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Question 1 (20 marks). A biologist has measured the lengths of 12 female green

lynx spiders. The lengths, in mm, are as follows:
8.3, 10.0, 5.9, 7.1, 8.5, 7.6, 9.8, 10.8, 6.6, 7.6, 8.1, 9.1
What sort of variable is this?

(a
(b

)
) Calculate the five-number summary for these data.

(c) Determine whether there are any outliers in the data.

(d) Draw the corresponding boxplot and comment briefly on the distribution of
the data.

(e) Calculate the sample mean and the sample standard deviation of the data.

Question 2 (15 marks). Let X be a discrete random variable all of whose values

are non-negative integers. Let G(t) be the probability generating function of X.

(a) Prove that

G|
a |, E(X)
and 260
e | = E(X?) —E(X)

(b) It is known that the probability generating function of X ~ Bin(n,p) is
G(t) = (¢ +pt)",
where ¢ = 1 — p. Find E(X) and Var(X).

Question 3 (15 marks). Let Xy, ..., X,, be independent random variables for
which E(X;) = p; and Var(X;) =02 fori=1,2, ..., n. Let

Y = Zn: a; X,
i=1

where aq, ..., a, are any real numbers.

(a) (i) Find E(Y).
(ii) Find Var(Y').

(iii) What extra assumption would guarantee that Y is normally distributed?

State any relevant result.

(b) The Colosseum in Rome can be divided into several thousand small sections.

Suppose that the earthquake force that a section can withstand has mean
and standard deviation, respectively, of 3.4 and 1.5 on the Richter scale. A
random sample of 100 sections is taken. Find an approximation to the
probability that the mean earthquake force that these can withstand is
greater than 3.6 on the Richter scale.
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Question 4 (15 marks). (a) Let X ~ Exp(6) and put Y = /X — 1. Find the
probability density function of Y.

(b) Let U ~ U(5,15) and put V = 2U — 5. Find the probability density function
of V. State the expectation and variance of V.

Question 5 (10 marks). Let X, Y and Z be jointly distributed random
variables.

(a) Define the correlation corr(X,Y).

(b) Suppose that Y = aX + b, where a and b are constants and a # 0. State the
values of corr(X,Y) in this case.

(c) Suppose that Y and Z are independent, with Var(Y) = 3 and Var(Z) = 8,
and that X =Y 4+ 4Z. Find the correlation between X and Y.

Question 6 (15 marks). The average Big Mac contains 20g of fat. In a study
reported in 1993, a random sample of 200 portions of moo shoo pork was analysed,
giving a sample mean of 64g of fat and a sample standard deviation of 18g. A food
scientist wants to know if the average fat content of a portion of moo shoo pork is
higher than that of three average Big Macs. Assume that the fat content of a
portion of moo shoo pork is normally distributed.

(a) State the null and alternative hypotheses.

(b) Carry out the appropriate hypothesis test by finding the P-value and report
the conclusion.

(¢) Find a 90% confidence interval for the mean fat content of a portion of moo
shoo pork.

Question 7 (10 marks). Let 7" be an estimator for a parameter 6.
(a) Define the bias and the mean squared error of 7'

(b) Prove that
MSE(T) = Var(T) + {Bias(T)}*.

End of Paper.
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