16 February 2022 Name:

ECE 438 Exam No. 1 Spring 2022

. You have 50 minutes to work the following four problems.
. Be sure to show all your work to obtain full credit.

. The exam is closed book and closed notes. Smart watches and mobile phones must be
put away.

. Calculators are not permitted.

1. (25 pts.) Consider the linear, time-invariant system defined by the difference equation

y[n]=x[n]-x[n-2].

a. (10) Find a simple expression for the frequency response H(@) of this system.
b. (5) Find a simple expression for the magnitude ‘H (a))’ of the frequency response.
c. (5) Find a simple expression for the phase /H(®) of the frequency response.

d. (5) Carefully sketch ‘H (a))’ and /H(w) . Be sure to dimension all important

quantities on both the horizontal and vertical axes.
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2. (25 pts.) Consider a linear, time-invariant system with unit sample (impulse) response

<n<
Hn]= 1, 0<n<4
0, else

a. (20) Find the response of this system y[n] to the input

x[n]:(%j uln],

by evaluating the convolution y[n]= 2 x[k]h[n—k] .

k=—co
Your solution for y[n] should be an analytical expression or expression(s) for the

signal. It should not contain any summation signs Z .

b. (5) Carefully sketch the function y[n].
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2. (continued - 2)
Sotution;®) xn= (51 urnd
o L]
= -k1= k1X[n-k
Yeny= %mx[k]h[n k1 é@h[ 1x[n-k]
i
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3. (25) Consider the real-valued continuous-time signal x(t) defined by

‘()= %(1+cos(2ﬂt/10)), g <5

0, else

a. (5) Carefully sketch x(t) being sure to dimension both axes.

b. (15) Find a simple expression for the CTFT X(f) of x(t). Your answer should not
include any operators, such as convolution, rep, or comb.

c. (5) Carefully sketch X(f).Be sure to dimension all important quantities on both the
horizontal and vertical axes



Problem 3

a.

The plot of x(¢) is shown here:

Plot of x(t)

09r

08 r

02r

Horizontal axis (1pt)
Vertical axis (1pt)
Plot of x(t) (3pts)

z(t) = rect(lto) % [1 + 005(_)}
The CTFT of z(t) is
X(f) = 10sine(10f) * = {5(f) 41 [6(1‘ - i) +o(f+ %)} }

= 5sinc(10f) * { [ (f - _) +o(f + 10)} }
5
2

= 5sinc(10f) + [Slnc(IO(f - —)) + sinc(10(f + —))]

Expression of z(t) (3pts)

CTFT of rect($5) (2.5pts)

CTFT of 1 (2.5pts)

CTFT of cos(2%) (2.5pts)

Multiplication in time domain is convolution in frequency domain (2.5pts)

A correct final answer (2pts)



C.

The plot of 5sinc(10f) is :

5 Plot of 5 sinc(10f)

terml

B | | | | | | l | l |
-0.5 -04 -03 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
f
5. LAY og .
The plot of 5sinc(10(f — 15)) is :
- Plot of E’ sine(10(f — 5))

term?2

-0.5 -04 -0.3 -0.2



The plot of Zsinc(10(f + 15)) is :

o5 Plot of 2 sinc(10(f + )

termsd

-1 l | | | | | l | | |
-0.5 -04 03 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
f
So the overall plot of X (f) is
5 Plot of X(f)
X(f)

----termi
= === term2
= === tem3

X(f)

-05 -04 -0.3 -0.2 -0.1 0 0.1 0.2 0.3

Horizontal axis (1pt)
Vertical axis (1pt)

A correct plot of X (f) or three correct sub-plots. (3pts)



X, (¢)
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4. (25 pts) (a) (15 pts.) Consider the system shown below:

Analog LPF Ideal A/D

DSP/
Channel/
Storage

Ideal D/A
f.=24kHz

|

N

H (f) f, =24kHz x.[n) x,(t)

x,(t) x:[n]

f =14kHz

Today, with inflation reaching levels not seen in many years, vendors are deploying various
tricks to reduce their costs, while hoping that consumers will not notice. An example is
reducing portion sizes in food items purchased at restaurants or in grocery stores.

Your task is to cost-reduce the system shown above to capture audio signals x, (t) , convert

them to digital format X, [n] , process, transmit, or store them, and then convert the output

x,[n] to analog format x,(t) for listening by the user.

To reduce the overall cost of the system, you decide to reduce the sampling frequency from 28
kHz to 24 kHz, thus achieving a savings of 14.29%. But you decide not to change the analog

low-pass prefilter, since it is hard-wired. So its frequency response H_(f) continues to have

cutoff fc = 14 kHz. But will it work?

Find the output x,(¢t) from this system assuming that the input is x, (t)= cos(Zn(l?)OOO)t) .
Discuss your results. Your answer should be simplified as much as possible. You may ignore
the box labeled DSP/Channel/Storage; so x,[n]=x,[n].

(b) (10 pts.) Professor Allebach has a hearing disability. He basically cannot hear sounds at
frequencies above 2 kHz. You decide to design a digital system that will allow you to hear
sounds as he hears them. The system is shown below:

Analog LPF Ideal A/D Digital LPF Filter Ideal D/A

H,(f) f. =28kHz H () x.[n] *| s =28kHz

x,(t) x,[n] x,(t)

f.=14kHz ®_=7? (radians/sample)

Your task is to choose the cutoff frequency @ _ for the digital LPF filter so that the output

x,(t) resembles how x (t) would sound to Professor Allebach. Discuss your results. Your
answer should be simplified as much as possible.
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