Chapter 5
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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.

SERIES RESONANCE

+ Vg— V- +| |VC_
M\ 7000 1]
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The circuit is said to be in resonance if the current is in
phase with the applied voltage.
The impedance Z=R +jwL — ——
joC

1
Z=R+j(wL——)
wc

At resonance, the impedance is purely resistive

i.e., oL — L =0
oC

P = —
LC

r

1
0= —

JLe

is the resonant frequency in Hz.

1
2n\LC

|14 . . .
at resonance the current, [ = R’ that is, the current is maxi-

mum at resonance and the impedance is minimum.

Z1

At zero frequency, X, and Z are infinitely large, and X
is zero because at zero frequency, the capacitor acts as an
open circuit.

As the frequency increases, X, decreases and X] increases.
Since X is larger than X}, at frequencies below the reso-
nant frequency f,, Z decreases along with X..

* Atresonant frequency f, X=X, and Z=R.

At frequencies above the resonant frequency f, X is
larger than X, causing Z to increase.

The phase angle as a function of frequency is shown in
figure.
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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 =f, — 1,

where f, and f, are cut-off frequencies or half power
frequencies.

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

. 1
1e., ——w;L=R
w,C
1
and —-w,L=R
w,C
1
—_— 1L = _—wZL
w,C ,C
1
L((Dl + (Dz) _ 1 [601 +602:|
C | oo,
w,0,= !
1= 7c
0 = 0,0,
a)r = ﬂwl(oz
w,— o = R
) 177
R
h=h=77
. R
Bandwidth, BW=—
2nL
R
e,
R
L=kt

The quality factor (Q factor) is the ratio of the reactance of
the coil to its resistance at resonant frequency.

_ Xy, 2mfL

R R
fimh_1
1 0

wL 1

° R "k
_
Q_BW

Let 7 be the applied voltage across RLC circuit. At reso-

nance, the current / is the voltage across L is V| = IX] =
vV

—o,.L.
R
V., =0V
Similarly, Ve=VQ
. VL Ve
ie., =—= or —
0 V 14

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

0= 27r(

maximum energy stored
energy dissipated percycle

SRR
R R R NC

0 " Capacitive @0 |nquctive

* For 0 < w, = series RLC circuit behaves like (RC cir-
cuit) capacitive circuit
= Leading power factor
= V=0V £-90°
* For o= w, = Resistive nature; pf=1
* For o> @, = inductive nature
= Lagging power factor

V. =1z,
V. =0V .£90°
wyL
where 0= —
© R

* At Resonance:
|V = V| and these are 180° out of phase.
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Zeq=20+Zl+ 10
Z, = (j4w) |jCo—2/w)]

Solved Examples

Example 1 . .
In a series RLC circuit, the Q factor at resonance is 80. If all = ] 4o (.260 _ 2./0))
the component values are doubled, then the new Q factor is JjAo+ j20 - j2/o
(A) 0'=160 (B) 0'=40 j4o[20-2w] ]’400[2602 —2]
(C) O'=80° (D) None of these = e0—20 T et
Solution _ j4olw? -1]
For a series RLC circuits, T 302 -1
. 2
o=L1 |L z =204 22@ x4,
R \C q 302 -1
Given R'=2R At resonance, imaginary part is equal to zero.
L'=2L At 0= 0,
C'=2C o(@* -1)x4 _
L0 3w? -1
Q=5=40 =0’-1=0
Example 2 o =1
In a series RLC circuit, R=8 Q, X; =16, X =16,and V, = 2nf, =1
80 V. The voltage across the capacitor is f= 1 Hz
(A) V=160 £ 90° (B) V=40 £90° ' 2n
(C) V=160 £-90° (D) V=80 £-90°
. Example 4
Solution . _—
Ve=QV £-90° A series resonant circuit has L = .10 mH and C = 100 uF.
The required R for the BW 16 Hz is
Q:EQLJEZZ (A) R=16Q (B) R=0.16Q
R 8 (C) R=160Q (D) R=1.6Q
Given V. =V=80V .
V‘“ 5580 2 90 Solution
= X — o
¢ For a series RLC circuit, characteristic equation
=160 £-90°
, R 1 0
Example 3 g +ZS+E B
For the circuit shown in figure, determine the resonant BW = R
frequency (f,). L
2H 1/2F R
20Q  —o—— ——  _=16=>R=0.16Q
Wy aH 10x1073
v + 7500 L Selectivity: The selectivity of a resonating circuit is defined
N ez by the ratio of f; (the resonance frequency) to the bandwidth
of the circuit.
1 Selectivity = Jo = o
= = —_— y
(A) f Ole B) f o Hz fH—fi BW
C) f=—H D) None of these . . .
©7 T ©) Frequency at which V_ is Maximum
Solution V. and V| are not maximum at resonant frequency in the
case of series RLC resonance but at other frequency value.
) 7 Z This can be obtained by
J220) — j2/w

20Q F— _
o—AN—! ) VC = IXC
_ 4 1
Ao 10Q2 10Q a 1 2 we
R2+(wL—)
r , wc

Zeqg
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where [ = 7

7]

The frequency at which V. is maximum can be obtained by
differentiating ¥, w.r.t to @

. av?
ie., —< =0
do
, | 2@y (RCY +2(@3LC -1).20,LC |
av;
=0=
do

2 2P
[(wORC) +(wo2LC 1) }
However, V#0,
2a)02L2C +CR?>-2L=0

By simplification, we get

, 1 R?

0y =—-—=
LC 21

o = /L_R_z

" NLc 212
1 [1 R?

fo_zn LC 2I?

where f, is at which voltage across capacitor is maximum.
The frequency at which V| is maximum:

v, =1IX,
_ V
\/R2 + (L - Vex)

oL

The frequency at which V| is maximum is given by

av,?
do
By the simplification, we get
202 LC— a?(RC)?*-2=0
@’ [2LC - (RC)?] =2
B 2
2LC —(RC)?

=0

1 1
=—x
Jor Py

where f, 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

1
The admittance, Y = G+ ——+ jwC

JjoL
At resonance, ‘Y’ is purely real
. 1
ie., j(wC——) =0
ol
1
=wC-—=0
oL
1
0= —F—

vail
Vi

0.707 Vinax

At resonance, the current is minimum and the impedance
is maximum.
At lower half power frequency ,,

o,C - b = i
-1 1Y 1
O =—+ == | +—
2RC 2RC LC
At upper half power frequency ®,,
me- L1
o, L R

1 1V 1
(D2 = —+4 _ +—
2rC \\2rC) " LC
Bandwidth, BW = o, — o, = 1
RC

r

0)
The quality factor O =
quality 0 B

0=wRC
R
Q:_

o,L



Atresonance, [} =10 £-90°
1o =10 £90°

1
The resonant frequency f, = ——=Hz
iy Nive

Y(i®o)
™M\
v oL wc
1
R \
00 “ X—>o

1. Below resonance, the circuit acts like an RL circuit
(w< ), thatis, lagglqg power fac'tor. o

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

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

4 BW=—.
RC

5. Quality factor Q = R\/g

1
6. §=E

Impedance of parallel resonant circuit is maximum at res-
onance. Current of parallel resonance circuit is minimum
at resonance. Z, = R at @ = @, is maximum.

V. ..
o=, ES = minimum

z,| z
7

\._/

rd

! w1 Wo w2 S

Example 5

A series resonant circuit has an inductive reactance of 1 kQ,
a capacitive reactance of 1 kQ, and a resistance of 0.1 Q. If
the resonant frequency is 10 MHz, then the bandwidth of
the circuit will be

(A) 1kHz (B) 10 kHz
(C) 1 MHz (D) 0.1kHz
Solution
Bw=fo-_Jo
0 woL)
R
6
_ 0.1x10x10 | Kz
1000
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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) Ais 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 ¢ = 1 is the unity power factor.

Example 7

R ]XL

Find the resonant frequency for the tank circuit shown in figure.
Solution
The admittance is given by
1 1 R, - i
_ " _ 4 XL + J
R +jX, —jXe RP+X? Xc

R 1 X
Y= —L+j L
RI? + X, Xe R+ X}
At resonance, Y is purely real
Xe RP2P+X,?
oL
oC =
R> +w*I?
oL _R?
LC I?
1 1 RS2
I
2 NLC 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.

L T—ﬁz Q

5Q




3.122 | Part lll e Unit 1 e Networks

Solution
yo L1

10— 12 5+ jX;

C10+/12 05— X,
102 +12% 25+ X,°
10 5 [ 12 X,

Y= + +j -

102+122  252+X,%2 7|102+122 25+ X2

At resonance, Y is purely real
X, 12
25+ X% 10%+12?

X2 - 20.?)XL +25

ie.,

X, =1898Qor 1.32Q

X =wL=18.98Qor1.32Q
18.98 1.32
= —— or ——
1000 1000
L=1898 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 =550V and / =
1 A. Determine R, L, and C.

Solution

C
|
|

0 '
Vi |
Ve

Vr
: I
At resonance, X| = X,
=V _220
R R
= R=220Q
Ve=1Xc
550 =1. L
w,C
c 1
 550x 27 x50
1

f,= Zn\/f

P
- C| 2nfi

L=175H

V)
W

=5.75 uF

Example 10

A series RLC circuit consists of a 50 Q resistance, 0.2 H
inductance, and 10 UF 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
1
Resonant frequency f =
2N LC
_ 1
270.2x10%x107°
=112.5Hz
. L
Quality factor Q= w]’e
_ 2mx112.5%0.2
50
=2.383
.. R
Lower frequency limit f, =f — —
4rl
=112.5- _ 0
4xmx0.2
=92.6 Hz
Upper frequency limit
R 50
=f+ —=112.5+
L=t 4rL 41 x0.2
=112.5+19.89
=132.39 Hz

Bandwidth, BW =f, — f, =39.79 Hz

Example 11
Consider the following circuit

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

1 1
A) — B) ——
) VLC ®) JLC + R%C?
1 1
C) —————— D) —
©) e (D) —
Solution

For unity power factor, imaginary part of impedance should

be zero.
jolL (R - J)
_\ wey

e R+ joL - jloc
__JOl(R— jloc)
‘U (R+ joL - jloc)

y (R— joL + jloc)
(R- jol + jlox)



At resonance, imaginary part equal to zero

L 1
R?—=+
C w?*C?

By simplification, we get

=0

1

fo=———
27\ LC — R*C?

Filters

The general transfer functions for second-order filters:

Filters Transfer function
P
L CHE S s?+as+b
2
5 HPF = P
s?+as+b
3 BPF = S
sc+as+b
4 BSF o _Ps’+q
s?+as+b
5 APF =  StPs+g
s?+as+b

CouprLED 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:
v=L. g (1)
dt

where v is the induced voltage; %—) rate of change of
t

current; and L is the self-inductance.
Inductance also expressed as
No
I

where N is the number of turns in the circuit and ¢ = L is
the flux linkage.

L=

(@)
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By equating Eqs (1) and (2)
L E_y e
dt di
d¢

L=N-=%
di

Mutual Inductance

The Induced voltage of coil-2 is given by

dey,
1
i (1)

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

VL2:N2.

di
Vi, =M.— 2
L ” 2
By equating Egs (1) with (2), we get
M = Nz . m = Nl . @
h b

Coupling Coefficient

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

_ useful flux _ ¢, _ ¢y
total flux ¢, ¢,

M=K\LL,
M

JLL,

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

K:

Leakage Factor

total fl 1
Leakage factor = Jo X _ 2
useful flux 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.
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SERIES CONNECTION OF COUPLED
ColLs

M +o—st ro—3!
0 Sy A L
4 .4/ i \ (d M
Lo
\ Ly _‘1’ e <

Ly =L=L+L,+2M = aiding

(i) 4o gt +o—3!
0 &SN A 5\
%4 M = V ) M
A

Lyg=L=L+L,-2M = Opposition|

MAGNETICALLY COUPLED INDUCTORS

IN PARALLEL
(1) Magnetically aiding

i i

+ o (o,
A o M|,
4 L4 LZE Ly Lo
B o lerude
L | 4L -M?
« |L+L,-2M
(i1) Magnetically opposition
i i
[e, [,
® R ®
Leq L4 M\ Lo = Leq L4 M Lo
® .‘/
(e, (e,
. _|AhL —M?
4 |L+Ly+2M
Equivalent Circuit
i1 (M\ I2 i1 L1—M L2—M i2
o
Ly L. = M

[o]
[o]

i1 io I Ly+M Lo+M i
+O . O+
0 0 0 0
V1 M Vg = W -M Vs
¥ . ¥ \’ ¥
-0 o~ o Te)

TRANSFORMER COUPLING

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

. ii R .
(i) ? N
Vi(t) L Lo Re
2
o
, diy (t) diy (1)
Viit)=Ri(t)+ L, ———+ M ——
(=R (H)+ 1, di i
. di, diy(t)
0=Ryi, ()+ L, —+M
i () + Ly di dr
(i1) R i(t) {M\ Re ix(t)
+ \ )
V4 L4 L> _V2
) diy(t) diy (1)
V=R (t)+ L, -M—
1 i (D+ 1L d dt

. diy (1) diy(1)
Vo =Ryi,(t)+ L -M—=
2 hi (1) + L, i d

Ideal Transformer

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

V1=N1[;—(tp=vz=N22—(p
V, N, n_ I
BN LD
1. When n = 1, generally called the an isolation
transformer.

2. n>1,itis called step-up transformer (V,> V).
3. n<1,itis called step-down transformer (V, < V).

i io

N1ZN2
+0—> .
bogle )
Vi Ve

\’
o,
h_N,_-h

h N b



The input impedance as seen by the source is

YA
[1 nz ]2
ZL
7 = —
1 }’12

Example 12

Two couples coils have self-inductances L, = 15 mH and
L, = 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 i, = 5. sin 314 ¢ A.

Solution

M =K.\LK,
=0.75,/15x18 x1073
=1232x 102 H

The voltage induced in the second coil is
143 =M.ﬁ=12.32><10‘3.i(5sin314t)
? dt dt
=12.32x 103 x 5% 314 x cos 314t
V,,=19.34 cos314t Volts
_Nooi,
i
Me 500Xk %X @,
i
12321073 x5sin 3147 x1
0.75x500
¢,=16.42x 107 sin 314 ¢

M

Example 13
Impedance z, as shown in figure is

i(t) j8Q . j3Q

L 7000
Zeq> /60 o0

eq
(A) j29Q (B) j9Q
©) j19Q (D) j24 Q
Solution

12 — 13—
Zeq=j8+j3+j5+2><j10—2><j6

=16+ )8 =24 Q

Zoy=Ly+Ly+Ly+2M, +2M +2M,, ...
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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 ©) 1.0 (D) 0.05
Solution
M 0015
JLL, 0.09%0.01
_0.015
3x1072
=0.5
Example 15
The resonant frequency of the given series circuit is
/ M=2H
. 3F
T oo——/|
4H 3H I
1 1
(A) f=-—Hz (B) f=-—-Hz
4 RY/4
1 1
(©) f=—Hz D) f= Hz
! 6w ! 23
Solution
1
S
277:\/26,10

Ley=Ly+Ly+2M
Ly=4+3-2x2=3H
1

27m4/3%3

1
=—Hz
! 61

NETWORK FUNCTIONS AND LAPLACE
TRANSFORM

Laplace Transform

Let f{f) be a time function, which is zero for # < 0 and which
is arbitrarily defined for ¢ > 0.
Then, the Laplace transform of f{(¥) is defined by

L{f0O}=F(s)= | f(t)edt

In general,

F(s)=]f F(t).e.dt

The inverse Laplace transform can also be expressed as an
integral
O, t joo

J F(s).esds.

0,=je

I {F(s)}=f(t>=2iﬂj
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Table 5.1 Laplace Transform pairs

f(t) F(s)
1. 1 JA
2. Au(t) ’%
3. At %2
4 ot A
S+a
1
5. t.e_at (S+a)2
a
6. sin at s2+a2
S
7 cos at
s?+a?
8 df(t) Fe)
at sF(s) — flo+)
9. g F(s)
| f(t)at 5
o
10. fit - a) €35 F(s)
11.
| f@) fH(t-7)de F(8).F,(s)

Initial-value and Final-value Theorems
i) t_Lfﬁf(f)=f(0+)=§iiz{soF(S)}
iy Lt f(O)=/ (°°)=§irg{s-F(s)}

Table 5.2 Circuits in the S domain:

Time domain S domain S domain voltage

R i(t) s) R R.I(s)

1.

2. i) L Is) sk Li(©)

= i(O+) O&—W—@—O

3. i t) C [s) 1/sC @_{_ﬁ

Yl oL—n—@;a %75
Vo

S

sLI(s) - L.i(o+)

Example 16

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

2Q
0. 5F
-

(A) i(t)=j25.¢7".cost A (B) i(f)=50.e7"sint A
(C) i(r)=25.e"sin2t A (D) None of these
Solution
Given i(0*) = 0 and

V(0" =0

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

circuit is
di(ty 1% .
1 L——=+—|i(t)dt =
Ri()+ L= C{ (dt =y, (1)
Converting Eq. (1) into LPF
1
- Vv
RI(S) +SLA(s) +— 1 (5)= A

(2+S+2)-I(s)=&
N N

50
s2+2s+2
By applying inverse Laplace transform to /(s), we get

i(t) =25 {7/ — 77}
=50.e7".sint A

I(s)=

NETWORK SYNTHESIS

Consider the following network, as shown in Figure 1.

Excitation| Network |Response
E(s)ore(t) H(s) R(s) or r(t)

Figure 1 General Network.
The system function is defined as
R(s)
E(s)
Let us consider the following examples:
V(s)
1(s)

1Gs)
V(s)

= H(s)=

1. Driving point impedance Z(s)=

2. Driving point admittance V' (S)=

Immittance = Impedance (or) admittance




Driving Point Immittance of Simple
Networks

-— 1
1. Z(s)=R; Y(s)=—
26) éR = Z(s) (s) 2
EA
.—
1
2. Z(s)= L. ; Y =
Z(::%S) | S A=l Y=
%
3. 2(s) 10 :Z(s)— ; Y(s)=sC
l"._—l
R = :
4 = Z(s) =R+ Ls; Y(S)R+SL
Z(s) sL
1+1s
RLs )
S e g SA9- =tk
AN SsL
6. © = Z(s)=R+ 1/sC
Z(s)
° T1/sC
sC
Y(s) =
O =1Tres
1
7. =278 = —
ZL%%VSC Cs+%{
1
Y(s) = =+sC
(s) zs
L
8. = 7(s) = — &
a%mc ) =1vc
AN
1+s2 LC
Y(s) = ———
() sL

R-L Driving Point Impedance

The impedance function is of the form

K,
Zs)=K,+K;s+ 2
= $+0;

Properties

1. Poles and zeros of an R—L impedance lie on —c axis

and alternate

Im

2. The residues are real and negative.
3. The singularity closest to the origin is a zero.
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R-C Driving Point Impedance

The R—C impedance function has the general form Z(s) =

—+K +i

= s+0;

Properties

1.

2.
3.

The poles and zeroes lie on the negative real axis and
alternate.

Im

The residues of the poles, K;, are real and positive.
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

L 2K;
Z(S)= —+2 bt Ky
= 2 +w?
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 jo axis
and alternate.
3 %’w
% o
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.

NEeTwoORK FuNcTiON HAVE FOUR
CaANONIcAL ForMs

These are

1.

Foster form-I
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2. Foster form-II:

° J_2k1/W12J_%

1/Ko Wn2 p
s — Kv
ys) %1/21(1 %1 /2kn
(o,

3. Cauer form-I:
o— B —— --
- ﬁ /ml

(o2

4. Cauer form-II:

Ci Cs
o—| |-
Lg L4
o2 O -
Example 17
. (s+2)
The network function F(s)=-—————— represents an
(s+1)(s+4)

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

Pole—zero realization:

= pole nearby origin and so RC impedance

-4 -2 —1

= 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) azero in the left-half plane

(B) azero in the right-half plane

(C) apole in the left-half plane

(D) either a pole or zero in the left-half plane

Solution

For RL impedance function

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

Example 19
s(s?+4)

is not realizable
(s*+9)

Driving point impedance Z(S) =
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=0and Z==+,2=S
Poles ?+9=0= S==3

Example 20
The driving point impedance of the following network is

10 1F
V(t)(g %m %m

(A) Z(S)=s+1
252 +1
B) Z(S)=——+——
B) Z5) S +2s2+5+1
1
©) Z(S)=—
s+1
D) Z(S)_s3+2s2+s+1
252 +1
Solution
1 1/s
I—g:
Z% S S
O
1
s(s+ s)

Z =1+5|(s+ Us)=1+—""=
“ s+s+%
4257 +s5+1
252 +1

PowEeR RELATIONSHIPS IN Ac
CIrRcuIT

In a passive AC circuit, let the instantaneous voltage be
V(t)=V_ sin wt. The current is given by i(£) =1 sin(wt — @),



¢ being the phase difference between voltage and current at
any instant.
The instantaneous power p is given by

P=vi=V_I_sinwt. sin(@t — §)

1 1
= E'Vm'lm' cos .——V_.I cos (2wt —

2 mm.

¢ (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

1
P :E.Vm d,,.cos@

Vi L
N AN
=V 5L €080 = Vicos¢(W)

Loads Power factor (cos ¢)
R Unity

L zero lag

(o} zero lead

R-L lagging

R-C leading
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Apparent Power
S =voltage x current
=Vi=V I

ms - rms

Relative power Q = V.1 sing (VAR)

S=P2+0% VA

Average Value
T

1
Xy =7 [ x(0)dr

o

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

rms or Effective Value

1. rms Value of 4 sinwt and 4 coswt is A/ \/5

2. Ifx(#) =a,+ (a, coswt + a, cos2wt + ...
+b, sin2wt + ...... )

)+ (bysinwt

KNims = \/a +— (a1 +a’, +..)+— (bl +by?+...)

Practice Problems |

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

i(t)
—  AMA—————T00——
2Q 2H

2 .
(A) 2d—+2g’ +i(t)=sint

d?i di

(B) 2 >+ 2; + 2i(t)=cos t

A} di .
(C) 2@4‘25 + l(t) =cCcost
d*i o di . .
(D) E—i_ 25 + 2l(t) =sint

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

1
——uF . The resonant frequency is
400 n q y

1

(A) 2x10*Hz (B) ;xlO4 Hz
(C) 10*Hz (D) 2w x 10* Hz

4. The current i(t) through a 10 € resistor in series with
an inductance, is given by i(t) = 3 + 4 sin(1007 + 45°) +
4sin(3007 + 60°) A
The RMS value of the current and the power dissipated
in the circuit are

(A) Ja1 A, 410 W, respectively

(B) NEH A, 350 W, respectively
(C) 5A, 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) 04H (B) 32H

(C) 40H (D) 3.6H
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6.

10.

11.

The RC circuit shown in the figure is

r—w—||
+ R |

—_—

R C Vo

l

(A) alow-pass filter (B) ahigh-pass filter
(C) aband-pass filter (D) aband-reject filter

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) Tt increases (B) Itis zero

(C) It decreases (D) It remains the same

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

— <

b Im
Xx----- 1 s-
| plane
| o denotes zero
—c_¢1 »Re X denotes pole
-3
> mmmn 1
3(s+3) 2(s+3)
A B ———
) s2 42543 ® s2 42542
3(s-3) 2(s—3)
C D) ———2—
© §2—-2s-2 D) s —-25-3

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) Sl is false and S2 is true
(B) Both S1 and S2 are true
(C) Sl istrue and S2 is false
(D) Both S1 and S2 are false
Impedance Z, as shown in the given figure, is
j5Q . 2o

j2Q
I_' 10Q

Zl o

(A) j29Q (B) j9Q (C) j19Q (D) 39Q
The Thevenin’s equivalent impedance Z,; between the
nodes P and Q in the following circuit is

12.

13.

14.

15.

N
—
—/
AWV

10Q Q A
f

1

(A) 1 B) 1+s+ -
S

1 Z4s+1

C) 2+s+ ~ (D) 25T
Ky s2+2s+1

The driving point impedance of the following network
0.2s

—— = - The component values
sc+0.1s+2

is given by Z(s) =

arc

Z(s) —

(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=0.1H,R=2Q,C=5F

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

100 Q

05H

©,
Vie) T 0.4 uF

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

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

1 e— 1:3
1" o—
(A) 2z B) Z © z (D) z
3 9 3

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) 12 B) 1:N2  (©) V2:1 (D) 21



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

1o

1H
4 40
40
(A) L (B) L (©) L (D) 1e
12 8 4 16
18. i(t)Ra +ix, —ixe
V =V sinot

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

(A) circle (B) semi-circle
(C) exponential curve (D) sine curve
R L
19. MW 0
|1
e
e= Vnsinwt

The dynamic impedance of the abovementioned circuit
at resonance is

S B l\/Z ©
LC RNC

20. Match the following:

C
D) —

A
) RC RL

Locus of current

R X phasor
() v
(%
v
|
A
Figure 1
M ’
()
(O
v
v
B

Figure 2
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Figure 3

R Cf v
a)
U
ve

/ D
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 m-section filter consists of an inductance of
25 mH in the series arm and two capacitors 0.2 pF in the
shunt arms.

21. The cut-off frequency is .

w ®) —
10* &

C 5000 D 1

© T (D) 5000

22. Design impedance is .
(A) 25Q  (B) 250Q (C) 15Q (D) 25Q

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

(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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25.

26.

27.

Practice Problems 2 2.

Unit 1 e Networks

(A) equal to resonant frequency

(B) less than resonant frequency

(C) twice the resonant frequency

(D) greater than the resonant frequency

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

1Q
V() —T05F
o >
o[
[g’c] LO
(o] [2 2 0
® | |- MBI NEG
1 g.] |-05 0.5]|gc 1
[-0.5 -2 1
© | 2= LN I g N
1 g9.] 105 0 |lgc 0
(o] [0 1 1
o |7 |- MEREG
1 g.] 105 2]|gc 0
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) 0408 (B) 0.534 (C) 0.628 (D) 0.707

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 Q resister will be

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) Atresonance, input impedance is a real quantity.

(D) At resonance, the magnitude of the input imped-

ance attains its minimum value.

28.

29.

30.

h 9Q b
w ]
% 3Q

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

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

2iQ 20
3 l
52 0°AW 10£60°A

1043

(A) —4900 (B) 5 £-60°A
(C) 5£60°A (D) #4 90°A

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

Zs = (1+2))Q

1
| S

25.,0°V 7 = (3 +j4)Q

(A) 60 VAR
(C) 62.5 VAR

(B) 70 VAR
(D) 78 VAR
(s+1)(s+4) isa
s(s+2)(s+6)
(A) RL impedance function
(B) RC impedance function

(C) LC impedance function
(D) All the above

The network function

The ABCD parameters of an ideal n:1 transformer

shown in the figure are [n 0] . The value of x will be
0 X

I1 12

Vi Vo



1 1
(A) n ®) - © n? ®) —
n n
. What is the total reactance of a series RLC circuit at
resonance?
(A) equal to X

(C) equalto R
1Q

(B) equal to X,
(D) zero

i) |

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

s+1 s+1
A) — B) —
) s2+2s+1 ® s2+s+1
K s
C) — D) —
© s2+s+1 D) 2 4+2s5+1

. Driving point impedance of the network shown in the
figure is

1H 1H
(U0 (V000
——1F ——1F
st +3s52 +1 s2+1
a) T2 B) ———
s° +2s s(s“+2)
st +3s3 + 252 +1 s2+1
©C ———F (D)
s°+2s s+1

. 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) itis an ideal transformer.
(C) itis a perfect transformer as the coefficient of cou-
pling is 1.
(D) None of these
. The complex power in a single-phase AC circuit is
givenby .
(A) VI B) VI
) vr D) V'r

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

(1) PF is unity.
(i) Voltage magnification takes place.
(iii) Current magnification takes place.

(iv) Resonant frequency depends on resistance.

10.

11.

12.

13.

14.

15.

16.

17.

18.
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(A) (i) and (ii) (B) (ii) and (iv)
(©) (), (i1), and (iv) (D) (i) and (iii)
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

In the circuit of the given figure, the magnitudes of V.
and V_ are equal, at what value of supply frequency

10Q 5mH 200uF

N

103

(A)

B) — C
157 ()1571 ()27'[?

If the voltage and current in an AC circuit are given by
v =200 sin (ot + 30) and i = 10 sin (@f — 60), then the
PF of circuit is

V3 1 1
B) — D) —
> ®) > D) 7
If v = 200 sin(2wr + 30), i = 10 sin(wr + 30), then the
phase difference between v and i is
(A) 0 (B) 30
(C) 60° (D) None of these
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
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
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

In an RLC series circuit, the bandwidth is increased by

(D) 27

(A) © 0

(A) decreasing L
(C) increasing R

(B) decreasing C
(D) decreasing R

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

Which of the following statements are true?

(1) The higher the value of Q, the more selective will be
the circuit and lesser will be the bandwidth.
Impedance of parallel resonant circuit is maxi-
mum at resonance.

(i)
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(A) iandii
(C) iionly

19. Match the following:

Attentuation (o)

(B) ionly
(D) Both are false

frequency
Figure 1
(B) Low pass
(D) Band elimination
Attenuation (o)

(A) Band pass
(C) High pass

— frequency
Figure 2

Attenuation (o

)

fop — frequency

Figure 3

Attenuation (o)

W

frequency

20. Given that

Ji = lower cut-off frequency
/5 — higher cut-off frequency

Then, resonant frequency ‘f’, quality factor at reso-
nance, and selectivity are given by

(A) /ﬁfz,M’L

Y 25.
5 h-f
B s , T
® I fz—f 7,
A frfl
ﬁ fz+f1

\/flfz fL=h" fi-h

21.

23.

24,

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

>

Vi =100£45° !
% +5Q
o
Vo2 =100£-45°
(A) 0° (B) —45° (C) +45° (D) +90°

. The conditions for defining driving point functions are

(M

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)

Find the state equation for the following circuit.
R R L

di

(A) LZ2 =0.7V, =1.5;,R+.5V
diy .

(B) L=2 =07V, +15,R =5V
diy .

(©) L=2=0TV, =15 R+.5V
diy .

(D) L=2=0TV, =15, R=.5V

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

5cos2t.
I
Lss0
5cos2t
(A) 2H (B) 1H (C) 5H (D) 3H
Find the driving point admittance of the following
network.

2Q 14F
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@A) 353 +2s 27. Find the Thevenin’s resistance associated with the circuit.
25* + 653 +7s% +4ds+2 3Vas
352 +2 A
B oo b3
28 +55+4s5+2 2 2KQ
(352 +2)s B
© -3 3 2
25%+7s” +65° +4s (A) 1kQ (B) 0.45 kQ
563 42 (C) 2kQ (D) 0.22 kQ
(D) TP 1652 +45+2 28. Find the current i(t) through the following circuit.
2Q
26. An unknown impedance Z is connected across a
voltage source V = J50 cos(wt+50). The current 10 1H
flowing through the circuit is /18 cos(10¢+75) . What 0.5F
is the value of Z?
(A) 1.18Q res%stor %n series Wiﬂ’.l 84.7 mH infiuctor. (A) 106~ cos ¢ (B) Be, cos 2t
(B) 1.18 Q resistor in parallel with 84.7 mH inductor. 2
(C) 1.18 Q resistor in series with 84.7 mF capacitor. 10
(D) 1.18 Q resistor in parallel with 84.7 mF capacitor. (C) 10e™sin ¢ (D) Ee’ sinv/2 t
PRreEvious YEARS’ QUESTIONS
1. The equivalent inductance measured between termi- (A) 1 B) 106
nal 1 and 2 for the circuit shown in figure is  [2004] 52 +10%s+10° s2+10°5+10°
M 3 6
Lo, © S (D) S
18888 s2+103s+108 52 +10%5+10°
L L.
! 2 4. The ABCD parameters of an ideal n:1 transformer
0
2 shown in figure are |:g :| The value of x will be,
X
(A Ly +L,+M B) L,+L,-M [2005]
©) L, +L,+2M (D) L, +L,-2M I A
o VO (S) 0
2. The transfer function H(s)=——— of an R—L—C cir-
z Vi Vs
cuit is given by H(s) = L
SenDY 2 +205+10° .
The quality factor (Q factor) of this circuit is [2004]
(A) 25 (B) 50 1 1
(C) 100 (D) 5,000 (A) n B — ©) n D) —
n n
3. For the circuit shown in the figure of Q.35, the initial 5. Impedance Z as shown in figure is [2005]
conditions are zero. Its transfer function H(s) = Ve(s) I j2
ZE) — ° o
is [2004] '%m
w—/ .
10kQ 10mH % j2Q
—  ° Zin
Vi(t) 100uF == V(1) ‘
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10.

(A) 29 Q (B) j9Q
©) j19Q (D) j39 Q
In a series RLC circuit R=2kQ ,L=1H, and C =

1 .
——WF . The resonant frequency is [2005]

400

(A) 2x10*Hz (B) %XIO4 Hz

(C) 10*Hz (D) 27 x 10*Hz

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

The RC circuit shown in the figure is [2007]

— AAN [
o )l
R c

(A) alow-pass filter
(C) aband-pass filter

(B) a high-pass filter
(D) a band-reject filter

. In the following graph, the number of trees (P) and

the number of cut-sets (Q) are [2008]

(1)

() ®)

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

The driving point impedance of the following net-

work [2008]
Zs) L % J—C % R
Lf T

0.2s
s24+0.1s+2

is given by Z(s) = . The component val-
ues are

(A) L=5H,R=05Q,C=0.1F

B) L=01H,R=05Q,C=5F

11.

12.

13.

14.

15.

(C) L=5H,R=2Q,C=0.1F
(D) L=01H,R=2Q,C=5F

[| C

I
—\/\/\/\_

Ry

VO
/—o

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

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.

The bandwidth of the circuit remains same if L is
increased.

At resonance, input impedance is a real quantity.
At resonance, the magnitude of input impedance
attains its minimum value.

(B)

©
(D)

The average power delivered to an impedance (4 —;3) Q

by a current Scos(1007 + 100) A is [2012]
(A) 442 W (B) 50 W
(C) 625W (D) 125W

The following arrangement consists of an ideal trans-
former and an attenuator that attenuates by a factor of
0.8. An AC voltage V., =100 V is applied across WX
to get an open circuit voltage V 1 across YZ. Next, an
AC voltage V =100V is apphed across YZ to get an

open circuit voltage Vo across WX. Then, V,,,,/V.

wx1

and V ./ VyZ2 are, respectlvely, [2012]
uis 1:1.25
‘ Y
X Z

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

Two magnetically uncoupled inductive coils have QO
factors g, and g, at the chosen operating frequency.
Their respective resistances are R, and R,. When con-
nected in series, their effective Q factor at the same
operating frequency is [2013]



(A) q,+4q,
B) (1/g,) +(1/q,)
(©) (q,R, +q,R)/I(R, +R,)
(D) (q,R,+q,R)/I(R, +R,)
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]

| |
R

17. Aseries 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 Q, respectively,
the operating angular frequency (in rad/s) is
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18. In the circuit shown, the current / flowing through the
50 Q resistor will be zero if the value of capacitor C
(in pF) is [2015]

50Q 1 mH 1 mH

57 sin(50001) %1 mH _‘,C

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

I_sin ot CT) % R g L -_— Cc

10 Q 10 mH 10 uF

h Sl

At resonance, the ratio |/, |/|I;| i.e., the ratio of the magni-
tudes of the inductor current phasor and the resistor cur-

[2014] rent phasor, is [2016]
ANsSWER KEYs
EXERCISES
Practice Problems |
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. 0.39t00.42 17. 0.45t00.47 18. 20

19. 0.316
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NETWORKS Time: 60 Minutes

Direction for questions 1 to 30: Select the correct alterna- (A) 0.1 ra% ,2.5 (B) 0.1 ra% , 4

tive from the given choices.

1. In the following circuit, if a constant current source of (€) 0625 ra% 4 (D) 10 ra% 2.5

value 7 is switched on at ¢t = 0, what are the values of 6

. L .. . For an AC circuit if v(¢) = 50 sin (wt + 30°) and i(¢) =
currents i, and V| at ¢ = 0 with zero initial conditions? @ ( ) ®

5 sin (@t — 60°), the reactive power absorbed by the

s circuit is
><= (A) 250 VAR (B) 100 VAR
-0 (C) 125 VAR (D) 300 VAR
5 ; ) 20 ,-2> S20 7. | . ,
]
Q v AWy T
L —_—c
A
(A) 0,]  (B)2L,I (C)LO  (D)L2I ; C TV
2. For a series RLC resonant circuit, what is the total reac-
tance at the lower half power frequency?
) RR (B) V2Rrz45° The circuit represents a .
< — (D) V2R - 45° (A) LPF (B) HPF (C) BPF (D) BSF
2 8.
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 /I\ +
current in the circuit? § )
® 7" Loudw

(A) %,0 ®) 0.V (©) 0,  (D)0,0

V() e

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

Vin(5) -
s ; given R is 2 Q. What are the values of L o
2 +55+10 The circuits represents a ____.
and C, respectively? (A) LPF (B) HPF (C) BPF (D) APF
(A) L=04H,C=0.25F 9. The resonant frequency of an RLC series circuit is
(B) L=4H,C=25F 1 MHz, with the resonating capacitor of 100 pF. The
(C) L=025H,C=04F bandwidth is 10 kHz. The effective value of the resistor
(D) L=25H,C=4F Ris .
old- L (A) 8Q (B) 10Q (C) 14Q (D) 16 Q
MA ST 10. When a unit impulse voltage is applied to an inductor
R of 1 H, the energy supplied by the source is .
1 1
A\ 77 ® 23 ©U (D) 2J
Va(f)CrD L . 11. The lowest and the highest critical frequencies of an
B R—C driving point impendence are, respectively,
(A) azero and a pole
(B) apole and a pole
5. For a parallel RLC circuit, if R =25 Q, L =40 H, and (C) azero and a zero
C = 0.4 F, what are the bandwidth and Q-factor, (D) apole and a zero

respectively?



12.

In the abovementioned equivalent model of the induc-

tor, the value of initial current is

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

13.
I«(S)

]

@DOJGA

The initial voltage across the capacitor is
(A) 04V  (B) 0,64V (C) 1V

14.
Ic
+
IR lT
R (o} Vo

l

@ :

If Iy =4 A and Ic = 3 A, then the supply current / is
A) 7A B) 1A (©) 0.75A (D) 5SA

Direction for questions 15 and 16:

'® gz

15. If I, =8 A, Iy =3 A, and I = 4 A, then the value of / is

(A) 5A
C) 15A

(B) 7A
(D) None of these

(D) 6.4V

16.

17.

18.

19.

20.
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The power factor of the circuit in the abovementioned
circuit is

(A) 0.6 lead (B) 0.6 lag

(C) 0.51ag (D) 0.5 lead

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

L . Vis) (s+2Y
driving point impedance is Z(s) = —— = , then
1(s) s+3
the steady state and initial voltage developed across the

source are, respectively,

(A) iV,lV (B) lV,iV
9 9
4 4
©) ov,=-V (D) =V, eV
9 9
The driving point impedance function Z(s) =
2
(" +35t2) can be realized as a
s(s+1.5)

(A) RC admittance
(C) LC impedance

(B) RC impedance
(D) RLC impedance

Consider the following circuit Z(s) = 3 as s — oo
and Z(s) = 2 as s — 0, then the values of R, and R,,
respectively,

29 T4 Hzéj c
- ]

(A) 12Q,2Q
(C) 40,120

(B) 0Q,4Q
D) 129,4Q

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

=5

Figure 1
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Figure 2

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

(A) 8H (B) 12H (C) 4H (D) 16 H
21. The total impedance of Z(jw) of the following circuit is

%9 40

Ae Wy MY
240
g 30
——-j3Q

Be

(A) (0+)5)Q (B) (4+/0)Q
©) (5+/0)Q (D) 2+/1.5Q
22. In the following circuit, for what value of ‘C” will the

current / be in phase with sinusoidal source voltage
V =2sin2#?

—
I 1Q

Vs 1
aQ

(A) 4F (D) 2 F

®) VF
s2+6s5+12
s(s+3)
what is the value of R, and C,, respectively?
Cq C»

—

© J5F

23, If Z(s) = for the following circuit, then

Zs) 2R 2R
(A) gg'z 1g (B) 2Q,2F
3 )4 2
(C) 2Q 1r (D) Lo lp
"4 2 4

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

/ M:1H\

-— ]” .

3H SH
oF
(A) ! Hz (B) ! Hz
27r\/§ 472
(C) by D) ——Hn
- Z
2r 4n\3

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

(A) 295W (B) 29.5W (C) 250W (D) 300 W
Direction for questions 27 and 28:
Consider the following circuit:
lo
2Q
Is — 1
/2F 1H
1
27. The transfer function 1,(5) is
<(s
A) s(s+4) (B) 2S+2
(s+1)(s+3) s°4+25+2
s(s+1 2
Hs+D D) 5
s(s+1) sc+2s+2

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:

it i
+to—>——— —>—e

A

Vi % 6H Va

J J

bl S—
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29. Ifi,= e A and i, = 0, then the voltage V, is 30. If i, =3 A and i, = 2 cos 3¢ A, then the voltage V() is
2 2 .
(A) —4e2'V (B) ge‘” (A) 6cos3tV (B) 3 sin3tV

(C) 673V (D) None of these (C) 12sin3tV (D) 6sin3tV

. 2. D 3.D 4. A 5. A 6. C 7. A . 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
22. B 23. C 24. C 25. D 26. A 27. D 8. B 29. C 30. C
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