21 March 2018 Name:

ECE 438 Exam No. 2 Spring 2018

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.

(25 pts.) Consider the Z-transform X(z), given below, of a DT signal x[#x].

(1—%21)1(1+221)

a.  (6) Find the three possible regions of convergence for X(z).

X(z)=

b.  (19) For each possible region of convergence for X(z), find the
corresponding signal x[#n].
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2. (25) Fast Fourier Transform Algorithm

a. (13) Derive the complete equations that describe a Fast Fourier Transform
(FFT) Algorithm to compute a 6-point Discrete Fourier Transform (DFT).

b. (12) Draw a complete and fully labeled flow diagram for your 6-point FFT
algorithm.
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3. (25 pts).

a) (5)Let x[n]=e>"5, n=0,1,2,3,4 . Find the 5-point DFT
X[k], k=0,1,2,3,4 of x[n].

b) (2) Carefully sketch X[k], k=0,1,2,3,4 from your answer to part (a) above.

c) (12) Let x[n]=¢""®""° n=0,1,2,3,4 . Find the 5-point DFT
X[k], k=0,1,2,3,4 of x[n].

d) (6) Carefully sketch X[k], k=0,1,2,3,4 from your answer to part (c) above.
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4. (25 pts) Consider the two signals x,[n] and x,[n] given below.

n o1 2 n |0
xl[n]|1 11 x[n]

a) (11) Find the aperiodic convolution of x [n] and x,[n] .
b) (12). Find the 3-point periodic convolution of x,[n] and x,[n].

¢) (2) To what length N would the signals x,[n] and x,[n] need to be zero-
padded so that a portion of the N -point periodic convolution of x,[7] and

x,[n] matches the non-zero portion of their aperiodic convolution?



Question 1

(25 pts.) Consider the Z-transform X (z), given below, of a DT signal z[n].

1
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1. (6) Find the three possible regions of convergence for X(z).

2’2

AR Ty

Therefore, there are three possible regions:
1) (2 pts.) |z < 5 and |2| <2 ==> |z < 3
2) (2 pts.) [z] > 1 and 2] <2==>1 < |z| <2
3) (2 pts.) |z| > 5 and |z| > 2 ==> |z| > 2

DN [N [

2. (19) For each possible region of convergence for X (z), find the corresponding

signal z[n].

1
(1—327H(1+2271)
A B
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A+2Az7'+ B— 3Bzt
T -Lana+2z

X(z) =

. A+B=1
" \24-1B=0
A=1
or { %
B — 5
1 4
X(z) = - 5%2_1 + : +522_1 (5 pts. for procedure, 2 pts. for results)



(4 pts.) Case (1): |z] < 3

(4 pts.) Case (2): 1 < |z| <2
1
5
(4 pts.) Case (3): |z] > 2
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