ECE 4213/5213
Test 1

Monday, October 24, 2016
4:30 PM - 5:45 PM

Fall 2016 Name:  SOLUTION
Dr. Havlicek Student Num:

Directions: This test is open book. You may also use a calculator, a clean copy of the course
notes, and a clean copy of the formula sheet from the course web site. Other materials are

not allowed. You have 75 minutes to complete the test. All work must be your own.

Students enrolled for undergraduate credit: work any four problems. Each problem
counts 25 points. Below, circle the numbers of the four problems you wish to have graded.

Students enrolled for graduate credit: work all five problems. Each problem counts 20

points.
SHOW ALL OF YOUR WORK for maximum partial credit!
GOOD LUCK!

SCORE:

1. (25/20)
2. (25/20)
3. (25/20)
4. (25/20)
5. (25/20)

TOTAL (100):

On my honor, I affirm that I have neither given nor received inappropriate aid in the completion of this test.

Signed: Date:




1. 25/20 pts. A discrete-time LTI system H has input z|n] and output y[n] related by

vl + 9l ~ 1] ~ 5eln —2) = aln] — 2aln— 1)

(a) 9/7 pts. Find the transfer function H(z) and give a pole-zero plot.
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(b) 8/7 pts. Assume that the system is causal and find the impulse response h[n).
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Problem 1, cont...

(c) 8/6 pts. Now assume instead that the system is stable and find the impulse

response h[n.
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2. 25/20 pts. The stable, causal discrete-time LTI system  H is formed by intercon-

necting three discrete-time LTI systems Hi, Hs, and Hj as shown in the figure below.
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The impulse responses hi[n], ho[n], and hs[n] are given by - |
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(a) 10/8 pts. Find the transfer function H(z) and specify the ROC.
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Problem 2, cont...

(b) 5/4 pts. Find the difference equation that relates the system input z[n] and
output y[n].
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(c) 10/8 pts. Find the system impulse response h[n].
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3. 25/20 pts. The continuous-time LTT system H,(Q) shown in the figure below is
implemented using an ideal A/D converter, a discrete-time LTT system Hy(e’*), and
an ideal D/A converter.
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The sampling interval of the A/D and D/A converters is T' = 1 sec, so the sampling
frequency is given by Qr = 27 /T = 2 rad/sec. All input signals z,(¢) are bandlimited
to || < Qr/2 = 7 rad/sec (this simply ensures that the overall structure shown in the
figure will be an LTT system).

The impulse response of the discrete-time filter Hy is given by
1 1
hg|n] = 5(5[71] +d[n — 2] + 55[77, — 4.
(a) 6/5 pts. Find the discrete-time frequency response Hy(e™).
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Problem 3, cont...

(b) 3/3 pts. Find the discrete-time magnitude response A(w) and phase response
f(w) such that Hy(e/) = A(w)e’?@).
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(c) 8/2 pts. Does the discrete-time filter Hy(e?) have linear phase? (Justify your
answer).
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(d) 4/3 pts. Find the group delay of the discrete-time filter Hy(e).
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Problem 3, cont. ..

(e) 6/5 pts. Find the continuous-time frequency response H,(f2).
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(f) 3/2 pts. Does the continuous-time filter H,({2) have linear phase? (Justify your
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4. 25/20 pts. A continuous-time (analog) filter has frequency response H(Q2) = A(Q)e?),
where the magnitude response is given by

A(Q) = (1+c0s2Q) [u(Q +7) —u(Q - 7)] = { o C(;)S A !gi E ; izgjzsg,

and the phase response is given by 6(£2) = —21.
Use the inverse Fourier transform to find the impulse response A(%).

Hint: use the definition of the inverse Fourier transform to invert A(Q) first. Then
use the Fourier transform time shift property to account for the phase response.
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More Workspace for Problem 4. ..
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5. 25/20 pts. Let h[n] and z[n] be finite-length discrete-time signals given by

hln] = [1 =3 2]
= §[n] —3fn—-1]+25n—-2], 0<n <2,

and

zn] = [814 7
= 84[n]+d[n—1]+4é[n—2]+76n—3], 0<n < 3.

Use the DFT to find the linear convolution y,[n] = h[n|@z[n].
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More Workspace for Problem 5...
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