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Q) PRoR 2 STATS 4

The probability generating function of the random variable X is given by G(f) = e*™, where a is a
constant. Find

(i) the value of a, (2]
(i) E(X). (2]

2 Ata particular restaurant 55% of customers order an aperitif and 80% order wine. 30% of customers
order wine without ordering an aperitif.

(i) Find the percentage of customers who order both an aperitif and wine. 2}

(ii) Given that a customer ordered wine, find the probability that the customer ordered an aperitif.

[2]

(iii) 40% of customers order a starter with their meal, independently of whether they order an aperitif
and independently of whether they order wine. Show that at most 29% of customers order an
aperitif, a starter and wine. [3]

3 (i) Find the number of different arrangements of these letters.

XXXYYYYY | A 2]

The continuous random variables X and Y have identical distributions. Three observations of X and
five observations of Y are taken and placed in rank order, smallest first. The sum of the ranks of the
values of X is denoted by R.

(ii) Assuming that all arrangements are equally likely, find P(R < 8). , (2]

A chemical is produced in two factories, A and B. A customer who obtains the chemical from both
factories suspects that there is a greater amount of impurity in the chemical produced by factory A
than in the chemical produced by factory B. An analysis of five random samples from factory A and
three random samples from factory B gave the following percentages of impurity.

FactoryA 3.5 4,7 3.8 52 4.6

FactoryB 26 18 45

(iii) Use a suitable non-parametric test, at the 5% significance level, to decide whether there is evidence
to support the customer’s suspicion. [4]

2644/Jan03




— TANVARY 2003

4  The discrete random variables X and Y have the joint probability distribution given in the following

table. . -
X

0 1 2

0 0 0] 0.1

Yi|1 0 0.2 0.3

2| 0.1 0.3 0
(i) Show that Var(X) = 0.41 and write down Var(Y). [4]
(if) Tabulate the probability distribution of T, where T = X + Y, and use it to find Var(T). [3]

(iii) Hence or otherwise find Cov(X, Y) and state, giving a reason, whether X and Y are independent.

3]

S The time, X months, to the first breakdown of a particular make of washing machine may be modelled
by a continuous random variable with probability density function given by

aq* >
f={> *°%
0 otherwise,
where a is an unknown positive constant.
(i) Find E(X). « [2]

Two randomly chosen washing machines break down independently after X , and X, months.

(ii) Show that T, where T = X, + (% - }.)Xz, is an unbiased estimator of a for any value of the
constant A. (2]

(iii) Find the value of A for which the variance of T is a minimum. 31

(iv) Given that X| = 3.45 and X2 = 1.75, estimate a using this value of A. Explain why, in this case,
this is not a useful estimate of a. (2]

6 The random variable X has a probability density function which involves a parameter .. The moment
generating function of X is (1 - 2¢)™®. Find

(i) E(X), ‘ (2]
(i) Var(X). ' : (2]

This distribution, with parameter «, is denoted by D(a). The sum of three observations of a random
variable having a D(2) distribution and one observation of a random variable having a D(1) distribution
is denoted by S. All observations are independent.

(iii) Write down, in simplified form, the moment generating function of 5, and hence identify the
distribution of S in terms of D. (31

(iv) Find E(S?). (3]
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Portfolios of students’ work, used for assessment on a university course, are each marked independently
by two lecturers, Ms Abel and Mr Barnes. The marks given to a random sample of 10 students in the
year 2002 are as follows.

Student 1 2 3 4 5 6 7 8 9 10

Ms Abel’smark | 37 48 62 24 53 72 41 29 53 24
MrBames’mark | 41 54 74 26 66 62 34 32 62 29

(i) Use an appropriate Wilcoxon test, at the 5% significance level, to decide whether the average
marks given by Ms Abel and Mr Bamnes are different. [5]

(ii) Why, in this case, is a Wilcoxon test preferred to a sign test? [1]

The final ‘mar'k awarded is the sum of the two marks, as shown in the table below.

Student 1 2 3 4 5 6 7 8 9 10
Final mark 78 102 136 50 119 134 75 61 115 53

The median mark of all students for this portfolio in 2001 was 120.

(iif) Use a sign test, at the 10% significance level, to decide whether there is evidence that the median
mark has decreased. 51

(iv) Give a reason why, in this case, a sign test may be more appropriate than a Wilcoxon test.  [1]
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