 

2 

 

2 

 

 

 

 

2 

 

 

 

 

3 

Section II 
 

90 Marks 

Attempt Questions 11-16 

Allow about 2 hours and 40 minutes for this section 

 

Answer each question in a separate writing booklet. Extra writing booklets are available 

 

All necessary working should be shown in every question. 

 

Question 11 (15 marks) Use a SEPARATE writing booklet 

 

 

(a) If 4 2z i= −  and 3w i= + , evaluate 2
z w+ . 

 

 

 

(b) (i) Find the Cartesian equation of the locus of z if 
2

arg
2

z

z

π− 
= 

 
. 

 

 (ii)   Sketch the locus from part (i) 

 

 

(c) Find  
3

sin

cos

x
dx

x  

 

 

 

(d) (i) Express 3 i− −  in modulus argument form. 

 

 (ii) Show that ( )
6

3 i− − is a real number 

 

 

(e) By considering the function ( ) 2 4f x x x= − sketch the graph of 
( )
1

y
f x

=  

 

 

(f) Find 
2 2

1

4
dx

x x −
   

 

 

 

 

 

 

End of Question 11 
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Marks 

 

 

4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 

 

 

 

 

3 

 

 

 

 

 

 

 

 

3 

 

 

 

3 

 

Question 12 (15 marks) Use a SEPARATE writing booklet 

 

(a) By using the substitution tan
2

x
t

 
=  

 
, or otherwise, evaluate 2

0 1 sin

dx

x

π

+ . 

 

 

(b)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) Let 
1

(ln )
e

n
nI x x dx=    for  n = 0, 1, 2, …, show that 

2

1
2 2

n n

e n
I I −= −  

 

(d) Suppose that the complex number z lies on the unit circle, and ( )0 arg
2

z
π

≤ ≤ . 

 By the use of a suitable vector diagram, prove that 2arg( 1) arg( )z z+ = . 

 

 

End of Question 12 
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Marks 

 

 

 

 

 

 

 

 

 

3 

 

 

 

 

 

 

1 

 

 
 

 

3 

 

 

 

 

3 

Question 13 (15 marks) Use a SEPARATE writing booklet 

 

 

(a) A particle of mass m is thrown vertically upwards with initial velocity U  in a medium with  

 resistive force R= mkv where v is the velocity of the particle at time t and k is a constant. 

The equation of the motion of the particle is then 
dv

g kv
dt

= − −   where g is the acceleration 

due to gravity (Do not prove this). 

 

 (i) Use 
dv dv

v
dt dx

=  to show that the vertical displacement  x  

  from the point of projection of the particle is given by 

 

  
2

1
( ) log

e

g g kU
x U v

k k g kv

 +
= − −  

+ 
. 

  

 (ii) Hence find an expression for H the maximum height reached by the particle. 

 

  

 

 (iii) Find an expression for the time taken for the particle to reach its maximum height. 

 

 

 

 

(b)     In the diagram below, AD bisects BAC∠  and  F is the point on AD so that BF=BD. 

  Prove that AB, is tangential to the circle passing through B, C and E . 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Question 13 is continued on the next page 
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Marks 

 

 

 

 

 

 

 

 

1 

 

 

2 

 

 

 

 

 

2 

 

 

 

 

Question 13 continued 

 

 

(c) The hyperbola H  has equation 16xy = . The points 
4

4 ,P p
p

 
 
 

 for 0p >  and 

 
4

4 ,Q q
q

 
 
 

for 0q > are two distinct arbitrary points on H.   

 

 (i) Show that the equation of the tangent at P  is 2 8x p y p+ =  

 

 (ii) Find the coordinates of T, the point of intersection of  

the tangents at P and Q. 

 

(iii) The equation of the chord passing through PQ   

is given by 4( )pqx y p q+ = +  (Do not prove this).  

 

If chord PQ passes through the point ( )0,8N  find the Cartesian  

equation of the locus of T 

 

 

 

 

 

 

 

 

 

End of Question 13 
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Marks 

 

 

3 

 

 

 

 

 

4 

 

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 

 

 

2 

 

 

 

 

 

3 

Question 14 (15 marks) Use a SEPARATE writing booklet      

 

 

(a) Find  
( )( )

2

2

2 3

2 1

x x
dx

x x

− −

+ +  

 

(b) (i) Draw a one third page sketch the graph of 
3

2 4

x
y

x
=

−
,   

  indicating the coordinates of  all stationary points and all asymptotes. 

 

 (ii) For what values of k will 3 2 4 0x kx k− + = have exactly one real root. 

 

 

(c)  

 

 

 

 

 

 

 

 

 

 

 

The diagram above shows the horizontal square base of a solid.  

Vertical cross-sections of the solid perpendicular to the x-axis  

are right-angled isosceles triangles with hypotenuse in the base. 

 

(i) Find, as a function of x, the area of a typical cross-section 

standing on the interval PQ. 

 

(ii) Find the volume of the solid.  

 

  

 

 

(d) If 1 8U =  and 2 20U =  and 1 24 4
n n n

U U U− −= −  for 3n ≥ , 

 prove by mathematical induction that ( )3 2n

nU n= +  for 1n ≥  

 

 

 

 

 

End of Question 14 
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Marks 

 

 

 

3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 

 

 

1 

 

 

 

 

2 

 

 

 

1 

 

Question 15 (15 marks) Use a SEPARATE writing booklet 

 

 

(a) Show by the use of calculus that ( )ln 1x x≥ +  for 1x > −  

 Hint: Let ( ) ln( 1)f x x x= − + . 

 

(b) In the diagram, AB is the diameter of a semicircle. 90ANB∠ = o and M is a point 

 on AB such that NM is perpendicular to AB. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If AM=p and BM=q. 

 

 

(i) Explain why NM pq=  

 

(ii) By reference to the geometry of the diagram deduce that 
2

p q
pq

+
≤  

 

(iii) Hence prove that for , , , 0p q x y ≥ then 

 

 ( ) ( )
1

4
1

4
p q x y pqxy+ + + ≥  

 

(iv) Deduce that if , , , 0k l m n ≥  then 4
k l m n

l m n k
+ + + ≥  

 

 

 

 

Question 15 is continued on the next page 
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Marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 

 

 

1 

 

 

1 

 

 

 

 

2 

 

 

 

1 

 

 

1 

 

Question 15  continued 

  

(c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

End of Question 15 
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Marks 
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1 

 

 

 

2 
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Question 16 (15 marks) Use a SEPARATE writing booklet 

 

(a) A bag contains 10 black and 10 blue marbles. Six marbles are selected 

 without replacement. 

 

 (i) Calculate the probability that exactly three marbles selected are blue, 

  giving your answer correct to three decimal places. 

 

 (ii) Hence, or otherwise, calculate the probability that more than three of  

  the marbles selected are blue, giving your answer  

correct to three decimal places. 

 

 

(b) (i)  Find an expression for the limiting sum of  infinite geometric series  

 
21 ...z z+ + +    for 1z <  

 

 (ii) Given that complex number ( )
1

cos sin
2

z iθ θ= + , use your answer in  

part (i) to show that the imaginary part of 21 ...z z+ + +  is 
2sin

5 4cos

θ

θ−
. 

  

(iii) Find an expression for 
2 3

1 1 1
1 cos cos 2 cos3 ...

2 2 2
θ θ θ+ + + +   

in terms of cosθ  

 

 

 

(c)  (i) Find 1 1lim tan ( 1) tan ( )
n

n n
− −

→∞
 + +  . 

 

(ii) Show that ( ) ( )1 1 1

2

2
tan 1 tan 1 tann n

n

− − −  
+ − − =  

 
, where n is a positive  

  integer. 

 

 

(iii) Hence show that 1

2
1

2 3
lim tan

4

n

n
j j

π−

→∞
=

 
= 
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End of Examination 

 

 

 

 

 

 

 

 

 

 






















