5.6 Z-transform MATLAB Laboratory Experiment

Purpose: This experimentpresentsthe frequency domain analysis of discrete-time
systemsusing MATLAB. The impulse, step, sinusoidal,and exponentialresponse®f
discrete-timesystemsawill be examinedusingthe systemtransferfunction methodbased
on the Z-transform. In addition, MATLAB will be usedto performthe partial fraction
expansiorandto find theinverseZ-transform.Notethat MATLAB uses only the integral
representation of linear discrete-time systems.

Part 1. Considerthe linear discrete-timesystemrepresentedby the systemtransfer
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Using MATLAB, find and plot:

(a) The impulse responseof the system.

(b) The stepresponseof the system.

(c) The zero-stateaesponsalue to the input signal f[k] = sin [2k]u[k].
(d) The zero-stateesponselueto the input signal f[k] = (—2)" u[k].
Part 2. Considerthe systentransferfunction
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(a) Find the factoredform of the transferfunction using the MATLAB function
[z, p, K] =tf2zp(num den).

(b) The partial fraction expansionof rational functions can be performedusing
the MATLAB functionr esi due. Find the inverse Z-transformof the given transfer
functionusingr esi due, thatis, find analyticallythe systemimpulseresponsePlot the
systemimpulse response.

(c) Repeatappropriatelythe stepsoutlinedin (b) suchthatthe systemstepresponse
is obtained.

Part 3. Find andplot the zero-inputresponsef the systemwhosetransferfunction
is givenin Part2, and whoseinitial conditionsare given by

y-4 =1, y[j]=0, j=-7,—6,-5,-3,-2,—1

(Hint: Find I;(z) and A(z) as defined in formulas (5.45) and (5.67) respectively.
Then, usethe MATLAB function di npul se with the coeficients of 7} () and A(z)
representingrespectively the correspondingiumeratorand denominatorcoeficients.)
Submitfour plotsfor Part1, oneplot for Part2, andoneplot for Part3, andpresent
analytical resultsobtainedin Parts2-3.
Comment: Instructorscan designadditional MATLAB laboratoryexperimentsor
additionalpartsof laboratoryexperimentdy selectingfrom the problemsection(Section



5.9) any setof problemsthat requirethe useof MATLAB or Simulink. (This comment
is in generalapplicableto any chapterin this textbook.)

SUPPLEMENT:
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A(z)=2"+a, 12" T+ ap 22" P+t a1z +ag (5.67)



