. ELECTRIC. C'%LY&@

EXAMPLE 81: In the circuit of figure, find the current i (b). Assume initial charg,
. (,l

the capacitor is zero.

& —_—
200 sin 500 t <~> —— 25uF (AU/EEE - Dec 2007\)~
Solution :
Applying KVL,
100i + ———— | i dt = 200 sin 500 ¢
—6 3
25 x 10 orI(s)+4oosI(s)= 210 :
Taking Laplace transform on both sides, §" +5a
3
100 1 (5) + 40000 - 200 > (s +400) T (5) = .
s s+ 500 32 + 502
1) 100+ 2090 |- ;000032 - 10%s
- 157450 (s + 400) (s + 5007
Ie= 100000
- )
100 + 40090 (82 + 5007 )
5 )
I(s)= 10002 s -
(s + 400) (s“ + 5007)
1000 s KB KB K
(s + 400) (s2 + 500%) s+400 s+;j500 s ;500
-400
Ky=—¢g =-9.76
_5(4+j5)
Ke=""n
_54-/5
Ks="4

i(t)=~9.76e'400'+%[(4 +j5)e“f5°°'+(4-j5)e"5°°‘]

i(t)=—9.76e’400'+%[%cos500t~—i-\[—i—sm 500!]

i ()=-9.76 ¢ %0t ) 562 sin (500 ¢ + 38.7°)
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50 cos (50t+) d\D I+

(AU, Trichy/EEE - Dec 2008

S
Solution :

Applying Kirchhoff's voltage law,

t
) 1
t(t)+II i dt =50 cos (50¢)

0 t
i(2)+ j %q;dt+ I idt = 50 cos (50¢)
0

-— 0O

Taking Laplace transforms on both sides, we have

I(s), 90 _ 50s
e & +3_s2+502

I 1 1 2 _ 50s
(s) +3 +S—/32+502

- 50s 2|3
”"E’stﬂkl

I®= 2,50

.
505 «,29?..:,2_@0,>~J

I1(8)= *(S 2, (50 )(s +1)

2
48 32 -~ ?.‘fr’p)

1 (8) -:‘( 32+ (50)2 ')(s—{v 1)

/

B .
Y Partig) fractions, p Ky
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Kl = ] (8) (s f] 50)

8=~ B0
k. - 485" 250 1250
15 (S~ 7 B0) (s 1550, 4
$=-760)(s+1) v= B0 50 + j
Ky = 1(s) (s -J 50)
s =j 50
48 8_2_:3£(Di K, - 1250
2= (s+150)(s+1) ~50-j
Kg=1(s)(s+1)
s=-1
48 s% - 2 (50)2
- 252080 Kg=-1.98
s“+(50) i

Substituting the values of K, K, and K3 we get

I(s)= 1250 N 1250 198
(50 +)) (s +j50) (50 -j)(s—j50) (s+1)
Taking inverse Laplace transform,

1250 _j50r 1250
(80 +) (50 -))

i (t) = —20_J50_ 19867t A

EXAMPLE 33: A sinusoidal voltage of 10 sin 100 t is connected in series with @
and R = 10 Qand L = 0.1 H. If the switch is closed at t = 0, determine the transient ¢
L(t)

(AU/EEE - Nov. 20!

Solution :

}( 100 0.1H

10sin 100t (V) ‘) i
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0 P V=10 sip, 100
L) +0. L0

dt = 0sin 19,

aking Laplace transform on oy,
es

» ASSumj
n ¢ ass
8 zero nitial conditiong

10
I(S)+0.lsl(s):10x‘l&

T'(s)[10 + 0.1~ 1000

1(s) o.1{s+ﬂ]=400\0

1(s) [s + 100] = ——1000
0.1 (s* + 1000?)
10000

I (s) [s + 100] =
s+ 100

B 10000
(s + 100) (s + 100%)

I(s)

10000
1()="5757100) (s —Jj 100) (s +100)

B C
7100 w100 6100

o 10000 -
(s+100) (s —j 100) (s + 100)

s +7100) (s +100) + C (s +j100) (s - j100)

10000 = A (s — j100) (s + 100) + B (

Put 5= 5 100 0 + 100)

100 _-j 100) ("./ 10

00= A (‘J
100 100+ 100

10000=A (-7 200

0A (-
000 = 1000 , o
! 1 2 ri2 02545 0%
=g 2

iy 20000)

2-J2)

Pyt S=J 100 (j100+ 100)

10000=B (100 + j100)
’ 100+ 100)
000 B (j200) (j100°
10000 =
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10000 = B (~ 20000 + j20000)
10000 = 10000 B (- 2 +j2)

1 A_x(—‘z—jZ)
C—2+4j27 (-2-J2)

B=-025-0.25

Put S =-100
10000 = C (~ 100 + 100) (- 100 —j 100)
10000 = C (10000 + 10000)

10000 1
C= 20000 2 85

-0.25+;0.25 o 0.25 -7 0.25 + 0.5
s+7 100 s -7 100 s+ 100

Taking inverse Laplace transform

I(s)=

i (6)=(-0.25+j0.25 ¢/ 1907 4 (L 0.25 - j0.25) &/ 190t 4 0.5 ¢~ 100
i (t)=-025¢7/ 100t 4 j0.25 ¢/ 100t _ () 95 ¢/ 100¢ _ 0 955100t 05,

i (t)=-0.25 (¢/ 10014 g7/ 100ty (50 95) (/100 _ ;=j 100ty | o 5 ,~ 100
i ()= (- 0.25) 2 cos 100 £ + (- j 0.25) (2) sin 100 ¢ + 0.5 ¢~ 100¢

i (t)=-0.5c0s100¢+ 0.5 sin 100 ¢ + 0.5 ¢~ 100

[ (t)=0.5[-cos100¢ +sin100¢ + ¢~ 100% 4

EXAMPLE 34: A sinusoidally varying voltage of V=50sin 10t is apph?ed toa™
RC circuit shown in figure, is at time t = 0,R=2Q and C=0.25F. Find the ¢t%
for the current in the circuit assuming initial change on capacitor to be zero.

_SK Ream
t=0

v=50s|n10t(/\/)' - > T~ C=025F

N R
[ 7;‘—\-ﬁ-vChennarl:’J>“f"_f_f.

I
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s

20(t) 4+ -1
025! tdt < r()\ml()l

faken Laplace transform op both .

rO initjg) condition
21(s)+41(g)~f0 _10
s §“ 4 102
I (s) [ 2+ . 200
§1 s24102

I(s)2(s+2)= 25003
5+ 102

500 s
Is)=—275
® 2 (s2 +10%)

250 s
(s+710)(s—j 10) (s +2)

250 s A B Cz
0 (s-j10) (s+2) (s+/10) (s—j10) (s+2)

I(s)=

250s=A (s—j 10) (s +2)+B (s 4/ 10) (s +2) + C (s +J 10) (s - 10)
s = (s — :

Put =j 10
250 (j 10) =B (110 +j10)(10+2)
j 2500=8B (j 20) U 10+ 2)
125 =B (10 + 2)
1252 /10 _94-j12.02
B= 57 j10)2- 10
Pu
=~ 10

‘25) - J = X

- j10)
- j2500=A(

j20) (2

VAR e
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125 =4 (2 -7 10)

125 (2 +/10)

(2 -]10) (2 +J10)
A=24+512.02
Put s =-2
250 (- 2) =C (- 2 +510) (- 2 -/10)

-500=C (4+100)

- 500=C 104
-500
C= 104 =-4.81
I 24+J1202+24 -j12.02 481
8)= s +j10 s—Jj10 Cs+2

Taking inverse Laplace transform
P () = (2.4+12.02) e 1% 1 (2.4 - j12.02) 1 ~ 4.81™*
Pt =241 4 112,02 10 4 2.4 1% _ j12.02¢/1% ~ 48167

P () =24 @+ 1% _j1.202 (1% - /%) 4817
i () = 2.4 (2 cos 10¢) —j12.02 (2j sin 10¢) — 4.81¢™ ¥
i (f) = 4.8 cos10t + 24.04 sin10t - 4.81 ¢ * A

3.4.3 Transient response for RLC circuit
3.4.3.1 Step input M

Applying KVL to the series RL(' circuit -

(Figure 3.15) E +—_—_ m ' ‘:

R+L-£+—J idt = E .

Assume no initial charge on the capacitor.
Taking Laplace transform on both sides,

RI (s)+ L |sI(s)-1(0)] + .(l' !?) _ E
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