EE 301 Exam 3 4/8/13

Academic Honesty Statement: I am aware of the course policies concerning academic hon-
esty for Professor Krogmeier’s section of ECE 301. Furthermore, I promise that the work I
am submitting with this exam is my own work and that I have used no notes, materials, or
other aids except as permitted by Professor Krogmeier.

Signature:

Name Printed: S° , “+ '. on

General Instructions:

You have 60 minutes to complete the exam.
Write your name on every page of the exam.
The exam is closed book and closed notes. Calculators are not allowed.

Your work must be explained to receive full credit. All plots must be carefully drawn
with axes labeled.

Point values for each problem are as indicated. The exam totals 110 points of which
at most 100 points can be counted.

If you finish the exam during the first 50 minutes, you may turn it in and leave. During
the last 10 minutes you must remain seated until we pick up exams from everyone.

Problems labeled with LO indicate that the problem is used to determine student
satisfaction of course learning objectives.

This exam is for Krogmeier’s section of 301.

Do not open the exam until you are told to begin.



Name:

Problem 1. Assorted Very Short Answer Questions. [30 pts. total, LO-iv] For full credit
you must have the correct answer and a brief explanation of it.

X(jow)

x(t) X F—>y(t)

cos(3t)

(a) [5 pts.] Double-sideband, suppressed carrier amplitude modulation (AM). Find and
plot the spectrum Y (jw) corresponding to y(t) in the above block diagram.
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= li-)((s(w-z)) + ‘i X(S(wﬁ))

(b) [6 pts.] Comparison of required transmission bandwidths. We have a large number of
analog signal sources each of which has a baseband bandwidth of 1 KHz. We hope
to use frequency division multiplexing to transmit these signals using a radio channel
of bandwidth 1 MHz. Consider two different modulation schemes and answer the two

questions below.

— If double sideband suppressed carrier AM is used, how many analog signal sources
can be sent using the 1 MHz radio channel?
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— If single sideband AM is used, how many analog signal sources can be sent using
the 1 MHz radio channel?
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Problem 1. (cont’d.) Name:
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(c) [5 pts.] Simple application of equations defining DTFS. For the above periodic discrete
time signal z[n] with DTFS coefficients denoted by ax, find the single DTFS coefficient
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(d) [5 pts.] Simple property of DTFT. What is the highest frequency discrete-time signal
and what is its DTFT?
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Problem 1. (cont’d.) Name:

(e) [5 pts.] Simple application of equations defining the DTFT. Let a discrete time signal
—-‘swn
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z[n] be defined by

z[n] = (0.8)" tu[n — 1] + 1.258[n] — (0.8) ™ 'u[—n —1].
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(f) [5 pts.] Energy calculations in time and frequency domains. Let h[n] + H(e’) be a
DTFT pair with the DTFT magnitude shown in the plot above. Find the energy in

the time domain pulse:
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Name:

Problem 2. Solving LTI systems using the DTFT and its properties. [40 pts. total, LO-v]
This problem has three parts. Parts (b) and (c) are independent but both rely upon part

(a).

(a) [10 pts.] An LTI discrete-time system is causal and characterized by a difference
equation

vln] — Syl — 2] = 2ln).

Find the transfer function H(e’) of the system.
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Problem 2. (cont’d.) Name:

(b) [20 pts.] Assuming that the input is z[n] = (1/2)"u[n] find the output. You will likely
need to use partial fraction expansion (summarized on the last page of the exam).
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Problem 2. (cont’d.) Name:

(c) [10 pts.] Assuming that the input is z[n] = (—1)" find the output. Note that in this
case the input is periodic and has been applied to the system from infinitely far back
in the past.
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Problem 3. Using the DTFT to simplify computation of DTFS. [40 pts. total, LO-iv] Four

periodic signals are given in the drawing above. All are created from an elementary signal
z[n] & 8[n + 1] — 8[n — 1] by repeating it periodically. For example:

o0

Tq[n] = k; z[n — 3k]

is periodic of period 3.

This problem has four parts.

(a) [9 pts.] Write each of the three remaining signals zp[n], 2.[n], and z4[n] in an expansion
in terms of the elementary signal z[n] analogous to that given for z,[n]. What is the

period of each? P
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Problem 3. (cont’d.) Name:

(b) [9 pts.] Find and simplify the DTFT X (e’*) of the elementary signal z[n].
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(c) [12 pts.] Find and simplify the DTFS of the proper period for each of the four periodic
signals defined in the plot. Denote these DTFS pairs by:

xa[n] < Xa,k:
a:b[n] ~ Xb,k:
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Hint: All of these can be written in terms of samples of the elementary DTFT X (e/).
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Name:

Problem 3. (cont’d.)

(d) [10 pts.] Now let y[n] <> Y (e/*) be an arbitrary DTFT pair. For any positive integer
M create a periodic sequence (of period M) by sampling the DTFT:

~ 1

Y = -—MY(ej“’) for ke 2.

Y
w=2mk/M

Let §[n] be the inverse M-point DTFS of Y. Derive a formula expressing §[n] in terms

of y[n].
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