STEADY STATE AND TRANSIENT RESPONSE

said to be in steady state if the currents and

3 . . .
rcuit having constant sources 18
and voltages

yis hges do not change with time. Thus, circuits with currents
faving constant amplitude and constant frequency sinusoidal functions are also
g )ﬁnf‘;idered to be in a steady state. That means that the amplitude or frequency of
2¥ihusoid never changes in a steady state circuit.
%> [n a network containing encrgy storage elements, with change in excitation,
Qe currents and voltages change from one state to other state. The behaviour of
hig’voltage or current when it is changed from one statc (o another is called the
= nsient state. The time taken for the circuit to change from one steady state 1o
indther steady state is culled the rransient time. The application of KVL and
Z4ZKCL to circuits containing energy storage elements results in differential, rather
fhan algebraic. equations. When we consider a circuit containing storage
éiments which are independent of the sources, the response depends upon the
f,ﬁure of the circuit and is called the natural response. Storage clements deliver
;ﬁﬂj;éir energy to the resistances. Hence the response changes with time, gets
Z=anfurated after some time. and is referred to as the rransient response. When we
pnsider sources acting on a circuit, the response.depends on the nature of the
’;u:rce or sources. This responsc is called forced response. In other words, the
7 _hgr‘nplctc response of a circuit consists of two parts: the forced response and the
Irapsient rcsp-unsc.‘thn we consider a differential equation, the complete
folution (ﬂ:(‘)llSlsls of twao parts: the complementary function and the particulai
spjution. The complementary function dies out after short interval, and is referved
10,48 the transient response or source free response, The particular solution is the
bleady state response, or the forced response. The first step in finding the

5]

Zagomplete solution of a circuit is to form a differential equation for the circuit, By
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11.2 Nelwork Analysis

11.2 DC RESPONSE OF AN R-L CIRCUIT

Consider a circuit consisting of a resistance and inducumc.c .as sh‘,
Fig. 11.1. The inductor in the circuit is initially un'clmrgcd and is in serl )
the resistor, When the switch §'is closed, we can lind the complete soluti¢
the current. Application of Kirchhoffs voltage law to the circuit result
following differential equation,

rs R
v + l | ;L
Fig. 11.1
V=Ri+ L—‘!'—
dt
dt L L

In the above equation, the current i is the solution to be found and V@*
applied constant voltage. The voltage V is applied to the circuit only when
swilch §'is closed. The above equation is a linear differential equation of,
order. Comparing it with a non-homogeneous differentjal equation

£+Px=K
dt

whose solution is

x=eM j Ke*P dr + ce ™

where ¢ is an arbitrary constant. In a similar way, we can write the curr
equation as

i = cemRIN | ~RiLy I 4 eRILN 4,
L

~(RIL)t + l/_

R

. Tq determlpe l!le value of ¢ in. Eq. 11.5, we use the initial conditions. In th
circuit shown in Fig, | 1.1, the switch § js closedatr=0. Atr=0, i.e. just befor
closing the switch S, the current in the inductor is zero, Since the inductor doé

{ 0 » f i

[ =ce

Thus at 1=0,i=0

&Q&%ﬁrr}:‘.‘"_ »f

A

S



Translents N3

B hstituting the above condition in Bq. 1.5, we have

%
Oeed =
R
i v
ubslimling the value of ¢ in Eq. 5, we get
v Vv ( R )
= - —CcXp| -
ERTRUL
v ( ( R )) (11.6)
= —Il~- - - +
fe < exp| =

steady state parl V/R, and the transient

uation 11.6 consists of two parts, the
a steady state

gapart (VIR)e (RIN \When switch S is closed, the response reaches
value after a time interval as shown in Fig. 11.2.

Stk time taken for the current to reach its
ﬁéhal or steady state value from its initial
alue. In the transient part of the solution,
e quantity L/R is important in describing
the curve since L/R is the time required for
the current to reach from its initial value /

“of zero to the final vulgc V/IR. The time

a<<

/
’ 3
0 1 2 3 4 5 6 TC)|

(K
onstant of a function %(’ () is the
Fig. 11.2

ime at which the exponent of ¢ is unity, where ¢ is the base of the natur:
Elogarithms. The term L/R is called the time constant and is denoted by 1

L
r= — sec
R

. The transient part of the solution is
. 4 R -
i= - cxp(» 1)=—V¢' the
R L R
Atone TC, i.e. at one time constant, the transient term reaches 10.8 pereent ¢

‘ its initial value.
’ i
in= YooV eta 06w |
R R R }
Similarly,
/o, /
g =-Y et =-0.138 %
R

2

|
-
|
|
L
|
|
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11.4 Network Analysis

V

A= - oV =00408 ¥
s e =008

| 1%
' = - e = ().0067 -
1(5r) 3 r ) r

Alter 5 TC, the transient part reaches more than 99 percent of its final va

InFig. 11T we can find out the voltages and powers across cach elemen
using the current.

Voltage across the resistor is

% R
’=R'=Rx~[l-—cx (-~—I)]
Ou = & R L™ 1

i R
Vp= V|| ~-ex (——t)]
R l ™7

Similarly, the voltage across the inductance js

di
dt

:L—V—x—l‘iexp(—ﬁt)=Vexp(——Rit)
R L L L

The response are shown in Fig. 11.3
Power in the resistor is

/)R=vRi=V(l—exp(-lﬁt))(l—exp(—ﬁl))% 1

2

-5 (1-2en(- £ cn(- 1)
(

v, = L

Power in the inductor is

>

\ VR

~——
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Iransients 11.5

imiple 11.1 A sorles RL circult with R =30 Q and L = 15 H has a constant
_ V=060V applied al 1= 0 as shown in Fig. 11.5. Determine the current /,
tage across resistor and the voltage across the inductor.

, s 00

i
GOV l ) 416 H
|
|

Fig. 11.5

lution By applying Kirchhoff's voltage law, we get

1590 |, 30i =60
at

' eoiea

i=ce P+ e ™| Kedt

i=ce?+ e?| 4 dt
i=ce?+2

At t = 0, the switch Sis closed.
.Smce the inductor never allows sudden changes in currents. At t = 0" the
rrent in the circuit is zero.

erefore at t=0%i=0

oy

0=c+2
c=-2
Substituting the value of c in the current equation, we have
i=2(1-e?)A

Voltage across resistor vgp= iR
=2(1-6°)x30=60(1-62)V

Voltage across inductor v, = L %;-

d ’
15 1 201-e™)=80x202 =600V

]
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11.6 Network Analysls

11.3 DC RESPONSE OF AN R-C CIRCUIT

Consider a circuit consisting of resistance and
capacitance as shown in Fig. 11.6. The
capacitor in the circuit is initially uncharged,
and is in series with a resistor. When the switch
S is closed at 1 = 0, we can determine the
complete solution for the current. Application
of the Kirchhoff’s voltage law to the circuit
results in the following differcntial equation.

| +

V=Ri+ [id
C

By differentiating the above equation, we get

or et =0 =0
RC

Equation 11.9 is a linear differential equation with only the complemen
function. The particular solution for the above equation is zero. The solution.
this type of differential equation is

i.= ce"RC (115

Here, to find the value of ¢, we use the initial conditions.
In the circuit shown in Fig. 11.6, switch Sis closed at 7= 0. Since the capact

never allows sudden changes in voltage, it will act as a short circuit at7=0".
the current in the circuit at 7 = 0" is V/R

At =0, the current i = %

Substituting this current in Eq. 11.10, we get

—— (‘
R
-. The current equation becomes
i= Y o-tERC
R

response decays with time as shown in

In the solution, the quantity RC is ~—
the time constant, and is denoted by t, -

. Y . v )
When switch S is closed, the R\

where 1= RC sec

ol e A B T oo ‘N_':-___———-——'"‘"‘T"
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Transients

its final value. In Fig. 11.6, we

curve reaches 99 per cenl ol
using the current equation.

Itage across cach clement by

Ibltage across the resistor is

After 5 TC. the

L
RC

1% --(llRl'n
N = Ve
UR—R: R x R R

!jidr

| J‘ -rIR(‘ dt

_(y < RC ¢ 1/R(')+C=_Veﬂm+(
: RC
At 1 = 0, voltage across capacitor is zero |

c=V

‘ vc - V(l _ (‘_“f/’\'(‘)
e responses are shown in Fig. 11.8.
wer in the resistor

L V _urc VI

pr=Ugi= Ve HRC o Y o 11RO = Y -mkC
R R

Power in the capacitor

pe=vd=V(l - ¢ ") V  -uke

V2 cure 2R

'k' ((’ tIRC - e .IH\C)

Eﬁ F as shown in Fig. 11.10. A constant voltage of 20 V is
applied to the circuit
TED Obtain the current equation. Determine the voltages across the resistor andf

!}Lé capacitor.

Xcmple 11.2 A series RC circuit consists of resistor of 10 Q and capacnori
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11.8 Network Analysls

100

01F

Fig. 11.10

Solution BY applying Kirchholf's law, we get
; 1
10i + — |idt =20
0/ 4 o J

Differentiating with respect to t we get

10 f — =0
di 041
-4 +i =0
dt

The solution for the above equation is i = ce™ &
At t=0, switch Sis closed. Since the capacitor does not allow sudden changes
in voltage, the current in the circuitis i= VIR = 20/10=2 A.

Att=0,i=2A.

- The current equation i=2e""
Voltage across the resistor is vp = i x A=26"'x 10 = 206"V

B
Voltage across the capacitor is vg = V[1 -e RC ]
=20(1-eth)v

11.4 DC RESPONSE OF AN R-L-C CIRCUIT

Consider a circuit consisting of resistance, inductance and capacitance as sho
in Fig. 11.11. The capacitor and inductor are initially uncharged, and are in serie
with a resistor. When switch S is closed X R
at £ = 0, we can determine the complete [ - \ I
solution for the current. Application of - 3
Kirchhoff’s voltage law to the circuit Vit i) F
results in the following differential =

cquation. |

, Fig. 1.1
cRiv LA,
V= Rit L 7 l 7 jult (11.12)
By differentiating the above equation, we have
i, dbio )
O RE 4 L5 g =
di de’ ¢ ' {Hd)
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Iransients 11.9

3
2. s I}
d'i R di I ,
x4+ - { i =0 (114
dt Lt LC
.The above equation is a second order linear differential equation, with only
nplementary function. The particular solution for the above equation is 7ero

sracteristic equation for the above differential equation is

(I)’+ f D 4 I'(‘)z() (11.15)

:The roots of Eq. 11,15 are

2
Dy Dy -2 (L) -
2L 2L LC

%%Bssuming K s e e and K, = \KR )2 - b
P Y 2" WaL/) LC
D|=K|+Kzand[)zzl\’|"l<2

ere K, may be positive, ncgalive or zero.

: fﬂj‘he roots are real and unequal and give the over damped response as shown

[D - (K +K2)] [D-(K,-Kj))]i=0

e solution for the above equation is

(K|+I\2)I+C e(K, - Kyt

i=ce
ﬁa”,;'he current curve for the overdamped
iﬁsc is shown in Fig. 11.12.

=;-;J{z is negative, when (RI2L)* < I/LC )
:& e roots are complex conjugate, and e

iiic the underdamped response as shown - \
Eﬁ’Flg 11.13. Then Eq. 11.14 bccomec [

f{D (Ky +jK)] [D - (K, ~jK)li =0 ° Fig. 11.12 '

The solution for the above equation is
i =€ [c; cos Kyt + ¢, sin Ky

Z’he current curve for lhc underdamped case is shown in Fig. 11.13.
K, is zero, when (RI2L)* = 1ILC ik

“The roots are equal, and give the S
rlgcally damped response as shown in / \\
{g 11.14. Then Eq. 11, l4becomu of \/ \ SN S S

5 (D-K))(D~-K)i=
?{l'he solution for the above equalion is
i=eM (¢, +cyt) Fig. 1119

F
=2 )
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11.10 Network Analysls

The current curve for the critically damped case is shown in Fig. 11,14,
i A

=Y

Fig. 11.14

inductance and capacitance in series with a 100 V constant source when
switch is closed at t = 0. Find the current transient.

Solution At t=0, switch S is closed when the 100 V source is applied to t‘
circuit and results in the following differential equation. #

100 = 20i + 0.05 2L | »-——1«-— jidt (11.
at 20x10 ©
58 R
~, l
200 L 30.05H
100V i) I
- C I 20uF
Fig. 11.15

Differentiating the Eq. 11.16, we get

2.
0.0 &l 208 1.0
a? " " dat T 20x 10"

d2
@1 14009 11087 =0
dt? d

]

(D? + 400D + 10%)i= 0

—
D, D, - - 4001\/(400) _10°

2 2

= - 200 1 (200)2 - 10°
Dy = - 200 + j979.8
D, =~ 200 - j979.8

Therefore the current
i=6"M"[c, cos Kyt + ¢, sin Kyt)]
i= e (¢, cos 979.81 + ¢, sin 979.80)] A
At t= 0, the current flowing through the circuit is zero
F=0=(1)[c, cos 0+ ¢, sin 0)

10 www.Jntufastupdates.com Scanned with CamScanner



Iranslonts IRIAR!

01 = 0
= 62 ¢, 8ln 979.81 A

Differentiating, we have

_q;; = ¢, [672° 970.8 cos 979.81 + & “' (- 200) sin 979.81)]

At 1 =0, the voltage across Inductor Is 100 V
di

L2~ 400
ot
9. 2000 |
dt |
t=0 _g;. = 2000 = ¢, 979.8 cos 0 {
g = e, & 2,04 |
979.8 |

= The current equation is
i=6729!(2.04 sin 979.81) A

%5 . . . . . . 4 2 :
=-Consider a circuit consisting of resistance and inductance as shown in Fig. 1 1[lI 6

ipplied to the series R-L circuit, s
‘where V is the amplitude of the wave | :

: M | R
nd @is the phase angle. Application , (wt+ 8) (~) . |

f Kirchhoff’s voltage law to the ! - ".,; L
ircuit results in the following l l |
ifferential equation. Fig. 11.16 1
: di 17
Veos(wt+ O =Ri+ L — (7))
dt |
; |
di R, V !
—t = cos (w! + &) ;
dr L L |
The corresponding characteristic equation is | |
A i
2 R 14 |
o (D+ ——)1 = — Cos (i + @) (1HLR) | f
Eq L L o
L . ; " . . : i
*é For the above equation, the solution consists of two parts, viz. complemengary | |
i;‘; function and particular integral, | f
. The complementary function of the solution i is !
E4 , (R ) !
1) i, = ceM0 (11}j19)
e A& . ' . . . s |
%} I'he particular solution can be obtained by using undetermined co-efficiefts.
&
i ;;
| |
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11.12 Nelwork Analysis

By assuming 1, = Acos (@l + ) + B sin (w1 + 0) (11
in= Aw sin (wt + @) + Bw cos (wt + 0) (11 2

Substituting Eqs 11.20 and 11.21in Eq. 1'1.18, we have

[~ Awsin (wt + 0) + Bw cos (w! + J) + IE {A cos (w1 + 6)

+Bsin(wr+ ) = ll/ cos (w1 + )

-

or ( -Aw + —I-II—R-) sin (w1 + ) + ( Bw + —A;E) cos (wt + ) = —‘;/— cos (ot +

< -

Comparing cosine terms and sine terms, we get
BR _

- Aw + 0
L
/ /
B+ i‘ﬁ = —‘—
A !
FFrom the above equations, we have
y
, A=V — ) -
i R+ (wl) -
| p=v L )
R 4 (wl)
Substituting the values of A and Bin Eq. 11.20, we get .
. R wl : :
=V cos(wl+ h+V 5 — — sin(wr+ 0) (11.22)%
f R? + (wl)” R+ ((uL)2 )'
/
([Putting M cos ¢ = wT*‘—L;
R™ +(wl)”
wlL

and Msing=V —————,
| R? + (wL)?

f to find M and ¢, we divide one equation by the other
i M si

| Mang . ungs b
{ M cos ¢ R
E Squaring both equations and adding, we get

{
|

Mzcosz¢+Mzsin2¢=—————~, L <
R™ +(wl)

o M % sen,

! VR? + (wl)?

| The particular current becomes

" Vv L
by = cos ((UI +0-—tan! _“L)
" VR vt R (1 Fde)

o et b
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Example 11.4 In the circuit show
solution for the current, when switch S is closed at t = 0. Applie

100 cos (10°t + /2). Resistance A = 20 (2 and inductance L = 0.1 H.

Solution By applying Kirchhoff's voltage law to the circ

11.13

Tronslents
The complete solution for the current ¢ = 4,
: V wl.
i=ce "My e cOS | I ()~ 1an : ,—(-

JR’ 4 (wl)’
Since the inductor does not allow sudden change

--gg,,\,:--w‘r- cos (0 - tan ! (2-[')
JR? v (wly’ R

- The complete solution for the currentis

_ Y,
j=e NN —~———;:_l_—_»_~.—_-,-;-- Cos ( 0 - tan ' i'i‘)
\/ RY + (wl)? R
L)

R

s in currents, at r=0,1= 0

=

+ - = COS ( wl + 0= tan
JR? 4 (wl)?

n in Fig. 11.17, determine the complete
d voltage is Y1) =
o

i’

{
)

» S 20 o

100 cos (103 1+ n/2)! ~ TOE
: - F401H

Fig. 11.17

uit, we have
20i + 0.1 % _ 100 cos (10° t + n12)

%: + 200/ = 1000 cos (10001 + 12)
(D4-200)i = 1000 cos (10001 + /2)

The complementary function i, = co ™

By assuming particular integral as
Ip = AcoS (wt+ 0) + Bsin (wl+0)

we gel
v i @l
SR, Au——v "% 7Y B /AR V1) B
where @ = 1000 rad/sec V=100V
0= nl2
L=01H, A=20Q

Ih=
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11.14 Nelwork Analysis o

Substituting the values in the above equation, we gat
¢ 100 )

1m ssee R i( ' ” > 'an et
. (,0.,{1() Ot 5 20

' = e e
" Ji20) + (1000 % 0.1y’
100 7
= e 005 | 10001 + 78.6°
101.9 ( ? )

= 0.98 cos [ 10001 ? 78.6" )

The complete solution is
i = ce?™ 4 0.98 cos 10001 + 2 - 78.6")

At 1= 0, the current flowing through the circuil is zero, i.e. i=0
¢ =~ 0.98 cos (—’2’ -78.6°)
The complete solution is

= [-o.ga cos('zl - 78.6")] &%+ 0.98 cos (1000t + £ - 78.6°

11.6 SINUSOIDAL RESPONSE OF R-C CIRCUIT

Consider a circuit consisting of resistance and capacitance in series as shown in
Fig. 11.18. The switch, S, is closed at r = 0. At 7= 0, a sinusoidal voltage V cos

(w1 + 0) is applied to the R-C circuit, ) s R
where V is the amplitude of the wave :
and @ is the phase angle. Applying V cos (w1+ 0) ~ i "¢
Kirchhoff’s voltage law to the circuit | - i
results in the following differential
equation. Fig. 11.18
-1t
Vceos(wt+ 0)= Ri + CIuIt (11.24)
RE . L =-Vwsin (w1 + 6)
d C
(I) + I(IC)i =~ ~VR£ sin (w1 + 0) (11.25)
The complementary function i, = ce € (11.26)
The particular solution can be obtained by using undetermined coefficients.
ip=Acos (w1 + 0+ Bsin(wi+ 0) (11.27)
ip=~Awsin (w1 + ) 4 Bwcos (wt + ¢) (11.28)

Substituting Eqs 11.27 and 11.28 in Eq. 11.25, we get
[ ~Awsin(wt+ 0) + Bwcos (wt+ 0))

|
! = (A cos (wt+ 0)+ 1 sin (wr+ &)

S
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Iranslents

/
Vo Gn(wr+ O

R
\ n _ Vo
Comparing hoth sides, Aw + re -
Bow + {1 =)
RC
From which,
A= VR )
R’ +( l )
wc
-V

and B=- Y
‘ (qu[R2 +(~l*) ‘
’ wc )

Substituting the values of A and Bin Eq. 11.27, we have
_V

. VR
ip= — cos (@1 + O+-—+ - 5 sin (@1 -
R + (———) (u('[ R* ( I—)
wc - wC
Putting M cos ¢ = LU
| \2
[Rz + (——)
‘ wC
and M sin ¢ =
mC[R2 + (—I—— )
wC
'.

To find M and ¢, we divide one equation by the other,

M sin ¢ tan ¢ |
— =tuan @ =
| M cos ¢ wCKR
Squaring both equations and adding, we get
V2

M? cos® ¢+ M2 sin® ¢ =

TR

T'he particular current becomes

, 2 l,_z.. cos|wr+ @y tan ! |‘ )
Y (MW) w(CR

wC U

1 3 S R A
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1).16 Network Analysls
Tihe complete solution for the current =i 41,
= :'("“’Rﬂ + ,_V, e cos | i 4+ 0+ tan . l
] 2 o CR
()
wC

R

| Since the capacitor does not allow sudden changes in voltages atf = 0,i=—2
by O
/ 1% -1 | )
~ocos @ =c+ = cos| @ +tan” ——=
| Y ( wCR =
: R2 +( )
“ wC =
| v v g | )
| ¢c=—cosf- cos| @ + tan
' R | 2 ( wCR
| R+ (_..]
| wC
| The complete solution for the current is
|
| iz RO Y coso- 4 cos (9 ¥ fan) s )
| R | 2 wCR
i R? + (——-)
; i wC i
v fr-l )
+ cos | wt + @ + tan 11.31
( wCR ( ) i

{v+(ze)

xample 11.5 In the circuit shown In Fig. 11.19, determine the complete
olution for the current when switch S Is closed at t = 0. Applied voltage is

DU ¢, VL - . WESREE

¥(h = 50 cos (1021 + -;5) Resistance A= 10 Q and capacitance C= 1 uF.

.

100
| » .S N
1 l I
| 50 cos (1001 +n/4) { ~ ) ) 1 uF

|

Bolution By applying Kirchhof('s vollage law to the circuit, we have

| | ‘
Fig. 11.19

; |
10 { ~=—ee—e- | Ol = Y. )
' 1210°0 Idt 50003(100“ -
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The complementary function I8 jo=co""’

11.17

Itanslonts
di / A i n
10 = + ==& - - B(10)” sin 1001 +
dt 1x10° (10) ( 4 )
ol i n H
o, 2 & - in{ 100
d'4103 5009n( !04)
1 n i
(o+ '16“5)'" ~ 500 sin (1001 + 1)

° By assuming padicular integral

iy = Acos (wf+ 0 + Bsin (@l + 0),
v ——“—TCOS((U' "0" tan ! (;Jc—‘ﬁ)

= ===

I
[=] . 5
+(mC)

w» = 100 rad/sec 0= nd
C=1uF R=10Q

gel Ip

ere

% Substituting the values in the above equation, we have
ip= 50 cos(wt + X 4 tan ! -~——-*——1““5 = ”") ik
J’ ] 3 2 4 100 x 10 ° x 10
10)° + (—————"5‘) ,
100 x 10° v
; >

|, = 4.99 x 10 cos (1001 + 5+ 89.94°)

At t =0, the current flowing through the circuit is

V. cos 9= 32 cos nf4 =3.53 A
R 10

I= !— cos 0=3.53A
R

i o1 + 4.99 x 107 cos (100: + % ' 39.94°)

t=0
=353 -4.99 x 107 cos (-3- ; 89.94")

Hence the complete solution Is
I [3.53 - 4.99 x10°° cos( - 1 99.94°)] g #10 "

F-N

. 4.89 x 107 cos (100: + Xy 89.94“)

11.7 SINUSOIDAL RESPONSE OF R-L-C CIRCUN

inductance and capacitance in series

Consider a circuit consisting of resistance,
¢ = 0. At 1= 0, a sinusoidal voltage

as shown in Fig. 11.20. Switch S is closed at

17
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11.18 Network Analysls
Veos (w1 4 0) is applied to the RLC » 8 A
series  circuit, where V is the
amplitude of the wave and ¢ is the Veos (wl + ) (- e
phase angle.  Application  of -
Kirchhoft's  voltage law to the .
circuit results in the following Fig. 11.20
differential equation.

Veos (wt+ O)=Ri+ L _({'_ y ! Jlrll (1 f_ _

Differentiating the above equation, we gcl '
2.
R—di L —‘-I———;— +ilC ==V wsin (wt + 0)
dt dr
(’)2+ RD+ ! ),‘=~—‘—/—{-U—sin((ul+(1) (||.3
L LC ;

The particular solution can be obtained by using undetermined coefficient
By assuming

i,=A cos (wt + 0 + B sin (w1 + 6) (11.34)

—Aw sin (w1 + 0)+B(ucos (wr+ 0) (11.35)

I,-—A(u cos (wt + 0) - Bw? sin (w1 + 0) (11.36)

Substituting ip, i, and ', in Eq. | 1.33, we have
{- Aw? cos (wt + 0) — Bw* sin (wt + 6))

[)

+ -g (- Awsin (wt + 8) + Bwcos (wt + )}

+ —EIE (A cos (wt+ 0) + Bsin (ot + 6)) =- __Vzw_ sin(wt+ 8) (11.37)

Comparing both sides, we have

Sine coefficients.
§
- Bw® - A AL SN )
LC L
wR ) | Vo
A(~ )4 If(w'——-):—-—- (11.38)
) LC L
Cosine coefficients
A+ 8280+ A w0
L LC
' I wR
A(,’ : ) 13(_---):() 11.39
“ e L (1139)

Solving Fqs 11.38 and 11.39, we get
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Translanfs

x
w” R
X

v e
A= =T Y
wRkRY _{.,)° ) ]

[( - ) ( “ e

l.

c)
2__ gl \/(l’
(@ i)

_—— 5
B=- wRY A(MZ ) l) ]
i W Le /)
i i . we el
Substituting the values of A and Bin Eq. | .34, we g

)
w” R

V———
-

. ____._________.li_.-—-———-—”w‘"" cos (wt + O
Lv_,,) _(mz _ __,)
{( L LC

5 l )
- — Vo
(m =

+ sin (1 + ) (
T (2
L LC
V w*R
' 2
- Putting Mcos ¢ = L oy
? 2

V(w2 —-—l—'—)(u
| and M sin = — LC

t 2 5
; L (_“LR_) __((”2~_”|_)
' L LC

To find M and ¢ we divide one equation by the other

(mL- l‘)
o ———=- = an ¢ = a(
M cos ¢ R

¢ = tan ! K(ol, o )/ ,}
) C

Squaring both equations and adding, we get

" 2
M- c()52 ¢ +M? !s‘lu2 P= - ‘--~~~'~‘~-Y-‘ e s

I 2
R? & | o e
((l)C lUL)

19 www.Jntufastupdates.com Scanned with CamScanner



20

11.20

\/”2 {

I'he complementary function is similar to that of DC series RLC circuit.

Neotwork Analysis

v

B ——— N S L WO T BB () ¢ tan’ ““(l‘)g'“ "SRR (11.4;}:

| ; B
U :,)
wC : w

To find out the complementary function, we have the characteristic cquatlon i

I'he roots of Eq. 11.42, are

By assuming

_ 2
D0y 2R (A L
2L 2L LC

DI =K| +K22mdD~,=K| "Kz

K, becomes positive, when (RI2LY* > ILC =3
ic roots are real and unequal, which gives an overdamped response. Thet:

Eq. 11.42 becomes

[D -

(024»-1": D [~'~(<;)=() (114

R

R ){ |
2L)  LC /

K,=-—and K, = (
2L

(K, + K1 [D - (K, = K)i=0

The complementary function for the above equation is S

Therefore, the complete solution is

2
¢ ; R
K, becomes negative, when (2 W IRT;

I'hen the roots are complex conjugate, which gives an underdamped response
Lquation 11.42 becomes

i=i+i

A E— u»s[ml t O+ tan '(.-J.m (ng)
2 ! wCR R

(Ky + Ka) (K, - Kt

i.=ce + (0

(A + Kyt (Ky Ko

=ce + e

) L)

|
L.C
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Translients ALl

|D = (Ky + JK)LID - (Ky - jKli =0

1 " The solution for the above equation is
i, = eM1' ey cos Kyt + ¢y sin Kyt

E0 Therefore, the complete solution is
i=i +i,
i = cK" |( jcos Kyl 4¢3 8 sin Kyf)

+ 4 ~cos[(ut + (4 tan’ '[,___l_‘,_ ” .‘_"_{:)]
| ¢ wCR R
R? + (——-— - (uL)
wC

2
, becomes zero, when (—R—) =1/LC
2L

Then the roots are equal which gives critically damped response. Then,

= Eq. 11.42 becomes (D - K)) (D - K, )i =
. The complementary function for lhc dbOVC equation is

i =e® () +cyt)

© Therefore, the complete solution is i =i, + i,
i=ek e+ eyt

4 _|( | wL)
+ coslwr+@+tan | ——— ———
w CR R

! 2
R? + (——l——— - mL)
wC

In the circuit shown in Fig. 11.21, determine the complete
rent, when the switch Is closed at t= 0. Applied voltage is W)

xample 11.6
&= solution for the cur

400 cos (500! +1;—) Resistance A = 15 €, inductance L = 0.2 H and
apacitance C = 3uF. ‘
K).s ?‘rf.n |
I 302 H
V(1) = 400 cos (500 +r/4) (~) i |

| b I 3 uF
Fig. 11.21

olution By applying Kirchholf's voltage law to the circuit,

di(t) 1 : n
15i(t) + 0.2 : = 5 ki
(1) + pr 4 37108 I i(f)dt = 400 cos (oOOt ¢ 4)

21 www.Jntufastupdates.com Scanned with CamScanner



by

22

11.22 Nelwork Analysls il

fi d’i i P .
162 40255 4 ol wd 5 sin [ 60OI + 7~ ) i
o a2 10 8"( 4
" ~ 5
(D4 75D + 16,7 = 105)I.~,~. -2 X210~_ sin (5()(" 4 :" )

The roots of the characteristic equation are
Dy =~ 37.6 + /1290 and D, = ~ 37.5 - j1290
The complementary current

e = 0775 (¢, cos 12001+ ¢, sin 12901)
Particular solution is

: L
o= 4 cos[w! + 0+ tan '( o S -(i’-—)} ’

P 2 1 2 wCR AR
RS 4| —
‘} t (mC wL)

lp= 0.71 cos (5001 + 2+ 88.5°)

The complete solution is
i= e (c, cos 1290t + ¢, sin 12901) + 0.71 cos (5001 + 45° + 88.5°)
Att=0,i,=0
‘ ¢y =-0.71cos (133.5°) =+ 0.49
Differentiating the current equation, we have

_(% = 7% (- 1290¢, sin 1290t + ¢, 1290 cos 12901

—37.5e7%75! (¢, cos 1290t + ¢, sin 12901)
~0.71 x 500 sin (500t + 45° + 88.5°)

di
-0, Z = 1414
At1=0, -

1414 = 1290c, - 37.5 x 0.49 — 0.71 x 500 sin (133.5°)
1414 = 1290c, — 18.38 - 257.5
¢, = 1.31

The complete solution is
i= e (0,49 cos 12901 + 1.31 sin 12900 + 0.71 cos (500 + 133.5°)

. 2 £ QW) . i \ ;\jg%‘ ‘
bt s@?fsolved Problems Sk

Problem 11.1 For the circuit shown in Fig. 11.22, find the current equation
when the switch is changed from position | to position 2atr=0.

nner
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Transtents 1R ?3 ‘«\

2000 1 3002
-

100V | 02H

Fig. 11.22

Jution  When the switch is at position 2, the current cquation can be writen

¥ using Kirchhofl"s voltage law as

30in + 0.2 44 g
dt

(I)+ o )I = ()
0.2
(D +150)i =0
i=ce
At = 0, the switch is changed to position 2, i.e. i(0) = ¢,.

‘7 Atz =0, the initial current passing through the circuit is the same as thc cui

§Qa551ng through the circuit when the switch is at position 1. Atr=0 , the sw
kﬁis at position |, and the current passing through the circuit i = 100/50 = 2 A

=27 Atr=0", the switch is at position 2, Since the inductor does not allow sugden :
tial

- 150

Tent
tch |

changes in current, the same current passes through the circuit. Hence the in

%}urrenl passing through the cnrcunl when the switch is at position 2 is i (0%) 5

(.|—-2A {
1501

Therefore the current i = 2¢

' | |
200 ; ,
50 V 200 i) }
“ i2H ‘
| .
o
Fig. 11.23 I
. ; . - )
Solution At 1= 0, switch § is opened, By using Kirchhof s voltage law [the |

. current equation can be writlen as

20i + 20§ + 2 di = () : j
di : |

40i+2 9 g I

dt | i

|

l
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11.24 Network Analysls =

D4 20i=0
The solution for the above equation is

; “i
i=c ¢ o ;‘5

4 it
me, since the inductor acts as shorl

ductor is 2.5 A. 5

when the switch has been closed for a ti
cireuit for de voltages, the current passing through the in .’
That means, just before the switch is opencd, the current passing through thc
inductor is 2.5 A. Since the current in the inductor cannot change instanlancousl)'(;g

i(0*) is also equal to 2.5 A. :

¢, =i(0%)=2.5

Att=10
Therefore, the final solution is i(f) = 2.5¢" ::g

e current equation:

Problem 11.3  For the circuit shown in Fig. 11.24, find th
when the switch is opened at £ =0.

e

200V 7 5 pF i)  s0q

Fig. 11.24

i st
==

Solution By using Kirchhoff’s voltage law, the current equation is giveh'

o

i

. g
¥

i

;—‘i—'o__b"j idt + 50i =0
X

Differentiating the above equation once, we gel

Sl

4

LMy
LAt

so by 1 _—i=0
dr " Sx107

(D+ ! i=0
250 x 107°

| - |
l:("cxp(Wf) (ll43)‘3§

At = f) , just before the switch S is opened, the voltage across the capacitor isy
200 V. Since the voltage across the capacitor cannot change instantly, it rcmain?‘i
» P . - Nnt . Yo
equal 10 200 V at 1 = 0*, At that instant, the current through the resistor is

. 200
0=~ =4
50 A
In Eq. 11.43, the current is iOYatr=0

(4":-'4 A

I
a7

b4

okl

e B

1.
.

ke
2 i

i
5
!

g
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Transionts 11.25

! - ‘
Therclore, the current equation is

-~
i =4ex i | A
p(25()xl() ¥ ')

_{;foblem 11.4  For the circuit shown in Fig. 11.25, find the current equation
khen the switeh S isx opened at ¢ = 0.

100 S
AN PY * ’.P ’ t
50 I
50V I 400
2y |
sl
Fig. 11.25

=0lution By using Kirchhoff*s voltage law, the current equation is given by
[
2x107°
. Differentiating the above equation, we have
Y- N
dr - 2x107°

D + ! _-6)i=0
30x10

-1
| = ¢, X _t
= p(muo"’)
At 1= 07, just before switch S is opened, the current through 10 ohms resistor

§2.5 A. The same current passes through 10 Q at ¢ = 0*
i(0')=25A

jid:+5i+10i=o

i C) = 2.5

447

o l
Tt solutionis i = 2.5 exp | ———— 5!
ifj; e complete solution 18 f I ( 30 x 10-° )

»Problem 11.5 For the circuit shown in Fig. 11.26, find the complete
54 . ; :

2 expression for the current when the switeh is closed at 7 = 0,

b7

Efjgolullon By using Kirchhoff’s law, the differentinl equation when the switch
:J8 closed at 1 = () is given by

20i + 0.1 4L = 100
i dt

B
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11.26 Netlwork Analysis

(0 1 2000 = 1000

# &
’ 4 (
' 3 ’ | i
20 () 30 €} } et |
|
0oV | o1 b
,i |’ ‘;' {l'
i ' ,.,’ o
Fig. 11.26 =

i= e 04 0 [ 100062

i=c ey

ALL =0 . the current passing through the circuit is i(0) = '—é’—;—’ =2 A. Sincé

the inductor does not allow sudden changes in currents, at 7= 0*, the same curré ;_
passes through circuit.

B (0 =2A
At 1=0 i(0%) =2

. ¢ =-3

The complete solution is i =~ 372 4 5 A

Problem 11.6 The circuit shown in Fig. 11.27, consists of scries RL elemen
with R =150 Qand L= 0.5 H. The switch is closed when #=30°. Determine th
resultant current when voltage V = 50 cos (1001 + @) is applied o the circuit
¢ =30°.

Xs R
l 1500 | :
50 cos (100 + ) { ~ ) 05H L 2
! (S

it

|
i
| i

Fig. 11.27

r-—[;« T’};’F‘:‘.T\n o~
) ial ;g.k? H

SV
G

Solution By using Kirchhoff's laws, the differential equation, when the switch
i1s closed at ¢ = 30° is

150 + 0.5 “4E = 50 cos (1001 + )

dr

5 gt (ot
(."-'5’.» -y:;‘dl';‘ -
éry ;
gy

-
,

0.5Di + 150i = 50 cos (100r + 30°) R
(D4 300)i = 100 cos (100r + 30°)

The complementary current i =ce™ 0
To determine the particular current, first we assume a particular current 2k
fp = A cos (1007 4+ 30°) + B sin (1001 + 30°)

KL e, 0 e o
S

AT

#
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Iranslents

C - 100 A sin (1000 + 30°) + 100 B cos | 100

!
"
and ij, n the differential equatio

Sl
o Substituting i,

B et
L 100 A xin (10074 307) + 1008 cos (100r + 30°) + 300 A cos

(1001 + 30°) 4 3008 sin (1007 + 30°) = 100 cos (1007 + 307)
S100A + 300 8= 0
J00A + 1008 = 100

rom the above equation, we gel
A=0.3and B=0.1

= The particular current i
i,=0.3cos (1001 + 30°) + 0.1 sin ( 1007 + 307)

i,= 0.316 cos (1007 + 1 1.57°) A

e complete cquation for the current isi=i,+i,

i = e ™M 4 0.316 cos (1000 + 11.57%)
11 = 0, the current i, =0
= . 0.316 cos (11.57°) = - 0.309

. Therefore, the complete wolution for the current is
P=—0.309¢ "™ +0.316 cos (100r + 11.57°) A

1

Broblem 11.7  The circuitshown in Fig. | 1.28. cons
ithR=15Qand ("= 100 2 F. A sinusoidal voltage v
Hs applied to the circuit time corresponding to ¢ =

= 100 sin (5007 +
45°. Obtain the

ansient.

oluﬁon By using Kirchhof"s laws, the differential cquation is

. I
15i+- ~——— | idi=100sin (5
00X 10 J it ) sin (5001 + ¢)

100 sin (5001 +¢) — i) i 100 e

! -

Fig. 11.28

Differentiating once, we have

fi | .
s % T (100) (500) cos (SO0 + @)

|
D+ i = 3333.3 cos (5001 +
( 1500 x 10~ REH (RSl )

(D + 666.67)i = 3333.3 cos (5007 + ¢)

27 i H
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11.28 Network Analysis

-066.6 y,

The complementary function i, = ce
To determine the particular current, first we assume a particular current q

1 = A cos (5007 + 45°) + B sin (5001 +45°) 57
~ 500 A sin (5001 + 45°) + 500 B cos (5001 + 45°
Substituting i, and i), in the differential equation, we get e
50() A sin (5007 + 45°) + 500 B cos (5001 + 45°)
v 666.67A cos (5001 + 45°) + 666.678 sin (5001 + 45°)
=3333.3 cos (5001 + @)
By equating coefTicients, we get
500 B + 666.67 A = 3333.3
666.67B-500A =0
From which, the coefficients
A=32;B=24
Therefore, the particular current is
i,= 3.2 cos (5007 + 45°) + 2.4 sin (500r + 45°)
i, =4 sin (500r + 98.13°)
The complete equation for the current is
i=i.+i,
i = ce 96667 4 4 sin (5001 + 98.13°)
At 1 = 0, the differential equation becomes

15{ = 100 sin 45°

{= ‘ITO'SQ“ sin45°=4.71 A

L ALr=0
4.71 =c + 4 sin (98.13°)

c=0.75

The complete current is
i = 0.75 e ®%057 4 4 sin (5001 + 98.13°)
Problem 11.8 The circuit shown in Fig. 11.29 consisting of series RLC'
elements with K = 10€), L= 0.5 H and C = 200 xF has a sinusoidal voltage v =§
150 sin (2001 + ¢). If the switch is closed when ¢ = 30° determine the currents
equation.

P OIS\ ..

| l

v dost

150 sin (2001 + 9) (~) i) I’ b
I N | | 200uF

Fig. 11.29
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franslents

WSy

plution By using Kirchhoft’s

o 0.5 40 4 et [ide = 150 sin (2001 +
dr 200 x10

blf ferentiating once, we have

SO (D? + 20D + 10°

i ; Ml'hc roots of the characteristics equation are

D, =~ 10 +99.49 and Dy == 10 - j99.49

he complementary function is
i =% (c cos 99491+ €3 sin 99.49)

current by using the undetermi

laws. the differential cquation 1s

o

)i = 60000 cos (2001 + ¢)

-~ We can find the particular ned coefficient

ethod.
Let us assume
ip= A cos (2001 + 30°

i'p=- 200 A sin (200¢ + 30°)

i" = - (200)" A cos (2001 +3

g these values in the equation, and equatin
A=0.1 B=0.067

) + B sin (2001 + 30°)

+ 200 B cos (2001 + 30%)

0°) — (200)” B sin (2207 + 30°)
Substitutin g the coefficients, We gel

Therefore, the particular current is
ip= 1.98 cos (2001 - 52.4°) A

. The complete current is

;= e "% (¢, cos 99.49t + ¢y sin 99.49¢) + 1.98 cos (2007 - 52.4°) A

. From the differcntial equation at £ =0, ip =0 and % = 300

At =0
¢, = - 1.98 cos (- 52.4°) = - 1.2

Differentiating the current equation, we have

di _ 10 (_ 99.49¢, sin 99.491 +99.49¢; cos 99.490)

di
- 200 (l.‘)g) sin (2001 -

=0, 9 2300and e, = 121
(
300 = 99.49 ¢, — 396 sin (- 52.4%) ~ 10 ¢ 1.21)

300 = 99.49 ¢, + 3137+ 111
(‘2 = - 25.8

’l‘hcrc'l;;)rc, the complete current equation is
i= ¢ " (0.07 cos 99.491 - 25.8 sin 99.491) + 1.98 cos (2001 - 52.47) A

fig. 11.30, determine the transient
t = 0. The

52.4°) - 10¢”'" (¢, cos 99.491 + ¢ sin 99.491)

Problem 11.9 For the circuit shown in |
urrent when the switch is moved from position 1 to position 2 at

29
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11.30 Notwork Analysls

; ied to tht
Leacke | it The voltage applicd
circuit is in steady state with the switch in position I, The voltiag &

cirenit is © = 150 cos (2007 4 30°) V. .

VI 200 §1
1 ? ,
] T |
150 cos (2001 + 30%) ! | 05H
{ | |
Fig. 11.30

» * tat H 1 4 . “’ K W, t
Solution  When the switch is at position 2, by applying Kirchhoff's la
differential equation is

500i + 0.5 40 =0

al

(D +400)i =0

. The transient current is
= ,—«HK)/ |
At = 0, the switch is moved from position | to position 2. Hence the curre
passing through the circuit is the same as the steady state current passing (hrou |
the circuit when the switch is in position 1.

When the switch is in position 1, the current passing through the circuit is

150 £30°
R+ jolL
150 £30° 150 £30°

= = = 0.67 £3.44°
200 + j(200) (0.5)  223.6 £26.56°

{
| = — =
Z

is in position 1 is
i = 0.67 cos (2001 + 3.44°)
Now substituting this equation in transient current equation, we get
0.67 cos (2001 + 3.44°) = ce™*%
At1=0; ¢ =0.67 cos (3.44°) = 0.60
Therefore, the current equation is i = 0.66¢ 4%

Problem 11.10 In the circuit shown in Fig. 11.31, determine the curreng T
equations for i; and i, when the switch is closed at ¢ = 0. '

s s 200
| |
100V i b R I;) 30.5H
| |
Fig. 11.31
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§ Solution By applying Kirchholf's laws, we get two equations !
i 350, 4 200, = 100 ()

4q)
‘ ; (”2
200, + 206, 4+ 0.5 —= =100 i1 :[45)
’ dt |
_“me Eq. 11.44, we have
356, = 100 - 204,
100 20,
'T 35 352 |
Substituting iy in Eq. 11.45, we get |
20( 1 _ 2 iz) + 200, + 0.5 42 = 100 (
35 35 di

o

57.14 - 11.43i, + 20i, + 0.5 ‘—';-2- = 100
dat

(D + 17.14)i, = 85.72

’-2 - (,e—I'I.HI

+5

2= Loop current i passes through inductor and must be zero atr=0
= 0, i2 =0

)
i

-5 {
"2 = 5(' = e-l7.|4l) A :
[y =2.86 - {0.57 x 5(1 — ¢'7-M1y) ;

=(0.01 +2.85 ¢'7-14y o |

For the circuit shown in Fig. 11.32, find the current ¢

giation
changed from position | to position2 at ¢t = 0. |

400 60 i
| -
. 2

500V - * 100 304 H }

| ‘ |

3 Fig. 11.32 »

2% |

i;ﬁoluﬂon By using Kirchhoff’s voltage law, the current equation is givdn by

i 60i + 0.4 90 = i |

7 di |
?i At =07, the switch is at position I, the current passing through the cir %ui( 1$

g i 500 ,

%ﬁ i(07)= = =5A |

i 100 i

) i

‘ 1

51 H

=2 !

e !

Bl |

|
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11.32 Nelwork Analysis

04 44 50i=0
dt ¥
i g
(m 20 )i:() '
e il
[ e ' «:a;'!

AL =0, the initial current passing through the circuit is same as the Lurrcnf
passing through the circuit when the switch is at position |.

T 0
Dty 2

Stk
w“&

Al r=0,i0)=i(0)=5A 2
163
Al 1=0,c=5A i
The current = 50" ]
@t
Problem 11.12 For the circuit shown in Fig. 11 .33, find the current cquatnoﬂ/"%
when the switch S is opened at 1= 0. i
oo 7 ]
YAV 0y Pt i ey
s | “' =
A 5 23
100 V T 10
i 4
Fig. 11.33

Solution When the switch is closed for a long time,

At =0, the current i{(07) = %)-OQ =5A

When the switch is opened at 1 =0, the current equation by using Kirchhoff's ‘;
voltage law is given by =

-Z——l—"—b—f ldf+lOl Si
X

l

4x107°
Differentiating the above equation
5 di |

dit - 4x10°°

(1)’ l "y i=0
20 x 10

= ¢e

[ idi+5i=0

Att= ()”,just before switeh S is opened, the current passing through the 10 Q
resistor is 5 A, The same current passes through 10 Qat 1= 0.
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%

Pl

i
!

BT

t=0,i(0)=5A
!=().('|=5A

S
>

as
S

i

,; ,@-—t".:;dg.-
> -
—

ey
A
g
4
=
>4

l

SIDUIT N

5

<
I R | ‘ *I
300 -
50V W)\ ) |
e - ‘\:/'10I4 i2H
“‘,‘.i‘ﬂ’; ‘I;‘ ' ]
Fig. 11.34

= Solution  When the switch is closed, the loop current i, and iy are flowing in

4he circuit.

¥== The loop cquations are 30(i, ~ i) + 10i, = 50
30(iy — iy) + 20i, = 10i,

From the above equations, the current in the 20 Q resistor i, = 2.5 A.
The same initial current is flowing when the switch is opened at 7 =0.
When the switch is opened the current equations

30i +20i +2 4L = 10
dt

40i+—2-‘1';=0
dt

(D+20)i=0

i= (,6—2():
‘At t =0, the current i(0) = 2.5 A

=L AlI=0,0c=25

4, The current in the 20 Q resistor is i = 2.5 e,

?g;g?roblem 11.14  For the circuit shown in Fig. 11.35, find the current equation
?f,fs when the switch is opened at 1 = 0.

100 ol
RAVAV = Cpmd ) l '
Iy o l
Y 200 <100
100V _l Y
{ i) 20/ 2 WF
: [
o Fig. 11.35
why

f’:_SOIL.lﬂon 'thn the switch is closed, the current in the 20 Q resistor i can be
= obtained using Kirchhoff's voltage law.
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11.34 Network Analysls

10i + 207 4+ 20i = 100

50i= 100, . i=2A

The same initial current passes through the 20 £ resistor when the .swntch{]’s g
<

opened at 1= 0.
The current equation is

2(’I+|()I+E';’ ~ J idt = 20i

I ,
———— | idt =0
10+ 2x10° I

Differentiating the above equation, we gel
di | 20

0S5 4 i =
dt - 2x107°

D+ ' 6):‘:0
20 x 10~

The solution for the above equation is
-1

20 %107
= ce 10

i

Atr=0,i(0)=i0)=2A
“Atr=0,c=2A
The current equation is
-1
2¢ 20 T '

1.1 (a) What do you understand by transient and steady state parts of re ‘.
sponse? How can they be identified in a general solution? -’-_J_
(b) Obtain an expression for the current i(r) from the differential equa'

tion
d*i(r) di(t) .
dt2 + 10 —= + 25i(1) = 0
with initial conditions $
0y =2 400 _ 0 ':::‘:--
di §

o

1.2 A series circuit shown in Fig. 11.36, comprising resistance 10 Q and m-«'}

ductance 0.5 H, i's connected 1o a 100 V source at r = 0, Determine the’_=
complete expression for the current i(r). '
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1on

100V

—_—

Fig. 11.36

1.3 Inthe network shown in Fig. 11.37, the capacitor ¢, is charged to a voltagg
& o 100V and the switch S is closed at 1 = 0, Determine the current expres
=, sion iy and iy,

) 2 k2
4 A
| | :
i
\ \

1 pF i } i ) 1uF
| % * ) ke 2 o] !
| | ’

! :
Fig. 11.37

E11.4 A series RLC circuit shown in Fig. 11.38, comprising R=10Q,L=0.5}
. and C=1 uF,is excited by a constant voltage source of 100 V. Obtain th
expression for the current. Assume that the circuit is relaxed initially.

s 100 0.5H
’ ST hi Dt
100V e - 1nF
Fig. 11.38

A and its direction is as shown in the figure. The initial charge on t
capacitor is 200 C with polarity as shown when the switch is closed. D¢
termine the current expression in the inductance.

10 2 2H ~
" s p & , P

' i
BTN
| e

+ R

50V 2F 10 (2
- l200¢
. ‘
j' {
Fig. 11,39

£11.5 In the circuit shown in Fig. 11.39, the initial current in the inductance i!:-ﬁi

lransients 11.3§4)

-

i

i
|
|
i
4
i

1

| T
‘-&f

]
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