ECE 345: Linear Systems and Signals Fall 2020
Professors Sarwate and El Rouayheb Due: 5 PM, October 9, 2020

Homework 3

Note: Almost all original work is the intellectual property of its authors. These works may include
syllabi, lecture slides, recorded lectures, homework problems, exams, and other materials, in either printed
or electronic form. The authors may hold copyrights in these works, which are protected by U.S. statutes.
Copying this work or posting it online without the permission of the author may violate the author’s rights.
More importantly, these works are the product of the author’s efforts; respect for these efforts and for the
author’s intellectual property rights is an important value that members of the university community take
seriously.

Problem 1. Find the convolution of the following two DT sequences:

2 <k<?2
alh) = {2 Osks W
0 otherwise

hlk] = (2)

k+1 0<k<4
0 otherwise

Problem 2 (ECE 345 Fall 2017, Midterm 1). For LTI systems the system is BIBO stable if its impulse
response is absolutely summable:

Z |hi[n]| < oo = BIBO-stable (3)

n=—oo

Suppose we have a DT LTI system defined by the following input-output relation:

yln] = oln] + %x[n _1). (4)

Calculate the inverse system. Is it causal? Is it stable? Hint: see if you can write z[n] in terms of y[n],
y[n — 1], etc. and try to find a pattern.

Problem 3 (ECE 345 Midterm 1, Fall 2018). Suppose the impulse response of an LTT system is given by
h(t) = e 2t (u(t — 1) — u(t — 3)). (5)
(a) Sketch the impulse response of the signal. Be sure to label all important points.

(b) Suppose we put the following input signal z(¢) into the channel.
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Write an algebraic expression for z(t) in terms of unit step functions.

(¢) For the z(t) in the previous part, compute the output of the LTI system h(t) with input x(¢t). Hint:
use linearity.

(d) Suppose we instead apply the input w(t) = e~! into this system h(t). Calculate the output of the
system.

Problem 4. Suppose a CT LTI system has impulse response
h(t) = (3e72t — 2e~4)u(t) (6)
Compute the output of the system with the following inputs:
1. x(t) = e 3tu(t)
2. z(t) = 2e 2 u(t)

Problem 5 (SSTA 2.15). It’s important to be able to compute convolutions without having to resort to
the definition each time. The key is to use convolutions which you have computed before. Here are some to
practice on. Remember: draw a picture!

(a) u(t) * [2u(t) — 2u(t — 3)]
(b) u(t) « [(t = Du(t —1)]
(c) [6(t) +25(t—1)+35(t —2)] = [46(¢) + 5d(t — 1)]
Problem 6. Consider the signal
z(t) = e Pu(t)e Plu(t), (7)

and denote its Laplace transform by X (s). What are the constraints placed on the real and imaginary parts
of @ if the region of convergence of X (s) is Re(s) > —37

Problem 7 (SSTA 3.8). Determine the Laplace transform of the following functions:
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Problem 8 (ECE 345 Fall 2019 Midterm 2). Suppose a causal CT LTT system has bilateral Laplace transform

2s — 2

H(s) = T 035+ 1 (8)

(a) Write the linear constant coefficient differential equation (LCCDE) relating a general input z(t) to its
corresponding output y(¢) of the system corresponding to this transfer function in equation (8).

(b) Plot the pole-zero diagram and indicate the region of convergence for this system. Is this system stable?
Explain your answer.

(c) Suppose the input z(t) = e *u(t). Find the output y(t).



