UCLA DEPARTMENT OF ELECTRICAL AND
COMPUTER ENGINEERING

ECE 102: SYSTEMS & SIGNALS

Midterm Examination
Februarv 2, 2021

+15 min. for Gradescope sihmission)

Duration: 1 hr 50 min. (

INSTRUCTIONS:
e The exam has 6 problems and 18 pages.
e The exam is open-book and open-notes.

e Calculator/ MATLAB allowed.

e Show all of your work! No credit given for answers without
math steps shown and/or an explanation.

o NO LATE SUBMISSIONS ALLOWED ON GRADESCOPE.
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3.4 Inverse Laplace Transform
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Problem 1 (15 pts)

— : ; ; ,
Consider signal z(t) depicted in the figure below
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(a) (8 pts) Sketch even and odd components of z(t). Label the value of
the even and odd components at t = 0. Assume 2(0) = 1.

(b) (7 pts) Sketch —2z(—3t + 1).
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Problem 2 (13 pts)

Ihe system S is given by the following relation

y(t) = x(t) + e tx(t)u(t+1), —oo<t< oo

Using the system relation, answer the following questions about the system.
5 s
You need to justify your answer and show your work.

(a) (3 pts) Is the system linear? Prove it.

(b) (3 pts) Is the system time-varying or time-invariant? Justify your an-
swer.

(¢) (2 pts) Is the system causal or not causal? Justify your answer.

(d) (4 pts) Find the impulse response function of the system.
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Problem 3 (15 pts)

The impulse response function for a linear system is given below:
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(a) (2 pts) Is the system time varying or time invariant? Justifv vour
answer.

(b) (2 pts) Is the system causal or not causal? Justify vour answer.
(¢) (4 pts) Is this system BIBO stable? Justify vour answer.
(d) (3 pts) Write the system input-output relation with z(t) as the input

and y(t) as the output. Simplify your answer so it does not include
unit step functions.

(e) (4 pts) Compute the step response of this system.

Hint:
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where f(z) is the "error function”, defined for all z with output range [—1, 1].
Thus. this integral will evaluate to a value in the range [—+/m, /7] for any a
and b. You do not need to simplify error functions.
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Problem 4 (20 pis)

Consider a cascade of two systems Sy, = 51.9,.

x(1) y(0) 7(t)
e e S » S2 T

The first system S, is described by:
y(t) = / 6(t—o-1)z(0) - 6(t — 0 - 3)z(o)do

where x(t) and y(t) are the input and the output, respectively. The second
system is described by:

2] = /_1 y(o)e'~do

where y(?) and 2(t) and the input and the output, respectively.

(a) (6 pts) Find the impulse response functions hy(¢,7) and hy(t, T) of S
and S, respectively.

(b) (6 pts) Find the impulse response function hyo(t,7) of the cascaded
system Si,. Show your work.

(c) (4 pts) We can express this same cascaded system as a parallel cascaded
system, as shown in the figure below. Determine the input-output
relationships for each of the systems in this topology, S3, Sy, and Ss.
Do not leave any unit impulse or unit step functions in your equations.
Describe how you arrived at this solution.
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(d) (2 pts) While using this system, we probed y(t) and found the following
signal. What was the input z(t)?
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Problem 5 (8 pts) Find the Laplace transform and ROC of the following
functions. Show all of vour work and specily any Laplace identities or prop-
erties you use.

(a) (3 pts)

J(t) = sin(5t — 16)sin(3t — 9)u(t — 3) + u(t)

Hint: sin(6)sin(o) = 3lcos(6 — &) — cos(f + ?)).
(b) (5 pts)
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Problem 6 (12 pts)

The transfer function for a causal system S is:

3s% + 125 + 15
(524 25+ 5)(s + 3)

H(s) =

(a) (4 pts) Sketch the zero-pole plot of H(s). Describe how you found the
poles and zeros.

(b) (8 pts) Find the impulse response function of system S by finding the
Inverse Laplace transform of I (s). Show your work and specify any
Laplace identities or properties you use.
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