
1. If the price of unleaded petrol at UK filling stations is a random variable with mean
120.8p per litre, and standard deviation 4.9p, use the Central Limit theorem to
determine the probability that the average price in a random sample of 50 filling
stations is below 122p.



2. Suppose that students’ marks on the economics prelims paper are normally dis-
tributed with mean 61 and standard deviation 9.5.
(Assume that the number of colleges is sufficiently large that individual observations may be
considered i.i.d.)

(a) What is the distribution of the sample mean for a random sample of size n?

(b) In a random sample of 10 students, what is the probability that their average
mark exceeds 63?



(c) Suppose that you have a sample of 10 students that is selected by choosing a
college at random, and then choosing 10 students at random from that college.
i. What is the expected value of their average mark?
ii. Explain why you cannot determine the variance of their average mark. Is
it likely to be higher or lower than the variance of the sample mean in
random sample of 10 students? Explain the intuition for your answer.



5. The 1165 Oxford PPE applicants in 2007 achieved an average score of 60.86 on the
TSA test, with a standard deviation of 8.02. Construct a 95% confidence interval
for the population mean score.



6.(a) Consider a random sample of size n from a Bernoulli distribution with pa-
rameter p. If the sample mean is X̄, show that the sample variance is given
by s2 = n
 X̄(1 − X̄). Compare the sample mean and variance with the
n−1
population mean and variance.



(b) In an opinion poll of 300 voters, 140 say that they will vote for the incumbent,
and 160 for the rival candidate. Estimate the proportion of votes that will
be obtained by the incumbent in the election. Calculate the sample variance.
Find 95% and 99% confidence intervals for the incumbent’s proportion of votes
in the election.



4. Let Xi be a Bernoulli random variable with P (Xi = 1) = p and P (Xi = 0) = 1 − p.
(a) What are the density and distribution functions of Xi ?

(b) Find the expected value, variance and skewness of Xi .
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For X1, ..., Xn independent, identically Bernoulli(p), let p̂ be 

(c) What is the standard error of p̂?

(d) Explain why

where se(p̂) is the standard error of p̂.

t =
p̂− p

se(p̂)
→ N(0, 1)



(e) Suppose that in a sample of size n = 100, we obtain p̂ = 0.3. Construct an
approximate 95% confidence interval for p. State all the results being used.



4. Let X j , j = 1,2, ... be a sequence of independent and identically distributed random variables
with finite mean μ and variance σ 2. For i = 1,2, ... consider the random variable Y i = ∑ij=1 X j .
(a) [25%] Find E(Y i ), V(Y i ), and Cov(Y i , Y k ) for i < k stating all the properties being used.





[25%] State and discuss the Law of Large Numbers and the Central Limit Theorem for
independent and identically distributed observations. Can these two theorems be applied
to X j ? And Y i ?



(c) [25%] Consider now Zi = ∑ij=1 a j X j where a j is a sequence of real numbers satisfying
∑ij=1 a j = i and ∑ij=1 a j2 > i. Which estimator would you prefer to estimate the
population mean μ: (Y n /n) or (Zn /n)? Why?



(d) [25%] Let σ 2 = 1. A random sample is drawn and the following statistic is obtained:

(i) Test, at the 5% level of significance, the null hypothesis that μ = 3 against the
alternative that μ ≠ 3.

(Yn/n) = (Y300/300) = 2.79



(ii)
Construct and interpret a 95% confidence interval for μ. State all the relevant
results being used.


