ECE 4213/5213
Test 2

Tuesday, November 25, 2025
4:30 PM - 5:45 PM

Fall 2025 Naig. SO LUTION]

Dr. Havlicek Student Num:

Directions: This test is open book and open notes. You may also use your calculator and
the course formula sheet. 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. Let z[n] and h[n] be finite-length discrete-time signals given by
zn] = [4 -2 -1 1 2]
= 40[n] —26n—1]—6é[n—2]+d6n—3]+25[n—4], 0 <n <4,
and
hn] = [-1 5 —3 —1]
= —d[n]+54n—-1]—-35n—-2]-4n—-3,0<n<3.

Use the DFT to find the circular convolution y[n] = z[n]@ h[n].
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More Workspace for Problem 1. ..
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2. 25/20 pts. A digital filter F has transfer function

(1-221) (1+ 3271
(1 = §Bj37r/4z—1) (1 = %e jam/4 _1) ’

Flz)= 2| > 4.

(a) 20/16 pts. Find the transfer function H(z) for a new digital filter H such that:

i. H(z) has the same magnitude response as F\(z); i.e., |H(e/*)| = |F(e?*)| V
w € R.

ii. H(z) is causal, stable, and minimum phase.
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Problem 2, cont...
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(b) 5/4 pts. List the poles and zeros of your new transfer function H(z) and specify

the region of convergence.

Hint: a pole-zero plot is not required.
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3. 25/20 pts. H is a causal, stable third-order Type II linear phase FIR digital filter.
The impulse response h[n] is real and h[0] = 1. H(z) has a zero at z = /27/3,

(a) 12/10 pts. Give a pole-zero plot for H(z).
Hint: It is an FIR filter — don’t forget about the poles when you make your plot!
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Problem 3, cont. ..

(b) 5/4 pts. From the pole-zero plot, determine if the filter H(z) is high pass, low
pass, band pass, or band stop. Briefly justify your answer.

S A Typeﬂ' Lilter canns+ }3@ lqﬁh Pass S (Damg(s-(OP
becavse of the zerpy @ z2=-1 (bu_— _1'7(),

- For +hic C{\Jrer) e ’Po\es [Du.ll

H(z T g=
(‘A.):O) Cuf\d &rouvxd “f'lqe i ) LL? o i

T Cir
de/

-
Sut the zers pull g own toweds zep,

on the le(’-{» LMI-F ok ‘H,,e it clrcle an

£
€ M) al| Hr way down fp 2erp at
2=-1 (w= rn),

= H2) 11 « low Pass 4o,

l 2y
- [

. (“'H/\é ?b‘f S net reféuirco{)

J




Problem 3, cont...

(c) 8/6 pts. Find the group delay 7(w) for the digital filter H(z).
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4. 25/20 pts. Design an analog Type I Chebyshev low pass filter to meet the following

analog design specification: \
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Hint: you can leave H,(s) in factored form i.e., you do not have to “multiply out’
£:0.48¢3222 the numerator and denominator
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More Workspace for Problem 4. ..
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Numbers in boxes ave  caleylatey— registers

5. 25/20 pts. Design a causal, stable “simple” second-order IIR digital bandstop filter
with a notch frequency of wy = § rad/sample and a quality of Q = 4.

Give the transfer function H(z) and be sure to specify the ROC.
Hint 1: make sure that your calculator is set for radians and not degrees!

Hint 2: the bandpass and bandstop filters are discussed on notes pages 7.58 and 7.59.
They both have the same denominator for H(z) so they both have the same poles.
Only the numerators (and hence the zeros) are different. In other words, you find the
poles and ROC for the bandstop filter exactly the same way you do it for the bandpass
filter.
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More Workspace for Problem 5. ..
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