And

Electromagnetic
Induction

Numerical

Q.1. A 20 cm long metallic rod is rotated with 210 rpm about an
axis normal to the rod passing through its one end. The other
end of the rod is in contact with a circular metallic ring. A
constant and uniform magnetic field 0.2 T parallel to the axis
exists everywhere. The emf developed between the centre and
thering is mV

Take T = %
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Q.2. An insulated copper wire of 100 turns is wrapped around a
wooden cylindrical core of the cross-sectional area 24 cm2. The
two ends of the wire are connected to a resistor. The total
resistance in the circuit is 12 Q. If an externally applied uniform
magnetic field in the core along its axis changes from 1.5Tin
one direction to 1.5 T in the opposite direction, the charge
flowing through a point in the circuit during the change of
magnetic field will be mC.
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Q.3. In the given figure, an inductor and a resistor are connected
in series with a battery of emf E volt. % /s represents the
maximum rate at which the energy is stored in the magnetic
field (inductor). The numerical value of a/b will be

— 000 ——WW\—

L=4H R=250Q

[
'E
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Q.4. A conducting circular loop is placed in a uniform magnetic
fleld of 0.4 T with its plane perpendicular to the field. Somehow,
the radius of the loop starts expanding at a constant rate

of 1 mm/s. The magnitude of induced emf in the loop at an
instant when the radius of the loop is 2 cm will be

V.

JEE Main 2023 (Online) 12th April Morning Shift

Q.5. A coil has an inductance of 2H and resistance of 4 Q.

A 10V is applied across the coil. The energy stored in the
magnetic field after the current has built up to its equilibrium

value will be x10-2 J.
JEE Main 2023 (Online) 11th April Evening Shift

Q.6. The magnetic field B crossing normally a square metallic
plate of area 4 m2 is changing with time as shown in figure.

The magnitude of induced emf in the plate during t=2s to t=4s, is
mV.
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Q.7. A square loop of side 2.0 cm is placed inside a long
solenoid that has 50 turns per centimetre and carries a
sinusoidally varying current of amplitude 2.5 A and angular
frequency 700 rad s-1. The central axes of the loop and
solenoid coincide. The amplitude of the emf induced in the loop
is Xxx10-4 V. The value of x is

(Take, 7 = %)
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Q.8. A 1 m long metal rod XY completes the circuit as shown in
figure. The plane of the circuit is perpendicular to the magnetic
field of flux density 0.15 T. If the resistance of the circuit is 5Q,
the force needed to move the rod in direction, as indicated, with
a constant speed of 4 m/s will be 10-3 N.




X X X X
50 > v

4 X X X

x Y x X X
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Q.9. A series combination of resistor of resistance 100 Q,
inductor of inductance 1 H and capacitor of

capacitance 6.25 uF is connected to an ac source. The quality
factor of the circuit will be

JEE Main 2023 (Online) 8th April Evening Shift

Q.10. An oscillating LC circuit consists of a 75 mH inductor and
a 1.2 uF capacitor. If the maximum charge to the capacitor
is 2.7 uC. The maximum current in the circuit will be

JEE Main 2023 (Online) 8th April Morning Shift

Q.11. Two concentric circular coils with radii 1 cm and 1000 cm,
and number of turns 10 and 200 respectively are placed
coaxially with centers coinciding. The mutual inductance of this

& 2 _
arrangement will be x10"°H. (Take, 7* = 10)
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Q.12. 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 120 V. 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 mQ.
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Q.13. A square shaped coil of area 70 cm2 having 600 turns
rotates in a magnetic field of 0.4 wbm-2, about an axis which is
parallel to one of the side of the coil and perpendicular to the
direction of field. If the coil completes 500 revolution in a
minute, the instantaneous emf when the plane of the coil is

_ 2
inclined at 600 with the field, will be V. (Take™ ~— 7)
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Q.14. A series LCR circuit is connected to an ac source

of 220V,50 Hz. The circuit contain a resistance R=100 Q and an
inductor of inductive reactance XL=79.6 Q. The capacitance of
the capacitor needed to maximize the average rate at which
energy is suppliedwillbe ________ pF.

JEE Main 2023 (Online) 1st February Morning Shift

Q.15. A series LCR circuit consists of R=80Q,XL=100Q,
and XC=40Q. The input

voltage is 2500 ¢©s(1007t)V The amplitude of current, in the
circuit, is A

JEE Main 2023 (Online) 31st January Evening Shift

Q.16. An inductor of 0.5 mH, a capacitor of 20 uF and
resistance of 20 Q are connected in series witha 220V ac
source. If the current is in phase with the emf, the amplitude of

current of the circuit is VZ A. The value of x is
JEE Main 2023 (Online) 31st January Morning Shift




Q.17. In an ac generator, a rectangular coil of 100 turns each
having area 14x10-2 m2 is rotated at 360 rev/min about an
axis perpendicular to a uniform magnetic field of

magnitude 3.0 T. The maximum value of the emf produced will
be V.

(Take m = %)
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Q.18.
[=2A

BB AAAAAA—s A

L =6H R =120

I: *B

E=12V

As per the given figure, if % =-1 A/s then the value of V p at this instant will be
V.
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Q.19. An inductor of inductance 2 pH 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 1/xF, where the value of x is

(Take m = %)
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Q.20. A certain elastic conducting material is stretched into a



circular loop. It is placed with its plane perpendicular to a
uniform magnetic field B = 0.8 T. When released the radius of
the loop starts shrinking at a constant rate of 2 cms-1. The
induced emf in the loop at an instant when the radius of the
loop is 10 cm will be mV.
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Q.21. A series LCR circuit is connected to an AC source of 220
V, 50 Hz. The circuit contains a resistance R = 80Q, an inductor
of inductive reactance XL=70Q, and a capacitor of capacitive
reactance XC=130Q. The power factor of circuit is Xx/10. The
value of x is :
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Q.22. An LCR series circuit of capacitance 62.5 nF and
resistance of 50 Q, 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 72 = 10)
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Q.23. Three identical resistors with resistance R = 12Q and two
identical inductors with self inductance L = 5 mH are connected
to an ideal battery with emf of 12 V as shown in figure. The
current through the battery long after the switch has been
closed will be A.




A

12V k
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Q.24. In the circuit shown in the figure, the ratio of the quality

factor and the band width is S.
10Q2
AAAA'AY
230V — 27 uF

170000°

3.0H
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Answer Key & Explanation

1. Ans. Correct answer is 88
Explanation

Given that the rod is rotating at 210 rpm, we first convert this to
radians per second:

w =210 2T — 22rad/s

Now, we can find the linear velocity v of the tip of the rod:

V= wr
where r is the length of the rod (0.2 m).

v =22rad/s - 0.2m = 4.4m/s

Now, we can find the emf developed between the center and
the ring using the formula:

€= %Bﬁfv

where B is the magnetic field (0.2 T), € is the length of the rod
(0.2 m), and v is the linear velocity (4.4 m/s).

e=+5-02T-0.2m-4.4m/s = 0.088V

To express this value in mV, we can simply multiply it by 1000:

e = 0.088V - 1000 = 88mV



So the emf developed between the center and the ring is 88 mV.

2. Ans. Correct answer is 60

Explanation

The induced emf in the circuit is given by Faraday's law of electromagnetic induction, which
is £ = —d¢/dt, where ¢ is the magnetic flux through the circuit.

The magnetic flux through the circuit is proportional to the magnetic field through the core,
so we can write ¢ = N BA, where N is the number of turns in the loop, B is the magnetic
field through the core, and A is the cross-sectional area of the core.

As the magnetic field changes from 1.5 T in one direction to —1.5 T in the opposite
direction, the change in magnetic flux is A¢ — 2INBA.

The induced emf drives a current I through the resistor in the circuit, and the current and the
resistance are related by Ohm's law, which is I — S/R. Substituting the expression for £
into this equation, we get I = —d¢/dtR.

The charge @ that flows through the circuit during the change in magnetic field is given by
Q = [ Idt. Substituting the expression for I into this equation and integrating with respect
to time, we get Q = —A¢/ R, where Ag is the change in magnetic flux and R is the
resistance of the circuit.

Substituting the given values into this expression, we get:

Q=284 _ 20009600 _ _(6C = —60mC

Therefore, the charge flowing through a point in the circuit during the change of magnetic
field is 60 mC, which is the same as the provided answer.

3. Ans. Correct answer is 25

Explanation



E=1LI?

b | =t

Rate of energy storing = % — LI%

Now we Know for R — L circuit

_—

o df = B (1) 4
= & =& =5
a—=2,b=>50

4. Ans. Correct answer is 50

Explanation



The problem involves a conducting circular loop placed in a uniform magnetic field with its
plane perpendicular to the field. The radius of the loop is expanding at a constant rate, and
we are asked to find the magnitude of the induced emf in the loop at an instant when the
radius of the loop is 2 cm.

The magnetic flux through a circular loop of radius 7 and area A — 7 placed in a uniform
magnetic field B perpendicular to the plane of the loop is given by:

&p = BA = Bnr?
The induced emf in the loop is given by Faraday's law of electromagnetic induction:

_ _ d®p
E=— di

In this case, the radius of the loop is expanding at a constant rate of 10_3mf5, which means
that the rate of change of the area of the loop is:

44 = 4 (m?) = 2% = 27(0.02m)(10 *m/s) = 4 x 10 °m?/s

The magnetic flux through the loop is changing at this rate, and the induced emf in the loop
is given by:

=42 = |24 = |BY| =]04T x 4 x 10 °m?/s| = 167uV

Therefore, the magnitude of the induced emf in the loop at an instant when the radius of the
loop is 2 cmis 50.24 ~ 50 pV.

5. Ans. Correct answer is 625
Explanation

To find the energy stored in the magnetic field after the current
has built up to its equilibrium value, we first need to find the
steady-state current in the coil.

When the current reaches its equilibrium value, the coil behaves
like a resistor because the back-emf induced by the changing
magnetic field is zero. Ohm's law can be applied:



_V
I = R
where

I is the current
V is the voltage across the coil (10 V)
R is the resistance of the coil (4 Q)

Plugging in the values:
I=2T=25A

Now that we have the steady-state current, we can find the
energy stored in the magnetic field using the formula:

where

W is the energy stored in the magnetic field
L is the inductance of the coil (2 H)
I is the steady-state current (2.5 A)

Plugging in the values:
W= §(2)(25)

W = 1(6.25)

W =6.25J]
To express this in terms of 1072 J, divide by 102
6.25 ~ 10 % = 625

Therefore, the energy stored in the magnetic field after the current has built up to its
equilibrium value is 625x 1072 J.

6. Ans. Correct answer is 8



Explanation

m:ta118:E:2
5

B=mt

B =2t

d¢| d(BA) AdB

E:‘ =

dt | dt dt
4d(2t

£ = ( ):4><2:81]1V
dt

7. Ans. Correct answer is 44
Explanation

In this problem, a square loop is inside a long solenoid, and
there's a varying current flowing through the solenoid. Because
the current is changing, it induces a changing magnetic field
inside the solenoid.

According to Faraday's law of electromagnetic induction, a
changing magnetic field will induce an electromotive force
(emf) in a loop placed in that field. In this case, the loop is the
square loop inside the solenoid.

The formula used here is based on Faraday's law, which states
that the induced emf in a loop is equal to the rate of change of
magnetic flux through the loop. This is given by:

_ __ d®
emf——df

where ® is the magnetic flux.



The magnetic field inside a solenoid is given by B = pgnl, where pyq is the permeability of
free space, n is the number of turns per unit length in the solenoid, and I is the current
through the solenoid.

The magnetic flux through the square loop is then givenby ® = B - A = ponl A, where A
is the area of the loop.

When the current is sinusoidal, i.e., I(t) = Iysin(wt), its derivative with respect to time is
dI/dt = Iyw cos(wt), where wis the angular frequency.

Hence, the rate of change of flux becomes:
9 — on AL = pon Alyw cos(wt)

The emf, which is equal to the negative of the rate of change of flux, will have a maximum
value (the amplitude) when cos(wt) = 1, giving:

Emf amplitude = pgnAlyw

= 47 x 10 TTm/A x (1'3”2 ) turns/m x (2 x 10 2m)2 x 2.5A x 700rad/s

which simplifies to:

Emf amplitude = 44 x 10 4v

So, the value of x in the question is 44

8. Ans. Correct answeris 18
9. Ans. Correct answer is 4
Explanation

The Q factor (quality factor) in a series RLC circuit can be given
by the formula:

X L
Q=3 — ¢l



where (Xp) is the inductive reactance, (R) is the resistance, (L) is the inductance, and (w) is
the angular frequency.

In a series RLC circuit at resonance, the resonant frequency (f) is given by

_ 1
;= 2wV LC

or equivalently, the angular frequency (w) at resonance is

Substituting (L = 1H) and (C = 6.25uF = 6.25 x 10 °F) into the equation for (\omega)
gives

W= L =400rad/s
V1Hx6.25%10 SF

Substituting (w = 400rad/s), (L = 1H), and (R = 100X2) into the equation for the Q factor
gives

Q o WL dl:ODTﬂle"SX].H o 4
- — R — 10082 _

So, the Q factor of the circuit is 4.

10. Ans. Correct answer is 9
Explanation

The maximum current in an LC circuit can be found using the
following formula related to simple harmonic motion:

Imax — meax '

where:



I... isthe maximum current,
w is the angular frequency, and
Qmax is the maximum charge on the capacitor.

The angular frequency w for an LC circuit is given by:
_ 1

w = NiTek

where:

L is the inductance, and
C'is the capacitance.

Giventhat L = 75mH = 75 x 10 *H,C = 1.2 uF = 1.2 x 10 °F,
and Q,,,, =2.7uc=2.7x10 %c,

we can substitute these values into the formulas to find I, :

W= L — 3333.33rad/s,
\/(Tﬁxlﬂ $)(1.2x10 %)

Ioow = wQrmay = 3333.33 x 2.7 x 10 %= 0.009 A.

Therefore, the maximum current in the circuit is 0.009 A, or equivalently, 9 mA.

11. Ans. Correct answeris 4
Explanation

The magnetic field Bs due to the current I5 in the larger coil with 200 turns is given by:

B _ Nopel, _ 200upl
2— 79, T T2x10

The magnetic flux ¢1 2 through the smaller coil due to this magnetic field is given by:



¢12 = N1Ba - Ay = NiNo 5= - ]

Since ¢1 2 = M I, we can solve for the mutual inductance M:

I
NINZ Hipl2 '.'I'l"r%

_ irg
M = 7

Substituting the given values for 7y, Ny, 79, and Ns:

_ 10%200x47x 10 T xarx(0.01)2
M = 2x10

Simplifying the expression, we get:
M=4x10 *H
So, the mutual inductance between the two concentric coils is 4 x 10 *H

12. Ans. Correct answer is 240
Explanation

The power delivered to the houses is given as 60 kW. This power is supplied at a voltage of
120 V. The power consumed in a resistive load can be found using the formula P = VQ/R,
where P is the power, V is the voltage, and R is the resistance.

We can rearrange this formula to solve for the resistance:
R=V? /P

Substituting the given values gives:

R = (120\.’)2/60, 000w = 0.24 2

Since we want the resistance in milliohms (mQ), we can convert this to milliohms by
multiplying by 1000:

R =0.240Q) x 1000 = 240 m{2

So, the value of resistive load required in the secondary circuit is 240 mQ.

13. Ans. Correct answer is 44



Explanation

Area (A) = 70 cm® = 70 x 10 *m?

B=04T
f __ 500 revolution 500 rew.
o 60 minute 60 sec.

Induced emf in rotating coil is given by

e = NwBAsinf

22 500 )
— 600 x 2 x 7x o % 0.4 x 70 x 10 *sin 30°

22 500
— 600 x 2 x — X 5 % 0.4 %70 x 10% x

1
2
= 44 Volt

14. Ans. Correct answer is 40
Explanation

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

S X =Xc



1
27(50) x C

79.6 =

C= !
79.6 x 27(50)

~ 40pF

15. Ans. Correct answer is 25

Explanation

w = 1007

So Z = \/R2 + (X, — X¢)?

= \/802 + (100 — 40)>2

— 1000

Vi 2500
= 20 _ A—=25A
0T T 00

16. Ans. Correct answer is 242

Explanation

X =Xc¢

So,Z = R = 20}



220
=11

lrms = 5

e = 1172 = /242

17. Ans. Correct answer is 1584

Explanation
p=B.A
¢ = BNA cos wt

So, Emf = _T‘i"f’ — NBAwsin wt

So maximum value of emfis
E.x = NBAw

=100 x 3 x 14 x 10 2 x 2027 — 1584

18. Ans. Correct answer is 30
Explanation

From the circuit :
Vi—iR— L _12=Vp
= V4 —Vp=2x12+6(—1) + 12volts

— 30 volts

19. Ans. Correct answer is 3872

Explanation



Current drawn is maximum when circuit is in resonance.

1

W = w—’ﬁ
_ 1
2m(7000) = N owTEre
1

20. Ans. Correct answeris 10

Explanation

d 2
EMF = & (Bnr?)
=2BmrE =2x7x01x08x2x10?

= 27 x 1.6 = 10. 06 | rounding off 10. 06 = 10|

21. Ans. Correct answer is 8

Explanation
R R
cos @ = 7 =
\/R2 + (Xo — Xy)’
80
cos @ =
\/(80)2 + (60)2
80 8
cos @ = 100 = 0
So,x = 8

22. Ans. Correct answer is 100



Explanation

*.* For maximum amplitude of current, circuit should be at resonance.

.'.XL:XU
1
L =——
“ wC
1
L= —
w2C

(27 x 2 x 10%)* x 62.5 x 10~°

= 100 mH

23. Ans. Correct answer is 3
Explanation

After long time, inductors are shorted.
Effective circuit becomes

12 Q
—AM—

12 Q




Current through battery — RV =
eq

12V
0 =3A

where Req = 3 resistors in parallel.

24. Ans. Correct answeris 10

Explanation

Bandwidth Aw = %

Quality factor Q = % %

0 %y‘?
So Ao — % -
L2
. R2/C
33

102(27 x 10°9)

3v/3
100 (3\/5 X 10—3)

= 10



MCQ (Single Correct Answer)

Q.1. Match List I with List Il of Electromagnetic waves with
corresponding wavelength range :

List | List Il
(A) Microwave () 400 nmto 1 nm
(B) Ultraviolet (1) 1 nmto 10-3 nm
(C) X-Ray (Il 1 mmto 700 nm
(D) Infra-red (IV) 0.1 mto 1 mm

Choose the correct answer from the options given below:

O »)-(1), B)-(v), (C)-(11), (D))

© »)-av), (B)-(1), (C)-(), (D)-(111)

© »)-(v), B)-(1), (©)-(n), (D) ()

© »)-av), (B)-(1), (C)-(1), (D)-(11)
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Q.2. 12 V battery connected to a coil of resistance 6Q through a
switch, drives a constant current in the circuit. The switch is



opened in 1 ms. The emf induced across the coil is 20V. The
inductance of the coil is :

05]1]1{

O sunH

© 10mH

© 12mH
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Q.3. Given below are two statements:

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

Statement |l : 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:

0 Both Statement | and Statement Il are false

0 Statement | is true but statement Il is false



G Statement | is false but statement Il is true

o Both Statement | and Statement Il are true

JEE Main 2023 (Online) 13th April Evening Shift

Q.4. Match List - | with List - |l

List - | List - Il
(Layer of (Approximate height over
atmosphere) earth's surface)
(A) [F1 - Layer () {10 km
(B)|D - Layer (1) {170 - 190 km
(C) | Troposphere (111) {100 km
(D) |E - Layer (IV) |65 - 75 km

Choose the correct answer from the options given below:

O ~-1,B-1v,Cc-l,D-

© A-1,B1,C-1v,D-1

© A-1,B-1v,C-1,D-1

© A-1,B-1v,C-1,D-1I
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Q.5. Which of the following Maxwell's equation is valid for time
varying conditions but not valid for static conditions :

1 S
O §5.di - pol
c I
Qp.ii-0
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Q.6. Given below are two statements:

Statement | : 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.

Statement Il : 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.



o Both Statement | and Statement |l are False.

Q Statement | is incorrect but Statement Il is true.

© Both Statement | and Statement Il are true.

Q Statement | is correct but Statement |l is false.
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Q.7.

Impedance
Curve
Curve B

JMHz)
As per the given graph, choose the correct representation for

curve A and curve B.

Where XC= reactance of pure capacitive circuit connected with
A.C. source

XL=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

O A=X.,B=R
OA=X,B=2Z
O A=XB=X,

OA=X:B=R
JEE Main 2023 (Online) 11th April Morning Shift

Q.8. Given below are two statements:

Statement | : If the number of turns in the coil of a moving coil
galvanometer is doubled then the current sensitivity becomes
double.

Statement Il : Increasing current sensitivity of a moving coil
galvanometer by only increasing the number of turns in the coil
will also increase its voltage sensitivity in the same ratio

In the light of the above statements, choose the correct answer
from the options given below:

o Statement | is true but Statement |l is false

© statement | is false but Statement Il is true



o Both Statement | and Statement |l are false

o Both Statement | and Statement Il are true
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Q.9. Given below are two statements:

Statement | : 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 Il : 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:

o Statement | is false but Statement Il is true

e Both Statement | and Statement Il are false

o Statement | is true but Statement Il is false

o Both Statement | and Statement Il are true

JEE Main 2023 (Online) 10th April Morning Shift



Q.10. An emf of 0.08 V is induced in a metal rod of
length 10 cm held normal to a uniform magnetic field of 0.4T,
when moves with a velocity of:

O 20ms '

Q 2ms

©O32ms’

©o5ms’
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Q.11. Certain galvanometers have a fixed core made of non
magnetic metallic material. The function of this metallic
material is

o to bring the coil to rest quickly

0 to produce large deflecting torque on the coll

Q to oscillate the coil in magnetic field for longer period of time

o to make the magnetic field radial
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Q.12. capacitor of capacitance 150.0 uF is connected to an

alternating source of emf given by E = 36sin(1207t)V Tphe

maximum value of current in the circuit is approximately equal
1o

1
Q 54
0O 224

0 /24

0 24
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Q.13. The induced emf can be produced in a coil by

A. moving the coil with uniform speed inside uniform magnetic
field

B. moving the coil with non uniform speed inside uniform
magnetic field

C. rotating the coil inside the uniform magnetic field

D. changing the area of the coil inside the uniform magnetic
field

Choose the correct answer from the options given below:



o A and C only

o C and D only

o B and D only

o B and C only
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Q.14. A coil is placed in magnetic field such that plane of coil is
perpendicular to the direction of magnetic field. The magnetic
flux through a coil can be changed :

A. By changing the magnitude of the magnetic field within the
coil.

B. By changing the area of coil within the magnetic field.

C. By changing the angle between the direction of magnetic
field and the plane of the coil.

D. By reversing the magnetic field direction abruptly without
changing its magnitude.

Choose the most appropriate answer from the options given
below :



o A, B and D only

o A, B and C only

o A and B only

o A and C only
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Q.15. Match List - | with List - Il :

List | List Il

A.|AC generator |. |Presence of both L
and C

B. | Transformer ll. |Electromagnetic
Induction

C.|Resonance phenomenon [lll. | Quality factor

to occur
D.|Sharpness of resonance |IV.|Mutual Induction

Choose the correct answer from the options given below :



O A1, B, CIl, DIV
© AV, B, CH, DI
© A1, 81V, C, DAl

© A1V, B, C-, DI

JEE Main 2023 (Online) 1st February Morning Shift

Q.16. An alternating voltage source V=260sin(628t) is connected
across a pure inductor of 5mH Inductive reactance in the circuit
IS :

JEE Main 2023 (Online) 31st January Evening Shift

Q.17. If R, XL, and XC represent resistance, inductive reactance



and capacitive reactance. Then which of the following is
dimensionless :

o Xf}:c

O RX.Xc

R
o vXiXc

X
Xeo

OR
JEE Main 2023 (Online) 31st January Morning Shift

Q.18. In the given circuit, rms value of current (Irms) through the
resistor R is:

4115 ANV

R =100 Q

©

Vo =200V2V



O 2/2A

O2A

02

© 20A

JEE Main 2023 (Online) 30th January Evening Shift

Q.19. In a series LR circuit with XL=R, power factor P-. If a
capacitor of capacitance C with XC=XL is added to the circuit the
power factor becomes P». The ratio of P4 to P2 will be :

01:\/5

JEE Main 2023 (Online) 30th January Morning Shift



Q.20. A square loop of area 25 cm2 has a resistance of 10 Q.
The loop is placed in uniform magnetic field of magnitude 40.0
T. The plane of loop is perpendicular to the magnetic field. The
work done in pulling the loop out of the magnetic field slowly
and uniformly in 1.0 sec, will be

O 10x10°J
©Os5x10°]
©25x10°J

©10x10*J

JEE Main 2023 (Online) 29th January Evening Shift

Q.21. For the given figures, choose the correct options :

40  S0mH 0.5 uF

o
_/ (N
220 V. 50 Hz N
220V, 50 Hz
(a)

(b)



o The rms current in circuit (b) can be larger than that in (a)

e The rms current in figure (a) is always equal to that in figure (b)

e The rms current in circuit (b) can never be larger than that in (a)

© Atresonance, current in (b) is less than that in (a)

JEE Main 2023 (Online) 29th January Evening Shift

Q.22. 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




o M "l.f g,u.q]R

o M — Dy 2;;DR
o M — 2v/ 2;;UR2
o M v“?p,ﬂﬂg
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Q.23. A wire of length Tm moving with velocity 8 m/s at right
angles to a magnetic field of 2T. The magnitude of induced emf,
between the ends of wire will be

JEE Main 2023 (Online) 25th January Evening Shift



Q.24. 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 WO0. The value of x is :

JEE Main 2023 (Online) 25th January Morning Shift

Q.25. A metallic rod of length 'L' is rotated with an angular
speed of ‘W' normal to a uniform magnetic field 'B' about an axis
passing through one end of rod as shown in figure. The induced

emf will be ;

X X X X X X
X X X X X X
X X X X X X
X X m X X X
X X X X X X
X X X X X X
» X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X X




0O LBL%

1BLw

©® ;BLw

0 !B’Lu
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10
Q.26. A conducting circular loop of radius v= cmis placed

perpendicular to a uniform magnetic field of 0.5 T. The
magnetic field is decreased to zero in 0.5 s at a steady rate. The
induced emf in the circular loop at 0.25 s is :

oemfﬂ[}mv
© enf=5mv

© emi=100mv

© emf=1mv

JEE Main 2023 (Online) 24th January Morning Shift



Answer Key & Explanation

1. Ans. (B)

Explanation

The correct matching of the electromagnetic waves with their corresponding wavelength
ranges is:

(A) Microwave —> (IV) 0.1 mto 1 mm
(B) Ultraviolet > (I) 400 nm to 1 nm
(C) X-Ray —> (I1) 1 nmto 10 > nm
(D) Infra-red --> (11) 1 mm to 700 nm

Therefore, the correct option is (A-IV, B-l, C-lI, D-I).

2. Ans. (C)
Explanation

When the switch is closed, the circuit is a simple DC circuit and
the current in the circuit is given by Ohm's law:

vV 1w
When the switch is opened, the current in the circuit drops to zero instantaneously.

However, the magnetic field generated by the current in the coil does not disappear
immediately, and it continues to produce a back EMF that opposes the change in current.

This back EMF induces a voltage across the coil that can be calculated using Faraday's law
of induction: £ = —L%, where £ is the induced voltage, L is the inductance of the coil,
and AI/At s the rate of change of current in the coil.



In this case, we know that the induced voltage is 20V and the rate of change of current is
AI/At = —2A/(1ms) = —2 x 10°A/s.
Substituting these values into the equation above, we get: 20V = —L x (—2 x IUSAXS).

Solving for L, we get: L = gxfgfm = 0.01H.

Therefore, the inductance of the coil is 0.01H, or 10 mH.

3. Ans. (A)
Explanation

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

This statement is incorrect. Electrical resonance occurs in an
AC circuit when the capacitive reactance and inductive
reactance are equal, causing the impedance of the circuit to be
minimum. This typically happens in a series RLC circuit or a
parallel RLC circuit. If the circuit contains only a capacitor or an
inductor, it cannot undergo electrical resonance as there is no
counterpart reactance to balance the impedance.

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

This statement is also incorrect. An AC circuit containing a
pure capacitor or a pure inductor will have a power factor of 0,
not a non-zero power factor. The power factor of a capacitor is
-1, and the power factor of an inductor is +1, but when only
considering the reactive components, the power factor is 0. In
such a circuit, no real power is consumed, and the circuit only
has reactive power. The energy is alternately stored and
released by the capacitor and inductor, but no energy is
dissipated as heat or used to perform work.



As both statements are incorrect, the correct answer would be
an option that states both statements are false.

4.Ans. (C)
Explanation

Let's match the layers of the atmosphere (List - I) with their
approximate heights over the Earth's surface (List - II):

(A) F1 - Layer: This layer is part of the ionosphere, which is
located within the thermosphere. The F1 layer is at an
approximate height of 170 - 190 km. So, A matches with .

(B) D - Layer: This layer is also part of the ionosphere and is the
lowest layer of the ionosphere. The D layer is at an approximate
height of 65 -75 km. So, B matches with |V.

(C) Troposphere: This is the lowest layer of the Earth's
atmosphere, where weather occurs, and it extends up to
approximately 10 km over the Earth's surface. So, C matches
with .

(D) E - Layer: This layer is another part of the ionosphere, which
is above the D layer and below the F1 layer. The E layer is at an
approximate height of 100 km. So, D matches with lll.

Thus, the correct matching is:

A-II,B-1V,C-1,D -1l

5. Ans. (C)

Explanation

Maxwell's equations describe the behaviour of electric and
magnetic fields. There are four equations, and each has a



specific role. In the given options, Option C refers to Faraday's
Law of Electromagnetic Induction, which is the only equation
among the options that is not valid for static conditions.s

Option C: Faraday's Law of Electromagnetic Induction:

= 4 8¢
§E.dl =2

This equation states that a time-varying magnetic field

(changing magnetic flux, ¢8) induces an electromotive force
(EMF) in a closed conducting loop, creating an electric field. In
static conditions, the magnetic field doesn't change over time,
and there is no induced EMF. Therefore, Faraday's Law is valid
for time-varying conditions but not for static conditions.

6. Ans. (C)
Explanation

Statement | is true because in a series LCR circuit, the current
first increases as the frequency increases, reaching a
maximum value when the circuit is at resonance. At resonance,
the inductive reactance (XL) and capacitive reactance (XC)
cancel each other out, resulting in the lowest impedance (2)
and the highest current. As the frequency continues to increase
beyond resonance, the current in the circuit decreases.

Statement Il is also true because, at resonance in a series LCR
circuit, the inductive reactance (XL) and capacitive reactance
(XC) are equal and cancel each other out. This results in the
impedance (Z) being purely resistive. The power factor at
resonance is given by the cosine of the phase angle (8), and
since the phase angle is 0° at resonance, the power factor is 1.

Thus, both statements are true, and the correct answer is Both
Statement | and Statement Il are true.



7. Ans. (C)

Explanation
1 1
Xe = =
€T wC ~ (2m)C
1
. Curve A

X1, = wL = (2af)L

. Curve B

8. Ans. (A)
Explanation

Statement I: If the number of turns in the coil of a moving coil galvanometer is doubled then
the current sensitivity becomes double.

This statement is true. The formula for current sensitivity (1) of a moving coil galvanometer
is given by:

_ NAB
IS_T

where:

N is the number of turns in the coil,
A is the area of the coil,

B is the magnetic field strength, and
k is the spring constant of the coil.



From this formula, you can see that the current sensitivity is directly proportional to the
number of turns (N). If N is doubled, then the current sensitivity will also double.

Statement II: Increasing current sensitivity of a moving coil galvanometer by only increasing
the number of turns in the coil will also increase its voltage sensitivity in the same ratio.

This statement is false. The formula for voltage sensitivity (V) of a moving coil
galvanometer is given by:

V,=I,R=NiER
where:
R is the resistance of the coil.

From this formula, you can see that the voltage sensitivity is proportional to the number of
turns (IN) but also inversely proportional to the coil resistance (R). If you double the number
of turns (IV), you also double the length of the wire making up the coil, and thus, you double
the resistance (R) of the coil. The doubling of IV is offset by the doubling of R, so the overall
voltage sensitivity remains the same.

Therefore, increasing the current sensitivity by only increasing the number of turns in the coil
will not increase the voltage sensitivity in the same ratio.

9. Ans. (D)
Explanation

In a series LCR circuit connected to an AC source, resonance
occurs at a particular frequency at which the inductive
reactance is equal to the capacitive reactance, resulting in the
minimum impedance of the circuit. At this frequency, the circuit
draws maximum current from the source, and thus, the
maximum power is dissipated in the circuit. Therefore,
Statement | is true.

In a circuit containing only a resistor, the power dissipated is
given by P = VI = I2R, where V is the voltage across the resistor,
| is the current flowing through the resistor, and R is the
resistance of the resistor. The voltage and current are in phase



in a purely resistive circuit, which means that the power is
maximized. Therefore, Statement Il is also true.

10. Ans. (B)

Explanation

The emf induced in a rod moving through a magnetic field is given by Faraday's law of
electromagnetic induction, specifically, in the form of motional emf, which states that:

emf=B-L-v
where:

(B) is the magnetic field strength,
(L) is the length of the rod, and
(v) is the velocity of the rod.

In this case, we are given the emf, (B), and (L), and we need to solve for (v). Rearranging the
equation gives:

__emf
V=8I

Substituting the given values:

0.08v

047 x0.1m =2m/s

1 =

11. Ans. (A)
Explanation

The function of the non-magnetic metallic core in a
galvanometer is to provide a path for the induced current
generated by the moving coil in the magnetic field. This
induced current opposes the motion of the coil and brings it to
rest quickly due to the effect known as eddy current damping.

When the coil swings past its equilibrium position, a change in
magnetic flux occurs. According to Faraday's law of
electromagnetic induction, this change in magnetic flux
generates an induced current, known as an eddy current. The



eddy current creates its own magnetic field which opposes the
original change in flux, causing the coil to quickly come to rest.

12. Ans. (D)

Explanation

For a capacitor connected to an AC source, the maximum current I,,, can be calculated
using the formula:

J]rma:: — Emax -wC
where E., is the maximum voltage, w is the angular frequency, and C'is the capacitance.

Given the emf equation: E = 36 sin(1207t) V, we can determine that E,, = 36V and
w = 1207rrad/s.

The capacitance is given as 150.0 uF = 150.0 x 10 5F
Now, we can calculate the maximum current:

Imae = 36-(1207) - (150.0 x 10°9)

I..., ~2A

Thus, the correct answer is 2 A.

13. Ans. (B)

Explanation

If the coil is simply moved at uniform or non-uniform speed in a
uniform magnetic field without changing the orientation of the
coil or the area of the coil enclosed by the magnetic field, the
magnetic flux through the coil does not change, and no emf is
induced according to Faraday's Law of electromagnetic
induction.

14. Ans. (B)

Explanation



The magnitude of magnetic flux is given by :

d® = BAcos#t

where B is the magnitude of the magnetic field, A is the area of
the coil, and 6 is the angle between the normal to the area and
the direction of the magnetic field.

The correct option is A, B, and C only.

A. The magnetic flux through a coil can be changed by
changing the magnitude of the magnetic field within the coil. A
stronger magnetic field will increase the magnetic flux, while a
weaker magnetic field will decrease the magnetic flux.

B. The magnetic flux through a coil can also be changed by
changing the area of the coil within the magnetic field. A larger
area of the coil will result in a greater magnetic flux, while a
smaller area will result in a smaller magnetic flux.

C. The magnetic flux through a coil can also be changed by
changing the angle between the direction of the magnetic field
and the plane of the coil. When the angle is perpendicular to the
plane of the coil, the magnetic flux is at its maximum. When the
angle is parallel to the plane of the coil, the magnetic flux is
zero.

D. Reversing the magnetic field direction abruptly without
changing its magnitude will not change the magnetic flux
through the coil. Magnetic flux is proportional to the dot
product of the magnetic field and the area vector of the coil. If
the magnitude of the magnetic field remains the same and the
direction is reversed, the dot product remains the same and the
magnetic flux remains unchanged.



15. Ans. (C)
Explanation

AC generator works on EMZ principle (A-Il)

Transformer uses Mutual induction (B-1V)
Resonance occurs when both L and C are present (C-Z) and

quality factor determines sharpness of resonance (D-11)

16. Ans. (D)
Explanation

w = 628rad/s
X = Lw
= bmH x 628

= 3.140)
17. Ans. (C)

Explanation

R = Resistance
[Xz] = [R]

[Xc] = [R]

R . .
So, — is dimensionless.
1».f':EJE:E{?‘

18. Ans. (B)



Explanation

I _ Vrﬂ'u; _ 2["]'\.@
rms — - ."f 2 5
/ 100%+(200—100)
_ 200+/2
1002
=2A
19. Ans. (A)
Explanation
X =R
— P, = R _ 1
xRV

20. Ans. (A)
Explanation

From energy conservation

Work done to pull the loop out = Energy is lost in the resistance

Emf in the loop = % = B’;A = 4ﬂx2?;<1[l L 01V

2
Energy lost = E”Ez = {Dl':‘]] —10°%J




21. Ans. (C)
Explanation

For (a),i = & = 22> =5.54

R 1 _10°
for (b), X¢ = 27fC — 2ax50x05x10 ° 507 <

X1 =2rfL = 2w x 50 x 50 x 10 * = 507

X > X, hence impedance is greater than 40 (2.

220

trms — 7

-'-irms|b < iwns|ﬂ_

22. Ans. (C)
Explanation
A
/7
/
7




) 2
B at centre = ’UDEL ( ) x 4
dm (3) \ V2

_ V2pgi
- 2xL

[ 2v2pt
- 7L
B-A

Mutual inductance = ;

% 4

_ 2V2p4i W nR?
o L i

_ { 22 R?
o L

23. Ans. (C)

Explanation

X X x B=2T

X X X
» 8 m/s
X X X




Induced emf across the ends = Bvl

=2x8x1=16V

24. Ans. (A)

Explanation

The resonance frequency of LC oscillations circuit is

1
Wp = ———

VLC

L —-2L

1
Sox_4

25. Ans. (B)

Explanation

Velocity of centre of rod v = “”TL

So,emf = B-vlL = B“;LE



X W X
X X X
26. Ans. (A)
Explanation
EMF = 3¢ _ BA—0
dt t

(0.5)(0.01)
0.5

EMF = =0.01V=10mV
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Numerical

Q.1. A capacitor of capacitance 500 HLF is charged completely using a dc

supply of 100 V. 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.

JEE Main 2022 (Online) 29th July Evening Shift

Q.2. For the given circuit the current through battery of 6 V just after

closing the switch 'S' will be A.
> BT —
2 H
220 240 220
| M
6V 2Q
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Q.3. The frequencies at which the current amplitude in an LCR series
circuit becomes 1/2 times its maximum value, are 212rads™ and 232rads™.
The value of resistance in the circuit is R=50. The self-inductance in the
circuit is mH.

JEE Main 2022 (Online) 28th July Morning Shift

Q.4. A conducting circular loop is placed in X-Y plane in presence of
B 3% 9427,
magnetic field B= (St I3 k)in Sl unit. If the radius of the loop is 1 m, the
induced emf in the loop, at time, t=2 s is nmtV. The value of n is

JEE Main 2022 (Online) 27th July Evening Shift



Q.5. To light, a sow,100v lamp is connected, in series with a capacitor of
_50_
capacitance vz uE with 200 V,50 HzAC source. The value of x will be

JEE Main 2022 (Online) 27th July Morning Shift

Q.6. In a coil of resistance 80, the magnetic flux due to an external

_ 2(g_ 42
magnetic field varies with time as ¢=5(0-1 ).The value of total heat

produced in the coil, till the flux becomes zero, will be J.

JEE Main 2022 (Online) 26th July Evening Shift

Q.7. The effective current | in the given circuit at very high frequencies will

be A.
3Q 20 mH 6 uF 4Q 50 mH 80
AT — — A —T— M
= 0.5 uF — 0.5 uF
"W\ {—\V\W\/ Il NV
| A 0.5 uF 10 0.8 uF 4Q 0.8 uF 20

S
220V

JEE Main 2022 (Online) 26th July Morning Shift

Q.8. Magnetic flux (in weber) in a closed circuit of resistance 20 Q varies

with time t(s) at ¢ = 8t2 - 9t + 5. The magnitude of the induced current at t =
0.25 s will be mA.
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Q.9. A series LCR circuit with R=250/11 Q and X.=70/11Q is connected
across a 220V, 50 Hz supply. The value of capacitance needed to maximize
the average power of the circuit willbe _______ uF. (Take: m=227)
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Q.10. An inductor of 0.5 mH, a capacitor of 200 uF and a resistor of
2 o are connected in series with a 220 V ac source. If the current is in phase
with the emf, the frequency of ac source will be x 102 Hz.
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Q.11. In the given circuit, the magnitude of V. and V. are twice that of V..
Given that f = 50 Hz, the inductance of the coil is 1/xkm mH. The value of K is

Vg
e VAVAV e
50
C-— Ve
220V,
50 Hz \~
L SV,
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Q.12. An AC source is connected to an inductance of 100 mH, a

capacitance of 100 uF and a resistance of 120 a as shown in figure. The

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

G e

100 mH 100 ur 1200

()

)

—/
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Q.13. Atelegraph line of length 100 km has a capacity of 0.01 uF/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)
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Q.14. A220V, 50 Hz AC source is connected to a 25V, 5 W lamp and an
additional resistance R in series (as shown in figure) to run the lamp at its
peak brightness, then the value of R (in ohm) will be

25 V,(:) Lamp

5W
MVWWWWY
R
(-
/
220V,
50 Hz
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Q.15. A 10 q, 20 mH coil carrying constant current is connected to a
battery of 20 V through a switch. Now after switch is opened current
becomes zero in 100 us. The average e.m.f. induced in the coil is

V.
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Q.16. A110V, 50 Hz, AC source is connected in the circuit (as shown in

figure). The current through the resistance 55 q, at resonance in the circuit,
will be A.

L

552

O

0

P

C Source
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Q.17. In a series LCR circuit, the inductance, capacitance and resistance
are L =100 mH, C = 100 uF and R = 10 o respectively. They are connected
to an AC source of voltage 220 V and frequency of 50 Hz. The approximate

value of current in the circuitwillbe A,
— T
100 mH 100uF 10Q
()
(o
220V, 50 Hz

JEE Main 2022 (Online) 25th June Evening Shift

Q.18. The current in a coil of self inductance 2.0 H is increasing according
to | = 2 sin(t2) A. The amount of energy spent during the period when
current changes from0to 2 Ais J.
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Q.19. A circular coil of 1000 turns each with area 1Tmz2 is rotated about its

vertical diameter at the rate of one revolution per second in a uniform

horizontal magnetic field of 0.07T. The maximum voltage generation will be
V.
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Q.20. As shown in the figure an inductor of inductance 200 mH is
connected to an AC source of emf 220 V and frequency 50 Hz. The
instantaneous voltage of the source is 0 V when the peak value of current

—PII00 —
L =200 mH

Ja
is = A. Thevalueofais

~)
o/




Answer key & Explanation

1. Ans. Correct answeris 10

Explanation

500 WF

00V

At steady state charge stored on the capacitor,

LY

Jmax — CV
— 500 x 1079 x 100

—5x%x102C
50 mH

Oy

Energy stored in the capacitor,



Now, when electrostatic energy of capacitor converted to magnetic field
energy then all energy of capacitor is transferrd to the inductor.

~ Maximum energy stored in the inductor

UL max = LLI2

AxX

2
1T T2 Gme
HzLImax_ 2C

— Imax — q.-mi

510 2
V0x10 3 x500x 10 8

__ 5x10°
5x10 %

—10A4
2. Ans. Correct answer is 1

i : F_ 6
Just after closing the switch, 7 = 5 =1 A

3. Ans. Correct answer is 250

Explanation

i _ 1
— V’E
VD
i
— T
R
R 1
== = = ——
Z V2

1 1

1
S0 212L = 3320



S0 B == 1.—

VR:H(232L4 o) V2

R® _ 1
R24+(20L)° 2

400L% = R?
L=3

H =2 x 1000 mH

— 250 mH
4. Ans. Correct answer is 12

Explanation

B, = 3¢?
‘i{‘% — 6t —12att =2
¥ 12 x n(1)2 =127

5. Ans. Correct answer is 3

Explanation
_ 1 _ _ m/z 6
Xo = we - Zaxb0x50 10

v% + v = (200)?
vZ, = 200% — 1002
ve = 100/3V

vp = 100V



R = 1555 — 2000

. 1
1rm:EA

L xzo=100v/3=10"° x 2 x 1 =100/3

ﬁ:\@

10000 =100

VE=V3

r=23
6. Ans. Correct answer is 2

Explanation

R=380Q
¢=3(09-1)
Att=23¢0=0
E = ‘—% = %t
= [P ¥dt= [} 1 x B424;

3% 3
:%x(%)ﬂzmxm’—zj

7. Ans. Correct answer is 44

Explanation

Equivalent circuit will be

vvvvv

AAAAAAAAAAAAAAA
vvvvvvvvvvvvvvv




I=20—444

8. Ans. Correct answer is 250

Explanation

R=200Q

p=8t2 -9t +5

e =|—%| =16t — 9| =[16(0.25) — 9| =5
i —

e _ 5 __ _ D.25 3 —

9. Ans. Correct answer is 500

Explanation
For maximum power

power factor = cosf =1

R? = (Xt — X¢)? +R?
X1 = Xc

0 1
11 100w x C

11

= C = 2500n

=500 x 107 %F = 500uF

10. Ans. Correct answer is 5

Explanation



Current will be in phase with emf when

_ 1
wL—wC

1
= W = = —
vILC V5x10 *x2x10*

= ) = 107 rad/s
V10

_ 1 10
:}f—zﬂmez

— f ~ 500 Hz

11. Ans. Correct answeris 0

Explanation

VL = QVR

Sowli =2Ri

— [ = 2B _ 2x5 _ 1 pr_ 100 fr
w 104 ™

250

_ 1
Sok = g = 0

12. Ans. Correct answer is 15

Explanation

L=100 x 10 3H
C=100 X 10°°F
R=1200

wL =102

L 1 — 1001

wC' 104x10 5



;’“*}{Q—}(LZQUQ

— 7 = /902 + 1202 = 1501

20 2
= Irms = 150 EA

For heat resistance by 16°C heat required = 32 J

= (2)7 x (120) x ¢ = 32

_ 32x156x15
t= 4x120 15

13. Ans. Correct answer is 100
Explanation

Total capacitance = 0.07 x 100 =1 uF

w =500 x 2m=10007rad/s

1 1 1oy
— L = 22C — 10°2x10° — mH 100 mH

14. Ans. Correct answer is 975

Explanation

Ry =% _1250

5

= R =1100— 125

= 9752



15. Ans. Correct answer is 400

Explanation

R=10Q
V=20V L=20mH
Vol
Initially current, Iy = 33 = 2A (when initially switch closed)
i - . Ldi
average emf induced in coil = =

20x10 *x(2—0)
100x10 ©

€avg = 400V

16. Ans. Correct answer is 0

Explanation

1 (1)
zZ Xr Xeo

Atresonance, X;, = Xc&Z — o0

. thal circuit — 00

e, 1=0
17. Ans. Correct answer is 22

Explanation



= Current = 22 A =22 A

18. Ans. Correct answer is 4

Explanation
U= %LI 2
=32 x22 =4

19. Ans. Correct answer is 440
Explanation
Vinx = NABw

= 1000 x 1 x 0.07 x (27 x 1)

~ 440 volts
20. Ans. Correct answer is 242

Explanation

f

Ipms = *

Z:XQZDJZ

_ 200
= 27 x b0 x 000

=207

c [ — 220 _ 11
»edrms = 07 T g

vV 2x121




MCQ (Single Correct Answer)

Q.1. A circuit element X when connected to an a.c. supply of peak
voltage 100V gives a peak current of 5 A 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 /2.
If X and Y are connected in series to the same supply, what will be the rms
value of the current in ampere?

10
O

0
052
0:

JEE Main 2022 (Online) 29th July Evening Shift

Q.2. An alternating emf E = 440sin1007t jg gppied to a circuit containing

an inductance of = ™. If an a.c. ammeter is connected in the circuit, its
reading will be :

JEE Main 2022 (Online) 29th July Morning Shift



Q.3. A coil of inductance 1 H and resistance 100Q is connected to a
battery of 6 V. 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,e 3/2 = 0.25)

Q-1omsu=2mJ

ot:‘IUmS;U:1mJ

Ot:?mS;U:’ImJ

Q@ t=7ms;u=2mJ

JEE Main 2022 (Online) 29th July Morning Shift

Q.4. A transformer operating at primary voltage 8kV and secondary
voltage 160V serves a load of 80 kwW. Assuming the transformer to be ideal
with purely resistive load and working on unity power factor, the loads in
the primary and secondary circuit would be



@ 800Qand 1.06 ©2
© 100 and 500 Q2
© 800Qand 0.320

© 1.06 Q2 and 500 2

JEE Main 2022 (Online) 28th July Evening Shift

Q.5. The equation of current in a purely inductive circuit is 5sin (497t —30%)
If the inductance is 30mH then the equation for the voltage across the
inductor, will be :

{Letm = %}
@ 1.47sin (497t — 30°)
© 1.47sin (497t + 60°)
© 23.1sin (497t — 30°)
© 23.1sin (497t + 60°)

JEE Main 2022 (Online) 28th July Morning Shift

Q.6. A series LCR circuit has L=0.01H,R=10Q and C=1uF and it is connected
to ac voltage of amplitude (Vm)50 V. At frequency 60% lower than resonant
frequency, the amplitude of current will be approximately :



O 266 ma

© 312ma

© 238ma

© 196mA

JEE Main 2022 (Online) 27th July Evening Shift

Q.7. Adirect current of 4a and an alternating current of peak value 4 a flow
through resistance of 3a and 2a respectively. The ratio of heat produced in
the two resistances in same interval of time will be :

Q::2
Q3
Qs34

Q43
JEE Main 2022 (Online) 27th July Morning Shift

Q.8. In a series LR circuit X.=R and power factor of the circuit is P1. When
capacitor with capacitance C such that X =Xc is put in series, the power
factor becomes P2. The ratio P1/P is:



b |

(]
0
°
Q2
JEE Main 2022 (Online) 26th July Morning Shift

Q.9. The electric current in a circular coil of 2 turns produces a magnetic
induction B, at its centre. The coil is unwound and in rewound into a
circular coil of 5 tuns and the same current produces a magnetic induction
B. at its centre. The ratio of B2/B1 is

0:
0

e |

Q=
2
JEE Main 2022 (Online) 25th July Evening Shift

Q.10. When you walk through a metal detector carrying a metal object in
your pocket, it raises an alarm. This phenomenon works on :



o Electromagnetic induction

e Resonance in ac circuits

e Mutual induction in ac circuits

0 Interference of electromagnetic waves

JEE Main 2022 (Online) 25th July Evening Shift

Q.11. To increase the resonant frequency in series LCR circuit,

o source frequency should be increased.

e another resistance should be added in series with the first resistance.

G another capacitor should be added in series with the first capacitor.

Q the source frequency should be decreased.

JEE Main 2022 (Online) 25th July Morning Shift

Q.12. A small square loop of wire of side /is placed inside a large square
loop of wire L(L>> 4. Both loops are coplanar and their centres coincide at
point o as shown in figure. The mutual inductance of the system is :



0 Z\f_,un
_pol?

o ZV%WL

o Zvr,unﬂ

2
pp L
24/ 27l

JEE Main 2022 (Online) 25th July Morning Shift

Q.13. The rms value of conduction current in a parallel plate capacitor
is 6.9 u A. The capacity of this capacitor, if it is connected to 230V ac
supply with an angular frequency of 600rad/s, will be :



O s5pF

© sopF

© 100pF

© 200pF

JEE Main 2022 (Online) 25th July Morning Shift

Q.14. An expression for oscillating electric field in a plane
electromagnetic wave is given as E; = 300 sin(5 m x 103x - 3 m x 10"t)
vm™

Then, the value of magnetic field amplitude will be :

(Given : speed of light in Vacuum ¢ =3 x 108 ms™")

Q1 x10°°T

©s5x10°T

© 18 x10°T

© 21 x10°T

JEE Main 2022 (Online) 30th June Morning Shift



Q.15. In series RLC resonator, if the self inductance and capacitance
become double, the new resonant frequency (f,) and new quality factor (Q,)
will be :

(f. = original resonant frequency, Q. = original quality factor)
Q=% =0
© fo=Ffiand @y = %
0© ~2=2fiand @y =Q,

QO /= fiandQ, =2Q,

JEE Main 2022 (Online) 30th June Morning Shift

Q.16. For a series LCR circuit, | vs w curve is shown :

(a) To the left of w1, the circuit is mainly capacitive.

(b) To the left of w+, the circuit is mainly inductive.

(c) At w1, impedance of the circuit is equal to the resistance of the circuit.

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

5 >
(12

0 —>p



Choose the most appropriate answer from the options given below :

© (a) and (d) only.

© (b) and (d) only.

© (@ and (c) only.

© (b) and (c) only.

JEE Main 2022 (Online) 29th June Morning Shift

Q.17. Acaoil is placed in a time varying magnetic field. If the number of
turns in the coil were to be halved and the radius of wire doubled, the
electrical power dissipated due to the current induced in the coil would be :

(Assume the coil to be short circuited.)

0 Halved
e Quadrupled

© The same

© Doubled

JEE Main 2022 (Online) 28th June Evening Shift

Q.18. If L, C and R are the self inductance, capacitance and resistance
respectively, which of the following does not have the dimension of time?



JEE Main 2022 (Online) 27th June Evening Shift
Q.19. The current flowing through an ac circuit is given by
| = 5 sin(120mt)A

How long will the current take to reach the peak value starting from zero?

JEE Main 2022 (Online) 27th June Morning Shift

Q.18. Two coils of self inductance L, and L, are connected in series
combination having mutual inductance of the coils as M. The equivalent
self inductance of the combination will be :



©i+iti
eLl—l—Lg—f—M
°L1+L2+2M

©OL+L,-2M

JEE Main 2022 (Online) 26th June Evening Shift

Q.19. A metallic conductor of length 1 m rotates in a vertical plane parallel
to east-west direction about one of its end with angular velocity 5 rad s™. If
the horizontal component of earth's magnetic field is 0.2 x 107 T, then emf
induced between the two ends of the conductor is :

(A IS0



JEE Main 2022 (Online) 26th June Evening Shift

Q.20. The magnetic flux through a coil perpendicular to its plane is varying

according to the relation @ = (5¢° + 4% + 2t — 5) Weber. If the resistance

of the coil is 5 ohm, then the induced current through the coil at t = 2 s will
be,

JEE Main 2022 (Online) 26th June Morning Shift

Q.21. A sinusoidal voltage V(t) = 210 sin 3000 t volt is applied to a series
LCR circuit in which L = 10 mH, C = 25 uF and R = 100 Q. The phase
difference (®) between the applied voltage and resultant current will be :

Q tan '(0.17)
© tan '(9.46)
© tan7(0.30)

@ tan '(13.33)

JEE Main 2022 (Online) 25th June Evening Shift



Q.22. Match List-l with List-Il.

List - 1

List -Il

(A)

AC generator

()

Detects the presence of current in the circuit

(B)

Galvanometer

(In

Converts mechanical energy into electrical energy

©)

Transformer

(1)

Works on the principle of resonance in AC circuit

(D)

Metal detector

(V)

Changes an alternating voltage for smaller or greater value

Choose the correct answer from the options given below :

© »-0),®)-0).(C)- V), (D)- ()

© »-(),®)-0), (-, (D)-1v)

© » -1, (B)-0v), ©) -, D) -

© »)-(),(®)-0),(C) -, (D)- (V)

JEE Main 2022 (Online) 25th June Morning Shift

Q.23. If wattless current flows in the AC circuit, then the circuit is :

@ Furely Resistive circuit

© Purely Inductive circuit

G LCR series circuit

@ RC series circuit only




JEE Main 2022 (Online) 25th June Morning Shift

Q.24. Given below are two statements :

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

Statement Il : 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.

@) Both Statement | and Statement Il are true.
@ Both Statement | and Statement Il are false.
© statement I is true but Statement Il is false.

@ statement I is false but Statement Il is true.

JEE Main 2022 (Online) 24th June Evening Shift

Q.25. Aresistance of 40 a is connected to a source of alternating current
rated 220 V, 50 Hz. Find the time taken by the current to change from its
maximum value to the rms value :



JEE Main 2022 (Online) 24th June Morning Shift

Answer Key & Explanation

1. Ans. (D)

Explanation

Element X should be resistive with, R = % = 2002

Element Y should be inductive with, X = 120 = 201
When X and Y are connector in series,

Z = v/20% + 207 = 20V/29

100 100 5
Z 202 V2

I =

2. Ans. (C)

Explanation

Vv
I'=_r



3. Ans. (C)

= 2[1—0.25)> x 36 x 10 *
—1mJ

4. Ans. (C)

Explanation

Vi, = Viiy = 80 kW

=i; = 10 Aand iy = 2220% =500 A

—~ R, = i — 800Qand Ry — 160 — .32

500

5. Ans. (D)

Explanation



N

NV = Jwl

90°

V(t) = IwL sin(49mt — 30° + 90°)
=5 x 497 x 33 sin(497t + 60°)
= 23.1sin(497t 4 60°)

6. Ans. (C)

Explanation

w=0.4wy ...... (i)

==Y = 0 i
z VR (w2 o

= [ = 238 mA

7. Ans. (B)

Explanation

= Ratio=3:1



8. Ans. (B)

Explanation
Py =cos¢ = %(XL = R)

P> = cos @' = 1 (will become resonance circuit)

P 1
SO*P&_V@

9. Ans. (B)

Explanation

__ npol
B = 2R

_ 2pl
B, = 2R,

__ Spel
BE 2R,

R2:2R1

2 _ 5 B __ 25
= B — 2 "R, — 1
10. Ans. (B)

Explanation

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

11. Ans. (C)
Explanation

Resonant frequency = — = wy



= If we decrease C, wy would increase

—> Another capacitor should be added in series.

12. Ans. (C)
Explanation

We know ¢ = Mi

Let i current be flowing in the larger loop

= ¢ =~ [4 X M?Eifg] [sin45° + sin 45“]} X Area

2v2upi
:%xfz
.

b 2v2pl?
= M=7 ==

13. Ans. (B)

Explanation

,
Ze=Y

1 230
=~ oC = ﬁ.QMQ

6.9
= C = 55, bF

T
= oz 600 ME

C = 50pF
14. Ans. (B)

Explanation

Given, Equation of electromagnetic wave,

E. = 300sin (511‘ x 10z — 37 x 101 t) Vm~!



We know, velocity of wave (v) = +

here, w = 3m x 101

k = 5m x 10°
. - __ 3rx10"
.. Velocity of wave (v) = <=~
= 0.6 x 10° m/s
We also know,
Ey, =CB,
Ey _ _ 300 _ -6
=Bo=7 _0.ﬁx103_5><10 T

15. Ans. (A)

Explanation

We know,

Quality factor (Q factor)

Now, when L' = 2L and C' = 2C'then Q2 =

.".Q, remains same as Q.
1

Also,asw; = ——
) 1 TC

—= Z?Tfl —

(ST

= fi = 9V/LC

1 [2L _
R 200

E=-Q

s.When L' = 2L and C" = 2C then new resonating frequency

fo= L = 1 5 X fi
2y 2L =20 22y L



16. Ans. (C)

Explanation

We know that X¢ = % and X7 = wlL
Also, atw = w, : X; = X¢

= For w <C w, : capacitive

andw:wr:z:\/RE—F{XL—Xg)E:R

17. Ans. (C)
Explanation
2
[ =4
P=_—
R
e = induced emf = Nd¢g = NA@
dt dt

and R = :—L where r is the radius of the wire

= P'=P
18. Ans. (D)

Explanation



2

U=1Li*=1CV?

2 . . : :
So, [%] — E; — R? is not the dimension of time.

19. Ans. (D)
Explanation
w = 1207

:%ng—usec

The current will take its peak value in % time

20. Ans. (D)

Explanation

Self inductances are in series but their mutual inductances are linked
oppositely so equivalent self inductance

L=Li1+Lo-M-M=L1+L2-2M

21. Ans. (B)

Explanation

1 2
Emf = 5 Buwl
=1 x02x10*x5x1%V
=0.5 x 1074V

=50 uv
22. Ans. (A)

Explanation



¢ =5t +4t2+2t -5
le| = 92 — 15t% 4 8t + 2
Att=2,le| =15 x 22 + 8 x2+2

= e="78V

$

I=+ =2 =1560

23. Ans. (A)
Explanation

X1 =3000 x 10 x 10* = 300

_ 1 6 40
Xc = 350053 X 10° =30

SOXL—XC:30—43—D:%Q

X Xc 50/3 1
tanf = 5= = 55 = §
So # = tan 1(0.17)

24. Ans. (A)

Explanation
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

25. Ans. (B)

Explanation

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

Q.1 At very high frequencies, the effective impendence of the given circuit will be

=

10 O5F 20 05F

- 05F
10 20 H 2Q O05F

AN

~

_/
220V

31st Aug Evening Shift 2021

Q.2 An ac circuit has an inductor and a resistor 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 V5 : x The value of x is
27th Aug Evening Shift 2021

i—= { V42 sin (E—;Tt) - 10} A
Q.3 The alternating current is given by

The r.m.s. value of of this current s ................. A.

27th Aug Morning Shift 2021
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Q.4 In the given figure the magnetic flux through the loop increases according to the
relation ¢g(t) = 10t2 + 20t, where ¢z is in milliwebers and t is in seconds.

The magnitude of current through R = 2Q resistoratt =5 s is maA.
X X X X X
o
o [
X X X X X
X X X X X

27th July Evening Shift 2021

Q.5 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.
& W 50 ol
————— VW I——«ww—mm—
I
R & X L
o @
220V 20V
figure (a) figure (b)

25th July Evening Shift 2021

Q.6 An inductor of 10 mH is connected to a 20V battery through a resistor of 10
kQ 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 1 ps is 1% mA. Then x is
equal to . (Take e-1=0.37)

25th July Morning Shift 2021

Q.7 A series LCR circuit of R =5Q, L = 20 mH and C = 0.5 pF is connected across an
AC supply of 250 V, having variable frequency. The power dissipated at resonance
condition is x 102 W.

20th July Evening Shift 2021

Q.8 In an LCR series circuit, an inductor 30 mH and a resistor 1 () are connected to



an AC source of angular frequency 300 rad/s. The value of capacitance for which,
the current leads the voltage by 45° is i x10-3 F. Then the value of x is

20th July Morning Shift 2021

Q.9 A sinusoidal voltage of peak value 250 V is applied to a series LCR circuit, in
which R =8, L =24 mH and C = 60 pF. The value of power dissipated at resonant
condition is 'x' kW. The value of x to the nearest integer is

16th Mar Morning Shift 2021

Q.10 In a series LCR 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

26th Feb Morning Shift 2021

Q.11 A transmitting station releases waves of wavelength 960 m. A capacitor of
2.56 pF is used in the resonant circuit. The self inductance of coil necessary for
resonance is x 10-8 H.

25th Feb Morning Shift 2021

Q.12 A coil of inductance 2 H having negligible resistance is connected to a source of
supply whose voltage is given by V = 3t volt. (where t is in second). If the voltage is
applied when t = 0, then the energy stored in the coil after 4 s is J.

25th Feb Morning Shift 2021

Q.13 A series L-C-R circuit is designed to resonate at an angular frequency wo =
105 rad/s. The circuit draws 16W power from 120V source at resonance. The value
of resistance 'R’ in the circuit is Q.

24th Feb Evening Shift 2021

Q.14 A resonance circuit having inductance and resistance 2 x 10-4 H and
6.28() respectively oscillates at 10 MHz frequency. The value of quality factor of this
resonator is



[t =3.14]
24th Feb Morning Shift 2021

Q.15 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 220 V (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

24th Feb Morning Shift 2021

Numerical Answer Key

1. Ans. (2) 10. Ans. (282.84)
2. Ans. (1) 11. Ans. (10)

3. Ans. (11) 12. Ans. (144)

4. Ans. (60) 13. Ans. (900)

5. Ans. (500) 14. Ans. (2000)
6. Ans. (74) 15. Ans. (440)

7. Ans. (125)

8. Ans. (3)

9. Ans. (4)

Numerical Explanation

Ans 1.



X = 27l

fis very large

.. X Is very large hence open circuit.

— 1
Xe =76

fis very large.

.. Xe I1s very small, hence short circuit.
Final circuit

1Q 20

R X =3R R X X.=2R
— MWW~ T ——

®
®



COS ) = ——
(ﬁ v REp3R?
_ 1

/10

R
cos = ——
VRELR?

_ 1

V2
cos ' Y10 V5

Ans 3.

ff?;ns - f121-mg + f22rms
(V) 2
—(,,;5) +10
=121 = frp. =11 A

Ans 4.
B :%zEDHE[}mV
il = 1 =10t + 10mA

att=5

|| = 60 mA

Ans 5. For figure (a)



2 _ 1 108
W= L 0.1=40
w = 500
Ans 6.

For LR - decay circuit

I=1I,.e ML

—tox10%x 0 ®

I =2mAe ww?



| =2mA e
=2 % 0.37 mA

_ T4
I= 100

X=74

Ans 7.

X1 = Xc (due to resonance)

. v v
Z:RSDET‘mS:?:E

1_.1'3

__ 2502500 __ . 2YA7

Ans 9. At resonance power (P)

(Vems)”

P=—

— 2z
(250/v'2
- P= - )

= P=3906.25w
= P >4 Kw

Ans 10.



i _IJ'._-:..rL
Quality factor = o = =
_ 1 L
_ (L) E
Q_(m)ﬂ
Q=L _wb_ 1+ L _ 1L

Q' =282.84

Ans 11.
A=960m

C=256uF=256x10"6F

c=3x 108 m/s

Now at resonance, wg = ——

W I

>

[Resonant frequency]

I fy = ——
fo VIO

On substituting fo = <, we have 27 < = ——

VIO



Squaring both sides - 4:12;*—2 L

L
SE
4x10= (3= 107) 1
B (960)*  Lx256x10 °
1 4x 109 10" 25610 °
L 960 960

— L —=10x 10 ®H
Ans 12.

di -
LI — £
= 3t
L [di=3 [tdt

. 32
Li = 5

32

2L

energy, E = 3 Li’

——
[+
ot

Y

144 J

oo |

*

12
Ans 13. Given, angular frequency at resonance, wo = 105 rads-!

Power drawn from circuit, P =16 W



and supply voltage, V=120V

Let resistance of circuit = R.

As, P=V?/R

P
— R — V';‘“P — 12(]111(]1]

=30x30=900Q
Ans 14.

Given, L=2 x 107*H,R=628 €, f; = 10 MHz = 10 x 10° Hz

~. Quality factor = wp £ = 2 fo &

6 210
2w 10 = 107 = TR

2 % 10% = 2000

Ans 15. In a transformer,

where, Np = number of turns in primary circuit, Ns = number of turns in secondary
circuit = 24, V, = potential of primary circuit = 220 V and V; = potential of secondary
circuit=12V

220

24 12

> N, — 440

MCQ (Single Correct Answer)

Q.1 For the given circuit the current i through the battery when the key in closed
and the steady state has been reached is



20

AAA,\A“A
! O.SmHé 02H

p— 30
30V

30 30

L

0 5A
@ 254
@ 10A
@ 0A

1st Aug Evening Shift 2021

Q.2 Statement - I:

To get a steady dc output from the pulsating voltage received from a full wave
rectifier we can connect a capacitor across the output parallel to the load RL.

Statement - II:

To get a steady dc output from the pulsating voltage received from a full wave
rectifier we can connect an inductor in series with RL.

In the light of the above statements, choose the most appropriate answer from the
options given below:

0 Statement | 1s true but Statement [l is false
@ Statement | 1s false but Statement |l is true
G Both Statement | and Statement || are false

Q Both Statement | and Statement Il are true

31st Aug Morning Shift 2021



Q.3 In an ac circuit, an inductor, a capacitor and a resistor are connected in series
with X1 = R = Xc. Impedance of this circuit is :

Q 2r2
© zewo
OR
0 rV2

31st Aug Morning Shift 2021

Q.4 A small square loop of side 'a' and one turn is placed inside a larger square loop
of side b and one turn (b >> a). The two loops are coplanar with their centres
coinciding. If a current I is passed in the square loop of side 'b’, then the coefficient
of mutual inductance between the two loops is :

fig o
(A EBJE%

o 8/2
47 a

rg\2%

g 82
Q.-

31st Aug Morning Shift 2021

Q.5 Electric field in a plane electromagnetic wave is given by E = 50
sin(500x - 10 x 1010 t) V/m The velocity of electromagnetic wave in this medium is:

(Given C = speed of light in vacuum)



0 ic
@c

O :c

03

27th Aug Morning Shift 2021

Q.6 In the given circuit the AC source has w = 100 rad s1. Considering the inductor
and capacitor to be ideal, what will be the current I flowing through the circuit?

100 wF 100 Q2
I 050H 500
=)
N

200V

O s59A
G 316A
© 094A
@sA

26th Aug Evening Shift 2021

Q.7 A series LCR circuit driven by 300 V at a frequency of 50 Hz contains a
resistance R = 3 k(}, an inductor of inductive reactance Xi, = 250 mQ) and an unknown
capacitor. The value of capacitance to maximize the average power should be :
(Take m2 = 10)



O 4pF
0O 25 F
@ 400 pF

Q@ 40 uF

26th Aug Morning Shift 2021

Q.8 An inductor coil stores 64 ] of magnetic field energy and dissipates energy at the
rate of 640 W when a current of 8A is passed through it. If this coil is joined across
an ideal battery, find the time constant of the circuit in seconds:

0 o
Q@ o5
@® 0125
@ 02

26th Aug Morning Shift 2021

Q.9 A 100Q 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.

© 070H

©® 703mH

© 703x105H

@® 703H
27th July Evening Shift 2021



Q.10 A 0.07 H inductor and a 120Q() resistor are connected in series to a 220V, 50 Hz
ac source. The approximate current in the circuit and the phase angle between
current and source voltage are respectively.

[Take mas g]

@ 88Aandtan™ (%)
@ 88Aand tan ! (1)

© 083Aand tan! (1)

@ s8Aand tan! (%)

27th July Morning Shift 2021

Q.11 A 10 Q resistance is connected across 220V - 50 Hz AC supply. The time taken
by the current to change from its maximum value to the rms value is:

Q 25ms
© 15ms
© 30ms
@ 45ms

25th July Evening Shift 2021

Q.12 Match List - [ with List - II



List-1 List - 1l

(@) wl = % (iy Currentis in phase with emf
(b) wL = % (i) Current lags behind the applied emf
() wL < % (i) Maximum current occurs

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

Choose the correct answer from the options given below

© alii), b(i), c(iv), dii)
@ aii), bi), (i), d(iv)
@ aliii), bi), c(iv), (i)

@ a(iv), biiii), (i), di)

22th July Evening Shift 2021

Q.13 In a circuit consisting of a capacitance and a generator with alternating emf
Eg = Ego sinwt, V¢ and I¢ are the voltage and current. Correct phasor diagram for such
circuit is

Eg(~) a Tc Ve
|




A
Ic
Ve
(]
wt
Ic Ve
©
wt
A
Ve
oY _ wt o

Ic ,-

22th July Evening Shift 2021

Q.14 For a series LCR circuit with R =100 Q, L = 0.5 mH and C = 0.1 pF connected
across 220V-50 Hz AC supply, the phase angle between current and supplied
voltage and the nature of the circuitis :

@ 0°. resistive circuit
@ ~ 90°, predominantly inductive circuit
@ 0°, resonance circuit

Q ~z 90°, predominantly capacitive circuit

20th July Evening Shift 2021

Q.15 The time taken for the magnetic energy to reach 25% of its maximum value,
when a solenoid of resistance R, inductance L is connected to a battery, is :



@ infinite
® = no
@ = n2
@ =5

18th Mar Evening Shift 2021

Q.16 In a series LCR circuit, the inductive reactance (X.) is 102 and the capacitive
reactance (Xc) is 4€). The resistance (R) in the circuit is 6€). The power factor of the
circuitis:

0:
&
CJ

B

b

Y
1
v

)|

1
Q 24/2

18th Mar Evening Shift 2021

Q.17 An AC source rated 220 V, 50 Hz is connected to a resistor. The time taken by
the current to change from its maximum to the rms value is:

O 25ms
G 25ms
O 25s
@ 025ms

18th Mar Morning Shift 2021



Q.18 In a series LCR resonance circuit, if we change the resistance only, from a
lower to higher value:

e The bandwidth of resonance circuit will increase.
@ The resonance frequency will increase.
@ The quality factor will increase.

0 The quality factor and the resonance frequency will remain constant.

18th Mar Morning Shift 2021

Q.19 What happens to the inductive reactance and the current in a purely inductive
circuit if the frequency is halved?

@ Both, inducting reactance and current will be doubled.
@ Inductive reactance will be doubled and current will be halved.
@ Both, inductive reactance and current will be halved.

Q Inductive reactance will be halved and current will be doubled.

17th Mar Evening Shift 2021
Q.20 Match List - [ with List - II

List - | List- 1l
Phase difference between current and voltage in a purely resistive AC ) —; current leads
) circuit o voltage
{b) Phase difference between current and voltage in a pure inductive AC circuit (i) zero
Phase difference between current and voltage in a pure capacitive AC
(c) circuit (1ii) —; current lags voltage

XX
(d) Phase difference between current and voltage in an LCR series circuit (iv) tan ! (%)



Choose the most appropriate answer from the options given below :

@ (@)-(i), (b)-iii), (c)-(), (d)-(iv)
@ (@), (b)-(iii), (c)-(iv), (d)-ii)
G (a)-(u), (b)-(ui), (c)-(iv), (d)-(1)

© (@), (b)-(iv), (c)(iii), (d)-(i)

17th Mar Evening Shift 2021

Q.21 An AC current is given by I = [ sinwt + [z coswt. A hot wire ammeter will give a
reading:

0 Il+.l'-:

e /=
ILi+1I,
e 2./2

17th Mar Morning Shift 2021

Q.22 For the given circuit, comment on the type of transformer used.

i iL 0.11A

220V @&

o

s HW v

Il




@ Auxiliary transformer
@ Step down transformer
@ Step-up transformer

Q Auto transformer

16th Mar Evening Shift 2021

Q.23 An RC circuit as shown in the figure is driven by a AC source generating a
square wave. The output wave pattern monitored by CRO would look close to :

R
nd  Lé
1 1

\Z/

© A1
VI Y B
G ./ i’/ i./’// i//i

0 NN\

16th Mar Morning Shift 2021

Q.24 Find the peak current and resonant frequency of the following circuit (as
shown in figure).

I_

100 mH 100 uF

V =30 sin 100t

120 Q)



@ 2Aand 100 Hz
© 2Aand 50 Hz
@© 0.2Aand 100 Hz

@ 02Aand 50 Hz

26th Feb Evening Shift 2021

Q.25 An alternating current is given by the equation i = i1 sin wt + iz cos wt. The rms
current will be:

1

Q ;@H+8)

3/

@ (i1 +ir)
O = (i1 +i2)

Y
@ (i +3)°

26th Feb Morning Shift 2021

5=

*||”

b

Q.26 Match List I with List II.

List | List Il
(a) Rectifier (i) Used either for stepping up or stepping down the a.c. voltage
(b) Stabilizer  (ii) Used to convert a.c. voltage into d.c. voltage
{c) Transformer (iii) Used to remove any ripple in the rectified output voltage

_ ~ Used for constant output voltage even when the input voltage or load
(d) Filter {iv)
current change

Choose the correct answer from the options given below:



@ (@)-(i), (b)-(iv), (c)-(0), (d)(ii)
© (a)iii), (b)-(iv), (c)-(i), (d)-ii)
© (@)-), ), (C)-(iv), (d)-(iii)

@ (@)-(ii), (b)), ()-(i), (d)-(iv)
25th Feb Evening Shift 2021

Q.27 An LCR circuit contains resistance of 110Q and a supply of 220 V at 300 rad/s
angular frequency. If only capacitance is removed from the circuit, current lags
behind the voltage by 45°. If on the other hand, only inductor is removed the current
leads by 4500 with the applied voltage. The rms current flowing in the circuit will be:

0 1A
@ 25A
@ 2A
@ 15A

25th Feb Evening Shift 2021

Q.28 The current (i) at time t = 0 and t = coco respectively for the given circuit is :

50 5()

N
— E
10Q 40
L T ————————




e 18E SE
55 ? 18
e 5E 18E

18 7 bb

G&_E 10E
187 33

10E 5E
33 7 18

25th Feb Morning Shift 2021

Q.29 The angular frequency of alternating current in a L-C-R circuit is 100 rad/s.
The components connected are shown in the figure. Find the value of inductance of

the coil and capacity of condenser.

R=600

T

©

@) 08Hand 150 puF
© 08 H and 250 pF
@ 1.33Hand 150 uF

@ 1.33Hand 250 pF

25th Feb Morning Shift 2021

Q.30 Figure shows a circuit that contains four identical resistors with resistance R =
2.0Q, two identical inductors with inductance L = 2.0 mH and an ideal battery with
emf E = 9V. The current 'i' just after the switch 'S" is closed will be :



R

Q 30A
@ 337A
O oA

@ 225A

24th Feb Evening Shift 2021

MCQ Answer Key
1. Ans. (c) 10. Ans. (a) 19. Ans. (d) 28. Ans. (c)
2. Ans. (d) 11. Ans. (a) 20. Ans. (a) 29. Ans. (b)
3. Ans. () 12. Ans. (a) 21. Ans. (c) 30. Ans. (d)
4. Ans. (a) 13. Ans. () 22. Ans. (c)
5. Ans. (¢) 14. Ans. (d) 23. Ans. (d)
6. Ans. (b) 15. Ans. () 24. Ans. (d)
7. Ans. (a) 16. Ans. (c) 25. Ans. (a)
8. Ans. (d) 17. Ans. (a) 26. Ans. (a)
9. Ans. (d) 18. Ans. (a) 27. Ans. (c)



MCQ Explanation

Ans 1. We know in study state potential difference across inductor = 0

So, equivalent circuit becomes

I\/\W" ‘\I
BOVT ' 3Q 30 310 !
Parallel (R.,)
L _ 11 1_
If4q_3+3+3_1
= Rgq =102

= Circuit becomes

2Q

30V 1Q

=}>i‘:=%=1{]rﬂ'\

Ans 2. To convert pulsating dc into steady dc both of mentioned method are correct.

Ans 3.

Z=1\/(Xe—Xo)' + R =R--X_ = Xc

Ans 4.
b L

e
= -

" =
-]




B= |4k x 2sinds| x 4

-15:2\/@%% x a’

o 2
M=t SR Mg el

I wl
Ans 5.
V=g = 0 508
V==X

2
= ‘/ (——t—s) +100°
100 = 100 10

Zo = \/ (100)* + (100)*

— 1002

Zr = \/(wL)? + R2

\/{mu % 0.5)° + 507

— 5042
ic = 200 200
Zo 100+/2



0 200 /3
o — Z_ — s
C 100+/2

Zr 502
100 1
cos = — = — = ¢ = 45"
1042 V2
cos (i’g =30 L = (f)g = 45
5042 V2
Ic
45°
45°

I = UIE.—FIE
=42+ 8

=10
[=3.16 A
Ans 7. From maximum average power
XL=Xc

_ 1
250 = 2 (50)C

=>C=4x10-6
Ans 8.
U=1I=64=L=2

2

i R = 640



Ans 9.
C=01pF=107F
Resonant frequency = 60 Hz.

Wy = L

A
0

‘\,-"-

2rfo = ;_ = L= L
fﬂ W LC 4 fiC

by putting values L=~70.3 Hz
Ans 10.

¢ = tan ! (%)

X; =wlL
XL=2><%X5[}><D.UT=229
¢ = tan ! (%)

R =120

L 1 £
@ = tan (ﬁ)

Z =/ X} + R? =25.059

_ vV _ s _
I= Z T 25050 8.774




V =220V/50Hz
=1 = ipSinwt

wheni=ig

()

XIE]

Ip = Igsinwty = wty =

When':i—f

v

|

L = igsinwty = wh = 3 (i)

W

Time taken by current from maximum value to rms value

1
200 sec

=2.5ms

Ans 12.

wL=-L Xp = Xc

So current in phase with EMF

At resonance, current have maximum value.

|.:||:|

Ans 13. In capacitor, current lead voltage by

Ans 14.



R =1000
X; = wL =50m < 10 ®

— 1 _ 1"
Xe =76 = 10n
Xe >> X,

&|Xc— Xi| >> R

Ans 15.

Magnetic energy, U = ZLIZ

Given: U = 25% of Up.
1yrz 1 1772
2_1-1? _fl:u
=1 _T:RI_?

I = IU{]. — e t-"rr}

= 2 =[y(1—e )

tfT

1

= ;=€

= et/lm =2

=t=7ln2
L

:>t_ﬁ]n2

Ans 16. Given:



XL =10Q
Xc =40

R =60

R

.. Power factor = cosfl = =

n
! °
VB (X Xe)

L]

621 (10-4)°




f does not depends on resistance(R).

Quality factor, Q@ = %
= Q x ﬁ
So if R increase then Q will decrease.
Also, Q@ = % = fﬁ
where A = bandwidth

AB=73
So if R increase then A will increase too.
Ans 19.
X =wlL

X, = (%)

i
Ve

(a) phase difference b/w current & voltage in a purely resistive AC circuit is zero



(b) phase difference b/w current & voltage in a pure inductive AC circuit is g current

lags voltage.

(c) phase difference b/w current & voltage in a pure capacitive AC circuit is g

current lead voltage.

(d) phase difference b/w current & voltage in an LCR series circuit is

— i 1 Xe—Xy
= tan ( . )

Ans 21.

Ipms = \ Ta

2 o }r (11 sin w1z cos w:}zdt
RMS — . T

-
= = [ (I7sin’wt + I}cos’wt + 21, I sin wt cos wt)dt
0

I 12
=5 +5+0

I';l'_l-\:

| j;zl lir;Z
Ipms =\ ——

Ans 23. Assuming AC start with positive voltage, when +ve voltage is across input
then the capacitor start charging, trying to reach saturation value, till there is +ve
voltage across input, when —ve voltage of AC appears across input, the capacitor
starts discharging till there is —ve voltage across input and this process of charging
and discharging keeps on going alternatively.



For charging For discharging
il
[

Foovas
[

- 2 L
S 2
= y I 3

increasing current decreasing current

charging

discharging

Ans 24.

We know, z = \/{;1:,; —a:gf—i—ﬁ?
x; = wr = 100 x 100 x 10 * = 1052

zo=-L=—21___ —100

we 1003 100% 10~ ¢

Lz= \/{10 —100)° + R? = \/90? + 120°

. _Aw 30 _ 1 —
lpeak — — — 0 Eﬂ.ﬂlp—ﬂ,g dmp

“

For resonant frequency,



2 | i

1
i '|L. = = = = =
- wl L VIT
_ i _ 1
& f_ 9 T ! 3 i
2wy LC 27 1003 10 % 3 100 10
100+/10 _
— W — 100 — 5':]' HZ
Pk 2

as 10 ~ 7

Ans 25.

Ir[p = 1_"';1‘-12 + I; ny EIIIQ cos !

Ir[p = 1_‘l'llr.f‘-12 + I; ny EIIIQ cos 90°

I, = xlf'rf D+ I+ 2L 15(0) = «Jﬁ

We know that,

SD; I'r".rn.s — I —

Ans 26.
(a) Rectifier: used to convert a a.c. voltage into d.c. voltage.

(b) Stabilizer: used for constant output voltage even when the input voltage or load
current change

(c) Transformer: used either for stepping up or stepping down the a.c. voltage.
(d) Filter: used to remove any ripple in the rectified output voltage.

Ans 27. Since ¢ remain same, circuit is in resonance



_m
o110
— I-r-m_s == 214.
Ans 28.
50 50
10 40

att =0, inductor is removed, so circuit will look like this

att=0

50 50

Ex15 _ 5E
I(t=0)==F~ =3

at t = oo, inductor is replaced by plane wire, so circuit will look like this
att = oo,

50 50

10 40




TS
Now,
5Q 5Q
AT
—E
10 40

Ry 33
Ans 29.
R=600Q
MWW
15V
c_—1ov L 20V
©

Since key is open, circuit is series

15 = ims (60)




Ans 30. Given, resistance, R = 2(),
Inductance, L = 2 mH,

emf, E=9V

and i be the current.

At t = 0 when switch is closed, inductors behave as open circuit.

-~ Effective circuit will be

i

IJ:AI R=2Q

NS4

Bl
L

R=2Q

9V

By using Ohm's law, V =i Req
= 1 = V/Req
where, Req is equivalent resistance of series resistors,

e, Regq=R+R=2R=2x2=4()

S = — = 2.20A

.:.\.|m



1.

An alternating voltage v(r) = 220 sin 100A¢ volt is applied
to a purely resistive load of 50Q2. The time taken for the
current to rise from half of the peak value to the peak
valueis : [8 April 2019 1]
(a) Sms (b) 22ms (¢) 72ms (d) 3.3ms
A small circular loop of wire of radius « 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 = [ cos (wt). The emf
induced in the smaller inner loop is nearly :

[Online April 8,2017]

2
nuel, a® . 2
0 0,?wsm(wt) (b) %.%wcos(wt)

(@)

2

2
. I
(©) ml, a?cosm (ot) Tholob

————mcos(mt)
a

(d

A sinusoidal voltage V(t) = 100 sin (500t) is applied across
apure inductance of L =0.02 H. The current through the
coil is: [Online April 12,2014]
(@) 10cos (500t) (b) —10 cos (500t)
(c) 10sin (500t) (d) —10sin (500t)
In an a.c. circuit the voltage applied is £ = E|; sin o. The

. T
resulting current in the circuit is 7 = 7 sin (cot - Ej . The
power consumption in the circuit is given by ~ [2007]

Eyl

@ P=v2E] (b) P==CC
040 ﬁ

Eyly

(c) P=zero @ P= >

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]

(Bnrw)2 (B7U”2(1))2
@ R (b) TR
Brrle (Bnro)z)2
© T3k AT

Alternating current can not be measured by D.C. ammeter
because [2004]
(a) Average value of current for complete cycle is zero
(b) A.C. Changes direction

(¢) A.C.cannot pass through D.C. Ammeter

(d) D.C. Ammeter will get damaged.

i N AC Circuit, LCR Circuit, o
| ) 2 g ()3
‘\TOPI(" H Quality and Power Factor Dg
7.  Apart of a complete circuit is shown in the figure. At some

10.

instant, the value of current I is 1 A and it is decreasing at a
rate of 10°A s™!. The value of the potential difference V/, Vo
(in volts) at that instant, is

[NA Sep. 06, 2020 (I)]
L=50 mH I R =20
s—vvrrrre] AW
P 30V Q

An AC circuit has R =100 2, C=2 pF and L = 80 mH,
connected in series. The quality factor of the circuit is :
[Sep. 06, 2020 (D]
(@ 2 (b) 05
(© 20 (d) 400
In a series LR circuit, power of 400 W is dissipated from a
source of 250V, 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

(31] UF | then value ofnis . INA Sep. 06, 2020 (IT)]
i

A series L-R circuit is connected to a battery of emf V. If
the circuit is switched on at =0, then the time at which the

1 :
energy stored in the inductor reaches (—j times of its
n

maximum value, is : [Sep. 04, 2020 (1))



P-362

£1n Jn £1n Jn +1
@ 2" 7 ® 2"

o &) o b(E

11. A 750Hz, 20 V (rms) source is connected to a resistance of
100 Q, an inductance of 0.1803 Hand 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 (D]
(a) 418s (b) 245s
(c) 365s (d) 348s

12. Aninductance coil has a reactance of 100 Q. When an AC
signal of frequency 1000 Hz is applied to the coil, the applied
voltage leads the current by 45°. The self-inductance of
the coil is : [Sep. 02,2020 (ID)]
(@ 1.1x1072H (b) 1.1x10'H
(c) 5.5x10°H (d 6.7x107H

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

L
through the battery between t=0and ¢ = 2 is:

[12 April 2019 IT]
L R
i
f——o
E S
2.7EL b EL
@ “ Olyre
7.3EL d EL
© “ @ T

14. 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 n 5= 1.6] [10 April 2019 I}
(@) 0324s (b) 0.103s
(©) 0.002s (d) 0.0165

15. 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 20191]

16.

17.

18.

i 10Q
E 20H
2 1
(@) In2 (b) Eln2
(c) 2/n2 (d) In2

A circuit connected to an ac source of emf'e = e sin(100¢)

) s
with ¢ 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 1]
(@) RLcircuitwithR=1kQandL=10mH

(b) RLcircuit withR=1kQandL=1mH

(d) RCcircuit withR=1kQ andC=1pF

(d) RCcircuit withR=1kQ and C=10 pF.

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? [12 Jan. 2019 1]

RS
(@ 55A (b) 7.5A
(c) 3A (d) 6A
] MW —2
C R,
I\
U/

3 3
In the above circuit, C = % uF, R,=20Q,L= % Hand

R, =10Q. Current in L-R, path isI; and in C-R, path itis
I,. The voltage of A.C source is given by, V = 200~/2 sin
(100 t) volts. The phase difference between I, and 1, is :
[12 Jan. 2019 1]
(@) 60°
(© 9%°

(b) 30°
d 0



Alternating Current

19.

20.

21.

22,

In the circuit shown,

R L
NN/ T —
.S
| -
€

the switch S, is closed at time t = 0 and the switch S, is
kept open. Atsome 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 II]

14 14

(2)

(b)

I
I
]
I
I
I
. ! .
- >

o t

A series AC circuit containing an inductor (20 mH), a

capacitor (120 uF) and a resistor (60 Q) is driven by an

AC source of 24 V/50 Hz. The energy dissipated in the
[9 Jan. 2019 T]

(b) 2.26 x 10° J

(d) 3.39x10°J

circuit in 60 s is:
(a) 5.65x 1027
() 5.17 x 10%]
In LC circuit the inductance L =40 mH and capacitance C
=100 pF. Ifa voltage V(f) = 10 sin(314 ¢) is applied to the
circuit, the current in the circuit is given as:

[9 Jan. 2019 I1]
(b) 10cos 314t
(d) 0.52sin314t

(@) 0.52cos314t

(c) 52cos314t
L R

| | Ve

I Te

As shown in the figure, a 1tk)gattery ofemfe 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 ¢
=0andt=1¢ (¢, isthe time constant of the circuit) is:

[8 Jan. 2020 IT]

23.

24,

25.

26.

27.

P-363
- =4}
@ —7 ®) (7,
el eR
(© = (d) L

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]
@ Leom CokRob

1 1 1
b) Le>—-,Cé> —,Re> —
b m

k
(c) Lok, Cob,Reom

1
d LomCo ;,R(—)b

Anemfof20V isapplied at time #= 0 to a circuit containing
in series 10 mH inductor and 5 Q resistor. The ratio ofthe
currents at time f = o and at t = 40 s is close to:

(Take €>=7.389) [7 Jan. 2020 II]

(@) 1.06 (b) 1.15

(c) 146 (d) 0.84

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

e=100sin30¢
i=20sin [30t—£j
4

In one cycle of a.c., the average power consumed by the

circuit and the wattless current are, respectively: [2018]
50W, 10A b 10% W, 10A
(a) ’ ( ) \/5 s
50
) —=W.,0 (d) 50W,0

NG

For an RLC circuit driven with voltage of amplitude v, and

1
frequency w,= E the current exhibits resonance. The

quality factor, Q is given by: [2018]
@ Ny MR o B9 S
¥R L 7 (00 @

A sinusoidal voltage of peak value 283 V and angular
frequency 320/s is applied to a series LCR circuit. Given
thatR =5 Q, =25 mH and C= 1000 pF. The total impedance,
and phase difference between the voltage across the
source and the current will respectively be :

[Online April 9, 2017]

(@) 10 Qandtan! @] (b) 7 Qand 45°

(¢) 10 Qandtan™! [gj (d) 7 Qandtan! [%J



P-364
28. An arc lamp requires a direct current of 10 A at 80 V to (@) 6.7mA (b) 0.67mA
function. If it is connected to a 220 V (rms), 50 Hz AC () 100mA (d) 67mA

29.

30.

supply, the series inductor needed for it to work is close to :
[2016]

(@) 0.044H (b) 0.065H

(c) 80H (d) 0.08H

A series LR circuit is connected to a voltage source with

V(t) =V, sinwt. After very large time, current I(t) behaves

L
as t0>>E :

[Online April 9, 2016]
1)
(@)
T >t
1)
M >t
®) (=1,
1(t)
(©
t=1, >t
1(t)

I\/\/\/\:t
@ ) /2 J S

An inductor (L =0.03 H) and a resistor (R=0.15 kQ) 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 =1 ms, the current in the circuit will

be : (es =~ 150)
0.03H

[2015]
0.15 kQ

31.

32.

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 :

R L

e

Ifa student plots graphs of the square of maximum charge
(Qﬁ/[ax 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]

L,

2 S
For both L and L
@) QMax L) ax| Qo (For both L and Ly)

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 :

[Online April 11, 2015]

L C

W

()
—/
V = Vsinto

C

(a) series with C and has a magnitude ——
(0°LC-1)
1-*LC

2

(b) series with C and has a magnitude
o°L

. . 1-®’LC
(c) parallel with C and has a magnitude —ZL
®

d) parallel with C and has a magnitude ———
@ ¢ (@*LC-1)
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33.

34.

3s.

36.

In the circuits (a) and (b) switches S, and S, are closed
at t=0and are kept closed for a long time. The variation of
current in the two circuits for t > 0 are roughly shown by
figure (figures are schematic and not drawn to scale) :

[Online April 10, 2015]
W e W
C R L R
I »5) I .
E E
(@) (b)
E E
R | \(b) R (a)
@ it Y w it
)
t—» 1=
E L
NP R (b)
© it @ @
t—> t—

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 = 0. Ratio of the voltage across resistance and the

inductor at t = L/R will be equal to: [2014]
A / C R
S L
rB
e —e
@ 7. ®1 (© -1 (d) -

When the rms voltages V,, V. and V are measured
respectively 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 theratio V, : V.: Vo =1:2:3. Ifthe rms
voltage of the AC sources is 100 V, the V is close to:
[Online April 9, 2014]
(@ 50V (b) 70V (c) 0V (d) 100V
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 ? [2013]

37.

38.

39.

40.

P-365
v
I
=R N
- Sl
I 1
. N
C S,
LA
L

(@) Work done by the battery is half of the energy
dissipated in the resistor

(b) At,t=1,q=CV/2

() At,t=21,q=CV(l-¢?)

(d) At,t=21,q=CV(1-¢)

A series LR circuit is connected to an ac source of
frequency o 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]

(@) \f (b) \f © \f (d) \f

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

[Online April 25,2013]

(@) Current in the circuit is in phase with the applied
voltage.

(b) Inductive and capacitive reactances are equal.

(¢) If R is reduced, the voltage across capacitor will
increase.

(d) Impedance ofthe circuit is maximum.

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

circuitis : [Online April 23,2013]
z
= 10
g
= 0.5
()
z
)
a,
(&)
0.0
o
=
3 4 5 6 7
frequency (kHz)
(@ 5.0 (b)y 20 (c) 25 (d) 04

In a series L-C-R circuit, C = 107! Farad, L = 10> Henry
and R =100 Ohm, 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
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41.

42,

43.

44.

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]
(@ 10°°C (b) 10°C (c) 107'°C (d) 10°%C

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

24H  2uF

150

()

Ve =V sinot
The frequency, at which the voltage across the resistor is
maximum, is : [Online April 22, 2013]
(@ 902Hz (b) 143Hz (c) 23Hz  (d) 345Hz
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: [Online April 9,2013]

— TR0 ———

_—C

(<)
\—/E
(a) 400Volt (b) 500 Volt(c) 100Volt (d) 700 Volt

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 ¢ = 0. If after ¢ sec the voltage across
the capacitance was seven times the voltage across R, the

value of t is [Online May 12, 2012]
(@ 3RC/In2 (b) 2RC/In2
(c) 2RCn7 d 3RCIn7

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? [Online May 7, 2012]

L c 100Q

@

300V 300V p,

220V, 100 Hz
(@) 800V,8A (b) 110V,1.1A
() 300V,3A (d) 220V,22A

45.

46.

47.

48.

49.

A fully charged capacitor C with initial charge g, is
connected to a coil of self inductance L at #=0. The time at
which the energy is stored equally between the electric
and the magnetic fields is: [2011]

@ VL€ (b) 2nJLC
© Jic @ mIc

A resistor ‘R’ and 2pF capacitor in series is connected
through a switch to 200 V direct supply. Across the
capacitor is a neon bulb that lights up at 120 V. Calculate
the value of R to make the bulb light up 5 s after the switch
has been closed. (log,,2.5=10.4) [2011]

(@ 1.7x10°Q (b) 2.7x10°Q

(c) 3.3x10°Q (d) 1.3x10*Q

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 halfits 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]

(@) 10 second (b) 5 second

(c) 2.5second (d) 20 second

In the circuit shown below, the key K is closed at = 0. The
current through the battery is [2010]

IV s

I *—
L R,
L SO0 — AW
RZ
NVVV
V
() _JRR att =0and R, att=o
RE+R3 2
1 2
4 VR +Ry)
(b) — attr=0and —, 5 atf=ow
R, Rk,
v VRR,
(c) — att =0and ——=—att= w
Ry JRE+ R
V(R +R V
(d) (l—z)atIZOand—att:oo

RR, R,

In a series LCR circuit R =200Q2 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 circuitis [2010]

(@ 305W (b) 210W (c) ZeroW (d)242W
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50.

51.

52.

53.

54.

5S.

rP-367

An inductor of inductance L = 400 mH and resistors of
resistance R, =2 and R, = 2Q) are connected to a battery
ofemf 12 V as shown in the figure. The internal resistance
of the battery is negligible. The switch S'is closed at#=0.
The potential drop across L as a function of timeis  [2009]

@) %e*”v (b) 6(1 —e‘”o-z)v

(c) 12¢™V (d) 6>V
In a series resonant LCR circuit, the voltage across R is

100 volts and R = 1 kQ with C = 2uF. The resonant
frequency o is 200 rad/s. At resonance the voltage across

Lis [2006]
@ 2.5x102V (b) 40V
(©) 250V d) 4x 103V

An inductor (L = 100 mH), a resistor (R =100 Q) and a
battery (£ = 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 4 and B.
The current in the circuit 1 ms after the short circuit is
[2006]

§R

A B

| +-

(@ 1/eA (b) eA () 0.1A d 1A

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]
(@ N.ABR.o (b) NAB
(c) N.ABR. (d) N.AB.o

The phase difference between the alternating current and

emfis g . Which of the following cannot be the constituent

ofthe circuit? [2005]
@ RL (b) Calone(c) Lalone (d) L, C

A circuit has a resistance of 12 ohm and an impedance of
15 ohm. The power factor of the circuit willbe ~ [2005]
(@) 04 (b) 08 (c) 0125 (d) 1.25

56.

57.

58.

59.

60.

61.

62.

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]
(@ 0.1s (b) 0.05s (c) 0.3s (d) 0.15s

The selfinductance 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]

(@) 8pF (b) 4pF  (c) 2pF (d) 1pF

In an LCR series a.c. circuit, the voltage across each of the
components, L, C and R is 50V. The voltage across the LC

combination will be [2004]
@) 100V (b) 5082 V
() 50V (d) 0V (zero)

In a LCR circuit capacitance is changed from Cto 2 C. For
the resonant frequency to remain unchanged, the
inductance should be changed from L to [2004]
(@ L2 (b) 2L (c) 4L (d) LA

The power factor of an AC circuit having resistance (R)
and inductance (L) connected in series and an angular

velocity @is [2002]
(@ R/®L (b) RI(R*+ ®2[*'?
(c) WL/R (d) RAR*>— w*H)"?
The inductance between 4 and D is [2002]

/0000

A 3H 3H 3H D

(@) 3.66H
(c) 0.66 H

(b) 9H
) 1H

For the given input voltage waveform V. (#), the output
voltage waveform V (), across the capacitor is correctly
depicted by : [Sep. 06, 2020 (I)]

———90o

:J, VOT(t)

Sus  10ps 15ps t
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63.

64.

2V freeeess N —— .-
®) | |

Sus  10ps 15us t

Vo®

© Hy

Sps
Vo®

10us 15us t

v}
(d)

Sus  10us 15us t

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

[10 April 2019 1]
(@) 220Vand20A (b) 440Vand20A
(c) 440 Vand 5A (d) 220Vand 10A

A power transmission line feeds input power at 2300 V
to a step down transformer with its primary windings

65.

66.

67.

68.

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]
(@ S0A (b) 45A (c) 35A d) 25A

A power transmission line feeds input power at 2300 V toa
step down transformer with its primary windings having
4000 turns, giving the output power at 230 V. Ifthe current in
the primary of the transformer is 5 A, and its efficiency is
90%, the output current would be: [Online April 16, 2018]
(@ 20A (b) 40A (c) 45A (d 25A

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
fieldis [2003]

@ 2

(b) % © % d Q

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

(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

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]

(@ 4A (b) 2A  (c) 6A (d) 10A.
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Hints & Solutions

1.  d) AsV(#)=220sin 100 nt -
then I=1 sin(mt - E)

220
s0, I(f)= —— sin 100 &t

50 Now, given v(t) =100 sin (500 t)
ie., /=1 =sin (100 nt) E 100
_/ dlp=—2=——— [~L=0.02H
ForI=1, and Iy = = So0x002 L ]
f =2 L1 sec
TS Toon 200 ¢ Iy =10sin SOOt——

and for / = [7’" Iy = —lOcos(SOOt)

4. (c) Weknow that power consumed in a.c. circuit is given

L, . T by,
= 5" 1, sin(100 t,) = e 100 mt, P=E_.I_coso
. Here, £ = E, sin ot
= [2:%“? I—Iosin(mt—gj
s
1 1 2 1 This means the phase difference, is ¢ = —
=——s5=33ms 2

t
17200 600 600 300

g
2. (a) For two concentric circular coil, eosg= COSE =2

2 s
NN —=
Mutual Inductance M = % + B= B L. cos 2 0
here, N, =N =1 5. M ¢:§,;1; ¢ = BAcos ot
2 d BA .
Hence, M =Ho™@ () £= _de _ =@BAsinot ; i= P2 Gin ot
’ 2b dt
andgivenI=1 cosot ... (i) 2
. . .2 ) - 2
Now according to Faraday's second law induced emf P =1"R = [—) X Rsin” ot
Mﬁ T T
dt J.Pl-nst x dt 5 J.sin2 otdt
p 0 _ (@B ) 1 (0BA)?
avg — T R T =
[t [ dt 2 R
Fromeq. (ii), 0 0
2
p_ (@Bur?) _
T 2
- uonaz d 6. (a) D.C.ammeter measure average value of current. In AC
=———(pcosmt) lue of - 1 o]
b dt current, average value of current in complete cycle is zero.
) Hence reading will be zero.
e=H0" | Sinot (o) 7. (33)
b Here, L=50mH=50x 103 H; I=1A,R=2Q
2
TCHOIO a .
=—" — t dl
2 H OTY Vo~ LS =30+ RI =V,

3.  (b) Inapureinductive circuit current always lags behind
=V =V, =50x107 x10> +30-1x2

T
the emf by — .
eemfby 5 —5+30-2=33V.

If V(t) = vy sinot



p-370

8.

10.

(@) Quality factor,
3 :—&—m(—ﬁ_ﬂ
Qzl\ﬁ:L 8010~ r ")
RNC 100\ 2x10
1 2
_ L Jaox100 222, :z:ﬁln( |
100 100 ® -
(400)
Given: Power P=400 W, Voltage ¥ =250V 1. @ Here, R=100,%, =L6=0.1803 %750 x 21 =8500,
P=V, I, cos X = ! = 21230

= 400=250x1,, x0.8=>1,_ =2A

rms

Using P= 12 R

(Is)*-R=P=4xR=400

= R=100Q
Power factor is,

R
oS = ——
JR*+ X?
2
1 1
—08=—1%0 002 + X} = (ﬂj
100% + X7} 0.8

2
= X, =,[-100 +(@j =X, =750
0.8

When power factor is unity,

1

Xe=X,=75=—=75
()

1 1

=C= = F
75x2mt x50 75007

(10° 1) 400
=] ——x— =—ur

(2500 32 M T3 M
N=400
(@) Potential energy stored in the inductor

U =1L12
2

During growth of current,

= Ly (1=

1
For U to be ﬁ;ihastobeﬂ
n n

1
max _ Imax (1_e7RI/L)

Jn
1 _Vn-1

—Rt/L :l

N

=e

T Co 1070 x2mx 750

Impedance Z= ,/R? +(X, —XC)2

— 1002 +(850-21.23)° =834.77 = 835

1000 o1s03m
WA 1
()
20V/750 Hz
y 2
HziinSth[ﬂ] RT = (ms)At
| Z]
:£x£x100t=(2)x10
835 835

“Vims =20 V and At=10°C
.. Time, =348.61 s.
12. (a) Given,
Reactance of inductance coil, Z=100Q
Frequency of AC signal, v=1000 Hz
Phase angle, ¢=45°

X
tanp =& =tan45° =1
R
=X, =R
Reactance, Z =100 = \le +R?
=100=vVR*+R*
= V2R =100= R = 502

o X, =5032
= Lo =502 (- X, =oL)
504/2
L= —f (- o=2nv)
21t x 1000
25\2
= m
T
=1.1x102H
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14.
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X 3
.. e € —tle _2C & .
®) Wehave,z:zo(l—e’/):E(l—e ) tan 0, = R, /3 ‘1‘
. 0, is close to 90°
Charge, g = Iidz For L-R circuit
0
T X, =olL= 100x£:10ﬁ % >V
_ e ar _ET _E (LIR) EL 10
Ry Re R~ e 278 R,=10
( _&\ X1 0 >V
@ 1=IOL1_e LJHereR:RLJrr:lQ tan 0,= 2
( _7\ tan 62 = \/3 = 62 = tan_l(\/g)
0.810=10L1—e : IJ 0, =6 v
So, phase difference comes out 90° + 60° = 150°

15.

16.

17.

18.

=08=1-¢ 10

= 100 _g2= [lj
5

1
100t=1 t=——In5=0.01
= 100t=In5= 100 0.016s

di
©) i’R = (Td—;ji

4_i
dt =t
L 20
=t=1Mm2=2/n2 asr:—zﬁzz

R
d ©=100rad/s
We know that
Xe 1

tanp=—-=——
¢ R oCR

1
tan45°= ——
or fan oCR

or oCR=1

LHS: ®CR=10x10x10%x 10°=1

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

¥

1l
L]
m

[:—8 :§:2X15:6A
(R x Rj R 5
R+R
(Bonus)
Capacitive reactance,
1 4 ~2x10*

X=—=—F7—+=
< oC  109x/3x100 NE)

19.

20.

21.

IfR, is 20 KQ
then phase difference comes out to be 60 + 30 = 90°.
Therefore Ans. is Bonus

®) |

>

%

The current will grow for the time t =

0 to
t = t, and after that decay of current takes place.

(¢) Given: R=60Q, f=50 Hz, ®=2 nf=100 T and v=24v
C=120 uf=120 x 10°°f

1 1

€ wC 100mx120x107°
x =0L=1007x20x 103 =270
Xc—X{ = 20.24 =20

=26.52Q

X

. R =600

z= R2+(xC —XL)2

2=201/10Q
cos¢—5=ﬂ=i
z 20410 10

2
P . =VIcos¢,I= Y2 cos $=8.64 watt
z  z

Energy dissipated (Q) in time t = 60s is
Q=Pt=8.64x60=5.17x 10%]

(@ Given, Inductance, L=40 mH

Capacitance, C= 100 pF

Impedance, Z= X _— X,
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1 1 dz dq q
= Z=——oL (X =——and X ZU)L) L—+R—+—=—=0 ..(u
oC ¢ oC L it dt C W
1 Comparing equations (i) & (ii)
=————————-314x40x10° 1
314x100x10" LomCo—,ReD
=19.28Q k- o
v 24, (a) Thecurrent (I) in LR series circuit is given by
Current, = 70sin(0)t +m/2) V (R
10 I= Etl —e L J
[ =——cos®f =0.52cos (3141)
19.28 At t= o0
22. (a) For series connection of a resistor and inductor, time ’ ( o)
.. . _t/T. 20 T
variation of currentis 7 = J,(1-e ey I, = ?L[ L/RJ —4 )
L
R Att=40s,
—40x5 _
[1 —e—_3] = 4(1—e7200%) (i)
10x 10
I | Dividing (i) by (ii) we get
q
To 1
Here, T = — Ijp  1—e20:000°
r 25. (b) Aswe know, average power Pavg =V, L cosO
F Vo \( 1 100 )( 20
q= _[ldf =(—0](—0]c0s9:(—j[—jcos45° .-0=45°
0 2\ 2 \R (207459
_(E _the, _ 1000 t
:>J‘dq—J‘E(l—e )dt Pavg NG wa
fc Wattless current [ = [, sin 6
:q——[ut e‘”%} ; o
0 =9 §in@ ="=sin45°=10A
(S C \/E \/E
:q:E [C+__[C 1 f Q— 0)0 _0)0L
B 26. (a) Quality factor Ao R
=g= €L 27. (b) Given,
R Re V, =283 volt, 0=320,R=5Q,L=25mH, C=1000 uF
. €l X, =0L=320%25x10°=8Q
) 1 1
e Xe=—=————=310
23. (d) Indamped harmonic oscillation, oC  320x1000x10~
2 Total impedance of the circuit :
md”~x — hc—bv
e Z=R2+ (X, -X¢)? =y25+(492 =7Q
mdx n dx 0 0 Phase di)t;feren)((:e between the voltage and current
dr? dt tang = —L_—_2C
R
¢ 4.9
— tan¢=—~~1= ¢ =45°
i 28. () Here
i _ e _ e _ e
R JR2+x2 AR?+ 0 RZ+4r22L2
i 10 220
k v PN
4w~ J64+472(50)°L
m
Ldi [ R= V.3 ]
— 1 = — ==
In LCR circuit, 4 _ir-=-o I 10
C dt On solving we get

L=0.065H
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29.
30.

31.

32.

33.
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@
15x100
100y =—2""_-0.14
® 10) 0.15x10°
{(0)=0

—t

I(t)=[1(0)~I(0)] eL/R +i(0)
=t R

I()=0.1 eL/R =0.1eL
0.15x1000

IH=0.1e 003 =0.67mA

(¢) From KVL atanytime ¢

R L4
+ dt —
WA——50w
+y
11
qc
9 _jg-19_g
c dt
2
=949 dq, Ldq_,
dt ¢ dt dr?
d 2q Rdg ¢q
—F+——t+ L=
d? Ldt Le
From damped harmonic oscillator, the amplitude is given
by A =4,e _dr
2m
Double differential equation
d’x bdx k
—5+——+—x=0
dt mdt m
Rt Re

s 5 , -
Omax =9 o€ 2= Omax =0p€ L

Hence damping will be faster for lesser self inductance.
(c) Power factor

R
cosd = =1

2
Rt|loL—— 1
o(C+C")
On solving we get,
Lo L
o(C+C")
1-w’LC
o’L
Hence option (c) is the correct answer.
(¢) For capacitor circuit, i = ije "¢

C'=

R
For inductor circuit, i =iy|1—e L

Hence graph (c) correctly depicts i versus ¢ graph.

34.

3s.

36.

37.

38.

39.

(¢) Applying Kirchhoff's law of voltage in closed loop
Ve _ !

—V,-V.=0 =
R VcC Ve

v,
/ C R
L
rB
(¢) Given, V| :V-:Vp=1:2:3
V=100V

Vp="?
As we know,

Solving we get, Vg =90V

A

<>

(¢) Charge on he capacitor at any time t is given
by ¢g=CV (1-¢'7)
atr=2t
g=CV(1-e?)
(d) Power factor (old)
R R R

) JRZ+X,2 i JR2 +(2R)? ~J5R

Power factor(new)

R _ R
JRZ+ (X, —Xc)? JRZ+(2R-R)>

_ R
V2R

- oud power factor R

J5R

(d Impedance(Z) of the series LCR circuit is

R
New power factor  /op \F
R \2

z =\/R2 +(XL - X¢)?

At resonance, X = X¢

Ther efOI’C, Zminimum =R
b) P
1.0 AN
P Pmi =P

N

AT PR
('01 ('00 (’02

Quality factor of the circuit

% _ 5 5
oy - 25
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40. @ ) v
1 1 V=Vye RC/D -0 2
41. F =
(©) Frequency f = s 34v24x2x10°° From (1) and (2)
= 23Hz h o __ b
42. (c¢) Voltage E of the ac source 2RC (RC / 2)
E=V_ -V, =400V-300V=100V t 10
43. (@ t=3RCIn2 = b= =Z—2.5 sec
44. gi) I?. casetf) fSﬁrles RLC cuctl)nt, 48. (¢) At =0, no current will flow through L and R as
quation ot VOHage 1s given by inductor will offer infinite resistance.
2 _ 2 _ )2 14
Vo=Vi+ ( VL VC) . Current through battery, i =
Here, V=220 V; ¥, = V=300V Ry
2 At ¢ = o0, inductor behave as conducting wire
VR =AVT =220V RiR
R . . 1 2
Effective resistance, Ry =
V220 R +Ry
Currenti= —=——=2.2A
R 100 V. V(R+Ry)
1 .. Current through battery = =
45. (a) Energystored in magnetic field = — Li? g Y Refr RiR,
2 49. (d) When only the capacitance is removed phase
. . 1 ¢ difference between current and voltage is
Energy stored in electric field = 2 C P%
L
Energy will be equal when tan ¢ = R
2
L
" %Li2 :%% = tand):%
tan of =1 1 200
q =q,cos ot = oL = Rtan¢p =200x \/_ J—
= 1 L(wg, sin of)?= (9o cos ?) When only inductor is removed, phase difference between
2 0 2C current and voltage is
— ; — E tan(l) = ;
=0 C = ot 2 oCR
n 1 1 200
==y = oc e =R
46. () Wehave, V=V (1 - Impedance of the circuit,
= 120=200(1 — e */kC) 3
1
200-120 80 Z= R2+(——ij
ethr= " oC
200 200
t=1log (2.5
e . ) 200 200
=t=RCin(2.5) [~-r=RC(C] (200) + =2000
N
=>R=271x10°Q
47. (¢) Time constant for parallel combination Power dissipated in the circuit=V,_ [ cos ¢

=2RC

Time constant for series combination = T

In first case :

t V -
V= Vo(l_e‘a) = =V,—Vye R
_h
V = VOe 2RC :E
In second case :

In series grouping, equivalent capacitance =

aQ

50.

V.. R R\ V?_.R
:Vrms' }ns.g['_'cosd)zgj_%

(2207200 220x220
T (20002 200

(¢) Growth in current in branch containing L and R, when
switch is closed is given by

=242'W

E _
i=_[1—e th/L]

R,

dl E Ry Ryl _

4 R, L

th
E —=
e L
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51.

52.

53.

54.

5S.

56.

Hence, potential drop across L

Y = L_di:[Eesz/LjL
Lo dt

L
3 2t
_ g Rl = 12e 400x107 = 1pe-Sty
V100
(¢) Across resistor, /= 2 = 1000 =0.14
At resonance,
1 1

XL = XC = =2500

oC  200x2x1070
Voltage across L is

1X; =0.1x2500=250V

(@) Initially, when steady state is achieved,

E

i=—

R
Let E is short circuited at £ = 0. Then
Att=0
Mand Lig= == 1014
aximum current, i, = 2100

Let during decay of current at any time the current flowing

is —Lﬂ—iR =0
dt
:ﬂz—ﬁdt
i L
i t
) R
ilzj—zdz
i ! 0
l
=log, —=——¢
o
_R,
=1 =i0 e L
R ~100x1073
i E L e 000 _1
e
@ o= 90 _d(NB.A)
dt dt

d .
= _NE (BAcoswt) = NBAw sin ot

= €pax = NBA®
(@) Phase difference for R—L circuit lies between

T
0, 5 but 0 or /2

() Given, Resistance of circuit, R=12 Q

Imedance of circuit, Z=15Q

P fact —cos¢—£ —E—E—O
ower factor = 7 15 5

(@) Current in inductor circuit is given by,

o)
izio l1-e L

Rt R

iO . - 1
—=jp(l-e L) => e L ==
5 of ) 3

57.

58.

59.

60.

61.

62.

P-375
Taking log on both the sides,

Rt
——=1logl-1log2
7 g g

-3
1
= t= £10g2 =Mx0.69
R
= ¢t=0.1sec.
(@ For maximum power, X, = X, which yields
1 1

Q)L 4n? x50% 5010
5 C=01x107°F =1pF

(d) In a series LCR circuit voltage across the inductor
and capacitor are in opposite phase
.. Net voltage difference across

LC=50-50=0

1
(@ Resonant frequency, F, = 2n— I

For resonant frequency to remain same
LC = constant

L LC=L'C
= LC=L"x2C
L
=>L'=—
2

() Resistance of the inductor, X, = oL

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

Net impedance of circuit Z= 4/ X % +R?

Power factor, cos ¢ = Z

R
=cosp= —FT——7
VR? + 0’17

(d) All three inductors are connected in parallel. The
equivalent inductance L, is given by

LS U 3

l+ =—=1
L, L L, Ly 3 3

11
_+_ —
3 3 3
(@ When first pulse is applied, the potential across
capacitor

L)

)=V —efﬂ

At £ =5ps=5x10"%s
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63.

64.

—10uF | Vo®

<
(|

[ sa0c )
Vo(t) = 5tl_elo3x10x109J _S(1—e Sy 2y

When no pulse is applied, capacitor will discharge.

Now, V., =0 means discharging.

1
Vo(1)=2eRC =27 =121V
Now for next 5 us

1
Vy(f) = 5—3.79¢kC

After 5 ps again, V(1) =2.79 Volt =3V
Hence, graph (a) correctly depicts.
(¢) Power output (V,I) =2.2kW

V, = 22kW 220 volts
(10A)

.. Input voltage for step-down transformer

N

= - 2
V, N,
input output
— 440V
L_Ny
Also L = N,
1
[ ==x10=5A
2
P VI
b) Eﬁ'lCiency’ rl:O_m: s's
P Vplp

_ 230x1q

=09=
2300%5

65.

66.

67.

68.

=1,=0.9x50=45A

Output current =45A
(©) Given:V,=2300V,V =230V,[,=5A,n=90%=0.9

P
Efficiencyn=0.9 = P—S =P;=09P,
P

VJI=09xVpl, (= P=VI)

_0.9%2300x5

I
s 230

=45A

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

_10?

max 2C

When half energy is with the capacitor in the form of electric
field between the plates of the capacitor we get

2
Umax _ 147
2 2 C

Here ¢'is the charge on the plate of capacitor when energy
is shared equally.

2 2
L1108 14" 0
2°2C 2c¢C V2

(@ 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.

() Number of turns in primary

N =140
P

Number of turns in secondary N, = 280, Ip =44,1 =7

N
Using transformation ratio for a transformer I—‘ =—

P s

I 140
4 280
= 1[=24



i Magnetic Flux, Faraday's o2
TOPIC ’ 2%
" and Lenz's Law =
1. Twoconcentric circular coils, C, and C,, are placed in the

XY plane. C, has 500 turns, and aradius of I cm. C, has 200
turns and radius current 20 cm. C, carries a time dependent
current I(f) = (52— 2¢t+3) AWhere ¢ is in s. The emfinduced

in C, (inmV), at the instant £ = 1 s is 4 . The value of x is
X

. [NA Sep. 05, 2020 (I)]

A small bar magnet is moved through a coil at constant

speed from one end to the other. Which of the following
series of observations will be seen on the galvanometer G

attached across the coil ? [Sep. 04,2020 ()]
®-
U
a
| §—| «—C—magnet

b
Three positions shown describe : (1) the magnet’s entry

(2) magnet is completely inside and (3) magnet’s exit.

(M 2 3)

o

(@)

(b)

©

(d)

HOOC
OOOC
OOOC

An elliptical loop having resistance R, of semi major axis a,
and semi minor axis b is placed in a magnetic field as shown
in the figure. If the loop is rotated about the x-axis with
angular frequency ©, the average power loss in the loop

due to Joule heating is : [Sep. 03,2020 (D]
z N B
N b, X
a
/|
¥ y
2 2;2p2 2
b°B
@) % (b) zero
nabBo 2’ B2w?
© — @ =
R

A uniform magnetic field B exists in a direction
perpendicular to the plane of a square loop made of a
metal wire. The wire has a diameter of 4 mm and a total
length of 30 cm. The magnetic field changes with time ata
steady rate dB/dt = 0.032 Ts~!. The induced current in
the loop is close to (Resistivity of the metal wire is
1.23x 108 Qm) [Sep. 03,2020 (ID)]

(@ 043A (b) 0.61A (c) 034A (d 0.53A

A circular coil of radius 10 cm is placed in a uniform magnetic
field of 3.0 x 107> T with its plane perpendicular to the field
initially. It is rotated at constant angular speed about an
axis along the diameter of coil and perpendicular to
magnetic field so that it undergoes half of rotation in 0.2 s.
The maximum value of EMF induced (in uV) in the coil will
be close to the integer . [NA Sep. 02, 2020 (D]
In a fluorescent lamp choke (a small transformer) 100 V of
reverse voltage is produced when the choke current
changes uniformly from 0.25 A to 0 in a duration of 0.025
ms. The self-inductance ofthe choke (in mH) is estimated
to be . INA 9 Jan. 2020 I]

At time ¢ = 0 magnetic field of 1000 Gauss is passing
perpendicularly through the area defined by the closed
loop shown in the figure. If the magnetic field reduces
linearly to 500 Gauss, in the next 5 s, then induced EMF
in the loop is: [NA 8 Jan. 2020 1]
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10.

11.

12.

P-349

Y

16 cm

4em r

(@ S56pv  (b) 28uV  (c) 48uv  (d) 36uv
Consider a circular coil of wire carrying constant current
I, forming a magnetic dipole. The magnetic flux through
an infinite plane that contains the circular coil and
excluding the circular coil area is given by ¢, .The
magnetic flux through the area of the circular coil area is
given by ¢,. Which of the following option is correct?

[7 Jan. 2020 1]

@ 0=8 O® 6>4 © <4 @ &=—0,
A long solenoid of radius R carries a time (¢) - dependent
current /(f) = I #(1-t). Aring of radius 2R is placed coaxially
near its middle. During the time interval 0 < ¢ < 1, the
induced current (/) and the induced EMF(V,) in the ring
change as: [7 Jan. 2020 1]
(@) Direction of /, remains unchanged and V, is maximum

atr=0.5
(b) At¢=0.25 direction of / reverses and V, is maximum
(c) Direction of /, remainsunchanged and V,is zeroat £=0.25
(d) Atr=0.5 direction of I, reverses and V, is zero
Aloop ABCDEFA of straight edges has six corner points
A(0,0,0), B{S, 0,0), C(5, 5, 0), D(0, 5,0), £, 5,5) and
F(0,0, 5). The magnetic field in this region is
1

B =(3{ + 4k)T. The quantity of flux through the loop
ABCDEFA (in Wb) is . [INA 7 Jan. 2020 I]

A planar loop of wire rotates in a uniform magnetic field.
Initially, at £ = 0, the plane of the loop is perpendicular to
the magnetic field. If it rotates with a period of 10 s about
an axis in its plane then the magnitude of induced emf will
be maximum and minimum, respectively at:[7 Jan. 2020 II]
(@ 2.5sand7.5s (b) 2.5sand5.0s

(c) 5.0sand7.5s (d) 5.0sand 10.0s

A very long solenoid of radius R is carrying current
I(t) = kte™ (k >0), as a function of time (¢ >0). Counter
clockwise current is taken to be positive. A circular
conducting coil of radius 2R is placed in the equatorial
plane of the solenoid and concentric with the solenoid.
The current induced in the outer coil is correctly depicted,
as a function of time, by: [9 Apr. 2019 IT]

NV
’/ t

13.

14.

15.

16.

17.

(©)
TN

| t

(d) I‘T t

A 4

t=0

Two coils ‘P’ and ‘Q’ are separated by some distance. When
a current of 3A flows through coil ‘P’, a magnetic flux of
107 Wb passes through ‘Q’. No current is passed through
‘Q’. When no current passes through ‘P’ and a current of
2A passes through ‘Q’, the flux through ‘P’ is:
[9 Apr. 2019 1I]
(@) 6.67x10*Wb (b) 3.67x10°Wb
(c) 6.67x10°Wb (d) 3.67x10*Wb
The self induced emf of a coil is 25 volts. When the
current in it is changed at uniiform rate from 10 A to 25
A in 1s, the change in the energy of the inductance is:
[9 Jan. 2019 II]
(@ 7407J (b) 437.5]
(c) 540J (d) 637.5]
A conducting circular loop made of a thin wire, has area
3.5 x 10 *m? and resistance 10Q. It is placed perpendicular
to a time dependent magnetic field B (t) = (0.4T) sin (50mnt).
The the net charge flowing through the loop duringt=0
sandt= 10 ms is close to: [9 Jan. 20191]
(@ 14mC (b) 7TmC (c¢) 21mC (d) 6mC
In a coil of resistance 100Q), a current is induced by
changing the magnetic flux through it as shown in the
figure. The magnitude of change in flux through the coil is

[2017]
(@ 250 Wb 10

(b) 275Wb Curten:

() 200 Wb t

(d) 225Wb — Tme °°

A conducting metal circular—wire—loop of radius r is placed
perpendicular to a magnetic field which varies with time as

-t
B= Bye /T , where B, and t are constants, at time t = 0. If
the resistance of the loop is R then the heat generated in

the loop after a long time (t — ©) is;

[Online April 10,2016]
@ n2r4Bg (b) n2r4Bg
27R 27R
2. 4512 2 402
BoR B
(©) T Bk () T Bo
T TR
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18.

19.

20.

21.

22.

When current in a coil changes from 5 Ato2 Ain 0.1 s,
average voltage of 50 V is produced. The self - inductance

of the coil is : [Online April 10,2015]
(@) 6H (b) 0.67H
(¢ 3H (d 1.67H

Figure shows a circular area of radius

N
R where a uniform magnetic field B is
going into the plane of paper and
increasing in magnitude at a constant
rate.

In that case, which of the following graphs, drawn
schematically, correctly shows the variation of the induced

electric field E(r)? [Online April 19, 2014]
E E |
|
@ T i ®) T/\
I'{ —» R 1—>
E
o 1/ @ :
R r—» !
R —>

A coil of circular cross-section having 1000 turns and 4
cm? face area is placed with its axis parallel to a magnetic
field which decreases by 102 Wb m2 in 0.01 s. The e.m. .

induced in the coil is: [Online April 11,2014]
(@) 400mV (b) 200mV
(c) 4mV (d 04mV

A circular loop of radius 0.3 cm lies parallel to amuch bigger
circular loop ofradius 20 cm. The centre of the small loop
is on the axis of the bigger loop. The distance between
their centres is 15 cm. Ifa current of 2.0 A flows through
the smaller loop, then the flux linked with bigger loop is
[2013]

(@ 9.1x10 ' weber (b) 6x1071! weber
(¢) 3.3x10 ' weber (d) 6.6x 1072 weber
Two coils, X and Y, are kept in close vicinity of each other.
When a varying current, I(¢), flows through coil X, the
induced emf (¥(¢)) in coil Y, varies in the manner shown
here. The variation of I(¢), with time, can then be
represented by the graph labelled as graph :

[Online April 9, 2013]

23.

24.

25.

V()

|

T
A) 10 1()
>t
T T
© I(t)\ / D) 10) —
>t >

@ A (b) C

() B (d D

A coil is suspended in a uniform magnetic field, with the

plane of the coil parallel to the magnetic lines of force.

When a current is passed through the coil it starts

oscillating; It is very difficult to stop. But if an aluminium

plate is placed near to the coil, it stops. This is due to :

[2012]

(a) developement ofair current when the plate is placed

(b) induction of electrical charge on the plate

(c) shielding of magnetic lines of force as aluminium is a
paramagnetic material.

(d) -electromagnetic induction in the aluminium plate
giving rise to electromagnetic damping.

Magnetic flux through a coil of resistance 10 Q is changed

by A¢in 0.1 s. The resulting current in the coil varies with

time as shown in the figure. Then |A¢) is equal to (in weber)

[Online May 12, 2012]
i(f)
4
>1(s)
0.1
@ 6 (b) 4
(© 2 d 8

The flux linked with a coil at any instant '#' is given by
¢ =102 —50¢+250. The induced emfat £ =3sis  [2006]
(@ -190V (b) 10V
(¢ 10V (d 190V
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26.

27.

28.
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An infinitely long straight wire carrying current 7, one side
opened rectangular loop and a conductor C with a sliding
connector are located in the same plane, as shown in the
figure. The connector has length / and resistance R. It
slides to the right with a velocity v. The resistance of the
conductor and the self inductance of the loop are
negligible. The induced current in the loop, as a function
of separation r, between the connector and the straight
wireis : [Sep. 05,2020 (ID)]

one side opened long
conducting wire loop

uy L
4nt Rr

o 1l

@ n Rr

(b)
2u I Wwo vl

© % & @D o e
The figure shows a square loop L of side 5 cm which is
connected to a network of resistances. The whole setup is
moving towards right with a constant speed of 1 cm s™'. At
some instant, a part of L is in a uniform magnetic field of 1
T, perpendicular to the plane of the loop. Ifthe resistance
of L is 1.7 &!, the current in the loop at that instant will be
close to : [12 Apr. 2019 1]

v=1 cm/sec
OO | —
(ONOJIONO) 1
(ONO) A C
(ONOIKOXO;

(cjoXoXo}

5 cm

(@) 60pA (b) 170 pA
(c) 150pA (d) 115pA
The total number of turns and cross-section area in a
solenoid is fixed. However, its length L is varied by
adjusting the separation between windings. The
inductance of solenoid will be proportional to:

[9 April 2019 1]
(c) /L2 (d) /L

@ L (b) L2

29.

30.

31.

32.

33.

A thin strip 10 cm long is on a U shaped wire of negligible
resistance and it is connected to a spring of spring constant
0.5 Nm! (see figure). The assembly is kept in a uniform
magnetic field of 0.1 T. If the strip is pulled from its
equilibrium position and released, the number of
oscillations it performs before its amplitude decreases by
a factor of e is N. If the mass of strip is 50 grams, its
resistance 10Q2 and air drag negligible, N will be close to :

[8 April 2019 I]

10 cm

(@) 1000 (b) 50000 (c) 5000 (d) 10000

A 10 m long horizontal wire extends from North East to
South West. Itis falling with a speed of 5.0 ms~!, at right
angles to the horizontal component of the earth’s magnetic
field, of0.3 x 10 Wb/m?. The value of the induced emf'in
wireis : [12 Jan. 2019 II]

(@ 15x103V (b) 1.1x103V

() 2.5%x103V (d 03x103V

There are two long co-axial solenoids of same length /.
The inner and outer coils have radii r; and r, and number
of turns per unit length n; and n,, respectively. The ratio of
mutual inductance to the self-inductance of the inner-coil

1S: [11 Jan. 2019 1]
n A

@ ®
m.n m

© @

A copper wire is wound on a wooden frame, whose shape
is that of an equilateral triangle. If the linear dimension of
each side of the frame is increased by a factor of 3, keeping
the number of turns of the coil per unit length of the frame
the same, then the self inductance of the coil:

[11 Jan. 2019 I1]
(a) decreases by a factor of 9
(b) increases by a factor of 27
(c) increases by a factor of 3

(d) decreases by a factor of 9./3

A solid metal cube of edge length 2 cm is moving in a
positive y-direction at a constant speed of 6 m/s. There
is a uniform magnetic field of 0.1 T in the positive
z-direction. The potential difference between the two
faces of the cube perpendicular to the x-axis, is:

[10 Jan. 2019 1]
(b) 6mV
(d 2mV

(@) 12mV
(c) ImV
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34. An insulating thin rod of length / has a linear charge 39. A square frame of side 10 cm and a long straight wire
X carrying current 1 A are in the plate of the paper. Starting
density p(x) = Po 7 on it. The rod is rotated about an from close to the wire, the frame moves towards the right
i -1
axis passing through the origin (x = 0) and perpendicular with a constant speed of 10 ms™ (see figure).
to the rod. If the rod makes n rotations per second, then
the time averaged magnetic moment of the rod is: I=1A
[10 Jan. 2019 1] B
T 3
(@ mnpl (b) Enpl
b ; €& x —>
© el @ npt
35. Acoil of cross-sectional area A having n turns is placed in v
a uniform magnetic field B. When it is rotated with an
angular velocity o, the maximum e.m.f. induced in the coil
will be [Online April 16, 2018] 10 om
3 BA
(@) nBAw (b) En ® The e.m.finduced at the time the left arm of the frame is at
1 x =10 cm from the wire is: [Online April 19, 2014]
(©) 3nBAow (d) ZnBA® @ 2uv (b) 1uv
36. An ideal capacitor of capacitance 0.2 puF is charged to a © 0'75.“\] .(d). 05uVv .
potential difference of 10V. The charging battery is then 40. A metallic rod of 1ength 0’ is tied to a string of 1eggth 20
disconnected. The capacitor is then connected to an ideal and made to rotate with angular speed ® on a horizontal
inductor of self inductance 0.5mH. The current at a time table with one end of the string fixed. If there is a vertical
when the potential difference across the capacitor is 5V, is: magnetic field ‘B’ in the region, the e.m.f. induced across
[Online April 15, 2018] the ends of the rod is [2013]
(@ O0.17A (b) 0.15A (c) 034A (d) 0.25A
37. A copper rod of mass m slides under gravity on two smooth
parallel rails, with separation 1 and set at an angle of 6 J ;§
with the horizontal. At the bottom, rails are joined by a :
resistance R.There is a uniform magnetic field B normal to
the plane of the rails, as shown in the figure. The terminal
speed of the copper rod is: [Online April 15, 2018] “ H
B
2Bo/? 3Bl’
R a b
’ @ = ® =
mgR cos0 mgR sin6 4Bo!* 5Bo!?
@ T (b) T © @
B’I B’I 2 2
mgR tan 0 mgR cotd 41. A coil of selfinductance L is connected at one end of two
(c) le (d) le rails as shown in figure. A connector of length /, mass m

38.

At the centre ofa fixed large circular coil of radius R, a much
smaller circular coil of radiusr is placed. The two coils are
concentric and are in the same plane. The larger coil carries
a current I. The smaller coil is set to rotate with a constant
angular velocity » about an axis along their common
diameter. Calculate the emfinduced in the smaller coil after a

time t of its start of rotation. [Online April 15, 2018]
pol o . Hol 2 .
——r- simnot b) ——oonr”smot

@ Sx ®

(c) M—OIomr2 sinot (d) M—OI(;)rz sin ot
2R 4R

can slide freely over the two parallel rails. The entire set up
is placed in a magnetic field of induction B going into the
page. Atan instant = 0 an initial velocity v is imparted to
it and as a result of that it starts moving along x-axis. The
displacement of the connector is represented by the figure.
[Online May 19, 2012]

3\

B
£ K
X-axis

/
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43.

44.

45.

= =
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Q Q
< <
(@ é* (b) é*
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© 2 @ =
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This question has Statement 1 and Statement 2. Of the
four choices given after the Statements, choose the one
that best describes the two Statements.

Statement 1: Selfinductance ofa long solenoid of length
L, total number of turns N and radius r is less than

TugN 2,2
7 .
Statement 2: The magnetic induction in the solenoid in

/4
Statement 1 carrying current /is Ho in the middle ofthe

solenoid but becomes less as we move towards its ends.
[Online May 19, 2012]
(a) Statement 1 istrue, Statement 2 is false.
(b) Statement 1 is true, Statement 2 is true, Statement 2 is
the correct explanation of Statement 1.
(c) Statement 1 is false, Statement 2 is true.
(d) Statement 1 is true, Statement 2 is true, Statement 2 is
not the correct explanation of Statement 1.
A boat is moving due east in a region where the earth's
magnetic field is 5.0 x 10> NA™! m™! due north and
horizontal. The boat carries a vertical aerial 2 m long. Ifthe
speed of the boat is 1.50 ms™!, the magnitude of the induced

emfin the wire of aerial is: [2011]
(@ 0.75mV (b) 050mV
(c) 015mV (d ImV

A horizontal straight wire 20 m long extending from east to
west falling with a speed of 5.0 m/s, at right angles
to the horizontal component of the earth’s magnetic field
0.30 x 10~* Wb/m?. The instantaneous value of the e.m.{.
induced in the wire will be [2011 RS]
@ 3mV (b)) 45mV (¢) 15mV (d) 60mV
A rectangular loop has a sliding connector PQ of length /
and resistance R Q and it is moving with a speed v as
shown. The set-up is placed in a uniform magnetic field
going into the plane of the paper. The three currents /;, ,
and / are [2010]

46.

47.

48.

49.

p-353
p
RQ RQ SV, RQ
1
L Q E
Blv 2Blv
L=-l=——, I=
(@ 1 2= %R R
Blv 2Blv
b [:[ =—,1=
b)) L=l 3R 3R
Blv
L=1,=1="2
(© L=l R
Blv Blv
L=L="2 [=22
d hL=Ih R 3R

Two coaxial solenoids are made by winding thin insulated
wire over a pipe of cross-sectional area 4 = 10 cm? and
length =20 cm. If one of the solenoid has 300 turns and the
other 400 turns, their mutual inductance is [2008]
(Hy=4mx10 “TmA™)

(@) 2.4nx10°H (b) 4.8nx10*H

() 4.8nx10°H (d) 2.4nx10*H

One conducting U tube can slide inside another as shown
in figure, maintaining electrical contacts between the tubes.
The magnetic field B is perpendicular to the plane of the
figure . If each tube moves towards the other at a constant
speed v, then the emf induced in the circuit in terms of B, /
and v where / is the width of each tube, willbe  [2005]

(@ —Blv (b) Blv
() 2 Blv (d) zero
A metal conductor oflength 1 m rotates vertically about one
of its ends at angular velocity 5 radians per second. If the
horizontal component of earth’s magnetic field is 0.2x1074T,
then the e.m.f. developed between the two ends of the

conductor is [2004]
(@ SmV (b) 50pv
(© Suv (d 50mV

A coil having n turns and resistance RQ is connected with
a galvanometer of resistance 4RC2. This combination is
moved in time ¢ seconds from a magnetic field IV, weber to
W, weber. The induced current in the circuitis ~ [2004]
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52.
_m-m) _niry )
(a) Rnt (b) 5 Rt
" -m) n(W, —W,
© "3 Rm @ -~
5 Rnt Rt

50. Two coils are placed close to each other. The mutual

51.

inductance of the pair of coils depends upon [2003]

(@) the rates at which currents are changing in the two
coils

(b) relative position and orientation of the two coils

(c) the materials of the wires of the coils

(d) the currents in the two coils

When the current changes from +2 Ato—2Ain 0.05 second,

an e.m.f. of § V isinduced in a coil. The coefficient of self

-induction of the coil is [2003]

(@ 02H () 04H (c) 08H (d O0.1H

A conducting square loop of side L and resistance R moves
in its plane with a uniform velocity v perpendicular to one
of its sides. A magnetic induction B constant in time and
space, pointing perpendicular and into the plane at the
loop exists everywhere with halfthe loop outside the field,
as shown in figure. The induced emf is [2002]

++++++
l++++++

+
+
+||++++++
+|++++++ E—yi
+ [|[++++++
+ [|[++++++
+|++++++
+ ++++++

(@) zero (b) RvB (¢) vBL/R (d) vBL
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(5)
For coil C|, No. of turns N, = 500 and radius, =1 cm.
For coil C,, No. of turns N, =200 and radius, R =20 cm

I=(5 —2z+3):%=(101—2)

WoIN
(I)small =BA= (%} (TCI"Z)

Induced emfin small coil,

e:@: [“Oszﬂl’le di _ (HoNlsz’z\

—_— — = —|(10r-2
dt 2r dt L 2R J ( )
Atr=1s
o (poNlNznrz\ Q=4 uONlNznr2
2R R
-7 -4
_ 4410 X200><500><10 n
20 107

=80x7m2 %1077 x10x10% x1072

4
=8x107* volt=0.8 mV:; — x=5.

(b) Case (a) : When bar magnet is entering with constant
speed, flux (¢) will change and an e.m.f. is induced, so
galvanometer will deflect in positive direction.

Case (b) : When magnet is completely inside, flux (¢) will
not change, so galvanometer will show null deflection.
Case (c) : When bar magnet is making on exit, again flux
(¢) will change and an e.m.f. is induced in opposite direction
so galvanometer will deflect in negative direction i.e.
reverse direction.

(a) Asweknow, emf ¢ = NABw cos ot , Here N=1

Average power,
g’ A*B%*0? cos® ot A B’ (1j
<P>=<—>=<————F——>="—"|7
R R R 2

Therefore average power loss in the loop due to Joule
heating

2 2;2p2
<po= n-a“b°B (032)

2R

(b) Given,
Length of wire, /=30 cm
Radius of wire, 7=2mm=2 x 103 m

Resistivity of metal wire, p =1.23x10°Qm

Emfgenerated, | e |= a4 = Z—lj(A)

- (- $=B.A))

Hints & Solutions

. e
Current, i = —
R

. . /
But, resistance of wire, R = pz

2 3,2
_|4B|(4) :0.032x{nxix10 } —0.61 A
dt| pl 1.23x107 % 0.3
1s)
Here, B=3.0x10°T,R=10cm=0.1m
2n w
o=—-—-""
2T 0.2
Flux as a function of time ¢ = B- 4 = AB cos(wt)
—dé

Emfinduced, e = % = ABwsin(wt)

Max. value of Emf=4ABw=nR?Bw

=3.14x0.1x0.1x3x1075 x——
0.2

=15x10° V=15 pVv

(10)Given dI=0.25-0=0.25A

dt=0.025 ms

Induced voltage

E, ,=100v

Self-inductance, L="?

Using, Eing = A0 S 100- L(Lsg)
At .025x10

=L=103H=10mH

(a) According to question, dB = 1000 — 500 = 500 gauss
=500 x 10T

Timedt=5s

Using faraday law

Induced EMF, e:‘—@ :‘Aﬁ
dt dt

dB _ 1000500
dt 5

x10% =102 T/sec

16 cm

2 cm

4 cm

< —
\ 7 |

Area, A=ar of o -2 ar of A= (16 x 4—2 x Area of triangle) cm?
1 2
= 64_2XEX2X4 cm

=56 x 10*m?
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10.

11.

B
e Einduced = ‘A%‘ =56x10" x107° =56 x10"°V =56V

(d) Asmagnetic field lines form close loop, hence every
magnetic field line creating magnetic flux through the inner
region (¢,) must be passing through the outer region.
Since flux in two regions are in opposite region.

¢[ = _¢0

(d) According to question,
I(y=1(1-1)

SI=1t =12

¢=B.A

§= () * (TR?)

(- B=pgnland A=nR?)

—d¢
dt

&

VR =
VR
Vg = nonmR* 1y — 2141)

o]—

1
= Vp=0atr= 75
(175.00) y

E(0,5,5)

b
z (5,0’0) X

Flux through the loop ABCDEFA,
o =B.A = (31 +4k).(251 + 25k)
= ¢=(3 x25)+ (4 x 25)= 175 weber
(b) We have given, time period, 7= 10s
Angular velocity, © = —= ==
ngular velocity, 05
Magnetic flux, ¢(t)= BA cos ot
—d¢

Emfinduced, E = — BAosinot = BAwsin (o)
. ) T
Induced emf, | ¢ | is maximum when wt = 7

= t=—=25s

wlavla

For induced emf to be minimum i.e zero

12.

13.

14.

15.

16.

b
wt=n = t=—=35s
n

5

.. Induced emfiszeroatt=5s
(a) 0=B4

= (“0 n[)A

=, n (kt e*)A

4o d
== =—pgndk—(t
e Hon dt(e

—out
dt )
= —pgndk[t(-1)e”* + e * x1]
= —pgndkle”™ (1-1)]

¢e_T— nondk [efoct (1-1)]

i=—

R R
Att=0,i=>-ve

(@) Ocoil =(NQ) o< i
9 _ i

o D3
0 i 2

2 2
or 0 =50 =3x107 =6.67x 104 Wh
(b) According to faraday’s law of electromagnetic induc-

—do
t

tion, e=

Lxé:25 :>L><1—5: 25 or LZEH
dt 1 3

Change in the energy of the inductance,
I A 2 2
AE—EL(ll —12)—E><§><(25 -10%)

:%><525:437.5J

[Bonus]

Ad 1 1 -3
=—T—=_A(Br—-B:)=—x3.5x10
Net charge Q R 10 (B —B;) 10

[0.4sinE —Oj
2

1 -3
=—(3.5x10 04-0
10( x107)( )

=1.4x10"4
No option matches, So it should be a bonus.
(a) According to Faraday's law of electromagnetic

d
induction, € =—-

dt
Also,e=iR
L do .
iR=—" = [do = R[iat
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17.

18.

19.

20.

21.

22.

23.

Magnitude of change in flux (d$) = R x area under current
vs time graph

1 1
or, dop= 100><5><5><10 =250 Wb

(b) Electric flux is given by
¢=B.A

o= Bonrze*t/T ( B= Boeit/T)

2
B _
Induced Em.f €= do_ 20 i

dt 2
© 2 2412
n°r'B
Heatzjg—: 0
0 R 27R

(d) According to Faraday’s law of electromagnetic
induction,

Ldi
Induced emf, e = ﬂ
dt
SO:L[ 5_2j
0.1sec
L:50x0.1:§ 167 H
3 3

(a) Insidethe sphere field varies linearlyi.e., E oc r with

. . . . 1
distance and outside varies according to E oc =
r

Hence the variation is shown by curve (a)

(a) Given: No. of turns N= 1000

Facearea, 4 =4 cm?=4x 10*m?

Change in magnetic field,

AB=10"2wbm™

Time taken, 1=0.01s= 102 sec

Emfinduced in the coil e=?

Applying formula,

Induced emf, e= ﬂ = N[ﬁjA cosB
dt At

~1000x107 x4x107"

- 107

(a) Asweknow, Magnetic flux, ¢ = B.4

=400mV

1o (2)(20x107%)?

2[(0.2)% +(0.15)°]
On solving
=9.216 x 10711=9.2 x 10! weber
(a) Induced emf
—di
g0 —
dt
(d) Because ofthe Lenz’s law of conservation of energy.
Length of straignt wire, £ =20m Earth’s Magneti field,
B=0.30 x 104 Wb/m>.

x (0.3 x1072)?

24.

25.

26.

27.

28.

29.

P-357
(¢) As e:A—d) or Ri:A_d) (- e=Ri)
At At
= AO=R(i.AY)
= R x area under i — ¢ graph
1
=10 x 5X4 x 0.1 =2 weber
(b) Electric flux, ¢= 102 — 50¢+250
d
Induced emf, e = —74; =—(20¢-50)
e_,=—10V
(d) Magnetic field at a distance » from the wire
p= ol
2mr
Magnetic flux for small displacement dr,
¢ =B-A4=Bldr [+ A=Idrand B.A=BA cos 0°]
I
= ¢=2914r
2mr
Z
I H —v
Z
Z
%
r dr
Bmf e = 40 Jtoll dr B
dt  2mnr dt 2n r
. . e HO IVZ
Induce current in the loop, i = — = -—-—
R 2m Rr
(b) Induced emf,
e=Bv/=1x102x0.05=5x10*V
Equivalent resistance,
R=22 17217230
4+2 3
4
5%10
Current, i = %= a =170 uA
noN24
(d) Inductance =
(c¢) Force on the strip when it is at stretched position x

from mean position is

B’I? X

F=—kx— XV <—x—>

Above expression shows that it is case of damped
oscillation, so its amplitude can be given by
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bt 33. (a) Potential difference between two faces
= A= Ajpe 2m perpendicular to x-axis
b =IVB=2x107(6x0.1)=12mV
e 0
= —=4ye > [as per question 4=—1] 34. (o) X=/
e e
Q [ | 0]
_2m 2x50x107°x10 lé—x—>dx
= 1= B2 0.01x0.01 Magnetic moment, M = NIA
( R ] dQ=pdx
. Y
Given, m=50x 103 kg di=——.0
B=0.1T T
/=0.1m dM=dIxA
R=10Q ‘
P 3
k=0.5N :E,p—o,xnx dx :>M_—OI’ITCJ.X dx
2n { 0
i iod, T =2m,| = =2 L
Time period, ' =21 - s :Z.np!f
so, required number of oscillations, . . d¢ .
35. (a) Induced emfinacoil, €= ——=NBAsin ot
10000 , dt
N = — =5000 Also, e = ¢, sin wt
Maximum emfinduced, €,= nBA®
30. (a) Induced emf, e=Bv/ 36. (a) Given: Capacitance, C= 0.2 uF=0.2x10°F
=0.3x10%x5x10 Inductance L=0.5mH=0.5 x 103 H
=15x103V Current[=?
31. (d) The rate of mutual inductance is given by Using energy conservation
M=pam, i () %CVZ = %CVIZ +%L[2
The rate of self inductance is given by )
-6 102
L:“OHIZTH_IZ (11) EXOZXIO XlO +0
1 6.2 1 3,2
Dividing (i) by (ii) jMzn_Z =—x0.2x10"" x5 +=x0.5x10""71
L 2 2
o . 1= 3x107'A =0.17A
32. As total length L of th 11 tant
(¢) As total leng O Hie WITe WITL rematii constan 37. (b) From Faraday’s law of electomagnetic induction,

L=Ba)N (N =total turns )
and length of winding = (d) N

a
(d=diameter of wire)

self inductance = p Al

(3a’

= “0n2L 1

1
ocazNoca[asN:L/3a:>Noc;]

o

Now ‘a’ increased to ‘3a’

So self inductance will become 3 times

,_db_d(B4) _d(Bi)

dt It dt
_ BdixI _ BV
dt
o (BV B
Also, F=ilB= (T) (I’B) = -
At equilibrium
B
R
0
2 .
mgsin® = B =>V= ngzs12n9
R B-l
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38.

39.

40.

41.
42.

43.

44.

(¢) According to Faraday’s law of electromagnetic
induction,

dé

e=——

7 and ¢ = BAcoswt = Brr? cos ot

d .
= e= ~ (nrchosu)t) =’ Bsin ot (®)

e= Mol nor? sin o ( B= “—O[j
2R 2R
(b) In the given question,
Current flowing through the wire, [ = 1A
Speed of the frame, v=10 ms™!
Side of square loop, /=10 cm
Distance of square frame from current carrying wires
x=10cm.
We have to find, e.m.finduced e = ?
According to Biot-Savart’s law
g Ho Idlsin©

4r X2

_Amx1077 1x107!
B 2
4m (107)

=10

Induced e.m.f. e =Blv
=10°x10"'x10=1pv
(d) Here, induced e.m.f.

@

82—y
«—dx
X

30 5 )
e= I (ox)Bdx = B(,)M
20 2

_5B%w

2
(d)
(b) Self inductance of a long solenoid is given by
HoN24
/
Magnetic field at the centre of solenoid
}loN[
/
So both the statements are correct and statement 2 is
correct explanation of statement 1
(d) Asmagnetic field lines form close loop,
hence every magnetic field line creating magnetic flux
through the inner region (¢,) must be passing through
the outer region. Since flux in two regions are in opposite
region.

)

(a) Induced, emF, e = Bv/
=0.3x10%x5x%20
=3x103V=3mV.

45.

46.

47.

48.

49.

50.

P-359

(b) Due to the movement of resistor R, an emf equal to
Blv will be induced in it as shown in figure clearly,

P
_T_l Blv

ié RQ RO >V éé RQ
1
]2
1, Q
I=5L+1, Also, I =1,
Solving the circuit,
Blv

we get 11 =1, =3—R

and /=21, = Zf]iv

(d) Given, Area of cross-section of pipe,
A=10cm?
Length of pipe, /=20 cm

1= HoNiN, A
0
4 x1077 x300x400x100x10™*
0.2
1= oMV, A4
¢
=2.47x 10*H

(¢) Relative velocity of the tube of width /,
=y—(—v)v=2v

.. Induced emf. = B./ (2v)

(b) Given, length of conductor /= Im,
Angular speed, © =5 rad/s,

Magnetic field, B=0.2x 104 T

EmF generated between two ends of conductor

8_30312 _02x107 x5x1

S50uV
2 2 M
Ao (W, =)
b) =

R, = (R+4R)Q=5RQ)

;= ndh — —n(W, —W)
Rt SRt

(*+ W, & W, are magnetic flux)
(b) Mutual inductance depends on the relative position
and orientation of the two coils.
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51. (d) Induced emf,
__Ao_AULD A

At At At

Al
slel=L—
At

2-(2)]
0.05
8x0.05

= 8=Lx

= L= =0.1H

52. (d) Astheside BCisoutside the field, no emf'is induced
across BC. Further, sides AB and CD are not cutting any
flux. So, they will not centribute in flux.

Only side AD is cutting the flux 50 emf'will be induced due
to AD only.
The induced emfis

_—dd _ d(B-4) _—d(BAcos0°)

e_
dt dt dt
X XWI\ X X —V
D&—x—> c

A ‘

e g pdUx¥)
dt dt
dx

. e=—-Bl—=—-B/lv
€ dt
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