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1 (i) Let X be a random variable with variance . The independent random variables X, and X, are both
distributed as X. Write down the variances of X, +X, and 2X; explain why they are different. [3]

A large company has produced an aptitude test which consists of three parts. The parts are called
mathematical ability, spatial awareness and communication. The scores obtained by candidates in the three
parts are continuous random variables X, Y and ¥ which have been found to have independent Normal
distributions with means and standard deviations as shown in the table.

Mean Standard deviation
Mathematical ability, X 30.1 5.1
Spatial awareness, Y 254 4.2
Communication, W 28.2 39

(ii) Find the probability that a randomly selected candidate obtains a score of less than 22 in the
mathematical ability part of the test. 3]

(iii) Find the probability that a randomly selected candidate obtains a total score of at least 100 in the whole
test. (4]

(iv) For a particular role in the company, the score 2X+ Y is calculated. Find the score that is exceeded by

only 2% of candidates. (4]

(v) For a different role, a candidate must achieve a score in communication which is at least 60% of the

score obtained in mathematical ability. What proportion of candidates do not achieve this? 13]

2 (i) Explain what is meant by a simple random sample. 2]

A manufacturer produces tins of paint which nominally contain 1 litre. The quantity of paint delivered by
the machine that fills the tins can be assumed to be a Normally distributed random variable.

The machine is designed to deliver an average of 1.05 litres to each tin. However, over time paint builds up
in the delivery nozzle of the machine, reducing the quantity of paint delivered. Random samples of 10 tins
are taken regularly from the production process. If a significance test, carried out at the 5% level, suggests
that the average quantity of paint delivered is less than 1.02 litres, the machine is cleaned.

(i) By carrying out an appropriate test, determine whether or not the sample below leads to the machine
being cleaned.

0994 1.010 1.021 1.015 1.016 1.022 1.009 1.007 1.011 1.026 [9]

Each time the machine has been cleaned, a random sample of 10 tins is taken to determine whether or not
the average quantity of paint delivered has returned to 1.05 litres.

(iii) On one occasion after the machine has been cleaned, the quality control manager thinks that the
distribution of the quantity of paint is symmetrical but not necessarily Normal. The sample on this
occasion is as follows.

1.055 1.064 1.063 1.043 1.062 1.070 1.059 1.044 1.054 1.053

By carrying out an appropriate test at the 5% level of significance, determine whether or not this
sample supports the conclusion that the average quantity of paint delivered is 1.05 litres. [8]
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3 (a) A personal trainer believes that drinking a glass of beetroot juice an hour before exercising enables
endurance tests to be completed more quickly. To test his belief he takes a random sample of 12 of
his trainees and, on two occasions, asks them to carry out 100 repetitions of a particular exercise as
quickly as possible. Each trainee drinks a glass of water on one occasion and a glass of beetroot juice
on the other occasion.

The times in seconds taken by the trainees are given in the table.

Trainee Water Beetroot juice
A 75.1 72.9
B 86.2 79.9
C 77.3 71.6
D 89.1 90.2
E 67.9 68.2
F 101.5 95.2
G 82.5 76.5
H 83.3 80.2
I 102.5 99.1
J 91.3 82.2
K 92.5 90.1
L 77.2 77.9

The trainer wishes to test his belief using a paired ¢ test at the 1% level of significance. Assuming any
necessary assumptions are valid, carry out a test of the hypotheses H: £, = 0, H,: 1, < 0, where u,
is the population mean difference in times (time with beetroot juice minus time with water). [8]

(b) An ornithologist believes that the number of birds landing on the bird feeding station in her garden in
a given interval of time during the morning should follow a Poisson distribution. In order to test her
belief, she makes the following observations in 60 randomly chosen minutes one morning.

Number of birds 0 1 2 3 4 5 6

V
N

Frequency 2 5 10 17 14 7 4 1

Given that the data in the table have a mean value of 3.3, use a goodness of fit test, with a significance
level of 5%, to investigate whether the ornithologist is justified in her belief. [11]

Question 4 begins on page 4
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4  The probability density function of a random variable X is given by

kx 0<x<a,
f(x) =4kRa—x) a<x<2a,
0 otherwise,
where a and & are positive constants.
(i) Sketch f(x). Hence explain why E(X) = a. [3]
(i) Show that k = ;. 3]
a
(iii) Find Var(X) in terms of a. (4]

In order to estimate the value of @, a random sample of size 50 is taken from the distribution. It is found that
the sample mean and standard deviation are X = 1.92 and s = 0.8352.

(iv) Construct a symmetrical 95% confidence interval for a. Give one reason why the answer is only
approximate. [5]

(v) Anon-statistician states that the probability that a lies in the interval found in part (iv) is 0.95. Comment
on this statement. 2]
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