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EE 438 Final Exam Fall 1999
. You have 120 minutes to work the following five problems.

. Be sure to show all your work to obtain full credit.

. The exam is closed book and closed notes.

. Calculators are permitted.

1. (25 pts.) Consider the system described by the following difference equation:

y[nl =+ {x[n]+2x[n - 1]+ x[n - 2]}.
a. (17) Find simple expressions for the magnitude IH (e’ )| of the frequency
response and the phase /H(e’®) of the frequency response.

b (8)Sketch |H(e™)| and /H(e™).
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(25 pts.) Consider the system described by the following difference equation:
ylnl = x[n]- x[n—1]+3yln-1]-y[n-2].
a.  (6) By direct substitution into the difference equation, find the response
¥[n], 0<n <5 to the input

1, n=0
x[n]=4-1, n=1

0, else
Assume that the system is initially at rest.
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b.  (7) Plot the locations of the poles and zeros for this filter.
c.  (2) Is the system stable?
d.  (10) Find a simple closed form expression for the impulse response of
this system.
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2. (continued)
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(25 pts.) A 30 sec. segment of speech is low pass filtered to bandlimit it to 4 kHz,

then sampled at 8 kHz. This speech signal is corrupted by noise in the band of
frequencies from 50 Hz to 100 Hz.

You are going to compute the DFT X[k] of the signal x[n], multiply by an
appropriate filter frequency response H[k] to cut out the corrupted portion of the

signal spectrum, and then compute the inverse DFT to obtain the cleaned-up signal
yln].

a.  (5) Choose the minimum length N of the DFT that will allow you to use a radix
2 FFT algorithm. K

b.  (15) Specify exactly what the frequency response H[k] should be.

. (5) Assume that your processor can execute 1 million complex floating point
operations each second and that this includes overhead for indexing, memory
fetches. Compute the amount of time required to process the entire signal.
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3. (continued)
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4. (25 pts.) Consider the DT signal
cos(rtn/2), n<0
{cos(n‘n /6), n=20
Suppose we define the STDTFT as

X(e™ n) = Zx[k]w[n Kl i, W L';l
where the window function is given by __ﬂtd‘_‘
[n]= 1, -10sn<10 _
wnl= 0, else - 10 l 10 7'\

Calculate the STDTFT and sketch its magnitude for the following three cases:
a. n<-10
b. n>10

c. n=10 x (,vt] (back LUOJ‘JS)
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4. (continued)
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5. (25 pts.) Consider the 2-D signal f(x,y) shown below

which consists of a circle of radius 5 centered at the origin. Within the circle,
f(x,y)is given by
+3cos[2n(x +y/5)].
Outside the circle, f(x,y)=0. The lines inside the circle in the figure above
approximately represent lines of constant amplitude in the sinewave.
a.  (17) Using standard transform relations and standard transform pairs, find a
simple expression for the continuous-space Fourier transform (CSFT) Fi u,v)
of this signal.

b.  (8) Sketch what F(u,v) looks like.
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