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Section A: Pure Mathematics [35 marks]
1

2

3x
+ 1 , stating the equations of any asymptotes
x −4
and the coordinates of the points where the curve crosses the axes.
[3]

(i)

Sketch the curve with equation
=
y

(ii)

Hence solve the inequality

(i)

(ii)

2

x
> x +1.
x −4

[3]

2

 x 
The curve C has equation y = ln 
 , for 0 < x < 3. Show that the values of x for
 3− x 
which the gradient of C is equal to the constant k satisfy the equation kx 2 − 3kx + 3 =
0.
[4]
Find the exact range of values of k for which the equation kx 2 − 3kx + 3 =
0 has no real
roots.
[2]

(iii) Hence explain whether there exists a point on curve C with gradient 2.

3

[1]

The diagram below shows a particular section of a park connector which can be modelled by
the curve with equation y = x . The point B on the x-axis represents a bus stop situated 50
metres away from the origin, O. The National Parks Board wishes to increase accessibility by
constructing a shortest straight-line path joining the bus stop to the park connector.
y
y= x

P ( x, y )

B ( 50, 0 )

O

(i)

Let D be the straight-line distance (in metres) between the bus stop and any point P on
the park connector. Show that D =

(ii)

x

x 2 − 99 x + 2500 .

Find, using differentiation, the minimum value of D.

[2]
[4]
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4

(a)

π
.
x

3x −

(i)

Differentiate

(ii)

Given that f ( x ) = e 



(b)

(k 2 )

[1]
x + k 


, where k is a constant. Find f ′ ( x ) in terms of k.

Given that
=
y 2 x ( x 3 − 1) , find the numerical value of the derivative at x = −1 . Leave
your answer correct to 2 decimal places.

[1]
1

(c)

5

[2]

⌠  x

Use a non-calculator method to find the exact value of   e 2 + 3  dx .

⌡0 
2

[4]

The curve C has equation y =
1 + 2 ln ( 4 − x ) .
(i)

(ii)

Sketch C, labelling the equations of any asymptotes and the points where the graph
crosses the axes.
[2]
1
Find the exact equation of the normal to C at the point where x = .
2

[3]

(iii) Find the area bounded by the curve C, the normal found in part (ii) and the y-axis,
giving your answer to 4 decimal places.
[3]

Section B: Statistics [60 marks]
6

7

A school comprises a large number of students. A sample comprising 2% of the student
population is to be selected to take part in a survey on their opinions about the school
facilities.
(a)

Describe briefly how this sample can be obtained via systematic sampling.

[2]

(b)

Give one advantage and one disadvantage of quota sampling in this context.

[2]

Events A and B are such that P ( A=
P ( B ) P=
) 3 p − 1 and=
( A | B) p .
(i)

Given that P ( A ∪ B ) =
0.8 , find a quadratic equation satisfied by p and find the value(s)
of p, correct to 2 decimal places.
[3]

(ii)

Find P ( A '∪ B ') .

Determine whether A and B are independent events.

[2]
[1]
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The table below shows the ages of teak trees, t years, with trunk diameters, d inches. It can
be assumed that the diameters of teak trees depend on their ages.
Age t (years)
11 15
28 45 52 64 75
81
88
97
Diameter d (inches) 7.5 11.5 14.5 19 20.5 21 21.5 21.9 22.2 22 .22
(i)

Draw a scatter diagram for these values, labelling the axes.

[2]

(ii)

Calculate the product moment correlation coefficient.

[1]

(iii) Find the equation of the regression line of d on t and sketch the regression line on your
scatter diagram in part (i). Interpret, in context, the value of the gradient of the
regression line.
[3]
(iv) Use the regression line found in part (iii) to estimate the diameter of a 40 year-old teak
tree. Comment on the reliability of your answer.
[2]
(v)

It is desired to predict the diameters of very old trees (of over hundred years old).
Explain why, in context, a linear model is not likely to be appropriate.
[1]

(vi) It was found that due to an error in the calibration of the measurement instrument, each
trunk diameter recorded in the table above should be k inches longer, where k is a
positive constant. Write down, in terms of k, the corrected equation of the new
regression line of d on t.
[1]
9

It has been estimated that only 100p% of the world’s population has blue eyes. A group of 70
people are randomly selected from all over the world. The number of people in this group
who have blue eyes is the random variable Y.
(i)

State, in the context of this question, one assumption needed to model Y by a binomial
distribution.
[1]

Assume now that Y indeed follows a binomial distribution, and that p > 0.05 .
(ii)

Given that the probability that exactly 3 people in the group have blue eyes is 0.105.
Write down an equation in p. Hence show that p = 0.0800 , correct to 4 decimal places.
[3]

(iii) Find the probability that at least 5 but less than 21 people in the group will have blue
eyes.
[2]
(iv) Use a suitable approximation to find the probability that more than 9 people in the
group have blue eyes. You should state the parameters of the distribution you have used.
[4]
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10

(i)

Two fair dice are tossed. Find the probability that
(a) the sum of the scores of the two tosses is at least 8, and
(b) the difference between the scores of the two tosses is at least 4.

[1]
[1]

In a game, a player draws a ball from a box that contains 3 red balls and 4 white balls. If a red
ball is drawn, the player will add the scores obtained from tossing two fair dice. If a white ball
is drawn, the player will take the difference of the scores obtained from tossing two fair dice.
The player wins the game if the sum of the scores is at least 8 or the difference of the scores is
at least 4.
(ii)

Find the probability that the player wins the game.

[2]

(iii) Given that the player wins the game, find the probability that a red ball is drawn.

11

[2]

An accountant wishes to investigate the figures provided by credit card companies for the
amount of loans borrowed by each client, $x. He carries out an online survey from clients in a
certain company. The responses from a random sample of 40 clients are summarised by

∑ x = 38100 , ∑ ( x − x )
(i)

2

=
731800 .

Calculate unbiased estimates of the population mean and variance of the amount of
loans borrowed by each client, correct to 1 decimal place.
[2]

The company claims that its clients will borrow $1000 on average.
(ii)

Test, at the 5% level of significance, whether the mean amount of loans borrowed by
the clients differs from $1000.
[4]

(iii) Explain, in the context of the question, the meaning of ‘at the 5% level of significance’.
[1]
The company revised their loan policy and the new population standard deviation is known to
be 250. A new random sample of 40 clients is taken and the mean amount of loans borrowed
for this sample is $k. A test at the 5% significance level indicates that the null hypothesis
would not be rejected for this revised loan policy.
(iv) Find the range of values of k.

[3]
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(a)

The continuous random variable X has the distribution N( µ , σ 2 ). It is known that
[3]
P ( X < 18.1) = P ( X > 21.9 ) = 0.2 . Find the value of µ and σ .

(b)

The battery life (in hours) of DuraSell batteries and Energise batteries are modelled as
having independent normal distributions with means and standard deviations as shown
in the table below.
Mean

Standard Deviation

DuraSell

m

1.5

Energise

19.8

2.7

(i)

Find the probability that the battery life of a randomly selected DuraSell battery is
within 1 hour of its population mean.
[3]

(ii)

Three DuraSell batteries are chosen at random. Find the probability that exactly
two DuraSell batteries have battery life within 1 hour of its population mean. [3]

(iii) Assume now that m = 22.4 . Find the probability that a randomly selected
DuraSell battery will outlast a randomly selected Energise battery.
[2]
To ensure that Energise batteries produced have satisfactory battery lives, a plant
manager collects random samples of 50 Energise batteries for quality testing. A sample
passes the quality check if its mean lifetime exceeds 19 hours.
(iv) Suppose 100 such samples are collected, find the expected number of samples that
pass the quality check.
[3]
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