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Section A: Pure Mathematics (35 marks)

1

2

3

The normal to the curve y =

ax + b
at x = 1 is 2 x − y =
2. Find the values of a and b.[4]
x

1 
1.1727, correct to 4 decimal
 dx =
1
2x 
2
places, find the value of n, giving your answer correct to the nearest integer. (Answer
obtained by trial and improvement from a calculator will obtain no marks.)
[5]

Given that

∫

n

2

− x

dx = 2.7551 and



∫  2
n

− x

−

1
, where k is a positive constant, showing clearly the
x +1
equations of any asymptotes and coordinates of any points of intersection with the
axes.
[2]
Sketch the curve y= k +

Show that the equation of the tangent to the curve at the point where x = p is given by
x− p
1
[2]
y=
−
+
+k.
2
( p + 1) p + 1
Use this equation to explain why the curve will always have two tangents that pass
through the point (2, 0).
[4]

4

The region bounded by the curve y = ln x, the x − axis, the lines x = 1 and x = e is
divided by the curve y = ln x into two regions with areas A1 and A2 (see diagram). The
region bounded by the curve y = ln x, the axes, the lines y = 1 and x = e has area A3 (see
diagram).
y

O

(i)

x

(1, 0)

Express each of A1 and A2 as integral. Without performing any integration, show
that A1 = A2 .

[4]

(ii)

Find the exact value of A3 .

[2]

(iii)

Using your results in parts (i) and (ii), find the value of A1.

[3]
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5

The diagram shows the parallelogram PQRS whose side PQ
= (50 − x) cm,

135.
QR = 2 x cm and ∠PQR =
S

R

P

Q

Show that the area, A cm2, of the parallelogram is given by
=
A

2 x ( 50 − x ) .

[3]

Using differentiation, find the exact maximum value of A.

[3]

Find the largest integer value of x for which the value of A is greater than 100 2.

[3]

Section B: Statistics (60 marks)
6

In a particular shopping mall, the directory classifies all the shops into 4 main categories:
fashion, health and wellness, food and beverage, and services. A manager of the shopping
mall wishes to sample 30 shop owners to find their opinions of the mall facilities.
(i)

Describe, in the context of the question, how a stratified sample of 30 shop owners
might be obtained.
[2]

The manager also wishes to get the opinions of mall shoppers.
(ii)
(iii)

7

Give a reason why it would be difficult to use a stratified sample.
[1]
Name a sampling method that would be appropriate and explain whether the
manager would be able to obtain a random sample.
[2]

In a probability experiment, two boxes have the following contents.
Box A contains 4 red balls and 2 blue balls.
Box B contains 4 red balls, 3 blue balls and 1 white ball.
A fair die is tossed. If the score on the die is a multiple of 3, Box A is selected; otherwise,
Box B is selected.
(a)

One ball is taken from the selected box at random and the colour of the ball is
noted.
(i)
(ii)

(b)
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Draw a tree diagram to represent this situation.
[2]
Given that a blue ball is chosen, find the probability that it was from
Box A.
[3]

Instead, three balls are taken from the selected box, at random and without
replacement. Find the probability that all three balls are of the same colour.
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[3]

4

8

[Turn over
A chicken farm produces a large number of eggs. The eggs are randomly packed into
cartons with ten eggs in each carton. The probability that none of the eggs in a carton is
spoiled is 0.48. Show that the probability that exactly one egg is spoiled is 0.3656, correct
to 4 decimal places.
[4]
Three cartons of eggs are selected at random. Find the probability that all of them have
at least twice the expected number of spoiled eggs in each carton.
[3]
Thirty cartons are chosen at random. Using a suitable approximation, find the probability
that there are more than 20 cartons but at most 25 cartons with no spoiled egg in each
carton.
[3]

9

A machine produces nails whose lengths are normally distributed with mean µ cm and
standard deviation σ cm. A sample of 60 nails is selected at random and each length,
x cm, is measured. Given that

45 and ∑ ( x − 3)
∑ ( x − 3) =

2

=
425, calculate unbiased

estimates of µ and σ 2 .

[3]

When the machine is working correctly, µ = 3, but occasionally the machine goes wrong,
in which case µ > 3. Based on the above sample, determine whether the machine is
working correctly at the 5% significance level. State, with a reason, whether the test is
valid if the lengths of nails are not normally distributed.
[5]
The machine is subsequently adjusted and σ = 0.1. In order to determine whether the
machine is working correctly, the lengths of nails in a random sample of size n are
measured and the sample mean x is found. If x > a, then it is concluded that the
machine has gone wrong. Find, in terms of n, the value of a, if the probability of
concluding that the machine has gone wrong when in fact it is working correctly is 0.01.
[3]

10

The masses of Butternut pumpkins have a normal distribution for which the mean mass
is eight times the standard deviation. Find the percentage of Butternut pumpkins such that
its mass is at least 0.9 of the mean mass.
[3]
It is now given that the mean mass of the Butternut pumpkins is 0.8 kg.
(i)

Five Butternut pumpkins are chosen at random. Find the probability that the mean
mass of these pumpkins is at most 0.9 kg.
[3]

(ii)

The farmer also grows Japanese pumpkins. The masses of these pumpkins have a
normal distribution with mean 1 kg and standard deviation 0.15 kg. Butternut
pumpkins cost $2.50 per kg and Japanese pumpkins cost $1.67 per kg. Joel bought
two Butternut pumpkins and three Japanese pumpkins. Find the probability that
he spends between $8.50 and $9.50.
[5]

(iii)

State an assumption needed in your calculations in part (ii).
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[1]

5

11

A city council attempted to reduce traffic congestion by introducing a congestion charge
when a car drives into the city. The charge was set at $4.00 per entry for the first year and
was then subsequently increased by $2.00 each year. For each of the first eight years, the
council recorded the average number of vehicles entering the city centre per day. The
results are shown in the table.
Year, w
Charge, $x
Average number of vehicles
per day, y million

1
4

2
6

3
8

4
10

5
12

6
14

7
16

8
18

2.4

2.5

2.2

2.3

2.0

1.8

1.7

1.5

(i)

Draw a scatter diagram for x and y as shown in your calculator.

(ii)

Calculate the product moment correlation coefficient between x and y, and
comment on its value in the context of the data.
[3]

(iii)

State, giving a reason, which of the least squares regression lines, y on x or x on
[2]
y, should be used to express a possible linear relation between x and y.

(iv)

Calculate the equation of the regression line chosen in part (iii).

(v)

From the equation of the regression line, state the average number of vehicles
which will enter the city centre per day when there is no congestion charge.
Explain why this value does not necessarily give the expected average number of
vehicles entering the city centre per day when there is no congestion charge. [2]

(vi)

Write down the relationship between x and w in the form x= k + kw, where k is
a constant. Without further calculations, state, giving reasons, the value of the
product moment correlation coefficient between y and w.
[4]
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[2]

[1]

