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QUESTION 1: (30 marks)

(a) For adiscrete random variable, X, define the following terms;
(1) Expected value, E(X)
(i) Moment generating function
(i)  Characteristic function
(iv)  Varianceof X, Var(X)

(1+1+1+1 Marks)
(b) INMustrate how you would get the variance of arandom variable X from a moment
generating function. (3 marks)
(c) A random variable X has the following density function,

f(X):{e ’1’1’XS0
O””’X<O

Find (i) expected value of X, E(X) (4 marks)
= 2X
(i) E[e 8 ] ,that is, E(exp?j (4 marks)
(iii) the variance of X, Var(X) (5 marks)

(d) Suppose that agameisto be played with asingle die assumed fair. Inthis game a
player wins$ 20 if a2 turnsup, $40if a4 turns up; loses $ 30 if a6 turns up; while
the player neither wins nor loses if any other face turns up.

Find,
() The expected sum of money to be won (5 marks)
(i)  Thevariance of the sum of money to bewon (5 marks)

QUESTION 2: (20 marks)
A random variable X is said to have a Binomial distribution if the probability function of

X, f(x) isgiven as

P(X = X) = f (X) =@pxa— )" X=0,1.2,........ n



Where p is the probability of success and g=1-p
(8 Show that the moment generating function of X, M, (t) isgiven by

M, (t)=(q+ pe')" ( 7 marks)
Comment on the distribution of X when n=1. (3 marks)
(b) Use the moment generating function in 2(a) above to verify that,
i) the expected value of X, E(X)=np (5 marks)
i) the variance of X, Var(X)=npq (5 marks)

QUESTION 3: (20 marks)

Let X be arandom variable that is poisson distributed with parameter | and moment
generating function, M, (t) givenas:

M ()= @

(8) Usethe M, (t) tofind:

i)the expected value of X, E(X) (5 marks)
ii)the variance of X, Var(X) (5 marks)
(b)The average number of calls arriving on a busy office mobile phone is 90 per hour.
Obtain the probability of receiving,

1) 2 calls per minute on that mobile phone (4 marks)
i) Between 1 and 4 calls per minute on the mobile phone ( 2 marks)
iii)  No calsin aminute on the phone (2 marks)
iv)  Nocdlsinan hour onthat mobile phone (2 marks)

( Assume that the number of calls are poisson distributed)

QUESTION 4: (20 marks)

(a) Define a Standard Normal random variable (2 marks)
Comment on the shape and area under the Standard normal curve ( 2 marks)
(b) Thetime taken by the milkman to deliver to the high street is normally
distributed with a mean of 12 minutes and standard deviation of 2 minutes. He
delivers milk every day. Estimate the number of days during the year when he

takes,
I)longer than 17 minutes (3 marks)
ii)less than ten minutes (3 marks)
iii)between nine and thirteen minutes (3 marks)



(©) Let X =~ N(ms *) ,with amoment generating function given as

2;2
)
2

Derive expressionsfor E(X) and Var (X) (7 marks)

S

M, (t) = exp(nt +

QUESTION 5: (20 marks)
(@) Consider X to be binomially distributed with probability mass function, that is,
P(X=x) as stated in Question 2 above. Establish the validity of the Poisson
approximation to the Binomial distribution. (10 marks)

(b) State and prove the Central limit theorem (10 marks)



