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 Section A: Pure Mathematics [40 marks]  

1 (i)  The equation 
3 23 7 17 0z z z m− + + = , where m is a real constant, has a root    

1 2iz = + . Find the value of m. 

       Hence using an algebraic method, find all the roots of the equation 
3 23 7 17 0z z z m− + + = . Show your working clearly. 

 

 

[4] 

 
(ii)  Hence, solve the equation 

3 2

3 7 17
0m

w w w
+ + − = , giving your answers in the 

form ia b+ , where ,a b . 
 

[2] 

   

2 Relative to the origin O, the points A, B and C have position vectors a, b and c 

respectively. It is given that λ and μ are non-zero numbers such that λa + μb − c = 0 

and 1 + = .  

 (i)   Show that the points A, B and C are collinear. [3] 

 The angle between a and b is known to be obtuse and that 2=a .  

 
(ii)  If k denotes the area of triangle OAB, show that ( ) ( )22 2

• 4 k= −a b b . [3] 

 D is a point on the line segment AB with position vector d.   

 (iii)  It is given that area of triangle OAB is 6 units2, 10=b  and that AOD is 900 . By 

finding the value of •a b , find d in terms of a and b. [4] 

   
 

3 (a)(i)  Use the substitution 
21u x= +  to find 
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(ii)  Curves C1 and C2 have equations 
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respectively. The region bounded by the curves C1 and C2, the y-axis and the 

line 1x =  is R. Find the exact area of R. [3] 

 
(b) The shape of a vase is formed by rotating the part of the curve 
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between 0y =  and 1y =  through 2 radians about the y-axis (see diagram 

below). Find the exact volume of the vase formed. [5] 
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The product engineer of a factory crafted the design of a rectangular box, using a 

right pyramid, that is shown on the diagram above (not drawn to scale). The 

rectangular box is contained in a right pyramid with a rectangular base such that the 

upper four corners of the box A, B, C and D touch the slant faces of the pyramid, and 

the bottom four corners lie on the base of the pyramid. O is the point of intersection 

of the two diagonals, AC and BD.  

 

The height of the pyramid is 3 2 units , the length of the diagonal of its rectangular 

base is 12 2 units , the height of the box is b units, where 3 2b  , and the angle 

AOB is  radians. It is given that the box is made of material with negligible 

thickness. 

 

 (i) By finding the length of OA in terms of b, show that the volume V of the 

rectangular box is given by ( )
2

8 3 2 sinV b b= −  .  

[3] 

 
For the rest of the question, it is given that 

3


 = . 

 

 (ii) Find the exact value of b which maximises V. Hence find the cost of 

manufacturing one such box if the material used to make the box cost $0.03 per 

unit2.   [6] 

 When the height of the box is at half the height of the pyramid, it is reducing at a 

rate of 2 units per second.   

 

 (iii) Determine whether the volume of the box is expanding or shrinking and find the 

rate at which this is happening. [3] 
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 Section B: Probability and Statistics [60 marks]  

5 Two families, each consisting of an adult couple and three children visited a carnival 

together. 

 

 The 10 people went to queue for a ride randomly in one straight line.  

 (i)   Find the probability that members of the 2 families stand in alternate positions in 

that queue.  [2] 

 If the ride is made up of two identical circular carriages of five identical seats each.  

 (ii)  Find the number of ways the 10 people can be seated if not all the family members 

are seated together in the same carriage. [3] 

   

6 In a soccer practice, the coach instructs the players to practise their penalty kicks. A 

player scores if he successfully kicks a ball into the net of a goal post.  The probability 

that a player scores on the first kick is 
2

5
. For all the subsequent kicks, the probability 

of scoring on that kick will be 
4

5
 if the player scores in the preceding kick, and  the 

probability of scoring on that kick will be 
1

6
 if the player did not score in the 

preceding kick. 

 

 (i)  Owen kicked the ball three times consecutively for his practice. Find the 

probability that he scored on the third kick, given that he scored only twice out 

of the three kicks. 
[3] 

 (ii)   Three players each kicked the ball four times consecutively for their practices. 

Find the probability that one of the players scored on all four kicks, another 

player scored on the first kick only, while the remaining player only scored on 

the second and third kicks. [3] 

   

7 Grade A and grade B sugar produced by a company are packed and sold in packets. 

The mass of both grade A and grade B sugar sold follows independent normal 

distributions with mean 2.05 kg. The standard deviation for the mass of a randomly 

chosen packet of grade A and grade B sugar are 0.025 kg and  kg respectively.  

If the probability that the mass of a randomly chosen packet of grade B sugar being 

less than 2 kg is 0.01, 

 

 (i)    show that the value of   is 0.021493 correct to 5 significant figures. [2] 

 It is given that the profit per kilogram of grade A and B sugar sold is 50 cents and 40 

cents respectively.  

 (ii)  Find the probability that the total profit of three randomly chosen packets of 

grade A sugar is higher than three times the profit of a randomly chosen packet 

of grade B sugar by not more than 65 cents. [3] 

 (iii)  Two packets of grade A sugar and n packets of grade B sugar are selected at 

random. Find the smallest value of n such that the probability that the mean mass 

of these packets being less than 2.06 kg is at least 0.97. [3] 
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8 In a public swimming centre, the time spent by a randomly chosen user in using its 

facilities is T minutes, is known to be normally distributed. The centre manager 

claims that its users spend an average of 50 minutes to use its facilities. To check this 

claim, time spent by a random sample of 60 users were recorded. The data recorded 

has an average of 47 minutes and a standard deviation of 16.4 minutes.   

 (i) Find an unbiased estimate of the population variance, giving your answer correct 

to 2 decimal places.                                                                                         
[1] 

 (ii)  Test, at the 5% significance level, whether the centre manager overstated the 

average time spent.                                                                                                                      [4] 

 (iii)  Another sample of size n (n > 30) that was collected independently is now used 

to test, at the 5% significance level, whether the centre manager’s claim is valid. 

For this sample, the mean time taken is 46 minutes. If the result of the test using 

this information and the unbiased estimate of the population variance in part (i) 

is that the null hypothesis is rejected, find the least possible value that n can take. [4] 

   

9 (a) A random variable X has a binomial distribution with n = 10 and probability of 

success p, where p < 0.5.  

 (i) Given that P(X = 3 or 4) = 0.2, write down an equation for the value of p,    

                and find this value numerically. 

 

 

 

[2] 

 
It is given that p = 

1

5
. 

 

  (ii) The mean and standard deviation of X are denoted by   and   

 respectively. Find ( )P X   −   + , correct to 2 decimal places. 

 

[3] 

 (b) Mr Chua attempts an online sudoku puzzle each day. The probability that he 

manages to solve a puzzle on any given day is 0.75, independently of any other 

day.  

 

 (i)   Find the probability that he solves his third puzzle on the eighth day of his 

attempt. 

[2] 

 (ii)  Find the probability that, over a period of 8 weeks, Mr Chua manages to 

solve at least 4 puzzles each week. 

 

[2] 

   

10 A bag contains nine numbered discs. Three discs are numbered 3, four discs are 

numbered 4 and two discs are numbered −1. Two discs are drawn simultaneously. 

The sum of numbers on them, denoted by X, is recorded. 

 

 (i)    Find the probability distribution for X. [3] 

 (ii)   Find E(X) and Var(X). [2] 

 (iii) Two independent observations of X are taken. Find the probability that the 

difference between these two values is at most 5. [3] 

 (iv)   Fifty independent observations of X are taken. Find the approximate probability 

that the sum of these fifty observations is between 250 and 260. [3] 
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11 Research is being carried out to study the degradation of a herbicide in soil. The 

concentration (in percentage) of the herbicide in the soil measured over a period of 

120 days is recorded. The observations are listed in the table below. It is given that 

one of the observations has been recorded wrongly.   

 

 Number of days (d) 20 40 60 80 100 120 

Concentration (c)  60 57 41 36 33 31 
 

 

 (i)    Draw a scatter diagram to illustrate the data and circle the incorrect observation. [3] 

 For the rest of the question, you should exclude the incorrect observation.   

 (ii)  Comment on whether a linear model would be appropriate, referring both to the 

scatter diagram and the context of the question.  

 

[2] 

 It is thought that this set of data can be modelled by one of the following formulae 

after removing the incorrect observation.  

 

                          Model A: 
2c a bd= +    

                          Model B: ebdc a=    

 (iii) By calculating the product moment correlation coefficients, explain clearly 

which of the above models is a more appropriate model for this set of data. 

 

[3] 

 (iv)  Use the model you identified in (iii) to find the equation of a suitable regression 

line and use your equation to estimate the concentration of the herbicide in the 

soil after 140 days. 

 

 

[2] 

 (v)  Comment on the reliability of the estimate obtained in (iv). [1] 

 (vi) Give an interpretation of the vertical intercept of the regression line obtained in 

(iv) in the context of the question. 

 

[1] 

End of Paper 



 

 

1 (i)    For positive real constant c, state a sequence of three transformations in terms 

of c, that will transform the graph with equation of the form f (2 3)y x c= + +  

onto the graph with equation f ( )y x= .  [3] 

 (ii)  The point with coordinates ( 2,0)− that lies on the curve with equation of the 

form  f (2 3)y x c= + +  is mapped onto the point with coordinates (0, 1)−  that is 

on the curve with equation f ( )y x= . State the value of c. [1] 

   

 

2 The complex numbers z1, z2 and z3 are given by ( )
2

1 1 3iz = − ,

6

2 2 cos +isin
4 4

z
   

=   
  

and 3 1 3iz = − + . 

 

 
(i)    Using an algebraic method, find 2

1

z

z
 in the form ier  , where r > 0 and   is an 

exact real constant such that   −   . [3] 

 
(ii)  Hence find 2

3

1

z
z

z
+   in the form iep  ,  where both r and   are exact real 

constants such that r > 0 and   −   . [3] 

   
 

3 It is given that the curve C has equation 
2 7

,  ,  2.
2

x x
y x x

x

− +
=  

−
  

 

 (i)   Without using a calculator, find the set of values that y cannot take. [3] 

 (ii)  Sketch C, stating clearly the equations of any asymptotes, the coordinates of the 

stationary points and the point(s) where the curve crosses the axes. 

 

[3] 

   

4 (i)   Show that the first two non-zero terms of the Maclaurin series for tan  is given 

by 31

3
 + . You may use the standard results given in the List of Formulae 

(MF26). 
 

[2] 

  

 

 

       

 

 

 

 

 

 In the right-angle triangle OBC shown above, point A lies on OB such that OA 1= , 

OB x= , where x > 1 and OC 1= . It is given that angle COB is 
2


 radians and that 

angle ACB is  radians (see diagram).   

 

  

1 
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(ii)  Show that AB

2 tan

1 tan




=

−
.  [2] 

 (iii) Given that  is a sufficently small angle, show that  

                                                 
2 3AB a b c   + +  

       for exact real constants a, b and c to be determined.  

 

 

[3] 

   
 

5 (i) By considering 1n nu u +−  , where 
1

( 1)( 2)
nu

n n n
=

+ +
, 

 find 
1

1

( 1)( 2)( 3)

N

n n n n n= + + +
 in terms of N. 

[3] 

 
(ii) Hence or otherwise, find 

3

5

1

( 1)( 2)( 3)

N

n n n n n

+

= − − −
 . 

 

 

[3] 

 (iii) Deduce that  

                                          
2 2 2 2 2

1 1 1 1 1
...

6 12 20 30 42
+ + + + +   

is less than 
1

18
 . Show your workings clearly. 

 

 

 

 

[3] 

   
 

6 (a) Find 
( )1sin 2 1

 d
1

x
x

x

− −

−  for 0 1x  . [3] 

 (b)  (i)   Sketch the graphs of 2 7y x= −  and 5y x= +  on the same diagram. Indicate 

clearly the x-intercepts and the values of x where the two curves intersect. 

Hence solve the inequality 2 7 5x x−  + . 
[4] 

 
(ii)  Hence, for a > 5, find 2

3

 7 5  d
a

x x x− − − in terms of a. Leave your answer 

in exact form. [3] 

   

7 A curve C has parametric equations 

  
3sinx t=  ,    

2cos ,  0
2

y t t


= −   . 

 

 
The tangent at the point 3 2(sin ,cos )P p p , 0

2
p


−   ,  meets the x-axis and y-axis 

at Q and R respectively.   

 

 (i) By finding the equation of the tangent at the point P, show that the area of the 

triangle OQR is 
2 21

sin  (2 cos )
12

p p− + . 
[6] 

 (ii)  Find a cartesian equation of the locus of the mid-point of QR as p varies. You 

need not indicate its domain. [5] 

   



 

 

8 (a)  Functions f and g are defined by  

               
2f : x x ,     0x  , 

               
1

g : x
x

,     0x  . 
 

 (i) Explain why the composite function gf exists. [1] 

 (ii) Find the exact value of ( )1 1f g 3− −
. Show your workings clearly. [3] 

 (b)   For real values a, the function h is defined by  

               
1

h : x ax
x

− ,     0.x   
 

 (i) If a  is negative, explain clearly with a well-labelled diagram, why 
1h−
 

does not exist. [4] 

 (ii) If a = 1, find
1h−
in similar form. [3] 

   

9 (a)   An arithmetic progression has first term a  and common difference d , where 

0a   and 0d  . The eighth, third and second term of the progression are the 

first three terms of an infinite geometric progression. 

 

 (i)    Find the common ratio of the geometric progression. [3] 

 (ii)   Find the exact sum of the odd-numbered terms of the geometric progression 

in terms of a. [3] 

 (b)   A programmer coded a program involving a rabbit-fox chase along a straight 

path to model the actual hunt for a rabbit by a fox.  

 

 The rabbit first hop is 1.75 m. In each subsequent hop, the distance covered is 

1% less than its previous hop. The fox first leaps 3 m. In each subsequent leap, 

the distance covered is 0.02 m less than its previous leap. Initially the rabbit is 

60 m ahead of the fox and assume that the rabbit and the fox start and end each 

hop and leap at the same time.  

 

 (i)      By finding the total distance travelled by the fox and the rabbit after n leaps 

and hops respectively, find the minimum number of hops and leaps for the 

fox to catch up with the rabbit.                                                                                                                  [4] 

 (ii)    Find the number of leaps the fox takes before it comes to a stop. Hence, 

find the minimum starting distance, in metre, between the fox and the rabbit 

such that the fox will never catch up with the rabbit. Leave your answer to 

the nearest integer. [2] 

  

 

 

 

 

 

 

 

 

 



 

 

10 The production team of a popular variety show, Sprinting Man, is preparing a site 

for a segment of the show. In this segment, each participant is to sprint from the 

starting point, go up a ramp and press a buzzer to complete the challenge.  

   

 

 

 

 

 

       

 Referring the starting point as the origin O and the horizontal ground as the x-y plane, 

the top surface of the ramp has equation 2 3x y z− − =  (see diagram that is not drawn 

to scale). Distances are measured in metres.  

 (i)   Find the angle of inclination of the ramp.  [2] 

 A spherical polyurethane foam ball of radius 1 m is suspended from a point H with 

coordinates (0, 0, 12)  by a cable of length k m, that is taut all the time. The ball will 

be swung in various directions during the challenge to increase the level of difficulty.  

 (ii)   If the production team wants to ensure that the foam ball will never come in 

contact with the ramp, find the range of values that k can take.  [3] 

 The buzzer that the participants are to press is located at the point with coordinates 

(10.5, 10.5, 10.5)− . This point lies on a flat slant wall which intersects the ramp 

along the line l with cartesian equation 20, 8.5x y z= + = .  

 (iii) Find a cartesian equation of the slant wall.  [3] 

 A camera is to be placed along a line L with equation 12 ( 3 ),t= + +r k i j  t , with 

its position denoted by C.  

 (iv)  If the camera is at a distance of 254 m from a point P with coordinates 

(10, 10, 10)− , determine the possible coordinates of C exactly, showing your 

workings. Hence deduce the point on L that is nearest to P. [4] 

  

 

 

 

 

 

  



 

 

 

11 The cylindrical tank in a research laboratory has a cross-sectional area of 24 m . To 

cool the tank, water is pumped in and out of the tank simultaneously. The volume 

and height of the water in the tank at any time t minutes is given by V (litres) and h 

(metres) respectively. Clean water is pumped into the tank at a rate that is 

proportional to h2 and the water is pumped out from the tank at a rate that is 

proportional to h.  

 (i)    Assume that the water does not overflow and that there is no change to the height 

of the water when h is 10, show that 
d ( 10)

d 4

h kh h

t

−
=  where k is a real constant.                                                                                                      

[4] 

 The tank was initially filled with clean water to a height of 2 metres. When the height 

of the water is 5 metres, the volume of water is increasing at a rate of 5.5 litres per 

minute.                                                                                                                                        

 (ii)  Find the exact value of k. Hence find h in terms of t.                                                        [5] 

 (iii) Sketch a graph of h  against t. Hence write down the minimum height of the 

cylindrical tank that will not result in the overflow of the water.                                                                                             [3] 

   

   
















































































