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 Total Marks – 120 
Attempt Questions 1-8 
All questions are of equal value 
 
Answer each question in a SEPARATE writing booklet. Extra writing booklets are available. 
 
 
 
 
Question 1  (15 marks)  Use a SEPARATE writing booklet.       Marks 
 
 

(a) Use Integration by parts to find  3xxe dx−       2 

 

(b) Use the substitution αsin
3
2=x  to prove that  =−3

2

0

2

3
94 πdxx    3 

 
 
 

(c) Use the table of standard integrals to help evaluate  
2 4 29

dx
x x− +





  2 

 
 
 

(d) Evaluate that 
6

4

2
( 1)( 3)

dt
t t− −        4 

 
 
 
 

(e) Use the substitution 
2

tan xt =  to show that 

 
3
1tan

3
2

cos45
1

2

0

−=
+

π

x
dx     4 
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Question 2  (15 marks)  Use a SEPARATE writing booklet.      Marks 
          
 
(a) For the complex number iz 31 −=  ,  express each of the following in the form     3 

bia +  , ( ba,  are real numbers ). 
 

(i) z            
(ii) 2z            

(iii) 
z
1  

 

(b)  If iz 211 −=  ;  iz += 22  and  
2

1

z
z

z =   find :-          3 

    i) z  
  ii) ( )zarg  
 
(c) Prove that zzz =2   for all complex numbers z .          2 
 
(d) If ω  is a complex cube root of unity, 
 

(i)  Write down the value of 21 ω ω+ + .           1 
 

(ii)  Simplify 4 5 6ω ω ω+ + .             1  
 
 
(e)  Sketch on an Argand diagram the region in which z  lies, showing all important       2 

  features where 32 ≤≤ z  and  
4

3)arg(
4

ππ <−< iz  . 

 
(f)  1P  and 2P  are points representing the complex numbers 1z  and 2z  on an Argand       3 
 diagram.  If 21POP  is an isosceles triangle and angle 21OPP  is a  right-angle,  

show that 02
2

2
1 =+ zz .
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Question 3  (15 marks)  Use a SEPARATE writing booklet.       Marks  
 

(a) The diagram below shows the graph of the function ( )y f x= where 
2

2
1( )

9
xf x

x
+=

−
. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 

Draw a separate sketch of each of the following graphs.  
Use about one third of a page for each graph. Show all significant features. 

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

 

(ii)  
( )
1y

f x
=                2 

 
(iii)  '( )y f x=               2 

 
(iv)  ( ) ( )Draw   and   on the same number plane.y f x y f x= =         2 

 
(v)  ( )y f x=               2 

 
(b) For the curve defined by 2 23 2 8 2 0x y xy x+ − − + = , 
 

(i) Show that 3 4dy x y
dx x y

− −=
−

.            2 

 
(ii) Find the coordinates of the points on the curve where the tangent to               3      

the curve is parallel to the line 2y x= .      
 
 

y = f(x)

x

1 
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Question 4  (15 marks)  Use a SEPARATE writing booklet.         Marks 
 
 
(a) The equation 0162 23 =−++ bxxx  has roots βα ,  and γ  such 
 that 4=αβ . 
 
 (i) Show that 20−=b .            2 
 
 
 (ii) Find the equation with roots given by  22 , βα  and 2γ        2 

 
 
 
 
(b) Consider the polynomial )(.)()( 3 xQxxP α−= ,  
 where )(xQ  is also a polynomial and α  is a real zero of )(xP . 
 
 

(i) Show that 0)('')(')( === ααα PPP           2
  

 
(ii) Hence or otherwise, solve the equation     
 011127258 234 =+−+− xxxx  

given that it has a triple root.            2 
 
 
 
(c) (i)  Show that the solutions of 6 3 1 0z z+ + =  are contained in the solutions of       2 

      9 1 0z − = .  
 

(ii)  Sketch the nine solutions of 9 1 0z − =  on an Argand Diagram.        2 
      (about one third of a page in size) 

 
(iii)  Mark clearly on your diagram, the six roots 1 2 3, 4 5 6, , , ,z z z z z z                                4         

of 6 3 1 0z z+ + = .         
    

 
(iv)  Show that the sum of the six roots of 6 3 1 0z z+ + = can be given by        2 

         2 42 cos cos cos
9 9 9
π π π + − 

 
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Question 5  (15 marks)  Use a SEPARATE writing booklet.         Marks  
 

(a) For the curve with Cartesian equation 
2 2

1
9 4
x y+ = ,           5 

 
(i) find the eccentricity and the coordinates of a focus 
(ii) find the equation of the corresponding directrix 
(iii) hence write down the coordinates of a focus and the equation of the 

corresponding directrix for the curve with the Cartesian equation 

  
2 2

1
4 9
x y+ = . 

 

(b) Let )tan3,sec4( θθP  be any point on the hyperbola  1
916

22

=− yx . 

 (i) Derive the equations of the tangent and normal at P  and show that                  4         
they are respectively:        
         
 12tan4sec3 =− θθ yx  and θθθθ tansec25sec3tan4 =+ yx  

 
 
 (ii) The tangent and normal at P  meet the axisy −  at T and N respectively.         2  

Show that  

  )cot3,0( θ−=T  and )tan
3
25,0( θ=N .     

               
 

 
(iii) Show that the circle with diameter NT  passes through a focus.     4 
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siny x=  

y = 1 

Question 6  (15 marks)  Use a SEPARATE writing booklet.   Marks  
 
(a)  
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 

 The area defined by siny x≥ , 0
2

x π≤ ≤  and 0 1y≤ ≤  is rotated about the                 

straight line y = 1. 
 

(i) Copy the diagram above into your writing booklet and shade in the                1 

region defined by the simultaneous inequalities siny x≥ , 0
2

x π≤ ≤                   

and 0 1y≤ ≤ . 
 
(ii) Find the total volume of the solid formed, by taking slices                               3 

perpendicular to the axis of rotation. 
 
 

(b) The horizontal base of a solid is an ellipse defined by the equation 
2 2

2 2 1x y
a b

+ = .        5 

 
Vertical cross-sections taken perpendicular to the y axis are squares                          
with one side in  the horizontal base of the solid.  

 
 Find the volume of the solid formed in terms of a and b. 
 
 

 
 
 
 
 
 
 

Question 6 continues on the next page … 
 

y

xπ
2
 π 

1 

– 1 
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Question 6 continued …               Marks 
 
 

(c) The region bounded by the curve
2

2 1
xy

x
=

+
, the x axis and 0 2x≤ ≤ , is                       

rotated about the line x = 4 to form a solid.  
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
  
 

(i) Using the method of cylindrical shells, explain why the volume Vδ                      
of a  typical shell distant x units from the origin and with thickness xδ                  
is  given by 

 

    ( ) 2
12 4 1

1
V x x

x
δ π δ = − − + 

. 

 
 (ii)  Hence, find the total volume of the solid formed. 
 

 
 
3 
 
 
 
 
 
 
3 

2 
 
O 

y 

x

2

2 1
xy

x
=

+
 

x = 4 
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Question 7  (15 marks)  Use a SEPARATE writing booklet.       Marks  
 
 
(a) A particle of mass m is set in motion with speed u.  Subsequently the only                5     

force acting upon the particle directly opposes its motion and is of magnitude 
mk(1 + v2) where k is a constant and v is its speed at time t.   
   

(i) Show that the particle is brought to rest after a time 11 tan u
k

−  . 

 
(ii) Find an expression for the distance travelled by the particle in this time. 

 
 
 
(b) A smooth circular cone, with its vertex up, and its axis 

vertical, has a semi-vertex angle of 60° . A particle of mass   
1 kg is attached by a light inelastic string from a point 
vertically above the vertex of the cone, and moves with 
constant speed /v m s  on the outer surface of the cone in a 
horizontal circle of radius 0.5 m. The string makes an angle 
of 30°  with the vertical. Let the magnitude of the tension in 
the string be T newton, and let the magnitude of the reaction 
of the cone on the particle be R newton. 

 
 

 
(i) Draw a diagram showing the forces acting on the particle, and the                   2 

magnitude of the angles made by these forces with the vertical.  
  

 
(ii) By resolving forces in two directions write down equations of motion             2 

for the particle.        
  

         
(iii) If 1v = , find the value of T and R correct to two decimal places.       2 

 
(iv) Find the maximum value of v in order that the particle remains in contact        2  

with the cone.          
 
(v) Deduce the maximum value that T can take if the particle is to remain in         2  

contact with the cone.         
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Question 8  (15 marks)  Use a SEPARATE writing booklet.          Marks  
 
 
(a)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The above diagram shows a triangle ABC inscribed in a circle with D a point on the arc BC.   
DE is perpendicular to AC produced, DF is perpendicular to BC and DG is perpendicular to 
AB. 
 
 
 Copy or trace this diagram into your writing booklet. 
 

(i) Explain why DECF and DFGB are cyclic quadrilaterals.         2 
 

(ii) Show that the points E, F and G are collinear.          3 
 
 

 
 
 

 Question 8 continues on the next page… 

A

B

C

D

E

F

G
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Question 8 continued… 
Marks 

 
 

(b) (i) Evaluate 
4

0

tan x dx
π





. 

 

 (ii) If 
4

0

tann
nI x dx

π

= 



, n = 0, 1, 2, 3, …, show that for n =  2, 3, 4, … 

 

    2
1

1n nI I
n −= −

−
     

 
(iii) Hence, evaluate 5I . 

 
 
(c) If ( ) ( ) ( )( ) m n n m n n m n nP x x b c b c x c x b= − + − + −  where m and n are  

 positive  integers, show that 2 ( )x b c x bc− + +  is a factor of P(x). 
 
 

End of paper 

 
 

2 
 
 
 
 

3 
 
 

 
 
 

2 
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