
Resonance

Introduction
Resonance in electrical circuits consisting of passive and 
active elements represents a particular state of the circuit 
when the current or voltage in the circuit is maximum or 
minimum with respect to the magnitude of excitation at 
a particular frequency the circuit impedance being either 
minimum or maximum at the power factor unity.
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The circuit is said to be in resonance if the current is in 
phase with the applied voltage.
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At resonance, the impedance is purely resistive

i.e.,	 wL - 
1

wC
 = 0

w2 = 
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2p LC
 is the resonant frequency in Hz.

at resonance the current, I = 
V

R
, that is, the current is maxi-

mum at resonance and the impedance is minimum.
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•• At zero frequency, XC and Z are infinitely  large, and XL 
is zero because at zero  frequency, the capacitor acts as an 
open circuit. 

•• As the frequency increases, XC decreases and XL increases. 
Since XC is larger than XL, at frequencies below the reso-
nant frequency fr, Z decreases along with XC. 

•• At resonant frequency fr, XC = XL and Z = R. 
	 At frequencies above the resonant  frequency fr, XL is 

larger than XC, causing Z  to increase. 
•• The phase angle as a function of frequency  is shown in 

figure.
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Capacitive Inductive 

The bandwidth is the range of frequencies over which the 
current is equal to 70.7% of its value at the resonant fre-
quency bandwidth, BW = f2 - f1.

where f2 and f1 are cut-off frequencies or half power 
frequencies.

At f = f1 or f2, the net reactance is R

i.e.,	
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R

L

f2 - f1 = 
R

L2p

Bandwidth,	 BW = 
R

L2p

f1 = fr - 
R

L4p

f2 = fr + 
R

L4p

The quality factor (Q factor) is the ratio of the reactance of 
the coil to its resistance at resonant frequency.
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Let V be the applied voltage across RLC circuit. At reso-
nance, the current I is the voltage across L is VL = IXL = 
V

R
Lrw .

VL = QV

Similarly,	 VC = VQ

i.e.,	 Q = 
V

V

V

V
L Cor

Quality Factor
A quality factor or figure of merit can be assigned to a com-
ponent or to a complete circuit. It is defined as 

Q = 2p
maximum energy stored

energy dissipated per cycle
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•• For w < w0 ⇒ series RLC circuit behaves  like (RC cir-
cuit) capacitive circuit 

	 	 ⇒ Leading power factor
	 	 ⇒ VC = QV ∠ –90°
•• For w = w0 ⇒ Resistive nature; pf = 1
•• For w > w0 ⇒ inductive nature 

	 	 ⇒ Lagging power factor 
		  VL = IZL
	 	 VL = QV ∠ 90°

		  where Q = 
w0L

R
•• At Resonance:

		  |VL| = |VC| and these are 180° out of  phase. 
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Solved Examples

Example 1
In a series RLC circuit, the Q factor at resonance is 80. If all 
the component values are doubled, then the new Q factor is
(A)	 Q1 = 160	 (B)	 Q1 = 40
(C)	 Q1 = 800	 (D)	 None of these

Solution
For a series RLC circuits, 

Q = 
1

R

L

C
.

Given	 R1 = 2R

L1 = 2L

C1 = 2C

Q1 = 
Q

2
 = 40

Example 2
In a series RLC circuit, R = 8 W, XL = 16, XC = 16, and Vin = 
80 V. The voltage across the capacitor is 
(A)	VC = 160 ∠ 90°	 (B)	 VC = 40 ∠ 90°
(C)	 VC = 160 ∠ –90°	 (D)	 VC = 80 ∠ –90°

Solution
VC = QV ∠–90°

Q = 
X

R
L =

16

8
 = 2

Given	 Vin = V = 80 V

VC = 2 × 80 ∠ –90°
= 160 ∠ –90°

Example 3
For the circuit shown in figure, determine the resonant 
frequency (f0).

20Ω
2H 1/2F

10ΩV ∼
+

–

4H

(A)	 f = 0 Hz	 (B)	 f = 
1

2p
Hz

(C)	 f = 
1

p
Hz 	 (D)	 None of these

Solution

20Ω
j2w – j 2/w

10Ωj4w

Z1

Zeq
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= 
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At resonance, imaginary part is equal to zero.

At	 w = wr 

w w
w

( )2

2

1 4

3 1

- ×
-

 = 0

⇒ wr
2 – 1 = 0

wr = 1 

2pfr = 1

fr = 
1

2p
Hz

Example 4
A series resonant circuit has L = 10 mH and C = 100 µF. 
The required R for the BW 16 Hz is 
(A)	 R = 16 W	 (B)	 R = 0.16 W
(C)	 R = 160 W	 (D)	 R = 1.6 W

Solution
For a series RLC circuit, characteristic equation 

s
R

L
s

LC
2 1

+ +  = 0

BW = 
R

L

 
R

10 10 3× -
 = 16 ⇒ R = 0.16 W

Selectivity: The selectivity of a resonating circuit is defined 
by the ratio of f0 (the resonance frequency) to the bandwidth 
of the circuit. 

Selectivity = 
f

f f

f

BW
0

2 1

0

-
=

Frequency at which VC is Maximum
VC and VL are not maximum at resonant frequency in the 
case of series RLC resonance but at other frequency value. 
This can be obtained by 

VC = IXC

= 
V

R L
c

c
2

2
1

1

+ -⎛
⎝⎜

⎞
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w
w
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where Ι  = 
V

Z

The frequency at which VC is maximum can   be obtained by 
differentiating VC w.r.t to w 

i.e.,	
dV

d
c
2
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However, V ≠ 0,

2w0
2L2C + CR2 – 2L = 0 

By simplification, we get 

w0
2 = 

1

2

2

2LC

R

L
-

w0 = 
1

2

2

2LC

R

L
-

f
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R

L
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where f0 is at which voltage across capacitor is maximum.
The frequency at which VL is maximum:

VL = IXL

= 
V

R L c
L

2 2
1+ -( )w w

w
/

The frequency at which VL is maximum is given by 

dV

d
L

2

w
 = 0

By the simplification, we get 

2w2 LC – w2(RC)2 – 2 = 0

w2 [2LC – (RC)2] = 2

w2 = 
2

2 2LC RC- ( )

f

LC
RC

L0
2

1

2

1

2

= ×

-
( )p

where foL is the frequency at which the voltage across the 
inductor is maximum. 

Parallel Resonance
 A circuit consisting of a parallel connection of R, L, and 
C is called a second-order parallel resonant circuit, and 

parallel resonance circuit is also called anti-resonance cir-
cuit. It acts as a band-reject filter. 

Parallel Resonance

v ∼

iT

R

i LiR iC

C
L

The admittance, Y = G
j L

j C+ +
1

w
w

At resonance, ‘Y’ is purely real

i.e.,	 j w
w

C
L
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1
 = 0
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1
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1
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fr = 
1

2p LC
Hz

f1

I

V & I

f r f2

V

0.707 Vmax
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At resonance, the current is minimum and the impedance 
is maximum.

At lower half power frequency w1,
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1w L R
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At upper half power frequency w2,

w2C - 
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=
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Bandwidth, BW = w2 - w1 = 
1

RC

The quality factor Q = 
wr

BW

Q = wrRC

Q = 
R

Lrw
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At resonance, IL = IrQ ∠ - °90

IC = IrQ ∠ °90

The resonant frequency f0 = 
1

2p LC
Hz

R
1

L
1

w wc

X →ww 0

Y

Y(jϖ)

	 1.	 Below resonance, the circuit acts like an RL circuit  
(w < wo),  that is, lagging power factor.

	 2.	 Above resonance, the circuit acts like an RC  circuit 
(w > wo), that is, leading power factor.

	 3.	 At w = w0, the circuit acts like an resistive nature.

	 4.	 BW = 
1

RC
. 

	 5.	 Quality factor Q = R
C

L

	 6.	 x = 
1

2Q

Impedance of parallel resonant circuit is maximum at res-
onance. Current of parallel resonance circuit is minimum 
at resonance. Zin = R at w = wo is maximum.

NOTE

I/w = wo 
V

R
s  ⇒ minimum

Z

I

ww2w0w1

Z,I

Example 5
A series resonant circuit has an inductive reactance of 1 kW, 
a capacitive reactance of 1 kW, and a resistance of 0.1 W. If 
the resonant frequency is 10 MHz, then the bandwidth of 
the circuit will be 
(A)	 1 kHz	 (B)	 10 kHz 
(C)	 1 MHz	 (D)	 0.1 kHz

Solution

BW = 
f

Q

f

L

R

0 0

0

=
⎛
⎝⎜

⎞
⎠⎟

w

BW = 
0 1 10 10

1000

6. × ×
 = 1 kHz  

Example 6
Assertion (A): A circuit containing reactance is said to be 
in resonance if the voltage across the circuit is in-phase with 
the current through it. 
Reason (R): At resonance, the power factor of the circuit 
is zero. 
(A)	� Both A and R are true and ‘R’ is the correct explanation 

of A.
(B)	� Both A and R are true but ‘R’ is not the correct explana-

tion of A.
(C)	 A is true but R is false. 
(D)	A is false but R is true. 

Solution
At resonance, the voltage across the circuit is in phase with 
the current through it and the power factor is ‘1’.
cos f = 1 is the unity power factor.

Example 7

jXL

~

− jXC

RL

v

Find the resonant frequency for the tank circuit shown in figure.

Solution
The admittance is given by

Y = 
1 1

R jX jXL L C+
+

-
 = 

R jX

R X

j

X
L L

L L C

-
+

+
2 2

Y = 
R

RL X
j

X

X
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L

L C

L

L L
2 2 2 2

1

+
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+
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⎢

⎤

⎦
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At resonance, Y is purely real

\ 
1

2 2X

X

R XC

L

L L

=
+

wC = 
w

w
L

R LL
2 2 2+

w = 
1 2

2LC

R

L
L-

fr = 
1

2

1 2

2p LC

R

L
L-

Example 8
Find the value of L at which the circuit resonates at a 
frequency of 1,000 rad/s in the following circuit.

10 Ω5 Ω

L −j12 Ω
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Solution

Y = 
1

10 12

1

5-
+

+j jX L

Y = 
10 12

10 12

5

252 2 2

+
+

+
-
+

j jX

X
L

L
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10

10 12

5
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12

10 12 252 2 2 2 2 2 2+
+

+
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+
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+
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⎥X

j
X

XL

L

L

At resonance, Y is purely real

i.e.,	
X

X
L

L25

12

10 122 2 2+
=

+
XL

2 - 20.3XL + 25 
= 0

XL = 18.98 W or 1.32 W
XL = wL = 18.98 W or 1.32 W

L = 
18 98

1000

.
 or 

1 32

1000

.

L = 18.98 mH or 1.32 mH

Example 9
A series RLC circuit is supplied by 220 V and 50 Hz. At 
resonance, the voltage across the capacitor = 550 V and I = 
1 A. Determine R, L, and C.

Solution

V

I

VR VL
VC

C

At resonance, XL = XC

I = 
V

R R
=

220

⇒ R = 220 W

VC = I0XC

550 = 1. 
1

0w C

C = 
1

550 2 50× ×p
 = 5.75 mF

fr = 
1

2p LC

L = 
1 1

2

2

C frp
⎡

⎣
⎢

⎤

⎦
⎥

L = 1.75 H

Example 10

A series RLC circuit consists of a 50 W resistance, 0.2 H 
inductance, and 10 mF capacitor with an applied voltage of 
20 V. Determine the resonant frequency. Find the Q factor of 

the circuit. Compute the lower and upper frequency limits 
and also find the bandwidth of the circuit.

Solution

Resonant frequency fr = 
1

2p LC

= 
1

2 0 2 10 10 6p . × × -

= 112.5 Hz

Quality factor	 Q = 
wr L

R

= 
2 112 5 0 2

50

p × ×. .

= 2.83

 Lower frequency limit f1 = fr - 
R

L4p

= 112.5 - 
50

4 0 2× ×p .

= 92.6 Hz

 Upper frequency limit

f2 = fr + 
R

L4
112 5

50

4 0 2p p
= +

×
.

.
= 112.5 + 19.89

= 132.39 Hz

Bandwidth, BW = f2 - f1 = 39.79 Hz

Example 11
Consider the following circuit 

R

C
LV

w
∼

For what value of w, the abovementioned circuit exhibits 
unity power factor? 

(A)	
1

LC
	 (B)	

1
2 2LC R C+

(C)	
1

2 2LC R C-
	 (D)	

1

RC

Solution
For unity power factor, imaginary part of impedance should 
be zero. 

Zeq = 

j L R
j

c

R j L j c

w
w

w w

-⎛
⎝⎜

⎞
⎠⎟

+ - /

Zeq = 
j l R j c

R j L j c

R j L j c

R j l j c

w w
w w

w w
w w

( / )

( / )

( / )

( / )

-
+ -

×
- +
- +
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At resonance, imaginary part equal to zero

R
L

C C
2

2 2

1
- +

w
 = 0

By simplification, we get 

f
LC R C

0
2 2

1

2
=

-p

Filters
The general transfer functions for second-order filters: 

Filters Transfer function

1 LPF ⇒ 2

P
s as b+ +

2 HPF ⇒
2

2

Ps
s as b+ +

3 BPF ⇒ 2

Ps
s as b+ +

4 BSF ⇒
2

2

Ps q
s as b

+
+ +

5 APF ⇒
2

2

s Ps q
s as b

+ +
+ +

Coupled Circuits
Self-Inductance
When a current changes in a circuit, the magnetic flux link-
ing the same circuit changes (and vice-versa) and an emf is 
induced in the circuit.

This induced emf is proportional to the rate of change 
of current:

	 u = L
di

dt
. � (1)

where n is the induced voltage; 
di

dt
→ rate of  change of 

current; and L is the self-inductance.
Inductance also expressed as 

L
N

I
=

j

where N is the number of turns in the circuit and f ⇒ L is 
the flux linkage.

i

L

φ

N

n = L

d
N

L

dt
.

j⎛
⎝⎜

⎞
⎠⎟

		          = N
d

dt
.

j
� (2)

By equating Eqs (1) and (2)

L
di

dt
N

d

di
. .=

j

L N
d

di
= ⋅

f

Mutual Inductance
i2

L2

i1

ν L1

N1

N2

φ22

ν
φ12 = φ21

+

–

+

–

φ11

M

The Induced voltage of coil-2 is given by 

		     V N
d

dt
L2 2

12= .
j

� (1)

f12 is related to the current of coil-1 and the induced voltage 
is proportional to the rate of change of i1.

		    V M
di

dt
L2

1= . � (2)

By equating Eqs (1) with (2), we get

M N
i

N
i

= =2
12

1
1

21

2

. .
f f

Coupling Coefficient
The amount of magnetic coupling is expressed
by coefficient of coupling (k)

K = = =
useful flux

total flux

f
f

f
f

12

1

21

2

M K L L= 1 2

K
M

L L
=

1 2

For ideal circuits, K = 1 and practical circuits,
range of K is 0 < K < 1.

Leakage Factor

Leakage factor = =
total flux

useful flux

1

K

Dot conventions
	 1.	 When either or both the currents are entering at 

dotted terminal or leaving the dotted terminal, mutual 
inductance will be added.

	 2.	 If one current is entering and other is leaving the 
dotted terminal or vice-versa, then mutual inductance 
will be subtracted.



3.124  |  Part III  •  Unit 1  •  Networks

Series Connection of Coupled 
Coils
	 (i)	 i1

V

L1

+

–

M

L2

i1

V

L1

+

–

ML2

L L L L Meq = = + + ⇒1 2 2 aiding

	 (ii)	 i1

V

L1

+

–

M
L2

i1

V

L1

+

–

M

L2

L L L L Meq = = + - ⇒1 2 2 Opposition

Magnetically Coupled Inductors 
In Parallel
	 (i)	 Magnetically aiding

i

V L1

+

–

M

L2

i

L1

M

L2

Leq = 
L L

L L
1 2

1 2

-
+ -

M

2M

2

	 (ii)	 Magnetically opposition

i

Leq L1 M
L2

Leq

i

L1 M L2

Leq = 
L L M

L L M
1 2

2

1 2 2

-
+ +

Equivalent Circuit
i2

L2

i1

L1

M

i2i1

MV1

+

–

V2

+

–

i2

M

i1 L1−M L2−M

i2

–M

I1 L1+M L2+M

V1 V2

Transformer Coupling
Two inductors with self-inductances L1 and L2, mutual 
inductance M, and coefficient of coupling K are shown in 
figure, with dot convention

	 (i)	 i2

L2

i1

L1

MR1

V1(t )

+

–

R2

V t R i t L
di t

dt
M

di t

dt
1 1 1 1

1 2( ) ( )
( ) ( )

= + +

0 2 2 2
2 1= + +R i t L

di

dt
M

di t

dt
( )

( )

	 (ii)	 R1

V1

+

–

R2

L2L1

Mi1(t ) i2(t )

V2

+

–

V R i t L
di t

dt

di t

dt
1 1 1 1

1= + -( )
( ) ( )

M 2

V R i t L
di t

dt

di t

dt
2 2 2 2

2= + -( )
( ) ( )

M 1

Ideal Transformer
An ideal transformer is a unity coupled, lossless trans-
former in which the primary and secondary coils have infi-
nite self-inductances.

I1

V +−

I2

V2V1
ZL

+

–

+

–

l:n

 V N
d

dt
v N

d

dt
1 1 2 2= = =

j j

 
V

V

N

N

n I

I
2

1

2

1

1

21
= = =

	 1.	 When n = 1, generally called the an isolation 
transformer.

	 2.	 n > 1, it is called step-up transformer (V2 > V1).
	 3.	 n < 1, it is called step-down transformer (V2 < V1).

i2i1 N1 : N2

V1

+

V2

V

V

N

N

I

I
2

1

2

1 2

= =
- 1
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The input impedance as seen by the source is 

Z
V

I n

V

I
in = =1

1
2

2

2

1
.

Z
Z

n
in

L=
2

Z Z
N

N
Lin =

⎛
⎝⎜

⎞
⎠⎟

1

2

2

Example 12
Two couples coils have self-inductances L1 = 15 mH and 
L2 = 18 mH. The coefficient of coupling (k) being 0.75 in 
the air, find voltage in the second coil and flux of the first 
coil, provided the second coil has 500 turns and the circuit 
current is given by i1 = 5. sin 314 t A.

Solution

M K L K= 1 2

= × ×0 75 15 18 10. -3

= 12.32 × 10-3 H

The voltage induced in the second coil is 

V M
di

dt

d

dt
tL2

1 12 32 10 5 314= = ×. . . ( sin )-3

= 12.32 × 10-3 × 5 × 314 × cos 314t

VL2 = 19.34 cos314t Volts

M
N

i
= 2 12

1

j

M
k

i
=

× ×500 1

1

j

φ =
× × ×

×
12 32 10 5 314 1

0 75 500

3. sin

.

- t

f1 = 16.42 × 10-5 sin 314 t

Example 13
Impedance z, as shown in figure is 

i(t ) j 8Ω j 3Ω

j 10Ω

j 6Ω j 5Ω
Zeq

(A)	 j29 Ω	 (B)	 j9 Ω 
(C)	 j19 Ω	 (D)	 j24 Ω

Solution

Zeq = L1 + L2 + L3 ± 2M12 ± 2M13 ± 2M23…..

\ Zeq = j8 + j3 + j5 + 2 × j10 – 2 × j6

= j16 + j8 = j24 Ω

Example 14
Two coils have self-inductances of 0.09 H and 0.01 H and a 
mutual inductance of 0.015 H. The coefficient of coupling 
between the coil is
(A)	 0.06	 (B)	 0.5	 (C)	 1.0	 (D)	0.05

Solution

K
M

L L
= =

×1 2

0 015

0 09 0 01

.

. .

=
×
0 015

3 10

.
-2

= 0.5

Example 15
The resonant frequency of the given series circuit is

3F

M = 2H

3H4H

(A)	 f =
1

4p
Hz 	 (B)	 f =

1

3p
Hz

(C)	 f =
1

6p
Hz 	 (D)	 f =

1

2 3p
Hz

Solution

f
L ceq

=
1

2p
Leq = L1 + L2 ± 2M

Leq = 4 + 3 – 2 × 2 = 3 H

f =
×

1

2 3 3p

f =
1

6p
Hz

Network Functions and Laplace 
Transform
Laplace Transform
Let f(t) be a time function, which is zero for t ≤ 0 and which 
is arbitrarily defined for t > 0.

Then, the Laplace transform of f(t) is defined by

L f t F s f t e dt
o

( ) ( ) ( ) .{ }= =
+

∞

∫ -st

In general,

F s f t e dt( ) ( ). .=
∞

∞

∫ -st

-

The inverse Laplace transform can also be expressed as an 
integral 

L F s f t
j

F s e dsst
j

o

-

s -

s

p
1

j

o

( ) ( ) ( ). .{ }= =
∞

+ ∞

∫
1

2
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Table 5.1  Laplace Transform pairs

f (t) F (s)

1. 1 1
s

2. Au(t) A
s

3. At  
2

A
s

4. e-at 1
s a+

5. t.e-at 2

1
( )s a+

6. sin at 2 2

a
s a+

7. cos at  
2 2

s
s a+

8. ( )df t
dt

  sF(s) − f(o+)

9.
( ).

t

o

f t dt∫
( )F s
s

10. f(t − a) e−aS.F(s)

11.
1 2( ). ( ).f f t d−∫ t t t F1(s).F2(s)

Initial-value and Final-value Theorems

	 i)	 Lt f t f o Lim s F s
t o S→

+
→∞+

= = { }( ) ( ) . ( )

	 ii)	 Lt f t f Lim s F s
t S o→∞ →

= ∞ = { }( ) ( ) . ( )

Table 5.2  Circuits in the S domain:

Time domain S domain S domain voltage

1. 
R i (t ) RI(s) R.I(s)

2.  Li (t )
→ i (o+)

sLI(s) L.i (o+)
+–

sLI(s) – L.i(o+)

3.  Ci (t )

+ –
vo

1/sCI(s)
+–

s

Vo

( ) oI s V
sC s

+

Example 16
In the following RLC circuit,  there is no initial charge on 
the capacitor. If the switch is closed at t = 0, the resultant 
current is

50 V i (t )±

t = 0
2 Ω

1 H

0. 5F

(A)	 i(t) = j25.e-t.cost A		  (B)	 i(t) = 50.e-t sint A
(C)	 i(t) = 25.e-t sin2t A		  (D)	 None of these

Solution
Given i(o+) = 0 and

Vc(o
+) = 0

For t > 0, apply KVL, the time domain equation of the given 
circuit is 

		  R.i(t) + L
di t

dt c
i t dt

t

.
( )

( )+ ∫
1

0

 = V.� (1)

Converting Eq. (1) into LPF

R.I(s) + sL.I(s) + =
1

sC
I s V

s. ( )

2
2 50

+ +⎛
⎝⎜

⎞
⎠⎟

⋅ =S
s

I s
s

( )

I s
s s

( ) =
+ +
50

2 22

By applying inverse Laplace transform to I(s), we get

i(t) = j25 e ejt jt- - - +-{ }1 1

= 50.e-t.sint A

Network Synthesis
Consider the following network, as shown in Figure 1.

Network
H(s)

Excitation

E (s) or e (t )

Response

R (s) or r (t )

Figure 1  General Network.

The system function is defined as

⇒ H s
R s

E s
( )

( )

( )
=

Let us consider the following examples:

	 1.	 Driving point impedance Z s
V s

I s
( )

( )

( )
=

	 2.	 Driving point admittance V S
I s

V s
( )

( )

( )
=

Immittance = Impedance (or) admittance

NOTE
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Driving Point Immittance of Simple  
Networks

	 1.	
R

→
Z (s)

  ⇒ Z(s) = R; Y s
R

( ) =
1

	 2.	
L→

Z (s)
  ⇒ Z(s) = Ls; Y s

sL
( ) =

1

	 3.	
C→

Z (s)    ⇒ Z(s) = 
1

sC
; Y s sC( ) =

	 4.	

sL

R

Z (s)

  ⇒ Z(s) = R + Ls; Y(s)
1

R sL+

	 5.	
sLRZ (s)

→

  ⇒ Z(S) =
+

=
+RLs

R Ls
y s L R

s

s
; ( )

1 1

	 6.	

1/sC

R
Z (s)

  ⇒ Z(s) = R + 1/sC

		        Y(s) =
sC

RC s1+

	 7.	
1/sCRZ (s)

→
  ⇒ Z(S) =

+
1

1Cs R

		        Y s
R

sC( ) = +
1

	 8.	
1/sC

SLZ (s)
→

  ⇒ Z s
sL

s LC
( ) =

+1 2

		        Y s
s LC

sL
( ) =

+1 2

R-L Driving Point Impedance
The impedance function is of the form

 Z(s) = Ko + Kvs + 
K

s
i

ii

n

+=
∑ s1

Properties
	 1.	 Poles and zeros of an R–L impedance lie on –σ axis 

and alternate  

0 XX 0

Im

	 2.	 The residues are real and negative.
	 3.	 The singularity closest to the origin is a zero.

R–C Driving Point Impedance
The R–C impedance function has the general form Z(s) =
K

s
K

Ki

s
o

v
ii

n

+ +
+=

∑ s1

Properties
	 1.	 The poles and zeroes lie on the negative real axis and 

alternate.

X X

Im

–σ 0

	 2.	 The residues of the poles, Ki, are real and positive.
	 3.	 R–C impedance ⇔ R–L admittance.
	 4.	 The singularity nearest the origin being a pole.

L–C Immittance Function
The general expansion is given by

Z S
K

s

K s

s w
K so i

ii

n

v( ) ....= +
+

+ +
=
∑ 2

2 2
1

Properties
	 1.	 Z(s) or Y(s) is the ratio of odd to even or even to odd 

polynomials.
	 2.	 The poles and zeros are simple and lie on the jw axis 

and alternate.

	 3.	

X

X

jω

σ

Figure 2  L–C Pole–Zero Realization.

	 4.	 The highest power of the numerator and denominator 
differ by unity.

	 5.	 The lowest power of the numerator and denominator 
differ by unity.

	 6.	 There is either a pole or a zero at the origin and at 
infinity.

Network Function Have Four 
Canonical Forms 
These are

	 1.	 Foster form-I

1 2K2
1

K2
1

nK2
1

Z(S )

oK
1

2
1

1K2
w 2

2

2K2

w 2
n

nK2
w

vk
1 ………
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	 2.	 Foster form-II:

y(s)
1/Ko

2k1/w1
2

1/2k1

2
n

n

w

k2

1/2kn

Kv

	 3.	 Cauer form-I:

Z(s)

	 4.	 Cauer form-II:

L2 L4

C3C1

Example 17

The network function F s
s

s s
( )

( )

( )( )
=

+
+ +

2

1 4
 represents an

(A)	 RL impedance
(B)	 RC impedance
(C)	 RC impedance and an RL admittance
(D)	 RC admittance and RL impedance

Solution
Pole–zero realization:

x xo
–4 –2 –1

⇒ pole nearby origin and so RC impedance

⇒ RC impedance ⇔ RL admittance and vice-versa      

Example 18
The first critical frequency nearest the origin of the complex 
frequency plane for an R–L driving point impedance 
function will be
(A)	 a zero in the left-half plane
(B)	 a zero in the right-half plane
(C)	 a pole in the left-half plane 
(D)	 either a pole or zero in the left-half plane 

Solution
For RL impedance function

x xo o

Therefore, critical frequency is a zero nearby origin in the 
left-half plane.

Example 19

Driving point impedance Z(S) = 
s s

s

( )

( )

2

2

4

9

+
+

 is not realizable 

because the
(A)	 number of zeros is more than the number  of poles.
(B)	 poles and zeros lie on the imaginary axis.
(C)	 poles and zeros are not located on the real axis.
(D)	 poles and zeros do not alternated on imaginary axis.

Solution
The pole–zero realization of Z(S) is shown in the following 
figure, zeros ⇒ Z = 0 and Z = ± j2 = S

Poles S2 + 9 = 0 ⇒ S = ±j3

x

x

o
3j

j 2

−2j

o

o

−3j

Im

σ

Example 20
The driving point impedance of the following network is

1H

1Ω 1F

1HV(t ) ±

(A)	 Z(S) = s + 1

(B)	 Z S
s

s s s
( ) =

+
+ + +
2 1

2 1

2

3 2

(C)	 Z S
s

( ) =
+
1

1

(D)	 Z S
s s s

s
( ) =

+ + +
+

3 2

2

2 1

2 1

Solution

s

1 1/s

sZeq

Zeq = 1 + s||(s + 1/s) = +
+( )

+ +
1

1

1

s s s

s s s

=
+ + +

+
s s s

s

3 2

2

2 1

2 1

Power Relationships In Ac 
Circuit
In a passive AC circuit, let the instantaneous voltage be  
V(t) = Vm sin wt. The current is given by i(t) = Im sin(wt − f), 
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f being the phase difference between voltage and current at 
any instant.

The instantaneous power p is given by

P = ni = VmIm.sinwt. sin(wt − f)

	    = 
1

2
.Vm. Im. cos f.−

1

2
Vm.Im.cos (2wt – f)� (1)

Eq. (1) contains a double frequency term and the magnitude 
of the average value of this term is zero.

\ The average power in the passive circuit is given by 

P V Iavg m m=
1

2
. . .cosj

=
V Im m

2 2
. .cosj

 P = Vrms.Irms.cosf = VIcosf(W)

Loads Power factor (cos f)

R Unity

L zero lag

C zero lead

R – L lagging

R – C leading

Apparent Power
S = voltage × current

= V.I = Vrms Irms
Relative power Q = V.I sinf (VAR)

S P Q= +2 2 VA

Average Value

X
T

x t dtavg

o

T

= ∫
1

( ).

where T is the time period of periodic function x(t).

rms or Effective Value

X
T

x t dtrms

o

T

= ( )⎡⎣ ⎤⎦∫
1 2

.

	 1.	 rms Value of A sinwt and A coswt is A/ 2

	 2.	 If x(t) = ao + (a1 coswt + a2 cos2wt + ….) +  (b1sinwt 
+ b2 sin2wt + ……)

X a a a b borms = + + + + + +2
1
2 2

2 1
2

2
21

2

1

2
( ...) ( ....)

Exercises

Practice Problems 1
Direction for questions 1 to 30:  Select correct alternative 
from the given choices.

	 1.	 A series RLC circuit has a resonance frequency of  
1 kHz and a quality factor Q = 100. If each of R, L, and 
C is doubled from its original value, the new Q of the 
circuit is

	 (A)	 25  	 (B)	 50	 (C)	 100	 (D)	 200

	 2.	 The differential equation for the current i(t) in the  
following circuit is

1 F

−

+
sin t

2 2 HΩ

i(t )

	 (A)	 2 2
2

2

d i

dt

di

dt
+  + i(t) = sin t

	 (B)	 2 2
2

2

d i

dt

di

dt
+  + 2i(t) = cos t

	 (C)	 2 2
2

2

d i

dt

di

dt
+  + i(t) = cos t

	 (D)	
d i

dt

di

dt

2

2
2+  + 2i(t) = sin t

	 3.	 In a series RLC circuit, R = 2 kW, L = 1 H, and C = 
1

400
µF . The resonant frequency is 

	 (A)	 2 × 104 Hz	 (B)	
1

p
×10  Hz4

	 (C)	 104 Hz	 (D)	 2p × 104 Hz

	 4.	 The current i(t) through a 10 W resistor in series with 
an inductance, is given by i(t) = 3 + 4 sin(100t + 45°) + 
4sin(300t + 60°) A

		  The RMS value of the current and the power dissipated 
in the circuit are

	 (A)	 41 A, 410 W, respectively

	 (B)	 35 A, 350 W, respectively
	 (C)	 5 A, 250 W, respectively
	 (D)	 11 A, 1,210 W, respectively

	 5.	 Two 2 H inductance coils are connected in series and 
are also magnetically coupled to each other, and the co-
efficient of coupling being 0.1. The total inductance of 
the combination can be

	 (A)	 0.4 H 	 (B)	 3.2 H 	 (C)	 4.0 H 	 (D)	 3.6 H
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	 6.	 The RC circuit shown in the figure is

+

-

Vi

R C

V0R C

	 (A)	  a low-pass filter	 (B)	  a high-pass filter
	 (C)	  a band-pass filter	 (D)	  a band-reject filter

	 7.	 A certain series resonant circuit has a bandwidth of 
1,000 Hz. If the existing coil is replaced by a coil with 
low Q, what happens to the bandwidth?

	 (A)	 It increases	 (B)	 It is zero
	 (C)	 It decreases 	 (D)	 It remains the same

	 8.	 The driving point impedance Z(s) of a network has the 
pole-zero locations, as shown in the figure. If Z(0) = 3, 
then Z(s) is

− 3 − 1

1

1

Im

Re

s -
plane

o denotes zero
x denotes pole

	 (A)	  
3 3

2 32

( )s

s s

+
+ +

	 (B)	  
2 3

2 22

( )s

s s

+
+ +

	 (C)	  
3 3

2 22

( )s

s s

-
- -

	 (D)	  
2 3

2 32

( )s

s s

-
- -

	 9.	 Consider the following statements S1 and S2

		  S1: At the resonant frequency the impedance of series 
R-L-C circuit is zero.

		  S2: In a parallel G-L-C circuit, increasing the conduct-
ance G results in increase in its Q factor. Which one of 
the following is correct?

	 (A)	 S1 is false and S2 is true
	 (B)	 Both S1 and S2 are true
	 (C)	 S1 is true and S2 is false
	 (D)	 Both S1 and S2 are false

	10.	 Impedance Z, as shown in the given figure, is

j 2 Ω

j2 Ωj 5 Ω

j10 Ω

j 10 Ω

Z

 	 (A)	  j29 W 	 (B)	  j9 W 	 (C)	  j19 W 	 (D)	  j39 W

	11.	 The Thevenin’s equivalent impedance ZTH between the 
nodes P and Q in the following circuit is

± 1 
A

P 1 F

Q10 Ω

1 Ω
1 
H

	 (A)	 1 	 (B)	 1 + s + 
1

s

	 (C)	 2 + s + 
1

s
	 (D)	

s s

s s

2

2

1

2 1

+ +
+ +

	12.	 The driving point impedance of the following network 

is given by Z(s) = 
0 2

0 1 22

.

.

s

s s+ +
. The component values 

are 

Z (s) L
C R

	 (A)  L = 5 H, R = 0.5 W, C = 0.1 F
	 (B)  L = 0.1 H, R = 0.5 W, C = 5 F
	 (C)  L = 5 H, R = 2 W, C = 0.1 F
	 (D)  L = 0.1 H, R = 2 W, C = 5 F

	13.	 The resonant frequency for the series RLC circuit 
shown in the figure is

±

100 Ω

0.5 H

V(ω)
0.4 µF

	 (A)	 550 Hz	 (B)	 670 Hz
	 (C)	 1,100 Hz   	 (D)	 355 Hz

	14.	 If an ideal centre tapped 1:3 transformer is loaded as 
shown in the figure, the impedance measured across the 
terminals 11’ would be_____.

11

Z

2z

1 1:3

	 (A)	
2

3
Z 	 (B)	 Z	 (C)	

Z

9
	 (D)	

Z

3

	15.	 What is the ratio of the heating effects of two current 
waves of equal peak value, one being sinusoidal and the 
other rectangular in waveform?

	 (A)	 1:2 	 (B)	 1: 2 	 (C)	 2 :1 	 (D)	 2:1
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	16.	 The form factor of a half wave and a full wave rectified 
sine wave are _____.

	 (A)	 1.11, 1.57	 (B)	 1.57, 1.11
	 (C)	 1.414, 1.11	 (D)	 1.11, 1.414

	17.	 The value of capacitance C in the given AC circuit to 
make it a pure resistive circuit and for the supply current 
to be independent of its frequency is _____.

~ 1H

4Ω
4Ω

C

V

	 (A)	
1

12
 F	 (B)	

1

8
 F	 (C)	

1

4
 F	 (D)	

1

16
 F

	18.	 R

V = Vm sinωt

+jxLi(t )I −jxc

		  In the abovementioned circuit, if R is varied from 0 to 
∞, the locus of the tip of the current phasor is 

	 (A)	 circle	 (B)	 semi-circle 
	 (C)	 exponential curve	 (D)	 sine curve 

	19.	 R L

∼

e = Vm sinωt

C

		  The dynamic impedance of the abovementioned circuit 
at resonance is 

	 (A)	
R

LC
	 (B)	

1

R

L

C
	 (C)	

L

RC
 	 (D)	

C

RL

	20.	  Match the following:

∼

R X

v

V

I

Locus of current 
phasor

A

Figure 1

I

B
V

v

L

∼

R

Figure 2

C
V

I

∼

ve

R C

Figure 3

V

DI

∼

ve

R C

Figure 4

	 (A)	 1 – D, 2 – A, 3 – B, 4 – C
	 (B)	 1 – A, 2 – D, 3 – B. 4 – C
	 (C)	 1 – B, 2 – C, 3 – A, 4 – D
	 (D)	 1 – C, 2 – B, 3 – D, 4 – A

Direction for questions of 21 and 22:
A low-pass p-section filter consists of an inductance of  
25 mH in the series arm and two capacitors 0.2 µF in the 
shunt arms.

	21.	 The cut-off frequency is _____.

	 (A)	
104

p
 	 (B)	

1

104 p

	 (C)	
5000

p
	 (D)	

1

5000 p

	22.	 Design impedance is _____.
	 (A)	 25 W 	 (B)	 250 W 	 (C)	 15 W 	 (D)	 2.5 W

	23.	 An impedance has the pole–zero pattern shown in fig-
ure. It must be composed of 

1

– j

jω
j

–1

X

X

o

o

	 (A)	 RLC elements  	 (B)	 RL elements only
	 (C)	 RC elements only 	 (D)	 LC elements only

	24.	 For the series R–L–C circuit of Figure 1, phasor dia-
gram (involving some phasors) is shown in Figure 2. 
The operating frequency of the circuit is
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∼

VR
VL

V
VC

VR

VC

VI 90°

	 (A)	 equal to resonant frequency
	 (B)	 less than resonant frequency
	 (C)	 twice the resonant frequency
	 (D)	 greater than the resonant frequency

	25.	 Which one of the following represents the state equa-
tion of the given R–L–C series circuit?

2H

+
− 0.5F

1 Ω
→

I(t )

V(t )

	 (A)	
j j

q c qc
v t

′
⎡

⎣
⎢

⎤

⎦
⎥ =

- -⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥ +

⎡

⎣
⎢

⎤

⎦
⎥

2 0 5

0 0 5

1

0

.

.
( )

	 (B)	
j j
q qc

v t
c

⎡

⎣
⎢

⎤

⎦
⎥ =

-
-

⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥ +

⎡

⎣
⎢

⎤

⎦
⎥

2 2

05 0 5

0

1.
( )

	 (C)	
j j
q qc

v t
c

⎡

⎣
⎢

⎤

⎦
⎥ =

- -⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥ +

⎡

⎣
⎢

⎤

⎦
⎥

0 5 2

0 5 0

1

0

.

.
( )

	 (D)	
j j
q qc

v t
c

⎡

⎣
⎢

⎤

⎦
⎥ =

⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥ +

⎡

⎣
⎢

⎤

⎦
⎥

0 1

0 5 2

1

0.
( )

	26.	 When two inductances are connected in series aiding 
the equivalent inductance of 14 H and in opposition is 
6 H. Find out coefficient of coupling ‘K’

	 (A)	 0.408	 (B)	 0.534 	 (C)	 0.628	 (D)	 0.707

	27.	 If the secondary winding of the ideal  transformer 
shown in the circuit of figure has  50 turns, the number 
of turns in the primary  winding for maximum power 
transfer to the  3 W resister will be 

9Ω

3Ω
∼Vs

I1 I2

Figure  Ideal Transformer 1:50
	 (A)	 80	 (B)	 87	 (C)	 90	 (D)	 100

	28.	 For the circuit in figure, the instantaneous  current i(t) is 

5∠0°A I

–2jΩ
2jΩ

10∠60°A
3Ω

	 (A)	
10 3

2
90∠ ° A	 (B)	 5 ∠ –60°A

	 (C)	  5 ∠ 60°A   	 (D)	
10 3

2
90∠ - °A

	29.	  An AC source of RMS voltage 25 V with  internal 
impedance Zs = (1 +2j) W feeds a  load of impedance 
ZL = (3 + j4) W in the  following figure. The reactive 
power consumed  by the load is 

Z s = (1 +2j )Ω

ZL = (3 +j 4)Ω+–25∠0°V

	 (A)	 60 VAR 	 (B)	 70 VAR
	 (C)	 62.5 VAR	 (D)	 78 VAR

	30.	 The network function 
( ) ( )

( ) ( )

s s

s s s

+ +
+ +

1 4

2 6
is a

	 (A)	 RL impedance function
	 (B)	 RC impedance function 
	 (C)	 LC impedance function
	 (D)	 All the above

Practice Problems 2
Direction for questions 1 to 28:  Select correct alternative 
from the given choices.

	 1.	 For parallel RLC circuit, which one of the following 
statements is not correct? 

	 (A)	� The bandwidth of the circuit decreases if R is in-
creased.

	 (B)	� The bandwidth of the circuit remains same if ‘L’ is 
increased.

	 (C)	 At resonance, input impedance is a real  quantity.
	 (D)	� At resonance, the magnitude of the input imped-

ance attains its minimum value.

	 2.	 The ABCD parameters of an ideal n:1 transformer 

shown in the figure are 
n o

o x

⎡

⎣
⎢

⎤

⎦
⎥ . The value of x will be 

V2V1

I1 I2

n : 1
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 	 (A)	 n	 (B)	
1

n
	 (C)	 n2	 (D)	

1
2n

	 3.	 What is the total reactance of a series RLC circuit at 
resonance?

	 (A)	 equal to XL	 (B)	 equal to XC
	 (C)	 equal to R	 (D)	 zero

	 4.	

v(t )= δ(t )

1 Ω 1 H

1 F
i(t )

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

	 (A)	
s

s s

+
+ +

1

2 12
	 (B)	

s

s s

+
+ +

1

12

	 (C)	
s

s s2 1+ +
	 (D)	

s

s s2 2 1+ +
	 5.	 Driving point impedance of the network shown in the 

figure is

1 H 1 H

1 F 1 F

	 (A)	
s s

s s

4 2

3

3 1

2

+ +
+

	 (B)	
s

s s

2

2

1

2

+
+( )

	 (C)	
s s s

s s

4 3 2

3

3 2 1

2

+ + +
+

 	 (D)	
s

s

2 1

1

+
+

	 6.	 The two windings of a transformer have an  inductance 
of 3 H each. If the mutual  inductance between them is 
also 3 H, then

	 (A)	 transformation ratio is 3.
	 (B)	 it is an ideal transformer.
	 (C)	� it is a perfect transformer as the coefficient of cou-

pling is 1.
	 (D)	 None of these

	 7.	 The complex power in a single-phase AC circuit is 
given by _____.

	 (A)	 VI	 (B)	 V*I
	 (C)	 VI*	 (D)	 V*I*

	 8.	 In a series resonance circuit, which of the following 
statements are true?

		  (i)	 PF is unity.

		  (ii)	 Voltage magnification takes place.

		  (iii)	Current magnification takes place. 

		  (iv)	 Resonant frequency depends on resistance. 

	 (A)	 (i) and (ii)	 (B)	 (ii) and (iv)
	 (C)	 (i), (ii), and (iv)	 (D)	 (i) and (iii)

	 9.	 The condition for parallel resonance is 
	 (A)	 net reactance is zero 
	 (B)	 net susceptance is zero 
	 (C)	 net reactive power is zero 
	 (D)	 reactive component of net current is zero 

	10.	 In the circuit of the given figure, the magnitudes of VL 
and Vc are equal, at what value of supply frequency 
_____.

10Ω 200 µF5 mH

~

	 (A)	
1

15p
	 (B)	

2

15
p	 (C)	

10

2

3

p
	 (D)	 2 p

	11.	 If the voltage and current in an AC circuit are given by 
v = 200 sin (wt + 30) and i = 10 sin (wt – 60), then the 
PF of circuit is 

	 (A)	
3

2
	 (B)	

1

2
	 (C)	 0	 (D)	

1

2

	12.	 If v = 200 sin(2wt + 30), i = 10 sin(wt + 30), then the 
phase difference between v and i is 

	 (A)	 0	 (B)	 30
	 (C)	 60°	 (D)	 None of these

	13.	 In a series RLC circuit for frequencies less than the 
resonant frequency, the circuit is _____.

	 (A)	  inductive    	 (B)	  capacitive
	 (C)	  resistive    	 (D)	  None of these

	14.	 In a parallel resonance circuit for frequencies greater 
than the resonant frequency, the circuit is _____.

	 (A)	  inductive	 (B)	 capacitive 
	 (C)	  resistance   	 (D)	 None of these

	15.	 The Q of a circuit can be increased by _____.
	 (A)	 increasing the BW 	 (B)	 decreasing the BW
	 (C)	 increasing the R	 (D)	 None of these

	16.	 In an RLC series circuit, the bandwidth is increased by 
_____.

	 (A)	 decreasing L	 (B)	 decreasing C
	 (C)	 increasing R	 (D)	 decreasing R

	17.	 In an RLC series, resonant circuit at the half power points.
	 (A)	 the current is half of the current at resonance.
	 (B)	� the impedance is half of the impedance at reso-

nance.
	 (C)	 the resistance is equal to the resultant reactance.
	 (D)	 None of these

	18.	  Which of the following statements are true?
	 (i)	� The higher the value of Q, the more selective will be 

the circuit and lesser will be the bandwidth.
	 (ii)	� Impedance of parallel resonant circuit is maxi-

mum at resonance.
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	 (A)	 i and ii	 (B)	 i only
	 (C)	 ii only	 (D)	 Both are false

	19.	  Match the following:

frequency

Attentuation (α)

Figure 1
	 (A)	 Band pass	 (B)	 Low pass
	 (C)	 High pass	 (D)	 Band elimination

Attenuation (α)

frequency

          Figure 2

frequencyf1 f2

Attenuation (α)

            Figure 3

frequencyf1 f2

Attenuation (α)

           Figure 4

	 (A)	 2– B, 1 – C, 3 – D, 4 – A
	 (B)	 1 – B, 2 – C, 3 – A, 4 – D
	 (C)	 1 – A, 2 – D, 3 – B, 4 – C
	 (D)	 1 – A, 2 – D, 3 – C, 4 – B

	20.	 Given that 

		  f1 → lower cut-off frequency
		  f2 → higher cut-off frequency
		  Then, resonant frequency ‘fr’, quality factor at reso-

nance, and selectivity are given by

	 (A)	  f f1 2 ,
f f

fr

2 1-
,

f

f f
r

2 1-

	 (B)	  f1f2, 
f

f f
r

2 1-
,

f f

fr

2 1-

	 (C)	  f f1 2 ,  
f

f f
r

2 1-
,  

f f

fr

2 1-

	 (D)	  
1

1 2f f
,  

f

f f
r

2 1-
,  

f f

f f
2 1

2 1

+
-

	21.	 The phase angle of the current I with respect to the 
voltage V2 in the circuit shown in the figure is

∼

V2 = 100∠–45° 

5Ω

I

+j 5 Ω

∼

V1 = 100∠45° 

	 (A)	 0°	 (B)	 –45° 	 (C)	 +45° 	 (D)	 +90°

	22.	 The conditions for defining driving point functions are

		  (1)	� Response and excitation are applied to different 
terminals.

		  (2)	� The network should not contain independent 
sources.

		  (3)	 The network should be initially relaxed. 
	 (A)	 (1), (2), and (3)	 (B)	 (1) and (3)
	 (C)	 (2) and (3)	 (D)	 (1) and (2)

	23.	 Find the state equation for the following circuit. 

R

V −
−
+

+

R L

2 Vx
R

L

i1

Vx

	 (A)	 L
di

dt
V i R Vx

2
20 7 1 5 5= - +. . .

	 (B)	 L
di

dt
V i R Vx

2
20 7 1 5 5= - + -. . .

	 (C)	 L
di

dt
V i R Vx

2
20 7 1 5 5= - +. . .

	 (D)	 L
di

dt
V i R Vx

2
20 7 1 5 5= - -. . .

	24.	 What is the value of the inductance if current through 
it is given as i(t) = 0.707 < -45°. The input current is 
5cos2t. 

↑ 5 Ω

IL

5cos2t

L

	 (A)	 2 H	 (B)	 1 H	 (C)	 5 H	 (D)	 3 H

	25.	 Find the driving point admittance of the following 
network.

2 Ω

→
Z

1F

1H 2H

2F
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	 (A)	
3 2

2 6 7 4 2

3

4 3 2

s s

s s s s

+
+ + + +

 

	 (B)	
3 2

2 5 4 2

2

4 2

s

s s s

+
+ + +

	 (C)	
( )3 2

2 7 6 4

2

4 3 2

s s

s s s s

+
+ + +

	 (D)	
5 2

7 6 4 2

3

4 3 2

s s

s s s s

+
+ + + +

	26.	 An unknown impedance Z is connected across a

		  voltage source  V t= +50 50cos( )w . The current 

flowing through the circuit is 18 10 75cos( )t + . What 
is the value of Z? 

	 (A)	 1.18 W resistor in series with 84.7 mH inductor.
	 (B)	 1.18 W resistor in parallel with 84.7 mH inductor. 
	 (C)	 1.18 W resistor in series with 84.7 mF capacitor.
	 (D)	 1.18 W resistor in parallel with 84.7 mF capacitor.

	27.	 Find the Thevenin’s resistance associated with the circuit. 

3VAB

+

+ −
4KΩ

A

2KΩ

B

−10V 4KΩ

	 (A)	 1 kW 	 (B)	 0.45 kW
	 (C)	 2 kW 	 (D)	 0.22 kW
	28.	  Find the current i(t) through the following circuit.

+
−

2 Ω

1H

0.5F

10

 	 (A)	 10e-t cos t   	 (B)	  
10

2
2e tt cos

	 (C)	 10e-t sin t   	 (D)	  
10

2
2et sin t

Previous Years’ Questions

	 1.	 The equivalent inductance measured between termi-
nal 1 and 2 for the circuit shown in figure is� [2004]

M

1

2

L1 L2

	 (A)	 L1 + L2 + M	 (B)	 L1 + L2 –M
	 (C)	 L1 + L2 + 2M	 (D)	 L1 + L2 – 2M

	 2.	 The transfer function H s
V s

V Si

( )
( )

( )
= 0  of an R–L–C cir-

cuit is given by H s
s s

( ) =
+ +

10

20 10

6

2 6
.

		  The quality factor (Q factor) of this circuit is� [2004]
	 (A)	  25 	 (B)	 50
	 (C)	 100	 (D)	 5,000

	 3.	 For the circuit shown in the figure of Q.35, the initial 

conditions are zero. Its transfer function H s
V s

V Si

( )
( )

( )
= c

is� [2004]

10kΩ 10mH

100µFVi(t) Vc(t)

	 (A)	
1

10 102 6 6s s+ +
 	 (B)	

10

10 10

6

2 6 6s s+ +

	 (C)	
10

10 10

3

2 3 6s s+ +
 	 (D)	

10

10 10

6

2 6 6s s+ +
	 4.	 The ABCD parameters of an ideal n:1 transformer 

shown in figure are
n

x

0

0

⎡

⎣
⎢

⎤

⎦
⎥ . The value of x will be, 

� [2005]

V1 V2

I2I1

n:1

	 (A)	 n	 (B)	
1

n
	 (C)	 n2	 (D)	

1
2n

	 5.	 Impedance Z as shown in figure is� [2005]

j 2

j 2Ω

j 5

zin

10Ω

j10Ω
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	 (A)	 j29 W 	 (B)	 j9 W 
	 (C)	 j19 W 	 (D)	 j39 W
	 6.	  In a series RLC circuit R = 2 kW , L = 1 H, and C = 

1

400
µF . The resonant frequency is� [2005]

	 (A)	 2 × 104 Hz   	 (B)	
1

104

p
×  Hz

	 (C)	 104 Hz    	 (D)	 2p × 104 Hz

	 7.	 The first and the last critical frequencies (singulari-
ties) of a driving point impedance function of a pas-
sive network having two kinds of elements are a pole 
and a zero, respectively. The abovementioned prop-
erty will be satisfied by� [2006]

	 (A)	  RL network only 
	 (B)	  RC network only
	 (C)	  LC network only
	 (D)	  RC as well as RL networks 

	 8.	 The RC circuit shown in the figure is� [2007]

+ +
R

R C VoVi

C

− −

	 (A)	 a low-pass filter  	 (B)	 a high-pass filter 
	 (C)	 a band-pass filter 	 (D)	 a band-reject filter 

	 9.	 In the following graph, the number of trees (P) and 
the number of cut-sets (Q) are� [2008]

(1)

(2) (3)

(4)

	 (A)	 P = 2, Q = 2	 (B)	 P = 2, Q = 6  
	 (C)	 P = 4, Q = 6	 (D)	 P = 4, Q = 10

	10.	 The driving point impedance of the following net-
work   � [2008]

Z(s) L C R

		  is given by Z(s) =
0 2

0 1 22

.

.

s

s s+ +
. The component val-

ues are
	 (A)	  L = 5 H, R = 0.5 W, C = 0.1 F
	 (B)	  L = 0.1 H, R = 0.5 W, C = 5 F

	 (C)	  L = 5 H, R = 2 W, C = 0.1 F
	 (D)	  L = 0.1 H, R = 2 W, C = 5 F

	11.	 C

R2

R1Vi V0
L

+

−

		  The OPAMP circuit shown in the abovementioned 
figure represents a� [2008]

	 (A)	 high-pass filter	 (B)	 low-pass filter 
	 (C)	 band-pass filter	 (D)	 band-reject filter

	12.	 For parallel RLC circuit, which one of the following 
statements is not correct?� [2010]

	 (A)	� The bandwidth of the circuit deceases if R is in-
creased.

	 (B)	� The bandwidth of the circuit remains same if L is 
increased.

	 (C)	 At resonance, input impedance is a real quantity.
	 (D)	� At resonance, the magnitude of input impedance 

attains its minimum value.

	13.	 The average power delivered to an impedance (4 – j3) W 
by a current 5cos(100p + 100) A is� [2012]

	 (A)	 44.2 W	 (B)	 50 W
	 (C)	 62.5 W	 (D)	 125 W

	14.	  The following arrangement consists of an ideal trans-
former and an attenuator that attenuates by a factor of 
0.8. An AC voltage Vwx1 = 100 V is applied across WX 
to get an open circuit voltage Vyz1 across YZ. Next, an 
AC voltage Vyz2 = 100 V is applied across YZ to get an 
open circuit voltage Vwx2 across WX. Then, VYZ1/Vwx1 
and Vwx2/Vyz2 are, respectively,� [2012]

1:1.25W

Y

ZX

	 (A)	 125/100 and 80/100 
	 (B)	 100/100 and 80/100
	 (C)	 100/100 and 100/100
 	 (D)	 80/100 and 80/100

	15.	 Two magnetically uncoupled inductive coils have Q 
factors q1 and q2 at the chosen operating frequency. 
Their respective resistances are R1 and R2. When con-
nected in series, their effective Q factor at the same 
operating frequency is� [2013]
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	 (A)	 q1 + q2   
	 (B)	 (1/q1) + (1/q2)
	 (C)	 (q1R1 + q2R2)/(R1 + R2)
	 (D)	 (q1R2 + q2R1)/(R1 + R2)

	16.	 A periodic variable x is shown in the figure as a func-
tion of time. The root-mean-square (rms) value of x is 
__________� [2014]

x

t

T/2 T/2

0

1

	17.	 A series LCR circuit is operated at a frequency different 
from its resonant frequency. The operating frequency is 
such that the current leads the supply voltage. The mag-
nitude of current is half the value at resonance. If the 
values of L, C, and R are 1 H, 1 F, and 1 Ω, respectively, 
the operating angular frequency (in rad/s) is_______      
� [2014]

	18.	 In the circuit shown, the current I flowing through the 
50 Ω resistor will be zero if the value of capacitor C 
(in µF) is ______.� [2015]

I

50Ω

5p sin(5000t)

1 mH 1 mH

1 mH C

	19.	 The figure shows an RLC circuit with a sinusoidal 
current source

C
10 µF

LRImsin ωt  
10 Ω 10 mH

ICILIR

At resonance, the ratio |IL|/|IR| i.e., the ratio of the magni-
tudes of the inductor current phasor and the resistor cur-
rent phasor, is __________.� [2016]

Answer Keys

Exercises
Practice Problems 1
	 1.  B	 2.  C	 3.  B	 4.  C	 5.  D	 6.  C	 7.  A	 8.  B	 9.  D	 10.  B
	11.  A	 12.  D	 13.  D	 14.  D	 15.  A	 16.  B	 17.  D	 18.  B	 19.  A	 20.  B
	21.  A	 22.  B	 23.  D	 24.  B	 25.  C	 26.  C	 27.  B	 28.  A	 29.  C	 30.  B

Practice Problems 2
	 1.  D	 2.  B	 3.  D	 4.  C	 5.  A	 6.  C	 7.  C	 8.  A	 9.  B	 10.  C
	11.  C	 12.  D	 13.  B	 14.  B	 15.  B	 16.  A	 17.  C	 18.  A	 19.  B	 20.  C
	21.  A	 22.  C	 23.  A	 24.  C	 25.  A	 26.  C	 27.  D	 28.  C

Previous Years’ Questions
	 1.  D	 2.  B	 3.  D	 4.  B	 5.  B	 6.  C	 7.  B	 8.  C	 9.  C	 10.  D
	11.  B	 12.  D	 13.  B	 14.  C	 15.  C	 16.  0. 39 to 0. 42	 17.  0. 45 to 0. 47	 18.  20
	19.  0.316
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Test

Networks� Time: 60 Minutes

Direction for questions 1 to 30:  Select the correct alterna-
tive from the given choices.

	 1.	 In the following circuit, if a constant current source of 
value I is switched on at t = 0, what are the values of 
currents i2 and VL at t = 0 with zero initial conditions?

s

2Ω

C

i1

L

2Ωi2

t = 0

VL

	 (A)	 0, I	 (B)	 2I, I	 (C)	 I, 0	 (D)	 I, 2I

	 2.	 For a series RLC resonant circuit, what is the total reac-
tance at the lower half power frequency?

	 (A)	 R	 (B)	 2 45R∠ °

	 (C)	
R

2
	 (D)	 2 45R∠ − °

	 3.	 A series R−L−C circuit is switched on to a step voltage 
V at t = 0. What are the initial and final values of the 
current in the circuit?

	 (A)	
V

R
, 0	 (B)	 0, V R 	 (C)	 0, ∞	 (D)	 0, 0

	 4.	 For the following network, function G(s) = 
V s

V s
o

in

( )

( )
 

5

5 102

s

s s+ +
; given R is 2 W. What are the values of L 

and C, respectively?
	 (A)	 L= 0.4 H, C = 0.25 F
	 (B)	 L = 4 H, C = 2.5 F
	 (C)	 L = 0.25 H, C = 0.4 F
	 (D)	 L = 2.5 H, C = 4 F

+
− C

+Vo(t)–

Vi(t )

R

L

	 5.	 For a parallel RLC circuit, if R = 25 W, L = 40 H, and  
C = 0.4 F, what are the bandwidth and Q-factor, 
respectively?

	 (A)	 0.1 rad
s

, 2.5	 (B)	 0.1 rad
s

, 4

	 (C)	 0.625 rad
s

, 4	 (D)	 10 rad
s

, 2.5

	 6.	 For an AC circuit if v(t) = 50 sin (wt + 30°) and i(t) = 
5 sin (wt − 60°), the reactive power absorbed by the 
circuit is _____.

	 (A)	 250 VAR 	 (B)	 100 VAR 
	 (C)	 125 VAR	 (D)	 300 VAR

	 7.	

–
Vo

Vin

R L

+

C

i

		  The circuit represents a ____.
	 (A)	 LPF	 (B)	 HPF	 (C)	 BPF	 (D)	 BSF

	 8.	

I
R

+

C

–

LVo

+

–

V0

		  The circuits represents a ____.
	 (A)	 LPF	 (B)	 HPF 	 (C)	 BPF	 (D)	 APF

	 9.	 The resonant frequency of an RLC series circuit is 
1 MHz, with the resonating capacitor of 100 pF. The 
bandwidth is 10 kHz. The effective value of the resistor 
R is _____.

	 (A)	 8 W	 (B)	 10 W	 (C)	 14 W	 (D)	 16 W
	10.	 When a unit impulse voltage is applied to an inductor 

of 1 H, the energy supplied by the source is _____.

	 (A)	
1

4
J 	 (B)	

1

2
J	 (C)	 1J	 (D)	 2J

	11.	 The lowest and the highest critical frequencies of an 
R−C driving point impendence are, respectively, _____.

	 (A)	 a zero and a pole
	 (B)	 a pole and a pole
	 (C)	 a zero and a zero
	 (D)	 a pole and a zero
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	12.	
I(S)

V(S)

0.04H

+
− 2mV

		  In the abovementioned equivalent model of the induc-
tor, the value of initial current is 

	 (A)	 20 mA	 (B)	 80 mA	 (C)	 50 mA	 (D)	 0.5 A

	13.	

Vc(S)
S
4 0.16A

Ic(S)

		  The initial voltage across the capacitor is 
	 (A)	 0.4 V	 (B)	 0.64 V	 (C)	 1 V	 (D)	 6.4 V

	14.	

I

IR

+

C

–

V0R

IC

		  If IR = 4 A and Ic = 3 A, then the supply current I is 
	 (A)	 7 A	 (B)	 1 A	 (C)	 0.75 A	 (D)	 5 A

Direction for questions 15 and 16:

I

IL
C

IR

R

IC

L

	15.	 If IL = 8 A, IR = 3 A, and Ic = 4 A, then the value of I is 
	 (A)	 5 A	 (B)	 7 A
	 (C)	 15 A	 (D)	 None of these 

	16.	 The power factor of the circuit in the abovementioned 
circuit is

	 (A)	 0.6 lead 	 (B)	 0.6 lag
	 (C)	 0.5 lag	 (D)	 0.5 lead

	17.	 A unit step current of 1 A is applied to a network whose 

driving point impedance is Z(s) = 
V s

I s

s

s

( )

( )
=

+
+

⎛
⎝⎜

⎞
⎠⎟

2

3

2

, then 

the steady state and initial voltage developed across the 
source are, respectively, 

	 (A)	
4

9
1V V, 	 (B)	 1

4

9
V V,

	 (C)	 0
4

9
V V, 	 (D)	

4

9
V V, ∞

	18.	 The driving point impedance function Z(s) = 

( )

( . )

s s

s s

2 3 2

1 5

+ +
+

 can be realized as a 

	 (A)	 RC admittance	 (B)	 RC impedance
	 (C)	 LC impedance	 (D)	 RLC impedance

	19.	 Consider the following circuit Z(s) = 3 as s → ∞ 
and Z(s) = 2 as s → 0, then the values of R1 and R2, 
respectively, 

C4Ω

R1

L

R2Z(s)

	 (A)	 12 W, 2 W	 (B)	 0 W, 4 W
	 (C)	 4 W, 12 W	 (D)	 12 W, 4 W

	20.	 The inductance matrix of a system of two mutually 
coupled inductors shown in Figure 1 is given by 

L = 
5 2

2 3

−
−

⎡

⎣
⎢

⎤

⎦
⎥

V1

i1
+

–

V2

i2

L1 L2

+

–

M

Figure 1
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Leq

L1 L2I

Figure 2

		  When the inductors are connected as shown in Figure 2, 
the equivalent inductance of the system is given by 

	 (A)	 8 H	 (B)	 12 H	 (C)	 4 H	 (D)	 16 H

	21.	 The total impedance of Z(jw) of the following circuit is 

4Ω8
15 Ω

A

− j 3Ω

B

j 3Ω
4Ω

	 (A)	 (0 + j5) W	 (B)	 (4 + j0) W
	 (C)	 (5 + j0) W	 (D)	 (2 + j1.5) W
	22.	 In the following circuit, for what value of ‘C’ will the 

current I be in phase with sinusoidal source voltage  
Vs = 2 sin 2t?

1Ω

Vs

I

∼
C

j1Ω

	 (A)	 4 F	 (B)	 1
4 F 	 (C)	 1

2 F 	 (D)	 2 F

	23.	 If Z(s) = 
s s

s s

2 6 12

3

+ +
+( )

 for the following circuit, then 

what is the value of R2 and C1, respectively? 

Z(s) R2

C1

R1

C2

	 (A)	
2

3

1

4
W, F 	 (B)	 2 2W, F

	 (C)	 2
1

4
W, F 	 (D)	

1

2

1

4
W, F

	24.	 Two coils are coupled in such a way that the mutual 
inductance between them is 8 mH. If the inductances of 
the coils are 20 mH and 80 mH, respectively, the coef-
ficient of coupling is 

	 (A)	 0.02	 (B)	 0.5	 (C)	 0.2	 (D)	 0.05

	25.	 The resonant frequency of the given series circuit is 

3H 5H
2F

M=1H

	 (A)	
1

2 3p
Hz 	 (B)	

1

4 2p
Hz

	 (C)	
1

2p
Hz 	 (D)	

1

4 3p
Hz

	26.	 If the current flowing through a 10 W resistor is given 
as i(t) = 3 + 4 cos2wt − 5 sinwt A, then the power con-
sumed by the resistor is 

	 (A)	 295 W	 (B)	 29.5 W	 (C)	 250 W	 (D)	 300 W

Direction for questions 27 and 28:
Consider the following circuit: 
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	27.	 The transfer function 
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	28.	 The response of the system is 
	 (A)	 undamped	 (B)	 under damped
	 (C)	 over damped	 (D)	 critically damped

Direction for questions 29 and 30:
Consider the following circuit: 

V1

i1
+

−

V2

i2

3H 6H
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−

2H

1



Test  |  3.141

	29.	 If i1= e−3t A and i2 = 0, then the voltage V2 is 

	 (A)	 −4e−2t V	 (B)	
2

3
e−3t

	 (C)	 6e−3t V	 (D)	 None of these 

	30.	 If i1 = 3 A and i2 = 2 cos 3t A, then the voltage V1(t) is 

	 (A)	 6 cos 3t V 	 (B)	
2

3
 sin3t V

	 (C)	 12 sin3t V	 (D)	 6 sin3t V

Answer Keys

	 1.  D	 2.  D	 3.  D	 4.  A	 5.  A	 6.  C	 7.  A	 8.  C	 9.  D	 10.  B
	11.  D	 12.  C	 13.  B	 14.  D	 15.  A	 16.  B	 17.  A	 18.  B	 19.  D	 20.  B
	21.  C	 22.  B	 23.  C	 24.  C	 25.  D	 26.  A	 27.  D	 28.  B	 29.  C	 30.  C
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