
May 5, 1997 Name:___________________

EE 438 Final Exam Spring 1997

• You have 120 minutes to work the following 6 problems.
• Be sure to show all your work to obtain full credit.
• The exam is closed book and closed notes. However, you may bring with you 4

sheets of formulas handwritten on both sides of one 8.5x11 in. sheet of paper,
readable by the unaided eye.

• Calculators are permitted.

1. (20 pts.) Consider the system defined by the difference equation
y[n] = x[n] − x[n −1] − y[n −1]

a. Find the impulse response for this system.

b. Find simple expressions for the magnitude and phase of the frequency response
of this system.

c. Sketch the magnitude and phase of the frequency response.

d. Is the system BIBO stable?
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1. (continued)
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2. (20 pts.) Consider the signal

x[n] =
2−n, 0 ≤ n ≤ 20

0, else





a. Compute the energy for this signal.

b. Compute the power for this signal.

c. Find a simple expression for the DTFT of this signal.

d. Find a simple expression for the 32 point DFT of this signal, using the samples
x[n]  for 0 ≤ n ≤ 31.
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2. (continued)
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3. (20 pts.) The digital synthesizer for voiced speech shown below operates at a 10 kHz
sampling rate.

Vocal Tract
V(z)

D/A
e[n] s[n] s(t)

The excitation is given by e[n] = δ[n − 200k]
k=−∞

∞

∑ . The vocal tract transfer function

V(z)  has poles and zeros at the locations shown below:

1

1

-1

-1

Re{z}

Im{z}

30o

a. What is the pitch period in seconds?

b. Find the formant frequencies in Hz, and rank them according to their strength,
i.e. how peaked the vocal tract response is at the corresponding frequency.

c. Sketch what a wideband spectrogram would look like for this utterance. Be sure
to label the pitch and formant information appropriately.

d. Sketch what a narrowband spectrogram would look like for this utterance. Be
sure to label the pitch and formant information appropriately.
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3. (continued)
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4. (20 pts.) Consider the digital signal processing system shown below.

2 2G(z)

2 2G(z)z-1 z+1

Σ+

+

x[n] y[n]

Find an expression for the overall frequency response H(ejω )of this system in terms
of the frequency response G(ejω ) of the filters in the system. Be sure to simplify
your answer as much as possible.
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4. (continued)
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5. (20 pts.) The 2-D signal f (x,y) = cos[2π(90x +10y)] is sampled with an ideal
sampler at 100 samples/inch to generate the signal

f s(x,y) = f (0.01m
n
∑

m
∑ ,0.01n)δ(x − 0.01m,y − 0.01n).

This signal is then convolved with sinc(100x,100y) to yield the reconstructed signal
f r (x,y).

a. Sketch f(x,y)  showing a top view of the x-y plane in which the points where
f(x,y) =1 are clearly labeled.

b. Find a simple expression for f r (x,y).

c. Sketch f r (x,y) showing a top view of the x-y plane in which the points where
f r (x,y) =1 are clearly labeled.
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5. (continued)
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6. (20 pts.) The STDTFT is defined as
X(ejω,n) = x[k]w[n − k]e− jwk

k
∑

.
Consider the signal

x[n] =
cos(πn / 6), n < 0

cos(πn / 2), n >= 0


 ,

and assume a rectangular window

w[n] =
1, |n|< 20

0, else


  .

a. Find a simple expression for X(ejω,n) that is valid for times n < 20 and n > 20.

b. Sketch |X(ejω,n)| for n = 0 and for n = 20. Be sure to label important
dimensions.
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6. (continued)

1 . _______

2 . _______

3 . _______

4 . _______

5 . _______

6 . _______

Total _______


