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Transient response for RC circuit 

s4.2.1 Step input 

onsider the s4 ider the RC series circuit with a DC voltage applied through a switch as shown 

ure 3.10. Let re 3.10. Let the capacitance have an initial charge of Qo coulombs. 

The initial voltage on the capacitor Vo=o 

Applying KVL, we get t-0 

iR+idt + Vo = E 

If there is no initial charge eo= 0 (i.e) Vo =0 
Fig. 3.10 

iR +idt = E 

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

Taking Laplace transform on both sides, 

RI () C S 

R 

E 
I (s)= R 

E 
1 

sR+C 
I (s)= 

Taki ang inverse Laplace 
transform 

on 
both sides, 

E 
1 

RRC 
I (s) 

i (t)4 

E-t/RC 

i (0)R 
t 

i (t)-oR Fig. 3.11 

i( 



ELECTRIC CIRCUIT ANALY 3.52 YSIS 
E The initial value of the current is amperes, and the final steady state 

zero ampere. 

Voltage across the resistor ep = iR =Ee"tikC 

Voltage across the capacitor e= i) dt 

E Rer/RC dt 
0 

E-/RC 

eCR 1/RC Jo 

-ERC 
ee-E (et/kC_ 1 

e=E (1 -et/RC 

e increases with time when t= (steady state condition), e is equal to the applee 

voltage and opposing it. The current i then becomes zero. 

Time constant t = RC seconds 

E PRegiR 2t/RC 

P=eci=E(1 -e"tiRC(et/R 
R 

Po t/RC-2t/RC 

The energy stored in the capacitor is obtained by integrating Pc from 

Ec= (etiRC-et/RC) dt 
0 

E t/RC e 2t/RC 

- 1/RC 2/RC . 
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RC R 2 

EcCE 
Att RC sec, i = l 

= 36.8% of the initial current 
Hence, time constant t= RC seconds. 

42.2 Source free (RC Decaying transient) 

Consider the circuit of figure 3.12. The 

siteh has been in position 1 for sufficient time 

pestablish steady state conditions and at t= 0, 

he switch is moved to position 2. 

Before the switch is moved to position 2, the 

capacitor gets charged to the voltage E with the 
Fig. 3.12 

polarity as shown. 

The equation of the circuit is 

iR+ dt + E =0 

plied 
Taking Laplace transform on both sides 

Fig. 3.13 

I () R+Ts 

IR 
- E 

I (s) R+1/Cs) 

E 
I (8)= 1 

RsC 

(8)R (s + 1/KO 

E-t/RC 

inverse Laplace 

transform, 

i () =* 

Taking 
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100 60V. Caleulate 
EXAMPLE 24: A resistor R and a 2 uF capacitor are in series acroso 

supply. Across the capacitor is a cold cathode lamp which strikes at 60 V b 

MQafter how mu) 
so that the lamp strikes 5 second after the switch is closed. If R = 5 MA ater 
time would the lamp glow? 

(AUI Coimbatore/EEE - June 2 LOTS 
Solution 

Case (i) 

-E 1-
Here e = 120 Volts, E = 200 Volts, t = 5 sec, T1 = RiC 
Substituting the values, we get 

-5 120 200 1-e 
- 5 

et 0.4 

log 0.4 = In 0.4 =0.916 
T1 

10.916 T65.4 sec 5 

R 
2x 

5.4 

10 
R=2.7x 10° Q=2.7 MQ 

Case (ii) 

Here, R = 5 M 

T RC=5x 10 x 2x 10 = 10 seconds 

Substituting in equation (1) 

120 2001-e"i 

2 
T= 0.4 
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2 = In 0.4 = -0.916 T2 

to=0.916 xtg 
to = 0.916x 10 

to= 9.16 seconds 

25: The 20 juP capacitor in circuit of figure has an initia charge 
AMPLE 

=00 
n 001 coulomb as shown. The switch is closed at t = 0. Find the transient current. 

IHOTS 
100 2 

-
t=0 

50 V 20 uF 

Solution: 

The differential equation of the circuit is given by 

100i idt -50 
0.001 

iidt-60 20 x 10 

100i+ idt= 100 

ake Laplace transform on both sides 

1 () 100 

100 I (5)+C s 

100 

I(s)100+s 

100 

T (6) (100+ 
1/Cs) 

100 

T (s)(100s + 1/C) 

100 

100 100 (8+ 
1/100 C 

I (8) st 100 C 
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Taking inverse Laplace transform i (t) =e-1/100 C)y 

Substituting c 20 F, 
we get, 

Li(t)=e 500t 

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

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

HOTS 20 1 uF 

t 0 

i00 V 
i (t) 

| Solution 
Applying KVL, 

1 20i (t)+ 
106 

i (t) dt = 100 

0 

Taking Laplace transform on both sides, 

20/ (s) + 106(6) 100 

s 

20s I (s)+ 10° I (s) = 100 

I (s) [20s + 10°] = 100 

100 
I ()= 

20s +10 

100 
I (s) = 

10 20 
106 +1 

100 x 106 
I (s) = 

20x 10 s+ 20x 10 20 x 10 

5 
T (6) +5000 
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i(t) = 5e-50000t age across the resistor ep = 20 x 5e50000 t 

R 100e 50000 
Voltage across the capacitor ec= E --eR 

ee100-100e-50000 

e= 100 (1-e 50000 

Given e25 V 

25 = 100(1-e 50000 

Hence, t=5.75 u s 
AAMPLE 27: A series RC circuit consists of a resistor of 10 2 and a capacitor of 0.1 S shown in figure. A constant voltage of 20 V is applied to the circuit at t = 0. Obtain Current equation. Determine the voltage across the resistor and the capacitor. HOTS 

102 S 

W-

0.1 F 20 V 

(AU/EEE -Dec 2005 , May 2004) 

bolution 
or i+ idt = 2 

"Taking Laplace ransform on both sides, 

applying KVL, we get 

itidt=20 
(s+1) (s) = 2 

2 
I(s) = -

s+1 1 I (8) 20 
10/ (s) 0.1 s 

I ()10+ 
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20 
I (s)= 

(s + 1) 

0.1s 

2 
I (s)= 

(s +1) 
Taking inverse Laplace transform, 

i (t)= 2 et 

Voltage across the resistor ep = iR = 2ex 10 

LeR=20e volts 

Voltage across the capacitor e,= E -eR 

e 20 20 e 

e20 (1-e) v 
EXAMPLE 28: In the circuit of figure, the switch s is in position 1 till steady stote 
conditions are reached and then moved to 2. Find the energy dissipated in the two resistors. 
Show that this is equal to the energy stored in the capacitor before moving the switch. 

HOTS 
2 

200 2 

i() 100 V 

300 2 100 uF 

Solution: 
When steady state conditions have been reached in position 1, the capacitor 

has a 

voltage of 100 V across it. On moving the switch to 2, the equation for the cireut 

500+ idt= 100 
Taking Laplace transform on both sides 

500/ (s)+(6) _100 
Cs S 

I (8)500+ Cs 
100 
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