6.6 MATLAB Laboratory Experiments on Convolution

Purpose: In this sectionwe designtwo experimentsdealing with continuous-and
discrete-timeconvolutionsandtheir applicationsto linear continuous-and discrete-time
dynamic systems. The purposeof the first experimentis to presentthe convolution
operatorandto demonstratessomeof its propertiesn both continuous-anddiscrete-time
domains.By writing andmodifying the correspondindATLAB programs studentswill
masterevery stepof the convolutionprocess.In the secondexperimentthe convolution
method will be usedto determinethe zero-stateresponsesf both continuous-and
discrete-timelinear dynamic systemsby using the famousformula that statesthat the
response of a linear system at rest due to an arbitrary input is the convolution of that
input with the system impulse response.

6.6.2. Convolution for Linear Dynamic Systems

In this experimentstudentsarerequiredto usethe convolutionoperatotto find the system
zero-stateesponsdor both continuous-anddiscrete-timdineardynamicsystems.MAT-
LAB programsdevelopedor the convolutionof two signalsin the previousexperiment
can be usedin this experiment,subjectto minor modifications.

Part 1. Continuous-Time Systems

The outputof a linear continuous-timesystemat restdueto any input f(¢) is given
by the convolution formula

yzs(t) = /f(r)h(t —T)dT (6.33)

Considerthe continuous-timesystemat restrepresentedby the differential equation

g(t) 4+ 4y(t) + 3y(t) = f(1) + 5f(1)

Taket = 5s anddiscretizeintegral(6.33)asgivenin (6.31)with 7" = 0.1. UseMATLAB
and the convolution procedureto find and plot

(a) the impulseresponseof the system;

(b) the stepresponseof the system;and

(c) the systemzero-stateresponsedue to the input sin (2¢).

For (b) and (c) usethe MATLAB programfrom Section6.5.

Verify the resultsobtainedby usingthe MATLAB functionsst ep andl si m
Part 2. Discrete-Time Systems

Considerthe discrete-timesystemrepresentedby the differenceequation

ylk + 2] — 0.5y[k + 1]+ 0.06y[k] = f[k + 1] — 4£[k]



Use the convolutiontechniqueand MATLAB to find and plot
(a) the impulseresponseof the system;
(b) the step responseof the system;
(c) the zero stateresponseo the input sin (2k).

Plot the zero-stateresponsesluring the first ten discrete-timeinstants. Verify the
resultsusingthe MATLAB functionsdst ep anddl si m Submitall plotsandcomment
on the results obtained.

SUPPLEMENT:

F(KT) * fo(kT) = T Y f1(GT) fol(k — )T} (6.31)
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