6 May 2003 ~ Name:__ >cluton

EE 438 Final Exam Spring 2003

You have 120 minutes to work the following five problems.
Be sure to show all your work to obtain full credit.

Unless explicitly stated to the contrary, you must simplify your answer as much as
possible to obtain full credit.

The exam is closed book and closed notes.
Calculators are permitted.

(25 pts.) Consider the DT system described by the following equation:
yln} = x[2n]
For each property listed below, either prove that the property holds or provide a
counter-example to demonstrate that it does not hold.
a. (5) linearity
b. (5) shift-invariance
C. (4) causality
d. (4) bounded-input-bounded-ouput stability

For the next two parts to this problem, we consider the “frequency” response of
this system.

e. (4) Find the response y_[n] of this system to a complex exponential
x[n]=e"

f. (3) For the input signal x{n] in part e above, is it possible to find a function
H(w), such that y_[n]= H(w)x[n]? Why or why not?
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1. (continued)
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2.

(25 pts) The signal x(¢) shown below
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is bandlimited to 350 Hz with an ideal low pass filter, then sampled at a 350 Hz
rate. The sampled signal is filtered with a digital filter described by the difference
equation

1
yln}= > (x{n] +x[n—1).

Then the signal is passed through an ideal D/A convertor that can be modeled as a
lowpass filter with cutoff frequency at 175 Hz. The entire system is shown below:
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Find simple expressions for the following signals:

a. (10)x[n]
b. (5)yln]
c. (10) y(@)

Hint: It’s best to work this problem all the way through in the frequency domain,
even though you are asked for time-domain results.
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2. (continued)
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3. (25pts)

Consider the signal x(¢) shown below. Assume that this signal is to be quantized
with interval 2 between quantization output levels. with O a5 +)¢ f;m o1t /[ﬁ' level.
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a.  (6) Carefully draw the quantized signal x_(¢) on the same axes as that of x(z).

b.  (5) Plot the error e(#) = x(¢) — x,(r) on the axes indicated, below the plot for
x().

c.  (7)Estimate the mean-squared value e, _of this signal.
d.  (7) Suppose that x(#)is a random signal that obeys the density function
1
fi(x)= 3 rect[(x—4)/8]

Find the signal to noise ratio at the output of the quantizer.
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3. (continued)
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4. (25pts)
a. (15) Consider the signal f(x,y)shown below
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which has value 1 in the shaded areas, and value 0, elsewhere. The bars are
infinitely long along the y axis; and there are infinitely many of them along the x

axis.

Find a simple expression for the CSFT F(u,v) of this signal, and sketch it.
b. (10) Consider the signal g(x,y)shown below

Yy

which has value 1 in the shaded areas, and value 0, elsewhere. Here bars have
length 24 along the y axis; but there are still infinitely many of them along the x
axis.
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Find a simple expression for the CSFT G(u,v) of this signal, and sketch it.
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5. (@5pts.)
Consider a spatial filter with point spread function h[m,n] given below
h[m,n] n
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a. (10) Find the output g[m,n] when this filter is applied to the following input
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b. (12) Find a simple expression for the magnitude |[H(u, V)| of the frequency
response of this filter, and sketch it along the pand v axes, and the | = v axis.
c. (3) Compare your results from parts a and b, and explain what this filter does.

Relate spatial domain properties to frequency domain properties. There are three
distinct, basic properties to discuss.
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5. (continued)
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