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1  When the polynomial ( ) 3 2P 1x ax bx cx= + + −  is divided by ( )1x +  and ( )3 ,x −  the remainders 

are 12−  and 140  respectively. It is given that ( )2 1x −  is a factor of ( )P .x  
 Find the values of a, b and c.   [4] 
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2   (i) Show that 2 2 2x x+ +  is always positive for all real values of x. [1] 
 
 
 
 
 
 
 
 
 

  (ii) Without using a calculator, solve the inequality 2
12 1.

3 10
x

x x
−

>
+ −

 [3] 
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3 The curve C has equation 
( ) ( )2 29 3 2

1.
4 4

y x+ −
− =   

  (i) Sketch C, stating the equations of any asymptotes and the coordinates of any turning points. 
     [4] 
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 (ii) Hence find the set of values of m such that the straight line with gradient m that passes 
 through the point  ( )2, 3−  intersects C at least once.                                                       [2] 
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4 The curve 1C  has equation 3 1y x= +  and the curve 2C has equation 3( ) ,y b x a b= − + +  where a 
and b are positive constants. 

  (i) Describe a sequence of transformations that transforms 1C  onto 2.C  [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (ii) The stationary point on 1C  corresponds to the point ( ),k l  on 2C  after the sequence of 

transformations in part (i). Find k and l in terms of a and b.                                                         [2] 
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5 Find 

  (a) 
( )102

5  d ,
1

x x
x −

⌠

⌡

 [2] 

 

 

 

 

 

 

 

 (b) sin  d ,x x x∫  [2] 

 

 

 

 

 

 

 

 (c) 1  d .
sec 2 tan

x
x x−∫  [3] 
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6 The complex number u is given by ( )1 1 cos i sin ,
2

u θ θ= + +  where 0 π.θ< <  

   (i) Show that cos
2

u θ
=  and arg( ) .

2
u θ

=  [3] 
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  (ii) Write down 1
u

 and 1arg
u

 
 
 

  in terms of θ. [2] 

 
 
 
 
 
 
 
 
 
 
 
 

 (iii) Hence show that 1 i tan ,
2

a
u

θ = −  
 

 where a is a real constant to be determined. [2] 
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7  (a)  Expand 
( )2

1
3 x+

 in ascending powers of x , up to and including the term in 3.x  State the 

values of x for which this expansion is valid.   [4] 
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(b)    

 

 

 

 

        

       

        An arc PQ of a circle subtends an angle ( )π θ−  radians at the centre O. The length of chord  
PQ is L units and the area of the shaded segment PRQ is A square units.  

  Given that θ  is small and 2A kL= , show that 22 2 8 0k kθ θ π− + − ≈ .                                  [5] 
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8 A curve C has equation 
2 2 7 .

3
x xy

x
− +

=
−

 

   (i) Using an algebraic method, find the range of values that y cannot take. Leave your answer in 

exact form. [4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  (ii) Sketch the curve C, stating the equations of any asymptotes and the exact coordinates of any 

points where C crosses the axes and of any turning points.  [4] 

 

 

 

 

 

 

 

 

 

 



13 
 

[Turn over 

   
   

   
DO

 N
O

T 
W

RI
TE

 IN
 T

HI
S 

M
AR

GI
N 

   
   

   
   

   
   

 D
O

 N
O

T 
W

RI
TE

 IN
 T

HI
S 

M
AR

GI
N

  
   

   
   

 D
O

 N
O

T 
W

RI
TE

 IN
 T

HI
S 

M
AR

GI
N

   
   

   
   

   
   

DO
 N

O
T 

W
RI

TE
 IN

 T
HI

S 
M

AR
GI

N
   

   
   

   
   

   
 D

O
 N

O
T 

W
RI

TE
 IN

 T
HI

S 
M

AR
GI

N 

[continued] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (iii) By considering a suitable graph, find the range of values of k such that the equation 
4 3 22 7 3x x x kx k− + = −  has exactly one positive root and one negative root. [2] 
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9 The complex number z satisfies the equation 
2 (2 4i) ,z z c+ − =  

  where c is a complex constant. 
    (i) Given that 1z and 2z are two distinct complex roots of the above equation, show that 

1 2 1 2i.
2

z z+
= − +  [2] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 It is given that c = 4i and ( ) ( )1 2lm lm .z z<  

  (ii) Find 1z  and 2z  in the form x + iy, where x and y are real numbers. Leave the values of x and 
y in exact form. [3] 
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[continued] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (iii) On an Argand diagram, indicate clearly the points 1P  and 2P  which represent 1z  and 2z  

respectively. [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 (iv) Point O and Point Q represent complex number 0 and w respectively. It is given that 1 2OP P Q

is a parallelogram. Using diagram in part (iii), find w.  [2] 
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10 (a) (i) Show that 9x  can be expressed as ( )12 18 ,A x B− +  where A and B are constants to be 
determined.  [1] 

 

 

 

 

 

 

  (ii) Without the use of a calculator, find 
1

21
3

9 d .
12 9

x x
x x−∫  [4]  
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 (b) Use the substitution 1 2 sinx θ+ =  to show that, for 0 1α< < , 

                                      

( )

1

3 2
22 2

1 1 d 1
2 21 2

x
x x

α
α

α

−

−

 
= +  − − −

∫ . [5] 
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 (c) A function g satisfies the equation   

                                                         ( )
1

2

1
7 g 3 g( ) dx x x x

−
+ = ∫  

  for all real values of x . Find 
1

1
g( ) d .x x

−∫  [3] 
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11 In a laboratory experiment, a tank is transported to and fro between station A and station B.  

On the 1st visit to station A, 200 ml of water is added into the tank and on subsequent visits, 200 ml 
more water than the previous visit to station A will be added. That is, 400 ml and 600 ml of water 
will be added into the tank on the 2nd and 3rd visit to station A respectively. On each visit to          
station B, b ml of water is removed from the tank.  

It is given that the tank is empty at the start of the experiment and it starts from station A. 

   (i) On the mth visit to station A, 3200 ml of water is added into the tank. Find m. [2] 

 

 

 

 

 

 

 

 

 

  (ii) It is given that immediately after the 16th visit to station B, there is more than 25 litres of water 
in the tank. Find the set of values that b can take. [3] 
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 In another laboratory experiment, a tank is transported to and fro between station A and station C. 
10% of the water in the tank is removed on each visit to station C. It is given that the tank is empty 
at the start of the experiment and it starts from station A. 

 (iii) Show that the amount of water in the tank immediately after the 3rd visit to station C is       
1009.8 ml.  [2] 

 

 

 

 

 

 

 

 

 

 

 

 

 (iv) Show that the amount of water in the tank immediately after the nth visit to station C is 
( )1800 16200 1 0.9 .nn − −  [4] 
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[continued] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (v) The experiment stops when the amount of water in the tank immediately after it leaves      

station C exceeds 10 litres. After the kth visit to station C, the experiment stopped. Find k. [1] 
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12 A curve C has parametric equations 
   ,eux =        2 ,y u=      for .u∈  
 
   (i) Sketch C, stating the equation of the asymptote and the coordinates of any points where C cuts 

the axes. [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (ii) Find the equation of the tangent to C at the point where 1.u = −  Leave your answer in the form 
of y mx c= +  where m and c are exact values to be determined. [3] 
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 For the rest of the question, all lengths are measured in kilometres (km). 
 
 The region bounded by C and the line 5y =  represents a man-made lake. A circle with radius 0.5 

and centre P(1, 2) represents a man-made island on the lake. A bridge is built from a point Q on C, 
where 0,u ≤  to a point R on the edge of the circular island such that QR produced passes through 
point P. It is given that the distance between Q and P is denoted by l. 

 
 (iii) Show that 2 2 4 2e 2e 4 5.u ul u u= − + − +  [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (iv) Use differentiation to find the values of u which give stationary values of 2.l  [2] 
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 (v) Show that only one of the values of u found in part (iv) gives a minimum value of 2.l  Hence 
find the shortest length of the bridge QR. [4] 
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