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3.3.4 Impulse input signal
Figure 3.4 shows the impulse signal.
Iy R(t)4
Al
4
M) | A
pt >t
Ideal O] va
Practical
Fig. 3.4

The impulse function is zero for all # not equal to 0 and it is infinity 4, _.

rises to infinity at £ =0~ and comes back to zero at ¢t =0" enclosing a finite areg °.

area is A, it is called as an impulse function of strength A. If A = 1. Then it callec
unit impulse function.

Mathematically it is denoted as

o for t=0
r(t)_{O for t #0

Laplace transform of impulse function is unity.

3.4 TRANSIENT RESPONSE
Learning Objective (LO 4)

* Students will be able to analyz

e the transient response of RL, R( ¢
RLC circuit.

e e —

Steady state

A circuit having constant sources js said to be in steady state if the curren:s‘;:,
voltages do not change with time. Thus, circuits with currents and voltages m,’-'.
constant amplitude and constant frequency sinusoidal functions are also cons’idﬂff!\,
be in a steady state. That means, the amplitude and frequency of a sinusoidal ¥
never change in a steady state circuit.

Transient state o
. .. tor
In a network containing energy storag
currents and voltages chan

voltage and current whe

_ O oxcitd
€ elements, with change in €X ur O

vi0 N
ge from one state to another state. The beha led

it i ; e is €
n it is changed from one state to other state i
transient state.
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The time taken for the Circyit to chg T
(e S called the transient time, nge fy, one 5
#a

tady state ¢, another steady
ot aral and Forced responseg
When we consider a circuit contain;

e source, th

unsists of two parts; the complementary
omplementary function dies out after

rsponse or source free response. The particular integral is the steady state response
) the forced response. The first step in finding the complete solution of a circuit is to
brm a differential equation for the circuit. After forming the differential equation,
“veral methods can be used to find out the complete solution.

‘41 Transient response of RL circuit

L1 Step input
An RL circuit shown in figure 3.5 is connect}eld
* @ battery through a switch S. Assume that the

Gl e that s
?w‘tch 18 closed at time ¢=0 and als.o assum . __%__ "_D |
“the time of switching, the current is zero. |

Applying KV for the loop E = e ter

7 . Fig. 3.5
Voltage across the resistor ep = U

di
Voltage across the inductorey = L dt )
E=iR+L g

= n s 1 Chnl ue.
] VP(l bV llb‘i g L"‘plu’ ce tl anbf()llllatlon tt‘ q
e .'()l / .

W . ) ' b
Ty, his differential equation may

' ti()n
s 156 of the equa
I ; ‘ sfor d 1 b()th Sld(,h 0 ".)
Lapl ce transforms o1 | m(
I'[ (s) L [31 (S) . i(O)] = -s
) §



3.18

obtaine

ELECTRIC
‘CI\RC\UE_'}'\U

We know that just before closing the switch, the current i (0) =g

~. Equation (2) reduces to

E
RI (s) + LsI &) =7
E
or I(s) [R+sL] iy
| oo oE
1.e., (S) - S (R + SL)
E A
Yet s®+sL) s TR+sL W
E=A R +sL)+Bs
Put s=0
E=AR=>A=IE—2
Puts=—T
- BR -EL
E=—— B=—p—
E/R EL/R
Is)= s R+sL
E EL
1O = R RR+sD
I(s)=£— EL _E E

Rs RL[s+R/L] Rs R (s +R/L)

Taking inverse Laplace transform on both sides

i E _ E
L'U@l=%2LY1/6-E;-1(_1
rY Wo-pL 7| ——r

R
i(t)= Lt

| &

or

@ D=

e
i(t)= |
Ay’

R
( 1 e__t ) ...(3)
g

* : - . ent
Thde current is said to rise exponentially. The final value of the €U
by substituting ¢ = o in the equation for i ).
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N
— s

l(t v
) = E

._yre 3:6 shows the transition peri
period during which the current varies f
e aries from zero

state value. To d .
. the steady e etermine the current at any ti
, we have substi L. ime t,, after the swi
. d?§ed bstitute ¢ =1, in the equation. |, after the switch has
E
R

Fig. 3.6

e 1=0.3678)

— 63.2% of the steady state (or) final value
s defined as the time during

an RL series circuit 1

Therefore, the time constant of
+hich the current increases to 63.2% of its steady state value.
The transient voltage across the resistance Note: Time constant = %
e R =1 R
-R
eR.—-%(l—e’ft)R
_E,
eR = E ( 1 - e L
e transient voltage across the inductor
di
eL = L 'a—t'
g, 2 ]
b5 |
R
E d ( 1-€ fl )
eL e R L dt g
-R L f/{
eL=%[«e L t["[; JJ
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ENT RESPOUNYE

LE 7. A D.C voltage of 100 volts is applied
wed to

a series RL circuit with

s""‘MP + will be the cur
5! Wha rent in the circuit atl twice the tin tant?
1e constan

,solutlon
E - 100 V, R =25

Q

| —
i(t):%(l-e‘f’)f

—

/ Time constant T=

.

ik it

1 (@)=

Given ! = 271

EXAMPLE 8: In the circuit sho
ofter the switch is closed at t=0,

HOTS

Applying Kirchhoff’s voltage

r
Paking ‘
king Laplace transform oI

21 (s) 1

aQ |~

)

. 100 2t
L(t)=-2'5—(1—-e' T )

i(t):4(1_e—2)
i (f)=4(1-0.1353)

wn in figure, find the expression
o initial conditions.

assuming zer

|aw for the loop,

dilt)
i) +5 g =2

4 both gides,
20
L0 =

5 (sl ()

20 SH

for transient current



Given i (0)=0

Taking partial fractions

4 A
— .
s(s+0.4) s

I(s)=E—
S

:2I(s)+531(s)=?
I(s) [2+5$]=2s—0
20
I(s)_s(5s+2)
4
I(s)_s(s+0.4)

B 10 10

s+04 s s+04

10
s+0.4

Taking inverse Laplace transform

L! lI(s)]=10L‘1[§J—1OL“1[ 1 J

EXAMPLE 9: In the circuit shown in figure, find the transient current and th: "

rate of growth of current when

Solution: |

4OV —— />
it)

s+0.4

i()=10-10¢ %4t

the switch is closed at t=0.

?< 8Q 2H

im0 WWA—00-

Applying Kirchhoffs voltage law for the loop,

8i(t)y+2

dit) o di@)
2 =10 or dity+ —

=20
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—
Taking Laplace transfory, on both

Sides,

81(s) + 2 [s1 (8) - (0] . 40
- - - .S‘
Assuming zero initia] conditions,

81(s)+2sI ()40
S

I(S) [8+2S]=ﬂ
S

40 20
I = -
(®) S(8+2s) ¢ (s+4)

Taking partial fractions,

20 __4 B
s(s+4) s g44

20=A(s+4)+Bs
Put s =

20=4A=A=5

Puts=—4;20=—4B=>B=—5

I(S):é_ 5
§ s+4

Taking inverse Laplace transform,

4ty
imiifgmﬁj

| di @) _on 4
“_Rate of growth of current dt 20 e
| di (t)
Athal rate of growth of current= a1 o |
' d‘(t) } - 920 A/second
dt |,y
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EXAMPLE 10: A series RL circuit with R=30Q and L =15H hqq @ congy,
E =60V applied at t =0 as shown in figure. Determine the current ; the

resistor and the voltage across the inductor.

Js e
60V = /D % 15 H
1

' (AU, Tirunelveli/EEE - June 2011) (AU, Chennai/EEE . %
| (AU/ECE - May 2005)

UO{[G; h

Solution:

By applying KVL, we get

. di
30t + 15 g = 60

2L+%=4

Taking Laplace transform on both sides,

2I (s) + [sI (s) - i (0)) =§

Assuming zero initial conditions

21 (s) +sI(s)=

N

I (s) [s+2]=%

I(S):s(s+2)

l'aking partia] fractions,

4 A B
— = 2 A4 =4
s(w&) S FS+2 >A (s +2)+Bs

Put s = -9

4::-—--2[5#93:_2
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ANS! N
TV—’" —— o 3.25

PutS;O
4:2A:=>A=2
g__ 2
16055 " s+2

Taking inverse Laplace transform, we get

L'1[1(8)1=2L‘1(%J_2L—1( 1 J

s+ 2

i(t)=2—2e_2t

i=2(1-e%)A

Voltage across resistor =iR

eR=2(1—e‘2‘)x30

ep=60(1-¢ 2t) volts

Voltage across inductor ey, =L %

eL=15i2(1—e“

2t
dt )

ey =30 X 2¢ %
ey = 60 e 2t yolts

nd the transient voltage across R and

e initial current through the inductor

,MMF LE 11: In the circuit shown in figure, fi
l.‘aﬂe’ the switch is closed at time t = 0. Assume th
lefo .

fore the switch is closed is 3 A

o1 | 200
/Z%www»/
_ — 2 l SH

100 V5 '
i(n i()=3A [

N —
Apnle _ dith _ 100
Pplying KVL, 20i)+5 gt 10t



. i)
ie,  4ilt)+— =20

Taking Laplace transform,

. 100
201 (s) +5 (sl (s)-i(0)) = S

100
2OI(s)+531(s)—5x3=T

100
s "1 100+ 15s

T 55+20  Bs(s+4)

I(s)

B 20 + 3s
Cs(s+4)

I(s)

Taking partial fractions,
20+3s A B

s(s+4) s +s+4

20+3s=A(s+4)+Bs
Put s=0
20=4A

20
=7 =5

Put s=-4

5 2
IS:—_
) S s§s+4

Taking inverse Laplace transform,

| [()=5-2 44
Voltage across the resistor ep=1IR

R =20 x (5 - 2~ 4

“ir
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—

Voltage across the inductop e =1 di —— 327
dr

gAMPLE 12: In the circuit

' ) of figure, the current in the
=0, Find the expression for the transiens current. Find qlso

3H <+—ij(0)=6a
——0000—,

inductance is — 6 amp at

the initial rate of growth

(AU/ECE - Dec 2005)

iSolution s

R=5Q,L=3H,i (0)=-6A
V=100 volts

The differential equation for the circuit for £ >0 1s

di i (0y=-6
RL+Ldt
di
. 22 -100
5z+3dt

i ’ ation,
Taking Laplace transforms on poth sides of the equ

100
SL(s)+3 [s] (s) - i (0)) =

100
51 (s) + 3 [sI (s) + 6] =
100 g
I(s)[6+3sl="
a. 100185
100 185 = 25 15/3)



100

- B8 > A B
) 56+5/3) s T 5+5/3
_1%’9-63=A(s+5/3)+33
Put s=0
100 .5 300
3 A3 A=T5 =20
~5
Puts—?
100 _5 ~5
3 ‘6[?]-3[?]
100 30 -5B
3 737 3
130 -5
3 ~ 3 B
~ 5B =130
B=-26

20 926
I(s=20__ 26
(&)= (s+5/3)

Taking inverse Laplace transform on both sides

i(1)=20-26¢ Gt

di -5 5
Rate of =—= (- — |le" 3¢
ate of growth 7t ( 26)[ 3 ]e 3

t=0

|- 43.333 Alscc |
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