8.7.2 Experiment 2—Response of Continuous Systems

Part 1. Considera continuous-timdinearsystemrepresentety its transferfunction

5+5

H(s) = s>+ 5s+6

(a) Find andplot the impulseresponse Usethe MATLAB functioni mpul se.

(b) Find and plot the stepresponseusing the function st ep.

() Find the zero-statesystem output responsedue to an input given by f(¢) =
e~3t, t > 0. Note that you must use the function | si m and specify input at
everytime instantof interest. That canbe obtainedby t =0: 0. 1: 5 (definest at
0,0.1,0.2,...,4.9,5), f =exp(- 3*t), andy=I si m(num den, f, t). Checkthat
the resultsobtainedagreewith analyticalresultsat? = 1.

(d) Obtainthe statespaceform for this systemby usingthe functiont f 2ss. Repeat
parts (a), (b), and (c) for the correspondingstate spacerepresentation. Use the
following MATLAB instructions

[y, x] =i mpul se(A, B, C, D)
[y, Xx]=step(A B, C, D
[y, x]=lsimA B CDf,t)

respectivelywith f andt¢ asdefinedin (c). Comparethe resultsobtained.

Part 2. Considerthe continuous-timdinear systemrepresentedy

2
LD 4D gy = T iy

f(t)y =e *u(t), t>0, y(07) =2, y(07)=1

(a) Findthecompletesystemstateandoutputresponseby usingthe MATLAB function
| si m Comparethe simulation results obtainedwith analytical results. (Hint:
Usel[y, x] =l sim(A B, C D,f,t,x0) with ¢ = 0:0.1:5.) Note that the initial
conditionfor the statevector,x0, mustbe found. This canbe obtainedby playing
algebrawith the stateand output equationsand settingt = 0.

(b) Find the zerosand polesof this systemusingthe functiont f 2zp.

(c) Findthe systemstateandoutputresponseslueto initial conditionsspecifiedin Part
2(a) and the impulse delta function as an input. Since you are unableto specify
the systeminput in time (the deltafunction hasno time structure),you cannotuse
thel si mfunction. Insteaduseeitherthe MATLAB functioni ni ti al (zero-input
response)r the MATLAB programgiven at the end of this part. The required
responsds obtainedanalytically as follows

x(t) = e*(x(07) + B)



(d)

where A and B standfor the systemand input matricesin the statespace. Thus,
the new initial conditionis given by x(07) + B.

(Hint: To find and plot the systemstateresponseor the given matrix A and the
correspondingnitial conditions,the MATLAB programattachedcanbe used.)

t=0:0.1:5;

for i=1:1:51;
X(:,i)=expmA*t(i))*(x0+B);
end

plot(t,x(1,:))
plot(t,x(2,:))

Justify the answerobtainedin (c). Solve the sameproblemanalytically using the
Laplacetransform. Plot resultsfrom (c) and comparewith theseresults. Canyou
draw any conclusionfor this “nonstandard’problemfrom the point of view of the
systeminitial conditionsat¢ = 07? (The standardproblemrequiresthat for the
impulseresponsall initial conditionsare setto zero.)

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

(@)

(b)
(©)

(d)
(€

()
@)

The eigenvaluesgigenvectorsand characteristigpolynomial. Take p=pol y( A)
andverify thatr oot s( p) alsoproduceshe eigenvaluef matrix A.

The statetransitionmatrix at the time instantt = 1. Usethe functionexpm

The unit impulse response and plot output variables. Hint: Use im
pul se(A B, C D).

The unit stepresponse Plot the correspondingutput variables.

Let the initial systemconditionbe x(0) = [-1 1 0.5 1]°. Find the system
stateand outputresponsesiue to an input given by f(¢) = sin(¢), 0 < ¢ < 1000.
(Hint: Taket =0: 10: 1000 and find the correspondingvaluesfor f(t) by using
the function si n in the form f =si n(t) . Thenusethel si mfunction.)

Find the systemtransferfunctions. Note that you have one input and two outputs
which implies two transferfunctions. (Hint: Use the functionss2t f .)

Find the inverseof the statetransition matrix (eA‘f)_1 = e A gttt = 2.



Part 4. Consideralinearcontinuous-timalynamicsystenrepresentedy its transfer

function
(s+1)(s+3)(s+b)(s+T7)

s(s+2)(s+4)(s+6)(s+ 8)(s+ 10)

(a) Inputthe systemzerosandpolesascolumnvectors. Notethatin this casethe static
gaink = 1. Usethe functionzp2ss( z, p, k) to getthe statespacematrices.

(b) Find the eigenvaluesand eigenvectorsof matrix A.

(c) Verify that the transformationxk = Px, whereP is the matrix whosecolumnsare
the eigenvectorf matrix A, producesn the new coordinateghe diagonalsystem
matrix A = P~! AP with diagonalelementsequalto the eigenvaluef matrix A.

(d) Find the remainingstate spacematricesin the new coordinates.Find the transfer
functionin the new coordinatesand compareit with the original transferfunction.

(e) Comparethe unit stepresponse®f the original andtransformedsystems.

H(s)=



