EE 451 Exam 3 Fall 1996

EE 451- Exam 3
November 19,1999

Name:

Closedbook. Youmayusea calculatoythesheebn IR filter design,andonepageof notes.Shaw all work.
Partial creditwill begiven. No creditwill begivenif ananswerappearsvith no supportingwork.

1. Theupperpanelin thefigure belav shavs a discrete-timesignalz[n] andthe lower left panelshovs
its DTFT X (e’“). Notethatthe discretesamplef z[n] have beenconnectedy straightlines using
the MATLAB pl ot command. The signalz[n| is usedastheinput to a causalLTI filter with the

frequeng responsemagnitudel H (e’) shavn in the lower right panel. Note that this magnitudeis
plottedonadB scalej.e., 20 log;o | H (e/%)|.

Input signal x[n]
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(a) Thefigure belav shaws five possibleoutputsignalsy; [n] throughys[n]. Which of thesefive
signalscould bethe outputof thefilter whenz[n] is theinput? For eachpossibleoutput,justify
your answer Choiceswithout justification will be assumedo be guessesand will receve no

credit.
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i. y1[n]: Yes  No  Wy:
ii. yo[n]:Yes  No  Wy:
iii. ys3[n]:Yes No  Wy:
iv. ya[n]:Yes  No  Wy:
V. ys[n]: Yes  No  Wy:
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(b) The figure below shaws four different pole-zeroplots. Which of thesepole-zeroplots could
belongto the filter |H (e/*)|? Again, justify your answerfor eachchoice. Choiceswithout
justification will be assumedo be guessesnd will receve no credit.
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i. PlotA: Yes No Wy
ii. PlotB:Yes No Why:
iii. PlotC:Yes No Why:
iv. PlotD: Yes No Why:

Imaginary part

Imaginary part

0.5}

_05 L

0.57

Pole-zero plot B
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2. A discrete-timdilter is characterizetby the following properties:
(1) It is high-passandhasonepoleandonezero.
(2) Thepoleis atadistancer = 0.9 from theorigin of the z-plane.
(3) Constansignalsdo not passthroughthe system.
(4) Thegainatfrequeng w = wis 1.

(a) Plotthepole-zerodiagramof thefilter.

(b) Determinets systemfunction H (z).

(c) Sketch(do notcomputeexactly) the magnituderesponséH (e/«)|.

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

A.”“'. Discrete-
——»( aliasing C/D time D/C
X(1) filter X, (1) x[n] filter yin] Y, ()
T T

You areto designa Butterworth low-passdigital filter satisfyingthe following specificationgon the
continuous-timesignalz.(t)) usingthebilineartransformation:

fpass = 3 kHZ Apa,ss - 05 dB
fstop = 4kHZ A =60 dB

Thesamplingfrequeng is 10 kHz.

(a) Whatarethediscrete-timgpassban@w,,ss) andstopbandw,:,p) frequencies?

(b) What are the correspondingontinuous-timegpassband(2,,,s) andstopband2,,) frequen-
cies?

(c) Whatis theorderM of theCT filter?

(d) Whatis the3 dB frequenyg €, of theCT filter?

(e) Assumethe CT filter hasarealpole at —Q2,. Wherewill this pole appeaiin the z-planeafter
applyingthebilineartransformation?
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4. You needto filter a continuous-timesignalwith a discrete-timesystemasshavn below:

A.”“'. Discrete-
——»( aliasing C/D time D/C
X(1) filter X, (1) x[n] filter yin] Y, ()
T T

Youareto designanFIR low-pasdigital filter satisfyingthefollowing specificationgonthecontinuous-
time signalz.(¢)) usingthewindow method:

fpass = 3 kHZ Apa,ss - 05 dB
fstop = 4kHZ A =60 dB

Thesamplingfrequeng is 10 kHz.

(a) Which of thecommonwindows we discussedn classwill be ableto meetthe specificationgor
thisfilter? Why?

(b) Assumeyou decideto designthefilter usinga Kaiserwindov. Whatorder N of filter will you
need?

(c) Whatis thevalueof 8 youwill needfor the Kaiserfilter?

(d) Why mightyouwantto useanFIR filter ratherthananlIR filter in a discrete-timesystem?



