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Problem 6.1

Suppose that you have a zero-mean unit-variance random signal, z[n], whose samples are perfectly peri-
odic (z[n+ P] = x[n] for all n), but are otherwise completely unpredictable (z[n+k] and 2[n] are independent
for 1 < k < P). What is the expected autocorrelation of this signal?

Solution:
1 n ={¢P for any integer £

0 otherwise

E[rez[n]] = {

Problem 6.2

Suppose that y[n] = x[n] * h[n], where x[n] is zero-mean white noise with variance o2, and h[n] = a™u[n]
for some real constant 0 < a < 1. What is E [ry,[n]], the autocorrelation of y[n]? What is the average signal
power, E [r,,[0]]?

Solution: il
a n
Eryy[n]] = o 1— a2
The average signal power is
1
2
Elry,[0]] =0 1— a2

Problem 6.3

Use Parseval’s theorem (any of its forms) to evaluate the following integral:

1 (" 1
o | et
27 J_o |1 —ae=3v|?

Solution: Any of the forms of Parseval’s theorem can be used to solve this. Perhaps the simplest form is

2 _ 1 " 2
> ool =5 [ IX()Pds

n=—oo -n
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The right-hand side is the integral we want to find. The left-hand side involves the inverse transform of
1/(1 — ae™7%), which is z[n] = a™u[n], therefore

oo

1 /” L S g 1
— ———dw=) a" =
2w J_, |1 —ae=i@|? = 1—a?

We could also use the power form of Parseval’s theorem, which says that

el =5 [ Res@)s

In order to use this form, you’d have to realize that
function you found in problem 2, and therefore

1 (7 1 1
— ————dw = 1[0 = ——
277/ 1—aeiv|? w = a0 1—a?

|

[Tae—sop is the Fourier transform of the autocorrelation

Problem 6.4

Suppose that z[n] is a zero-mean Gaussian noise signal with the following DTFT power spectrum:

o2 lw| < %

0 SF<|w<m

ERys(w)] = {

What is the expected autocorrelation, E [ry;[n]]?

Solution:
o?sin(mn/3)

™

E [Tmm [nH =



