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Name : ...........................
Department of Electronics and Communication

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

First 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.
Clearly show all necessary steps.

Use additional sheets only for rough work. Do not attach them with this booklet.

1. A source transmits a message (a string of symbols) through a noisy communication
channel. Each symbol is 0 or 1 with probability p and 1 − p respectively and is
received incorrectly with probability ε0 and ε1 as shown in Fig. Errors in different
symbol transmissions are independent.

(a) (2 Marks) What is the probability that the kth symbol is received correctly?

(b) (2 Marks) What is the probability that the string of symbols 1011 is received
correctly?
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(c) (3 Marks) In an effort to improve reliability, each symbol is transmitted three
times and the received string is decoded by majority rule. i.e, a 0 (or 1) is
transmitted as 000 (or 111 respectively)and it is decoded at the receiver as 0
(or 1) if and only if the received three symbol string contains at least two 0′s
(or 1′s respectively). What is the probability that a 0 is decoded correctly?

(d) (3 Marks) Suppose that the scheme of part(c) is used, what is the probability
that a symbol was 0 given that the received string is 101?



3

2. A random variable X with uniform density (fX(x)) in the interval [0, 1] is quantized
as follows.
If 0 ≤ X ≤ 0.3, xq = 0
If 0.3 ≤ X ≤ 1, xq = 0.7
where xq is the quantized value of X.

(a) (4 Marks)Plot the probability density function of the quantization error (fE(e)).

(b) (2 Marks)Find the mean squared error (MSE) using the pdf obtained in part
(a).

(c) (4 Marks) Find the MSE using the relation E[(g(X)] =
∞∫
−∞

g(x)fX(x)dx where

g(X) is the squared error.
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3. Players A and B are competing in the long jump. A jumps a distance X whereas B
jumps a distance Y , where X and Y are independent exponential random variables
with parameter λ(in meters).

(a) (2 Marks) The team score of A and B on any given trial is measured by the
sum Z = X + Y of their distances. Compute the pdf fZ(z) and the moment
generating function MZ(s).

(b) (4 Marks) A and B win the competition if their team score on at least one of
three independent trials exceeds 3 meters. What is the probability that they
win the competition?

(c) (4 Marks)Now suppose that λ = 1. Compute the pdf of U = X/(X + Y ),
corresponding to the fraction that A contributes to the team score.
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4. Let X1, X2 and X3 be iid random variables uniform in [0, 1] and Y1, Y2 and Y3
be iid random variables having exponential distribution with parameter 2. Let
Z = max(X1, X2, X3) and W = min(Y1, Y2, Y3).

(a) (3 Marks) Find Prob(Z ≤ a).

(b) (2 Marks)Find the pdf of Z in the interval [0, 1].

(c) (3 Marks) Find Prob(W > a).

(d) (2 Marks)Find the pdf of W .



6

5. Let X and Y be independent random variables that take values in the set {1, 2, 3}.
Let V = 2X+2Y and W = X−Y , Assume that X and Y are uniformly distributed
in {1, 2, 3}.

(a) (3 Marks) Obtain fV (v), E[V ] and Variance of V .

(b) (3 Marks) Find and show on a diagram fVW (v, w). Use the attached graph
sheet.

(c) (1 Mark) Take an example from the above plot and show that V and W are not
independent.

(d) (3 Marks) Find fV/W (v/w = 0) and E[V/W > 0].


