Tutorial #2

1. 
(Lecture #3, slide #11)

Prove the three properties of the autocorrelation function of a stationary process as given in slide 11 of lesson 3

2. 
(Lecture #3, slide #20)

Prove the expressions for the mean, cross-correlation and auto-correlation of the output process of a linear time-invariant system with stationary input, as given in slide 20 of lesson 3.

[image: image1.png]3. (Proakis & Salehi 4.32 - CLT)

A coin whose probability of a head is  is flipped 2000 times. Using the central limit theorem, find
the probability that the total number of heads lies between 480 and 520. (Hint: assign a binary
random variable X to indicate whether a particular throw was a head or not count the number of

heads.)

4. (Proakis & Salehi 4.44 - Random processes)
The random process X (t) is defined by

X(t) = X cos 2 fot + Y sin 2r fot

where X and Y are two zero-mean independent Gaussian random variables each with variance 0.

(a) Find my (7).
(b) Find Ry (t +7,¢). Is X(t) stationary? Is it cyclostationary?
(¢) Find the power-spectral density of X (t).

(d) Answer the above questions for the case where 0% # 0%.

=

. (Proakis & Salehi 4.63 - Random processes through LTT systems)

Let Y(t) = X(£) + N(t) where X(f) and N(¢) are signal and noise processes. It is assumed
that X(t) and N(t) are jointly stationary with autocorrelation functions Ry (r) and Ry(7) and
crosscorrelation function Ry (7). It is desired to separate the signal from the noise by passing
Y(t) through an LTI system with impulse response h(t) and transfer function H(f). The output
process is denoted by X (t) which is desired to be as close to X (¢) as possible.





[image: image2.png](a) Find the crosscorrelation between X (f) and X (¢) in terms of h(r), Ry (7), Ry (7) and Ry (7).
(b) Show that the LTT system that minimizes E{[X () — X (£)]2} has a transfer function

Sx(f) +Sxn(f)

AU = 57+ 5w () + 2h(Sxw (]

(¢) Now assume that X () and N(t) are independent and N(t) is a zero-mean white Caussian
process with power spectral density 32, Find the optimal H (f) under these conditions. What
is the corresponding value of E{[X (t) — X (¢)]?}in this case?

(d) Tn the special case of Sy (f) = 1, Sx(f) = 1z, and Sx(f) = 0, find the optimal H(f).





