
8.7.2 Experiment 2—Response of Continuous Systems
Part 1. Considera continuous-timelinearsystemrepresentedby its transferfunction��������� �
	����
�	�����	��

(a) Find andplot the impulseresponse.Usethe MATLAB functionimpulse.
(b) Find and plot the stepresponseusing the function step.
(c) Find the zero-statesystem output responsedue to an input given by � ���������������� �! #"

. Note that you must use the function lsim and specify input at
every time instantof interest. That can be obtainedby t=0:0.1:5 (defines

�
at" � "%$'& � "($ ) � $'$'$ �+* $ , � � ), f=exp(-3*t), andy=lsim(num,den,f,t). Checkthat

the resultsobtainedagreewith analyticalresultsat
�-�.&

.
(d) Obtain the statespaceform for this systemby using the function tf2ss. Repeat

parts (a), (b), and (c) for the correspondingstate spacerepresentation.Use the
following MATLAB instructions

[y,x]=impulse(A,B,C,D)
[y,x]=step(A,B,C,D)
[y,x]=lsim(A,B,C,D,f,t)

respectively,with � and
�

asdefinedin (c). Comparethe resultsobtained.

Part 2. Considerthe continuous-timelinear systemrepresentedby/ 
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(a) Find thecompletesystemstateandoutputresponsesby usingtheMATLAB function

lsim. Comparethe simulation results obtainedwith analytical results. (Hint:
Use[y,x]=lsim(A,B,C,D,f,t,x0) with

�
= 0:0.1:5.) Note that the initial

condition for the statevector,x0, mustbe found. This canbe obtainedby playing
algebrawith the stateandoutput equationsand setting

�-�="
.

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

2(a) and the impulse delta function as an input. Since you are unableto specify
the systeminput in time (the delta function hasno time structure),you cannotuse
thelsim function. InsteaduseeithertheMATLAB functioninitial (zero-input
response)or the MATLAB programgiven at the end of this part. The required
responseis obtainedanalytically as follows> �?����� �1@ � 6 > 6 " �98 	BA 8



where C and D standfor the systemand input matricesin the statespace.Thus,
the new initial condition is given by E�FHG%IKJ�L:D .
(Hint: To find and plot the systemstateresponsefor the given matrix C and the
correspondinginitial conditions,the MATLAB programattachedcanbe used.)

t=0:0.1:5;
for i=1:1:51;
x(:,i)=expm(A*t(i))*(x0+B);
end
plot(t,x(1,:))
plot(t,x(2,:))

(d) Justify the answerobtainedin (c). Solve the sameproblemanalytically using the
Laplacetransform. Plot resultsfrom (c) and comparewith theseresults. Can you
draw any conclusionfor this “nonstandard”problemfrom the point of view of the
systeminitial conditionsat MONPGRQ ? (The standardproblemrequiresthat for the
impulseresponseall initial conditionsare set to zero.)

Part 3. Considerthe dynamicsystem[17] representedin the statespaceform by
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This is a real mathematicalmodel of an F-8 aircraft [18]. Using MATLAB, determine
the following quantities.

(a) The eigenvalues,eigenvectors,and characteristicpolynomial. Take p=poly(A)
andverify that roots(p) alsoproducesthe eigenvaluesof matrix C .

(b) The statetransitionmatrix at the time instant M = 1. Use the functionexpm.
(c) The unit impulse response and plot output variables. Hint: Use im-

pulse(A,B,C,D).
(d) The unit stepresponse.Plot the correspondingoutput variables.
(e) Let the initial systemcondition be E�F�G�JxNny W [ [zGYXZ^ [|{'} . Find the system

stateandoutput responsesdue to an input given by ~wF�M�J-N������3F+M�J i G���M���[]G�GRG .
(Hint: Taket=0:10:1000 and find the correspondingvaluesfor ~wF�M�J by using
the function sin in the form f=sin(t). Thenusethelsim function.)

(f) Find the systemtransferfunctions. Note that you haveone input and two outputs
which implies two transferfunctions. (Hint: Use the function ss2tf.)

(g) Find the inverseof the statetransitionmatrix �������H� I v N<��I��k� at M = 2.



Part 4. Considera linearcontinuous-timedynamicsystemrepresentedby its transfer
function ��������� �H�
���]�������B�����������R���H�
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(a) Input thesystemzerosandpolesascolumnvectors.Note that in this casethestatic

gain ¢ = 1. Use the functionzp2ss(z,p,k) to get the statespacematrices.
(b) Find the eigenvaluesand eigenvectorsof matrix £ .
(c) Verify that the transformation¤ �j¥�¦¤ , where

¥
is the matrix whosecolumnsare

the eigenvectorsof matrix £ , producesin the new coordinatesthe diagonalsystem
matrix § �:¥©¨9ª £ ¥ with diagonalelementsequalto the eigenvaluesof matrix £ .

(d) Find the remainingstatespacematricesin the new coordinates.Find the transfer
function in the new coordinatesandcompareit with the original transferfunction.

(e) Comparethe unit stepresponsesof the original andtransformedsystems.


