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Example 1: For the circuit shown in Fig.1 let the v.(0) = 15V, Find v,, v, and i, for t > 0.

We have the 8() and 12() resistors are connected in series and can be 3 2
combined as (8 + 12 = 20Q). This new 20{) is connected in parallel with the * i
5() resistor, so that the equivalent resistor will be (20Q || 5Q): *
— 2925 _ 4() and this can be seen in Fig.2 ¥ +
ed = Sorc and this can be seen 1n F1g. 50 01F = ” 203,
= RoqC = 4(0.1) = 0.4 s -
VLT —1/0.4 g —2.51 Fig.1
v = v(0)e /T = 15¢ " V, Ve = U = 1de \Y 5
Now, using to voltage divider rule to find v, N
U, = 12 v = 0.6(15 _“’I)—@(J_HIV —
X D + 8 Req v — 0.1 F
Finally, applying Ohm's law to get i - .
inally, applying Ohm's law to get i, | v, . Fig.2
ly — —f_} = 0.75e A
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Example 2: The switch in the circuit of Fig.1 has been closed for a long time, and it is opened
at t=0 Find v(t) for t = 0. Calculate the 1nitial energy stored in the capacitor.

=0

For t < 0 the switch is closed; the capacitor is an open circuit as shown in 30 - 10
Fig.2. Using voltage division to find v, (t). —VWy T WW
+
9
vc(t)sz20=15V, t<O0 20V<f> 9Q§ V== 20 mF
Since the voltage across a capacitor cannot change instantaneously, the Fig.1
voltage across the capacitor at 1 = 0 1s the same at 1 = 0O, or 3Q 1Q
—VWW MWW——20
ve(0) =V, =15V +
, , 20V (* 9Q § - v(0)
For t > 0 the switch 1s opened, and we have the RC <> Fig.2
circuit shown 1n Fig.3. [Notice that the RC circuit in 5 o
Fig.3 is source free; the independent source in Fig.1 1s o ANAN——
needed to provide or the initial energy in the capacitor.] *
. . . . 0Q V=15V =— 20 mF
The 1Q and 9Q resistors 1n series give Req =9 +1 = 100Q | Fig3

T=R,C=10X20X 1077 =025 ©
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Thus, the voltage across the capacitor for f = 0 1s
v(t) = ve(0)e /T = 15¢77%2V
or
v(f) = 15¢ 'V
The 1nitial energy stored in the capacitor 1s

1 |
w~(0) = Ecu?;(()) = X 20 X 1072? X 152 = 2.25]
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Example 3: The switch in the circuit of Fig.1 has been closed for a long time, and it is opened

at t=0. Calculate i(t) for t > 0.

For t < 0 the switch is closed; and the inductor acts as a short circuit. The
16Q resistor is short circuit as well and the resulting circuit is shown in Fig.2.
In order to get i 1 in Fig.2 , we combine the 4Q and 12€2 resistors in parallel

to get the following resistor. 4 x 12 40

Req = = 30 — _
47 4412 T 53

8 A

Since the current through an inductor cannot change instantaneously,
1(0) =10 )=06A

When 7 > 0, the switch is open and the voltage source is
disconnected. We now have the source-free RL circuit in Fig.3
Combining the resistors, we have

Reg= (12 +4) |16 =8 Q

t=0

vy

4 Q

‘ * i1

@ 40 V 120 16 Q ?ZH

1 20

4 Q

Fig.1

)V @)

VWA

§12§2

l’ i(7)

Fig.2
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The time constant 1s

Thus,

i) = i(0)e /™ = 6e ¥ A

Lecture 2 and 3 Tutorial

4 Q
MW

lr i(f)

12 Q 16 Q2 2H

Fig.3
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Example 4: The switch in the circuit of Fig.1 has been 1n position A for a long time, and at
t=0 the switch moves to position B. Calculate v(t) for t > 0 and calculate its value
att=1 s and 4 s.

For r << 0O, the switch i1s at position A. The capacitor acts like an open
circuit to dc, but v i1s the same as the voltage across the 5-k{) resistor.
Hence, the voltage across the capacitor just before r = 0 1s obtained
by voltage division as

5
(0 ) = 24) = 15V
( ) 5 + 3 (24)
Using the fact that the capacitor voltage cannot change instantaneously, 3 kQ A B 4kQ
_ . A K& AN
v(0) =v0 )=v0")=15V t=0

—— 0.5 mF (1“ 30V

| = <+

24V @D 5kQ

Fig.1
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For r = 0O, the switch 1s 1n position B. The Thevenin resistance
connected to the capacitor is Ry, = 4 k&), and the time constant is

T = RpyC = 4 X< 10° X 0.5 X 1077 = 2 5
Since the capacitor acts like an open circuit to dc at steady state,

v(oe) = 30 V. Thus,

v(1) = v(o°) + [v(0) — v(=)]e /7
30 + (15 — 30)e /7 = (30 — 15 92 Vv

Att =1,
o(1) =30 — 15¢ "> =209V

Att = 4,
v(4) =30 — 15¢ > =27.97V
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