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Question 1. [25 marks] Measurements of the ear length on a sample of 15 plants
of wheat yielded the sample mean x̄ = 11 (in centimetres) and the sample variance
s2 = 24. Assuming that the distribution of the wheat ear length is normal N (µ, σ2)

(a) construct a 90% confidence interval for µ, [10]

(b) test the hypothesis that µ = 10 (against alternative µ 6= 10). Use a 10%
significance level. [5]

(c) construct a 90% confidence interval for σ2. [10]

Question 2. [15 marks] Let T = X1 +X2 + . . .+X12, where for
i = 1, 2, . . . , 12 the random variables Xi are independent, with Xi ∼ χ2

2

(chi-square distribution with two degrees of freedom). Recall that E[Xi] = 2 and
Var[Xi] = 4. This question is concerned with the probability

p = P(|T − 24| > 14).

(a) Use Chebyshev’s inequality to obtain an upper bound on p. [5]

(b) Use the normal approximation to estimate p. [5]

(c) Name the distribution of T and evaluate p using Cambridge Statistical
Tables. [5]

Question 3. [20 marks] Let the random variable Y be the number of defects in a
printed circuit board. A sample of 280 circuit boards was taken and the number of
defects was recorded:

Number of defects 0 1 2 3 4 5+
Frequency 144 91 32 11 2 0

Test at a significance level of α = 0.1 that the distribution of Y is Poisson.
Remember to group the data appropriately, if necessary. Show all your working. [20]

(continued on the next page)
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Question 4. [25 marks] Let U ∼ N (0, 1) and V ∼ N (0, 1) be independent
normal random variables.

(a) Let S = eU .

(i) Determine the probability density function of S. [6]

(ii) Find E[S] and Var[S] using the formula MU(t) = et
2/2 for the moment

generating function of the normal distribution. [4]

(b) Let X = U + 2V, Y = 2U + V .

(i) Calculate the covariance Cov(X, Y ). [5]

(ii) Determine the joint probability density function fX,Y (x, y) of random
variables X and Y . [5]

(iii) Determine the conditional probability density function fX|Y=2(x). [5]

Question 5. [15 marks] Two alternative treatments were tested on 110 patients
divided in two groups. Treatment A on a group of 50 patients showed side effects
in 12 cases. Treatment B on a group of the other 60 patients showed side effects in
11 cases. Decide if there is sufficient evidence that treatment A causes side effects
more frequently than treatment B. [15]

End of Paper.
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