
ELECTRIC RCUIT ANALYSIS 
3.66 

EXAMPLE 31: In the circuit of figure, find the current i (t). Assume initial ekh. 

the capacitor is zero. 

initial charge in 

100 
W-

HOTS 

25 uF (AU/EEE Dec 2007) 200 sin 500t 

Solution:| 
Applying KVL, 

100i+ idt= = 200 sin 500t 

or I (s)+ 4001 (s) 103 

s+52 
25 x 10-6 

Taking Laplace transform on both sides, 

10 s +400) I (6) 5 100 I (8)+ 40000 =200500 

I(s) 100+ 100000 
s s+5002 

10 s 
or I (s) = 400 (2+ 500) 

100000 
I s)= 

100+40000 (s*+5002 

s 

1000 s I (8)= (s +400) (s+ 500) 

1000 s K K2 K3 
(s +400) (* +500) s+400 s+j500s-j500 

K, =*00=-9.76 

5 (4+j5) K2 41 

K=4-j5) 
41 

i (t) = -9.76 e 400t4 4+j5) e"j500 +(4-j5) e500 

i(t) = - 9.76e 400t10 V41 V4T 4 cos600t-sin 500t 

i (t) = - 9.76 e *0 +1.562 sin (500 t + 38.7) 
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TAMPLE 

32: Determine the current when the switch is closed at a timei 
-0 in the 

hpolarity as shouwn. 

circuit shown in figure. The initial charge on the capacit 

3.67 

time corresponding 
citor in 2 coulombs 

HOTS 

ww-

50 cos (50t+) (») F 

(AU, Trichy/EEE Dec 2008 

solution : 
Applying Kirchhoff's voltage law, 

i)+idt = 50 cos 50) 

0 

i)+ dt + idt =50 cos (50) dt 

Taking Laplace transforms on both sides, we have 

50 s 
I8)+ , 0_-

s2+502 S S 

50 s 

2+50 I 

50 s 

I (8)2, 50 
50 s2-2s-2 (60| 

I (s) = 

+ (50 )s + ) 

48s-2 (50) 

2(50 (50) s + 1) 

5y partial fractions8, 

I (8)(s +j 50) 
(s-j 50) 

(s+ 1) 
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K= I (s) (s+j 50) 
s m-j 50 

K. 48 -2 (502 K1 (sj 50) (s + 1) I,--j 50 
1250 

K1 50+j 

K= I (s) (s-j 50) 
Is =j 50 

K= 48s-2 (50 
K2(s+j 50) (s + 1) g =j0 

1250 K50J 
K3 I ()(s +1)| 

s = -1 

48 s-250) 
s+ (50 

Kg=- 1.98 
=- 1 

Substituting the values of K, K2 and K3 we get 

1250 1250 1.98 6)50+) (s +j 50) (50-j) (s-j 50) (s + 1) 
Taking inverse Laplace transform, 

: 125 50 1250j50 1.98 'A it)50 +j) (50-) 
EXAMPLE 33: A sinusoidal voltage of 10 sin 100t is connected in series with a s 
and R = 10 N and L = 0.1 H. If the switch is closed at t = 0, determine the transient e 

i (t). 
(AU/EEE Nov. 201 HOTS 

Solution 
0.1 H 109 

www t 0 

i() 10 sin 100t 
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R = 10Q L=0.1H 
v= 10 sin 10o 

3.69 
U 10 sin 100 t 10i (t)+ 0.1 di (t) 

dt 10 sin 100t 
Taking Laplace transform on both sides, assuming zero initial conditions 

ing zero initial conditions. 101 (s) +0.1 sl (s) = 10x 100 

+1002 
I (s) [10+0.1s) = - 1000 

s+1002 
1000 I (s)0.1s* 0.1 4 100 

1000 I (s) Is +100]= 0.1(s+1000) 
10000 I (s) Is + 100] = -

s2+100 

10000 
I (s) = 

(s +100) (s + 100 ) 

10000 
6(s+j 100) (s -j 100) (s + 100) 

B C A 10000 

L00) (s-j 100) (s + 100) (s +j 100) (s-j 100) (s + 100) 

A (s-j100) (s + 100) + B (s +j100) (s + 100) + C (s +j100) (s -j100) 

Put s =-j 100 

10000 

10000=A (-j 100-j 100) (-i 100 + 100) 

10000 A (-j 200) (-j 100 + 100) 

10000 = A (20000 -j 
20000) 

10000 
10000 A (-2-j2) 

1 A-2-2)° -2+/2) 

-2+J2)_- 0.25 +j 0.26 

Put S=j 100 

10000 
B G100 

+j100) 
G100 

+ 
100) 

10000=B 

(j200) 
100+ 

100) 
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10000 B (-20000 +j20000) 

10000 10000 B(-2 +j2) 

-2-j2) 
B-_2+12'-2-j2) 
B=-0.25-j0.25 

Put S=- 100 

10000 = C-100 +j 100) (-100-j 100) 

10000 C (10000+ 10000) 

10000 1 
20000 -0.5 C= 

tcl - -0.25 +j0.25-0.25-j 0.250.5 I (s) = 
" + 

S +j 100 s-j 100 S+100 

Taking inverse Laplace transform 

i () = (-0.25 +j 0.25) e"J i00+ (-0.25-j 0.25) e 100 0.5 e 100t 

i (t)= - 0.25 e 100 r+j 0.25 e"J 100t- 0.25 100i0.25 100t+ 0.5 

i (t)=- 0.25 (e 0+e 100) + (-j 0.25) ( 100-ei 100 4 + 0.5e0 
i (t) = (-0.25) 2 cos 100t +(-j 0.25) (2) sin 100t+0.5 e 100t 

i (t) =- 0.5 cos100t +0.5 sin 100 t + 0.5 e100t 

i (t) = 0.5 -cos100t + sin 100t +e 100 A 

EXAMPLE 34: A sinusoidally varying voltage of V= 50 sin 10t is applied to o 

RC circuit shown in figure, is at time t=0, R = 2 Q and C= 0.25 F. Find the e 
for the current in the cireuit assuming initial change on capacitor to be zer 

HOTS R 20 

wwww t= 0 

V 50 sin 10t() C 0.25 F 

AU Chenna 
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3.71 alution: 

2i (t)+ 
.25 J i (t) dt = 50 sin 10t 

2i (t)+ 

Taken Laplace aplace transtorm on both sides, with zero initial condition 2I (8)+4 50 10 
S 

s+102 
I 2 500 

102 

I ( +4 500 
"|s + 10 
I (8) [2s + 4] =- 500 s 

s+102 

500s I ()2 (s + 2)=2410 
500 s 

Is)= 
2 (s +105 

I (s)(s (s+j 10) (s-j 10) (s +2) 
250 s 

250 s 
10) (s-j 10) (s + 2) (s +j 10) (sj 10) (8 * 2) 

A B C 
T 

250 s = A (s -j 10) (s + 2) + B (s +j 10) (s + 2) +C (s +j 10) (s -j 10) 

Puts=j 10 
250 10) = B (j 10 +j 10) 10 +2) 

j 2500= B (j 20) 10 + 2) 

125 B (j10 + 2) 

125 (2 =2.4-j 12.02 
B(2+j10) 2-j10) 

Put s-j10 

250 (-j 10) = A (-j10-j 
10)10+ 2) 

j2500=A (-j20) (2-j10) 
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125 A (2-j 10) 

125 (2 +j10) 
A = 

(2-j10) (2+j10) 

A =2.4 +j 12.02 

Put s=-2 

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

- 500 C (4+ 100) 

- 500 = C 104 

- 500 4.81 

C = 

104 

Ii_2.4 +j 12.02 2.4-j 12.02 4.81 

s+j10 s-j10 s+2 

Taking inverse Laplace transform 

i (t) = (2.4+j 12.02) eJ+ (2.4 -j12.02) e- 4.81e2 

i (t) = 2.4eJ+j12.02 eJ+2.4 e0-j12.02e-4.81e2 

2t i (t)= 2.4 (e+e"J-j1.202 (e-eJ10-4.81 e 

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

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

3.4.3 Transient response for RLC circuit 
R 

3.4.3.1 Step input s w-0o0m 

t 0 
Applying kVL to the series RLC circuit 

(Figure 3.15) E 

iR+1 di idt =E 

Fig. 3.15 

Assume no initial charge on the capacitor. 

Taking Laplace transform on both sides, 

RI (s) +L lsl (8) - i (0)1 + 1(8) E 
S 
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