126 = A (2 10)

126 (24 710)
(2 710y (24 710)

A=2.44512.02
Put s 2
2000 2)=C (24100 (- 2 J10)
500 = C (4 + 100)
~500=C 104

= 500
481

Y

STy

2.4 +512.02 . 24-j12.02 4.81
- s+410 s —j10 s+2

I (s)

Taking inverse Laplace transform
L) =(2.4+)12.02) ¢ /1% 4 (2.4 -j12.02) 1" — 4810 %

i (t)=2.401% 4 j12.02 710 4 2.4 1% _j12.026/1% 481,

i () =24 "+ e 1% j1.202 (1 — /1) 481

[ (t) = 2.4 (2 cos 10t) — j12.02 (2 sin 10¢) - 4.81¢™ %
i(t)=4.8 cosl0f + 24.04 sin10f - 4.81 ¢ 2 A

3.4.3 Transient response for RLC circuit

g R
3.4.3.1 Step input .,-.-l‘\sl-~--A,-W\‘\.
Applying KVL to the series RL(' circuit i =0
(Figure 3.15) E = ( ‘
: di 1 g .
iR L% v | idt =B

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

_ 1 [(s) K

S
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cuming HO) =0 we get N
1) E
TAGL Ll )+ = s
ir I + 'L = E‘
@ B0 es |7
Ie)=—s—=F
S (R +sL + 1/Cs)

Rs +§2 1
( s L+C)

I(s)=

E/L
I(s)=
NI
L™ LC

The roots of the denominator are,

% (1)
Dig : . vy e )
scriminant positive

{ “[(, \
¢

” . . t‘
} distin€
e twg roots are real and
. =L B
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EXAMPLE 35: An RLC series circuit has R =10 £ L =2 H. What value of ‘apam(
n

will make the circuit critically damped.
LOTS
[Solution : ’

For critical damping

Ey_1
2L | “LC

C=0.08 F

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

K 100Q  0.1H 100 uF
‘ t:OMWW\f—’mﬁf—

| i
[ Solution : J

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

1001+012+;6J‘idt=200
dt 100 x 10

Take Laplace transform on both sides and assuming zero initial conditions
1 I(s) 200
100x1076 5 s
200
100 x 10 s J: s

1001 (s) + 0.1 s1 (s) +

1(5)[ 100 + 0.1s +

200

10040154 —L |

[(s)=
[ 100x 10 %5 |

\
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s ‘Q‘\»

y N T ———
S ————

I(s)= 200 \
1009 + 0 15 4 1
100 % 10" 6
1(s)= 2000

s% +1000s +100 x 10°

The roots of the denominator are

5% +1000s + 100 x 10° = ¢

—1000 V(1000)> - 4 x 1 x 100 x 10"
2

Sl’ 32 =
81,89 =~ 500 + 387.2
-112.8, - 887.2

81,82 =

I()=7772.8 " s+8872

2000 = K (s + 8872 + K (s + 1125

When s=—887.2

K, (- 887.2 + 112.8) = 2000

K,=-258

When s = - 112.8
{1128 + 887.2) = 2000

58 2. H8
Z 00 __ 887
1(8)= py 112, 8 8 -

sfortt 87.2
n . . ’ , tl d ‘7 8
fakmg inverse Laplace 82 5 ¢

\
i )" 258¢ 12 e aml‘m‘
—

(),zﬁﬂle

g¥:
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EXAMPLE 37: In the circuit shown in figure, find the transient curre nt when gy, s

"'}e
is closed at t = 0. Assume zero initial conditions.

N

i
+ é 0.5H
S0V =
B ‘(‘) %: 0.08 F
LSolution j
Applying KVL,
: di (t) 1 .
=), _+ =50
5i (6)+0.555 > + 5o [ iwdt=5
Taking Laplace transform on both sides,
1 I(s) 50
5I(s)+05sI(s)+008 s
1 50
I(s)[5+0.5s+ 0.085 }-— 5
Ie= > 12.5
s[5+0.5s+ s- ]
50
I(s)=—
0.55" +5s +12.5
[y 100
s”+ 10s + 25
I(s)= 100 .
(s+5)

Take inverse Laplace transform on both sides,

{ i (t)=100 te” 5‘A

Y ”
EXAMPLE 38: For the circuit shown in figure, determine the current in the ¢/

) > o1 018
when the switch is closed at t = 0. Assume that there is no initial charge on the cap
or current in the inductor.

S 2()
=
100V - ) c
108 L5
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e
R 3.79

—

;-;,]ution :
al hen th itch
when the€ switch is closed, b
, by applyin
8 KVL, we get

21t _d__‘_(t_)
g 1 [ idt=100

Taking Laplace transform on both sid
es,

2I(s)+sI(s)+!le_—__1_9
S S

I(s)[2+s+l]=_]:9—Q
s

S

I(s)_—__z___l—(-)g—'-
s“+2s+1

I(s)=——1—(-)9—2*
s+1)

Taking inverse Laplace transform on both sides, W€ get

i (¢)=100 te A

1433 Si
3 Sinusoidal input
d by sinusoidal source under

circuit is excite

:ranflgUre 3.91 shows the series RLC
ient condition.
The swi . od s
- _he switch in the geries RLC circuit 18 closed at = 0, we ghall assume all initial
ditions to be zero. s X
Ri L‘fl 1 (:pndt=V in of =0 ]
L+ dt+5‘[t(t) t=Vm® P \
Vmsin ot/ / w 1
Take [, (~ T C
aplace transform, \ L) & ,‘
‘\
e In® S
T Fig. 3.21

2

RI YIOREE '
(s) + LsI (8) to s Zrw

I 1 v,'"“
(s)| KB+ Ls+ (8 =7, -

1|



3.80

(0(‘
1(8)=
(R(‘w 8 I,('i l)(s i(n)
V. wCs
[&= 0 Re 1),
LC L .&"2 + L | L(‘ ](.‘.‘z + )
Vm(l)S/L
T&O=ry R 1 2, 2
Ls +ZS‘+ZEJ( + %)
When s2+(02—0
s2=—
s=1jo
Wh 2 = +l 0
en "+ St
- R R2
4 = .
7 _‘\/:2 4x1xLC
s= g
2

. ZL—\[ZLJ——

The four roots of the denominator are *jw, o+

The type of solution will depend on the value of [(

Case (i)
2

Ry _ 1
2, | ~ LC

In this case, the roots are real and distinct

Ik

_ELECTAIC CiRcyr ,
o [ Ve
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‘RY
2L ) T LC

Here. the two r 5 '
ere oots become identical and equal to o
qual Lo ,only.

ase (i)

RY_1
oL | “LC
The roots are complex conjugate.

The expression for the steady state current will be

1%
= sin (0t + )

iSS::\/——Z————'/?
R +(XL—XC)
X; -X

9=tan'1[——l—’§——g}

SHORT QUESTIONS AND ANSWERS

presence of energy storing elements in

nts are due to the

L m The transie
True Or False

the circuit -
Ans: True

(AU/ECE - Dec 2007)

ge in excitation, the

behaviour of the
er. is called the

with chan
r state. The
to anoth

no

ﬂ What is transient?
If a network containing €

current and voltage change
ent, when it 1

elements,
tate to othe
m one state

nergy storage
from one 8

transient state.

e steady state to another steady

time.
ge from one

i

. Define transient

The time taken for the ¢
state is called the transie’

qreuit t0 €
2t time.

ady state if the voltages

“ @ what do you mean bY steady 1 be in ste
A circuit consisting of const nt gources is said to D€ in
th tlmt‘ : ———eee——
m ~ Evaluate m ~ Create

- a“d current do not chang" wi
oy e B

- Remember_ Unde1 stand
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