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Q.1) In the parallel circuit of Figure Q.1, find v(t) for t>0, assuming v(0)=V.=5V,
i(0)=1,=0 A, R=1.923 Ohms, L=1 H, and C=10 mF. [4-Points]
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Figure Q.1

Solution:



If R = 1.923 Q,
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Since @ = wp in this case, the response is overdamped. The roots of

the characteristic equation are
si2=—a * Va* — o = =2, 50
and the corresponding response is
v(f) = Aje >+ Are
We now apply the initial conditions to get A, and A,.

p(0)=5=A, + A,

dv(0)  v(0) + Ri(0) 5+0
dt RC 1.923 x 10 X 103
But differentiating Eq.1
dv

— = 24, ¥ — 504, "
dI 1 2

At t =0,
—260 = —24, — 504,
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—260
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From Eqgs. 2 and 3 , we obtain A} = —0.2083 and A, = 5.208.

Substituting A; and A, in Eq.1 yields
v(f) = —0.2083¢ % + 5.208¢
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Q.2) The switch in Figure Q.2 has been closed for a long time. It is open at t=0. Find:
(a) i(0+), v(0+), i(00), and v(oo). [4-Points]
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Figure Q.2

Equivalent circuit of that in Fig.2. for:(a)r=0",(b)r=0"



Solution:

(a) If the switch is closed a long time before t = 0, it means that the
circuit has reached dc steady state at t = 0. At dc steady state, the
inductor acts like a short circuit, while the capacitor acts like an open
circuit, so we have the circuit in Fig. 8.3(a) at t = 0 . Thus,

12 B
i07) =55 =2A  v(07)=2i0)=4V

As the inductor current and the capacitor voltage cannot change
abruptly,

i07) =i(07) =2A, vy =v0)=4V
(b) At t = 07, the switch is open; the equivalent circuit is as shown in

Fig. 8.3(b). The same current flows through both the inductor and
capacitor. Hence,

ic(0")=i0"H=2A
Since Cdv/dt = i., dv/dt = i/C, and

dv(0")  ic(07) 2
_ —Z _20v/
dr C 0.1 )

Similarly, since Ldi/dt = v;.di/dt = vy /L. We now obtain v; by
applying KVL to the loop in Fig. 8.3(b). The result is

—12 + 4i(0") + v (0 +w(0") =0
or
v (07)=12—-8—-4=0
Thus,

di(0") v, (07) 0

di L 025 Al

(c) For t = 0, the circuit undergoes transience. But as 1t — =, the
circuit reaches steady state again. The inductor acts like a short circuit
and the capacitor like an open circuit, so that the circuit in Fig. 8.3(b)
becomes that shown in Fig. 8.3(c), from which we have

() = 0A, v(e) =12V
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TABLE 9.1 Summary of Relevant Equations for Source-Free RLC Circuits

Type Condition Criteria o g Response
]
Parallel —
S 2RC l A1 + Aye™ where
| verdampe o> ; Vi Y . o
Series —
2
]
Parallel —
Critically damped «=0 2 l e (At + 4y
=) = (Al + A
Series L JIC
yil
]
Parallel T | ¢ (By coswg! + By sinegl),
Underdamped o < ; \/ﬁ ere 1 \/272
Series - where g =\ 0j ¢



