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Full marks are not necessarily awarded for a correct answer with no working.  Answers must be supported 
by working and/or explanations.  Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working.  You are therefore advised to show all working.

Section a

Answer all questions in the boxes provided.  Working may be continued below the lines if necessary.

1.	 [Maximum mark:  6]

	 The same remainder is found when 2 6 323 2x kx x+ + +  and x x k x4 2 26 9− − +  are 
divided by x +1.  Find the possible values of  k . 
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Turn over 

2.	 [Maximum mark:  5]

	 Find the values of  x  for which the vectors 
1

2
0
cos x

















 and 
−















1
2
1
sin x  are perpendicular, 

0
2

≤ ≤x π .	
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3.	 [Maximum mark:  5]

	 On a particular day, the probability that it rains is 2
5

.  The probability that the “Tigers” 

soccer team wins on a day when it rains is 2
7

 and the probability that they win on a 

day when it does not rain is 4
7

. 

	 (a)	 Draw a tree diagram to represent these events and their outcomes. [1 mark]

	 (b)	 What is the probability that the “Tigers” soccer team wins? [2 marks]

	 (c)	 Given that the “Tigers” soccer team won, what is the probability that it rained on 
that day? [2 marks]

	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                      
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Turn over 

4.	 [Maximum mark:  5]

	 (a)	 Expand and simplify x
x

−




2 4

. [3 marks]

	 (b)	 Hence determine the constant term in the expansion ( )2 1 22
4

x x
x

+ −





. [2 marks]
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5.	 [Maximum mark:  5]

	 Three non-singular 2 2×  matrices  A ,  B  and  X  satisfy 4 5A BX B− = .

	 (a)	 Find  X  in terms of  A  and  B . [2 marks]

	 (b)	  Given that A B= 2 , find  X . [3 marks]
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Turn over 

6.	 [Maximum mark:  7]

	 Given that ( )4 5 4 16 15− + = +i im n , where i2 1= − , find  m  and  n  if

	 (a)	 m  and  n  are real numbers; [3 marks]

	 (b)	 m  and  n  are conjugate complex numbers. [4 marks]
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7.	 [Maximum mark:  6]

	 The graph of y f x= ( )  is shown below, where A is a local maximum point and D is a 
local minimum point.

y

x
E (3, 0)

D (2, –3)

C (1, 0)

B (0, 3)
A (–1, 4)

	 (a)	 On the axes below, sketch the graph of y
f x

= 1
( )

, clearly showing the 

coordinates of the images of the points A, B and D, labelling them ′A , ′B , and 

′D  respectively, and the equations of any vertical asymptotes. [3 marks]

y

x

(This question continues on the following page)
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Turn over 

(Question 7 continued)

	 (b)	 On the axes below, sketch the graph of the derivative y f x= ′( ) , clearly showing 
the coordinates of the images of the points A and D, labelling them ′′A  and ′′D  
respectively. [3 marks]

y

x

0920
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8.	 [Maximum mark:  6]

	 Let x y a nx3 = sin .  Using implicit differentiation, show that

x y
x

x y
x

n x xy3
2

2
2 2 26 6 0d

d
d
d

+ + + =( ) .
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Turn over 

9.	 [Maximum mark:  6]

	 Show that cos sin
cos sin

sec tanA A
A A

A A+
−

= +2 2 .
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10.	 [Maximum mark:  9]

	 The function  f  is defined on the domain 0 3
2

, π





 by f x xx( ) cos= −e .

	 (a)	 State the two zeros of  f . [1 mark]

	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                      

	 (b)	 Sketch the graph of  f . [1 mark]

(This question continues on the following page)
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Turn over 

(Question 10 continued)

	 (c)	 The region bounded by the graph, the  x-axis and the  y-axis is denoted by  A  and 
the region bounded by the graph and the  x-axis is denoted by  B .  Show that the 
ratio of the area of  A  to the area of  B  is

 

2e e 1

e 1

π
π

π

 
+ 

 
+

. [7 marks]
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Please do not write on this page.

Answers written on this page will
not be marked.
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Turn over 
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Do NOT write solutions on this page.  

Section B

Answer all questions on the answer sheets provided.  Please start each question on a new page.

11.	 [Maximum mark:  18]

	 Consider the following functions:

f x x x( ) ,= + ≥2 3
75

0
2

g x
x

x( ) =
−

∈
3 4
10

, � .

	 (a)	 State the range of  f  and of  g . [2 marks]

	 (b)	 Find an expression for the composite function f g x� ( )  in the form ax bx c2

3750
+ + , 

where  a ,  b  and c ∈� . [4 marks]

	 (c)	 (i)	 Find an expression for the inverse function f x−1( ) . 

		  (ii)	 State the domain and range of f −1 . [4 marks]

	 The domains of  f  and  g  are now restricted to { , , , , }0 1 2 3 4 .

	 (d)	 By considering the values of  f  and  g  on this new domain, determine which of  
f  and  g  could be used to find a probability distribution for a discrete random 
variable  X , stating your reasons clearly. [6 marks]

	 (e)	 Using this probability distribution, calculate the mean of  X . [2 marks]
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Do NOT write solutions on this page.  

12.	 [Total mark:  29]

	 Part A	 [Maximum mark:  12]

	 (a)	 Given that ( ) ,x y x y+ = − + ∈i i ,2 5 12 � .  Show that

		  (i)	 x y2 2 5− = − ;

		  (ii)	 xy = 6 . [2 marks]

	 (b)	 Hence find the two square roots of − +5 12i . [5 marks]

	 (c)	 For any complex number  z , show that ( ) ( )* *z z2 2= . [3 marks]

	 (d)	 Hence write down the two square roots of − −5 12i . [2 marks]

	 Part B	 [Maximum mark:  17]

	 The graph of a polynomial function  f  of degree 4 is shown below.

x

y

(–4, 0)

(0, –32)

(2, 0)

	 (a)	 Explain why, of the four roots of the equation f x( ) = 0 , two are real and two 
are complex. [2 marks]

(This question continues on the following page)
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Do NOT write solutions on this page.  

(Question 12 continued)

	 (b)	 The curve passes through the point ( , )− −1 18 .  Find f x( )  in the form 
f x x a x b x cx d( ) ( ) ( ) ( )= − − + +2 , where a b c d, , , ∈� . [5 marks]

	 (c)	 Find the two complex roots of the equation f x( ) = 0  in Cartesian form. [2 marks]

	 (d)	 Draw the four roots on the complex plane (the Argand diagram). [2 marks]

	 (e)	 Express each of the four roots of the equation in the form reiθ . [6 marks]

13.	 [Maximum mark:  13]

	 (a)	 Using the definition of a derivative as ′ = + −



→

f x f x h f x
hh

( ) lim ( ) ( )
0

, show that 

the derivative of 1
2 1x +

 is −
+
2

2 1 2( )x
. [4 marks]

	 (b)	 Prove by induction that the nth derivative of ( )2 1 1x + −  is ( ) !
( )

−
+ +1 2

2 1 1
n

n

n

n
x

. [9 marks]
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