E-E U28 Discrete Signal Processing ;L/l

One Hour 15 minutes Examination o

February 25, 1988 £5.5) , 7
Dr. R. A. Birgenheier /ﬁ Errrrrel b/i €\

One Sheet of Notes

30 pts each
1. A discrete time LII system is characterized by
1 1
y(k+2) + Zy(k+1) - ‘8'y(k) = x(k)

Find (a) the transfer function H(z); (b) y(k) for x(k) = ku(k);
(¢) identify the forced and natural response found in (b).

2. A discrete time filter is characterized by

1
1 - 0052-1 -+ 0052-2

H(z) =

Find (a) the magnitude-square frequency response function , A2(w), (b) the
phase frequency response function ¢(w).

3. Suppose the input to the filter in problem 2 is

x(k) = 2cos -%k

Find the steady state output y{k).

4., (a) Which of the following represent the transfer function of a stable
system? Why?

z3+ .522 - 2.5z + 1

Z3 + 20822 e 2062 + -8

23 - .722 - 7z + W4

]

H1(z)

Hz(z)

(b) Find the unit-sample response of the stable system(s).
5. A second order system is characterized by
y(k) + 1.7321y(k=1) + y(k=2) = 2x(k)

Find the unit step response. Express as a real function of k.
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One Hour 15 minutes Examination [ O AASen iing/ﬂ
April 19, 1988

Dr. R. A. Birgenheier

25 pts.

1. a) Obtain a closed form expression for the DFT of the following sequence:

. o (1 for 0<k<7
©7 "0 for 8<k<3I

b) Find |X,l2 (simplify as much as possible).

10 pts.
2. The DFT of the sequence ¥ A
-0.2k -
X = (° for 0<k<7
0 for 8<k<3l1l
is

1-e '6{cos(2%) - jsin(E%)]

54

.2 Bl 3 8
l-e [cos(16 JSln(l6 ]

Use the modulation property to find the DFT of

LT
e (0-273)k | g0 gck<7

e =1, , for 8<k<3l

25 pts.

3. We wish to obtain an estimate of the power spectral density of a signal by
averaging 100 periodograms obtained by utilizing an FFT proussor. We will
use a Hanning window and wish to have frequency samples separated by

Af=8Hz. Furthermore, we know that the signal is bandlimited by an
antialiasing filter to 25 KHz. Determine the following:

a) Maximum sampling interval, T.
b) Minimum number of samples, N. (use the smallest power of 2).

c) Approximate number of complex multiplications and additions required
for an estimate of the power spectral density.



30 pts.

4. a) Find the lowest order transfer function, H(s), of a low-pass Chebychev
filter to satisfy the following specifications:

D.C. Gain: 0dB

Passband: .5d

B peak-to-peak variation for
< 2KHz

< 0.5
0< ¢
Stopband : > 40dB attenuation for f > 8.5KHz
b) Calculate the exact attenuation at f = 3KHz
30 pts.
5. Repeat problem 4 for a Butterworth filter.
30 pts.

6. Find the lowest-order transfer function, H(s), of a bandpass Butterworth
filter that satisfies the following specifications:

-3dB frequencies: f¢ = 400 Hz

]

fy = 1200 Hz

Attenuation: > 20dB for f > 3000Hz.
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