HW#10 — Solutions to Problems from Chapter 8

Problem 8.3
The systemtransferfunction can be written in the form
Ks+ K
s6 + 2655 + 46554 + 503253 4 1766452
Using formulas(8.20) and (8.26), we obtain the statespacematricesdirectly from the systemtransferfunction as

H(s) =

0 1 0 0 0 0 0 K
0 0 1 0 0 0 0 K
10 0 0 1 0 0 10 r |0 _
A= 0 0 0 0 1 0o |’ B= o’ c = 0’ D=0
0 0 0 0 0 1 0 0
0 0 —17674 —5032 —465 —26 1 1
Problem 8.5
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Using the Laplaceinversewe obtain

o= { 5 )=o) o]

(b) The systemstateresponsds obtainedas follows
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The systemoutputresponses equalto y(¢) = Cx(t) = z2(t) = cos (¢) + sin (¢). In the casethat only the output
responses requiredandwhenx(¢) is not available,the systemoutputresponses evaluatedas follows

Y(s) = H(s)F(s) + C®(s)x(0) = C(sT — A)""BF(s) 4+ C(sI — A)~'x(0)
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Problem 8.6
Using the Laplacetransformwe obtain
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This result can be obtainedusing the Laplacetransformas follows
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Problem 8.7
Using the Z transformwe have
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(b) Using the Z transformwe have

Problem 8.11
The systemtransition matrix is given by

AF — Z‘l{z(zlf A)'l} = [(1) 3k3; l]u[k]

The systemresponsedue to initial conditionsis
kot |U3F—1][1]  [3F
= atx = V] = [

Problem 8.15
The statespaceform of this system,obtainedusing the changeof variablesz; [k] = y[k], z2[k] = y[k + 1], is

given by
=[G« B v i) = b] -

The systemresponsen the frequencydomainis

Y(z) = C(:I— A)"'zx[0] + C(:I— A)"'BF(z) = 1 o][z 1]_1,2[1]“1 0][2 21]_1[2] d
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The time domainresponsés obtainedby taking the inverse Z transform

(k. ke K o,
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Y(z) < ylk] = (%(l)k + 5 cos [k§ - Z])u[k]

Pluggingk = 0, 1, 2,... we find that this outputresponsdakesthe valuesl, 0, 0, —1 that repeatperiodically.



Problem 8.17
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Note that (sI — A)™" is calculatedin Part (a).
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Problem 8.21
(a) The discrete-timesystemtransitionmatrix in the complexdomainis obtainedas follows

B o (T Ayl — 2 [#43 1) [ -5 S
(z+D(z+2)| -2 = z+1 + z+2 =Tt z+2
Using the inverse Z—transformwe have
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(b) The systemtransferfunction is found using the formula

2 z+43 z+ 1) (z+2)
(c) The systemoutputresponsen the complexdomainis given by
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Applying the inverse Z—transformwe obtain

ylk] = 27HY (2)} = {%(l)k + %(72)’c - E(I)k - ék}u[ls]



