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Answer all the questions.

1 Ten archers shot at targets with two types of bow. Their scores out of 100 are shown in the table.

Archer A B C D E F G H I J

Bow type P 95 97 92 85 87 92 90 89 98 77

Bow type Q 91 91 88 90 80 88 93 85 94 84

 (i) Use the sign test, at the 5% level of significance, to test the hypothesis that bow type P is better than 

bow type Q. [7]

 (ii) Why would a Wilcoxon signed rank test, if valid, be a better test than the sign test? [1]

2 Low density lipoprotein (LDL) cholesterol is known as ‘bad’ cholesterol.

 15 randomly chosen patients, each with an LDL level of 190 mg per decilitre of blood, were given one of 

two treatments, chosen at random. After twelve weeks their LDL levels, in mg per decilitre, were as follows.

Treatment A 189 168 176 186 183 187 188

Treatment B 177 179 173 180 178 170 175 174

 Use a Wilcoxon rank sum test, at the 5% level of significance, to test whether the LDL levels of patients 

given treatment B are lower than the LDL levels of patients given treatment A. [8]

3 The table shows the joint probability distribution of two random variables X and Y.

Y

0 1 2

X

0 0.07 0.07 0.16

1 0.06 0.09 0.15

2 0.07 0.14 0.19

 (i) Find Cov(X, Y). [5]

 (ii) Are X and Y independent? Give a reason for your answer. [2]

 (iii) Find ( )X XY1 2P = = . [2]

4 The continuous random variable Y has a uniform (rectangular) distribution on [a, b], where a and b are 

constants.

 (i) Show that the moment generating function M
Y
 (t) of Y is 

( )

(e )e

t b a

bt at

-

-
. [2]

 (ii) Use the series expansion of ex  to show that the mean and variance of Y are ( )a b
2

1
+  and 

( )b a
12

1 2
- , respectively. [7]
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5 Events A and B are such that ( ) .P A 0 5= , ( ) .P B 0 6=  and ( ) .P A B 0 75=l .

 (i) Find P(A  B) and P(A  B). [6]

 (ii) Determine, giving a reason in each case,

  (a) whether A and B are mutually exclusive,

  (b) whether A and B are independent. [2]

 (iii) A further event C is such that P(A  B  C ) = 1 and P(A  B  C ) = 0.05. It is also given that

  P(A  Bl  C ) = P( Al  B  C ) = x and P(A  Bl  C l) = 2x.

  Find P (C ). [3]

6 Andrew has five coins. Three of them are unbiased. The other two are biased such that the probability of 

obtaining a head when one of them is tossed is 
5

3
.

 Andrew tosses all five coins. It is given that the probability generating function of X, the number of heads 

obtained on the unbiased coins, is ( )G t
X

, where

( )G t t t t
X 8

1

8

3

8

3 2

8

1 3
= + + + .

 (i) Find ( )tG
Y

, the probability generating function of Y, the number of heads on the biased coins. [3]

 (ii) The random variable Z is the total number of heads obtained when Andrew tosses all five coins. Find 

the probability generating function of Z, giving your answer as a polynomial. [3]

 (iii) Find E(Z) and Var(Z). [6]

 (iv) Write down the value of ( )P Z 3= . [1]

7 A continuous random variable Y has cumulative distribution function

( )F y

y

a
y a

y a

0

1
5

5 1

H
=
-

*
 where a is a parameter.

 Two independent observations of Y are denoted by Y
1
 and Y

2
. The smaller of them is denoted by S.

 (i) Show that ( )sP S
s

a
10

10

2 =  and hence find the probability density function of S. [5]

 (ii) Show that S is not an unbiased estimator of a, and construct an unbiased estimator of a, T
1
 based on S.

 [4]

 (iii) Construct another unbiased estimator of a, T
2
, of the form ( )k Y Y

1 2
+ , where k is a constant to be 

found. [4]

 (iv) Without further calculation, explain how you would decide which of T
1
 and T

2
 is the more efficient 

estimator. [1]

END OF QUESTION PAPER
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