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CHAPTER

1.6

THE RLC CIRCUITS

The natural response of an RLC circuit is described
by the differential equation

d*v dv dv(0) _

> +2—+0v=0, v(0)=10, 0.
dt dt
The v(¢) is
(A)10(1+t)e* V (B)10(1-t)e* V
(C)10e*V (D) 10te " V

a The differential equation for the circuit shown in fig.

P1.6.2. is
20 1mH v

Us 100 Q — 10 uF

Fig. P1.6.2
(A) v"(#) + 30000'(2) + 1.02 x 10°v(¢) =10°0v,(2)

(B) v"(#) + 10000' (¢) + 102 x 10°v(#) =10%v,(¢)

v'(t) 20 () B

©) o 100t 102v(8) = v, ()
v'(8) | 20 () 3

(D) o 105 198u(t) = v,(2)

E The differential equation for the circuit shown in fig.
P1.6.3 is

10Q

I g 100 © == 10 uF

g

Fig. P.1.6.3

(A) () + 11007; () + 11x 10%7, (1) =10%i,(¢)

(B) ij(¢) + 11007;(¢) + 11x 107, () =10%i,(¢)

iy (1) L1if (1)
+

10° 10*

if(e)  11iy(¢)
+

10° 10*

(©)

+ 110, (t) =i,(2)

(D) +114,(9) =i (0

In the circuit of fig. P.1.6.4 v, =0 for ¢ >0. The initial
condition are v(0) =6 V and dv(0)/d¢ =-3000 V/s. The
u(t) for t>0 is

Fig. P1.6.4

(A) _26—100t + 8e—400t V
(C) 6e—100t _ 8e—400£ V

(B) 66—100t + 86—400t V
(D) None of the above

ﬂ The circuit shown in fig. P1.6.5 has been open for a
long time before closing at ¢ =0. The initial condition is
v(0) =2 V. The v(¢) for t>is
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Fig. P.1.6.5
(A) Be' =Te™ V (B) 7e' -5V
(C)—e"+3*V D) 3e"-e*V



Statement for Q.6-7:

Circuit is shown in fig. P.1.6. Initial conditions are
;,(0)=i,(0)=11 A

iy, 2H iy
— v —
1Q g § 3H g 2Q
Fig. P1.6.6-7
Bias)=2
(A) 0.78 A (B) 1.46 A
(C) 2.56 A (D) 3.62 A
iy(1s) =2
(A) 0.78 A (B) 1.46 A
(C) 2.56 A (D) 3.62 A
a v(®)=?7 for t>0
25 mH
agpal
i +
30u(-t) mA (_) 1009§ 10 WF==v,,
Fig. P1.6.8

(A) 46—100015 _e—ZOOOt V
(C) ze—IOOOt + e—ZOOOt V

(B) (3 + 6000%)e™" V
(D) (3-6000t)e > V

ﬂ The circuit shown in fig. P1.6.9 is in steady state
with switch open. At t=0 the switch is closed. The
output voltage v,(¢) for >0 is

08H
+
250 Q g 5000 5 pF=—=vc
t=0
9V
Fig. P1.6.9

(A) Qe 0t 1 120730

(B) e **[3cos 300¢ + 4 sin 300¢]
(C) e [3cos 400t + 4 sin 300¢]
(D) e [3cos 400¢ + 2.25 sin 300¢]

The switch of the circuit shown in fig. P1.6.10 is

opened at ¢t =0 after long time. The v(¢), for ¢ >0 is

t=0
3Q

1 +
6V 1Q§ QHg 1Fr== 0

Fig. P1.6.10
(B) —4e?'sin2¢t V

(D) —4e*cos2t V

(A) 4e*sin2t V
(C) 4ecos 2t V

In the circuit of fig. P1.6.23 the switch is opened at
t =0 after long time. The current i, (¢) for >0 is

i 4H
—

.

t=0

(=
=
Il
1l

203 g0

4Q TA

Fig. P1.6.11
(A) e?(2cost+4sint) A (B) e?(8sint—4cost) A

(C) e?(-4sint+2cost) A (De*(2sint—4cost) A

Statement for Q.12-14:
In the circuit shown in fig. P1.6.12-14 all initial

condition are zero.

I

+
10 mH% vy,

. 100 —_—
tu(t) A gﬂ g 1 mF——

Fig. P1.5.12-14
If i (t) =1 A, then the inductor current i, (¢) is
A 1A B tA
© t+1A D)o A

If i(t)=05t A, then i, (¢ is
(A) 05¢+3.25x107° A (B) 2¢ — 3250 A
(C) 05¢-0.25x 102 A (D) 2t + 3250 A

A If i (t)=2e2"" A then i,(¢) is

4000 4000 o
3

(A) 3 te—ZSOt A (B) -250t A

200

-250t A (D) ?te—250t A

200
C) =—=
©) 7e
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The forced response for the capacitor voltage v(?) is

ov

(A) 0.2¢+117x10° V
(C)117x107°t-0.2 V

For a RLC series circuit R=20Q, L=0.6 H, the

value of C will be

100 Q

b

320 mH

Fig. P1.6.15

(B) 0.2¢-117x107° V
(D) 117x107%¢+0.2 V

[CD =critically damped, OD =over damped,
UD =under damped].

CD
(A) C=6mF
(B) C=6mF
(C) C>6 mF
(D) C <6 mF

OD
C >6 mF
C<6mF
C=6mF
C =6 mF

UuD
C <6 mF
C>6mF
C <6mF
C>6mF

The circuit shown in fig. P1.6.17 is critically
damped. The value of R is

R 1200
10 mF
4H
Fig. P1.6.17
(A) 40 Q (B) 60 Q
(C) 120 © (D) 180 ©

The step response of an RLC series circuit is given

by
.. . o
d7i®)  2dU8) | s 210, i0%) =2, PO _ 4
dt dt dt
The i(¢) is

(A) 1+e'cos4t A
(C)2+e'sin4t A

(B) 4 —2e ‘cos 4t A
(D) 10 + e 'sin 4t A

In the circuit shown in fig. P 1.5.19 v(¢) for ¢ >0 is

2u(-t) A

1H O004F
+ Vo —

0 S0

)

50u(t) V
Fig. P1.6.19

(A) 50 —(4655sin 3t + 62cos 3t)e ™ V

(B) 50 +(465sin 3t + 62cos 3t)e *' V
(C) 50 + (62 cos 4t + 465sin 4t)e ™ V
(D) 50 —(62cos 4t + 465sin 4t) e™ V

m In the circuit of fig. P1.6.20 the switch is closed at
t =0 after long time. The current i(¢) for ¢ >0 is

1
1_6F
Il
]
+ Uo—

Fig. P1.6.20

WAL —
N
jast

(A) -10sin 8¢ A
(C) —-10cos 8¢ A

(B) 10sin 8t A
(D) 10cos 8¢ A

In the circuit of fig. P1.6.21 switch is moved from 8
V to 12 V at ¢=0. The voltage v(¢) for ¢ >0 is

20
—e
=0
N +
8 VC_) 12V % F ve
nmM
Fig. P1.6.21

(A) 12 —(4cos2t +2sin2te " V
(B) 12 —(4cos 2t + 8sin2t)e* V
(C) 12 +(4cos 2t + 8sin2fe™* V
(D) 12 +(4cos 2t +2sin28)e™* V



M In the circuit of fig. P1.5.22 the voltage v(¢) is

5H 1Q
+
3u(t) A 50 02F Ve
20V 20
O
U/
Fig. P1.6.22

(A) 40 —(20c0s 0.6¢ + 15sin 0.62)e % V
(B) 35 +(15¢0s0.6¢ + 20sin 0.6¢)e "% V
(C) 35 —(15¢c0s0.6¢ +20sin 0.6¢) e ** V
(D) 35 -15c0s 0.6¢ e %" V

E In the circuit of fig. P1.6.23 the switch is opened at
t =0 after long time. The current i(¢) for t>0 is

2A
s .
¢ H =0
) 10Q
§F —_—
5Q 10Q
Fig. P1.6.23

(A) e—2.306t +e—0.869t A
(B) _e72.306t +2870.869t A
(C) e—4A431t +e—0A903t A

(D) 2e—4.431t _e70.903t A

m In the circuit of fig. P1.6.24 switch is moved from

position a to b at ¢ =0. The i,(¢) for ¢t > 0 is

0.02F
140
be |
oH =0 | EI:
_nrm_?( +
12V
20 =
}i ’ v
i
60Q
AN
A\
/
4A
Fig. P1.6.24

(A) (4 -6t)e* A
(C) (3-9e™ A

(B) (3-6t)e™ A
(D) (3-8te™ A

ﬁ In the circuit shown in fig. P1.6.25 a steady state
has been established before switch closed. The i(¢) for

t>0 is

50
20 Q 1H

e

[
el
A AAY
I
|
&=

Fig. P1.6.25

(A) 0.73¢ % sin 458t A
(B) 0.89¢?'sin 6.38¢ A
(C) 0.73e™* sin 458t A
(D) 0.89¢ * sin 6.38¢ A

@ The switch is closed after long time in the circuit of

fig. P1.6.26. The v(¢) for ¢ >0 is

2A
10 : 1H
AA'AY AAAY%

60

Fig. P1.6.26

(A) -8 +6e™sin4t V

(B) —12 + 4de ¥ cos 4t V

(C) =12 + (4 cos 4t + 3sin 4t)e™ V
(D) =12 + (4 cos 4t + 6sin 4t)e™ V

i(t)=?

2kQ
ANV It
12u(t) VC) 5uF=—== § 8 mH
Fig. P1.6.27

(A) 6 —(6cos 500¢ + 6sin 5000¢)e *°* mA

(B) 8 —(8cos500¢ + 0.06sin 5000¢)e ™" mA
(C) 6 —(6c0s5000¢ + 0.06 sin 5000¢)e *°* mA
(D) 6™ sin 5000¢ mA
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PFX In the circuit of fig. P1.6.28 i(0)=1 A and v(0) =0.

The current i(¢) for t >0 is

i

y
4u(t) A 1H 3

2Q g 0.5 F==

Fig. P1.6.28
(A) 4+638¢°" A (B) 4-6.38 ¢ A

(C) 4 +(8cos 1.32¢ + 1.13sin 1.32¢)e ™ A
(D) 4 —(3cos 1.32¢ + 1.13sin 1.328)e %™ A

m In the circuit of fig. P1.6.29 a steady state has been

established before switch closed. The v (¢) for £ >0 is
100

AN

t=0

+
10 mF == 1H§uo

3A 5Q§

Fig. P1.6.29
(B) 200te ™" V

(D) 800te™ V

(A) 100te ™" V
(C) 400te™ V

m In the circuit of fig. P1.6.30 a steady state has been

established before switch closed. The i(¢) for ¢>0 is

N

Fig. P1.6.30
(B) —e*sin 2t A

(D) 2(1-t)e™ A

(A) 2¢#sin 2t A
(C) —2(1 -t)e® A

m In the circuit of fig. P1.6.31 a steady state has been
established. The i(¢) for ¢ > 0 is
ii

3A 10 Qg 6u(t) A —— 10 mF §4OQ §4H

Fig. P1.6.31
(A) 9 +2e'" -8 A (B) 9 — 8" +2e7%% A
(C) 9 + (2c0s 10t + sin 10t)e 2™ A
(D) 9 +(cos 10t + 2sin 10¢)e > A

SOLUTIONS

1. (A) s +25+1=0 = s=-1-1,
o(8) =(A, + A,pe
2(0)=10 V, dv(;)) =0=-1A, + A,
A=A, =10
2. (A) i, -2 +10x10° L
100 dt
E» 20 1 mH v
vg 100 Q == 10 uF
Fig. S1.6.2
v, =2i, +107° diy +v
dt
2
= 2(L+ 10°¢ x10-’@j + 10-3(1’1” +10x10°° df] +u
100 dt 100 dt dt

10°%v,(8) = v"(¢) + 30000'(¢) + 1.02v(¢)

. v . dv
3. (C)i,=—%+1i, +10p—<
(© =150 T T 10075,

0*3%

v =107, +1 2t

. . di . d . di
=01, +10° =L+ +10°=(107, + 1073 =L)
" & de " de dt

. , N
:O'liL + 1075% +1; + 10’4 di + 10—8 d LZL
dt dt dt
i 11, o
L g i+ 110 =i

v dv
4. (A) %+25ua+j(u—us)dt =0

2
40 5009V + 40000 =0
di di

s® +500s + 40000 =0
= s=-100, - 400,
U(t) :Ae—IOOt + Bef400t

A+B=6,-100A -400B=-3000 = B=8, A=-2

=

5. (C) The characteristic equation is s + Sy L =0
RC LC
After putting the values, s®+4s+3=0

u(t)=Ae" + Be™,



v0)=2V = A+B=2

. . 2 8

LL(O ):0:> ZR(O) :3/7425,

o) 8 du0)_
dt 3 dt

_A-3B=-8 B=3 A=-1

6. (D) i +5% g% _g
dt ~ dt
9i, + 39 _gdh _
dt dt
(1+58)i, — 3si, =0, —3si, +(2 + 38)i, =0
(1+5);, - 3939 _g
2+ 3s
= 6s2+13s+2=0
= s=—l,—2

1
i =Ae® +Be®, i(0)=A+B=11

In differential equation putting t =0 and solving

di(0') _ 33 di,0') _ 143

’

dt 2 dt 6
A 9p-_33 . A_3B-3
6 2
t
i, =3e ¢ +8e™,

1
i(1s)=3e ¢ +8e? =362 A

t

7. (A) i, =Ce 6 + De ™

diy0) _-143 __C .1
6 6

i,(00=11=C+ D,
C=-1 and D =12

t 1
iy=—e%+12e A, i,(1s)=e b +12e>=0.78 A

8. (B) v,(0") =30mx100=3V

o @00 _

—i,(0)=0=i,0) = %0

dt

, 100 1
S + pr S + 3 o
25 x 10 25x10° x 10 x 10

= 5=-2000, ~2000
ve(t) =(A, + A,t)e "

% = A 4 (A, + Ayte™™(-2000)
00 = A, =3, PO _ 4 _9000x3-0
— A, =6000

9. (B) UC(O+) =3V ) ZL(0+) =-12 mA
Yoy y5x10° P _g
250 dt
3 1om+5x100 20D dv(07) _
250 dt dt
2 S 1
S” + o + —
250 x5x 10 0.8x5x10
= s*+800s+25x10*=0
= s=-400+ j300
vo(8) = e (A, cos 300¢ + A, sin 300¢)
dv(0)
dt

0

A =3

=—4004, + 3004,, A,=4

. 1 dv,(07)

10. (B) v(0") =0, ,(0")=2A, ——C"~=-2
L 4  xdt

s+45+8=0 = s=-24+;2

vo(t) =e*'(A, cos 2t + A, sin 2¢)

dv, (07)

A, =0, =-8=-2(0+0)+(0+24,), A, =—4

dt

11. (D) i,(0) =-4, v,(0)=8V

4H
> A

+
2Q F=="Yc 8Q

Fig. $1.6.11

=

240 o 4 g diy(0") _
dt dt

10

s 1 . . .
Zvc+§vC+LL =0, v, =4si; + 8i,

s%i, +4si, +5=0, s=-2+j

i,(t) =e (A, cost+ A,sin t)

di (0")
dt

A =4, =10=-2(A, +0) + A,, A, =2

v 1079, v-10x10° %

12. (A) i, =
@, 100/65 dt

. 2.
i =52 (10x 10" % 4 10710 x 10 L 4+ 4, —0
100 dt dt

2 . .
4, g0
dt di

Trying i,(1)=B
0+0+10°B=10°, B=1 i, =1A

+10%, =10%,

13. (A) Trying i,(¢) = At + B,
0 + 650A + (At + B)10° =10%05¢t), A =05
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di07) =16 _ 4 431 4 09038 28.D) i(0") =1 A, v(0") = 240
dt 3 dt
A=1, B=1 a=— L o5 w-—Lt _\2
2x2x05 1-05
24. (C) v,(0)=0, i,(0)= : x g =3 s=-05++05> -2 =05 + j1.323
+
i(£) =4 + (A cos 1.32¢ + Bsin 1.32¢)e %
dv.(0) . dv.(0) i)
002 == =i,(0)=3 2 ~150 -4+ A —A--3
a8t s - 1 5 4O _o_054+132B, B=--113
2x2 "~ 2% 002 dt
o =w, critically damped 29. (B) V,(0)=0 ,i,(0°) =1 A
U(t) =12 + (A + Bt)€75t dlL(0+) . (0) _0
0=12+A, 150=-5A+B = A=-12, B=90 de v
_ _ -5t
u(t) =12 +(90¢ —12)e " 1 _10, W - 1 1
i, (1) =002(=5) e ™(90¢ —12) + 0.02(90)e ™ =(3 —9t)e™ 2x5x001 V1x001
o =W, so critically damped response
25. (A) v(0") = 1095 _50 = () g s=-10,-10
5+5+20 3 . ~10¢ .
) i(t)=3(A+Btle™, i(0)=1=3+A
(=0 A di(0")
(0" =-10A +B
d’L;? Lzm%:? dt
. _ Ldi, (t) -
i()=3-(2+200e™, v, =""L""=200te""
o= 4 =2, 0, = ! =5 t dt
2x1 1
1x %
. -6 di(0")
30. (C)i(0)=—"=-2A, 0,0)=2x1=2=
s=-2+4-25=-2+ j458 1+2 dt
i(£) = (A cos 458¢ + Bsin 458t)e gt -1 o wo L 4
2RC 2x1x025 * JLC
26.(A) i,(0")=0, v,(0")=4-12=-8 o =W,, critically damped response
L L o
ide(O ) =i,(0°) =0 s=-2,-2
25 dt i(t)=(A + Bt)e®, A=-2
6 1 -
@y =3 W= e 5 d;(tt) (-2 + BOe*(-2) + (0 + B)e™
B=-3++9-25=-3+ j4 At t=0, = B=-2
v,(£) =—12 + (A cos 4t + Bsin 4t)e ™ 4di0")
0, (0)=-8=12+A4, = A=4 31. (A) i(0) =3 A, v,(0)=0 V= ;t
dv,(0)
;t =0=-3A+4B, =B=3 i,=9 A, R=101140 =8Q
=L ! =625
1 1 2RC 2x8x001
27. (C) o = = =50
2RC 2x2kx54 w1+ 1 g
1 1 ° JLC +4x001
= = =5000
m X ol o > , SO overdamped response
JLC \8mx5 W, damped
a <W,, underdamped response. s =-625+625" -25 =-10,-25
s =-50 + V502 —5000% =50 + j5000 i(t) =9 + Ae " + Be ™
i(£) = 6 + (A cos 5000¢ + Bsin 5000¢)e ™ mA 3=9+A+B, 0=-10A-25B
L(O):6=6+A —~ A=-6 On solving,A:Z,B:—S
di(0)
=-50A + 5000B =0, B =-006 s
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