Solutions to EE2008 Homework Assignment 2

Q.1 Consider the circuits given in Fig. 1 below. Assume that both the capacitor and the
inductor are initially discharged.
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Fig. 1

(a) Derive the associated state and output equations with the input being the voltage
source v and the output being the current i.

(b) Compute the transfer function of the circuit. What are the poles of the system? Is it
stable? Why?

(c) Compute the zero response and complete response of the circuit if v = 1 volt.

Solution:

(a) Derive the associated state and output equations with the input being the voltage
source v and the output being the current i(f).
For capacitor,
dv(t)
i(t)=Cc=—1
)=
Applying KVL to the left loop, we have

d d 1 1
iCR+vC=RCL+vC:v - fe__ Ve +—v
dt dt RC RC
For the inductor,
di,
v, =L—=
T dr
Applying KVL,
di di R 1
v, +i, R=LZL +iR=v = TL-_Z; 4y
dt dt L L
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Thus, we have the state equation
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(b) Compute the transfer function of the circuit. What are the poles of the system? Is it
stable? Why?

The transfer function is then given by

1 1 2

stec Y 0 |rc | 1 R

H(s)=CGI-A)'B+D=[0 1] RC +_:%
L L

The pole of the circuit is given by

S=—£<0
L

Thus, the circuit is stable. In fact, the system has another pole at s = —% <0, which
is cancelled with the zero of the system. In both cases, the system is stable.

(c) Compute the zero response and the complete response of the circuit if v =1 volt.

The zero response of the circuit is zero as the initial values of the state variables are
zero. The complete response is then given by the response due to the external voltage
source, i.e.,

142 2 1
=Bl g R R 2T )
S+z S S S+ — R R
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Q.2 Consider the circuits given in Fig. 2 below. Assume that both the capacitor and the
inductor are initially discharged.
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(a) Derive the associated state and output equations with the input being the voltage
source v and the output being the current ;.

(b) Compute the transfer function of the circuit. What are the poles of the system? Is it
stable? Why?

(c) Letv=1V. Compute the zero input response and complete response of the circuit.

(d) Sketch the complete response obtained in Part (c).

Solution:

(a) Derive the associated state and output equations with the input being the voltage
source v and the output being the current /.

v, -1.5 =05](v. 0.5 . v,
Cl= S+ v, z=vc=[1 O] S +0-v
i 0.5 -05|\7 0.5 i
(b) Compute the transfer function of the circuit. What are the poles of the system? Is it

stable? Why?

0.5s

H(s)=———
() sP+2s+1

= poles=—1,—-1 = stableas both polesarein LHP.

(c) Letv=1V.Compute the zero input response and complete response of the circuit.

C(sI-A)'x,=0 = zeroinput response =0

W) =L {HEU )} =L {—O'SS l} - L‘l{ 0> } ~ 0.5t

sP+2s+1 s
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Q.3 Consider the circuit given in Fig. 3 below. Assume that the capacitor is initially charged
to 1V and the inductor is initially uncharged.

20 1 H
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vTC) 2F == 1 e %29
Fig. 3

(a) Derive the associated state and output equations with the input being the voltage
source, v, and the output being the current, i;.

(b) Compute the transfer function of the circuit. What are the poles of the system? Is it
stable? Why?

(c) Compute the zero response and the complete response of the circuit if v = 5V.

(d) Sketch the complete response obtained in Part (c) for up to 5 seconds.

Solution:
AN AN [t o]l " J+o
@ Ve B % _% Ve 0 " I Ve Y
s+0.25
b) HE) = sT+2.25s5+1

poles are at = —1.64 and -0.61; stable because all poles are in the LHP.

0
(c) The initial condition is x, :[1] and thus

L‘{C(sI—A)‘x0}=L‘{ -1 }:L'{ 097 097 }

s> +2.255+1 s+1.64 s+0.61
_ 0.97(871464t _6—061[)

and the response due to the external source

L—l {H(S)U(S)}:L—l {zs'i'ilé :L_l{l.zs _ 4.114 n 2.865
s +225s+1 s S s+1.64 s+0.61
=1.25-4.114e7*" +2.865¢™"°"

The complete response is then given by

y(t) =1.25-3.144¢™" +1.895¢7"
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