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Answer all questions.

Answer each question in the space provided for that question.

1 An angler is investigating the breaking strength of nylon fishing line. The angler
collects samples from each of two retail outlets: Hot Rods and The Reel Deal. For

each sample, he measures the breaking strengths in kilograms. The results are shown
in the table.

Hot Rods 6.314 6.242 6.725 6.782 6.582 6.173 6.467 5.830 6.145

The Reel Deal | 6.435 6.403 6.155 7.074 6.709 6.540 6.303 6.768

Assuming that the measurements are independent random samples from two normal
distributions having the same variance, test, at the 10% level of significance, the
assertion that the mean breaking strength of nylon fishing line is the same for line

supplied by Hot Rods as it is for line supplied by The Reel Deal. (10 marks)
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(a

(b) The psychologist also recorded the reaction times, in seconds, of Subject B, to the

A psychologist recorded the reaction times, in seconds, of Subject A, who was
exposed to identical stimuli on 10 random occasions. The times were

040 042 039 040 041 042 043 044 043 042
) Assuming that these times came from an underlying normal population, construct a
98% confidence interval for the population standard deviation. (6 marks)
same stimuli under the same conditions as for Subject A, with the following results:
042 049 046 042 048 044 049 044
Assuming that these times also came from an underlying normal population, test the

hypothesis, at the 10% level of significance, that the reaction times of Subject A and
those of Subject B have the same variance. (7 marks)
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3 A horticulturalist was considering the germination rate of a large batch of
runner-bean seeds. He selected a random sample of 500 seeds and planted them in O’b
100 rows of 5 seeds. He then recorded the number of seeds germinating in each of
the 100 rows. The results that he obtained are shown in the table.

Number of seeds germinating (x) 0 1 2 3 4 5
Number of rows (f) 25 41 20 12 2 0
(a) Calculate the mean number of seeds germinating per row, and hence show that an
estimated value for p, the probability that a seed germinates, is 0.25. (2 marks)

(b) The model B(5,0.25) is suggested as suitable for the number of seeds germinating
per row. Calculate the expected frequencies for this model. (4 marks)

(c) Use a x2 goodness of fit test, at the 5% level of significance, to investigate whether
the model B(5, p) is suitable for the number of seeds germinating per row.
(7 marks)

(d) Does your conclusion in part (¢) support the view that the probability that a seed
germinates is the same whichever row it is planted in? Explain your answer.
(2 marks)
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2,
10 2

4 (a) State why, in choosing between two unbiased estimators of a parameter, the one with
the smaller variance is preferred. (2 marks)

(b) The random variable X denotes the mean of a random sample of size n; taken from

a normal population with mean yu; and variance 012 . The random variable X,

denotes the mean of a random sample of size n, taken from an independent normal

population with mean u, and variance 0'22 .

() Show that X; — X, is an unbiased estimator of yx; — u, and write down the
variance of this estimator. (3 marks)

(ii) It is given that ny 4+ n, = n, where n is a fixed number, and that n; and n, are so
large that they may be assumed to be continuous variables. Given further that the
variance of X| — X, has a minimum value, show that this minimum value occurs
when n;:ny =01:0,. (4 marks)

(iii) Find the values of n; and n, which minimise the variance of X|; — X, in the case
when ¢,2 = 0.0025, 6,2 = 0.0081 and n = 280. (2 marks)
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5 A random variable X has an exponential distribution with probability density
function f(x), where
—kx
flx) = ke x=0 '
0 otherwise
and £ is a constant.
. 1
(a) Given that E(X) = R find:
(i) using integration, E(X?);
(i) Var(X). (6 marks)
(b) (i) Derive the cumulative distribution function, F(x), of X for x > 0. (3 marks)
(ii) Hence find, in terms of k, the exact value of the 90th percentile of X. (3 marks)
(c) A machine has two essential components, the lifetimes of which follow exponential
distributions with means @ hours and 3a hours. The machine will stop if either
component fails. The failures of the two components may be taken to be
independent.
Find the probability that the machine continues to work for at least @ hours from the
start, giving your answer in the form e?, where ¢ is a rational number to be
determined. (4 marks)
R‘Z%ETL’C”E Answer space for question 5
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6 (a) The random variable X has a geometric distribution with parameter p.
) 1
(i) Prove that E(X) = —. (3 marks)
P
L 2 _2—p 1—p
(ii) Given that E(X”) = ——, show that Var(X) =—~. (2 marks)
p p

(b) An unbiased tetrahedral die has faces marked 1 to 4. When it is thrown on a table,

the score is the number on the face that is in contact with the table.

(i) Calculate the probability that it takes more than two throws to obtain a score of 4.
(2 marks)

(ii) The number of throws, Y, that it takes for two different scores to occur at least once

is given by ¥ =1+ X, where X has a geometric distribution with parameter %

Determine values for E(Y) and Var(Y). (3 marks)
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