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Due: November 17, 2009, 10:00 AM

Instructions: Remember to write your name in CAPITAL LETTERS in every page.
If you use more than one page you should staple all pages together. You should include
in your solutions all relevant intermediate steps. At most you can earn 20 points in
this homework. Submit your solutions to mailbox 448 (Tietotalo 4th floor) before the
dealine.

1. (2 points) An L-th order moving average filter is a system that, for an input x[n]
produces the output:

y[n] =
1

1 + L

L∑

k=0

x[n− k]

Is this system linear? Is it time-invariant? It is BIBO stable? Justify your answers.
Find the system’s impulse response h[n].

2. (3 points) Consider a system with the following input-output relationship:

y[n] = 2x[n] +
1

x[n− 1]

1



where x[n] is the input to the system and y[n] is the system’s output. Is this system
linear? Is it time-invariant? Is it BIBO stable?. If you know the response of this system
to an impulse, could you determine the ouput of the system to an arbitrary input?.
Justify your answers.

3. (5 points) Determine the overall impulse response of the system of Fig. 1, where
the impulse responses of the component LTI systems are: h1[n] = 2δ[n− 2]− δ[n− 7],
h2[n] = δ[n] + δ[n + 5], h3[n] = −2δ[n + 6], h4[n] = 3δ[n] − 2δ[n − 2]. What is the
output of the system for the input x[n] = µ[n]− µ[n− 4], where µ[n] denotes the step
function?.
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Figure 1: System composed of several sub-systems.

4. (5 points) Given a continuous-time signal x(t) with autocorrelation function φxx(τ),
find an expression for the aucorrelation function φyy(τ) of a signal y(t) such that:

y(t) = x(t) + αx(t−∆)

where α and ∆ are constants. Express your answer in terms of φxx(τ).

5. (5 points) Justify the fact that, if a discrete-time system is linear and time invari-
ant (LTI), the output of the system to an arbitrary discrete-time input signal can be
determined using only the impulse response of the system.
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