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EE 451

Homework #9

DueOctober22,2001

1. A signalz,(t) is processetby the systemshawvn in (a) below. Thespectrunof z,(t) is shavnin (b)
below, where, = 27(1000) rad/sec.Thediscrete-timesystemH (z) in anideallowpassfilter with
frequeng response

H(ejw) _ ]., |w\ < w?,
0, otherwise
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(b)

(a) Whatis the minimumsamplingfrequeny Fs = 1/7 suchthatno aliasingoccursin sampling
theinput?

(b) If w. = /2, whatis the minimumsamplingfrequeng suchthaty, (t) = z,(t)?

2. A continuous-timesignal z,(t), with Fourier transform X,(592) shawvn below, is sampledwith a
samplingperiodT = 27/ to form thesequence[n] = z4(nT).

X, )
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(@) Sketchthe FouriertransformX (e?) for |w| < .

(b) Thesignalz[n] is to betransmittedacrossa digital channel.At therecever, the original signal
z,(t) mustberecovered. Draw a block diagramof the recorery systemandspecifyits charac-
teristics.Assumeidealfilters areavailable.

(c) Intermsof £y, for whatrangeof valuesof T' canz,(t) berecoveredfrom z[n]?
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3. In the systembelaw, X, (j9) and H(e/*) areasshavn. NotethatQy, = 27 x 5 x 10%. Sketchand
labelthe Fouriertransformof y,(t¢) for eachof thefollowing cases:

(@ 1/Ty = 1/T» = 10*

(b) 1/T1 =1/Ty =2 x 10*

(c) 1/Ty =2 x 10%, 1/Tp = 10*
(d) 1/7y = 10, 1/Ty =2 x 10*
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4. A Butterworth analoglowpasdilter is to be designedwith thefollowing specifications:

Fp=2kHz Rp=05dB
Fs=8kHz Rg=30dB

(a) Whatorderfilter N is required?
(b) What3-dBfrequeng Q. will youuse?
(c) Findthelocationof the polesof thefilter in the s-domain.

(d) Write downthetransferfunctionH (s) of thefilter. Usesecond-ordesectionsn thedenominator
soall coeficientsarereal.

(e) Plotthe frequeny responsef thefilter usingthe MATLAB f r egs function. Verify thatthe
filter meetsthe specifications.

(f) Checkyouranswergo (a), (b) and(c) usingthe MATLAB but t or d andbut t er functions.

5. A Butterworth analoghigh-pasdilter is to be designedwith thefollowing specifications:

Fp=8kHz Rp=0.5dB
Fs=2kHz Rg=30dB

(a) UsingQ, = 1 find thespecification®f thelowpasdransferfunction Hz,p(s) which canbeused
asa prototypeto designthe highpasdilter.

(b) Whatorderfilter N is required?
(c) What3-dB frequeng €. will youuse?



EE 451 Fall 2001

(d) Findthelocationof the polesof thelowpassprototypéefilter in the s-domain.

(e) Write down thetransferfunction Hz,p(s) of thefilter. Usesecond-ordesectionsn thedenom-
inatorsoall coeficientsarereal.

(f) UseEquation5.590f the Text to find Hy p(s).

(g) Plotthefrequeng responseaf the filter usingthe MATLAB f r eqs function. Verify thatthe
filter meetsthe specifications.

6. A Butterworth bandpaséilter is to bedesignedvith thefollowing specifications:

Fp1 =20kHz Fpy=45kHz Rp=0.5dB
Fg1 =10 kHz Fg9 =60 kHz Rg =40 dB

(a) Find g, the centerfrequeng of thebandpaséiter.

(b) Using©, = 1 find thespecification®f thelowpassransferfunction Hz, p(s) which canbeused
asa prototypeto designthe bandpaséilter.

(c) Whatorderfilter N is required?
(d) What3-dB frequeng . will youuse?
(e) Findthelocationof the polesof thelowpassprototypefilter in the s-domain.

(f) Findthelocationsof the polesandzerosof the bandpaséilter from part(e) andEquation5.61
of the Text.



