
Ist Semester M.Tech Microwave & TV
Engineering And Signal Processing

Tutorial 13: Markov Process

1. A system which can be modelled as a Markov chain {Xn, n = 0, 1, 2, ....} has
three possible states, 0, 1 and 2. Every hour it makes a transition to a
different state, which is determined by a coin flip. For example, from state
0, it makes a transition to state 1 or state 2 with probabilities 0.5 and 0.5.

(a) Find the transition probability matrix and draw state diagram.

(b) Find the three-step transition probability matrix.

(c) Find the steady-state distribution of the Markov chain.

(d) Find P (X3 = 1/X1 = 0).

(e) Find P (X3 = 1/X0 = 0).

2. Consider following Markov Chain. The process is in S0 just before the first

trial. Determine following probabilities.

(a) The process enters S2 for the first time as the result of the kth trial.

(b) The process never enters S4.

(c) The process enters S2 and then leaves S2 on the next trial.

(d) The process enters S1 for the first time on the third trial.

(e) The process is in state S3 immediately after the nth trial

3. Prove that any random process that has independent increments also has
the Markov property

4. LetX(t) be a Markov random process on [0,∞) with initial density fX (x; 0) =

δ (x− 1) and conditional pdf fX (x2/x1; t2, t1) = 1√
2π(t2−t1)

exp (x2−X1)2

2(t2−t1)

(a) Find fX(x; t) for all t

(b) Repeat part(a) for fX(x; 0) ∼ N(0, 1)

1



5. Consider a time-homogeneous discrete-time Markov chain {Xk : k ≥ 0} with
state space S = {1, 2} and one-step probability transition matrix P given by

P =

[
0.2 0.8
0.4 0.6

]

(a) Find the stationary (equilibrium) distribution π .

(b) Find joint distribution of X1 and X2 given initial distribution P(0) =
[0.4 0.6]

(c) Assuming that X0 has the stationary distribution you found in part (a),
find joint distribution of X1 and X2.

(d) Let the countious time process {Yt : t ≥ 0} be defined as Yt = X1+tX2.
Find mean and autocorrelation function of {Yt}

6. Sam and Pat are playing football. When they begin score is 0−0. If the score
ever becomes tied it is reset to 0 − 0. Starting from any score probability
that Sam gets next point 1

3
. The game stops when one player reaches score

2. Draw an appropriate Markov chain that describes game. Also find the
probability that Pat wins?

7. Let a certain wireless communication binary channel in a good state or bad
state described by continuous time Markov chain with the transition state as
shown in figure. Given that exponentially distributed state transitions have
rates λ1 = 1 and λ2 = 9.

(a) Find the steady state probability that the channel is in good state.

(b) Assume that in the good state there are no errors on the binary chan-
nel, but in the bad state probability of error is ε = 0.01 Find error
probability on the channel.(Assume that channel does not change state
during transmission of each single bit.)

8. A gambler has Re 2. He bets Re 1 at a time and wins Re 1 with probability
0.5. He stops playing if he loses Rs. 2 or wins Rs. 4

(a) What is the tpm of the related Markov chain.

(b) What is the probability that he loses money at the end of 5 plays?

(c) What is the probability that the game lasts more than 7 plays?

9. A fair dice is tossed repeatedly. If Xn denotes the maximum of the numbers
occurring in the first n tosses, find the transition probability matrix P of the
Markov chain {Xn}
Find also P2 and P(X2=6)
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