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General Instructions  Total Marks  –  84 

• Reading Time – 5 Minutes • Attempt questions 1 – 6 

• Working time – 2 Hours • Board approved calculators maybe used. 

• Write using black or blue pen. Pencil may 
be used for diagrams. 

• Each Section is to be returned in a separate 
bundle. 

• Full marks may not be awarded for careless 
or badly arranged work. 

• All necessary working should be shown in 
every question. 

   Examiner:  A.M.Gainford 
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Section A 

(Start a new answer sheet.) 

 

Question 1.  (14 marks) 

 

  Marks 

(a) Given the complex number 1 3z i= − + : 

 

 (i) Express z  in modulus-argument form. 

 

 (ii) Hence evaluate 9z . 

 

 

 3 

(b) Sketch the region in the Argand diagram which simultaneously satisfies: 

 

   
3

arg( )
4 4

z i
π π
≤ − ≤  and 2z i− < . 

 

 

 3 

(c) Find the square roots of 8 6i− . 

 

 

 2 

(d) Find the two complex numbers which satisfy: 

 

    ( )3 2 39 12z z z z i+ − = +  

 

 

 3 

(e) If cos sinz iθ θ= + , show that ( )2 2 2
1 2cos cos sinz iθ θ θ+ = + .  3 
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Question 2. (14 marks) 

 

  Marks 

(a) Evaluate: 

   

1

4

2
0

1

1 4
dx

x−

⌠

⌡

 

 

 2 

 

     

(b) Use the substitution 6u x=  to evaluate: 

 

   

1

3
0

1
dx

x x+
⌠

⌡

 

 

 

 3 

 

 

(c) Use integration by parts to find: 

 

   cosxe x dx∫  

 

 

 3 

(d) Find: 

 

   
2 6

dx

x x− −
⌠
⌡

 

 

 3 

 

 

 

 

 

 

(e) Use the substitution 
2

tan xt =  to evaluate 

 

  
2

0

1

1 cos sin
dx

x x

π

+ +
⌠
⌡

 

 

Give your answer in simplest exact form. 

 

 

 3 
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Section B 

(Start a new answer sheet.) 

 

Question 3. (14 marks) 

 

  Marks 

(a) The equation 3 2 0x kx+ + =  has roots ,α β  and γ . 
 

 (i) Find the value of 
1 1 1

α β γ
+ + , in terms of k. 

 

 (ii) Find the monic cubic equation with roots 2 2 2, ,α β γ , in terms of k. 
 

 (iii) Show that the value of 3 3 3α β γ+ +  is independent of k. 

 

 

 5 

 

 

   

(b)  (i) Prove that if α  is a double root of the polynomial equation ( ) 0P x = , 

then ( )' 0P α = . 

 

 (ii) Find all the roots of the equation 

 

    3 218 3 28 12 0x x x+ − + =  

 

  given that two of the roots are equal. 

 

 2 

 

 

 

 3 

 

 

    

(c) 
Given that ( ) 2

11

2

x
f x

x x

−
=

− −
: 

 

 (i) Graph ( )y f x= , clearly marking its asymptotes and stationary points, 

if any. (Use approximate values.) 

 

 (ii) Hence, or otherwise, graph 
( )
1

y
f x

= . 

 

 

 

 4 
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Question 4 (14 marks) 

   

(a) Let OABC be a square on the Argand diagram, where O is the origin, and C is to the 

left of A. The point A represents the complex number 2 3z i= + . 

 

 (i) Find the complex numbers represented by B and C in the form a ib+ . 

 

 (ii) The square is now rotated about O through 045  in the anticlockwise 

direction to OA B C′ ′ ′ . Find the complex numbers represented by the points 
, ,A B C′ ′ ′ , in the form a ib+ . 

 

 

 

 4 

 

 

 

 

 

(b)  (i) Use the substitution x a t= − , where a is a constant, to prove that: 
 

    ( ) ( )
0 0

a a

f x dx f a t dt= −∫ ∫  

 

 (ii) Hence, or otherwise, show that ( )
2 92 34

1650
2 6x x dx− =∫ . 

 

 

 2 

 

 

 

 

 2 

 

(c) A particle moves in a straight line with velocity given by 2 236 4v x= − , where x is the 

displacement in metres  from a fixed point O and t is the time in seconds. 

 

 (i) Show that the motion is simple harmonic. 

 

 (ii) Find the period of the motion. 

 

 

 2 

(d) Express the five fifth roots of unity in modulus-argument form, and clearly show 

them on an Argand diagram. 
 4 
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Section C 

(Start a new answer booklet) 

 

Question 5 (14 marks) 

 

(a) Solve for z : 

 

   ( ) ( )2 1 2 2 4 0z i z i+ + − − =  

 

   Give your answers in the form a ib+ . 

 

 3 

(b) 
Let 4

0
tannnI x dx

π

= ∫  where n is a positive integer. 

 

 (i) Find the value of 1I . 

 

 (ii) Using integration, show that 2

1

1
n nI I

n
−+ =

−
. 

 

 (iii) Evaluate 114

0
tanJ x dx

π

= ∫ . 

 

 

 5 

(c) Use de Moivre’s theorem to express cos 4θ  in terms of cosθ . 
 

 

 

 2 

(d) Given that 2 i+  is a root of the equation 3 2 7 15 0x x x− − + = , find all roots of the 

equation. 

 4 
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Question 6 (14 marks) 

 

(a) Consider the function 
2xy e−= : 

 

 (i) Sketch the graph of the function in the domain 2 2x− ≤ ≤ . 

 

 (ii) Show, using your graph, that 
22

2
1 4xe dx−

−
< <∫ . 

 

 (iii) Approximate 
22

2

xe dx−

−∫  correct to two decimal places using Simpson’s 

Rule with five x-values. 

 

 6 

(c) 

 
 

 

 A projectile is fired from a point O with initial speed V m/s at an angle of elevation of 

θ . It is subject only to the force of gravity, resulting in a constant downward 
acceleration of magnitude g m/s

2
. 

 

 (i) Find functions for its horizontal (x) and vertical (y) displacements from 

O after t seconds. 

 

 (ii) The projectile falls to a point P, below the level of O, such that 

PM=OM. 

  Prove that the time taken to reach P is 
( )2 sin cosV

g

θ θ+
 seconds. 

 

 (iii) Show that the distance OM is 
( )2 sin 2 cos 2 1V

g

θ θ+ +
  metres. 

 

 (iv) If the horizontal range of the projectile level with O is r m and the 

distance OM is 
4

3

r
, prove that sin 2 3cos 2 3θ θ− = , and find the value 

of tanθ . 
 

 

 8 

 

 

This is the end of the paper. 
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STANDARD INTEGRALS 
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1
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1 1
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