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EE 451- Exam 3

November 19,1999

Name:

Closedbook.Youmayuseacalculator, thesheetonIIR filter design,andonepageof notes.Show all work.
Partialcreditwill begiven.No creditwill begivenif ananswerappearswith no supportingwork.

1. Theupperpanelin thefigurebelow shows a discrete-timesignal ��� ��� andthelower left panelshows
its DTFT ���
	����� . Notethatthediscretesamplesof ��� ��� have beenconnectedby straightlinesusing
the MATLAB plot command.The signal ��� ��� is usedasthe input to a causalLTI filter with the
frequency responsemagnitude� ���
	 �� � shown in the lower right panel. Note that this magnitudeis
plottedon adB scale,i.e., ����������� �!� ���
	"����#� .
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(a) The figure below shows five possibleoutputsignals $ � � ��� through $&% � ��� . Which of thesefive
signalscouldbetheoutputof thefilter when �'� ��� is theinput?For eachpossibleoutput,justify
youranswer. Choiceswithout justification will beassumedto beguessesand will receive no
credit.
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i. $ � � ��� : Yes No Why:

ii. $&( � ��� : Yes No Why:

iii. $&) � ��� : Yes No Why:

iv. $�* � ��� : Yes No Why:

v. $&% � ��� : Yes No Why:
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(b) The figure below shows four differentpole-zeroplots. Which of thesepole-zeroplots could
belongto the filter � ���
	 �� �#� ? Again, justify your answerfor eachchoice. Choiceswithout
justification will beassumedto beguessesand will receive no credit.
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i. PlotA: Yes No Why:

ii. PlotB: Yes No Why:

iii. PlotC:Yes No Why:

iv. PlotD: Yes No Why:
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2. A discrete-timefilter is characterizedby thefollowing properties:
(1) It is high-passandhasonepoleandonezero.
(2) Thepoleis at adistance+-,.�0/21 from theorigin of the 3 -plane.
(3) Constantsignalsdo notpassthroughthesystem.
(4) Thegainat frequency 45,.6 is 1.

(a) Plot thepole-zerodiagramof thefilter.

(b) Determineits systemfunction ���738� .

(c) Sketch(donot computeexactly) themagnituderesponse� ���
	"����#� .

(d) Determinetheinput-outputrelation(differenceequation)of thefilter in thetime domain.
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3. Youneedto filter acontinuous-timesignalwith a discrete-timesystemasshown below:

x  (t) x  (t) x[n] y[n] y  (t)c afilter

aliasing 
Anti- Discrete-

filter
time D/CC/D

T T

r

You areto designa Butterworth low-passdigital filter satisfyingthefollowing specifications(on the
continuous-timesignal �:9 �<;�� ) usingthebilineartransformation:

=?>A@�BCB ,ED kHz F >A@�BCB ,.�0/2G dB=�BIHKJ7> ,ML kHz F B HKJ7> ,EN�� dB

Thesamplingfrequency is 10 kHz.

(a) Whatarethediscrete-timepassband( 4 >A@OBPB
) andstopband( 4 BIHKJ7>

) frequencies?

(b) What are the correspondingcontinuous-timepassband( Q >R@�BCB
) andstopband( Q B HKJ<>

) frequen-
cies?

(c) Whatis theorder S of theCT filter?

(d) Whatis the3 dB frequency Q J
of theCT filter?

(e) Assumethe CT filter hasa realpole at TUQ J
. Wherewill this pole appearin the 3 -planeafter

applyingthebilineartransformation?
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4. Youneedto filter acontinuous-timesignalwith a discrete-timesystemasshown below:

x  (t) x  (t) x[n] y[n] y  (t)c afilter

aliasing 
Anti- Discrete-

filter
time D/CC/D

T T

r

YouaretodesignanFIR low-passdigital filter satisfyingthefollowing specifications(onthecontinuous-
timesignal �:9 �<;�� ) usingthewindow method:

=?>A@�BCB ,ED kHz F >A@�BCB ,.�0/2G dB=�BIHKJ7> ,ML kHz F B HKJ7> ,EN�� dB

Thesamplingfrequency is 10 kHz.

(a) Whichof thecommonwindows wediscussedin classwill beableto meetthespecificationsfor
this filter? Why?

(b) Assumeyou decideto designthefilter usinga Kaiserwindow. Whatorder V of filter will you
need?

(c) Whatis thevalueof W youwill needfor theKaiserfilter?

(d) Why might youwantto useanFIR filter ratherthananIIR filter in adiscrete-timesystem?
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