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An unbiased coin is tossed three times. The random variables /" and S denote the total number of heads that
occur in the first two tosses and the total number of heads that occur in the last two tosses respectively. The
table above shows the joint probability distribution of F and S.

(i) Show how the entry J in the table is obtained. 2]
(ii) Find Cov(F,S). [6]
2 Two drugs, I and 11, for alleviating hay fever are trialled in a hospital on each of 12 volunteer patients. Each

received drug I on one day and drug II on a different day. After receiving a drug, the number of times each
patient sneezed over a period of one hour was noted. The results are given in the table.

Patient 112131456 7|8 ]9 10]11]|12
Drugl |11 |34 1916|1029 | 6 |17 20| 13| 4 | 25
DrugIl |12 /2010 | 18 | 3 |21 | 9 |13 /10|19 9 | 12

The patients may be considered to be a random sample of all hay fever sufferers.
A researcher believes that patients taking drug II sneeze less than patients taking drug 1.

Test this belief using the Wilcoxon signed rank test at the 5% significance level. [7]

3 The continuous random variable X has probability density function given by

1o >
f(x):{4xe ’ x>0,
0

otherwise.

(i) Show that the moment generating function of X is (1— 2¢)~ 2 for ¢ < %, and state why the condition

t < 5 is necessary. [6]

(ii) Use the moment generating function to find Var(X). [3]
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The effect of water salinity on the growth of a type of grass was studied by a biologist. A random sample of
22 seedlings was divided into two groups A4 and B, each of size 11.

Group A4 was treated with water of 0% salinity and group B was treated with water of 0.5% salinity. After
three weeks the height (in cm) of each seedling was measured with the following results, which are ordered
for convenience.

Group 4 8.6 94 9.7 9.8 10.1 105 11.0 112 11.8 127 129
Group B 7.4 8.4 8.5 8.8 9.2 9.3 9.5 99 100 11.1 11.3

Jeffery was asked to test whether the two treatments resulted, on average, in a difference in growth. He
chose the Wilcoxon rank sum test.

(i) Justify Jeffery’s choice of test. 1]

(ii) Carry out the test at the 5% significance level. [9]

The discrete random variable U has probability distribution given by

1[4 r=0,1,2,3,4,
P(U=r)= 16|,
0 otherwise.
(i) Find and simplify the probability generating function (pgf) of U. [3]
(i) Use the pgfto find E(U) and Var(U). [4]
(iii) Identify the distribution of U, giving the values of any parameters. [2]
(iv) Obtain the pgf of Y, where Y= U [2]

(v) State, giving a reason, whether you can obtain the pgf of U+ Y by multiplying the pgf of U by the pgf
of Y. 1]

The continuous random variable X has mean u and variance o2, and the independent continuous random
variable ¥ has mean 2y and variance 362. Two observations of X and three observations of ¥ are taken and
are denoted by X, " Xz, Y . Y2 and Y3 respectively.

(i) Find the expectation of the sum of these 5 observations and hence construct an unbiased
estimator, 7', of 4. [3]

(ii) The estimator 7, where 7, =X +X,+c(Y,+Y,+Y,), is an unbiased estimator of 4.
Find the value of the constant c. 2]

(iii) Determine which of 7' and 7, is more efficient. [4]
(iv) Find the values of the constants a and b for which
a(X +X ) +b(Y 2+ Y+ YD)

is an unbiased estimator of o>. (4]
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7  Each question on a multiple-choice examination paper has n possible responses, only one of which is
correct. Joni takes the paper and has probability p, where 0< p<1, of knowing the correct response to any
question, independently of any other. If she knows the correct response she will choose it, otherwise she
will choose randomly from the 7 possibilities. The events K and 4 are ‘Joni knows the correct response’ and
‘Joni answers correctly’ respectively.

+
(i) Show that P(4) = %

,where g = 1—p. [31]
(i) Find P(K|4). 3]

A paper with 100 questions has n =4 and p = 0.5. Each correct response scores 1 and each incorrect response
scores — 1.

(iii) (a) Joni answers all the questions on the paper and scores 40. How many questions did she answer
correctly? 1]

(b) By finding the distribution of the number of correct answers, or otherwise, find the probability
that Joni scores at least 40 on the paper using her strategy. [6]
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