
Fall 2023 

Dr. Havlicek 

ECE 4213/5213 
Test 2 

Wednesday, November 29, 2023 
4:30 PM - 5:45 PM 

Name: SOLUT(ON 
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·- ___________ _ 
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1. 25/20 pts. Let x[n) and h[n] be finite-length discrete-time signals given by 

x[n) - [2 7 1 8 2) 

= 2i5[n] + 76[n - 1] + o[n - 2) + 86[n - 3} + 26[n - 4), 0;:; n;:; 4, 

and 

h[n) = [1 2 -2 -1) 

= i5[n) + 2i5[n - 1) - 28[n - 2] - i5[n - 3], 0;:; n ~ 3. 

Use the DFT to find the circular convolution y[n] = x[n]@h[n). 
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More Workspace for Problem I . . . 

'< [\c) = xr~) µ Cl!-1 

= (1. T 7ws"-1-w{t +swJt. +2w541<-)(1. + 2w/-2 wJI•·- wt) 

=- 2 ;- +wsk. - +w~t.. - 2wjt:. 
-t- 7W? + l4W/~ - lfW~ct:. -]wit<.. 

+ wt· + 2 w.r· - 21/,Jt/:· - wJ" 
'3t(,. 141<. s-k. ' k +BWs +lhW5 -16Ws -8Ws 

+ 2w5'#:. + 4wft:. -4wf:2w.s1 1:. 

'-<et.J = 2. .;- 11 wf + 1 1 w I"' - , vJ t + :> wf - \ '3 wff"' - 1'2 wf' -2 wit. 
~ '--J '-,..J 

1- 'N.f wl~ 
k ?.\< 3~ 9 4~ t K. = -)\ -w5 -r 9\/Js -~ws + 1W5 =- '1r~j w; 

n=o 

~fnJ= [-11 -I ~ -t, ~] 

= -n-rr&l-lJ ,;- ~4 r~-z.J -,rc\A-~J * 9 G Clll-4) J o ~ f/1 ~ t 
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2. 25/20 pts. A digital filter F has transfer function 

F Z 
= (1- ¾z- 1

) (1- fef7r/4 z-1

) (1- !e-i7r/4 z-1

) 

( ) - -----~---:----t-----.-""'."""";':---;-_--,--------;~~~ I zl > 5. 
(1- 5z-1) (1- ½ei?r/3z-1) (1 - ½e-i1r/3z-1)' 

(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(e3w)I = IF(efw)I ';/ 
w E JR. 

ii. H(z) is causal, stable, and minimum phase. 

[(__ _____ ........,.. J 

Good. 'Po -r + 
0 (1-}e~1r,~-t)(l-le--i'1i4 ~-') 

\ (1-'-S) 

(~\-5) 
~4 

ov\e 

l 

+wo betJ ~e,s 

o '-l+<i" ~e °"'1Ae. c, ,r '-\'-. 

\1._----v--

OV\'2. 



ti.,,e.. ,~~ r ~,.+ 
r- A'-----._, 

the region of convergence. 

Hint: a pole-zero plot is not required. 

1. jirta .1 ·l,,.'3 l.. 
rt,les : z.,e J 2.e ) S 

S" '3- ~ -n ~ "2. - ,l 1f I+ 
le..rt; s ~ ~ J a e; J a e 

ioc..: \'l.\ '7 t_ 
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3. 25/20 pts. His a causal, stable sixth-order Type III linear phase FIR digital filter. 

The impulse response h[n] is real. 

H(z) has a zero at z = ¼ej271'!3 _ 

(a) 20/16 pts. Give a pole-zero plot for H(z). 

Hint 1: You do not have to find the transfer function H ( z). 

Hint 2: 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. Determine if the filter H(z) is high pass, low pass, band pass, or band 

stop. Briefly justify your answer. 

No+-es f, 7, 5 I : ti. 1yp-e 11L I iti-e~r p IAei..se. F:t f<­

c~fl\ Cit/\ ly \~-e ~ ~lfl.~?tt.CS ~., 

J 
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4. 25/20 pts. Design an analog Butterw01th low pass filter to meet the following analog 

design specification: \ 
~ \ - -,o -~ -A-----::,--- - -

vr-+tf..?. ,o Passband Edge Freq. nv = 1r rad/sec 

lo A~ \D .1- ':;\ .,. '/O Stopband Edge Freq . ns = 21r rad/sec 
V l-t-1£~ - ✓ 

100 
f-rt,Z- ~ et 

Min. Stopband Attenuation 

Max. Passband Attenuation 

\00 'i:: B\ .- \ Give the analog filter transfer function Ha(s). 

1/A = 0.10 

1/✓1 + €2 = 0.90 

Hint: you can leave Ha(s) in factored form - i.e., you do not have to "multiply out" 

-
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More Workspace for Problem 4 ... 

_r,_c.N 

H"-ls) = ( s- '3. ~ b~'tf e P77ts )(s-3. :,;;,--;.\ ,i;;/~( ~-~ . 9{,9'40(; -3, i;.j:\e J 4~ 

)< ( s-3,9,B4\ e·-i 3nt:V 
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5. 25/20 pts. Design a causal, stable "simple" second-order IIR digital bandpass filter 

with a passband center frequency of w0 = 1r/3 rad/sample and a 3 dB bandwidth of 

Bw = 1r/6. 

Give the transfer function H(z) and be sure to specify the ROC. 

Hint: Make sure that your calculator is set for radians and not degrees! 
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-=- '2 j:_ ,J 4- ~ ( CO s l) 

2eos11i, 
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More Workspace for Problem 5 . . . 
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