ECE 4213/5213
Test 2

Wednesday, November 29, 2017
4:30 PM - 5:45 PM

Fall 2017 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.

Name: Date:




1. 25/20 pts. A causal discrete-time LTT system G has transfer function
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(b) 5/4 pts. Does the system G have minimum phase? (Justify your answer)
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Problem 1 cont....

(c) 15/12 pts. Now consider a second causal discrete-time LTI system H with
impulse response

hin] = a"g[n],

where a € R is a real constant and where g[n| is the impulse response of the
system G from part (a). For what values of the real constant a is the system

causal, BIBO stable, and minimum phase?
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2. 25/20 pts. H is a causal, stable type III linear phase FIR digital filter with order
N = 6. The impulse response h[n| is real and has length N +1=17.

The value of H(z) at z = § is given by H(3) = —39.
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H(z) has a complex zero at z =

Find the transfer function H(z) and the impulse response h[n).
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More Workspace for Problem 2. .. CO% Tg -z f So
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SEE NOTES PAGE 7768
3. 25/20 pts. H is a simple digital TIR bandpass filter with order N = 2, passband

center frequency wy = %ﬁ, and quality @) = %

Find the frequency response H(z).
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More Workspace for Problem 3. ..
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4. 25/20 pts. Design an analog Butterworth low pass filter to meet the following analog

specification:

Az Som = 15,8730

passband edge freq. 2, = 25007 rad/sec
|+ ot = E;:l—;;}% stopband edge freq. Qs = 70007 rad/sec
X y min. stopband attenuation 1/A =0.063
¢t= Q;T%f - ? max. passband attenuation | 1/v/1+¢2 = 0.95

= 0,\0803%

Give the analog filter transfer function H,(s).

Hint: The design formulas for the analog Butterworth filter are given on pages A-4
and A-5 of the notes file ECE5213NotesAnalogFilterDesign.pdf and in Appendix
A.2 on page 865 of the text.
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More Workspace for Problem 4. ..



5. 25/20 pts. Use the bilinear transform with 7" = 2 to design a Type 2 Chebyshev
digital lowpass filter that meets the following specifications:
\ [ l(w/ 64 i 2
{42 {@;%ii 0.6 passband edge freq. | w, = 0.2 rad/sample A |0
b0 36 stopband edge freq. ws = 0.87 rad/sample T 0
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Give the digital filter transfer function H(z).

Hint: The design formulas for the analog Type 2 Chebyshev filter are given on pages
A-8 and A-9 of the notes file ECE6213NotesAnalogFilterDesign. pdf and in Appendix
A.3 of the text on page 869.

Use the bilinear transform with 7" = 2 to find the critical analog
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Problem 5, cont. ..

(c) 7/6 pts. Find the poles and zeros and give an explicit expression for H,(s).
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Problem 5, cont. ..

(d) 7/5 pts. Use the bilinear transform to find H(z).
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