
Statistics 104 - FALL, 2004 — Assignment 3
Due: Wednesday October 20, 2004

Readings (Moore and McCabe)

• Sections 4.1 to 4.5 plus 1.3

Against All Odds videotape

The relevant tapes for this week are numbers 15 (What is Probability?), 16 (Random Variables), 17 (Bi-
nomial Distribution), and 4 (Normal Distribution). This is completely optional supplementary viewing!

Written assignment (Moore and McCabe)

• MM: 4.6, 4.10, 4.14, 4.16, 4.20, 4.32, 4.40, 4.50, 4.56, 1.82, 1.86, 1.94, 1.100, 1.106, 1.108
(Note a link for the applet needed for problem 4.6 is available on the Assignments page on the
course web site.)

Challenge Problem: Markov Chains

As usual this is completely optional, with modest extra credit attached.

Why did the chicken cross the road?
To get to the other side.

A chicken starts out on the north side of a road. Every minute, it either crosses to the other side or
stays where it is. If it is on the south side of the road, it has probability 0.30 of crossing to the north
side, and otherwise it stays on the south side. If it is on the north side, dazzled by the southern sun,
it has probability 0.50 of crossing to the south side. Being a chicken, it has absolutely no memory of
where it was before the current minute. Living in a very rural area, the probability of being run over by
a car or meeting some other mishap is negligible.

1. What is the probability that the chicken is on the north side of the road after one minute? After
two minutes?

2. Calculate the probability of being on the north side at each minute up to ten minutes. (The
calculation isn’t very hard but if you know how you can write a little computer program for it.)
Plot the probabilities against time. Repeat, starting the chicken on the south side of the road, and
plot on the same graph.

Alternatively, you might be able to derive a formula for the probability of being on the north side
aftert minutes (in terms of probabilities of crossing,pS andpN ).

3. Examining either your formula or your graph, does the probability of being on the north side
seem to be approaching a limiting value? What do you think that value is?
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4. Now take it as a given that the probability of being on the north side approaches a fixed value
(the “equilibrium value”) over time. That is, if the probability of being on the north side equals
the equilibrium valuepE at minutet, it is the same at minutet + 1. Derive a formula forpE in
terms ofpS andpN , the probabilities of crossing over from the south or north sides respectively.
(Hint: one way of solving this uses the fact that for the probability of being on the north to stay
the same, the probability of crossing from north to south must balance the probability of crossing
from south to north.)

Sequences of events such as these, in which the probabilities for each event depend on the imme-
diately preceding one but not on earlier events, are called Markov chains. They are widely used in
modelling throughout the social and natural sciences. For example, every unemployed person has a
certain probability of getting a job, while every employed person has a certain probability of losing
their job; somebody who is currently registered as a Democrat has a certain probability of switching to
Republican, etc.
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