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General Instructions 
 

• Reading time – 5 minutes. 
• Working time – 3 hours. 
• Write using blue or black pen. 
• Board-approved calculators may be used. 
• A table of standard integrals is provided. 
• All necessary working should be shown in 

every question. 
 

 

 

Total marks – 100 

• Attempt Sections I and II.  
• Section I is worth 10 marks. 
• Answer Section I on the multiple choice 

answer sheet. 
• Detach the multiple choice answer 

sheet from the back of the examination 
paper. 

• Section II contains 6 questions worth 15 
marks each. 

• Answer each question in a new booklet. 
• Label all sections clearly with your 

name/number and teacher. 
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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. 

    

1 Write 30
1 2i−

 in the form a bi+ . 

 (A) 10 20i−  (B) 10 20i− −  (C) 6 12i+   (D)  6 12i−  

 

2 If 2 i−  is a root of the polynomial 3 27 17 15 0x x x− + − = , then the other roots are: 

 (A) 2 ,3i−   (B) 2 ,3i+   (C) 2 , 3i+ −  (D)  2 , 3i− −  

 

3  The eccentricity of the hyperbola 
2 2

1
3 4
x y

− =  is: 

 (A) 5
3

  (B) 21
3

  (C) 21
3

+   (D)  7
3

 

 

4 If the polynomial equation ( ) 0P x =  has roots α ,  β  and γ , then the polynomial 
equation (2 1) 0P x − =  has roots: 

 (A) 1
2
α
+ , 1

2
β
+ , 1

2
γ
+    (B) 1

2
α + , 1

2
β + , 1

2
γ +  

 (C) 2 1α − , 2 1β − , 2 1γ −   (D) 1
2

α − , 1
2

β − , 1
2

γ −  

 

5 The gradient of the tangent to the curve 2 23 11x y− =  at ( 2,1)− is: 

 (A) 6−   (B) 6   (C) 3
2

−   (D)  3
2
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6 The equation of the conic whose distance from the point (2,0)  is half its distance to 
the line 8x =  is given by: 

 (A) 
2 2

1
16 12
x y

+ =  (B) 
2 2

1
4 3
x y

+ =  (C) 
2 2

1
16 12
x y

− =  (D)  
2 2( 4) 1

48 24
x y+

+ =  

 

7 Given the curve ( )y f x= , the curve ( )y f x= is represented by: 

(A) A reflection of the curve ( )y f x= in the x -axis. 

(B) A reflection of the curve ( )y f x= in the y -axis. 

(C) A reflection of the curve ( )y f x=  for 0x ≥  in the y -axis.  

(D) A reflection of the curve ( )y f x=  for 0y ≥  in the x -axis.  

 

8 If 1x y+ =  and 2 2 2x y+ = , then the value of 3 3x y+ is: 

 (A) 11
2

  (B) 2   (C) 12
2

  (D)  13
2

 

 

9 Which of the following gives an expression for 
27 6

dx
x x− −

∫ ? 

(A) 1 3sin
2

x C− +  + 
 

   (B) 1 3sin
4

x C− +  + 
 

  

(C) 1 3sin
2

x C− −  + 
 

   (D)  1 3sin
4

x C− −  + 
 

 

 

10 Which of the following statements is FALSE? 

 (A) 
3

3
cos( ) 0x x dx

−

=∫    (B) 2 2
3 3

3 0
2x xe dx e dx− −

−

=∫ ∫   

(C) 8

0 0
sin sin(8 )xdx x dx

π π

>∫ ∫   (D)  
1 1

8 9

0 0
x dx x dx<∫ ∫  
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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 relevant mathematical reasoning  

and/or calculations.  

 

Question 11 (15 marks) Use a SEPARATE writing booklet.  

 

(a) 2 3z i= − + and 3 2w i= −  are complex numbers. 

 (i) Express z w+  in modulus –argument form.     2 

 (ii) Express 
__

z w  in the Cartesian form.      2 

 

(b) Sketch the region of the Argand diagram whose points satisfy:  

  
__

2z z ≤−  and 
4 4

arg( )zπ π
− ≤ ≤ .       2 

 

(c) The cube roots of unity are the solutions to 3 1z =  

(i) Find the three roots in modulus-argument form and sketch them 
on an Argand diagram..          4 

 

 (ii) Write the three roots in Cartesian form.     1 

 

 (iii) If one of the complex roots is ω , show that 21 0ω ω+ + = .   2 

 

 (iv) Evaluate 2 5 8 11(1 )(1 )(1 )(1 )(1 )ω ω ω ω ω+ + + + + .     2 
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Question 12 (15 marks) Use a SEPARATE writing booklet.  

 

(a) Find  4cos xdx∫ .          2 

(b) Evaluate  
1

0

xxe dx−∫          3 

(c) (i) Express  2

7
( 2)
x

x x
+
+

 in the form 2 2
A B C
x x x

+ +
+

.     2 

 (ii) Hence, or otherwise, find 2

7
( 2)
x dx

x x
+
+∫ .     2 

(d) The diagram below shows the graph of ( )y f x= .  

 

  

 

    

 

 

 

 

 

 

 

 

 

 On separate half page graphs, sketch the following: 

(i) 2( ( ))y f x=           2 
 

(ii) 2 ( )y f x=           2 
 
(iii) . ( )y x f x=           2 

 

Y 

x 

1 

2 -2 

- 4 

 



6 

Question 13 (15 marks) Use a SEPARATE writing booklet.  

(a) The diagram below shows the ellipse which has equation 
2 2

1
9 16
x y

+ = .  

 The point  (3cos ,4sin )P θ θ  lies on the ellipse. The ellipse meets  

the y-axis at the points A  and  B . The tangents to the ellipse at A  and B  

meet the tangent at P  at the points C  and D respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

(i) Find the eccentricity, coordinates of the foci and the equations of 
the directrices.         4 
 

(ii) Show that the equation of the tangent to the ellipse at P  is  2 
3 sin 4 cos 12y xθ θ+ = .         

 (iii) Find the numerical value of AC BD× .      3 

 

(b) (i) Sketch the region of the Cartesian plane bounded by:   2  

 2y x= , 1y = , 4x =  and the x -axis.  

(ii) A volume is generated by rotating this region about the x-axis.   4 
Find this volume by using the method of slicing.      
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Question 14 (15 marks) Use a SEPARATE writing booklet.  

  

(a) (i) Show that the equation of the normal to the hyperbola 2xy c=   

at , c
p

P cp 
 
 

 is  3 4 1)(p x py c p −− = .      2 

 

(ii) The normal at , c
p

P cp 
 
 

 meets the hyperbola 2xy c=  again  

at , c
q

Q cq 
 
 

. Prove that 3 1p q −= .      2 

 

(iii) Hence, show that the locus of the midpoint R  of  PQ  is given by 

  2 2 2 2 3 3) 0( 4c x y x y− + = .        3 

 

(b) A particle of mass 1kg moves in a straight line against a resistance of   

3v v+ , where  v  is its velocity ( )3..
m x m v v = − 
 

+  .  

Initially the particle is at the origin and is travelling with velocity Q ,  

where  0Q > .  

(i) Show that v is related to the displacement x by 1tan 1
Q vx Qv

−  
=  

 

−
+

. 2 

 
(ii) Show that the time t which has elapsed when the particle is  

travelling with velocity R is given by ( )
( )

2 2

2 2

1 log
2

1
1e

Q R
t

R Q
 +
 =
 + 

.  2 

(iii) Find 2R  as a function of t .       2 
 

(iv) Find the limiting values of v  and x  as t→∞ .    2 
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Question 15 (15 marks) Use a SEPARATE writing booklet.  

 

(a)  

 

 

 

 

 

 

 

 

 

 

 ABCD  is a cyclic quadrilateral. The diagonals AC  and BD   

Intersect at right angles at X . M is the midpoint of BC .  

MX  produced meets AD  at N . 

(i) Copy the diagram showing the above information.     

 

(ii) Prove that MBX MXB∠ =∠ .       3 

 

(iii) Show that MN  is perpendicular to AD .     4 
 

(b) Find the equation with rational coefficients whose roots are    3 

the reciprocals of the squares of the roots of  3 2 14 24 0x x x− − − = . 

 

(c) (i) Show that sin sin3 2sin2 cosx x x x+ = .     2  

 (ii) Hence or otherwise find all solutions of:     3 

  sin sin 2 sin3 0x x x+ + =  for 0 2x π≤ ≤ . 

A 

B 

C 

D 

M 

X 

N 
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Question 16 (15 marks) Use a SEPARATE writing booklet.  

(a) (i) If 
1
(log )

e
n

n e x dxI = ∫  for  0n ≥ , show that  1n ne nI I −= −  for 1n ≥ . 3 

 (ii) Hence, evaluate 4I .         2 

 

(b) The base of a 3m high painting in the Louvre Museum is 2m above 

 the eye-level of an observer who is x  m from the base of the wall on which 

  the painting is hanging. The angle α  is the viewing angle at eye-level and 

is the difference between the angles of elevation of the top and bottom of the 
painting as seen by the observer.  

 

 

 

 

 

 

 

 

(i) Show that            .          3 

 

(ii) Hence find how far the observer should stand to maximise   3 

the viewing angle.  

 

(c) Given that 6 5 4 3 2( ) 4 3 8 35 60 225f x x x x x x x+ − − + −= −   has zeroes  

at 5x = ±   and a double zero, factorise ( )f x  over: 

(i) the real field.         3 

(ii) the complex field.         1     

Painting 3m 

2m 
 

 

 x  

α  
θ  

1
2

3
10

tan x
x

a −  
 + 

=  



10 
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Standard Integrals 

∫

∫

∫

∫

∫

∫

∫

∫

≠=
+

≠=

≠=

≠−=

≠=

≠=

>=

<≠−≠
+

=

−

+

0,tan11

0,sec1tansec

0,tan1sec

0,cos1sin

0,sin1cos

0,1

0   ,ln1

0 if ,0   ;1      ,
1

1

1
22

2

1

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

axax

nn

 
 

∫ <<−>=
−

− axaa
a
xdx

xa
,0,sin1 1

22  
 

( )∫ >>−+=
−

0,ln1 22
22

axaxxdx
ax  

 

( )∫ ++=
+

22
22

ln1 axxdx
ax  

NOTE: 0,logln >= xxx e  
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