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2 Transieﬂt response for RC circuit
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LA RC ircuit wi

bonmde(;' tIl::t thesex'les C-lI'Cult with a DC voltage applied through a switch as shown
gaure 3.10. capacitance have an initial charge of Q coﬁlom:):l "
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The initial voltage on the capacitor V,=—-
c P><
Applying KVL, we get
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If there is nO initial charge Q=0 (i.e) V,=0
Fig. 3.10

LR+ [idt=E

The above integral equation may be solved by using Laplace transformation.
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ELECTRIC CIRCUIT

3.52 \AN%
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The initial value of the current is 5 amperes, and the final steady stat, Valy,

zero ampere.

Voltage across the resistor ep =iR=E ¢~ $/RC
t
. 1 .
Voltage across the capacitor =C J i (¢)dt
0
. t
—t/RC
=T dt
CR (J; ¢
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-E (e—t/RC_ 1)
1

e,=E (1-¢ '/EC)
e, increases with time when t=oo (steady statléﬁcondition), e, is equal to the applet
voltage and opposing it. The current ; then becomes zero.

Time constant T = RC seconds

E2
PR =eR i =fe— 2t/RC

PC=e0i=E(1_e—t/RC)R e -t/RC

p Ez( ~t/IRC _ —2t/RC)
c~™ R e

The energy stored in the capacitor is obtained by integrating P from 0t~
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Ee=%x 1%
Eq= % CE?
at t =RC sec, i=%"_l
= 36.8% of the initig] current

Hence, time Oonstant T =RC Sec()nds'

1422 Source free (RC Decaying transient)

Consider the circuit of figure 3.12. The 1
witch has been in position 1 for sufficient time __7
. establish steady state conditions and at ¢ =0, +] A (\ N
+¢ switch is moved to position 2. E :T l

+

Before the switch is moved to position 2, the = c
apacitor gets charged to the voltage E with the g, 342
wlarity as shown.

The equation of the circuit is W ¢

+—

. 1 . B
LR+—C- j idt+E=0

i E
Taking Laplace transform on poth sides £

116) _—E Fig. 3.13
I(s)R+—C";"‘ S
1] -E
I(s)[R‘*‘C’S'}’ s
-E
1©= 7R+ 1/CY

-E

/
= 1
16 Rs

Taking inverse Laplac
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EXAMPLE 24: A resistor R and a 2 uF capacitor are in serieg across /!/r):

supply. Across the capacitor is a cold cathode lamp which strikes o4 60.v e Iv’ I
so that the lamp strikes 5 second after the switch is closed. If R =5 M Q2 afie hn'uj"’“v b
time would the lamp glow? L

(AU/ Coimbatore/EEE - o .
Solution: |
Case (i)

—t
L’(. = E 1- e 1 » ]
Here e, = 120 Volts, E = 200 Volts, t; = 5 sec, 7, =R,C

Substituting the values, we get

-5
120:200[1—e?]
=5

Soe T =04

;—5 =log 0.4=1In0.4=0.916
1

5
o tl—m—5.4sec

T 54
Ry=—m=—2%
1"C 95106

R =27x10°Q=27MQ

Case (ii)

Here, R,=5MQ

Ty = RyC=5x10%% 2 x 107 % = 10 seconds

Substituting in equation (1)

)
120=200) 1-¢

by

e r; = 0.4
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% In0.4=_0g94

t3=0.916 x 1,
ty=0.916 x 10

t2 =9.16 seconds

3.55

25: The 20 ; L
00[1‘Ecoulomb as shoZ.)Fr; C;;f aato.r "? crcuit of figure has an initial charge
0,20 . The switch is closed at t = 0. Find the transient current.

m 100Q
t=0

+
50V 'T q 20@?;00
i

jon of the circuit is given by

Q@
1 _—= 0
i dt C 5

Solution ¢ l

The differential equat

100i+—é,— |
0.001

1 (04— 6
1000+ [ idt=50+0"" 07

100i+% [ idt=100
on both sides

1 1(s)_100
1001 () ¢ s T s

g 100
1(3)[100+'CTSJ’

Take Laplace transform
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3.56 ELECTRIC CIRCUIT 2

Taking inverse Laplace transform i () = (" 1/100 C)t
Substituting c=20uF,
we get,

i (t) —e 500t

EXAMPLE 26: In the circuit shown in figure, find the time when the voltage

capacitor becomes 25 V, after the switch is closed at t =0.

' v

)

100V =

iSolution :

Applying KVL,

t

[ i@dt=100
0

Taking Laplace transform on both sides,

20 (t) + 1 5
10™

201 (s) + 108 I—?:—l@

S

20s I (s) + 10% I (s) = 100

1 (s) [20s + 10%] = 100

100

I(s§)=—%
20s + 108

100x10 %
Y 1

S+

90x 108

3

L= 50000

|
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Taking 1nverse aplace o —
T——

\\.‘.“3_‘2

U e~ 50000,
Voltage across the resistor

R=20x 5,- 50000,

R=100 - 50000 ,
Voltage across the cqp...
Pacitor e, < py _ eR

€ =100 (1 - - 5oooot)

Given ec =25 vV

25=100 (1 - ¢ 50000

20V = /> 0.1F
i

By aprie.
y Pplying KVL, we get

(AU/EEE - Dec 2005 , May 2004) |

or i+J'idt:2

12

1o idr=20 1)+~ I(s) = =

; idt < S

10i+ 57 |
'P . ‘lag “+1)I\‘):2
g Laplace transform on both sides, (s (s
. 2
10/ (s) + o1 e s

1 |20
! (s)[ 10 + 01" =
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20
(s 4 1)
0.1s

I (s):

I (S) - - -z,
(s+1)
Taking inverse Laplace transform,

i(t)=2e !

Voltage across the resistor ep=IiR =2 tx 10

eg = 20e” ! volts

Voltage across the capacitor e.=E-ep

e,=20-20¢"

e.=20(1-e"HV

EXAMPLE 28: In the circuit of figure, the switch s is in position 1 till steady stot:
conditions are reached and then moved to 2. Find the energy dissipated in the two resistor:
Show that this is equal to the energy stored in the capacitor before moving the switch.

2 200Q
(o
300 Q

—— 100 uF

[
{ Solution :

’ " itor has 2
When steady state conditions have been reached in position 1, the capa““torit N
. MU
voltage of 100 V across it. On moving the switch to 2, the equation for the circt

500i + = [ i dt=100

C
Taking Laplace transform on both sides
I'(s) 100
500/ (s) + e
1s)| 500+ 1 |- 100
Cs 8
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