
125- A (2-j 10) 

125 (2+j10) 
(2-j10) (2 +j10) 

A 

A-2.4 +j 12.02 

Put s=2 

250(-2)=C(-2 +j10) (-2-j10) 

500 C (4+ 100) 

500C 104 

500 
=-4.81 C 

104 

2.4-j 12.02 4.81 2.4+j 12.02 
I (s)=" s+j10 

s-j10 s+2 

Taking inverse Laplace transform 

i (t) = (2.4 +j 12.02) e"/10 + (2.4 -j12.02) el0 4.81e 2 

i (t) =2.4 e"jl0t +j12.02e/l0 +2.40-j12.0210 4.81 
i (t) = 2.4 (e0 +e"J1)-j1.202 (1OE . e104.81 e 

i (t)= 2.4 (2 cos 10t) -j12.02 (2j sin 10t) - 4.81e2 

i (t)= 4.8 cos10t + 24.04 sin 10t - 4.81 e A 

3.4.3 Transient response for RLC circuit 
R 

3.4.3.1 Step input ww 
t 0 

Applying KVL to the series RLC circuit 

(Figure 3.15) E 

iR+ di idt E 
Fig. 3.15 

Assume no initial charge on the capacitor. 

Taking Laplace transform on both sides, 

RI (s)+ L ls/ (s)-i (0))+ 
1I (s)E 

S 



NS/EN 

ENT RESPONSE ANALYSIS 

-1ing i (0) = 0 we get Assumin, 

3.73 

RI 9+ Lsl s) + 

Cs S 

Is)R+sL + 

I6) = 
s (R +sL +1/Cs) 

E 

E I (s)7 

Rs+sL+ 

ElL 
1 1 LC 

The roots of the denominator are, 

-RIL N R 
- 4/LC 

S 2 

-R 

2L 
R 
2L LC S 

S = atB 

R 
a :p-V 2L LC 

Discriminant positive 
R 
2 

The two roou are real and 

S1 + B, so =a-
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value of capacitance EXAMPLE 35: An RLC series circuit has R = 10 2 L = 2 H. What value of cane 

will make the circuit critically damped. 

LOTS 

Solution: 
For critical dampingg 

4L 4 x2 
R 0.08 F 

C=0.08F 

EXAMPLE 36: A series RLC circuit with R= 100 L = 0.1 H and C=100 uF has a 

DC voltage of 200 volts applied to it at t =0 through a switch. Find the expression for 

the transient current. Assume initially relaxed circuit conditions. 

HOTS 
100 0.1H 100 uF 

wwW-0000 t 0 

200 V 

Solution 

When the switch is closed, the equation for the circuit is 

100i +0.1+ idt=200 dt 100 x 10-6 

Take Laplace transform on both sides and assuming zero initial conditions 

1007 (s)+0.1 sl (s) + 1_()_200 
S 100 x 106 s 

I (s)100 +0.1s + 1 200 
100 x 10s 

200 
I(s) = 

100 +0.1s+-s 

100 x 10s 
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I (s)=-
100s +0.1s+ 

200 3.77 

100 x 10 6 

2000 

T6)2+1000s + 100 x 10 

The roots of the denominator are 

s +1000s +100 x 10* = 0 

1000+V(1000)-4 x1x 100 x 10 
S1, S2 

2 

S1, S2 500 t 387.2 

S1, S2-112.8, -887.2 

K1 K 
I s) s+112.8 s+887.2 

2000 K (s + 887.2+K2 (s + 112.8) 

When s = - 887.2 

2-887.2+ 112.8) = 2000 

Ko=-2.58 

When s = 
- 112.8 

1-112.8 + 887.2) 2000 

K =2.58 

2.58 

2.58 
I (8) 

aking nverse 
Laplace 

transtorm, 

+112.8 s+ 887.2 

sform, 887.2 

112.8t2.58e 

i (0)= 
2.58 e 

-2.58 e 

112.8 887.3 A 
112.8 e 

i(t)=2.58 le 
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rent when the switch 
EXAMPLE 37: In the circuit shown in figure, find the transient current when tho. 
is closed at t = 0. Assume zero initial conditions. 

5Q HOTS 
t 

0.5 H 
50 V 

i (t) 
0.08 F 

Solution: 
Applying KVL, 

5i (t) +0.5 di ()1 f i)dt = 50 dt 0.08J i(t) dt = 50 
Taking Laplace transform on both sides, 

1 I (s) 50 5I (s)+0.5 si (s) + 0.08 s 

50 I (8)5+0.5s+s 0.08s 

50 I (s) 
s5+0.5s + 12.5 

S 

50 I (s) = 
0.5s+5s +12.5 

100 I 6)2+10s +25 

100 
I (s) = 

(s +52 
Take inverse Laplace transform on both sides, 

i (t) = 100 te 5t A 

irt EXAMPLE 38: For the circuit shown in figure, determine the current in tne when the switch is closed att=0. Assume that there is no initial charge on the capa or current in the inductor. 
S 2Q 

HOTS 

1H 
100 

i() 
F 
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Solution 

the switc is closed, by applying KVL, we get 
When 

2 i)+d1 Jidt=100 dio. 
t 

Taking Laplace 
transform on both sides, 

2 (s) +s1 (8) + (S)_ 100 
S 

I ) 2+s 

100 
I (6) 2+2s+1 

100 
I(s) =-

s +1)2 

Taking 
inverse Laplace 

transform on both sides, we get 

i(t)= 100 te'A | 

34.3.3 Sinusoidal input 

igure 3.21 shows the series 
RLC 

cireuit is excited by 
sinusoidal 

source 
under 

ransient condition. 

e 
Switch in the series 

RLC 
circuit is closed at t=0, we 

shall 
assume 

all initial 

onditions to be zero. 

R L 
wwM-O0 
t 0 

+ 
int= V, sin VSin 

i (t) 

Take Laplace transform, 

1 I (8) 

RI (8)+ Lsl (8) + s 

Fig. 3.21 

2 

V 
1 

I (s) R+Ls t css240 

V 
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V Cs 

I (s)= 
(RCs+ s LC + 1) (s*+ o) 

Vm Cs 

I (s)= 

Le i 
Vm s/L 

I (s) = 

LC 

When s2+0=0 

S tjoD 

When+s+0 

2-4x1xTE 
S=-

2 

R - R 

s 2 
2L 

The four roots of the denominator are tjo, a tB 

1 

The type of solution will depend on the value of R 
2L 

1 
LC 

Case i) 

2 
1 

LC 
In this case, the roots are real and distinet. 
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ase (ii) 

R 1 

2L 

Hare. the two roots become identical and equal to a only. 

LC 

ase (iii) 

R 
2L 

.1 

The roots are complex conjugate. 

The expression for the steady state current will be 

Vm sin (wt t 0) 
iss 

VR+X-X 

tan 

SHORT 
QUESTIONS AND ANSWERS 

1. R The transients are due to the presence 
of energy storing 

elements in 

the circuit - True or False 

Ans: True (AU/ECE Dec 2007) 

2. R What is transient? 

anetwork 
containing 

energy 
storage 

elements, 
with ehange in excitation, the 

Current and voltage change 
from one 

state to other state. The behaviour of the 

age or current, 
when it is changed 

from one 
state to another, is called the 

transient state. 

3. R Define transient 
time. 

ne time taken for the 
circuit to change 

from one steady 
state to another steady 

tate is called the 
transient 

time. 

'hat do you 
mean 

by 
steady 

state? 

R 
circuit consisting of 

constant 

sources 

is said to be in 
4. 

in steady state if the voltages 

and current do not change 
A with timne. 

AnalysisE E-Evaluate Create 

Remember U 
A-Apply 

Understand 
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