ECE320SIGNALS & SYSTEMSII

Homework No. 7
Fall 2000
Issued: WednesdagyNovember8, 2000 Due: WednesdayNovemberl5, 2000

Readingn Sgnals and Systems: Continuous and Discrete
Weekof 11/13/00 — pp. 363-366
Chapterd, Section4-13
Chapterl0, Sectionsl0-1through10-3and

Sectionsl0-5through10-8
Readingn Proakis(Optionaltext)
Weekof 11/13/00 — Chapterb, Sectionsh-1through5-5

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

The purposeof this exerciseis to begin exploring propertiesof the DiscreteFourier Transform(DFT)
andthe InverseDiscreteFourier Transform(IDFT). The DFT is definedin Equationl below:

N-1
DFT: X[k =Y a[n]e " k=0,....,N—1 1)
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Note thatthe DFT corresponds$o N sample<f the discrete-timeFouriertransform(DTFT), equally-
spacedetweerD and2z.! Equationl definesan N-point DFT; it requiresN valuesof theinputsignal
to computeit.

Equation2 belov definesthe inverseDFT. It takes N spectralsamples(storedin X [k]) andinverse
transformghemto obtainatime-domainsignalz[n).
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TheMatlabfunctionsf f t andi f f t implementtheDFT andIDFT, respectrely. NotethatFFT stands
for FastFourier Transform. This term refersto efficient implementation®f the DFT. Bothf ft and
i fft take 2 aguments:the signalto be transformedor inverse-transformednd N, the numberof

pointsto use.For example

X4=f f t (x, 4)

computeghe 4-point DFT of the signalstoredin the vectorx andreturnsit in the outputvector X4.
Similarly, y=i fft (Y, 4) computeghelDFT of thevectorY andstorest in a4-pointvectory.

To seethis compareEquationl to the definitionof the DTFT.



Problem7.1- continued
(a) Considerthesignalz[n] = u[n] — u[n — 4] (a4-pointsequence).

(i) UseMatlabto computethe 3-point,4-point, 7-point, 16-point,and 128-pointDFT’s of z[n].
Storeyourresultsin thevectorsX3, X4, X7, X16, X128.

(i) Computea vectorof frequenciedo usefor plotting eachof the DFT’s. Note thatthe DFT
computessamplesof the Fourier transformequally-spacetetween) and 27 with a sam-
pling intenal of 2Z. Thusthefrequeny vectorfor the3-pointDFTisw = [0 Z* 47]. It
is easyto shawv thatthe Matlabcommando generate frequeng vectorfor an N-pointis

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

(iii) Plotthe magnitudesf the five DFT’s of the signalz[n] on the samegraphusingdifferent
linestyles/colorsUsethest emcommandor plotting X3, X4, X7, X16 andusepl ot
to displayX128.

(iv) Repeapart(iii) usingthe phaseof thefive DFT’s.

(v) To think aboutbeforeMonday: Are your resultswhatyou expected?Canyou calculatethe
DTFT of the signal z[n] by hand? Would your analyticalcalculationmatchwhat you've
seenwith Matlab?

(b) Taketheinversetransformof eachof your DFT'sandstorethemin thevectors X3, i X4, i X7,
i X16, i X128. Eachof theseinversetransformswill containrealandimaginaryparts. Verify
that all of the imaginarypartsare roughly equalto 10716 for this example. Sincethe imagi-
nary partsare on the order of Matlab’s numericalprecision,you may ignore them (by taking
real (i X3),etc.).Plotthe5 inversetransforms Do you recover your original signalz[n] in all
cases?

(c) DefineavectorWto be X4+X4 (the sumof two 4-pointDFT’s). Now take the inversetransformof
Wi.e, letw=i f f t (W 4) . Plotthis new signalw[n] usingst em Couldyou have predictecthis
result?How?

(d) Recallthatfor the discrete-timerourier transform,multiplicationin the frequeng domaincorre-
spondgo convolutionin thetime domain.In this exercise we will explorewhethemultiplication
of sampleof the Fouriertransform(i.e., the DFT) will correspondo a convolution operationin
thetime domain.

(i) Computethefollowing in Matlab (usingthe DFT’syou calculatedor part(a)):

Y4=X4.*X4; yd=real (ifft(Y4,4));
Y7=X7.*X7; y7=real (ifft(Y7,7));
Y16=X4.*X4; yl6=real (ifft(Y16,16));
Y128=X128. *X128; yl28=real (ifft(Y128,128));

In otherwords, you will multiply eachDFT by itself and then computethe appropriate
inversetransform. Ther eal operationis in theresothattiny imaginaryparts(which are
numerical‘noise”) areignored.Plot eachof theresultingsequenceasingst em

(b) To think aboutbeforeMonday: Doesmultiplying DFT’s correspondo a convolution of se-
quencesn thetime domain?Whatwould the corvolution: z[n] * z[n] look like?



