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EE 451 - Final Exam

December 11, 2000

Name:

Openbook, opennotes,anda calculator Show all work. Partial credit will begiven.No creditwill begiven
if ananswerappears with no supporting work.

1. Therearemany waysto represent a discrete-time system. Someof theseare: differenceequation,
pole-zerodiagrams, impulseresponse

�������
, system function � �	�
� , frequency response � ����� , and

state-spacematrices. Below arethe pole-zerodiagramsof four systems. This is followed by other
other reprenstationsof thesamesystems.Associatetheappropriaterepresentationswith thepole-zero
diagrams. For example, for pole-zerodiagram (a), is the system function ��
 �	��� , ��� �	�
� , ��� �	�
� , or��� �	�
� ?
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2. Consider thefollowing signal:4a`b��cH�3�:dHegfh� �i�Dj ck� � 1 dHelf�� 0 �Dj cH� % 0 dHegfh� 0 �Qj ck�
Thesignal is sampledwith a samplingfrequency of 200Hz.

(a) Whatcontinuous-time frequenciesarepresent (in Hz) in
4 ` ��ck�

?

(b) Whatis thediscrete-timesignal
46�����

?

(c) Whatdiscrete-timefrequencies arepresent in thesignal
4&�����

?

(d) Whatis theoutput 2 `b��cH� ? Whatfrequenciesarepresent in 2 `b��ck� ?

(e) Wasthe sampling frequency sufficiently high to prevent aliasing? If not, what minimum sam-
pling frequency should have beenused?
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3. A causalsystemis describedby thedifferenceequation2 �����;�546����� % ���$# 2 ��� �7� � �?���l�>= 2 ��� � 1 �
(a) Find thetransferfunction � �	�
� .
(b) Draw a pole-zerodiagramof � �	�
� .

(c) Find theimpulse response
��m �on

.

(d) Find thestepresponsep ����� of thesystem.

(e) Is thesystemstable? Explain

(f) Write a statespace representation of this system.
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4. Datais digitizedwith a 20 kHz sampling frequency. Theonly dataof interest in thesignal is thatpart
with frequency content lessthat3 kHz.

(a) Designasystemwhich changesthesampling ratefrom 20 kHz to 6 kHz. Draw ablock diagram
showing how you would change the sampling ratefrom 20 kHz to 6 kHz. Be sureto specify
upsampling anddownsampling factors,andfilter specifications of theidealfilters.

(b) Are there any practical problemsin implementing theabove system?If so,whatwould you do
to make thesystem easier to implement?
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5. Consider the system of FigureX(a), where �rq �	�
� , �M
 �	�
� and ��� �	�
� are,respectively, ideal linear-
phasefilterswith frequency responsesasindicatedin FigureX(b). Theinput

4 ` ��cH�
hasthecontinuous-

time Fouriertransformasshown in FigureX(c).
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(a) Sketchthediscrete-timeFourier-transform of
4&�����

.

(b) Sketchthediscrete-timeFourier-transform of s ����� .

(c) Sketchthediscrete-timeFourier-transform of t ����� .

(d) Sketchthediscrete-timeFourier-transform of theoutputs 2 q ����� , 2 
 ����� and 2 � ����� .
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6. A bandlimitedcontinuous-timesignal
4u`
��cH�

is sampled atarateof 100samplespersecond,generating
a discrete-timesignal

4&�����
. A 500-point DFT of thesignal is taken, usinga rectangular window.

(a) What is thediscrete-timefrequency resolution (in rad/sample)of theDFT – that is, what is the
differencein frequency between v �xwy� and v �xw % � � ?

(b) What is thecontinuous-timefrequency resolution (in Hz) of the DFT – that is, what is thedif-
ferencein frequency betweenv �xwy� and v �xw % � � ?

(c) What should be the stopbandedgefrequency in Hz of the continuous-timeanti-aliasing filter
prior to sampling?

(d) Determinethecontinuous-timefrequency in Hz of theDFT samplev � 0 � � .
(e) Determinethecontinuous-timefrequency in Hz of theDFT samplev � 0 SK� � .
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7. You areto design a Butterworth high-passdigital filter satisfying the following specifications using
thebilineartransformation: z|{ `F}~} � = kHz � { `�}�} � ��� 0 dB

z }��l� { � 1 �$= kHz � }��l� { � �b= dB

Thesampling frequency is 20 kHz.

(a) Whatarethediscrete-timepassband (
� { `�}�}

) andstopband(
�|}��l� {

) frequencies?

(b) Whatarethecorrespondingcontinuous-timepassband( � { `�}�} ) andstopband( � }-�l� { ) frequencies
using thebilinear transformation?

(c) Whatis theorder � of theCT filter?

(d) Whatis the3 dB frequency � � of theCT filter?

(e) Sketchthe � -planepolesandzeros.

(f) Transform oneof the � -plane poles to a
�
-plane pole. Sketchwhatyou thing the

�
-planepole-

zerodiagramwould look like if you foundall the
�
-planepoles andzeros..
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