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CHAPTER HIGHLIGHTS

w  DC Transients

w  Source Free Circuits

w  Singularity Functions

w  Step, Impulse, and Ramp functions

w  Step Response of an RC Circuit

w Transient and Steady-state Response

w  Equivalent Circuits for R, L and C in S Domain
w  Higher — Order Circuits

w  Series and Parallel RLC Circuits

w  A.C. Transients

ww  Transient Response with Sinusoidal Excitation
w  Sinusoidal Steady — State Analysis

ww  [nductor

w  Capacitor

w  Sinusoidal Steady State Analysis of RLC Circuits
w RL Series Circuit

ww  Series RC Circuit

w  Series RLC Circuit

) /
INTRODUCTION S.No Element Equivalent
Whenever a circuit is switched from one condition to (initial condition) circuitat ¢ = 0*
another, either by a change in the applied source or a change 1 ’—V\"]:{N—O °_V\ﬁ/\/—°
in the circuit elements, there is a transitional period dur-
ing which the branch currents and element voltages change 5 L 0.C
from their initial values to new ones. This period is called S8 —
the transient period. After the transient period has passed, 3 c S.C
the circuit is said to be in steady state. —lt—
Transient in the system is because of the presence of I I
energy storing elements (i.e., L and C). 4 Q—WO . ( ) .
Since the energy stored in a memory element cannot
change instantaneously, that is, within zero time. e
The network consists of only resistances. No transients 5. .7|_|q_0. OV
in the system at the time of switching, since the resistor can °= o e

accommodate any amount of voltage and currents.
The equivalent form of the elements in terms of the
initial condition of the elements.

(i) Z, =sLQ

(i) Z —LQ
¢ sC
Att:0+:>f:oo:>ZL:oo:>L:>OC

1
7 .=
¢ onfe

=0 Q = C is the short circuit.

A long time after the switching action (# — oo) is the steady
state (SS). In SS, the inductor behaves like a short circuit
and capacitor behaves like an open circuit.

t—>oo=f=0.

Z =sL Q= Z,=0 Q = is the short circuit.

Z.= < Q = Z.= o is the open circuit.
s
* The equivalent form of the elements in terms of the

final condition of the element.

S. No Element Equivalent circuit at t = .
’ (and initial condition) (steady state values)
1. R R
2. L S.C

(Continued)



S. No Element Equivalent circuit at t = .
) (and initial condition) (steady state values)

3. © 0.C

._' I_. *—e *—e
4 lo S.C

— /
5 _C, 0.C

Vo= B0 Y
C

o~ ot
“—t1>
— oo 0 + o
T

Current flowing through an inductor is given as

()= % [vi(e). ar

LTy, (aes - [, (0
=— | Vp(¢)dt+— |V, (t)dt
L° Ly

ip (0=7(07)+0
< 1 (0%) =i, (07)
.~ Inductor current cannot change instantaneously.
2. Capacitor voltage at =0~ and at ¢ = 0" instants.

15
Ve =~ [ ic.dt

=V (0‘)+%jic (¢).dr

Att=0*
1%
Ve (07)=Ve(07)+— [ic(t).dt
c,
Ve(0*) = V(07 Volts.

CLASSIFICATION OF TRANSIENTS

Transients

DC AC

The transient effects are more for DC as compared to AC
and the transient-free condition is possible to only for AC

excitations.

DC Transients

Source-free Circuits

1. RL circuit — initial current through the inductor

(L -1y
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2. RC Circuit — initial voltage (V) across the capacitor

(C—>T1y

3. RLC Circuit — initial current through inductor or

voltage across capacitor.

Source-free RC circuits: A source-free RC circuit occurs

when its DC source is suddenly disconnected. The energy

already stored in the capacitor is released to the resistors.
Consider a series combination of a resistor and an

initially charged capacitor as shown in Figure 1.

ic iR
< —

Figure 1 A source-free RC circuit.

The capacitor is initially charged; we can assume that at

time ¢ = 0, the initial voltage is

noy="r,
By applying KCL at the node of circuit in Figure 1,
ic+ip=0
C.d—V+K=O:>d—V+L V=0
dt R dt RC
d_V — —L.dl‘
V RC

By integrating both sides, we get
InV = —* +In4
RC

where A is the integration constant. Thus,
nK = __t = K — e*t/RC
A RC A
. V(t)=A4 .eRC
However, from initial conditions at t =0
V0)=4.1A=W0)=V,

1

2. V() = Ve Volts|

Therefore, it is called the natural response of the circuit. The
natural response of a circuit refers to the behaviour of the

circuit itself, with no external sources of excitation.

The natural response is illustrated graphically in Figure 2.

V()
Vo

V. e—t/'r
0-

0.368 Vo[ -

1
1
|
0 T 51 t (sec)

Figure 2 The voltage response of the RC circuit.



3.56 | Partlll e Unit1 ¢ Networks

Time Constant

The time constant of a circuit is the time required for the
response to decay to a factor of 1/e or 36.8% of its initial
value.

Att=1

V- e TRC = V- e 1=0.368 Vs
. T=RC

V(1) = Vy.e'RE = V™" Volts

In finding the time constant T = RC, R is obtained the
Thevenin’s equivalent resistance at the terminals of the
capacitor.

© T=R,C=R, C

; V) _ W e
ip(t)="—2="L et A
r()=—p"=5

Power dissipated in the resistor (R) is
V,?
Pt)y=V.iy= ——. 2"
(t) R

Let us consider the following example. The circuit shown in
figure. Let V(0) =15V

12Q

Solved Examples

Example 1

The value of V. (1), at1=2s

(A) 12V (B) 13.62V
(C) 2.04V (D) 9.09V
Solution

We know for source-free RC circuits
Ve (t)=V,e"RC
=R, C=>R, =8+ (6]12)=12Q
T=12x1/3=4s
Vo(t)y=15¢"V
at t=2s

Ve(2)=15¢24 = 15¢05=9.09 V

Example 2
The value of V_fort=0

12Q

(A) V,=5.e%V
(C) V,=5. 0ty

(B) V,=12.e 0%V
(D) ¥V =15.e 071ty

Solution
By applying KCL at node V|

V., V, V.-V,

ety 70
2V +4V +3(V, -V)=0
9, =3V,
V=13V, =V, =13x15e%"V.
V=505V

Example 3

The switch in the circuit in figure has been closed for a long
time, and it is opened at £ = 0.

30 =0 10

20V

(i) The V. (t) fort20is
A)Vom=15¢e'V

(©) Vo (=15
Solution (i)

For t<0:
The switch is closed, and the capacitor is open circuit to DC.

(B) Vo (t)=12e02
(D) Ve (=121

30 V(0) 19

20V

Circuitisin S and S.

s V(07)=20x% i:15Vfort<0.
9+3

Since the voltage across capacitor does not change
instantaneously,
V0=V, 09=15V
For > 0:
The switch is opened. The circuit is shown in the figure.



3Q 1Q
20V % %99 A‘LZO mF

Vt)y=Ve

T= Reqc.
Req =

1Q

—

Req
R ,=(9+1)=10Q
7=10%x20x 10737=0.2s.
Thus, the voltage across the capacitor for >0 is
Vity=V,. e’
=152V
Therefore, V(t) = 15¢ 'V

(i1) The initial energy stored in the capacitor is
(A) 457 (B) 0J (C) 2257 (D)47]

Solution (ii)
W(0) = 1/2CV2(0)=1/2CV;}?
=1/2x20x 1073 x (15)2=2.2517

Source-free RL circuits:
Consider the series connection of an RL circuit, as shown
in the figure.

|
Figure 3 A source-free RL circuit.

At 1=0, we assume that the inductor has an initial current /.
s i0)=1,.
By applying KVL around the loop in figure,

Vi +Vx=0
L-ﬂﬂR =0

dt

di

_l+£l =0
dt L
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Let i =D
dt
(D+£Ji =0
L
D=-R/L.

Therefore, i(f) = A e P = i(f) = Ae RIL
L ()=A . etER

At t=0,i,(0)=1,

i(0)=I,=Ae* = A=1,

i(t)=1,.eR
liL(6)=Iy.e ™/ 4|

L
ST=—=S
R

L

eq

T= s
eq
st = Ioe"/ TA
This shows that the natural response of the RL circuit is an
exponential decay of the initial current.
The current response shown in figure.

i9

IO_

—t/T

/Io.e

0.368 fo[ ==
1
0.0067 o} —=a--- R
0 T 51 tsec

Figure 4 The current response of the RL circuit.

When

Example 4

The time constant of the given circuit 7 is

1Q
3A 20 2H
(A) 1s B) 1.5s
© 2/3s (D) 4s
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Solution
L
7= —L,
Req
Req =Ry
10Q
2Q (_|
Req
= Req =2Q
2
7= —=1sec.
2
Example 5
4Q 2/3H
5V 4Q 2H
T 1Q
MN\—e
The time constant 7 is
2
(A) 1s (B) 1.55s © ES
Solution
T= Lo
Req
2/3H
2H 4H

2
Ly=3+2I4

= —+—=2H.
3 3
Req:Rth:

4Q

40

1Q<—|

Rin
R,=1+(4|4)
=3Q

2
T= =5
3

4 H

(D) 4s

Example 6

The circuit shown in the figure is in a steady state. When the
switch is closed at ¢ = 0, the current through the inductor at
t=0"1is

1;\0 Q
10 VJ-‘T 10 mH T{t: 0
(A) OA (B) 0.5A ) 1A D)2A
Solution
Fort<0:

at t = 07 ; the switch is opened.
In steady state, L behaves as a short circuit.

10
(0)=—=1A.
0=

At t = 0", the circuit shown in figure.
10Q

1OVT 1A T

.. Inductor does not allow sudden change in current.

i (0N =i (0)=1A

: <—Switch closed

Example 7

Assume that i(0) = 10 A. Calculate the i(t) and i (t) in the
circuit (for # = 0).

(A) i()=10.e 2P Asi (t)=-5/3 . 2P A
(B) i(t)=10.eA;i (1)=5/3 eA
(€) i()=10.e*A;i ()=-20.e38A
(D) None of the above

Solution
i(t)y=1,-e7"'".
Given 1,=10 A.
— Leq
R,
Req =R,

The equivalent resistance is the same as the Thevenin’s
resistance at the inductor terminals.



Io A 4Q
Vo=1V (&) 20 i
Rin
Here, I,=—i
By applying KCL at node A,
_0_10 n V0—3l =O
2 4
2V, =4l + Vy+30,=0
V=1,
h_g-lo
Iy
L 0
= :—5 =15s
Ry (13)

Thus, the current through the inductor is i(t).
i(t)y=10.e "5 A
i(t)y=10.e 23 A fort>0.

g
v, ()= L 21(;)

= 0.5><1Oie‘2’/3
dt

= 5><(_—2).e_2’/3 V= _—10.6‘2”3 V.
3 3

Voltage across inductor is equal to voltage across 2 €
resistors.

-

(=" = e A fore>0.

Example 8

In the circuit shown in figure assuming that the switch was
open for a long time.
2Q 3Q
—MA—

+ -1
VO o

Find iy, V', and i; for all times (—eo < ¢ < o0) .

i

2H

Solution

t<0:

For t < 0, the switch is open.

At t= 07, the inductor acts like a short circuit to DC.
2Q 3Q

AN o

7 io Y i(07)
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The current through 6 Q = i, =0 A.
Viq=0V=1i,=0A

1
0)="2-2a.
5
V,=3x2=6V.

(i) Fort> 0, the switch is closed
i(t)= Io.e”/TA.

20 3Q
\ :\/Y/v_ :
[ 0 fo +
10V 60 Vig2H
= Find R, :
3Q

=R, :6||3=>6—>9<3

R, =2Q.
L 2
T=—=—=Isec.
Ry
ip () = i(0").e™"!

=2.¢" Afort>0.

Thus,

.. V,
(i) o)=L

p
=V, (t)=L. ;:)

d
=2x—(2xe™!
dt( )
=—4e V.
. -2
lo(t)z?-e YA fort>0.

(iii) V,=-V,
= V,=4e'Viort>0

Therefore, for all time,

- 0A:t<0 o 6V.1<0

1 = _2 =

0 S AL 20 0 4.7 V,1>0.
24;t<0

i(t)=
2-et4,t20

SINGULARITY FUNCTIONS

A basic understanding of singularity functions will help us
make sense of the response of first-order circuits to a sud-
den application of an independent DC voltage or current
source.
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The most widely used singularity functions in circuit
analysis are the step ramp and impulse functions.

Step Function
u(f)

0 t
The mathematical terms:

o 0 <0
u =
A, t>0

The unit step function is undefined at =0

u(t —to)

A

—

0 b t
Figure 5 The step function delayed by ¢, units.
u(t + to)

A

-t O t

Figure 6 The step function advanced by t,.

Impulse Function y(t)

The derivative of the step function u(t) is the impulse func-
tion &(¢).

undefined ;(eo):fort=0

0;else where

o) = %u(t) = {

3(t) A=)

0+
1[G de=1

0—

12
2. [ f(0)8(t—15) de = f(tg) i1, <t,<1,
t1
= 0; else where

Ramp Function

Integrating the unit step function u(t) results in the unit
ramp function 7(t).

r(f)

ol 1 t

Figure 7 The unit ramp function.

t

n0= [ ue)-dt =t

—oo

® 0 ¢<0
r =
At t20

r(t—to)

OI to to +1

Figure 8 Unit ramp function delayed by t,.

0 t<y
r(t—t0)=
t—ty, 121,
r(t+to)

1

1

|
_tO —f0+1 0 t

Figure 9 The unit ramp function advanced by to.

{ 0 1<~

r(t+ty)=

t+ty, t=—1,

STEP RESPONSE OF AN RC CirRcuIT

When the DC source of an RC circuit is applied, the voltage
or current source can be modelled as a step function, and the
response is known as a step response.

I+

Figure 10 An RC circuit with voltage source.



We assume an initial voltage ¥, on the capacitor, since the
voltage of the capacitor does not change instantaneously.

V(07) =101 =V,

By applying KCL for ¢ > 0,
c YV Vs
dt R
av v V.
24 =15 (1)
dt RC RC
av _ (V-Vs)
dt RC
av — _L -dt
V-V, RC
By integrating both sides and introducing the initial
conditions,
t
t
IntlV = Vs =| -—
[ S] (] RC .
—t
Int[V(6)-V,]-Int[Vy =V,]=—=+0
V@ =V1=IntlVy =Vl= 5 C
ng| YOV | =L ?)
Vg — Vg RC
Vi) =V, _ -ure
Vo =V

We know 7= RC
Vo) -v=>Vy=V) et
V) =Vg+(Vy= V). et

fort>0.
Thus,
V=
Vg + (Vy = V) .et;t>0.
This is known as the complete response of the RC circuit.
4U]
Vs

Figure 11 Response of an RC circuit with initially charged

capacitor.
. dV (1)
H=C-—=
i(t) 7
v
i(t)=—=-e"'7; t>0.
i(t) 2 e

with initial values zero.
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i)

/
Vs
R

Cd
t

0

Figure 12 Current response.

Complete response = natural response + forced response.
V=V 4V

V,=V,-et.

Vy=V,(-e"),

where

where V_is the transient response and V;is the steady state
response.

Transient Response

The transient response is the circuit’s temporary response
that will die out with time.

Steady State Response
The steady state response is the behaviour of the circuit a
long time after an external excitation is applied.

.. complete response may be written as

= V() = V(=) + [1(0) = V(eo)]e " Volts
where V(0) =V, ; the initial capacitor voltage

V(=) = final capacitor voltage or SS value
T is the time constant.

If the switch changes position at time ¢ = #, instead of
t =0, there is a time delay in response.

Therefore, the abovementioned equation becomes

V() = V(=) + V(1) V()] € )7 Vol

STEP RESPONSE OF AN RL CirRcuUIT

Vs L

An RL circuit with a step input voltage. Let the response be the
sum of the transient response and the steady state response.

P=i +i €]



3.62 | Partlll e Unit1 e Networks

We know that i_is always a decaying exponential.

. . L
ie., i, =Ae, T==
R

The steady state is the value of current along time after the
switch is closed. At that time, the inductor becomes a short
circuit and the voltage across it is zero. The entire source
voltage Vg appears across R.

Thus, the steady state response is

- _V
125 ZEA.
V
i=A-eVT+-2 2
2 @)

We know i(07) = i(0%) = I,
Thus, at # = 0, Equation (2) becomes

Vs
i(0)=A+—==1
0) z o

Substituting 4 in Equation (2), we get

0= )eres

This is the compute response of the RL circuit.

|i(f) = i(c0) +[i(0) — i(=0)]- e—t/‘rA'|

If the switching takes place at time ¢ = ¢ instead of ¢ =0,

i(t) = i(o0) + [i(t,) — i(o0)] . ™77

0 t 0 t

Figure 13 Step response of an RL circuit with no initial inductor

current.
NOTE

With sources, elements behaviour at
t=0tandt— oo

(1) At ¢#=0"= L is the open circuit and C is the short
circuit.

(i) Att > oe0o=f=0
= X| =joL =0 Q is the short circuit and

1 . o
X =——=1Q is the open circuit.
joc

Example 9

The switch in figure has been in position 4 for a long time.
At t=0, the switch moves to B. Determine V(t) for >0, and
calculate its value at 1 =2 s.

24V

(A) V(2)=245V
(C) Vu(2)=-145V

(B) V(2)=55V
(D) V(2) =184V

Solution
For ¢ < 0, the switch is at position A.
at t = 07, capacitor acts like open circuit.

w0 =skax 2V sy,
8 kQ

We know v(0*) =v(0") =15 V.
(capacitor voltages cannot change instantaneously.)
For ¢ > 0, the switch is at position B

B 4kQ

V(") ()

0.5mF

30 \;

T=RC=4x10*%0.5x103=2s.
At t — oo,
capacitor acts like an open circuit to DC at steady state.
Thus, V(ee) =30V
V()= V(eo) + [V(0%) — V(e2)] &7V

=30+ (15-30)e"s.

=30 - 15¢7%%s.
at t=2s

15
Ve@)=30-15¢ "= 30-= =245V

Example 10

The switch has been closed for a long time and is opened
atr=0

3/2‘:0

oV

20u(t) V

The value of V(t) for #> 0 would be
(A) V()=15-5.¢"5V.
B) V()=5-15.¢"5V



C) V()=15+5. e 025ty
D) Vt)=15+10.e "5V
Solution

For t<0:
At ¢t =07, switch is closed. Further, C is the open circuit.

0 ; t<0
u(t) = {1

; t>0.
Att<O0:
i(0™
5o f0)
> o+ 10V
P02 0
p
Circuit is in steady state.
From the abovementioned circuit,
1
i(00) = 10 =2A.
5
V(0)=10V=V0%)
for ¢ > 0: switch opened.
Att=0"
50 '(ﬁ))
L +
T=R, ¢
5x15 5x15 15
eq = = = — Q
5+15 20 4
15
T=—X4=35s
L 4
C is the short circuit.
i(0%) = 20 =4 A.
5
att — oo ; C is the open circuit.
V(o) =V, ,c=20X 15 =15V
¢ 3 15+5

We know that the total response V(¢) is
Velt) = Veloo) + [V(0%) = V(o)) /0
=15+[10-15]. 13
Vot)=15-5¢"5V
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Example 11

In the following circuit, the switch is closed at = 0. What is
the initial value of the current through the capacitor?

(A) 0.8A  (B) L.6A  (C)24A  (D)32A

Solution

Fort<0:

At t=07, the switch is opened.

L is short circuit and C is the open circuit.
The following is the equivalent circuit.

[ s

12V

i(07) = %:4 A=i,(0%)
V(0)=1x4=4V=V(0"

At ¢=0*, the equivalent circuit is shown in the following figure:

20
10 210
12V+—
T A @ (?4v
20 0.5Q

=,

+
12V —— i
T 4D @av

i:ﬂ:}_ZA
25
i+ic=4=i.=08A

Direction for questions 12, 13, and 14:

4Q
W .
+ L
. v F—= Vo
3 ut) A Va 220 oy S06H
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Example 12

The values of i, (0%), V(0%), and V(0*) would be.
(A) i, (07) =0 A; V(0") =20 V; and V(0") =4V
(B) i (0") =5 A; V(0Y)=-15V; and V(0h) =4 V
(C) 7,(0")=3 A; V(0") =—20 V; and V(0") =4V
(D) i (0") = 0 A; ¥(0") = =20 V; and V(0%) = +4 V
Solution

Fort<0,3.u(t)=0;atz=0"

When the circuit is in steady state, L is the short circuit and
C is the open circuit.

ﬂﬁ\
l Vc(07)

+
: Va(0) ?29 (%Dzov

From this figure:
i (0)=0; Vx(0)=0;and V,(01)=-20V

For ¢t> 0:

The circuit shown is at r = 0™
Therefore, L is the open circuit
and C is the short circuit.

il(0)

+ V+
3AM Va0 220 LS0.6H

20V -

The inductor current and capacitor voltages cannot change
instantaneously.

i (0 =0;i,(07)=0; and V(0") = V(0)) =20V

By applying KCL at node A,
N Ao AU
2 4

By applying KVL to the middle loop,
Vr(0*) =V, (01)=V.(0%)=20=0
V(0 =-20V
= VR(0%) = V(07).
3VR(0M) =12
= Vx(0) =4V
S V(0N =4V, V(0 =-20V./ (0)=0A

Example 13

The steady state values of the /; V. and /'y would be
(A) Vi(e0) =4V, V(0)==20V, 1 () =0 A.

(B) V(o) =4V, V() =20V, I (=) = 1 A,

(C) V(o) =4V, V(o) =20V I () =4 A.

(D) None of the above

Solution

As t — oo, the circuit reaches steady state.

In steady state,

. L is the short circuit and C is the open circuit.
The circuit becomes.

4Q
M\
N Vo)
3A0 hz2e (%)20 v )

iL(oo)=2><%:1A.

V(o) ==20V.
V(o) =2%2=4V,
W V() =4V, V(0) =20V and i; (=) = 1 A.

Example 14

The values of would be

F 0+ +
diy(0°) . dVe(0")
dt dt

(A) 0A/s,2V/s
(C) 2A/s,2V/s

(B) 0A/s,0.5V/s
(D) -2 A/s, -2 V/s

Solution
For¢>0:
Att=0",
: + : + +
vy =r 90 di©07) V07
dt dt L
dip (0")

However, V(0 =0V = 0A/s

+ © 0t
=DV 70 _ic(0)
dt dt c

dVe(01) _ic(07)

dt C
By applying KCL at node B,
1 (0%)

T=ic(0+)+li(0+)

ic(0F)="=1 A.

dVe(0%)
dt

=2V/sec.

§|H I

EQuIVALENT CIRcuUITS FOR R, L, AND
C IN S DoMAIN
Laplace transform

i(t) & I(s)

(t) & W(s)



R R
L sLQ
1
C o —Q
s
1. Resistor (R):
R i KSR
—\W\—>—e >—AM\N—o
A AT 1. + = o
Va V(S)

1. Time domain 2. Frequency domain.

2. Inductor (L):

+ iL(S)

Mgt

s \l, Li(0)

Vi) L\L'LO) =g
IL(t)

3. Capacitor (C):

ST AT
_ (s) s =
Ve(§C T=Ve(0) = S
C(t)\lz —lf c(0) Ll’ ?VC(O ) 1/sc CVo(07)

1. Time domain
2. s domain voltage source
3. s domain current source.

HicH ORDER CIRCUITS

When two or more energy storage elements are present, the
network equations will result in second-order differential
equations.

Series RLC Circuits

R L
AMN 000
46 D —
By applying KVL
di 1]
Ri+L - —+— | idt=V,. 1
” C,J;, g (M
To eliminate the integral, differentiate with respect to z.
2 .
R4y d—+i= 0
dt s> C

Chapter 3 ¢ Transient Analysis (AC and DC) | 3.65

2. .
i Rdi i _, @)
da* L dt LC

By applying Laplace transform to Equation (2)

R 1
= s+ = s+—=0.
L LC

= Characteristic equation of the differential equation.
s?+28w, s+ @ =0 3)

Second-order characteristic equation:
From Equation (3)

The roots of the characteristic equation are

2
SRR L
20~ \\2L) e

Let azﬁzl
2L 7

s=—at o’ -aw?,

1. If a> @, or & > 1, we have over damped oscillations.
2. £=1 or a= w,, we have critically damped oscillator.
3. 0<&<1or a< w, we have under damped oscillators.

Parallel RLC Circuit

if()=ig(O)+i (O +i (D)

Let us assume that the voltage across the capacitor is V.(t).

L Ve®
R

ch(t)

+— ch(t)dr +C. 2 (1)

By simplifying the abovementioned equation, it becomes

dZVC(t) 1 dve(t)
dt RC dt

In S domain,

—Vt 0
¢ e=
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1
2Vs+—SV0+ V.(s)=02
c(s) RC -(0) Ic (s)=
s2+L.s+L:O
RC LC
f L]
2R\NC’| " JLc

Example 15

The circuit shown in figure has initial current i (07) =
1 A. Through the inductor and an initial voltage V.(07) =
—1 V across the capacitor for input ¥(t) = u(¢) , the Laplace
transform of the current i(¢) for # > 0 is

1Q 1H
+1\ %
i) +
() T1 F
+2
s ®
sc+s5+1 sc+s +1
-1 s—1
() J pp S
()sz+s+1 ®) 2+ 5 +1
Solution
By applying KVL, the loop equation is
V() = Ri(t) + L d’(;)+ [i()dt.

However, V(t) = u(t), i (07)=1Aand V(07)=-1V.
Take LPF both sides,

Ve(0) 1

L[sI(s) = 1(0- )]+R1(s)+ (S)+ 2

Substituting R=1Q,and L=1H
C=1F

I -1+ 1)+ 215~ L =1
S A N

2
I(s)[s+%+l:|:1+;
I[P +s+1]=s+2

s+2
s2+s+1

I(s)=

Example 16
The circuit is

1/4 F

20 gt
_‘,

(B) undamped
(D) over damped

(A) critically damped
(C) under damped

Solution
For RLC parallel circuit

1 |L
=3ele
4 1
= X —’ = —.
2%x2 \/; S 2

= & <1 is under damped system

Example 17

The value of Initial current is

% 0.02 S

(A) 0.5A  (B) 0.05A (C) 0.01A (D)0.2 pA.
Solution
]%/ sL=L=0.02H
LI,=1x107
1x1073
= A0 05
0.02
I,=50 mA
Example 18

In the following circuit, 20 V source has been applied for a
long time. The switch is opened at # =1 ms.

t=1ms.
e e
0.5uF |,
< . =25kQ
20 u(—t g5k ko2




At ¢ =3 ms, the value of V(t) is

(A) 1314V (B) 1.128V

(C) 16.13V (D) None of the above.
Solution

Fort<0:

At t=0", switch was closed.
Capacitor behaves like an open circuit.

1kQ  V(0)

A\

5KkQ VCLO_) é 25kQ

Ve(0)=20 Ve(0) Ve(©) _,
1kQ 5kQ  25kQ
25 (Vo(07) =20) + 5 V(0) + Ve(0)=0
31 V(07)=25x20

= V(0)= %: 16.13V

R, =(1kQ | 5kQ|| 25 kQ)

1 1 1 1

—= + +

R, 1kQ 5kQ 25kQ
_25+5+1
C25kQ

R =§kQ=806Q
31

eq
’L'=Req>< C=806x0.5x107°
7=0.4 ms.
Vo(t)= Vo.e”/ T =16.13 X ¢ 2200 Volts
VC(I ms) =16.13 X £~ 2500x1 %107 y/
=16.13¢2°=1324VforO<t<1ms
Vc(t) =1.324 x ¢ ~(t-1m)/25x0.5x10° V
VC(3 m) = 1.324 X ¢ —80x2 x107
=1.128V

AC TRANSIENTS

Transient Response with Sinusoidal
Excitation

1. Series R—L Circuit:
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Let V(t) = V_ .cos(wt + ¢) volts
For ¢ > 0: switch is closed.
By applying KVL,

di
Ri+L z; =V .cos(ot + )

% + %i = VT’”.cos(a)tnL )] e
Let i:D.
dt
R v,
D+—|i=—"-cos(wt + 2
( L)l ;cos(@r+9) @)

The complete solution = complement function +
particular solution.

ie., CS.=CFE+PL

The complementary function of Eq. (2) is
_R,
i(t)=4.e L A

Next, we are to obtain the particular solution of
current i(t): = i(t)

Transform the abovementioned network into phasor
domain.

R
Vn (o i@ b JolQ

Network is phasor domain
By applying KVL to abovementioned circuit,

V. Z¢—RI-joLI=0.

_ Vn49

R+ joL
== V—’”~4¢—tan‘1w—L
JR? +(wL)? R

[ in time domain i(t).

i(H)= S cos((ot +¢—tan”! w—L)A
* R +(wL)? R
i(t) =i () + i (1)
= Transient + Steady state response

R
R Vv L
=d.e L'+ L -cos (wt+¢—tan1 %)

JR? +(wL)*A
at t=0"=i(07)=0=i0").
v,

JR? +(wL)?

0

()
A+ -cos(a)z‘de)—tan‘1 ?)
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Y= Tm
JR? +(wL)?

= As A4 << 1, the transient effects are less for AC at £ = 0.

oL

. cos(wt +¢—tan™! —) A.
R

2. Transient-free condition:

L
= cos (q)—tan‘l —) =0
R

L
¢—tan‘1w— =T
R 2

L
0= 7 tan 22 atr=0.
2 R

Case 1:
If the switch is closed at # = 7. Then, the condition for tran-
sient-free response is

ot,+ o= £+tan‘1w—L
0 2 R

If the excitation is V(¢)=V_. sin(@¢ + ¢), then the condition
for transient-free response is wf,+ ¢ =tan™ ' wratr=1,

(1) =i (0

Table 1.1 Summary:

Transient-free

S- Excitation Circuit Condition
No.
(att=ty)
(i) V (t) = V,, sin(wt Series RL or — wl
9= tan-1 2L
+¢) 0 tan B
=tan™! ot
Series RC oty + 0= tan-1 wRC
=tan™! ot
(i) vit) = V,, cos(at Series RLor  wt,+ ¢=tan™! ot
+¢) Series RC

"7

where 7= L forRL
R

t=RC for RC.

(i) ity=1,sin(wt+¢) ParallelRLor oty+¢=tan™" ot

Parallel RC where t=RC for RC
circuits.
T=
L N
— for RL circuits.
R

(iv) i(t)=1,cos(wt+¢) ParallelRLor 1=

Parallel RC % for RL circuits

RC for RC circuits

oty + ¢=tan o1

"%

Example 19
t: to

S
.

V() 0.05H

If V(t) = 5 cos (10077 + /4) volts, the value of #,, which
results in a transient-free response.
Solution

We know for RL series circuits transient-free condition.
Given input cosinusoidal

of,+ ¢ =tan"! oL«
0T R 2
From the given data,
o= 100x and ¢ = m/4
1 .
1007t + 7/4 = tan”! (M)%

1007t =117.34
t=0.3735s

SINUSOIDAL STEADY STATE
ANALYSIS

A sinusoidal forcing function produces both a transient
response and steady state response.

The transient response dies out with time so that only steady
state response remains. When the transient response has become
negligibly small when compared to steady state response, we
say that the circuit is operating at sinusoidal steady state.

Sinusoids:
Let us consider a general expression for the sinusoidal.

Vty=",, .sin (ot + ¢)

where V_ is the amplitude; @ is the angular frequency; wr +
¢ is the argument of the sinusoidal; and ¢ is the phase.
A sinusoid can be expressed in either sine or cosine form.
This is achieved by using the following trigonometric
identities:

sin (4 £ B) =sin 4 cos B = cos 4 sin B.
cos (Ax B)=cos A cos B ¥ sin 4 sin B.

sin (@t = 180°) = — sin wt
cos (t £ 180°) = —cos wt
sin (@t = 90°) =+ cos wr

cos (@t £ 90°) = £ sin wr.

Example 20

Given the sinusoidal signal

V(#) = 10 sin(4nt + /6). Calculate its power and period.
(A) 100 Wt,2s (B) 50 Wt,0.5s

(C) 10Wt,0.5s (D) OWt,2s
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Solution Phasor relationships for circuit elements:
For sinusoidal signals, 1. Resistor:
V2 ) .
power = ﬁ (v V,, = maximum voltage) . ; L]
+
but R is not given. 1\ 3 L
Therefore, let R=1 Q. v 3R == zR
2 1 2 \l/ _‘l’
P= %:(&=50Watts. To—— —
) f 4 (i) time domain (ii) frequency domain
0=2xf=4r
If the current through a resistor R is
2 1 j =
=—n=—:>0.55 i=1_cos (ot + ).
ar 2 The voltage across it is given by
Example 21 V=iR=RI_ cos (wt+ ¢§)
Calculate the phase angle betweenV| = —10 cos (wt + 40°) The phasor form of this voltage is
and V, = 8 Sin (wf — 20°).
2 =
(A) 30° (B) 60° (C) -60° (D) 20° V=Rl 29
Solution b
In order to compare V| and V,, we must express them in %
same form.
V, =-10 cos (@t + 40°) /
=+10 sin (¢ + 40° — 90°). o
= 10 sin (et — 50°). 0 Re
V2 =12 sin (ot — 20°) Figure 14 Phasor diagram for the resistor.
V, leads ¥, by 30°. 2. Inductor (L):
Phasor: A phasor is a complex number that represents the ._I>_ +0—>I—
amplitude and phase of a sinusoid. +1\ 0N
Z =x + jy = rectangular form v g L=V §wa
Z=r £ ¢ = polar form _\1' _‘l'
o *r—
Z=r. é% = exponential form
time domain frequency domain
Euler’s identity: T-D F-D
£J9 = cos@+ jsin j
¢ pxjsing V:L% V=jol. 1
Table 1.2 Sinusoidal phasor transformation: !
The voltage across the inductor is
S. No Time domain Phasor domain
U Vin cOs (0t + ¢) Vin £0 yer. 92 ~@L.1_sin (ot + )
(il V_sin (ot + ) V. Z¢-90° dt
(iii) I, cos (wt + ¢) I, Z¢ V=wL.I_cos(wt+¢+90°),
(v) [ sin (@t + ¢) Iy £9 - 90° which transforms to the phasor.
\/ a j . o
v, L V= oLl () = @LI_.Z+90°
(vi) [vat = v However, /. £ ¢=1and &°°°=}.
jo

V=joL.I.
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v

In
/
®
90°
o

—> Re

Figure 15 Phasor diagram for the inductor
I'lags Vor Vleads I.

3. Capacitor (C):

+.—

+

1 t 1
v c =V T joc
J . R

- - |

. dv

ZZCE i=jwcv

For the capacitor C, assume the voltage across it is
V=V, cos(wt+¢).

i=C.d—V<:) I=joCV
dt
T-D F-D
1
V= —
joc

/ f

|74 (O]
o)

0 Re

Figure 16 Phasor diagram for the capacitor (/ leads V or V' lags /)

Summary of V'~ relationships
Elements T-D F-D
R v=Ri V=RI
L v =L.di/dt V=jolLl
(o} I =C dv/dt I =1l/joC
Example 22

Voltage V=5 cos (40 ¢+ 60°) is applied to a 0.5 H inductor.
The steady state current through the inductor is

(A) i(t) =4 sin (40¢ + 60°) A

(B) i(t) =2 cos (407 + 30°) A

(C) i(t) =0.25 cos (40 — 30°) A

(D) i(t) =0.25 cos (@t + 60°) A

Solution
For the inductor, V' =jwL I
from the given data.

=40 rad/s.

L=1/2Hand V=5 £60°V.
V. 5/60°

© joL  jx40x0.5

1

= %460"— 90° = 0.25 £ —30°.
i(t) = 0.25.cos(40¢ — 30°) A

Example 23

If voltage V' = 4 sin (50¢ + 30°) is applied to a 100 uF
capacitor. The steady state current through the capacitor is
(A) () =20 sin(50 7+ 60°) mA

(B) (1) =20 cos(50 £+ 30°) mA

(C) i(t) =20 cos(50 t — 30°) mA

(D) i(t) =20 cos(507 — 60°) mA

Solution
Given V' =4 sin (50¢ + 30°)
i=C. ar V= 1 ; V=4 £-60°
dt joC

I=joVC=jx50x100x 107°x 4 £/—60°.
I=20c0s(50 £ — 60° + 90°) mA
i(f) = 20 cos (50 £+ 30°) mA

SINUSOIDAL STEADY STATE ANALYSIS

OoF RLC CircuITS
1. RL Series Circuit:

v

VR [
V=Vy+V, =LR+joLl

Vi
6=tan! |:_:|
Vi

where V= IR
Power factor = cos 6= 7R

V, =1X; £90°Lag.
2. Series RC Circuit:




V="Vt Ve
Ve=IR; Vo= 1Z.= IX. £-90°.

w1
R )

Ve
Phasor diagram
V= Vi +V2
v
p.f.=cos ¢= 7R Lead

3. Series RLC Circuit:

R L
MA— 000 =
+ Ve + 3
+ +

v Ve TC

V=Ve+V . +V,

1
=IR+joLI+ —.1
joc

= LR+ 1. X, £90° + I. X Z-90°.

(1) V. > VC:
AL
(VL- V)
v
) !
VR -
Ve

From the abovementioned phasor diagram
Vi +(V =Ve)?
v, =V, .
o= Tan™ [u} = Impedance or admittance
angle. R
Ve
Power factor = p.f. = cos ¢ = I ; Lag

(i) If v <V
w

(Ve-W)
Ve
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cos o= — ; Lead
Vv
(i) If I/J = LC

In this case,
W

90°

Ve Toge

Ve
Vi .
cos ¢ = 7R =1 = unity power factor

4. Parallel RLC Circuit:
Ve Vi Jic
! 2R 8L _‘,c

€ < —>+

I=I+1 +1.
Vv
I= —+——+jocV
R joL
N AL L7 )
R X Xc
(i) 1, >1;
ANe
|
I —Ic

I

From the abovementioned phasor diagram
U= \Ig+U ~1c)
1
p.f.=cos ¢= TR; Lag
(i) 1, <l

Ic

Ile— 1L

% 20 v

rd

Ix 90°

I

= Iz +U - 1)
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I, -1 . .
¢= tan™! [u} = impedance (or) admittance
angle R

1
cos p=p.f. = TR Lead

Ic

I

I .
Cos ¢ = TR =1 = unity power factor.

Example 24

Consider the following circuit.

+

100£0° a) L _\70 ZR
If |/, = 10 A and |/] = 12 A, then the values of /| and I
would be

(A) I, =-14.94A, I, =8A (B) [[=2A,[;=4A
(C) I, =14.94A,I,=8A (D) None of the above

Solution
[=yI} + (I, 1)’
I =I5 +12
100 = 13 +36
12=64=1,=84
12= /82 +(I, —6)?
(- 6)? =80
I, =6+8944=1494 A

Example 25

L=2H
B

Q
)?N‘v

10Q
50 comt V

If the power dissipated in the 5 Q resistor is 15 W, then the
power factor of the circuit is

(A) p.f.=0.68 (B) p.f.=0.854
(C) pf.=0.52 (D) None of the above.
Solution
For RL series circuit
v
p.f.=cos ¢ =7R
P=VI=PR
Px5=15=P=3
I=1.732A
Ve=15x1.732~26
[V] =50 £ 0°.

2
cos ¢ = £=0.52 = power factor

Impedance angle ¢ = 58.66°

Example 26

In the following circuit, it is known that
V,(t)=0.757 cos (2t + 66.7°) V,

Vy(t) = 0.606 cos (2t — 69.8°) V, then i 1 = ?

100
AW
1H V. 5H
R85 *+— 0% Vs
V() T=2F - :‘:1/4F

(A) 0.194 cos (2t +35.73%) A.
(B) 0.318 cos (2t+ 177°) A.
(C) 0.196 cos (2t — 35.6%) A.

(D) 0.318 (2t —177°) A.

Solution

By applying KCL at node V.

Vs =V,

JX2X5

L=70.1V,+j0.4%xV,
=0.1x2£90°x0.757 £66.7°+0.4 £90°x 0. 606 £ —69. §8°
=0.0757 £ 156.7°+0.2424 £20. 2°

1,=0.1945 £ 35.736°A

Vs .
[1=T3(]/2)+

Locus DIAGRAMS

The locus diagram or circle diagram is the graphical repre-
sentation of the electrical circuit. The frequency response
of a circuit has been exhibited by drawing separately the
angle and magnitude of a network function against variable
parameter. For example, @, L, R, and C.



Example 27
iz (t)

—‘—C
Consider V(t) = V cos t volts, if frequency ‘@’ of the

source is varying from 0 to eo. Draw the locus of the current
phasor /, .

i(t) R
it (1)

% t)+C~> Ry

Solution
Transform the given network into phasor domain.

I HZ Ig
ir (1)
¥
Vi 40°v<~> R =—1/jo
I=1+1,
I V,20°  V, £0°
R T Ry+ljac
fw=01,=0 [ capacitor open circuit]
V,,Z£0°
W =00, [,= "
Ry
Locus of I,:
A
w= Q - _N
V() =00
! £ >V, 20°
Y
R

Case 2: In the abovementioned circuit, instead of ‘@’. If R,
is varying from 0 to oo.
IfR,=0,1,=joCV_=oCV_<90°

Ry=o0;1,=0,

V,, £0°

[= -
R
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Locus diagram of I:
/\l

VnoCT

>Vin £0°

Example 28

Vm£0°V C‘j R jol

If R, is varied from ‘0’ to ‘eo’, draw the locus diagram of /.

Solution
I=1+1,
s VmAO"+ Vi
R, R+ joL
IfR =0,
V. V,£-90°
I= "+
R, oL
IfR, =0,
s V., Z0 +0
Ry
L= V., 20
Ry

Locus diagram of /

Practice Problems |

Direction for questions 1 to 32: Select the correct alterna-

tive from the given choices.

1. In the following circuit, the switch S is closed at 7 = 0.

The rate of change of current %(Oﬂ is given by
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SX R
/s RS ‘> L
i(t)
(A) 0 ®B) %

. Inthe given figure, 4,, 4,, and Ay are ideal ammeters. If 4,
and 4, read 3 A and 4 A, respectively, then 4, should read

R
()
Sinusoidal Voltage source
(A) 1A B) SA
C) 7A (D) None of these
=0

+

1OVT

The current in the circuit when the switch is closed at
t=0

(A) 10 100 (B) 0.01 ¢~1.0001

(C) 0.1 10001 (D) 10 01t

. An input voltage V(f) = 1082 cos(t + 10°) + 10 NG
cos(2¢ + 10°) V is applied to a series combination of
resistance R = 1 Q and an inductance L = 1 H. The
resulting steady state current i(f) in ampere is

(A) 10 cos(t+ 55°) + 10 cos(2¢ + 10° + tan™12)

-~

AN

1uF

VVWv

(B) 10cos(#+55°)+10 \/g cos(2t + 55°)
(C) 10 cos(t—35°) + 10 cos(2¢ + 10° — tan™! 2)
(D) 10 cos(r—35°)+10 \/g cos(2t —35°)

. 4, mH inductor with some initial current can be rep-
resented as shown in the figure, where S is the Laplace
transform variable. The value of initial current is

(A) 05A  (B) 20A (C) 1L.OA (D) 0A

6. A square pulse of 3 V amplitude is applied to C—R

circuit shown in the figure. The capacitor is initially
uncharged. The output voltage V), at time 1 =2 s is

0.1uF
v — | :
0 2sec L ° °
(A) 3V B) -3V (C) 0 (D) -4V

. The driving point impedance of the following network

. 0.2
is given by Z(s) = = The component values
s2+0.15+2
are
Z(s) L :C: 5’ R

(A) L=5H,R=05Q,C=0.1F
(B) L=0.1H,R=05Q,C=5F
(C©) L=5H,R=2Q,C=0.1F
(D) L=01H,R=2Q,C=5F

1

<

i 40 Q
+ + ‘)
= 10V T— i(1)&20 mH

The switch has been in position 1 for a long time, it is
moved to position 2 at # = 0. The expression for i(¢) for
t>01is

(A) 0.25 ¢=2000¢
(C) 0.5 ¢2:000¢

(4]

o

<
|

(B) 0.25 + 20001
(D) 0.5 + ¢20001

Ve Va 2400 @

L |+

At ¢t =07, just before the switch is closed, V', =100 V.
The current i(t) for > 0 is
(A) 100 ¢ 62:5¢
(C) 0.25 ¢ 625

(B) 50 ¢~160¢
(D) 50 e—62.5t

. A series RL circuit with R =5 Q and L =2 mH has an

applied voltage V=150 sin5,000¢, the resulting current
iis



11.

12.

13.

14.

(A) 13.4 sin5,000¢

(B) 10 cos(5,000¢ — 36.4°)
(C) 13.4 cos(5,000f — 63.4°)
(D) 13.4 sin(5,000¢ — 63.4°)

Driving point impedance of the network shown in the
figure is
1H
00 000
1H
__1F —__1F
st +3s2 +1 2 +1
(A) —5 5 (210
s7+2s s(s?+2)
s*+353 +25% +1 s2+1
© —= (D)
s°+2s s+1
Initially, the circuit shown in the given figure was

relaxed. If the switch is closed at ¢ = 0, the values of
di(0%) d?i(0%)

i(0%), , will, respectively, be
dt dr?
10Q 2H
> M I
S
+
20 = =

- 5uF

(A) 0,10, and 100 (B) 0,10, and 50
(C) 0,10, and —-100 (D) 0, 10, and =50
Transient response of the following circuit
i(t)
+ —>AMN—TT——ro
R L C
Ut

(A) rises exponentially

(B) decays exponentially

(C) is oscillatory and the oscillations dies down with
time

(D) will have sustained oscillations

In the following circuit:
i (0)=0,V,(0)=0.

Switch S'is closed at £ =0 i(0%) = 20 mA and V, = 0 for
t20

RQ

15.

16.

17.
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The value of R is .
(A) %kQ (B) 250 Q

(C) 350Q (D) 100 Q
For the circuit shown in the following figure, if the
switch is closed at # = 0, then i(f) for £ > 0 will be

AW W
16 \é) <’>

t=0 2H
32V q
(A) 4+2¢74 (B) 4—2¢%
(C) 4+2¢* (D) 424

The network shown in the figure consists of only two
elements. The response for unit step excitation is i(f) =
e, then the elements are

i(t)
V(t)

(A) R=1Q,L=5H in series
B) R=1Q,C= %F in series
(C) R=1Q,L=5H in parallel
D) R=1Q,C= éF in parallel

The capacitor in the circuit is initially charged to 15 V
with §; and S, open. S, is closed at # = 0, while S, is
closed at 1 = 4 s. The waveform of the capacitor current
is

20
_IVV\V
+
15V
1§z<§’ -~
S
A T
(A) 5A .
1
1
1
1
1
1
|
a4 t
B) n
5A
4 >t
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18.

19.

20.

21.

© ¢

(D) !
5A

4>-——
\:

E

4 t

The phase angle of the current / with respect to the
voltage V, in the circuit shown in the figure is

N

/

Vi =100£45°
+/5Q

5Q
V2 = 100£-45°2

(A) 0° (B) —-45° (C) +45° (D) +90°
In the circuit of figure, the switch S has been opened for

a long time. It is closed at # = 0. The values of ¥ (0%)
and /; (0%) are .

20Q
M

|+
200V| —

t=0

L

> 3|J.F

2OQT

(A) 200V,-5A B) OV,5A

(C) 100V,5A (D) 100V, -5 A

Obtain the value of current i(t) in the given circuit at
steady state.

ZmHé T/L

2uF

1 e2tcos 200t D 5mH
Ity

V2
1
(A) NG (B) N

© 0 (D) e
For the network shown, the switch is at position ‘a’ ini-
tially. At steady state, the switch is thrown to position

L c0s(2007 +45)

22.

23.

24.

‘b’. Now, i(07) =2 Aand V_(0~) =2V are the initial

conditions. Find the circuit current.
2Q
a AN
b
+

(A) e (B) -3 !
(C) 3¢ (D) 3¢

Obtain the driving point impedance of the network
given in the diagram.

2F 2F
|
I I 1
0.5F 05H V,
V4
l
S +52+1 st +s2+s
A) —— B) ——4M—
(A) (s+1)s ® 14252
st 252 +1 st +s2+1
© IS D)
(s+l)s (1+2s )2s

For the given circuit switch S is at position ‘4’ when
t < 0. At t =0, the switch is thrown to position B. What
will the value of current ‘i’ in the circuit at the instant
t=4s?

4Q S 6Q
A i
10 s 1H
5i
(A) 0.1 A (B) 0.01 mA
(C) 10 pA (D) 200 mA

In the given network, the switch K is closed for a long
time and circuit is in steady state. Now, at ¢ = 0, the
switch is opened. Find ¥ (0%) and i(0%) in the circuit.

2|5ImF
T 11
1 L g
10V K~
2mH
(A) 1A,0V (B) 0A,5V
(C) 0, (D) 0,0



25.

26.

27.

28.

In the following circuit, the 25 V source has been
applied for a long time and the switch is opened at 7 =1

ms.
>< t=1ms

1kQ

+
—_—W
25u(t) ska S 05mf =% 2 o560

At t =5 ms, the value of V_is

(A) 1.23V (B) 20.16 V
(©) 1.69V (D) -1.23V
In the following circuit, capacitor is initially uncharged.
dv, dv,
At t = 0%, the value of and —%
dt dr?
10Q
AN
etu(t)V 1|+

(A) 0V/s, 8V/s? (B) -2 V/s, 8 V/s?
(C) 2V/s,-8VI/s (D) None of these

In the following circuit, the current i_is

40 0.5k
D
i Yi
10£30°V  —j2Q——

(A) 3.94 £46.28° A (B) 4.62 £97.38° A
(C) 7.42 £92.49° A (D) 6.78 £49.27° A

In the following circuit, the initial charge on the capac-
itor is 2.5 mC, with the voltage polarity as indicated.
The switch is closed at time # = 0. The current i(t) at a
time ¢ after the switch is closed is

,'g) >(t:0

10Q

100V @5

Ve == 50uF
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i(t)=15exp (-2 x 103 ) A
i(t)=5exp (-2x 103 A

i(ty=10 exp (-2 x 103 /) A
i(ty=—5exp (-2 x 10> ) A

(A)
(B)
©
(D)

29. In the following circuit, the switch is closed at # = 0.

30.

31.

32.

What is the initial value of the current through the
capacitor?

12V —

(A) 0.8A  (B) 24A (C) 1.6A (D) 32A
X 1=0
S
20 20

The time constant of the circuit after the switch is
opened would be

(A) 2s (B) 0.5

©) 1s (D) None of these

The power factor seen by the voltage source is

4Q Va

10Q

5cos2tV t)

(A) 0.8 (lagging)
(C) 36.9 (lagging)

An input voltage
V() = 1052 cos (1-+10°)+ 10v5. cos (21 +10°)V s

(B) 0.8 (leading)
(D) -36.9 (leading)

applied to a series combination of resistance R = 1 Q
and an inductance L = 1 H. The resulting steady state
current i(t) is

(A) 10cos (z+55°) + 10 cos(2t + 10° + tan™'2) A

3
(B) 10cos(t+55°)+10\g-cos(2t+55°)A
(C) 10 cos (t—35°) + 10.cos (2t + 10° —tan"'2) A

(D) 10cos(t —35°)+10\E cos(2t —35°) A
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Practice Problems 2

Direction for questions 1 to 24: Select the correct alterna-
tive from the given choices.

1.

The condition on R, L, and C such that the step response
y(t) in the figure has no oscillations is

1L L
(A)RZE\/; (B)RZ\/g

[L 1
C) R22 |— D) R= —
(©) R=22 /= (D) Jic

A series circuit consists of two elements has the fol-
lowing current and applied voltage i = 4 cos(2,000¢ +
11.32°) A

v = 200sin(2,000¢ + 50°) V. The circuit elements are
(A) resistance and capacitance
(B) capacitance and inductance
(C) inductance and resistance
(D) both resistance

. Transient current of an RLC circuit is oscillatory when

(A) R=2{L/C (B) R=0
(C) R>2JL/C (D) R< 2\JL/C

The transient response occurs
(A) only in resistive circuits
(B) only in inductive circuits
(C) only in capacitive circuits
(D) both in (B) and (C)

4 X -

A
V
]

[C

The initial voltage across the capacitor when the switch
Sisopenedatz=0
(A) zero

(B) C']dc
1 N
C) —1,
© o L

(D) Cs1,,

In the following AC network, the phasor voltage V,
(in volt) is

5/30°A

10.

11.

(A) 0 (B) 5 £30°

(C) 12,5 £30° (D) 17 £30°

In the circuit shown, V. is 0 voltatt=0V atr=0s. For
t> 0, the capacitor current i(t), where ‘¢ is in seconds,
is given by

20kQ °
+ —
10v() 20 kQ Ve 4uf

(A) 0.50 exp (—25f) mA
(B) 0.25 exp (—25f) mA
(C) 0.50 exp (—12.5f) mA
(D) 0.25 exp (—6.25f) mA

A series RL circuit, with R=10Q and L =1H, has a
100 V source applied at # = 0. The current for ¢ > 0 is
(A) 10 e (B) 10 (1 — ™10y

(C) 100 g~'oot (D) 100 (1 — 100ty

The current in the circuit when the switch is closed at ¢
=0is

A t=0

4

I

AAAA
VVWv

+
10V 1uF

(A) 10 =100
(C) 0.1 ¢ 000

(B) 0.01 ¢~ 100
(D) 10 01t

10 1H

W()=8(t) ) l

——1F
it) |

The circuit shown in the figure is initially relaxed. The
Laplace transform of the current i(t) is

s+1 s+1
A — B) —
*) s24+2s+1 ®) s2+s+1
s s
Cc) — D) —
© s2+s5+1 (D) s2+2s+1

The time constant of the network shown in the figure is
D G

— 3R T C
10v

I+

(A) 4RC (B) %RC (C) 3RC (D) RC



12.

13.

14.

15.

16.

The time constant of the network shown in the figure is
R C
: p—
2R
v 2C
2 3
(A) 3 RC  (B) > RC  (C) 2RC (D) RC

The network shown in the figure draws a current of ‘I’
I +j15 —j10

Ut) = W sinwt
O

If the supply frequency is doubled, then the current
drawn by the circuit is

(A) L (B) 2/ © L D) 2
2 5 5
In the circuit shown in the figure, the switch is thrown
from position 1 to 2 at # = 0, after being at position 1 for
2: 00+

a long time. The value of 7i(0%) is .

dr?

M%—L

2

20v® %

1H W_

(A) 200 (B) —200  (C) -100 (D) 100

Direction for questions 15 and 16:

The circuit shown in the figure is initially under a
steady state condition.

I 1
20V R =10Q
o M
R.=10Q 4H

The switch is moved from position 1 to position 2 at
t=0.

The current through inductor immediately after switch-
ing is

1
(A) 2A (B) EA ©) 1A (D) 5A
The expression for current i(t) is
2
A) e (B) 2¢% (©) ge_S’ (D) 5¢2

20. Find the transfer function of the given system [
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17. The switch in the circuit shown in the figure closes at ¢

= 0. Find current i_ for all times.

1k Q 1k Q

M\ M\
In
20v[ -
0.01 uF

P o

(A) 5x1073x e 107A

(B) 15x102x ¢ 10"A

(C) 15x103x e 10"A (D) 10x 103 x e 10"A

18. For the given circuit, the current passing through induc-

tor ‘L’ at the instant t = 0% is

e

(A) % (B) infinity

y

C
© R+ jwL

(D) 0

19. Determine the current i for ¢ > 0, if ¥ (0) =1V for the

circuit shown

0.1F

i(t)
10V 5Q

0.9¢™!

(A) (B) 1.8¢% (C) 5 (D) 3.6

)

100 Q
T T
It
L L v
2A &D Vi T 10F T 20F o(s)
\ J
1 10s
(A) — B) —
2000s +1 2000s+1
100
©) oo o 1
000s+1 1000s+1
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21. Obtain the transfer function of the following system.

T )
50 0.4s
Vin Vo
0.2s
J J
0.4s s(2+0.4s
(A) (B) (2—)
02s+1s 0.45° +8s+100
s(2+.08s 2+.04s
© (2—) D) 57—
0.08s- +8s+50 5= +8s+50
22. Find the driving point admittance of the following
network.
2Q
z 1H g 2H
3
T
353 +2s
(A) 4 3 2
25" +65° +Ts“+4s5+2
35242
B — > "=
(B) 25t +552 +4s5+2
352 +2)s
© —

25t + 753 + 652 +4s

583 +2s
s*+7s3 +6s2+4s+2

(D)

23. Find the voltage V,, across the impedance of (2+55)€2
in the network. The supply voltage
e(t) = 10 sin (27t + 45)

oo 5IQ
——AMMW— 000 —
%
e(t) (j) -2jQ_"— 3jQ
(A) 20 £44° (B) 24 £-40°

(C) 448 £-108° (D) 2.25 £63.43°
24. Find the current i(t) through the circuit given

2Q
0.5F
(A) 10ecost (B) ﬂe’ cos~/2¢
V2
(C) 10etsin ¢ (D) 10 o ginv2 s
V2

PREVIiOUs YEARS' QUESTIONS

1 1
1. The circuit shown in figure, with R =§ QL= 7 H,

and C = 3 F has input voltage V(t) = sin2¢, the result-
ing current i(t) is [2004]

) i(t)
wt) RS L

000 s
Y|
/1
9}

(A) Ssin(2¢+53.1°)A (B)
(C) 25sin(2 + 53.1°)A (D)

5sin(2¢ — 53.1°)A
25sin(2¢ — 53.1°)A

2. For the circuit shown in figure, the time constant
RC =1 ms. The input voltage is V() = V2sin103¢ .

The output voltage V(t) is equal to [2004]
R
——— W\ o
Vi (t) ~C Vo(t)

(A) sin(103 - 45°)V (B) sin(103¢ +45°)V
(C) sin(103%-53°)V (D) sin(103¢ + 53°)V
3. For the R—L circuit shown in figure, the input voltage
V(t) = u(t). The current i(t) is [2004]
1H
. /O00

i(t)
Vi(t) 20

@

f(sec)

1/2 f(sec)



©

0.5
0.31

f(sec)

(D)

0.63 1

2 t(sec)

. The circuit shown in figure, initial current 7 (07) = 1
A through the inductor and an initial voltage ¥ (07)
=1 V across the capacitor. For input V(t) = u(t), the
Laplace transform of the current i(t) for 7 > 0 is

[2004]
1Q 1H
——AMW— 00—
+ .
i(t) +
Vi) ;:_1F
S s+ 2
A) — B) —
(A) s2+s5+1 ®) s2+s+1
s—2 s—2
C) —— D) —
© s2+s5+1 D) s24+s5-1

. The condition on R, L, and C such that the step

response y(t) in figure has no oscillations is ~ [2005]
)
\4 o
: 1
u(t) C T T w(t)
} o
1 [L L
A) R>—,|— B) R=,/—
Wil ol
L 1
©) RZZ\P (D) R=——
¢ JLC
. For the circuit in figure, the instantaneous current #,(t)
is [2005]
j2Q —j2Q
5/0°A 10£60°A

"1T 3Q

10.
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1043

(A) —=290° A

1
® 25 o a
(C) 5£60°A (D) 5 £—60° A
A square pulse of 3 volts amplitude is applied to C
— R circuit shown in figure. The capacitor is initially
uncharged. The output voltage ¥V at time t = 2 s is
[2005]
% 0.1uF
3v o ol o

1kQ ch

O

2sec t

(A) 3V (B) -3V (C) 4V (D) —4V

. A 2 mH inductor with some initial current can be rep-

resented as shown in the following figure, where s is
the Laplace Transform variable. The value of initial

current is [2006]
ls)
SL
3mV
(A) 05A  (B) 20A (C) 1.0A (D) 0.0A

. In the following figure, assume that all the capacitors

are initially uncharged. If V,(t) = 10 u(t) Volts, V(t) is

given by [2006]
1K
+ }_l +
4uF

Vi(t) 4K

}: 1k Yo(t)

(A) 8 0-004 \jplts (B) 8(1 — 100041y \olts
(C) 8u(t) Volts (D) 8 Volts

In the circuit shown, V. is 0 Volts at =0 s. For ¢ > 0,
the capacitor current i(t), where ¢ in seconds is given

by [2007]
20 kQ i
NNN—o
+
10V 20 kQ Ve ——4uF
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11.

12.

13.

14.

(A) 0.50exp(—25)mA  (B) 0.25exp(-25f) mA
(C) 0.50exp(—12.5)mA (D) 0.25exp(—6.25¢) mA

If the transfer function of the following network is
W) _ 1

= [2009]
V.(s) 2+sCR
R
+ O—\WW— +
Vi C—~ R, I’A
The value of the load resistance R; is
(A) R/A (B) R2 ©) R (D) 2R

The switch in the circuit shown was on at position
a for a long time, and is moved to position b at time
t = 0. The current i(t) for ¢ > 0 is given by [2009]

10kQ L,

NN—>0 |9
fo.z uF

0.5 uF /I\ /I\ 0.3 uF

(A) 0.2¢725 y(tymA (B) 20e 125 y(tymA

(C) 0.2¢71250 y(HHmA (D) 20e 10007 ;y(tymA
The time domain behaviour of an RL circuit is repre-
sented by

l i(t)

s () »

di
L—+Ri=V,(1+ Be ®'Lsint)u(t).
. o Ju(t)

L Ve
For an initial current of i(0)= EO’ the steady state

value of the current is given by [2009]

2V,

N W
A) it)— E B) i(t) - E

Vi 2
©) i(t)—> ;?(1 +B) (D) i(t)— %(1 +B)
In the following circuit, the switch S is closed at # = 0.

The rate of change of current %(W) is given by
[2008]

15.

16.

17.

(R+Ry)L;
L
The circuit shown in the figure is used to charge the
capacitor C alternately from two current sources as
indicated. The switches S, and §, are mechanically

coupled and connected as follows:
For2nT<t<(2n+1)T(n=0,1,2,.....) S, to P, and
S,to P,
For2n+1)T<t<(2n+2)T(n=0,1,2,....) §,to
0, and S, to 0,

© (D) =

Q1 P1 Q2 P2
3 a4 ¢
S1 i S2
cl
0.5Q 1FT Vi(t) =1Q
10 10
1A 3 1A

Assume that the capacitor has zero initial charge.
Given that u(t) is a unit step function, the voltage V' (t)
across the capacitor is given be [2008]

(A) i (=1)" tu(t —nT)

n=0

u(t)+ 2i (=D)"u(t —nT)

n=1

tu(t)+ 2i (=D)"(t—nT)u(t —nT)

n=1

n=0

(B)
©

D)

Direction for questions 16 and 17:
The following series RLC circuit with zero initial con-
ditions is excited by a unit impulse function &(t)

1H 1Q
DR AW l o)

1F Vi(t)
L

3(t)

For £> 0, the output voltage V (t) is [2008]
2 [ L ;‘Et _L

(A) —=|e? —e? (B) ——te 2
V3 3

1 1
©) 22 cos(%t] D) 27 sin{%t]

V3 V3

For ¢ > 0, the voltage across the resistor is

1 —ﬁt -L
A) 5le 2 e

[2008]



18.

19.

20.

21.

1

©) %8_21 sin(%)
1

(D) ie_gt cos{%}

The following circuit is driven by a sinusoidal input =
V.= Vpcos(t/RC). The steady state output V_ is [2011]

R C
vf: %; A % ITC Vo
(A) (V/3)cos(t/RC) (B) (V/3) sin(#/RC)
(©) (V/2)cos(tIRC) (D) (V./2) sin(1/RC)

In the following circuit, the initial charge on the
capacitor is 2. 5 mC in which the voltage polarity as
indicated. The switch is closed at time ¢ = 0. The cur-
rent i (t) at time ¢ after the switch is closed is [2011]

i(t)

10Q

100 V
50uF

(A) i (t) = 15exp(-2 x 103%)A
(B) i (t)=Sexp(-2 x 103%)A

(C) i(t)=10exp(-2 x 103)A
(D) i (t)=—5exp(-2 x 10°)A

In the following circuit, the current / is equal to
[2011]

14.20°V G)+

6Q 6Q
(A) 1.4 £0°A (B) 2.0 L0°A
(C) 2.8 £0°A (D) 3.2 Z0°A

In the following figure, C, and C, are ideal capacitors.
C, has been charged to 12 V before the ideal switch §
is closed at # = 0. The current i (t) for all £is  [2012]
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S-<t=0

Al i =<

(A) Zero

(B) A step function
(C) An exponentially decaying function
(D) An impulse function

22. The transfer function (8 of the following circuit is
Vi(s) [2013]
100 uF
I
o—1¢ ;
10 kQ
Vy(s) V()
100 puF
o o
0.5s+1 3s+6
(A) (B)
s+1 s+2
s+2 s+1
© D)
s+1 s+2

Direction for questions 23 and 24:
Consider the following figure:

1Q
Js0 —- g
10V

2Q

23. The current /_ in A in the voltage source and voltage
V in Volts across the current source, respectively, are

[2013]
(A) 13,-20 (B) 8,-10
(C) -8,20 (D) -13,20
24. The current in the 1 € resistor in A is [2013]
(A) 2 (B) 3.33 ©) 10 (D) 12

25. A 230 V RMS source supplies power to two loads
connected in parallel. The first load draws 10 kW at 0.
8 leading power factor and the second one draws 10
kVA at 0. 8 lagging power factor. The complex power

delivered by the source is [2014]
(A) (18 +,1.5)kVA (B) (18 —j 1.5)kVA
(C) 20+, 1.5 kVA (D) 20—, 1.5)kVA

26. In the following circuit, the value of capacitor C (in
mF) needed to have critically damped response i (¢) is
[2014]
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27.

28.

29.

40 Q 4H C

_/\/\/\//_NF\FW\—J_

i(t) Yo

In the following figure, the ideal switch has been open
for a long time. If it is closed at 7 = 0, then the magni-
tude of the current (in mA) through the 4 kQ resistor
att=0%is [2014]

5kQ 4kQ 1kQ

s
L 10uF 2&0
I

In the figure shown, the capacitor is initially
uncharged. Which one of the following expressions
describes the current 7 (t) (in mA) for 7> 0?  [2014]

Ry

R
5V Ci) 2kQ = F

10V

(A) I(t)= g(l—e"/f)rzgmsec
(B) I(t)z%(l—e"”)‘t’z%msec
© I(t)=§(1—e””),7=3msec

D) I(t)= %(1—6’”’), T =3 msec

A series RC circuit is connected to a DC voltage

source at time ¢ = 0. The relationship between the

source voltage V, resistance R, capacitance C, and

current i (t) is

15

V.=Ri ) +;£1(u)du

Which one of the following represents the current i (¢) ?
[2014]

(A) i)

o
=

(B) i(t)

o
=

©) i1

D) ity

0 t

30. Consider the building block called ‘Network N’

31.

shown in the figure. Let C =100 pF and R = 10 kQ.

Network N
||
i I $
C
Vi(s) R Vo(s)
o °

Two such blocks are connected in cascade, as shown
in the figure.

o—— ——-0
+ + +
V4(s) | Network N Network N V5(8)
- - -

The transfer function I;ES; of the cascaded network
1 S
is [2014]
2
s K
A) — B) ——
(@A) 1+s (B) 1435+ 52
s\ s

C — D
© (1 + s) ) 2+s

The steady state output of the circuit shown in the fig-
ure is given by y (t) = 4 (o) sin(wt + @ (w) ). If the
amplitude |4 (@) | = 0. 25, then the frequency ® is

[2014]




32.

33.

34.

35.

36.

37.

1 2
A) —— B) ———
& J3RC ®) 3RC

1 2
©) RC (D) zC

In the circuit shown in the figure, the value of v (t)
(in Volts) for t — oo is [2014]

In the circuit shown, at resonance, the amplitude of
the sinusoidal voltage (in volts) across the capacitor
is . [2015]

4Q 0.1mH

VWA O l
In the circuit shown, the switch SW is thrown from

position A to position B at time ¢ = 0. The energy
(in wJ) taken from the 3 V source to charge the 0.1 uF

+
10 cos ot

(volts) 1uF

capacitor from 0 V to 3 V is [2015]
3V 120 Q BSWA
t=0L
I 0.1 puF
(A) 03 (B) 0.45
©) 09 (D) 3

The damping ratio of a series RLC circuit can be

expressed as [2015]
R2C 2L

A) — B) —

(A) o B) 2C
R |C 2 |L

C) —,|— D) —,[—

© X (D) z\c

In the circuit shown, switch SW is closed at ¢ = 0.
Assuming zero initial conditions, the value of V()

(in volts) at = 1 sec is [2015]
= g
- Sw +
1
A 2Q % F== V.0

The voltage (V) across the capacitor (in volts) in the
network shown is [2015]
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8OV 40V V,
’—\/\/\/‘—r—T
\_/

100V, 50 Hz

38. In the circuit shown, the average value of the voltage
V., (in volts) in steady state condition is

[2015]

1uF a 1mH 2 kQ
+ 5V
Vab

1kQ

57sin(50007) -

39. In the circuit shown, the initial voltages across the
capacitors C, and C, are 1 V and 3 'V, respectively. The
switch is closed at time # = 0. The total energy dissi-
pated (in Joules) in the resistor R until steady state is
reached, is [2015]

t=0  p_q00

+ +
—|— C1 = 3F —|—

40. At very high frequencies, the peak output voltage V,
(in volts) is [2015]

Cz=1F

1.0sin(wt) V(

41. An AC voltage source V' = 10 sin (t) volts is applied
to the following network assume that R, =3 kQ R, =
6 kQ and R, = 9 kQ, and that the diode is ideal.

V=10 sin (t)

RMS current I (inmA) through the diode is
. [2016]
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42. The switch has been in position 1 for a long time and
abruptly changes to position 2 at # = 0.

jﬁb 1 2 40 2Q
“Nt=0
+
<+>1 oV 2Q % v 2!2% 5A
- c

If time t is in seconds, the capacitor voltage V. (in volts)
for >0 is given by [2016]
(A) 4(1 —exp (-1/0.5) (B) 10 — 6exp (—#/0.5)
(C) 4(1 —exp(—1/0.6) (D) 10 — 6exp(—/0.6)
The switch S in the circuit shown has been closed for
a long time. it is opened at time t = 0 and remains open
after that. Assume that the diode has zero reverse cur-
rent and zero forward voltage drop

43.

45.

V(1) = 2cos (200t) + 4sin (500t).

The output voltage v(t) is [2016]
0.25H 100 uF
+ :\ ; ; _|_| b+
2Q
0.4H 10
Vi (1) Vo (1)
2Q
= Y —

(A) cos (200t) + 2sin (500t)
(B) 2cos (200t) + 4sin (500t)
(C) sin (200t) + 2cos (500t)
(D) 2sin (200t) + 4cos (500t)

Assume that the circuit in the figure has reached the

1 =0 steady state before time t = 0 when the 3 Q resis-
tor suddenly burns out, resulting in an open circuit.
S The current i(t) (in ampere) at t = 0 is .
10V 1mH 10 uF:% v, [2016]
2F \/ 2Q
- 10
The gteady stgte magnitude of the capacitor voltage V, i(t)—/\/\/\/
(in volts) is [2016] 12V 2Q
44. In the RLC circuit shown in the figure, the input volt- oF /x 2Q
age is given by
ANSWER KEYs
EXERCISES
Practice Problems |
1. B 2. B 3.B 4. C 5. A 6. C 7. D 8. B 9. C 10. D
11. A 12. D 13. C 14. B 15. B 16. B 17. D 18. A 19. C 20. C
21. B 22. D 23. A 24. A 25. A 26. C 27. B 28. A 29. A 30. B
31. B 32. C
Practice Problems 2
1. C 2.D 3.D 4. D 5. A 6. D 7. A 8. B 9. B 10. C
11. B 12. C 13. C 14. B 15. A 16. B 17. C 18. D 19. B 20. A
21. C 22. A 23. B 24. C
Previous Years’ Questions
1. A 2. A 3. C 4. B 5. C 6. A 7. B 8. A 9. C 10. A
11. C 12. B 13. A 14. B 15. C 16. D 17. B 18. A 19. A 20. B
21. D 22. D 23. D 24. C 25. B 26. 9.99to0 10. 01 27. 1.2t0 1.3 28. A
29. A 30. B 31. B 32. 50 33. 24t0 26 34. C 35. C 36. 2.48 t0 2.58
37. 100 38. 49to5.1 39. 14t01.6 40. 0.491t00.51 41. 0.7 42. D
43. 100volts 44. B 45. 1 amp
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