2. Mathematical Models of Systems (cont.)
Example 3 Solution of a differential equation

Obtain the the response of the system represented by the differential
equation:

dj;g” #4203 =20

Where the initial conditions are y(0)=1 ,%(0): 0, and r(t)=1, t>0.

Solution

The Laplace transform yields
[S2Y(S)-sy(0)] +4[sY(s)-y(0)] +3Y(s) = 2R(s)
[S2Y(S) - 5]+ 4[sY(s)— 1]+ 3Y(s) = 2 &

_ s+4 2
Y(s)= (S2+4s+3) * S(s2+4s+3)

Where (s2+4s+3)=(s+1)(s+3)=0 is the characteristic equation. Then the
partial fraction expansion yields

3 1 1 2
I 3 -1 3 5
YO =i 6+ 3 e 54315
: 3t 1 3yt 1 37,2
Hence the response is y(H)=[5 e —5 e ¥ ]+[-et +5e 3]+ 4

y(t):% et —% e 3t +% and the steady-state response is Itim y(t)z%

The response is shown in the figure below.
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Drill Problem [to be submitted]

Simulate the above system using simulink and plot the response y(t) for
the following cases:
dy
1. y(O):O,—t(O):O, and r(it)=1, t>0.
2. y(0)=1,g(0)=0, and r(t)=0,¢=0.

3. y(0)=1,5¢(0)=0, and rt)=1, t=0.

Comment on the results and show your simulink model.

Example 4
Find the transfer functions ‘}/?1((55;) and \22((55)) for the given circuit

Ve
0 (4) &
Current
source
®

Solution
The transfer functions are obtained by writing the node equations,
yielding

Vi(s) | Vils) = Va(s)
R +

R
VE‘(LS) . vz<53R—1v1(s> o

or, in matrix form, we have

C1SV1(S) +

=R(s) ;
CasVia(s) +

CSTRITR; TR: v ][R
_R_ll sCo+ le +RL Vas) | L O
Vi(s) (SCZ”LSLLWLRLJ
R~ (C13+RL2+RL1)(SC2+ﬁ+RL1)_RL%
Va(s) _ (%1)
R(9) (C13+RL2+RL1)(SC2+ﬁ+RL1)—RL%
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