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Problem 1

a) Define what you mean by a branching process. What is an offspring
generating function, and what can it be used for?

b) Assume that a branching process {Xn} starts with one individual
(X0 = 1) and has an offspring distribution given by

Pr{ξ = 0} =
1

12
, Pr{ξ = 1} =

2

3
, Pr{ξ = 2} =

1

4
.

Find the probability distribution of X2.

c) Find the probability of ultimate extinction for this process.

Problem 2

A Markov chain has state space {1, 2, 3, 4, 5} and transition probability
matrix

P =

∣∣∣∣∣∣∣∣∣∣

∣∣∣∣∣∣∣∣∣∣
1 0 0 0 0

0.2 0.3 0.5 0 0
0 0.5 0.2 0.3 0
0 0 0 0.4 0.6
0 0 0 0.5 0.5

∣∣∣∣∣∣∣∣∣∣

∣∣∣∣∣∣∣∣∣∣
.

a) Show that the chain has three classes, one transient and two recurrent.
Define these terms.

b) Starting in the state 2, find the probability of ultimate absorption in
the state 1.

(Continued on page 2.)
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c) Starting in the state 2, find the expected time until entering one of
the recurrent states.

d) Conditioned upon that the chain has entered one of the states 4 or 5,
find the stationary distribution over these two states.

Problem 3

Consider a two-dimensional Poisson process of particles in the plane with
intensity parameter λ.

a) What is the expectation and the variance of the number of particles
in a disc of radius r?

b) Determine the distribution function of the distance D between a
particle and its nearest neighbor.

c) Compute the expectation of the distance D.

THE END

.


