
ECE320SIGNALS & SYSTEMSII

Homework No. 7
Fall 2000

Issued: Wednesday, November8, 2000 Due: Wednesday, November15,2000

Readingin Signals and Systems: Continuous and Discrete
Weekof 11/13/00 — pp. 363-366

Chapter4, Section4-13
Chapter10,Sections10-1through10-3and
Sections10-5through10-8

Readingin Proakis(Optionaltext)
Weekof 11/13/00 — Chapter5, Sections5-1 through5-5

Problem7.1
Note:Matlab plots for this problem are due at the beginning of class on Monday, 11/13!

Thepurposeof this exerciseis to begin exploring propertiesof theDiscreteFourierTransform(DFT)
andtheInverseDiscreteFourierTransform(IDFT). TheDFT is definedin Equation1 below:

������� �	��

����������
�������

� ����� �
 
!#"%$'&( 
)�+*-,/././.0,214365
(1)

Note that theDFT correspondsto
1

samplesof thediscrete-timeFourier transform(DTFT), equally-
spacedbetween0 and 798 .1 Equation1 definesan

1
-pointDFT; it requires

1
valuesof theinputsignal

to computeit.

Equation2 below definesthe inverseDFT. It takes
1

spectralsamples(storedin
�:��

�

) and inverse
transformsthemto obtaina time-domainsignal �

� ���
.
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TheMatlabfunctionsfft andifft implementtheDFT andIDFT, respectively. NotethatFFTstands
for FastFourier Transform. This term refersto efficient implementationsof the DFT. Both fft and
ifft take 2 arguments:the signalto be transformed(or inverse-transformed)and

1
, the numberof

pointsto use.For example

X4=fft(x,4)

computesthe 4-point DFT of the signalstoredin the vectorx andreturnsit in the outputvectorX4.
Similarly, y=ifft(Y,4) computestheIDFT of thevectorY andstoresit in a4-pointvectory.

1To seethis compareEquation1 to thedefinitionof theDTFT.



Problem7.1– continued

(a) Considerthesignal �
� ���E�GF�� ���H3IF�� �J3LK9�

(a4-pointsequence).

(i) UseMatlabto computethe3-point,4-point,7-point,16-point,and128-pointDFT’s of �
� ���

.
Storeyour resultsin thevectorsX3, X4, X7, X16, X128.

(ii) Computea vectorof frequenciesto usefor plotting eachof the DFT’s. Note that the DFT
computessamplesof theFourier transformequally-spacedbetween

*
and 798 with a sam-

pling interval of M<N� . Thusthefrequency vectorfor the3-pointDFT is O �P� * M<NQ R NQ � . It
is easyto show thattheMatlabcommandto generatea frequency vectorfor an

1
-point is

omega = 2*pi*(0:N-1)/N;

(iii) Plot themagnitudesof thefive DFT’s of thesignal �
� ���

on the samegraphusingdifferent
linestyles/colors.Usethestem commandfor plottingX3, X4, X7, X16 anduseplot
to displayX128.

(iv) Repeatpart(iii) usingthephaseof thefiveDFT’s.

(v) To think aboutbeforeMonday: Are your resultswhatyou expected?Canyou calculatethe
DTFT of the signal �

� ���
by hand? Would your analyticalcalculationmatchwhat you’ve

seenwith Matlab?

(b) Taketheinversetransformof eachof yourDFT’sandstorethemin thevectorsiX3, iX4, iX7,
iX16, iX128. Eachof theseinversetransformswill containrealandimaginaryparts.Verify
that all of the imaginarypartsare roughly equalto

5/* ���TS for this example. Sincethe imagi-
nary partsare on the order of Matlab’s numericalprecision,you may ignore them (by taking
real(iX3), etc.).Plot the5 inversetransforms.Do you recover youroriginal signal �

� ���
in all

cases?

(c) Definea vectorW to beX4+X4 (thesumof two 4-pointDFT’s). Now take theinversetransformof
W, i.e., let w=ifft(W,4). Plot thisnew signal U � ��� usingstem. Couldyouhave predictedthis
result?How?

(d) Recall that for thediscrete-timeFourier transform,multiplication in the frequency domaincorre-
spondsto convolution in thetimedomain.In thisexercise,wewill explorewhethermultiplication
of samplesof theFouriertransform(i.e., theDFT) will correspondto a convolution operationin
thetimedomain.

(i) Computethefollowing in Matlab(usingtheDFT’syoucalculatedfor part(a)):

Y4=X4.*X4; y4=real(ifft(Y4,4));
Y7=X7.*X7; y7=real(ifft(Y7,7));

Y16=X4.*X4; y16=real(ifft(Y16,16));
Y128=X128.*X128; y128=real(ifft(Y128,128));

In other words, you will multiply eachDFT by itself and then computethe appropriate
inversetransform.Thereal operationis in thereso that tiny imaginaryparts(which are
numerical“noise”) areignored.Ploteachof theresultingsequencesusingstem.

(b) To think aboutbeforeMonday: Doesmultiplying DFT’s correspondto a convolution of se-
quencesin thetimedomain?Whatwould theconvolution: �

� ���WV
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look like?


