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Problem 1. Consider a zero-mean white random process X[n] with autocorrelation func-
tion rx[m] = σ2δ[m]. The process is filtered with a 2−tap FIR filter whose impulse response
is h[0] = h[1] = 1. Compute the values of the autocorrelation for the output random process
Y [n] = X[n] ∗ h[n] from n = −3 to n = 3.

Problem 2. Consider the stochastic process defined by

Y [n] = X[n] + βX[n− 1],

where β ∈ R and X[n] is a zero-mean wide-sense stationary process with autocorrelation
function given by

Rx[k] = δ2a|k|

for |a| < 1.

(a) Compute the power spectral density PY (ejw) of Y [n].

(b) For which values of β does Y [n] corresponds to a white noise? Explain.

Problem 3. Consider a stationary i.i.d. random process x[n] whose samples are uniformly
distributed over the [−1, 2] interval. The process is quantized with a 1−bit quantizer Q{}
with the following characteristic:

Q{x} =

{
−1 if x < 0
+1 if x ≥ 0

Compute the signal to noise ratio at the output of the quantizer.

Problem 4. Consider the quantizer Q which takes X that has a value in the interval
[0, 1] and outputs X̂, the first r bits of its binary expansion. Assume we feed X with the
following density function into the quantizer:

fX(x) =
1

2
+ bx.

(a) Find b.

(b) Find Pr(X̂ = x̂).

(c) Around a point y, i.e., in a small interval [y, y + δ] what fraction of points out of the
K = 2r should there be in this interval approximately; in particular how does this
relate to f(x).


