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Homework #9

DueOctober22,2001

1. A signal ��������� is processedby thesystemshown in (a) below. Thespectrumof ���	���
� is shown in (b)
below, where �������� ���������	� rad/sec.Thediscrete-timesystem� ����� in anideal lowpassfilter with
frequency response
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(a) What is theminimumsamplingfrequency 8:9;� �=<=> suchthatno aliasingoccursin sampling
theinput?

(b) If &:) �?� < � , whatis theminimumsamplingfrequency suchthat @ �	���
� � ��������� ?
2. A continuous-timesignal ���A���
� , with Fourier transform B �A�DC � � shown below, is sampledwith a

samplingperiod > �E��� < �F to form thesequence�:G H!I � �J�	��H!>K� .
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(a) SketchtheFouriertransformB ��� �
 � for $ &�$L' � .

(b) Thesignal �MG H!I is to betransmittedacrossa digital channel.At thereceiver, theoriginal signal��������� mustberecovered.Draw a block diagramof therecovery systemandspecifyits charac-
teristics.Assumeidealfilters areavailable.

(c) In termsof � F , for whatrangeof valuesof > can � � ���
� berecoveredfrom �MG H!I ?
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3. In thesystembelow, B �A�DC � � and � ��� �� � areasshown. Note that �FN�O���QP;RSP ����T . Sketchand
labeltheFouriertransformof @ � ���
� for eachof thefollowing cases:

(a) �=<=>*U � �=<=>!V � ����W
(b) �=<=>*U � �=<=>!V �X�YP ��� W
(c) �=<=>*U �E�ZP ��� W , �=<=>[V � ��� W
(d) �=<=>*U � ����W , �=<=>!V �E�ZP ����W
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4. A Butterworth analoglowpassfilter is to bedesignedwith thefollowing specifications:

8:\]�E��^,� � _ \]� �,` R dB8M9a�Ebc^,� � _ 9a�Ed � dB

(a) Whatorderfilter e is required?

(b) What3-dB frequency � ) will youuse?

(c) Find thelocationof thepolesof thefilter in the 6 -domain.

(d) Writedown thetransferfunction � ��6�� of thefilter. Usesecond-ordersectionsin thedenominator
soall coefficientsarereal.

(e) Plot the frequency responseof the filter usingthe MATLAB freqs function. Verify that the
filter meetsthespecifications.

(f) Checkyouranswersto (a), (b) and(c) usingtheMATLAB buttord andbutter functions.

5. A Butterworth analoghigh-passfilter is to bedesignedwith thefollowing specifications:

8:\]�Eb�^,� � _ \]� �,` R dB8 9 �E�c^,� � _ 9 �Ed � dB

(a) Using �gfN� � find thespecificationsof thelowpasstransferfunction �ih \ ��6�� whichcanbeused
asa prototypeto designthehighpassfilter.

(b) Whatorderfilter e is required?

(c) What3-dB frequency � ) will youuse?
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(d) Find thelocationof thepolesof thelowpassprototypefilter in the 6 -domain.

(e) Write down thetransferfunction � h \ ��6�� of thefilter. Usesecond-ordersectionsin thedenom-
inatorsoall coefficientsarereal.

(f) UseEquation5.59of theText to find �Sjk\ ��6�� .
(g) Plot the frequency responseof the filter usingthe MATLAB freqs function. Verify that the

filter meetsthespecifications.

6. A Butterworth bandpassfilter is to bedesignedwith thefollowing specifications:

8:\ U �E� � kHz 8*\ V �ml	R kHz _ \]� �,` R dB8 9 U � ��� kHz 8 9 V �En � kHz _ 9 �?l � dB

(a) Find �oF , thecenterfrequency of thebandpassfilter.

(b) Using �gfN� � find thespecificationsof thelowpasstransferfunction �ih \ ��6�� whichcanbeused
asa prototypeto designthebandpassfilter.

(c) Whatorderfilter e is required?

(d) What3-dB frequency � ) will youuse?

(e) Find thelocationof thepolesof thelowpassprototypefilter in the 6 -domain.

(f) Find the locationsof thepolesandzerosof thebandpassfilter from part (e) andEquation5.61
of theText.

3


