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Section A: Pure Mathematics [40 marks] 

 

1 Do not use a calculator in answering this question. 

 The complex number w is such that i 3w = − . 

(i) Find w  and ( )arg w  in exact form. [2] 

(ii) Represent w , w−  and 2 w−  in the same Argand diagram, illustrating clearly the 

geometrical relationship between them. [3] 

(iii) Hence, find ( )arg 2 w−  exactly. [2] 

 

2 The curve E has equation 

( )
2 24 4,x a y− + =  where 0 2a  . 

 (i)  Sketch E.  [2] 

 You are now given that 1a = . 

 (ii)  Show that the equation of a normal to E at 0x =  is 
3

2 3
2

y x= − . [4] 

(iii) The region R is bounded by E, the normal in part (ii) and the y-axis. Find the volume of 

the solid generated when R is rotated through 2π  radians about the y-axis. [5] 

 

3 With respect to an origin O, points P and Q have variable position vectors p  and q  respectively, 

given by ( ) ( )sicos nt tp ki j= + − , ( ) ( )sin2cos2t ti j kq −= + , where   is a real parameter 

and 0 π t .  

 (i) By considering the cross product or otherwise, find the exact values of t and   if ,O P  

and Q  are collinear. [5] 

It is given that 0.5. =  

 (ii)  Show that .cos3 0.5tp q• −=  Find the greatest length of projection of q  onto p .  [4] 
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4 The rate of decrease of atmospheric pressure P Pascals (Pa) with respect to altitude h kilometres 

above sea level, is proportional to 
P

T
, where T is the temperature measured in Kelvin (K). The 

temperature T decreases linearly by 6.5 K for every one-kilometre increase in the altitude above 

sea level. It is given that the temperature is 293 K at sea level. 

(i) Find a differential equation for 
d

d

P

h
 in terms of P and h. [2] 

 (ii) Given that 0P  , solve this model in part (i) to show that 

  293 6.5
b

P A h= − , where A and b are constants.  

 Explain whether b is positive or negative. [4] 

 It is given that the atmospheric pressures are 101 300 Pa at sea level and 80 000 Pa at 2h = . 

(iii) Find the atmospheric pressure at the top of Mount Everest with an altitude of 8848 metres. 

  [4] 

(iv) For 0h  , sketch the graph of P against h. Explain a limitation of this model. [3] 
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Section B: Probability and Statistics [60 marks] 

 

 

5 The random variable Y has distribution ( )B 12, p  for 0 1.p    

(i) Show that 
( )

( )

( )

( )

P 13

P 1 1

Y k k p

Y k k p

= −
=

= − −
.  [2] 

 It is given that the mode of the distribution is 4.  

(ii)  Find the exact range of values of p.    [3] 
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 A circular board has 6 sectors labelled A, B, C, D, E and F. A game is played by placing a pawn 

on sector A. It is then moved clockwise around the board according to the number shown on the 

top face of a fair die when it is tossed. The die has faces labelled 2, 2, 3, 4, 4, 5. For example, 

an initial toss of 4 would move the pawn from sector A to sector E. The player continues tossing 

the die and moving the pawn accordingly. When the pawn lands on sector F, the game ends.  

Let T be the number of tosses required to move the pawn until the game ends. 

(a) Show that ( )
5

P 3
36

T = =  . Hence, copy and complete the probability distribution table 

for T. 

t 1 2 3 4  or more 

( )P T t=  
 

 

   

    [4] 

 The score S for each game is given by 5 ,S T=  for 1,2,3t =  and 0s = for 4.t   

(b) Find ( )E S  and ( )Var .S  [3] 

 

 

 

 

 



5 

© NJC 2025 [Turn_over 

7 A toy train is made up of 3 types of train units: engine, carriage, and wagon. There are 4 identical 

engines (E), 3 identical carriages (C), and 2 identical wagons (W).  

(a) All the train units are placed in a line such that either the first unit is an engine or the last 

two units are engines, or both. Find the number of ways to form the toy train. [4] 

(b)  For another kind of toy train, all the train units are placed in a line such that the first train 

unit is an engine and all the carriages are in front of the wagons. An example of such a 

toy train would be:  

E C C E E C W E W. 

 Find the number of ways to form the toy train.        [3] 

 

8 The Ministry of Health declared "War on Diabetes" in 2016 to rally a whole-of-nation effort to 

tackle diabetes. A study was conducted to investigate the effects of diabetes on one’s health, 

specifically to determine if the blood pressure of an adult aged between 50 and 60 years old is 

dependent on one’s haemoglobin level. Data from six patients in this age group from a hospital 

was collected. Their haemoglobin level, s mmol/mol, and blood pressure, p mmHg, are shown 

in the table. 
 

 

 
 

(i)  Draw a scatter diagram of these data.  [1]  

It is thought that blood pressure p can be modelled by one of the formulae  

2      or       
d

p a bs p c
s

= + = +    

where a, b and c are positive real numbers and d is a negative real number.  

(ii) By using your diagram, explain which of 2p a bs= +  or 
d

p c
s

= +  is the better model.  

   [2]  

(iii) Using the model you chose in part (ii), write down the equation for the relationship 

between s and p, giving the numerical values of the coefficients. State the product 

moment correlation coefficient for this model. [2]  

 (iv)  Estimate the value of p when 45s = . Determine whether this estimate is reliable. [3]  

 

 

 

 

 

 

 

 

 

 

 

 

s  32 37 41 46 50 54 

p 120 150 168 172 179 183 
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9 In a sales campaign, a supermarket gives each shopper a receipt printed with a cartoon character 

when a shopper pays for his or her purchase. There are 10 different cartoon characters available, 

character A, B, C, …, J. The printed cartoon character is equally likely to be any one of the 10 

different cartoon characters.  

 A shopper received three receipts after having made three purchases. 

(i)  Find the probability that only one receipt has the character A printed on it. [2]  

(ii)  Given that exactly one of the cartoon characters printed is A, find the probability that the 

other two characters printed are B and C. [3 ]  

To redeem a gift, exactly 8 distinct cartoon characters need to be collected. After some time, 

Tom collected 7 distinct characters. Let np  be the probability that Tom can redeem the gift on 

exactly the 
thn  additional purchase.  

(iii)  Find 1p  and the recurrence relation in the form ( )1fn np p −= , for 2n  .   [2]  

(iv) Find the probability, in terms of n, that at most n additional purchases are needed to 

redeem the gift.  [2 ]  

 

 

10 The production manager of a food container manufacturing company wishes to take a random 

sample of a certain type of lunch box from the thousands produced one day at his factory, for 

quality control purposes. He wishes to check that the mean height of the lunch boxes is 12.8 cm . 

(i) State what it means for a sample to be random in this context. [1] 

(ii) Explain why the manager should take a sample of at least 30 lunch boxes to carry out a 

hypothesis test. [1] 

The heights, x cm, of a random sample of 48 lunch boxes are summarised as follows. 

( )13 3.6x − = −  and ( )
2

13 12.02x− =  

(iii) Calculate the unbiased estimates of the population mean and variance of the height of the 

lunch boxes. [2] 

The production manager claims that the mean height of the lunch boxes is 12.8 cm. 

(iv) Test his claim at the 10% level of significance, stating the hypotheses clearly. [4] 

In the hope of keeping the mean height of the lunch boxes not to exceed 12.8 cm, the production 

manager decides to replace the production line such that the population variance is reduced to 

0.04 cm2. He then carries out a hypothesis test at 2% level of significance using another random 

sample of n lunch boxes. 

(v) Assuming that n is sufficiently large, find the critical region for this test in terms of n.

 [4] 
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11 The fasting glucose concentration in millimoles per litre ( )mmol / L  of a randomly chosen man 

and a randomly chosen woman is normally distributed with mean and standard deviation as 

given in the table below.   

 Mean Standard deviation 

Man 5.4 0.5 

Woman 5.0 0.3 

(a) If one man and one woman are chosen randomly, find the probability that the man’s 

fasting glucose concentration exceeds the woman’s. State an assumption you make in 

your calculation.  [3] 

(b) The fasting glucose concentration of at most 3%  of men exceeds 5.4 mmol / L  by 

 mmol / L.c  Find the range of c.  [2] 

(c) For 5.4k  , explain which of the following has a larger value:  

1p : the probability that the fasting glucose concentration of a randomly chosen man 

is greater than k, or  

2 :p  the probability that the mean fasting glucose concentration of four randomly 

chosen women is greater than k. [3]  

 

Fasting glucose concentration can also be measured using milligram per decilitre ( )mg / dL . 

The formula to convert mmol / L  to mg / dL  is  

1 mmol / L 18.0 mg / dL= . 

 The random variable G denotes the fasting glucose concentration, in mg / dL , of a randomly 

chosen man.  

(d) Draw a sketch to show the distribution of G, including the main features of the curve. 

 [2] 

(e) On your sketch, shade the region represented by ( )P 79 106G   and state its value.  

  [2] 

 

 


