
ECE 3075, Fall 2008

Homework #9

Due Friday November 14, in class

Reading: Cooper and McGillem, Chapter 6

Using you class notes, prepare a 1-2 paragraph summary of what we talked about in class
in the last week. I do not want just a bulleted list of topics, I want you to use complete
sentences and establish context (Why is what we have learned relevant? How does it connect
with other things you have learned here or in other classes?). The more insight you give,
the better. Turn in your summary on a separate sheet of paper with your solutions to the
problems below.

1. C&M 6-2.1

2. (a) C&M 6.5-1. (Use the signal in Figure 6-6(a), 6-6(b) not Figure 6-4 as it says in
the book.)

(b) C&M 6.5-2. (Again, use Figure 6.)

3. (Adapted from C&M 6-8.1.) The random process X(t), t ∈ R has the form

X(t) = 0.01 sin(100πt+ θ),

where θ is a uniform on [−π, π].

(a) Find the mean function µ(t) = E[X(t)].

(b) Find the autocorrelation function RXX(t1, t2). Is X(t) WSS?

(c) Now suppose the we observe X(t) in the presence of noise, which we will model
as another WSS random process (independent of X(t)) N(t) with zero mean and
autocorrelation function

RNN (τ) = 10e−100|τ |.

What are the relative variance functions σ2
X(t) and σ2

N (t)? Find the autocorre-
lation function for Y (t) and plot it. What happens when τ is small? Large?

(d) Find the smallest value of τ the autocorrelation for which the peak of the au-
tocorrelation of X(t) is 10 times larger that the autocorrelation function of the
noise.

(e) How might we estimate the signal from an estimate of the autocorrelation func-
tion RY Y (τ)?

4. C&M 6-8.2

5. Suppose {X[n]} is a discrete time random process with the following properties:

• Binary valued: for each n, either X[n] = 1 or X[n] = −1.

1



• Memory: X[n+ 1] depends on X[n] in the following way:

Pr(X[n+ 1] = 1 | X[n] = 1) = p

Pr(X[n+ 1] = −1 | X[n] = 1) = 1− p
Pr(X[n+ 1] = −1 | X[n] = −1) = p

Pr(X[n+ 1] = 1 | X[n] = −1) = 1− p

for some 0 ≤ p ≤ 1. In other words, the probability that X[n] changes values at
each sample is 1 − p. Note that for p = 1/2, this is a sequence of independent
Bernoulli random variables; for p > 1/2, X[n+1] is encouraged to have the same
value as X[n]; for p < 1/2, X[n+ 1] is encouraged to have the opposite value of
X[n].

(a) For p 6= 1/2, it is clear that X[n + 1] is not independent of X[n]. Is X[n + 2]
independent of X[n]? Why or why not?

(b) For a particular sample sequence . . . , x[−1], x[0], x[1], . . . we say there is a tran-
sition at time n if x[n] 6= x[n − 1]. Find the pmf for the number of transitions
in an interval of length k: (n, n+ k] = {n+ 1, n+ 2, . . . , n+ k}.

(c) Write down an expression for the probability that the number of transitions
is odd. Also write down an expression for the probability that the number of
transitions is even.

(d) Find the autocorrelation function RXX [n, n+ k]. Is the process wide-sense sta-
tionary (WSS)? Hint: you will use your results from part (c). Also, to simplify
your expression, you might find the following facts useful:

i. 1 = (−1)` for ` even,
ii. −1 = (−1)` for ` odd,

iii. (a+ b)k =
∑k

`=0

(
k
`

)
a`bk−` (the binomial theorem).

(e) Sketch the autocorrelation function when p = 3/4, p = 1/2, and p = 1/4.

6. Let h[n] and x[n] be discrete sequences defined as

h[n] =

{
0.5n n ≥ 0
0 n < 0

, x[n] =

{
1 |n| ≤ 5
0 |n| > 5

.

Calculate the convolution h ? x.
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