EE523: Random Processes for Communication and Signal Processing

Homework #8

1. Let arandom process X (¢) with mean value 128 and covariance function Cx x (7) = 1000 exp(—10|7|)
be filtered by the low pass filter

to produce the output process Y ().

a) Find py (¢).
b) Find the covariance function Cyy (7).

2. Consider the system shown in the figure below. Let X (¢) and N(t) be WSS and mutually
uncorrelated with p.s.d’s Sxx(w) and Syy(w) and zero means.

X(t)—g——* h()  F—— Y1)

Figure 1:

a) Find the psd of the output Y (¢).
b) Define the error €(t) = Y (t) — X (t) and evaluate the psd of e(t).

c) Assume that h(t) = ad(t) and choose the value of a that minimizes the power of €(t).

3. Let the random variables, Ay, By, k > 0 be mutually independent with mean zero. Let Ag
have variance 0124 and let By, have variance 0'% for all k. Define a discrete-time random process
{Y% }r>0 such that Yy = 0 and Y41 = AgYy + By, for k£ > 0.

a) Find a recursive relation for E(Y}?).
b) Does Y have independent increments 7

¢) Find the autocorrelation function of Y (in terms of E(Y}?))
4. Consider the random BPSK signal with random initial phase.
X(t) = cos(2m fot + O(t) + B)

where (3 is a random variable distributed uniformly between [0, 2] independent of ©(¢). The
signal ©(t) is such that
Ot)=B, ifnT <t<(n+1)T

and B, is i.i.d. sequence of random variables such that P(B,, = 7/2) = P(B,, = —x/2) = 0.5.
The time interval T is an integral multiple of 1/f.. Show that X (¢) is WSS and find its mean
and autocorrelation function.



5. Consider a zero mean WSS process X (t) such that Rxx(7) = ﬁ exp(—|7|/70). The process
X(t) is input to an ideal low-pass filter with frequency response

Glw) = {1 lw| < wo

0 otherwise

to obtain a signal Y (¢). Show that when |wy7y| << 1 i.e. the product wy7y is much smaller
than 1, Syy (w) is approximately the psd of white noise band-limited to [—wy, wo).



