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Stream : .......................

Name & Roll No : ...........................
Department of Electronics and Communication

College of Engineering Trivandrum
First Semester M.Tech Microwave & TV and Signal Processing

Final Class Test, Time 2 Hours, Max Marks: 50
TSC 1001: Random Processes and Applications

Instructions : Answer all questions in the space provided in this booklet.
Use only THREE additional sheets and attach them with this booklet.

Use extra sheets for rough work and do not attach them with this booklet.

1. A zero mean gaussian random vector

X =

[
X1

X2

]
has co-variance matrx given by

C =

[
2 −1
−1 2

]
(a) (2 Marks) Find the probability density function of the random variable Z =

X1 +X2 .

(b) (2 Marks) Find the joint density of X1 and X2.
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(c) (5 Marks) Find a transformation Y = AX, so that the components of Y (Y1
and Y2) are independent Gaussian random variable with unit variance.

(d) (2 Marks) Find P (Y1 ≤ 2/Y2 ≤ 3)
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2. For a standard Wiener process W (t)

(a) (2 Marks) Derive an expression for the autocorrelation Rww(t1, t2).

(b) (3 Marks) If X(t) = W 2(t), for t ≥ 0, find the first order pdf fX(x, t).

(c) (3 Marks) Show that the Karhunen Loeve expansion basis functions of W (t) are
sinusoids.

(d) (2 Marks) Explain how did you generate the sample functions of a Wiener
process in Matlab. (Code not required). (Use one additional sheet for the
above 2 sections of Question 2.)
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3. A random process Y (t) is given by Y (t) =
2∫
−2
X(t− s)ds

(a) (5 Marks) Find the auto correlation and power spectral density of the process
Y (t) if X(t) is white noise process with unit variance.

(b) (5 Marks) Find the autocorrelation of the process Y (t) if the process X(t) is
a random sinusoid , with constant amplitude and frequency and random phase
(uniform in [0, 2π]).
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4. Consider a Markov chain {Xn : n = 0, 1, 2, ......} specified by the following transition
diagram.

(a) (2 Marks) Find the steady state probabilities π0, π1, π2 of the different states.

(b) (5 Marks) Find the mean and variance of X3. The steady state distribution may
be assumed as the initial distribution.

(c) (3 Marks)Let Yn = Xn−Xn−1. Find Prob(Xn−1 = 1/Yn = 1).(Use an additional
sheet for the above 2 sections of Question 4.)
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5. For the three state continuous time Markov chain shown below

(a) (5 Marks) Derive expressions for the steady state probabilities.

(b) (3 Mark) Suppose that the process is at state 2 at t = 0. What is the probability
that it will be in state 2 for some arbitrary time t ≥ 0 ?

(c) (2 Marks) Show that for a Poisson Process N(t) with rate λ, Prob(N(t) > 1) =
o(t). (Use an additional sheet for the above 2 sections of Question 5.)


