
1st Semester M.Tech Microwave & TV
Engineering And Signal Processing

Tutorial 10: Random Processes

1. Consider a stochastic process X(t) with uniform probability density func-
tion of the amplitude (the probability density function does not change with
time), with maximum amplitude A. The samples of X(t) are independent
from each other. Compute mean, autocorrelation, autocovariance, and vari-
ance of the stochastic process Y (t) = X(t)sin(2πf0 + φ) for the cases in
which

(a) φ is a deterministic value.

(b) φ is a random variable with uniform distribution in the interval [π, π].φ
is independent of X(t).

2. The square wave x(t) of Figure 1 of constant amplitude A, period T0, and
delay td, represents the sample function of a random process X(t). The delay
is random, described by the probability density function

f(Td) =

{
1
T0
, −T0

2
≤ Td ≤ T0

2

0, elsewhere

Figure 1: Square Wave for x(t)

Determine the mean and autocorrelation function of X(t) using ensemble-
averaging.

3. The random variables a and b are independent N(0;σ) and p is the proba-
bility that the process X(t) = a− bt crosses the t axis in the interval (0, T ).
Show that πp = arctan T .
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4. Define random processX(t) as X(t) = Acos(Ωt+ Φ) ,where A and Φ are in-
dependent random variables with known probability density functions fA(a)
and fΦ(φ) and where Ω0 is deterministic and known. This is the case of a
known sinusoidal frequency signal with random amplitude and phase. Fur-
ther it is assumed that A is a Rayleigh random variable and Φ is a uniform
random variable with the following probability density functions:

fA(a) = ae−a
2/2µ(a)

fΦ(φ) =

{
1

2π
, 0 < φ < 2π

0, elsewhere

For this defined random process determine

(a) The mean of the process

(b) The autocorrelation function of the process

5. X(t) and Y (t) are independent wide sense stationary processes with ex-
pected values µX and µY and autocorrelation functions RX(τ) and RY (τ)
respectively. Let W (t) = X(t)Y (t).

(a) Find µW and RW (t, τ) and show that W (t) is wide sense stationary.

(b) Are W (t) and X(t) jointly wide sense stationary?

6. Let A and B be independent and identical distributed (IID) random variables
with mean 0, variance σ2 and third moment µ = E[A3] = E[B3] 6= 0.
Consider a random process,

X(t) = Acos(2πft) +Bsin(πft) −∞ < t <∞
where f is the given frequency.

(a) Show that the random process X(t) is WSS.

(b) Show that X(t) is not strictly stationary.

7. Show that if

s =
∫ 10

0
X(t) dt then, E{s2} =

∫ 10

−10
(10− |τ |)Rx(τ) dτ

Find the mean and variance of s if E{X(t)} = 8 , Rx(τ) = 64 + 10e−2|τ |.

8. The process X(t) is WSS and normal with E{X(t)} = 0 and R(τ) = 4e−2|τ |.

(a) Find P{X(t) ≤ 3}.
(b) Find E{[X(t+ 1)−X(t− 1)]2}.
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