19 March 2008 Name: L/e\j

ECE 438 Exam No. 2 Spring 2008

. 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.

. Calculators are permitted.

1. (25 pts.) Consider a causal linear, time-invariant system with transfer function

R E

a. (3) Find the region of convergence for H(z). Is this system BIBO stable?

b. (13) Find the impulse response A#].
¢. (9) Use the graphical approach to find the magnitude and phase of the frequency

response at the frequency w = 7 /2 radians/sample.
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1. (continued) « Tmi z‘%i

>

tal = bl = |
ld = tdl = fE-oy o1y = VE

=
= /%
= 4
= = 0.8
3
LR = La x b - 2¢ — 24
note : La= Lh?’%
Zd= - £C

e H(tif’%}z 5+ -2 C - R v L&
zﬂ-—’}(
= O



19 March 2008 3 ECE 438 Exam No. 2

2. (25 pts.) For this problem, you should use the formulas provided in the handout as
much as possible.

Consider the 6-point signal x[n] = cos(zn/3),n=0,...,5.

a. (8) Find and sketch the 6-point DFT X[k] of this signal.
Now consider the 6-point signal y[n] = cos(zn/6),n=0,...,5.
b. (15) Find and sketch the 6-point DFT Y[k] of this signal.

¢. (2) Explain the relationship between X[k]and Y[k].
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2. (continued)
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3. a. (21) Derive a decimation-in-time FFT algorithm for a 9-point DFT, and draw
a complete flow diagram for the algorithm.

b.  (4) Calculate the approximate number of complex operations required to
compute the 9-point FFT and compare with the number of complex operations
required to compute the 9-point DFT directly.
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3. (continued)
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4. (25 pts) Let @ be arandom variable that is uniformly distributed on the interval

[0,27). Define a new random variable X = cos(27zf¢ + 8) for some fixed value of
/o and a fixed value of ¢ .

a) (8) Find the mean of X .
b) (8) Find the variance of X .

Now suppose that we define a second random variable ¥ = cos(27 fys + 8), where
Jo has the same value as before and s is a fixed parameter #¢.

¢) (9) Find the expected value of the product XY .
Note: The following formula may be of benefit to you in working this problem.

cosacos B=1cos(a + f)+1cos(a - B)
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4.  (continued)
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