
ECE 345: Linear Systems and Signals Fall 2020
Professors Sarwate and El Rouayheb Due: 5 PM, September 11, 2020

Homework 1

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 (Zero-crossings for CT signals). Find the points where these signals take on value 0, i.e. when
the cross the time axis. Note that for some of them there may be multiple places where they cross the axis.

(a) x(t) = 5t− 4

(b) x(t) = 2t2 − 7t+ 6

(c) x(t) = 3 cos(100πt+ 50π)

(d) x(t) = t−1
t+1

(e) x(t) = sin(4πt)
πt

You can verify your answers using MATLAB.

Problem 2 (Limits for CT signals). Find the limiting values as t→∞ of the following signals.

(a) x(t) = 1
t log(t)

(b) x(t) = t2e−t

(c) x(t) = e−2t sin(10πt)

(d) x(t) = 3t+1
2t+5

You can verify your answers using MATLAB.

Problem 3 (Complex signals). For each of the following complex signals, calculate the magnitude and phase
functions analytically.

(a) x(t) = e−j(t/2+3)

(b) x(t) = e−jt/2 + 2e−jt/3

(c) x[n] = 3ej(π/6)n

(d) x[n] = 3ej(π/6)n + 2ej(π/9)n

Problem 4 (Steps and ramps, SSTA 1.27). Find formulas for these signals in terms of steps and ramps.
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Problem 5 (CT periodic signals, SSTA 1.26). Determine the period of each of the following waveforms. If
the signal is not periodic, explain why.

(a) x(t) = sin(2t)

(b) x(t) = cos
(
π
3 t
)

(c) x(t) = cos2
(
π
3 t
)

(d) x(t) = cos(4πt+ π/3)− sin(4πt+ π/3)

(e) x(t) = cos
(
4
π t+

π
6

)
− sin

(
4πt+ π

6

)
Problem 6 (DT periodic signals, SSTA 7.3). Compute the fundamental periods and fundamental angular
frequencies of the following signals. If the signal is not periodic, explain why.

(a) 7 cos(0.16πn+ 2)

(b) 7 cos(0.16n+ 2)

(c) 3 cos(0.16πn+ 1) + 4 cos(0.15πn+ 2)

Problem 7 (CT power and energy). Determine power and energy for each of the following CT signals to
decide if they are energy-type, power-type, or neither.

(a) x1(t) = e−2tu(t)

(b) x2(t) = ej(2t+π/4)

(c) x3(t) = cos(t)

Problem 8 (DT signals). For each of the following DT signals determine (analytically) the power and
energy to decide if they are energy-type, power-type, or neither.

(a) x1[n] =
(
1
2

)n
u[n]

(b) x2[n] = ej(π/2n+π/8)

(c) x3[n] = cos
(
π
4n

)
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