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Section5.7
AppendixB

Although this problemsetmay seemlong, note that problems9.2, 9.3, and9.4 requireVERY short
answers.
Problem 9.1
Thedecimation-in-timeFFTalgorithmwasdevelopedin Section9.3for radix2, i.e.,

�������
. A similar

approachleadstoaradix-3algorithmwhen
���	���

. Draw aflow graphfor a9-pointdecimation-in-time
algorithmusinga3x3decompositionof theDFT.
Problem 9.2
Oppenheim and Schafer, problem7.3,partaonly

Problem 9.3 Supposewedesignadiscrete-timefilter usingtheimpulseinvariancetechniquewith aCT
lowpassfilter asa prototype.Theprototypefilter hasa cutoff frequency of 
�� ����
������������ rad/secand
the impulseinvariancetransformationuses� ������� ms. Assumethat aliasingeffectsarenegligible.
Whatis thecutoff frequency ��� of theresultingdiscrete-timefilter?
Problem 9.4
We wish to designa discrete-timelowpassfilter using the bilinear transformationon a continuous-
time ideal lowpassfilter. Assumethat the continuous-timeprototypehasa cutoff frequency 
�� ���
������������

rad/secandwe choosethebilineartransformationparameter� � ���"! ms. Whatis thecutoff
frequency ��� of theresultingdiscrete-timefilter?
Problem 9.5
Designasingle-polelowpassdiscrete-timefilter with a3-dBbandwidthof

������

usingthebilineartrans-

formationappliedto theanalogfilter #
� ��$��%� 
��$'& 
��

where 
�� is the3-dB bandwidthof theanalogfilter.

(a) Designthefilter, i.e. determine

# �)(*�
.

(b) Sketchastructurefor realizingthisfilter.

Problem 9.6
Supposethatyouhave acausalcontinuous-timefilter definedby thesystemfunction:#

� ��$���� $'&+���,���$�&+���,�-�/.0&21 �
(a) Useimpulseinvarianceto determinethesystemfunction,

# �)(3�
of adiscrete-timefilter.



(b) Sketchthepole-zeroplot andthefrequency responsemagnitudeof theresultingdiscrete-timefilter.

Problem 9.7

Considerdesigninga discrete-timefilter with thesystemfunction

# �)(*�
from a continuous-timefilter

with rationalsystemfunction

#
� ��$�� by thetransformation# �)(3�4� # � ��$���555 6/7�8:9<;>=�?�@�A:BC8D9FEG=H?I@JA � (9.1-1)

(i) Whatcontourdoesthe K�
 axisin the
$
-planemapto in the

(
-plane?Justifyyouranswer.

(ii) Determinethemappingbetween
 and � definedby this transformation.Sketch 
 asa functionof� .

(iii) Supposethatthecontinuous-timefilter is astablelowpassfilter with passbandfrequency response
suchthat ��LNM 9PORQ

#
� � K*
 � Q�O �S&TM 9 for Q 
 Q�O ���

If thediscrete-timesystemis obtainedby thetransformationin Equation9.1-1above, determine
thevaluesof � in theinterval Q � Q�O 
 for which

��LNM 9PORQ
# ��UWVJXG� Q�O �S&+M 9 �

Doesthis transformationprovide a reasonableway to designDT lowpassfilters from analog
lowpassfilter prototypes?


