Alternating Currents

Questionl

Using a variable frequency a.c. voltage source the maximum current
measured in the given LCR circuit is 50 mA for V = 5sin(100¢) The
values of L and R are shown in the figure. The capacitance of the
capacitor (C ) usedis __ uF.

T AW
L=2H - R=1000

{2
Ay
V=5 sin (100 f)
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Answer: 50
Solution:

In a series LCR circuit, the current reaches its maximum value when the circuit is at resonance.

At resonance the inductive reactance (X)) equals the capacitive reactance (X ().

The total impedance (Z) is Z = \/ R2 + (X, — Xc)2 = R, purely resistive and minimum.

So, the peak current is given by Ip = VT = R
From the given equation of a.c. voltage is V = 5sin(100t). So, the peak voltage is Vo =5V
The resistance is R = 10082 = Z.

So, the calculated value of peak current is



I = 505 = 0.05 A = 50 mA.

This shows that the circuit is in resonance state.
From the voltage equation V = 55sin(100t),

w = 100rad/s

Using the resonance condition Xy, = X¢ :

wlL = L

wC

1
w?L

=(C=

Putting the values, we get

C= (100)Zx2 20000F— WHF— 50uF

Therefore, the capacitance of the capacitor is 50u F. Hence, the correct answer is 50.

Question2

An inductor stores 16 J of magnetic field energy and dissipates 32 W
of thermal energy due to its resistance when an a.c. current of 2 A
(rms) and frequency 50 Hz flows through it. The ratio of inductive
reactance to its resistance is .(m=3.14)
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Answer: 314
Solution:

Energy stored ( U ) in inductoris U = 16 J
Power dissipated in resistance is P = 32 W
RMS current in the circuitis I, = 2 A

Frequency (f) of the ac source is f = 50 Hz



Ah
— 8RN W

©

{ = iysin(wt)

Power is dissipated only through the resistive component of the inductor.

P =12

rms R
=32=(2)>"R=32=4R = R = 80
Magnetic energy is stored in the inductor.

_ -2
U—%L-z

Where L is the self inductance of the inductor and ¢ is the current through it. As the current source is AC, so
energy stored is equivalent to current corresponding to the DC source, ¢ = %,

Substituting the values in energy formula :

U= 5L (I%,)

=16=%.(2)2=16=2L

= L =8H

The inductive reactance (X ) given as X; = wL = 27 fL

X =2x314x50x8

= X = 2512Q)
. X\ -
So the ratio of <?> 1s,
Xy _ 2512 _
T =% =3
Therefore, the ratio of the inductive reactance to the resistance of the inductor is 314.

Hence, the correct answer is 314.

Question3



An inductor of 10 mH , capacitor of 0.1x F and a resistor of 1002
are connected in series across an a. c power supply 220 V, 70 Hz.
The power factor of the given circuit is 0.5 . The difference in the

inductive reactance and capacitance reactance is v/3a2. The value
of o is .
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Answer: 100
Solution:

In a series LCR circuit, the impedance ( Z ) is the vector sum of the resistance ( R ), inductive reactance (
X 1), and capacitive reactance (X¢).

m“n\\ Z=R2+ (X, —X:)?
X1, — Xl . v (X1, = Xe)

Z = /R + (X;, — Xo)*

The power factor (cos ¢) of the circuit is the ratio of the resistance to the impedance :

R R
cCosp = - =

Z
R2+(Xr—Xc)?

The value of resistance is R = 100€2
And the power factor is cos ¢ = 0.5

Substituting these values into the power factor formula :

0.5 = 100\/1002 + (X, — X¢)®



1002
1002 + (X1, — X¢)®
10000
10000 + (X1, — X¢)®

10000
10000 + (X1 — X¢)® = o

10000 + (X1 — X¢)? = 40000
(X — X¢)? = 40000 — 10000
(X1 — X¢)* = 30000
X1 — Xc| = V30000
X1 — X¢| = 100/3Q
= av/3 =100V3
= o = 100

(0.5)% =

0.25 =

Therefore, the value of c¢ is 100 .

Question4d

A series LCR circuit with R = 202, L = 1.6H and C = 40u F is
connected to a variable frequency a.c. source. The inductive
reactance at resonant frequencyis ().

JEE Main 2026 (Online) S5th April Evening Shift

Answer: 200

Solution:

In a series LCR circuit, resonance occurs when the inductive reactance (X ) is equal to the capacitive
reactance (Xc¢).

X, =X¢
_ 1
:>er—%—0

Where w; is the resonant angular frequency.



1
=@ =g

The inductance of inductor is given as L = 1.6H and the capacitance of capacitor is
C=40pF=40x10°F

Putting the values,

1

Wr = V1.6x40% 10
1
UJr e —
V64 x 1078
1 1000
W, = = = 125rad/s
8 x 1073 8 /

Using the formula for inductive reactance

Xy, =wr- L
XL =125 x1.6

16
Xy =12 — = 20012
L 5><10 00

Therefore, the inductive reactance at the resonant frequency is 200(2.

Questions

A capacitor C is first charged fully with potential difference of V),
and disconnected from the battery. The charged capacitor is
connected across an inductor having inductance L. In ¢ s, 25% of the
initial energy in the capacitor is transferred to the inductor. The
value of ¢ is S.
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Options:



v LC
6

Answer: D

Solution:
When a charged capacitor is connected to an inductor, the energy oscillates between the electric field of the
capacitor and the magnetic field of the inductor.
The charge q on the capacitor at any time t is given by :
q(t) = Qo cos(wt)
Where :
e Qo is the initial maximum charge.

e w is the angular frequency, defined as w = ——.

VLC
Initially all energy is in the capacitor.
Va L
& &
l | |
[ I

2
Uy= 2

Energy in capacitor at time t is :

Uc(t) = qggg = (rogz(,m)f = Uy cos?(wt)

By conservation of energy the energy stored in inductor as magnetic field,
UL =Up - Uc

= UL(t) = Up (1 — cos?(wt)) = Upsin®(wt)

It is that 25% of the initial energy is transferred to the inductor :

Uy = %UO

= U sinQ(wt) = %UO

= sinz(wt) =1

N

=sin(wt) = %



> I= =%
=>t= ”‘/ﬁm
Question6
For the series LCR circuit connected with 220 V, 50 Hz a.c source as
shown in the figure, the power factor is 5. The value of « is .
220 V, 50 Hz
N
b
L. C R
s 1 AW
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Options:
A.
4

B.

10



Answer: C

Solution:

The power factor ( cos ¢ ) of an AC circuit is defined as the ratio of the true resistance (R) to the total
impedance (Z) of the circuit.

R

Z

Power Factor = cos ¢ =

In a series LCR circuit, the inductive reactance (X,) and capacitive reactance (X ¢) oppose each other. The
net reactance is the difference between them.

X = [XL — X¢
Substituting the given values :
X = |70 — 150|Q2 = 8012

The total impedance of the circuit is,

Z=vVR?>+ X2

Z

X = |XI_ - X(_}
¢
R

Z = +/(60)2 + (80)2 = /10000 = 10
So, the power factor is cos ¢ = % = % = 16_0
=45 =1
=a=26

Therefore, the value of a is 6 . Hence, the correct option is (C).

Question7



The electric current in the circuit is given as ¢ = i,(¢/7T). The r.m.s
current for the periodt =0tot =1T'is .
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Options:

>

S

o

B

a

D.

io

V6

Answer: B

Solution:

The root mean square (r.m.s) value of a time-varying current (¢) over a period 71" is defined by the formula :
T

irms — LT f izdt
0

We are giveni = i, (%)
So, using the rms formula,

2 1 : 2 t2
1rms = _T (10 T2 >dt
0

Since ¢, and T are constants, we can move them outside the integral :

. . T .
D) o i2 T ,9 o i2 t3 _ i2 T3
Ims = rfs fo todt = T03 3 0 - T03 X 3

. . i2
= Lyms = 3



io

= irms = E

Hence, the correct option is (B).

Question8

The figure given below shows an LCR series circuit with two
switches S; and S,. When switch Sy is closed keeping S, open, the

phase difference (¢) between the current and source voltage is 30°
and phase difference is 60° when S, is closed keeping S; open. The

value of (3L{ — L,) is H.
C = 100pF R

HWL

5, :) 52, )

@

Vo=V sin{3001)
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Options:

A.

9
2

Q ©o| N

wW|



Answer: B

Solution:

In an LCR circuit the phase difference ¢ is given by the formula :

X, —X
tan ¢ = Kol = ol

Case 1 : S closed, So open

gl it T = 10QwF L
d kL)

5
WL DD-

|
I
\—L'_':}.H_ﬂ.li'.—

= U s 200

In this case the inductor L is short-circuited. The active components are R, C, and L.

tan 30° = %

1 o le—i

3T TR
=R=+v3(wL, — 2)...... (i7)

=

Case 2 : S closed, S1 open

C 1O F [ C = 100wt L]

_I J| I. .'|.,‘|~i~l. [ I l.ir\h

=" = o]

C ) o . = o

- =~

1 Ly 1 3 I o
=

= = &

ey = L=

. ;]

© @

Voo Wy s S00e) Vo= Wy and 3001

Here, the inductor L1 is short-circuited. The active components are R, C', and Ls.

Xpp—X
tan 60° = —£5=¢

1
whe—og

:>3:R



Equating both expressions for R :
2 1) _ 1 1
V3 (WL - 5) = ﬁ(WLz - 2c)

= 3wl — 25 =wly — &

= 3wl — wly = ==
= w(3L; —Ly) = &

:>3L1_L2:wT2C

Substituting w = 300 and C = 100 x 10 ° F:

_ 2
3Ly — Ly = (300)2x100x 10

_ - 2 2
=3L; — Ly = 90000x10 7 9

Therefore, the value of 3L1 — Lo is %

Hence, the correct option is (B).

Question9

An a.c. source of angular frequency w is connected across a resistor
R and a capacitor C in series. The current is observed as I. Now the
frequency of the source is changed to w/4, (keeping the voltage
unchanged) the current is found to be /3. The ratio of resistance to
reactance at frequency w is
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Options:

A.

~|o

|



ol~

N

Answer: C

Solution:

The impedance of a series RC circuit is given by Z = 4/ R? + X g

If the voltage of a.c. source is V then the current in the circuitis I =

The capacitive reactance at angular frequency w is X¢ =
For current (I) when the frequency of the source is w.
The capacitive reactance is X¢ = %

I=—L—. (i

At frequency w’ = 7, the new reactance X becomes X =

The new current I' =1/3:

I_ v _ v
P JRraxe?  y/Rr6xE

. (i4)

Substituting I from equation (i) into equation (ii) :

1 14 _ 14
3< R2+Xg> \/ R*+16X7,

1 _ 1
9(R2+X2)  R’+16X2

=
= R? + 16X2 = 9R” + 9X2

= 7X2 = 8R?

So, the ratio of resistance to reactance <%>

R2
X3 T

R _ /1
;‘x—c—\/g

Therefore, correct option is (C).

r
8

1

v

Z

(w/4)C

4
L
wC

=4X¢



Question10

A LCR series circuit driven with E,.,,, = 90 V at frequency

fa = 30 Hz has resistance R = 80(2, an inductance with inductive
reactance X; = 20.0€2 and capacitance with capacitive reactance
X = 80.0€2. The power factor of the circuitis .
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Options:
A.

0.8

B.

0.64

C.

0.9

D.
0.5

Answer: A

Solution:

In an AC circuit, the power factor (cos ¢) is defined as the ratio of the resistance (R) to the total impedance
(Z) of the circuit :

5. %

R

Power Factor = cos ¢ = =



For a series LCR circuit, the impedance is

Z = /R + (Xo - Xp)°

The value of resistance is R = 80¢2, the inductive reactance is Xy, = 20.0€2, and the capacitive reactance is
X = 80.092.

X = Xy — Xo| = |20 — 80| = 609

So, the impedance is,

7 = /802 + 602 = /6400 + 3600 = v/10000 = 10092
Thus, the power factor is,

_ R _ 80 _
cos¢ = =455 =0.8

Therefore, the correct option is (A).

Questionll

A series LCR circuit is connected to an alternating source of emf E.
The current amplitude at resonant frequency is /. If the value of
resistance R becomes twice of its initial value then amplitude of
current at resonance will be
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C. 21,
D. I

Answer: A

Solution:

At resonance in a series LCR circuit, the reactive components (inductive and capacitive) cancel each other
out, leaving only the resistance. Therefore, the amplitude of the current is given by:



Now, if the resistance is doubled, the new resistance becomes 2R. The current amplitude at resonance then
becomes:

_ E _1(EY _ D
I=g=3(%) =7
Thus, the amplitude of current at resonance when the resistance is doubled is %

The correct option is A.

Question12

An alternating current is given by I = I sin wt + Ig cos wt. The
r.m.s current will be
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Options:
A VIR
: 2
I3 +13
B. A2 B
Ta+Ig|
C. V2
/12 2
Answer: B
Solution:

[ 12412
Iins = 4 2 =
To determine the root mean square (r.m.s) value of the alternating current given by
I(t) = I4sin(wt) + Ipcos(wt),

we start by squaring the current:

I(t)?* =13 sin®(wt) + I2 cos?®(wt) + 21 41p sin(wt) cos(wt).



The r.m.s value is defined as the square root of the average of this squared current over one complete period.
When averaging over a full cycle, we utilize the known averages:

(sin®(wt)) = 5, (cos®(wt)) = 1, (sin(wt)cos(wt)) = 0.
Thus, the time-averaged square of the current becomes:

I2+712
(I(t)*) =135 + I35 = 252,

Taking the square root gives the r.m.s current:

I2+13
R

Irms =

This corresponds to Option B.

Question13

An electric bulb rated as 100 W — 220 V is connected to an ac
source of rms voltage 220 V. The peak value of current through the
bulb is :
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Options:

A.032A

B.0.64 A

C.045A

D.22A

Answer: B

Solution:

First find the bulb’s rms current and then convert to its peak value:

rms current

_ p _ 100W |
Lms =& = 03~ ~ 0455 A

peak current
L = Ioms V2 0.455 x 1.414 ~ 0.64 A

So the correct choice is 0.64 A (Option B).



Question14

An alternating current is represented by the equation,

i = 100+/2 sin(1007t) ampere. The RMS value of current and the
frequency of the given alternating current are
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Options:

A. 1—\‘}3 A, 100 Hz

B.504/2 A, 50 Hz

C.100v/2 A, 100 Hz
D. 100 A, 50 Hz

Answer: D

Solution:

To solve the problem, we need to determine both the RMS value of the current and the frequency from the
given equation:

i(t) = 100+/2 sin(100t).
Here's how we do it step by step:
RMS Current Calculation:

For a sinusoidal current of the form i(¢) = Iy sin(wt), the RMS (root-mean-square) current is given by:

Iy
Ixvs = Nk

In our case, the amplitude Iy = 100+/2 A. Plugging into the formula:

Lens = % = 100 A.

Frequency Calculation:

The argument of the sine function is 1007t. In the general form sin(wt), w is the angular frequency which
relates to the frequency f by the equation:



w=27f.

Given w = 1007, we can solve for f:

f=3= % = 50 Hz.

With these calculations, we find that the RMS current is 100 A and the frequency is 50 Hz.

Thus, the correct option is:

Option D: 100 A, 50 Hz.

Questionl5s

An ac current is represented as
i = 5v/2 + 10 cos (65()7rt + %)Amp
The r.m.s value of the current is
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Options:

A. 10 Amp
B. 5v/2 Amp
C. 100 Amp
D. 50 Amp

Answer: A

Solution:

To find the root mean square (RMS) value of the given alternating current, follow these steps:

The current is represented as:
i = 5v2 + 10 cos (6507t + %) Amp
Here, the time-independent DC component is 51/2 and the AC component is 10 cos (6507rt + %)

Calculate the square of the current, i2:



i2 = (5%5)2 + (10 cos (6507t + X)) + 2 x 5v/2 x 10 cos (650nt + =)
Simplifying, we have:

i? = 50 + 100 cos? (6507t + ) + 100v/2 cos (650t + F)

Find the average value (i%):

The average value of cos terms over a period is zero, simplifying our equation to:
(i*) =50+ 12 + 0

This simplifies to:

(%) = 50 + 50 = 100

Calculate the RMS current:

The RMS value is the square root of the mean of the squares of the current:
(i) = v/100 = 10 Amp

Thus, the RMS value of the current is 10 Amps.

Questionl6

In a series LCR circuit, a resistor of 300(2, a capacitor of 25 nF and
an inductor of 100 mH are used. For maximum current in the
circuit, the angular frequency of the ac source is x10%
radians s—!
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Answer: 2

Solution:

For a series LCR circuit, the maximum current occurs at resonance, where the inductive reactance equals the
capacitive reactance. Given the values:

Inductance: L = 100mH = 0.1 H



Capacitance: C' = 25nF = 25 x 10 °F
we first calculate the product LC:"

LC=01x25%x10"?=25x10"Y

Next, compute the square root of the product:

VLC =+v25x107°

Recognize that:

V2.5 %107 = V25 x V109 ~ 1.581 x 107*°
Since 10™*% = 3.162 x 10~°, we have:

VLC ~1.581 x 3.162 x 107° ~ 5.0 x 107
Now, the angular frequency at resonance becomes:

w= W = 2.0 x 10*radians/s

Thus, the angular frequency of the AC source for maximum current in the circuit is:

w = 2 x 10* radians/s

Question17

An inductor of self inductance 1 H is connected in series with a
resistor of 100m ohm and an ac supply of 1007 volt, 50 Hz .
Maximum current flowing in the circuit is
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Answer: 1

Solution:

Impedance of circuit

7= \/R2 +(X1)? = \/R2 + (wy)?



Vv 1007 1
2 V2x100m V2
1
Toox = V2Ims = V2 x — =1 Ampere
V2

Correct Answer : 1

Questionl8

For ac circuit shown in figure, R = 100k{2 and C = 100pF and the
phase difference between V;, and (Vg — V) is 90°. The input

signal frequency is 10“rad/sec, where ' z ' is

| |
11
2

A\’ @ e o
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Answer: 5

Solution:

Input voltage



010 =900 =45°
C

tanf = —=

an R

X¢c=R=—=R

C
1 1

Ro 100 x 10° x 100 x 1012
107

W =

—10°

Question19

An inductor of reactance 1002, a capacitor of reactance 50¢2, and a
resistor of resistance 50¢) are connected in series with an AC source
of 10 V, 50 Hz. Average power dissipated by the circuit is

W.
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Answer: 1

Solution:

To calculate the average power dissipated in the circuit, we follow these steps:

Formula for Power:



P = erms X Irms X COS¢

Expressing Power in Terms of Voltage and Impedance:

Vims R
P=Vi X —5—XZ

Simplifying the Expression:

V2 xR

P — l"me2

Calculate Impedance (Z):

The impedance of the circuit (Z) is calculated as:

Z=+R2+ (X1 — Xc)?

Given:

- X =10092
-Xc =500
-R=500

X, —Xe=10092 —-50Q =500
Thus:

Z = /502 + 502 = 502 Q2
Substitute Values to Find Power (P):

Given Vs = 10V, we calculate P as follows:

— 10?x50
(50v/2)2

Simplifying further:

_100x50 __
P = 2500x2 1w

Therefore, the average power dissipated by the circuit is 1 W.

Question20

Primary side of a transformer is connected to 230 V, S0Hz supply.
Turns ratio of primary to secondary winding is 10:1. Load resistance



connected to secondary side is 46(). The power consumed in it is :

[27-Jan-2024 Shift 2]
Options:

A.

12.5W

10.0W

11.5W

D.
12.0W

Answer: C

Solution:

V.2
Power consumed = T

_ 23x23 _
46

11.5W

Question21

A series LCR circuit with L =100/t mH, C = 103/ Fand R = 10Q,
is connected across an ac source of 220V, SOHz supply. The power



factor of the circuit would be

[27-Jan-2024 Shift 2]

Answer: 1

Solution:

¥ = L: T =100
P wC 27x50x107°

X, =L =250 10 % 107

i

=10C
X:: = ‘CL Hence, circuit 15 1in resonance

~ power factor = == —=1

M
|

Question22

In the given figure, the charge stored in 6uF capacitor, when points
A and B are joined by a connecting wire is nC.

T AY

602

3uF —— 30




[29-Jan-2024 Shift 2]

Answer: 36

Solution:

At steady state, capacitor behaves as an open circuit and current flows in circuit as shown in the diagram.

Y gy
i
60 6pF 602
A B A B
=
kTe) 30
3'_1_F::
R =90
cq
i= V_qa
90

S0, potential difference across 6uF 1S 6V.
Hence

O =CAV

=6x6x10°C

=36uC



Question23

Primary coil of a transformer is connected to 220V ac. Primary and
secondary turns of the transforms are 100 and 10 respectively.

Secondary coil of transformer is connected to two series resistance
shown in shown in figure. The output voltage (V) is :

15k0

A %
zlc:ﬁ.;CD g | % o

[30-Jan-2024 Shift 1]

WA

Options:
A.
vV

B.

15V

44V

D.
22V

Answer: A



Solution:

Question24

A series L,R circuit connected with an ac source E = (25sin 1000t)V
has a power factor of 1/N2. If the source of emf is changed to E=

(20sin2000 t)V, the new power factor of the circuit will be :

[30-Jan-2024 Shift 1]

Options:
A.

12
113

145

D.
17

Answer: C

Solution:



E = 25sin (1000t)
1

cosll= —

V2
LR circuit
X,
3]
R
Initially =1 -1
mll tanf g 45°
X =wL

v ow. Ll 2oL
tanf = L = 1
R
tan @ =2
-1
cosf = \a"':.:
Question25

An alternating voltage V(t) = 220sin 100xt volt is applied to a purely
resistive load of 50€). The time taken for the current to rise from
half of the peak value to the peak value is:

[30-Jan-2024 Shift 2]

Options:



7.2 ms

D.
2.2 ms

Answer: B

Solution:

Rising half to peak

Question26

A power transmission line feeds input power at 2.3 kV to a step
down transformer with its primary winding having 3000 turns. The
output power is delivered at 230V by the transformer. The current
in the primary of the transformer is SA and its efficiency is 90%.
The winding of transformer is made of copper. The output current
of transformer is A.

[30-Jan-2024 Shift 2]

Answer: 45
Solution:
Pi: 2300 = 5 wwatt

P,=2300=5=09=230=L,

I,=45A




Question27

An AC voltage V = 20sin 2007t is applied to a series LCR circuit
which drives a current I = 10sin (200xt + 7t/3). The average power
dissipated is:

[31-Jan-2024 Shift 2]
Options:

A.

21.6 W
200W

1732 W

D.
S0W

Answer: D

Solution:

Question28

A parallel plate capacitor has a capacitance C = 200pF. It is
connected to 230V ac supply with an angular frequency 300rad/s.



The rms value of conduction current in the circuit and displacement
current in the capacitor respectively are :

[1-Feb-2024 Shift 1]
Options:

A

1.38pnA and 1.38pA

B.

14.3pA and 143pA

C.

13.8pA and 138pA

D.
13.8pA and 13.8uA

Answer: D

Solution:

=230 =300 =200 = 1072 =13.8uA

4
I=—
XC

Question29

In series LCR circuit, the capacitance is changed from C to 4C. To
keep the resonance frequency unchanged, the new inductance
should be :

[1-Feb-2024 Shift 1]
Options:

A.



reduced by iL

B.

increased by 2L

C.

reduced by %L

D.

increased to 4L

Answer: C

Solution:

e = &

1 1

JLc Vic

~LC=LC

L{dC)=LC

=L
4

= Inductance must be decreased by %

Question30

A transformer has an efficiency of 80% and works at 10V and 4kW.
If the secondary voltage is 240V, then the current in the secondary
coil is :

[1-Feb-2024 Shift 2]

Options:



1.59A

13.33A

1.33A

D.
15.1A

Answer: B
Solution:

: EEIS
Efficiency = ——
EPIP

2401
2000

1= 3200 _ 13334
40

Question31

In the circuit shown in the figure, the ratio of the quality factor and
the band width is S.

1012
AN

J Lk

= 2Tuk

2300 &)

O
3.0H

[24-Jan-2023 Shift 1]



Answer: 10

Solution:

1 1

Question32

Three identical resistors with resistance R = 12() and two identical
inductors with sell inductance L. = 5 mH are connected to an ideal
battery with emf of 12V as shown in figure. The current through the
battery long after the switch has been closed will be  A.

L ]
— T
R
3 L
- ww— I
|| ()
'13v k

[24-Jan-2023 Shift 2]

Answer: 3
Solution:

After long time an inductor behaves as a resistance-less path.
So current through cell
12
I= —=3A{vR=12Q
R/3 { }



Question33

In an LC oscillator, if values of inductance and capacitance become
twice and eight times, respectively, then the resonant frequency of
oscillator becomes x times its initial resonant frequency ®,. The

value of x is:
[25-Jan-2023 Shift 1]

Options:
A.1/4
B. 16
C.1/16
D. 4

Answer: A
Solution:

The resonance frequency of LC oscillations circuit is
1
0) = —_——
*" Lc
L—-2L
C—8C

11
V2L x8C 4LC
Lo
4

W=

So x

o R

Question34

An LCR series circuit of capacitance 62.5 nF and resistance of 50Q).

is connected to an A.C. source of frequency 2.0 kHz. For maximum

value of amplitude of current in circuit, the value of inductance is
mH.




(take n* = 10)
[25-Jan-2023 Shift 1]

Answer: 100
Solution:
f= 1/2nVLC

2000Hz= 1/27{L x62.5% 10
L= 1/4n" x2000° x62.5% 10 °=0.1H= 100 mH

Question35

A series LCR circuit is connected to an AC source of 220V, 50 Hz.
The circuit contains a resistance R = 80(), an inductor of inductive
reactance X, = 70(), and a capacitor of capacitive reactance

X = 130Q). The power factor of circuit is % The value of x is :
[25-Jan-2023 Shift 2]

Answer: 8

Solution:

R
VR?+ X=X
30

1 (80) + (60)?

80 _ 8

= _: e
€S9 700~ 10

So, x=8

cos @ = R-
Z

cosQ =




Question36

Find the mutual inductance in the arrangement, when a small
circular loop of wire of radius ' R ' is placed inside a large square
loop of wire of side L. (L. > R). The loops are coplanar and their
centres coincide :

L

L
[29-Jan-2023 Shift 1]

Options:

\/EuoRz
A.-M= —

2\2
B.M= L’;‘O

R

2\/§p0R2
L

\/EMOR
12

Answer: C

Solution:

¢ =Mi
¢ =(BA)

Mo i
=aR* [ 420 ——
oo (45 )

2
2
:2\/5],LOR
L




Question37

For the given figures, choose the correct options:

W0 L0 mly 0% uF
100 XL —
i
.-'_‘-,I [ :I
{\‘l— .JI - P .‘.
10 ¥ .9 H: ' I -

[29-Jan-2023 Shift 2]

Options:

A. The rms current in circuit (b) can never be larger than that in (a)
B. The rms current in figure (a) is always equal to that in figure (b)
C. The rms current in circuit (b) can be larger than that in (a)

D. At resonance, current in (b) is less than that in (a)

Answer: A

Solution:

(~)

&
220V 50 Hz
220
—=55A

4002 somH 0.5uF
&

O
220¥ S0 Hy

X, is not equal to X .. So rms current in (b) can never be larger than (a).




Question38

An inductor of inductance 2pnH is connected in series with a
resistance, a variable capacitor and an AC source of frequency
7 kHz. The value of capacitance for which maximum current is

drawn into the circuit is }(F , Where the value of x is

(Taken= 2)

[29-Jan-2023 Shift 2]

Answer: 3872

Solution:

1
2n fC

C=

=2nfL

1 1
APl 4xmPx49x10°x2x107°
1
C= —F
3872
X = 3872 Ans.

Question39

A sinusoidal carrier voltage is amplitude modulated. The resultant
amplitude modulated wave has maximum and minimum amplitude
of 120V and 80V respectively. The amplitude of each sideband is :
[30-Jan-2023 Shift 1]

Options:
A. 15V

B. 10V



C.20V
D. 5V
Answer: B

Solution:

A+ A_=120
A,~A =80
~A_=100
A, =20

P 20 1
Modul = 22 = 2
odulation index 00~ 5
Amplitude of each sideband
N (mod ulation index)
¢ 2

1
=100x — =10 volt
10

Question40

In a series LR circuit with X, = R. power factor is P,. If a capacitor
of capacitance C with X . =X, is added to the circuit the power

factor becomes P2. The ratio of P1 to P2 will be :
[30-Jan-2023 Shift 1]

Options:
A.1:3
B.1:V2
C.1:1
D.1:2

Answer: B

Solution:



_R_,_ R __ R _
P—Z=>P \jR2+XL2 R\/E( as X, =R)
P;%
R
P, = P =1
? \jR2+(XL—XL)2 ?
oL
P, 2
Questiond1

In the given circuit, rms value of current (I ) through the resistor
Ris:
X,=200Q, X =100Q

—OO 1 WAV
R=100<2

)
/

V. =20082V

[30-Jan-2023 Shift 2]

Options:
A.2A

1
B. EA
C.20A

D.2\h A

Answer: A

Solution:

z= 11002+ (200 100)*
=100V2Q



|

<
2
|

V)
S
S
S

Question42

In an ac generator, a rectangular coil of 100 turns each having area

14 x 10 *m” is rotated at 360 rev/min about an axis perpendicular to
a uniform magnetic field of magnitude 3.0T. The maximum value of

the emf produced will be V (. Take n = %)
[30-Jan-2023 Shift 2]

Answer: 1584

Solution:

& =NABo

360 x 2n

=100x 14x10 2 x3x
60

= 1584V

Question43

An alternating voltage source V = 260sin (628t) is connected across a

pure inductor of S mH. Inductive reactance in the circuit is:
[31-Jan-2023 Shift 2]

Options:
A. 3.14Q
B. 6.28Q

C. 0.5Q



D. 0.318€Q2

Answer: A

Solution:

o=628rad/ s
XLZLm
=5mH x 628
=3.14Q

Question44

A series LCR circuit consists of R = 80QX; =100, and X = 400

The input voltage is 2500 cos(100xt) V. The amplitude of current, in
the circuit, is A.
[31-Jan-2023 Shift 2]

Answer: 25

Solution:

o = 100n
So Z = {R*+(X, - X )

— 80>+ (100 — 40’
~ 100Q

Vo 2500 ,

= 204 =25A
100

Questiond5



Match the List I with List 11

List | List Il

A. AC generator |. Presence of both L and C
B. Transformer ll. Electromagneticinduction
C. Resonancephenomenonto occur | |ll. Quality factor

D. Sharpness of resonance V. Mutual Inductance

Choose the correct answer from the options given below:
[1-Feb-2023 Shift 1]

Options:

A. A-1V, B-11, C-1, D-III
B. A-II, B-1, C-III, D-IV
C. A-I1, B-1V, C-I, D-III
D. A-1V, B-111, C-1, D-II
Answer: C

Solution:

Based on theory.

Question46

A series LCR circuit is connected to an ac source of 220V, 50 Hz.
The circuit contain a resistance R = 100€2 and an inductor of
inductive reactance X | = 79.6(). The capacitance of the capacitor

needed to maximize the average rate at which energy is supplied will
be uF.
[1-Feb-2023 Shift 1]



Answer: 40

Solution:

To maximize the average rate at which energy supplied i.e. power will be maximum.
So in LCR circuit power will be maximum at the condition of resonance and in resonance condition
X, =X,
1

79.6 = —
oC
_ 1

¢ 21 x 50 x 79.6
~C =40uF

Questiond7

An ideal transformer with purely resistive load operates at 12 kV on
the primary side. It supplies electrical energy to a number of nearby
houses at 120V. The average rate of energy consumption in the
houses served by the transformer is 60 kW. The value of resistive

load (Rs) required in the secondary circuit will be m().
[6-Apr-2023 shift 1]

Answer: 240

Solution:

For an ideal transformer, input power = Output power
And power is given by P =1V
iV =iV _=60000W
p p s s
. _ 60000 _
i =2"" =35
P 12000



Y_Q _ 12000

Now, R_= 12000 _ 54000
p L 5
A%
s 1 60000/120 60000 500
Question48

A capacitor of capacitance 150.0uF is connected to an alternating
source of emf given by E = 36sin (120xt)V. The maximum value of
current in the circuit is approximatively equal to :

[6-Apr-2023 shift 2]
Options:

A N2A
B. 2\2A

1
C. \/_EA

D. 2A

Answer: D
Solution:

Given alternating AC source E = 36sin (120nt)v& capacitor C = 150uF using Q =CV
we can write Q = (CEsin ot)

Currenti= (L—? =(CEocoswt)
max. value of current i,=CEo

or i, =150 x 10 °x 36 x 120m
=2.03A

O

®
E



Question49

An oscillating L.C circuit consists of a 7S mH inductor and a 1.2uF
capacitor. If the maximum charge to the capacitor is 2.7uC. The
maximum current in the circuit will be mA.

[8-Apr-2023 shift 1]

Answer: 9

Solution:

LC oscillation L =75mH
C=1.2uF
U

max L - Umax C

2
1 2 14
2L — 1 Tmax
2 max 2 C

—6
e A _, - 2.7x10
VLC 175 x 10 2 x 1.2% 10 6
I =9x10"°A
1 o 9mA

m

Questions(

A series combination of resistor of resistance 1002, inductor of
inductance 1H and capacitor of capacitance 6.25uF is connected to

an ac source. The quality factor of the circuit will be
[8-Apr-2023 shift 2]

Answer: 4



Solution:

- 41T

_ 1 \/ 1
100 ¥V 625%x10°¢
=4

Question51

Given below are two statements:

Statement I : Maximum power is dissipated in a circuit containing
an inductor, a capacitor and a resistor connected in series with an
AC source, when resonance occurs

Statement II : Maximum power is dissipated in a circuit containing
pure resistor due to zero phase difference between current and
voltage.

In the light of the above statements, choose the correct answer from

the options given below :
[10-Apr-2023 shift 1]

Options:

A. Statement I 1s true but Statement II is false
B. Both Statement I and Statement II are false
C. Statement I is false but Statement II is true
D. Both Statement I and Statement II are true

Answer: D

Solution:



Power is more when total impendence of ckt in minimum
_ Jn2 2
Z={R*+(X_ - X,)

v X, =X (conductor of resonance)

~Z .. =R V&I insame phase

QuestionS2
Impedance N /
L—'l urve A
\ /~— Curve B
\. /
-
x’x‘m._
e

f(Hz)

As per the given graph, choose the correct representation for curve
A and curve B.
{. Where X = reactance of pure capacitive circuit connected with

A.C. source

X, = reactance of pure inductive circuit connected with A.C. source

R = impedance of pure resistive circuit connected with A.C. source.
Z. = impedance of the LCR series circuit
[11-Apr-2023 shift 1]

Options:

A A=X,,B=R
B.A=X,,B=Z
C.A=X.,B=R
D.A=X.,B=X_
Answer: D

Solution:



L L
1 1
X = - =
C  Wc 2=nfc
R = const
A—)XC
B— XL
-3&| \4"'
4 Inductacnce )
Capacitance
B
> | »
QuestionS3

Given below are two statements:

Statements I : When the frequency of an a.c source in a series LCR
circuit increases, the current in the circuit first increases, attains a
maximum value and then decreases

Statements II : In a series LCR circuit, the value of power factor at
resonance is one.

In the light of given statements, choose the most appropriate answer

from the options given below.
[12-Apr-2023 shift 1]

Options:

A. Statement I 1s correct but Statement II is false.
B. Both Statement I and Statement II are true.

C. Statement I i1s incorrect but Statement II is true.
D. Both Statement I and Statement II are false.

Answer: B

Solution:



(i) At resonance frequency power factor of RLC circuit is one
(ii) Graph of RLC circuit is:

At o =0y
Z=R
cos Q= % =1
IA
| VP S—
!
|
!
. >
fp f
Question54

Given below are two statements :

Statements I : An AC circuit undergoes electrical resonance if it
contains either a capacitor or an inductor.

Statement II : An AC circuit containing a pure capacitor or a pure
inductor consumes high power due to its non-zero power factor.

In the light of above statements, choose the correct answer form the

options given below :
[13-Apr-2023 shift 2]

Options:

A. Statement I is false but Statement II is true
B. Statement I is true but Statement II is false
C. Both Statement I and Statement II are false
D. Both Statement I and Statement II are true

Answer: C

Solution:

Statement-I: An AC circuit for resonance inductor and capacitor both should required.
Statement-Il: An AC circuit containing a pure capacitor and pure inductor have no power loss



For resonance, ¢ =0
means both capacitor and inductor must be present.

Questions5

A resistance of 40() is connected to a source of alternating current
rated 220V, 50 Hz. Find the time taken by the current to change

from its maximum value to the rms value :
[24-Jun-2022-Shift-1]

Options:
A.2.5ms
B. 1.25ms

C.2.5s

D. 0.25s

Answer: A

Solution:

[ =1 ,cos(ot) say

= At maximum wt, =0 ort, =0
Then at rms value I =1,/\2
=ot,=n/4

=o(t,—t)=n/4

T
At= L= T
40 4x2m

= ﬁs or 2.5ms

Question56

As shown in the figure an inductor of inductance 200 mH is
connected to an AC source of emf 220V and frequency 50 Hz. The
instantaneous voltage of the source is 0V when the peak value of



current is EA. The value of a is

T —

‘ L=200 mH |
o
oy

[24-Jun-2022-Shift-1]

Answer: 242

Solution:

Questions7

Given below are two statements:

Statement I: The reactance of an ac circuit is zero. It is possible that
the circuit contains a capacitor and an inductor.

Statement II : In ac circuit, the average power delivered by the
source never becomes zero.

In the light of the above statements, choose the correct answer from

the options given below.
[24-Jun-2022-Shift-2]

Options:



A. Both Statement I and Statement II are true.
B. Both Statement I and Statement II are false.
C. Statement I is true but Statement II is false.
D. Statement I is false but Statement II is true.
Answer: C

Solution:

X=[X=X,]|
So, it can be zero if X . =X
And, average power in ac circuit can be zero.

Questions8

Choose the correct answer from the options given below :

List -1 List -l

(A) | AC generator | (1) | Detects the presence of current in the circuit

(B) | Galvanometer | (IlI) | Converts mechanical energy into electrical energy

(C) | Transformer (lII) | Works on the principle of resonance in AC circuit

(D) | Metal detector | (IV) | Changes an alternating voltage for smaller or greater value

[25-Jun-2022-Shift-1]

Options:

A. (A) = (D, B) = (D), (C)—AV), (D) — (I1I)

B. (A)— D), (B) =), (C) — (IID), (D) = (V)

C. (A)— (I, (B) = (AV), (C) — (ID), (D) — (D)

D. (A)—(111), (B)—1), (C)—dI),D)-AV)
Answer: A

Solution:



AC generator | — | Converts mechanical energy into electrical energy

Galvanometer | — | Detects the presence of current in the circuit

Transformer — | Change AC voltage for smaller or greater value

Metal detector | — | Works on the principle of resonance in AC circuit

Questions9

If wattless current flows in the AC circuit, then the circuit is :
[25-Jun-2022-Shift-1]

Options:

A. Purely Resistive circuit
B. Purely Inductive circuit
C. LCR series circuit

D. RC series circuit only
Answer: B

Solution:

For wattless current to flow in AC circuit the circuit will be Purely Inductive circuit.

Question6(

A sinusoidal voltage V (t) = 210 sin 3000 t volt is applied to a series
LCR circuit in which L =10 mH, C =25uF and R = 100Q. The
phase difference (@) between the applied voltage and resultant

current will be :
[25-Jun-2022-Shift-2]

Options:



A. tan '(0.17)
B. tan '(9.46)
C. tan '(0.30)

D. tan '(13.33)

Answer: A

Solution:

X, =3000x10x 10> =30Q

1 6_ 40
Xo= ——+ —x10°= ¥g
¢ 3000 %25 3
SoX,~X =30~ £= Lo
X, -X
tang= —L_—c_ 303 _1
R 100 6

S0 0 =tan '(0.17)

Question61

In a series LCR circuit, the inductance, capacitance and resistance
are L =100 mH, C = 100uF and R = 104 respectively. They are
connected to an AC source of voltage 200V and frequency of 50 Hz.
The approximate value of current in the circuit will be A.

100 mH 100 uf; 10 €2

{3
W
220 V.30 He

[25-Jun-2022-Shift-2]

Answer: 22

Solution:



Z = \/R2+(XL+XC)2

2
= \/102+ [10n— M] Q
T
~10Q
= Current = %A=22A

Question62

A 110V, 50 Hz, AC source is connected in the circuit (as shown in
figure). The current through the resistance 55€), at resonance in the
circuit, will be A.

L

354}

@

()

P

vy
AC Source

[26-Jun-2022-Shift-1]

Answer: 0
Solution:
1_ \/ 11y
2z V(s <)

L C
At resonance, X =X &Z — ©

o . . — 00
Z total circuit

i.e,I1=0

Question63



The current flowing through an ac circuit is given by
I =5sin(120nt) A
How long will the current take to reach the peak value starting from

zero?
[27-Jun-2022-Shift-1]

Options:

1
A S

Answer: D

Solution:

o =120n

=>T = %sec

The current will take its peak value in % time

T
Sot= —
4

Question64

An AC source is connected to an inductance of 100 mH, a
capacitance of 100uF and a resistance of 120€) as shown in figure.

The time in which the resistance having a thermal capacity 2J/°C
will get heated by 16°C is s.



— PRI 'JII[ "N
100 mll 100 uF 120

P
./
V= .‘-;:-\E sin {100 1)

[28-Jun-2022-Shift-1]

Answer: 15

Solution:

L=100x10"H
C=100x10°F
R = 120Q

oL = 10Q

1 1

oC  10*x107°
=X~ X, =90Q

=100Q2

=7 = 190>+ 120 = 150Q
_ 20 _ 2,
ms- 150 15
For heat resistance by 16°C heat required =32J
2
:>( l) x (120) x t = 32
15
32x15x%15 _

15
4 %120

t:

Question65

A telegraph line of length 100 km has a capacity of 0.01pF /km and
it carries an alternating current at 0.5 kilo cycle per second. If
minimum impedance is required, then the value of the inductance
that needs to be introduced in series is  mH(if© = \10)
[28-Jun-2022-Shift-1]



Answer: 100

Solution:

Total capacitance =0.01 x 100 = 1uF
® =500x2t=1000nrad/ s

ol = L

oC
I U U
“hT T ke 100 omH
Question66

In the given circuit, the magnitude of V, and V. are twice that of

Vi Given that f =50 Hz, the inductance of the coil is Kin mH. The

value of K is

VR
A
5
C -V
220V,
50 Hz (“)
L v,

[28-Jun-2022-Shift-2]

Answer: 0

Solution:

VL=2VR
So wLi=2Ri

S = 2R _ 2x5 _ 1 H = 100H
0) 2t x50 10m T

1
k= — ~
So 700 0




Question67

Choose the most appropriate answer from the options given below :
For a series LCR circuit, I vs o curve is shown :
(a) To the left of ® , the circuit is mainly capacitive.

(b) To the left of @ , the circuit is mainly inductive.
(c) At o , impedance of the circuit is equal to the resistance of the

circuit.
(d) At ® , impedance of the circuit is 0.

o]
I

mll_ >

w —

[29-Jun-2022-Shift-1]
Options:

A. (a) and (b) only.

B. (b) and (d) only.

C. (a) and (c) only.

D. (b) and (c) only.
Answer: C

Solution:

We knowthatXCZ éand X, =oL

Also, ato=o0_: X, =X,

= For o < w, : capacitive

2 2
ando=o,:z= {R*+(X, - X )’ =R




Question68

An inductor of 0.5 mH, a capacitor of 200uF and a resistor of 2() are
connected in series with a 220V ac source. If the current is in phase

with the emf, the frequency of ac source will be x10* Hz
[29-Jun-2022-Shift-2]

Answer: 5

Solution:

Current will be in phase with emf when
1

L= —
® oC
o= L = 1
VLC  \{5x10%x2x10"
4
>m = Lrad/ S
V10
4
>f= Lx 10y
21 V10
=f~ 500Hz
Question69

To increase the resonant frequency in series LCR circuit,
[25-Jul-2022-Shift-1]

Options:

A. source frequency should be increased.

B. another resistance should be added in series with the first resistance.
C. another capacitor should be added in series with the first capacitor.
D. the source frequency should be decreased.

Answer: C



Solution:

Resonant frequency = =®

1
ic
= If we decrease C, o, would increase
= Another capacitor should be added in series.

Question70

The rms value of conduction current in a parallel plate capacitor is
6.9nA. The capacity of this capacitor, if it is connected to 230V ac
supply with an angular frequency of 600rad /s, will be:

[25-Jul-2022-Shift-1]
Options:

A. 5pF

B. 50pF

C. 100pF

D. 200pF

Answer: B

Solution:

Question71



When you walk through a metal detector carrying a metal object in
your pocket, it raises an alarm. This phenomenon works on :
[25-Jul-2022-Shift-2]

Options:

A. Electromagnetic induction

B. Resonance in ac circuits

C. Mutual induction in ac circuits

D. Interference of electromagnetic waves

Answer: B

Solution:

Metal detector works on the principle of resonance in ac circuits.

Question72

In a series LR circuit X | =R and power factor of the circuit is P..

When capacitor with capacitance C such that X, =X . is put in
series, the power factor becomes P,. The ratio % is:

2
[26-Jul-2022-Shift-1]

Options:

1
A‘E

1
B'\/_f

3

C'\/_f

D.2:1

Answer: B



Solution:

1
P, =cosp= —(X, =R
1 ¢ r—2( L )

P, =cos¢ =1 (will become resonance circuit)

P
So, P—;— 5
Question73

The effective current I in the given circuit at very high frequencies
will be A.

[26-Jul-2022-Shift-1]

Answer: 44

Solution:

Equivalent circuit will be

40
4 10 40 20
©
220V




Question74

To light, a S0W, 100V lamp is connected, in series with a capacitor of
capacitance ni—‘ﬁuF , with 200V, 50 Hz AC source. The value of x will

be .
[27-Jul-2022-Shift-1]

Answer: 3

Solution:
P= V—Z >R= V—2

R P
(Vo) (Vo)

20002 . %,

200V, 50 Hz

rlOO

v

100 x 10°

R= =R =200Q

2 2 _x2
VZ+VS=V
(100)° + V> = (200’
i= —— = 2; V>=40000
— . 2 _
V=IxX, V. =30000
Ve =100V3
X =200V3

- 1
200\3 = —
3 oC



. 1 _50x10°°
20 % 50 x 20\3 Vx

VX =50 x 10 % x 100 x 200V3

X =3

Question75

A series LCR circuit has L = 0.01H, R = 10Q and C = 1pnF and it is
connected to ac voltage of amplitude (V_)S0V. At frequency 60%

lower than resonant frequency, the amplitude of current will be

approximately :
[27-Jul-2022-Shift-2]

Options:

A. 466 mA
B.312mA
C.238mA
D. 196 mA

Answer: C

Solution:

=10*rad/ sec ® = .4 x 10* = 4000rad/ sec

VLC
_ VO
1 =238 mA
YR+ (X, - X,)
Question76

The equation of current in a purely inductive circuit is

5sin(49nt —30°). If the inductance is 30 mH then the equation for the
voltage across the inductor, will be :



{.Let.m= %}

[28-Jul-2022-Shift-1]

Options:

A. 1.47 sin(49nt —30°)
B. 1.47 sin(49xt + 60°)
C. 23.1 sin(49xt — 30°)
D. 23.1 sin(49nt + 60°)
Answer: D
Solution:

V (t) = L oL sin(49nt — 30° + 90°)

= 5% 497 1380 sin(497t + 60°)

= 23.1 sin(497t + 60°)

Question77

The frequencies at which the current amplitude in an LCR series
circuit becomes %2 times its maximum value, are 212 rad s and

232 rads !. The value of resistance in the circuit is R = 5Q. The self

inductance in the circuit is mH.
[28-Jul-2022-Shift-1]

Answer: 250

Solution:



Band width =232-212=

S
20

==

~L= =250mH

Question78

An alternating emf E = 440 sin 100 & t is applied to a circuit
2

containing an inductance of —H. If an a.c. ammeter is connected in

the circuit, its reading will be :
[29-Jul-2022-Shift-1]

Options:
A.44A
B. 1.55A
C.2.2A
D.3.11A

Answer: C

Solution:

E=440Sin100xnt, L = \/—ZH
T

X, = oL = 100m \/75 =100V2Q

E
Peak current I, = 2= 440 _ 2.2\7A

X, 100V2
AC ammeter reads RMS value therefore reading willbe I

I =

rms

=2.2A

2 | —
N|e

Question79

A coil of inductance 1H and resistance 1000 is connected to a
battery of 6V. Determine approximately :



(a) The time elapsed before the current acquires half of its steady -
state value.

(b) The energy stored in the magnetic field associated with the coil at
an instant 15 ms after the circuit is switched on. (Given

In2=0.693,¢ >"*=0.25)
[29-Jul-2022-Shift-1]
Options:

A.t=10ms; U=2mJ
B.t=10ms; U=1mlJ
C.t=7Tms; U=1mJ
D.t=7ms; U=2m]

Answer: C

Solution:

Given circuit is R — L growth circuit

R =100 L=1H
W o
| /
| |
E = 6v
= 5(1—6“)
. E E ~t/1)
= = = Z(1-
ForT R
Solving t=1In2
1 1
= —In2= —0.693=0.
t zn 1000693 0.00693
=7ms

15
i(15 ms) = g(l—e_m)

6 36
= 6 q-1/4= 3406
= 100 VY = 3% 100
1, 2
U= 1u
2

by solving we get U = 1 mJ.




Question8(

A circuit element X when connected to an a.c. supply of peak voltage
100V gives a peak current of SA which is in phase with the voltage. A
second element Y when connected to the same a.c. supply also gives
the same value of peak current which lags behind the voltage by =.

If X and Y are connected in series to the same supply, what will be

the rms value of the current in ampere?
[29-Jul-2022-Shift-2]

Options:

10
A. "

Answer: D

Solution:

Element X should be resistive with, R = lsﬂ =20Q

Element Y should be inductive with, X, = % =20Q

When X and Y are connector in series,
Z = 20%+20° = 20\2Q

100 _ 100 _ 5

Z 200 V2

]
Lins = \/—51

I:

RO D

Question81



A capacitor of capacitance S00uF is charged completely using a dc¢
supply of 100V. It is now connected to an inductor of inductance

50 mH to form an LC circuit. The maximum current in LC circuit
will be A.
[29-Jul-2022-Shift-2]

Answer: 10
Solution:

At steady state charge stored on the capacitor,

500 WF

|
|I
100 V

At steady state charge stored on the capacitaor,

ng}C.:CI;
=500 % 107 % 100

= 5% 1073
50 mH

— 00000 —

+ q max q:"lax

Energy stored in the capacitor,
2
_ qmax
U max 2C
Now, when electrostatic energy of capacitor converted to magnetic field energy then all energy of
capacitor is transferred to the inductor.

~ Maximum energy stored in the inductor



= 1pp

Lmax 2 max

2
2_ Umax

7~ max 2C

2

= I — qmax

max \/E
_ 5x10°°

150 x 103 x 500 % 10 °
_5x10°

5x10°
=10A

Question82

Find the peak current and resonant frequency of the following
circuit (as shown in figure).
—— T ———— ——

100 mH 100 pF

Faat

~)V=30sin100 t

120 €2

[26 Feb 2021 Shift 2]
Options:

A.0.2A and 50H z

B. 0.2A and 100H z
C.2A and 100H z

D. 2A and 50H z

Answer: A

Solution:

Given, inductance, L = 100mH
=100 x 10 °H

Capacitance, C = 100uF
=100 x 10 °F

Resistance, R = 120Q
Maximum voltage, V =30V



Angular frequency, o = 100rad s '
Impedance, Z = \/(XL—XC)ZJrR2
Here, X | = oL =100 x 100 x 10> = 10Q
1 1
= —= = 100Q
¢ oC 100x100x10°°

5> 7 = (XX )R

= (100 — 10)>+ (120)2 = 1(90*+ 1207 = 153.3Q
As we know that, peak current,

Vv 30
[,= =%= == _=0.195A ~eq0.2A
0T 7 " 1533 O1PA~eqo
Resonance frequency,
1 1
f= 2 =
2tVLC 274100 % 10 2 x 100 x 10 ©
IS N }2 _100m _ oy,
m\10°  2rx102410°"  2m
Question83

An alternating current is given by the equation
i=i sin®t+i,cosmt. The rms current will be

[26 Feb 2021 Shift 1]

Options:

. 2\1/2
12)

12

—_— +
A. \/2(11

. .2

B. (i, +i,)

1,2, :2\1/2
C. 5(11 +1,7)

1 ,- .
D. \/—5(11 +1,)
Answer: A

Solution:

Given, i= i
LetI s be the rms current.

sinwt+i2cosmt



. . 1/2
112+122
R | =
rms 2

1 ,.2,.2.1/2
= 1 :@(11 +1,)

rms

Question84

In a series L — C — R resonant circuit, the quality factor is measured
as 100 . If the inductance is increased by two fold and resistance is
decreased by two fold, then the quality factor after this change will
be ......... .

[26 Feb 2021 Shift 1]

Answer: 400

Solution:

Given, initial quality factor (Q,) = 100
Let initial inductance (x;,) = x

Final inductance (x, ;) = 2x

and initial resistance (R) =R

Final resistance (R;) = R

2
Final quality factor = Q,

Si Q Ay
ince, Q.= —
i R

] 2X,

n =
and Q= 772

4X
= Q= TL=4Qi=4><IOO

Hence, final quality factor will be 400 .

Question85

The angular frequency of alternating current in an L-C-R circuit is
100rad /s. The components connected are shown in the figure. Find



the value of inductance of the coil and capacity of condenser.

H=60 L2
A
16w

3 g
C=10V ”‘"“”% LZ20v

[2S Feb 2021 Shift 1]

Options:

A. 0.8H and 150pF
B. 0.8H and 250pF
C. 1.33H and 250puF

D. 1.33H and 150puF

Answer: B
Solution:

Given, angular frequency, o = 100rad s !
R =60Q, V=15V,

R =40Q,V .=V, =20V
V=10V V=V, =20V

R-600Q I,

- .'\".-'\M i 3
i 15V I
/
Ve=10V R=40Q

|

By using Ohm's law,

V =IR=>1=V /R

I =15/60=1/4A...(i)
A/

v, =20V

W
.

— 2000 ——

and 1, = —R=20/40=1/2A. . . (ii)
R
\ 10

As, X, = —5= —=40Q

e S T
_ 1

and X = o

N 1 1

C = =
X (1) 40x100



=0.25% 10 °F =0.25mF

= 250uF

By using KCL in loop2, (ii)

1,=1-1,

=1/4-1/2=-1/4A

X, = ]

19
0_ 80

o0

Vi 20

4

=80Q=> wL=280

L= = —=0.8H

© 100

Question86

The current (i) at time t

circuit is

44

dUIIRLDA
I

[25 Feb 2021 Shift 1]

Options:
Answer: D

Solution:

= (0 and t = o respectively for the given



As we know that at time r= 0, inductor acts as open circuit.

Then, the circuit becomes

L
4
—
(=]

(3-1)(5+4) _ 6x9
(5-1)-(5-4) 6-9

._.
L
|

Therefore, Ry=

By using Ohm's law,

v =IR,
;= EX3_ 3 [V =E]
18 13

At 1= =, Iinductor will act as short circuit. It is shown below

50 50

MW AW

£__

Q 40

Wh AL
Therefore,
R 3XS_1xa_25 4 5 433,
| 5-5 1-4 10 5 2 5 10
andI=£- 10F

33 33

10
Question87

A transmitting station releases waves of wavelength 960m. A
capacitor of 2.56uF is used in the resonant circuit. The self-

inductance of coil necessary for resonance is ......... X 10 °H.
[25 Feb 2021 Shift 1]

Answer: 10

Solution:



Given, wavelength of transmission signal,
L =960m

Capacitance, C =2.56uF =2.56 x 10 °F
As we know resonance frequency,

-1

2mVLC

Also, frequency (f) = speed (v)
quency (f) wavelength (X)

v _1
A 2n\/ﬁ
> \IC= 2
VX2n
On squaring both sides, we get
A A
= LC= 57—l 57—5—
V™ X 47 vV xX4n xC
o L= (960)°
(3% 10%)* x 4n° x 2.56 x 10°
~ L=10x10"H
Question88

Figure shows a circuit that contains four identical resistors with
resistance R = 2.0€), two identical inductors with inductance

L =2.0mH and an ideal battery with electromotive force E =9V .
The current i just after the switch S is closed will be

"
- ",
t
P
),

HERY R

E=9V 1—
AP -

H

[24 Feb 2021 Shift 2]

AR

I pi}
o«
= ]

-

F'Ei

A

AAAAAAS

—aan—r—

Options:
A.2.25A
B. 3.0A

C.3.37A

D. %A



Answer: A

Solution:

Given, resistance, R =2Q,

Inductance, L =2mH,

emf, E =9V

and i be the current.

- At t = 0 when switch is closed, inductors behave as open circuit.
= Effective circuit will be

|

A

Lo

R=2Q

y |
T

H=2Q

N
\_/

}_~

a9V

By using Ohm's law, V =iR e

=>i=V /Req

where, Req is equivalent resistance of series resistors,
ie., Req =R+R=2R=2x2=4Q

EJ
4

1 = 2.25A

Question89

A resonance circuit having inductance and resistance 2 x 10 *H and
6.28Q) respectively oscillates at 10M H z frequency. The value of

quality factor of this resonator is[m = 3.14]
[24feb2021shiftl]

Answer: 2000
Solution:

Given: L=2x10"*H
R =6.28Q



v=10MHz=10"Hz
Since, quality factor,

L . L
Q = (DO i = ZTEV ﬁ
2x10*
~0=21tx10"x
Q=2n 6.28

Q=2x10"=2000

Question90

A common transistor radio set requires 12 V (D.C.) for its operation.
The D.C. source is constructed by using a transformer and a
rectifier circuit, which are operated at 220V (A.C.) on standard
domestic A.C. supply. The number of turns of secondary coil are 24 ,

then the number of turns of primary are
[24feb2021shiftl]

Answer: 440

Solution:

As we know,

Np_ Vo

Ng Vy

Since, N =24,V =220V and V =12V

N, 220
24 12

Question91

In a series L — C — R resonance circuit, if we change the resistance

only, from a lower to higher value,
[18 Mar 2021 Shift 1]

Options:



A. the bandwidth of resonance circuit will increase

B. the resonance frequency will increase

C. the quality factor will increase

D. the quality factor and the resonance frequency will remain constant
Answer: A

Solution:

Bandwidth of L — C — R series resonance circuit, = %
As we increase the value of the resistance from lower to the higher of the circuit, the bandwidth of
resonance circuit will also increase.

So, the option (a) is correct.

1
Resonance frequency, ® = —
q Y ic
Since, the resonance frequency is independent of the resistance.
So, the option (b) is incorrect.
We know that,
oL

Quality factor, Q = f

The quality factor is inversely proportional to the resistance of the circuit. So, increasing the value
of resistance, the quality factor is decreased. So, the option (c) and (d) are incorrect.

Question92

An AC source rated 220V, S0H z is connected to a resistor. The time

taken by the current to change from its maximum to the rms value is
[18 Mar 2021 Shift 1]

Options:
A. 2.5ms
B. 25ms
C.2.5s

D. 0.25ms

Answer: A

Solution:



Given, the frequency of the AC source, f =50H z

Angular frequency of the circuit,

o = 2xnf

= o=21(50)=> o =100xn

As we know the general expression of the current in AC circuit,
[ =1, sinot

Iy . .
= —==1,sin(100xt)

\2
) 1 .1 1
= sin(100xt) = —= = 1007t = sin —_—
( ) 2 ( Vz)
= 100mt ) >t 100 sec

= t=2.5x10 s =2.5ms

Question93

What happens to the inductive reactance and the current in a purely
inductive circuit, if the frequency is halved ?
[17 Mar 2021 Shift 2]

Options:

A. Both inductive reactance and current will be halved.

B. Inductive reactance will be halved and current will be doubled.
C. Inductive reactance will be doubled and current will be halved.

D. Both inductive reactance and current will be doubled.

Answer: B

Solution:

As we know, the inductive reactance is directly proportional to the frequency of the AC circuit
Le, X, =oL

= X, =2nfL (v =2xf)

Here, f is the frequency of the AC circuit,

L is the inductive resistance

and X | is the inductive reactance.

When the frequency of an AC circuit is halved, then the inductive reactance of the circuit is also

halved.

X
i — L
le. X = St



Using Ohm's law, I = A
XL

When the frequency is halved, then the current

R S
XL XL/2
I =21

The current becomes doubled.

Question94

Match List-1I with List-11

List-l List-ll

A. Phase difference between current and voltage in a purely resistive AG circuit | 1. Z; current leads voltage

(SR

B. Phase difference between current and voltage in a pure inductive AC circuit | 2. Zero

C. Phase difference between current and voltage in a pure capacitive AC circuit | 3. ; current lags voltage

. . . . X X
D. Phase difference between current and voltage in an L — C— R series circuit 4. tan”t ( CR L )

Choose the most appropriate answer from the options given below.
[17 Mar 2021 Shift 2]

Options:
A.A-1,B-3,C-4,D-2
B. A-2, B-4, C-3, D-1
C.A-2,B-3,C4, D-1
D. A-2, B-3, C-1, D-4
Answer: D
Solution:

A. In a purely resistive AC circuit, the phase difference between the current and voltage is zero.
B. In a purely inductive AC circuit, the current lags the voltage, so the phase difference between
the current and voltage is n/2.

C. In a purely capacitive AC circuit the current leads the voltage, so the phase difference between
the current and voltage is n/2.

D. The phase difference between current \& voltage in an L — C — R series circuit is



-1 (X c X L)
R
=~ The correct match is A-(2), B-(3), C-(1), D-(4).

¢ =tan

Question95

An AC current is given by I =1 sinot+1,cos o t. A hot wire

ammeter will give a reading
[17 Mar 2021 Shift 1]

Options:

12-1.2

1 2
A.\/ >

2 2
o | T
: 2

[, +1,

2

I 1 +_12
2\

D.

Answer: B

Solution:

Given,I =1, sinot+1,cosot..(i)
We know that rms value of current is given by

4 J1%dt
Irms_ \/ T

T
\/ I(IlsinmtJrIzcoswt)zdt
0 T using Eq. (i)]

Squaring on both sides of the above equation, we get
) _Tf (I, sincot+12<:0s03t)2
)= T
0
T 1 12(sin2wt +1 2coszoot +2I I, sinotcosot)dt

= () =] T

=] =

rms

= (I

rms




Question96

A sinusoidal voltage of peak value 250V is applied to a series
L — C —R circuit, in which R =8Q, L. =24mH and C = 60uF . The
value of power dissipated at resonant condition is xkW . The value of

x to the nearest integer is
[16 Mar 2021 Shift 1]

Answer: 4

Solution:

Given, V =250V, R =8Q, L =24mH and C = 60uF
v 2
We know that, at resonance power, P = %

_(250M2)? V25
- P= vV o= 20 2y
8 ™2 A2
= (250)*/16
- %zwoazsw ~ 4kW
x =4.

Comparing with the given value in the question i.e., xkW , the value of x = 4.

Question97

An R — C circuit as shown in the figure is driven by an AC source
generating a square wav The output wave pattern monitored by
CRO would look close to



1 Le c—=

[16 Mar 2021 Shift 1]
Options:

A.

Answer: C
Solution:
When square wave is applied at the input, then
—t
For charging, the capacitor Q, = Q ( 1-eRC )
_t
Similarly, for discharging the capacitor, Q, = Qmax(e RC )

In this manner, charging and discharging exponentially with time will keep on happening
alternatively. Therefore, the output wave pattern monitored by CRO would look close to

Charging

Discharging



Question98

For the given circuit, comment on the type of transformer used.

h L 011A 4

il

220V @ Bl &

[16 Mar 2021 Shift 2]

Options:

A. Auxilliary transformer
B. Auto transformer

C. Step-up transformer
D. Step down transformer

Answer: C

Solution:

Voltage across secondary coil,
Power across load

Current passing through load
P 60
=> V,= —= — =V _=54545V
2 I, 011 2
Voltage across primary coil, V| =220V
= V,>V,
It means that step-up transformer is used.

Question99

A 100 Q resistance, a 0.1 pF capacitor and an inductor are connected
in series across a 250 V supply at variable frequency. Calculate the
value of inductance of inductor at which resonance will occur. Given



that the resonant frequency is 60 Hz.
[27 Jul 2021 Shift 2]

Options:
A.0.70 H

B. 70.3 mH

C.7.03x10°H
D.703 H

Answer: D
Solution:

C=0.1pF =10 'F

Resonant frequency = 60H z
1

O =

° “LC

onf, = osL=—1__
VLC 4’f °C

by putting values L =~ 70.3H z

Question100

A 0.07H inductor and a 12Q resistor are connected in series to a
220V, 50H z ac source. The approximate current in the circuit and
the phase angle between current and source voltage are respectively.
[Take 7 as 2

[27 Jul 2021 Shift 1]

Options:

A. 8.8A and tan”! (%)

—

B. 88A and tan! ( %)



—

C. 0.88A and tan”! ( %)

D. 8.8A and tan ' ( % )

Answer: A

Solution:

X
-1 L
=t _
¢ =tan ( R )
XL=u)L

X, =252 x50%007=220

¢=tan_l(%) R=12Q

oo (2)

Z = X, 2+R?=25059

Question101

Two circuits are shown in the figure (a) & (b). At a frequency of
rad/s the average power dissipated in one cycle will be same
in both the circuits.

50 40uF  5Q 0.1H
AN
© @
220V 220V
figure (a) figure (b)

[2S Jul 2021 Shift 2]

Answer: 500



Solution:

For figure (a)
P =v_’R

avg S
v 2

2
S xR=v R x1
Zz rms

Question102

In a circuit consisting of a capacitance and a generator with

alternating emf E - E o sinot, V and I . are the voltage and
0

current. Correct phasor diagram for such circuit is :

Iy

EFG') IL) —TClv,

v

[22 Jul 2021 Shift 2]

Options:
A.
Ve
P | -
]-L'




M
I
V¢
(nt
< >
C.

Ic N Ve
) \?J _
D.

M Ve
P ot
Ty, -
I
W
Answer: C
Solution:

In capacitor, current lead voltage by g

Question103

Match List-I with List-1I :



List- List-ll

(a) | L= é (i) Current is in phase with emf

(b) | L= é (i} | Current lags behind the applied emf
(c) | L= i (i) | Maximum current occurs

(d) | Resonant frequency | (iv) | Current leads the emf

Choose the correct answer from the options given below :
[22 Jul 2021 Shift 2]

Options:
A. () — (i) ; (b) = (D) 5 (¢) - (iv) 5 (d) — (iii)
B. (a) - (ii) ; (b) — (i) ; () - (iii) 5 (d) - (iv)
C. (a) - (iii) ; (b) = (1) ; (¢) - (iv) ; (d) — (ii)
D. (a) — (iv) ; (b) — (iii) ; (¢) - (i1) ; (d) — (D)
Answer: A

Solution:

a) For x; >x_, voltage leads the current

ii)

b) For x, =x,, voltage & current are in same phase
i)(c) For x, <x, current leads the voltage

iv)

) For resonant frequency x; = x, current is maximum

(
(
(
(
(i
(d
(iii)

Question104

For a series LCR circuit with R =100Q,L. = 0.5mH and C = 0.1pF
connected across220V —50H z AC supply, the phase angle between



current and supplied voltage and the nature of the circuit is :
[20 Jul 2021 Shift 2]

Options:

A. 0°, resistive circuit

B. =90°, predominantly inductive circuit
C. 0°, resonance circuit

D. =90°, predominantly capacitive circuit

Answer: D

Solution:

R = 100Q
X, =oL=501x10"
¢ oC 100m
XC>>XL
&|X.—X, |>>R

Question105

A series LCR circuit of R=5Q, L =20mH and C = 0.5pF is
connected across an AC supply of250V , having variable frequency.

The power dissipated at resonance condition is x10°W .
[20 Jul 2021 Shift 2]

Answer: 125

Solution:



X =X (due to resonance)
\%

Z =Rsoi.. =VZ=—
ms R

2
% 250 x 250 _ 125 x 10°W

Question106

AC voltage V (t) = 20 sinot of frequency S0H z is applied to a
parallel plate capacitor. The separation between the plates is 2mm

and the area is 1m”.
The amplitude of the oscillating displacement current for the
applied AC voltage is

[ Take £, =8.85x 10" °F /m |
[20 Jul 2021 Shift 1]

Options:

A.21.14pA
B. 83.37uA
C. 27.79uA
D. 55.58uA

Answer: C

Solution:

C—— (% V=20sinmt

From the given information,

C:@:_EOXI F
d  2x107
ax - L __2x10% _ 2x10°

€ oC 2x50nx€, 25x4n€,
X

o _2x107° o 18 . 6
$X o= T x9x 107 = 52 < 10°Q




Y )
nig= =2 = 20X25 5107 =27.47pA.
X, I8

The value of amplitude of displacement current will be same as value of amplitude of conventional
current.
Hence option 3.

Question107

In an LCR series circuit, an inductor 30mH and a resistor 1€ are
connected to an AC source of angular frequency 300rad /s. The
value of capacitance for which, the current leads the voltage by 45°

is i x 10 °F . Then the value of x is .
[20 Jul 2021 Shift 1]

Answer: 3

Solution:

Question108



R=100€2

100 V= ‘—]' C=1pF

A capacitor of capacitance C = 1puF is suddenly connected to a
battery of 100 volt through a resistance R = 100€2. The time taken
for the capacitor to be charged to get S0V is :

| Take In2 = 0.69 |

[27 Jul 2021 Shift 1]

Options:
A.1.44%10 "%
B.3.33x 10 %
C.0.69 x 10~%s
D.0.30x 10"
Answer: C

Solution:

t
V=VO(1—e RC)

__t
50=100(1—e RC)
t=10.69 x 10 *sec

Question109

An inductor of 10mH is connected to a 20V battery through a
resistor of 10kQ2 and a switch.

After a long time, when maximum current is set up in the circuit, the
current is switched off. The current in the circuit after 1us is —-mA.

100
Then xis equal to . (Take ¢ ' =0.37)
[25 Jul 2021 Shift 1]



Answer: 74

Solution:

mx R 10KQ
For LR — decay circuit
_ —-R/L
I =1 e
max
~10x10°x1x10°°
I =2mAe 10x10°°
[ =2mAe !
[ =2x037mA
74
=2 mA
100
x =174

Question110

An AC circuit has an inductor and a resistor of resistance R in
series, such that X, = 3R. Now, a capacitor is added in series such

that X . = 2R. The ratio of new power factor with the old power

factor of the circuit is \/g : X The valueof x is.
[27 Aug 2021 Shift 2]

Answer: 1

Solution:

Given, resistance of resistor =R
Inductance, X L=3R

Capacitance X . = 2R
As we know that,

Power factor, cos ¢ = %



where, Z is impedance,
_ 2 2
Z={R+X,-X)
For case |, an inductance connected in series with resistance

cosp, = == N S

R
Zy \R+(X, -0y
R R 1

" {R+GrR? RVIO Vo '

For case Il, A capacitor is also connected in series with resistance

LoCosQ, = Z£
2
= cosQ, = R
{R2+ (3R — 2R)?
_ R _ R _ 1 .
= \jR2+R2_ RGN (i1)

Now, ratio of Egs. (ii) and (i), we get

1
COS(I)Z _ \/5 — \/1__0:\/5_ 1
cos @, 1 2 '

S x =1

Questionll1

The alternating current is given by i = { 42 sin ( 2T"t) +10 } A

The rms value of this current is ........ A.
[27 Aug 2021 Shift 1]

Answer: 11

Solution:

Given, equation of alternating current,
= [\/Esin(z%t) +10]A

From given equation, we get

i=i +i,

where, i, = \/ﬁsin(%’tt) A and i, = 10A

Now, i, is oscillating current, whereas i, is direct current and its value does not change with time.



(i), = \/%2 =\21A

(i) = 10A

We know that, i *=(i,), >+ (i,)._
Substituting the values, we get

i = (2P +10° =121

=i =11A

Thus, RMS value of given equation of current is 11 A.

Question112

In the given circuit the AC source has ® = 100 rad s, Considering
the inductor and capacitor to be ideal, what will be the current /

flowing through the circuit?

100 yF 100 Q
H AN

/4 TR0 VWY
05H 50 Q

I~
N
200V

[26 Aug 2021 Shift 2]

Options:

A.5.9A

B. 4.24A

C. 0.94A

D. None of the above

Answer: D

Solution:

Given, angular frequency, ® = 100rad/s

Capacitance of capacitor, C = 100uF = 100 x 10 °F
Inductance of inductor coil, L=0.5 H



Resistance in upper branch, R, = 100Q
Resistance in lower branch, R, = 50Q,
In the given circuit consider current in upper branch be i, and current flowing in lower branch be i,.

The net current flowing in circuit will be I.
Impedance of upper branch can be calculated as

5 5 2
Z,= X +R 2= \/(L) R
1 \/C 1 oC 1

— \/ ( 1 )2+1002
6
100 x 100 x 10

= 11002+ 1002 = 100\2Q
Impedance of lower branch can be calculated as

_ 2 2
Zz_ \/XL +R2

= {(0LY +R,?

= (100 % 0.5)+ 507 = {507+ 50°
=50\2Q
Current flowing in upper branch,

=Y o 200 5y

R, 100 _1

=6, =45°
Thus, in upper branch, current leads voltage by 45° as capacitor ispresent.
Current flowing in lower branch i, is

Phase of current in lower branch is

R, 50

z, 50\

=¢, = 45°

Thus, in lower branch current lags voltage by 45° as inductor ispresent.
Thus, the net current, 1 = \]i12+i22

1= (27 + @22

[=V10 =3.16A

Thus, no option in the given question is correct.

IfI= i, +i, is taken then 1 = \2 +2v2 = 4.24A is obtained which is incorrect method of solution.

cos ¢, =

Question113

A series L — C — R circuit driven by 300V at a frequency of 50 Hz
contains a resistance R = 3kQ2, an inductor of inductive reactance

X, =2507€2 and an unknown capacitor. The value of capacitance to



maximise the average power should be (Take, n = 10)
[26 Aug 2021 Shift 1]

Options:
A. 4pF
B. 25uF
C. 400pF

D. 40pF

Answer: A

Solution:

The circuit diagram can be drawn as,
X-250mQ X 3kQ

L C AR

)
-y

Average power of an L-C-R circuit is given by
P =V . cosd

rms rms

For P, to be maximum, cos¢ =1 ...(i)

We know that,
_R

cos ¢ 7

where, R = resistance

and Z = impedance of L-C-R circuit.

Now,
Z= (X~ XS + R

As, cos§=1= % [using Eq, (i)]
>R=Z

_ 2 2
SR =1 (X, ~X)'+R
Squaring both sides, we get
R*= (X, — X’ +R’




=X, X' =0

=X, =X¢

Since, X .= S
TC C 2=fC

and X, =250nQ (given)

I

2n x50 x C

=250m =

2n” x50 x 250

=C=4x10 °F = 4yF

Question114

At very high frequencies, the effective impedance of the given circuit
will be ............L2.

1) 05F 2¢) 0.5F

0.5F
o 0.5F

I_
®

220V

[31 Aug 2021 Shift 2]

Answer: 2

Solution:

We know that, at very high frequency capacitive reactance becomes negligible i.e. short circuit
(SC) and inductive reactance becomes very large i.e. open circuit (OC).
i.e. X —0and X — oo,

Now, the circuit can be rearranged as shown in figure.



1Q  g¢ 20 go
»
sc]
10 240 5C
— AN
OcC

10 248

Final circuit is

220V
Fig (i)
Hence, equivalent resistance,
R =1+2%2_1q
eq 2+2
Thus, correct answer is 2.

Question115

L R

| | Ve
| 'e S
As shown in the figure, a battery of emf € is connected to an
inductor L and resistance R in series. The switch is closed at t = 0.
The total charge that flows from the battery, between t = 0 and

t =t (tis the time constant of the circuit) is:

[8 Jan. 2020 I1]

Options:



D ER
el?

Answer: A

Solution:

. . . . : . . —t/T
For series connection of a resistor and inductor, time variation of currentis I =1 0(1 —e )

L

000

Question116

A LCR circuit behaves like a damped harmonic oscillator.
Comparing it with a physical spring-mass damped oscillator having
damping constant ' b ', the correct equivalence would be:

[7 Jan. 2020 I]



Options:

A LomCeok Reb
BL<—> C<—> R<—>E
C.Lok,Cob,Rem
D.LomCoRob

Answer: D

Solution:

In damped harmonic oscillation,

2
n;dzx=—kx—bv
t

C L
| ——e
Vv 1
ANV
R

H
... —q .« Ldi
In LCR t, d-iR-="1=90
n LCR circui C i T
d? dq q_ .
L—+R =0......
dt dt C (”)

Comparing equations (i) & (ii)
1
Lo — - Re
m, C O b

Question117



An emf of 20 V is applied at time t =0 to a circuit containing in
series 10 mH inductor and 5 Q resistor. The ratio of the currents at
time t = o0 and at t =40 s is close to:

(Take ¢ = 7.389)
[7 Jan. 2020 1]

Options:
A. 1.06
B. 1.15
C.1.46
D. 0.84

Answer: A

Solution:

The current (I) in LR series circuit is given by

R
Iz\i(l—etf)

R
Att= oo,
Iw=25—0(1—em) —4.....(i)
At t = 40s,

—40% 5 20, .
(1—e10X103) — 41— 229 ()
Dividing (i) by (ii) we get

I, 1
Question118

A part of a complete circuit is shown in the figure. At some instant,

the value of current I is 1 A and it is decreasing at a rate of 10°As™" .
The value of the potential difference V ,—V Q° (in volts) at that



instant, is .
L=50 mH I R =2 €

P-—frﬂmﬂﬂnm<-|I—'\.f\l\/\l\l'\l\—?J

30V
[NA Sep. 06, 2020 (I)]
Answer: 33
Solution:

Here, L =50mH =50 x 10 °H ;I = 1A, R =2Q

dl
V,—-L=—-30+RI =V
P dt

Q
=V ,=V=50x10"x10°+30~1x2
=5+30-2=33V

Question119

An AC circuit has R=100 Q, C =2 pF and L = 80 mH, connected in
series. The quality factor of the circuit is :
[Sep. 06, 2020 (I)]

Options:
A.2

B. 0.5
C.20

D. 400

Answer: A

Solution:



Quality factor,

o-1 L_ 1 \/80><103
RYC 100 Y 2x10°°

1 T 200
- - 200_,
100\/40X 10°= 700

Question120

In a series LR circuit, power of 400 W is dissipated from a source of
250 V, 50 Hz. The power factor of the circuit is 0.8. In order to bring
the power factor to unity, a capacitor of value C is added in series to

the L and R. Taking the value C as (% ) nF , then value of n is

[NA Sep. 06, 2020 (IT)]

Answer: 400

Solution:

Given: Power P =400W , Voltage V =250V
P=V .1 __ .cos¢
=400=250x1__ x0.8=1_ =2A

UsingP=1__°R

(1. )" R=P=4xR=400

=>R =100Q
Power factor is
R

Rix,
100
11002+ 2

cos =

2
=0.8 = > 100°+X 2= (1—03)

2

When power factor is unity,
Y - 1 _
1 1

=>C= = F
75 x2x x50 75007




10° 1) 400
= x — |uF = 22 F
(2500 )M T 3
N =400

Question121

A series L — R circuit is connected to a battery of emfV . If the
circuit is switched on at t = 0, then the time at which the energy

stored in the inductor reaches (?11) times of its maximum value, is:
[Sep. 04, 2020 (II)]

Options:

Solution:

Potential energy stored in the inductor
I;,2

U =zLI
2

During growth of current,

i=1_ (1-e "M

U . I
For U to be —%; i has to be 22

n \n
I
s —y  (1-e NF
\/1’1 max( )
e RvL_ 1 :\/H—l

=

Vn



Question122

A 750 Hz, 20 V (rms) source is connected to a resistance of 100 2, an
inductance of 0.1803 H and a capacitance of 10 pF all in series. The
time in which the resistance (heat capacity 2 J/°C) will get heated by
10°C. (assume no loss of heat to the surroundings) is close to :

[Sep. 03,2020 (I)]

Options:
A.418 s
B.245 s
C.365s
D. 348 s

Answer: D

Solution:

Here, R = 100, X | = Lo = 0.1803 x750 x 21 = 850Q2 ,
1 1

X . =— = =21.230

€ Co 107°x21x750

Impedance Z = \]R2+ (X, —X

— {100+ (850 - 21.23)° = 834.77 = 835

1000 0.1803H |
—IWWH WWWH [ |

()
_/
20V/750 Hz




\V4 2
H=i 2Rt=( mlS) RT = (ms)At
rms |Z|
20 _ 20
=> "= x=—x100t =(2)x10
835 835 @

“V =20V and At=10°C
» Time, t=348.61s.

Question123

An inductance coil has a reactance of 100€Q2. When an AC signal of
frequency 1000H z is applied to the coil, the applied voltage leads the

current by 45°. The self-inductance of the coil is :
[Sep. 02,2020 (II)]

Options:

A.1.1x10°H
B.1.1x10 'H
C.5.5%x10 °H

D.6.7x10 'H

Answer: A

Solution:

Given,

Reactance of inductance coil, Z = 100Q
Frequency of AC signal, v =1000H z
Phase angle, ¢ =45°

X
tan ¢ = TL =tan45°=1

=X, =R
Reactance, Z =100 = \/X L2 +R®
=100 = {R?+ R
=>\2R =100 = R =502
2X | =50\2
Lo =502 (vX,=oL)

. 50\2

— =2
Ix1000 O~ 2™)



25\
= m
T
=1.1x10°H

H

Question124

TOPIC 3 - Transformers and LCOscillations
For the given input voltage waveform V. (t), the output voltage

waveform V (t), across the capacitor is correctly depicted by:

1kQ
AWV
+5V S0 f
> Lmn}? ::¢ V,(t)
NSV I ) N |
g
0
[Sep. 06, 2020 (I)]
Options:
A.
V()
S0/l I S
2V :
SLIts l{ip.s lS.p.s t\
B.
Vi)

p AV B N .-

L

Sus  10ps 15pus  t




ZV/

%

Sus  10us 15us t

PN s N

v

Sus  10us 15us t

Answer: A

Solution:

When first pulse is applied, the potential across capacitor

(,—erc)
V=V \1-e
Att=5us=5x10"

—— VW A

V. —10uF | Vol

m

5x10°
( 3 -9 ) -0.5
V,0=5\1-¢l0"x10x10 =5(1-¢ )=2V
When no pulse is applied, capacitor will discharge.
Now, V. =0 means discharging.
1
V () =2eRC =2¢ % =121V




Now for next 5us
1

V () =5-3.79¢RC
After 5u s again, V (t) =2.79 Volt =3V
Hence, graph (a) correctly depicts.

Question125

In the figure shown, a circuit contains two identical resistors with
resistance R =5 Q and an inductance with L =2 mH. An ideal
battery of 15 V is connected in the circuit. What will be the current
through the battery long after the switch is closed?

> gL

1l
|
AN
vl

[12 Jan. 2019 1]
Options:

A.55A

B.75A

C.3A

D.6 A

Answer: D

Solution:

Long time after switch is closed, the inductor will be idle so, the equivalent diagram will be as below



(& 28 _2x15_
R xR R 5
(R+R)
Question126
I W ——
1
C R,
L R, I,
L e YW\ —
7\
vy

In the above circuit, C = guF s R, =20Q, L. = %H andR, = 10€2.
Currentin L — R, pathis I, and in C — R, path it isI ,. The voltage of

A. C source is given by, V = 2002 sin(100 t) volts. The phase
difference betweenI and 1, is:

[12 Jan. 2019 II]
Options:

A. 60°

B. 30°

C.90°

D.0

E. (Bonus)

Answer: E

Solution:



Capacitive reactance,
1 4 _2x10*
© oC 10°xv3x100 V3

I

A
0,
PV
Y
0,
1 4
Xe 10°
tanf, = =S =—
'R, 3
91 is close to 90°
For L-R circuit
\/§ _
X = oL =100x-2=103
R, =10
X
tan92= _L
Rl
tan 0, = 3 = 0,= tanfl(\/g)
0, = 60°

So, phase difference comes out 90° + 60° = 150°
If R, is 20K Q

then phase difference comes out to be 60 + 30 =90°.
Therefore Ans. is Bonus

Question127

In the circuit shown,



_W\,_/‘O'm\_
| 5
E

the switch S is closed at time t = 0 and the switch S, is kept open. At
some later time (t,), the switch S_ is opened and S, is closed. the

behaviour of the current I as a function of time 't' is given by:
[11 Jan. 2019 I}

Options:
A.

| &

t t




t
D.
[ F 3
]
1
1
]
]
1
1
! .
t t
Answer: B
Solution:
a4

The current will grow for the time t =0 to t =t and after that decay of current takes place.

Question128



A series AC circuit containing an inductor (20mH ), a capacitor
(120pnF ) and a resistor (60€2) is driven by an AC source of

24V /S0H z. The energy dissipated in the circuit in 60 s is:
[9 Jan. 2019 1]

Options:

A.5.65%10%)
B.2.26 x 10°J
C.5.17x 10%]

D.3.39 x 10°J

Answer: C
Solution:

Given: R=60Q, f =50H z, ® = 2af = 100w and v = 24v
C=120uf =120 10 °f
N —

oC  100mx120x10°°
x, = oL =100 x20 x 10" = 271Q
Xe— X, =20.24 =20

=26.52Q

C

> R = 60Q

_ _v _V _
Pavg—VI cosd, I = —;cos¢—8‘64watt

Energy dissipated (Q) intime t=60sis Q=P .t=8.64 x60 =5.17 x 10%

Question129



In LC circuit the inductance L =40 mH and capacitance C
= 100uF . If a voltage V (t) = 10 sin(314t) is applied to the circuit, the

current in the circuit is given as:
[9 Jan. 2019 II]

Options:
A.0.52cos 314t
B.10cos 314t
C.52cos314t
D.0.52sin314t

Answer: A
Solution:

Given, Inductance, L = 40mH
Capacitance, C = 100uF
Impedance, Z =X .— X
_ 1 oy = _

=2 =——~oL(*X,=—-andX, =oL)
_ 1

314x100x 10 °
=19.28Q

—314x40%x10°

. V.
Current, i= A sin(ot+71/2)

10

Si=—o
19.28

cosot =0.52 cos(314t)

Question130

A power transmission line feeds input power at 2300 Vto a step
down transformer with its primary windings having 4000 turns. The
output power is delivered at 230 V by the transformer. If the current
in the primary of the transformer is 5A and its efficiency is 90%, the
output current would be:

[9 Jan. 2019 II]

Options:



A.50A
B.45 A
C.35A
D.25A

Answer: B

Solution:

. P VI
Efficiency, n = P"“ =V

230 %1
2300 x 5
=1, =0.9 x50 = 45A

Output current =45A

=09 =

Question131

An alternating voltage v(t) = 220 sin 100At volt is applied to a purely
resistive load of 50€2. The time taken for the current to rise from
half of the peak value to the peak value is :

[8 April 2019 I

Options:
A.5 ms
B. 2.2 ms
C.7.2ms
D. 3.3 ms

Answer: D

Solution:

As V (t) =220sin 1007 t

so, I(t)=%sinloom



i.e., I =1 _ = sin(100xt)
Forl =1

nxl

and forI = >

Im _ : T _
:>7 =1 sin(100xnt,) = ¢ 100mt,
St = s

2600

ot = 1 1 _2 _ 1s=3.3ms
e 200 600 600 300

Question132

Consider the LR circuit shown in the figure. If the switch S is closed
at t = 0 then the amount of charge that passes through the battery

betweent=0and t = }% is :

L R
— 0000 ——YWW—

I A
Y -
E S

[12 April 2019 IT]

Options:

A. 2.71*;L
R

B. E L2
2.7R

C 73EL

RZ

D. EL
73R

Answer: B

Solution:



We have, i =i (1—¢ %) = %(1 —e V9

Charge, q= Tidt
0

_E] vn,,_Et _BE (L/R)_ EL
Ri[)(l )dt Re R € 2.7R2
Question133

A coil of self inductance 10 mH and resistance 0.1 Q is connected
through a switch to a battery of internal resistance 0.9 Q. After the
switch is closed, the time taken for the current to attain 80% of the

saturation value is[take In 5 = 1.6]
[10 April 2019 II]

Options:

A.0.324s
B. 0.103 s
C. 0.002 s
D.0.016 s

Answer: D

Solution:

Rt

| =IO(1—e f) HereR=RL+r=IQ

(i-c 1)
0.81,=1,\1—¢ 0l
=08=1-¢ '™

~100t 1
S =2 = (_)
© 5

1
100t=1n5 =2t=—1n5=0.01
=100 nsS= IOOn 0.016s

Question134



A 20 Henry inductor coil is connected to a 10 ohm resistance in
series as shown in figure. The time at which rate of dissipation of
energy (Joule’s heat) across resistance is equal to the rate at which
magnetic energy is stored in the inductor, is :

[8 April 2019 I

Options:

2

“In2
B.ln2
2

C.2In2

D.In2

Answer: C

Solution:

di
R (e

d
di_i
dt
>t=1tln2= 2ln2[as1:—R= —2]

Q=

Question135

A circuit connected to an ac source of emf e = ¢, sin(100t) with t in

seconds, gives a phase difference of 7 between the emf e and current

i. Which of the following circuits will exhibit this?
[8 April 2019 II]

Options:
A.RL circuit with R=1kQ and L= 10 uH
B. RL circuit withR=1kQ and L=1 uH

C.RCcircuitwithR=1kQ and C=1 pF



D. RC circuit with R =1 kQ and C = 10 pF.

Answer: D

Solution:

o =100rad/s
We know that

or oCR=1
LHS: ©CR=10x10x10%x10°=1

Question136

A transformer consisting of 300 turns in the primary and 150 turns
in the secondary gives output power of 2.2kW. If the current in the
secondary coil is 10 A, then the input voltage and current in the

primary coil are :
[10 April 2019 I

Options:
A.220Vand 20 A
B. 440 V and 20 A
C.440Vand 5 A
D.220Vand 10 A

Answer: C

Solution:

Power output (V ,I,) = 2.2kW

v = 2.2kW
2 (10A)
=~ Input voltage for step-down transformer

=220 volts

=2

<|_<1
Z| Z

2 2



V. = =2xV =2x220

mput output
=440V
I, N
Also -1=_2
I 2 N 1
1

~quadl, = 2x 10 = 5A

Question137

In an a.c. circuit, the instantaneous e.m.f. and current are given by
e=100sin30t

i=20sin (30t~ %)

In one cycle of a.c., the average power consumed by the circuit and
the wattless current are, respectively:
[2018]

Options:
A.50W, 10A

B. %OW, 10A

50
C.2W.0

D.50W, 0

Answer: B

Solution:

As we know, average powerP, =V I  cos0

avg ms rms

() () o - () () s
1000\ att

Pavg \/5

Wattless currentI =1 __ sin0
rms

I
— 0gin0=29gin4a5° = 10A

2 2




Question138

For an RLC circuit driven with voltage of amplitude v_ and

frequency @, = L\/L_C the current exhibits resonance. The quality

factor, Q is given by:
[2018]

Options:
A -
B.

c. R

D. CR

Answer: A

Solution:

) oL
ality factor Q = —% =9~
Quality Q=326 " R

Question139

A power transmission line feeds input power at 2300 V to a step
down transformer with its primary windings having 4000 turns,
giving the output power at 230 V. If the current in the primary of the
transformer is 5 A, and its efficiency is 90%, the output current

would be:
[Online April 16, 2018]

Options:

A.20A



B.40 A
C.45A
D.25A

Answer: C

Solution:

Given : V,=2300V,V =230V, =5A,n=90% =09

P
Efficiencyn=09= =P =09P
P, ® P
VI =09xV. I, (~P=VI)
_ 0.9x2300 x5

L 230

=45A

Question140

A small circular loop of wire of radius a is located at the centre of a
much larger circular wire loop of radius b. The two loops are in the
same plane. The outer loop of radius b carries an alternating current
I =1,cos(ot). The emf induced in the smaller inner loop is nearly:

[Online April 8, 2017]
Options:

TN I 3_2 i

A. — 3O sin(mt)

ol 3_2

—— 50 cos(mt)
a’ .

C. mu,l 05 ® sin(wt)

2
u, I b
D. 0”0

T O cos(mt)

Answer: A

Solution:



For two concentric circular coil,

N N .a°
Mutual Inductance M = W#
here, N,=N,= 1
2
Homa _
Hence, M = —— ... i
T (i)

andgivenl =1 coswt..... (i)

Now according to Faraday's second law induced emf
e=—M di
dt

From eq. (ii),

2
—p,ma
2b
2
poma .
2b 0

ol a?
= .—osSIot
2 b

_ d
e= a(locoswt)

e= sin ® t(®)

€

Question141

A sinusoidal voltage of peak value 283V and angular frequency
320/ is applied to a series LCR circuit. Given that

R =5Q, L =25mH and C =1000puF . The total impedance, and
phase difference between the voltage across the source and the

current will respectively be :
[Online April 9, 2017]

Options:

A. 10Q and tan ! (

W | Wn

)

B. 7Q and 45°



C. 10Q and tan”! (g)

D.7Q and tan ' ( %)

Answer: B

Solution:

Given,
A/ 0= 283 volt, ® =320, R=5Q, L =25mH, C = 1000uF

x, = oL =320x25x10 " =8Q
1 1
X, = — = =3.10
¢ oC 320x1000x10°
Total impedance of the circuit:

Z =R+ (X, ~X ) =125+ 497 =7Q
Phase difference between the voltage and current

X, —X
tand):LTC

4.9

tan¢=?=1=>¢=45°

Question142

An arc lamp requires a direct current of 10 A at 80 V to function. If
it is connected to a 220 V (rms), 50 Hz AC supply, the series inductor
needed for it to work is close to :

[2016]

Options:
A.0.044 H
B. 0.065 H
C.80H

D. 0.08 H

Answer: B



Solution:

Here
. € € c
1 = = =
VR2+X > \R+e’l? VR +4rvL?
- 220
{64 + 47%(50)°L

[-.-Rzlzﬁzg]

On solving we get
L =0.065H

Question143

A series LR circuit is connected to a voltage source with
V(t) =V ,sin o t. After very large time, current I (t) behaves as

L).
(1> 1)
[Online April 9, 2016]

Options:

A.

I(t)
4

> 1

=1



I(t)

N Z\ ot

o 7)\\4\/ |

I(t)

[(t)
4

Kﬁ—»

NVANANYAN
VAR VARV

Answer: D

t

Question144



An inductor (L = 0.03H ) and a resistor (R = 0.15k€) are connected
in series to a battery of 15V emf in a circuit shown below. The key
K, has been kept closed for a long time. Then at t = 0, K | is opened

and key K , is closed simultaneously. At t = 1ms, the current in the
circuit will be: (¢’ = 150)

003H .15k

— {000 W
e K,
—
15v K
[2015]
Options:
A. 6.7 mA
B. 0.67 mA
C. 100 mA
D. 67 mA
Answer: B
Solution:
1(0)= 122190 _g 14
0.15 % 10
[(0)=0
_—t
1(t) = [1(0) — I (:0)]eL/R +i(o0)
_t R
I(t)=0.1eL/R=0.1eL
0.15 x 1000

I(t)=0.1e 003 =0.67mA

Question145



An LCR circuit is equivalent to a damped pendulum. In an LCR
circuit the capacitor is charged to Q, and then connected to the L

and R as shown below :

L
S

IIC

)
If a student plots graphs of the square of maximum charge (QMaXZ)

on the capacitor with time(t) for two different values L., and
L,(L, > L,) of L then which of the following represents this graph

correctly? (plots are schematic and not drawn to scale)
[2015]

Options:
A.

2 Ll

Max L2

» [

B.

2 S—
QM-E:D& Q, (For both L, and L,)

> f




2
QM ax L2

2
QM ax

Answer: C
Solution:
From KVL at any time t
di
W—r— i

—

M

. di
d1-jR-L=—=
! dt 0

2
i--494549,d9p  Ldg_
dt c dt dt2

d’q,Rdq, q _,

o

i Ldt Lc
From damped harmonic oscillator, the amplitude is given
_ dt
by A= Aoe - ﬁ
Double differential equation
2
A’ , bdx, k



Rt Rt
Quax = Qe 2L =2Q,,, =Q,%¢ L
Hence damping will be faster for lesser self inductance.

Question146

For the LCR circuit, shown here, the current is observed to lead the
applied voltage. An additional capacitor C’, when joined with the
capacitor C present in the circuit, makes the power factor of the
circuit unity. The capacitor C’, must have been connected in :

L I(T R
Ty W
Y\

_/

V = Vsintw

[Online April 11, 2015]
Options:

C

A. series with C and has a magnitude —
(0’LC—1)

1 - o’LC

B. series with C and has a magnitude -
(O]

1 - w’LC

(02L

C. parallel with C and has a magnitude

C

D. parallel with C and has a magnitude ————
(0’LC—1)

Answer: C

Solution:

Power factor
cos = R =1

1 2
R*+ | oL — —————
\/ [‘” o(C+C)




On solving we get,
1

L:

T oC+O)
2
C'=1 uZ)LC
oL

Hence option (c) is the correct answer.

Question147

In the circuits (a) and (b) switches S, and S, are closed at t =0 and

are kept closed for a long time. The variation of current in the two
circuits for tgeq 0 are roughly shown by figure (figures are
schematic and not drawn to scale):

{ | WY v WWW—
C R L R

I A5 —

E E

(a) (b)
[Online April 10, 2015]

Options:
A.
I e
R (b)

it

f —»




E
R (b)
it

[ —»

Answer: C

Solution:

For capacitor circuit, i = ije /"¢

Rt
For inductor circuit, i = io( l-e L )
Hence graph (c) correctly depicts i versus t graph.

Question148

A sinusoidal voltage V(t) = 100 sin (500¢) is applied across a pure
inductance of L = 0.02 H. The current through the coil is:
[Online April 12, 2014]

Options:

A. 10 cos (500 t)
B. —10 cos (500t)
C. 10 sin (500t)

D. — 10 sin (500t)



Answer: B

Solution:

In a pure inductive circuit current always lags behind the emf by g

If v(t) = v,sinot

then I =Iosin(oat—g)

Now, given v(t) = 100 sin(500t)
100

E
andl,=—2=__" ___[+L=0.02H
0 oL 500 x0.02 [ ]

— : L
I,=10sin (500t~ )
[ ,=—10cos(500t)

Question149

In the circuit shown here, the point ‘C’ is kept connected to point ‘A’
till the current flowing through the circuit becomes constant.
Afterward, suddenly, point ‘C’ is disconnected from point ‘A’ and
connected to point ‘B’ at time t = (. Ratio of the voltage across
resistance and the inductor at t = L/R will be equal to:

A, C R

[2014]
Options:
A=

B. 1

C. -1



D lze

€

Answer: C

Solution:

Applying Kirchhoff's law of voltage in closed loop

Vo V.=0moR—
R C VC

V.

A ,C R
—— % LV,
— ( M
B

Question150

When the rms voltages V, V . and V , are measured respectively

_.l

across the inductor L, the capacitor C and the resistor R in a series
LCR circuit connected to an AC source,it is found that the ratio
V, Vi Ve=1:2:3.1f the rms voltage of the AC sources is

100V, the V , is close to:
[Online April 9, 2014]

Options:
A.50V
B.70 V
C.90V
D. 100 V

Answer: C

Solution:



Given,VL:VC:VRZI :2:3
VvV =100V
V=7
As we know,

_ 2 2
V= \/VR VL=V
Solving we get, V , =~ 90V

Question151

In an LCR circuit as shown below both switches are open initially.
Now switch S, is closed, S, kept open. ( q is charge on the capacitor

and T = RC is Capacitive time constant). Which of the following
statement is correct?

\%
| 1
1 I
R ™~
S,
I
~
C S
L
L
[2013]
Options:

A. Work done by the battery is half of the energy dissipated in the resistor
B.At,t=1,q=CV /2

C.At,t=21,q=CV(l—-¢?)

D. At t=21,q=CV(l—¢ )

Answer: C

Solution:



Charge on he capacitor at any time t is given by
q=CV(1—-¢""

att=21

q=CV(1- efz)

Question152

A series LR circuit is connected to an ac source of frequency ® and
the inductive reactance is equal to 2R. A capacitance of capacitive
reactance equal to R is added in series with L and R. The ratio of the

new power factor to the old one is:
[Online April 25, 2013]

Options:

3
A-\/§

3
D-\/z

Answer: D
Solution:
R R R
Power factor = = =
(old) \/ R2+ X Lz \/R2 +(2R)? \V5R
R R R

Power factor =

(new

R+ (X, -X ) {R+@rR-R® R



R
. New power factor _ V2R _ \/ 5

" Old power factor R 2
V5R
Question153

When resonance is produced in a series LCR circuit, then which of
the following is not correct ?

[Online April 25, 2013]

Options:

A. Current in the circuit is in phase with the applied voltage.

B. Inductive and capacitive reactances are equal.

C. If R is reduced, the voltage across capacitor will increase.

D. Impedance of the circuit is maximum.

Answer: D

Solution:

Impedance (Z) of the series LCR circuit is
Z= \/R2+(XL—XC)2

Atresonance, X | =X .
Therefore, Z =R

minimum

Question154

The plot given below is of the average power delivered to an LRC
circuit versus frequency. The quality factor of the circuit is :



1.0 /-’
0

3 4 5 6 7
frequency (kHz)

=

average power (microwatts)

[Online April 23, 2013]

Options:
A.5.0
B.2.0
C.2.5
D.0.4

Answer: B

Solution:

1.07

05l i N2

0.0




Question155

In a series L — C -R circuit, C = 10 "' Farad, L = 10 > Henry and
R =1000hm, when a constant D.C. voltage E is applied to the

circuit, the capacitor acquires a charge 10°C. The D. C. source is

replaced by a sinusoidal voltage source in which the peak voltage E

is equal to the constant D.C. voltage E . At resonance the peak value
of the charge acquired by the capacitor will be :
[Online April 22, 2013]

Options:
A. 10 °C
B. 10 °C
c.10 '°c

D.10°%C

Answer: D

Question156

An LCR circuit as shown in the figure is connected to a voltage
source V _whose frequency can be varied.



(V)
W
AW

—=/T00000—— |
()
\-/Vac =V, sinof

The frequency, at which the voltage across the resistor is maximum,
is :
[Online April 22, 2013]

Options:
A. 902 Hz
B. 143 Hz
C.23 Hz
D. 345 Hz

Answer: C

Solution:

1 _ 1
2mVLC 2% 3.4424x2%x10°°

Frequency f =

~23Hz

Question157

In the circuit shown here, the voltage across E and C are
respectively 300 V and 400 V. The voltage E of the ac source is :



— C

\_E
[Online April 9, 2013]

Options:

A. 400 Volt
B. 500 Volt
C. 100 Volt
D. 700 Volt

Answer: C

Solution:

Voltage E of the ac source E =V -V =400V -300V =100V

Question158

A resistance R and a capacitance C are connected in series to a
battery of negligible internal resistance through a key. The key is
closed at t = (. If after t sec the voltage across the capacitance was
seven times the voltage across R, the value of tis

[Online May 12, 2012]

Options:
A.3RCIn2

B.2RCIn2



C.2RCIn7
D.3RCIn7

Answer: A

Solution:

t=3RCIn2

Question159

In an LCR circuit shown in the following figure, what will be the
readings of the voltmeter across the resistor and ammeter if an a.c.

source of 220V and 100 Hz is connected to it as shown?
L C 100 Q

"T00O0 1 WW

—0—10-0— O

300V 300V,
7\

Pt

220V, 100 Hz
[Online May 7, 2012]

Options:
A.800V,8A
B.110V, 1.1 A
C.300V,3 A
D. 220V, 2.2 A

Answer: D

Solution:



In case of series RLC circuit,
Equation of voltage is given by

2 _ 2 2
V=V 2+ (V, -V,
Here, V =220V V, =V =300V
2V = 1v2 =220V

Question160

A fully charged capacitor C with initial charge q, is connected to a

coil of self inductance L. at t = (. The time at which the energy is

stored equally between the electric and the magnetic fields is:
[2011]

Options:
T —
A.JLC
B. 2nVLLC
C.ALC

D. n\/ﬁ

Answer: A

Solution:

Energystored in magnetic field = %Li2
2
Energy stored in electric field = %%
Energy will be equal when
2
e 1q
2 2C
tanot=1
q=gq,cosmt
2
cosmot
= %L((qu Sin (O] t)z = %



Question161

A resistor ' R' and 2puF capacitor in series is connected through a
switch to 200V direct supply. Across the capacitor is a neon bulb
that lights up at 120V . Calculate the value of R to make the bulb
light up 5 s after the switch has been closed. (log, 2.5 = 0.4)

[2011]
Options:
A.1.7x10°Q
B.2.7x 10°Q
C.33x10'Q

D.1.3x10%Q

Answer: B

Solution:

We have, V =V (1-¢ "%
=120 =200(1 —¢ /R
o/r_ 200120 _ 80

200 200
t=1log,(2.5)
=t=RC in (2.5) [+ =RC]
>R =2.71 x10°Q

Question162

Combination of two identical capacitors, a resistor R and a dc
voltage source of voltage 6V is used in an experiment on a (C-R)



circuit. It is found that for a parallel combination of the capacitor
the time in which the voltage of the fully charged combination
reduces to half its original voltage is 10 second. For series
combination the time for needed for reducing the voltage of the fully

charged series combination by half is
[2011 RS]

Options:

A. 10 second
B. 5 second
C. 2.5 second
D. 20 second

Answer: C

Solution:

Time constant for parallel combination = 2RC

Time constant for series combination = %

In first case :
t t

- V _—
_ 0 _
\% —Vo(l—e CR) =>7—V0—V0e CR

In second case :
In series grouping, equivalent capacitance =

Slle!

_ t2 \V4
V=Ve (RC/2)=70 ....... (2)
From (1) and (2)

vt _ b

2RC (RC/2)
t 10
= —1 =o—_— =
=t, i 2.5sec

Question163



In the circuit shown below, the key K is closed at t = 0. The current
through the battery is

V /K
I —

[2010]

Options:

VR R
A —1—2att=0and%att=oo

' \/R12+R22 5

A\ (R1 + Rz)

att=o0
RR,

V pr—
B.R—Zatt 0 and

VR R
C.Y att=0and —12_att=oo

R, \/R12+R22
VR, +R
DMattanndlattzoo
RiR, R,
Answer: C
Solution:

Att =0, no current will flow through L and R, as inductor will offer infinite resistance.

=~ Current through battery, i = %
2
At t = o, inductor behave as conducting wire

. . R R,
Effective resistance, R ;. =
Rl + R2
v _V(R,+R)
hrough S
Current through battery R RE,

Question164



In a series LCR circuit R =200€2 and the voltage and the frequency
of the main supply is 220V and 50 Hz respectively. On taking out the

capacitance from the

circuit the current lags behind the voltage by

30°. On taking out the inductor from the circuit the current leads
the voltage by 30°. The power dissipated in the LCR circuit is

[2010]
Options:
A.305W
B.210 W
C.Zero W
D. 242 W

Answer: D

Solution:

When only the capacitance is removed phase difference between current and voltage is

tan phi = frac X | R=>tan¢ = %
1 200
=>oL=Rtan$p =200 x = =—=
$=200% 7 =R

When only inductor is removed

1
ot =__—
an ¢ oCR
1 _ 200

:>$=Rtan¢=200X———

SR

Impedance of the circuit

2
Z= \]R%(L— L)
oC ®

, phase difference between current and voltage is

2
= \/ (200)2 + ( 200 _ 200 ) = 2000

N

Power dissipated in the circuit =V _ 1 __ cos¢

ms rms

\% VR
=Vrms.—zrms .%('-‘cosd):%) = —rm;
z
_ (220’ X200 _ 220 X220 _ 5,5\
(200)2 200

Question165



An inductor of inductance L = 400mH and resistors of resistance
R, =2Q and R, =2Q are connected to a battery of emf 12V as

shown in the figure. The internal resistance of the battery is
negligible. The switch S is closed at t = 0. The potential drop across

L as a function of time is
[2009]

Options:

A. 1—fe‘“v

B.6(1—-¢ V")V
=5t
C.12¢°'V

D. 6e °'V

Answer: C

Solution:

Growth in current in branch containing L and R, when switch is closed is given by i = E[1 —e

R,

7R2t/L]

2
Hence, potential drop across L

Ldi E —Rt/L
\ =—=(_ )L
Lodt L°

t 2t

—Ee 'L=12¢ 400x107° =12¢ %V




Question166

In an a.c. circuit the voltage applied is E = E  sin o t. The resulting

current in the circuitis I =1 ;sin ( ot — ’5‘) . The power consumption

in the circuit is given by
[2007]

Options:

A.P=\2E I,

Answer: C

Solution:

We know that power consumed in a.c. circuit is given by,
P=E I cosd

ms rms

Here, E =E, sinot
_ : _m
I—Iosm(mt 5)

This means the phase difference, is ¢ =

Na

wcosd=cos< =2

a3

.-.P=Erms.lrms.cosE
2

Question167

In a series resonant LCR circuit, the voltage across R is 100 volts
and R = 1kQ with C = 2uF . The resonant frequency omega is



200 rad/s. At resonance the voltage across L is
[2006]

Options:
A.25x10°V
B. 40V

C. 250V
D.4x10°V
Answer: C

Solution:

Voltage across L is [ X | = 0.1 x2500 = 250V

Question168

An inductor (L = 100 mH), a resistor (R =100 2) and a battery (E =
100 V) are initially connected in series as shown in the figure. After a
long time the battery is disconnected after short circuiting the points

A and B. The current in the circuit 1 ms after the short circuit is
L

—— (LI LICT L
éR
A B
_.--—-—- -—-| r ------ -‘-l_
E
2006]

Options:



A. 1/eA
B.eA
C.0.TA
D.TA

Answer: A

Solution:

Initially, when steady state is achieved,

._E
1— —_—
R
Let E is short circuited at t =0. Then
Att=0
: . _E _100
M == =_——"=1A
aximum current, i, R~ 100
Let during decay of current at any time the current flowing is —L% —iR=0
di R
=>—=——dt
i L
bdi_+ R
=>| — = —_—
1T =lTa
0 0
R
Slog L =—2¢
i T L
R,
=i=ie L
R —100x 10"
Si—Ee L —pxet100x10° -1
R e
Question169

In an AC generator, a coil with N turns, all of the same area A and
total resistance R, rotates with frequency ® in a magnetic field B.
The maximum value of emf generated in the coil is

[2006]

Options:
A.N.AB.R.o®

B.N.AB



C.N.A.B.R.
D. N.A.B.o

Answer: D

Solution:

d(NB.A)
dt

=-N (%(BA cosot)=NBAwsinwot

__dé_
AT

=e aXZNBAm

m

Question170

T

The phase difference between the alternating current and emf is > .

Which of the following cannot be the constituent of the circuit?
[2005]

Options:
A.R,L

B. C alone
C. L alone
D.L,C

Answer: A

Solution:

Phase difference for R—L circuit lies between (0, g) but 0 or n/2

Question171



A circuit has a resistance of 12 ohm and an impedance of 15 ohm.
The power factor of the circuit will be
[2005]

Options:
A.04
B. 0.8
C.0.125
D. 1.25

Answer: B

Solution:

Given, Resistance of circuit, R = 12Q
Imedance of circuit, Z = 15Q

Power factor =cos¢=25:%—;i—0 8
Question172

A coil of inductance 300 mH and resistance 2 Q is connected to a
source of voltage 2V. The current reaches half of its steady state

value in
[2005]

Options:
A.0.1s
B.0.05s
C.03s
D.0.15s

Answer: A

Solution:



Current in inductor circuit is given by,
Rt
i= 10(1—e L )

Rty Rt
O=i0(1—e L) =>e L1

—

Taking log on both the sides,
—% =log1—log2
300107

> x0.69

:>t=%log2=

=t=0.1sec

Question173

The self inductance of the motor of an electric fan is 10 H.
In order to impart maximum power at 50 Hz, it should be connected
to a capacitance of

[2005]
Options:
A. 8uF
B. 4uF
C. 2uF
D. 1uF

Answer: D

Solution:

For maximum power, X L= X which yields
_ 1 _ 1

@mn)’L  4n° x50 x 50 x 10
~C=0.1x10"F = IuF

Question174



In a uniform magnetic field of induction B a wire in the form of a
semicircle of radius r rotates about the diameter of the circle with an
angular frequency ®. The axis of rotation is perpendicular to the
field. If the total resistance of the circuit is R, the mean power
generated per period of rotation is

[2004]

Options:

(Bnr(o)2
A. SR

(B7tr2(0)2
B. SR

2
C. Brar'm
2R

(Bnrcoz)2
D. R

Answer: B

Solution:

oBA

- —
0=B.A;0=BAcosot
8:

—Ccli—dt):(DBASin(Dt;i: sinmt
2
st = i’R = (@) x Rsin’ot
T T .,
fPinst xdt , | sin“otd t )
p =0 _(@BA) ¢ _ 1(0BA)
ave R T 2 R

T
[dt
0

»  _ (oBmr’)’ [ o’ ]
“Pavg SR A=

Question175

Alternating current can not be measured by D.C. ammeter because
[2004]

Options:



A. Average value of current for complete cycle is zero
B. A.C. Changes direction

C. A.C. can not pass through D.C. Ammeter

D. D.C. Ammeter will get damaged.

Answer: A

Solution:

D.C. ammeter measure average value of current. In AC current, average value of current in
complete cycle is zero.
Hence reading will be zero.

Question176

In an LCR series a.c. circuit, the voltage across each of the
components, L, C and R is S0V. The voltage across the LC
combination will be

[2004]

Options:

A. 100V
B.50V2 V
C.50V

D. 0V (zero)

Answer: D

Solution:

In a series LCR circuit voltage across the inductor and capacitor are in opposite phase
-~ Net voltage difference across
LC=50-50=0




Question177

In a LCR circuit capacitance is changed from C to 2 C. For the
resonant frequency to remain unchanged, the inductance should be
changed from L to

[2004]

Options:
A.L/2
B.2 L
C.4L
D.L/4

Answer: A

Solution:

1
Resonant frequency, F | e
For resonant frequency to remain same
LC = constant
~LC=LC
=>LC=L"x2C
L

=>L'=—=
2

Question178

In an oscillating LC circuit the maximum charge on the capacitor is
Q. The charge on the capacitor when the energy is stored equally
between the electric and magnetic field is

[2003]

Options:



2

D.Q

Answer: C

Solution:

When the capacitor is completely charged, the total energy in the LC circuit is with the capacitor
and that energy is given by

_1Q
Umax 2 C
When half energy is with the capacitor in the form of electric field between the plates of the

capacitor we get

U _ 197
2 2C
Here q' is the charge on the plate of capacitor when energy is shared equally.

Question179

The core of any transformer is laminated so as to
[2003]

Options:

A. reduce the energy loss due to eddy currents
B. make it light weight

C. make it robust and strong

D. increase the secondary voltage

Answer: A

Solution:

Laminated core provide less area of cross-section for the current to flow. Because of this,
resistance of the core increases and current decreases there by decreasing the energy loss due to
eddy current.




Question180

The power factor of an AC circuit having resistance (R) and
inductance (L) connected in series and an angular velocity o is
[2002]

Options:

A.R/oL
B.R/(R*+w’L%)"?
C.oL/R
D.R/(R*-o’L})!"?

Answer: B

Solution:

Resistance of the inductor, X L= oL

The impedance triangle for resistance (R) and inductor (L) connected in series is shown in the
figure.

Net impedance of circuit Z = \/XL2+R2

Power factor, cos ¢ = ZB

R

=cos = —\/—R2+ =

Question181



The inductance between A and D is

[2002]

Options:
A.3.66 H
B.9H
C.0.66 H
D.1H

Answer: D

Solution:

All three inductors are connected in parallel. The equivalent inductance Lp is given by

1ol 1,1 1,113,
L, L, L, L; 3333
~L =1

p

Question182

In a transformer, number of turns in the primary coil are 140 and
that in the secondary coil are 280. If current in primary coil is 4 A,
then that in the secondary coil is

[2002]



Options:
A.4A
B.2A

C.6A

D. 10 A.

Answer: B

Solution:

Number of turns in primary
N =140
Number of turns in secondary N _ = 280, Ip =4A,1_ =7

. . . I N
Using transformation ratio for a transformer I_S = ﬁﬁ
P S
|
4 280

:>IS=2A




