26 March 2014 Name:_Solution

ECE 438 Exam No. 2 Spring 2014

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 not permitted.

X(z)= !

(1 -2z )(1 - z_lj
(25 pts.) Consider the Z-transform 2 .

X(z)

Find all possible regions of convergence for and determine the corresponding

time-domain signal x[n] for each possible region of convergence.
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2. (25) Fast Fourier Transform Algorithm

a. (10) Derive the complete equations that describe a Fast Fourier Transform
(FFT) Algorithm to compute a 10-point Discrete Fourier Transform (DFT).

b. (15) Draw a complete and fully labeled flow diagram for your 10-point FFT

algorithm.
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3. (25 pts) Periodic Convolution

a) (21) Determine the 4-point periodic (circular) convolution ¥I7] of the two 4-
point signals X171 and Y1) shown below:

n|0123

xin] |1 1 -1 -1
yinl|1 2 3 4

b) (4) To what length would these signals need to be zero-padded in order that a
portion of their periodic convolution will match the non-zero region of their
aperiodic convolution?

Q) Z[r] = xn) ® Yin] = é%[(n—m) mod ‘Uﬂ["‘J

M %[ ¢n=m) mod 4 )
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xlo-m) 4 o - 2lo]=1-2-3 14 -0

xhomd 1 o - 2D)s eaeiegsey

x[2-m] - ! T 2[2) = -1 +2+3-4 =0

x[2-m] -~ - f | 2[3) =-1-2+2+4:4

X[4-m) | =1 ~| | Z[4] = |-2-2+4 =D
Z[n) = Z2[n mod 4 ]

b) In ﬁww{ , E]C X[n] hos (ength N and Yl hos Iujﬂ M
(not meludle zetos o the Start omol end of the Seguene ) . Periodie  comvolution
With  [ength N+m-1 Wik match operiodic  convpution yesuits . Sine N=4
M=4 in This Problem, e hove NimM-) =7 . Thucfw., we neesd to pod
eoch given Segpene with 2 more zeros .
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4. (25 pts) Spectral analysis with the DFT. Consider the 10-point signal
xX[n]=cos(37n/10),n=0,...9

¢) (10) Find a simple closed-form expression for the 10-point DFT Xk of
y sin(wN /2)
psinc (@)= —————=
X[n]in terms of the function sinf(w /2)

10) _
d) (15) Carefully draw a complete sketch of X[k k=0.....9 being sure to
dimension all important quantities and fully label the axes. You may ignore
the contribution of any linear phase terms to your sketch.
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5.  (continued)
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