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INSTRUCTIONS TO CANDIDATES:
Answer Question one and any other two questions.




QUESTION ONE (30MARKS)

a)

b)

d)

i Define what is meant by probability generating function (pgh)

ii If X is a random variable distributed as binomial with parameters n and P when n is

known but P unknown. Obtain the pgf of X and hence compute E[X®+2X* +3X +1]
For a Markov Chain. Show that P(X, ;= j[ X, =0 = P:f

In a branching process, the probability that any individual has j descendants is given by
F,=0, P = Elf;f >1. Show thatG(s) = 2—3—— Hence compute
-5
i.  Gy)(S)

ii.  Gy(S)

In a 3-state Markov Chain with transition matrix

1

1
2 2

7*3:120
4 4
11 1
4 4 4

i.  Show that E, is a recurrent non-null state

ii. Show that E,is a transient state



QUESTION TWO (20 MARKS)

Consider a birth —death process in which the probability of a birth and a death in a small time
interval (1,f+Af) is AAtand uAt respectively, where A and u birth and death rates

respectively are

a) Obtain the difference-differential equation for the process
b) Calculate the pgf of the process

¢) Compute the mean and variance of the process
QUESTION THREE (20 MARKS)

a) Discuss what is meant by branching process
b) Let X, denote the population size at the n" generation in a branching process. Show
that
Var(X,)=EVar[X,| X, ]+ Var[E(X, | X,)]
i. By Probability generating function technique
ii.  Conditional expectation.
¢) If X is distributed as Poisson with parameter 4 .
i.  Obtain the pgf of X

ii.  Hence compute the mean and variance

QUESTION FOUR (20 MARKS)

a) A simple random walk on a line or in one dimension occurs when a step forward has

probability P and a step back has probabilityg =1-P. If X, denotes the position of

the walk at the n” step.
i.  Obtain the mean of the walk

ii.  Obtain the variance of the walk

b) If ¥, denotes the probability that the walk is at state x after n-step. Show that



" 1
= Ly |27
—(n+x
21’1

cl) Find the probability that the event X, =4 occurs in a random walk with P=0.3.

QUESTION FIVE (20 MARKS)

a) In a four-state Markov Chain has the transition matrix

L1 40
2 3
T,={1 0 0 0
llol
4 i = @
4 4

Find f, the probability that the chain returns at some step to £, for each state. Determine which
states are transient and which states are recurrent. Which states forms a closed subset? Find the

limiting behavior of 7, asn — .



