
8.7.3 Experiment 3–Response of Discrete Systems
Part 1. Considera discrete-timelinear systemrepresentedby its transferfunction��������� 	 ���

�������������

(a) Find the impulseresponseusing the MATLAB function dimpulse.
(b) Find the stepresponseusingthe functiondstep andplot both the stateandoutput

responses.
(c) Find the systemoutput responsedue to a unit step function, ��� ��� ��� � ��� , and

initial conditionsspecifiedby ���! #"$� �%�'& ���! � � � " . Use the function dlsim
and specify input at every time instant of interest. Take k=0:1:20 (defines �
at
�'& " &(�'&)�*�*�+& "-, &-��� ). Check analytically that the resultsobtainedagreewith the

analytical results for � � " � .
(d) Obtain the statespaceform for this systemby using the function tf2ss. Repeat

parts(a), (b), and (c). Use the MATLAB statements

[y,x]=dimpulse(A,B,C,D)
[y,x]=dstep(A,B,C,D)
[y,x]=dlsim(A,B,C,D,f,x0)

respectively,with � and ./� � � asdefinedin (c). Comparethe resultsobtained.

Part 2. Considerthe discrete-timelinear systemrepresentedby�'��� ��� � � �0 ����� � "$� � "0 ���1�2� � �/�1� � "-� &�3����� �4�5����67�-87� � ��� & �'�* 9"-� �:��& ���! � � �<;
(a) Find thesystemstateandoutputresponsesby usingtheMATLAB functiondlsim.

(Hint: Use [y,x]=dlsim(A,B,C,D,f,x0) with k=0:1:10.) Note that the
initial condition must be found. This can be obtainedby playing algebrawith the
state spaceand output equations. Comparethe obtainedsimulation resultswith
analytical results.

(b) Find the zerosandpolesof this systemby using the function tf2zp.
(c) Find thesystemstateandoutputresponsesdueto initial conditionsspecifiedin Part

2(a) andwith the impulsedeltafunction asan input. Use thedlsim function.
(d) Solve the problemin (c) analytically using the = -transform. Plot resultsfrom (c)

and compareresults.

Part 3. Considera dynamicsystemrepresentedin the continuous-timestatespace
form in Section8.7.2, Experiment2, Part 3.

(a) Discretizethe continuous-timesystemusing the MATLAB function c2d. Assume
that the samplingperiod is > � " .



(b) Find the eigenvalues,eigenvectors,and characteristicpolynomial of the obtained
discrete-timesystem.

(c) Find the statetransitionmatrix at time instant ?A@CB .
(d) Find the unit impulseresponseand plot output variables.
(e) Find the unit stepresponseandplot the correspondingoutputvariables.
(f) Assume that the initial system condition is D�E�F�GH@ I1J9KLF KMJNF�O�BQP1R .

Find the system state and output responsesdue to an input given byS I�?�PT@VU(W!X3I�?�P�YZF\[]?^[4K_F�F�F . Take k=0:10:1000. Use the dlsim func-
tion. Comparethe obtaineddiscrete-timeresultswith the continuous-timeresults
for the samesystemstudiedin Section8.7.2,Experiment2.

(g) Find the systemtransferfunctions. Note that you haveoneinput andtwo outputs,
which implies two transferfunctions. The matrices ` and a are not changeddue
to discretization. (Hint: Use the function ss2tf.)

SUPPLEMENT:
Continuous-timestatespaceform from Section8.7.2
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