CHAPTER

Electromagnetic
Induction

Chapter Highlights

Electromagnetic induction; Faraday’s law, induced emf and current; Lenz's Law, Eddy currents. Self and
mutual inductance. Alternating currents, peak and rms value of alternating current/ voltage; reactance and
impedance; LCR series circuit, resonance; Quality factor, power in AC circuits, wattless current. AC generator

and transformer.

FARADAY'S LAWS OF ELECTROMAGNETIC
INDUCTION

1. When magnetic flux passing through a loop changes
with time or magnetic lines of force are cut by a con-
ducting wire, then an EMF is produced in the loop or
in that wire. This EMF is called induced EMF.

If the circuit is closed, then the current will be called
induced current.

Magnetic flux = JEdE

2. The magnitude of induced EMF is equal to the rate of
change of flux with respect to time in case of loop. In
case of a wire, it is equal to the rate at which magnetic
lines of force are cut by a wire

(—) sign indicates that the EMF will be induced in such
a way that it will oppose the change of flux.
ST unit of magnetic flux = Weber.

SOLVED EXAMPLES

1. A coil is placed in a constant magnetic field. The mag-
netic field is parallel to the plane of the coil as shown
in Fig. 16.1. Find the EMF induced in the coil.

3@35

Fig. 16.1

Solution:

¢ =0 (always) since area is perpendicular to magnetic
field.

EMF = 0.

. Find the EMF induced in the coil shown in Fig. 16.2.

The magnetic field is perpendicular to the plane of the
coil and is constant.

Area = A
®
B

Fig. 16.2
Solution:
¢=BA (always)
= constant

EMF = 0.

. Find the direction of induced current in the coil shown

in Fig. 16.3. Magnetic field is perpendicular to the
plane of coil and it is increasing with time.

®
B

Fig. 16.3

Solution:

Inward flux is increasing with time. To opposite it,
outward magnetic field should be induced. Hence, cur-
rent will flow anti-clockwise.
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4. Figure 16.4 shows a coil placed in decreasing magnetic
field applied perpendicular to the plane of coil. The
magnetic field is decreasing at a rate of 10 T/s. Find
out current in magnitude and direction.

A=2m?
®
B R=5Q

Fig. 16.4
Solution:
¢p=B.A
EMF=4 - d—B =2x10=20V
dt
i=20/5=4A
From Lenz’s law, direction of current will be

anti-clockwise.

5. Figure 16.5 shows a coil placed in a magnetic field
decreasing at a rate of 10 T/s. There is also a source of
EMF 30V in the coil. Find the magnitude and direc-
tion of the current in the coil.

30V
A=2m?
B R=5Q
Fig. 16.5

Solution:

Induce EMF =20V
equivalent i =2 A clockwise.

6. Figure 16.6 shows a long current carrying wire and
two rectangular loops moving with velocity v. Find the
direction of current in each loop.

<

Constant i )

=V

Fig. 16.6

Solution:

In loop (i), no EMF will be induced because there is
no flux change.

In loop (ii), EMF will be induced because the coil is
moving in a region of decreasing magnetic field inward
in direction. Therefore, to oppose the flux decrease in
inward direction, current will be induced such that its
magnetic field will be inwards. Hence, direction of
current should be clockwise.

LENZ'S LAW (CONSERVATION OF ENERGY
PRINCIPLE)

According to this law, EMF will be induced in such a
way that it will oppose the cause which has produced it.
Fig. 16.7 shows a magnet approaching a ring with its north
pole towards the ring.

Fig. 16.7

We know that magnetic field lines come out of the north
pole and magnetic field intensity decreases as we move
away from magnet. So the magnetic flux (here towards left)
will increase with the approach of magnet. This is the cause
of flux change. To oppose it, induced magnetic field will be
towards right. For this, the current must be anti-clockwise
as seen by the magnet.

If we consider the approach of north pole to be the
cause of flux change, Lenz’s law suggests that the side of
the coil towards the magnet will behave as north pole and
will repel the magnet. We know that a current carrying coil
will behave like north pole if it flows anti-clockwise. Thus,
as seen by the magnet, the current will be anti-clockwise.

If we consider the approach of magnet as the cause of
the flux change, Lenz’s law suggest that a force opposite to
the motion of magnet will act on the magnet, whatever be
the mechanism.

Lenz’s law tells that if the coil is set free, it will move
away from magnet, because in doing so, it will oppose the
‘approach’ of magnet.

If the magnet is given some initial velocity towards
the coil and is released, it will slow down. It can be
explained as follows.

The current induced in the coil will produce heat.
From the energy conservation, if heat is produced, there
must be an equal decrease of energy in some other form,
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here it is the kinetic energy of the moving magnet. Thus, the
magnet must slow down. So we can justify that Lenz’s law
is conservation of energy principle.

MOTIONAL EMF

We can find EMF induced in a moving rod by considering
the number of lines cut by it per second assuming there are
B lines per unit area. Thus, when a rod of length ¢ moves
with velocity v in a magnetic field B, as shown, it will
sweep area per unit time equal to /v and hence it will cut B
lv lines per unit time.

hence EMF induced between the ends of the rod = Bv/.
Also EMF = ? . Here ¢ denotes flux passing through
t
the area, swept by the rod. The rod sweeps an area equal to
fvdt in time interval dt. Flux through this area = Blvdt.
@ _ Bivdt
dt
If the rod is moving as shown in Fig. 16.8, it will
sweep area per unit time = v/sin@

Thus = Bv/.

and hence it will cut Bv/ sin @ lines per unit time. Thus,
EMF = Bv/sin6.

Explanation of EMF Induced in Rod on the
Basis of Magnetic Force

If a rod is moving with velocity v in a magnetic field B, as
shown, the free electrons in a rod will experience a mag-
netic force in downward direction and hence free elec-
trons will accumulate at the lower end and there will be
a deficiency of free electrons and hence a surplus of posi-
tive charge at the upper end. These charges at the end will
produce an electric field in downward direction which will
exert an upward force on electron. If the rod has been mov-
ing for quite some time, enough charges will accumulate
at the ends so that the two forces gE and gvB will balance
each other. Thus, £ =v B.

P qE

9 Q qvB

Vp—Vo=VBI

The moving rod is equivalent to the following diagram,
electrically.

P
J*va
%
Q

SOLVED EXAMPLES

7. Find the EMF induced in the rod in the following
cases. The figures are self-explanatory.

4>V

(A) EMF =0

—<

(B) ©B EMF =0

?B

©) v EMF =0

Solution:
Figure 16.9 shows a closed coil ABCA moving in a
uniform magnetic field B with a velocity v. The flux

passing through the coil is a constant and therefore the
induced EMF is zero.

®B
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Now consider rod 4B, which is a part of the coil. EMF
induced in the rod = BLv
Suppose the EMF induced in part ACB is E, as

shown.
o1
E w vBL
B

Since the EMF in the coil is zero, EMF (in ACB) +
EMF (in B4)=0

or -E+vBL=0
or E=vBL

Thus, EMF induced in any path joining 4 and B is
same, provided the magnetic field is uniform. Also the
equivalent EMF between 4 and B is BLv (here the two
EMFs are in parallel).

. Figure 16.10 shows an irregular shaped wire 4B
moving with velocity v, as shown.

4

®B

-+-----
~

Fig. 16.10
Find the EMF induced in the wire.

Solution:

The same EMF will be induced in the straight imagi-
nary wire joining 4 and B, which is Bv/sin 6.

®
@

. A circular coil of radius R is moving in a magnetic
field B with a velocity v as shown in Fig. 16.11.

TV ®B
AQB
Fig. 16.11

10.

11.

12.

Find the EMF across the diametrically opposite points
A and B.

Solution:
2RvB.

Find the EMF across the points P and Q, which
are diametrically opposite points of a semicircular
closed loop moving in a magnetic field as shown in
Fig. 16.12. Also draw the electrical equivalent circuit
of each branch.

- > V
P a Q
Fig. 16.12
Solution:
Induced EMF = 0.
Po——MWW——Q P /W_\ Q

Find the EMF across the points P and Q which are
diametrically opposite points of a semicircular closed
loop moving in a magnetic field as shown in Fig. 16.13.
Also draw the electrical equivalence of each branch.

v

VD)

B —
a

Fig. 16.13

Solution:
Induced EMF = 2Bayv.

P~—vww—||—-o

2Bav

2Bav

Figure 16.14 shows a rectangular loop moving in a
uniform magnetic field. Show the electrical equiva-
lence of each branch.

S R
®B q—V
P Q

Fig. 16.14
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Solution:

B/V

]_B/V

13. Figure 16.15 shows a rod of length ¢ and resistance »
moving on two rails shorted by a resistance R. A uni-
form magnetic field B is present normal to the plane of
rod and rails. Show the electrical equivalence of each

branch.
Moving L
Rod /|l .,®8 TF
Fixed conducting
thick rails
Fig. 16.15
Solution:

%r
=R
B/v -I:

14. A rod of length ¢ is kept parallel to a long wire car-
rying constant current i. It is moving away from the
wire with a velocity v. Find the EMF induced in the wire
when its distance from the long wire is x.

Solution:
Uoilv
2mx

E=Blv=

or

EMF is equal to the rate with which magnetic field
lines are cut. In df time the area swept by the rod is
fvdt. The magnetic field lines cut in df time = Blvdt =
Uil vdt

2nx

the rate with which magnetic field lines are
Uoilv

2mx

cut =

Constant

15. A rectangular loop, as shown in Fig. 16.16, moves
away from an infinitely long wire carrying a current i.
Find the EMF induced in the rectangular loop.

b

X
Fig. 16.16

E=B,Lv—BLv= 20, !,
2rx 27r(x + b)
_ MyiLby
2rx (x + b)
B1LV

Solution:
Aliter:
Consider a small segment of width dy at a distance y
from the wire.
Let flux through the segment be d¢.

. ay
Constan't Vil —V
current * "

X
i
2wy

_ il dy _ poil _
o= - 1‘ ) = (én(x+b) énx)

Now 40 MiL[ 1 dr_ldv
dt 2w | x+b dt x dt
Wil | (=b) —UyibLy
= V=
2 x(x+b) 27rx(x+b)
ibL
induced EMF = M.
27rx(x+b)

16. A rod of length 7 is placed perpendicular to a long wire
carrying current i. The rod is moved parallel to the
wire with a velocity v. Find the EMF induced in the
rod, if its nearest end is at a distance a from the wire.
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Solution:

Consider a segment of rod of length dx at a distance x
from the wire. EMF induced in the segment

Mol

de="" dxv
2mx
c - J- ,uolvdx ‘UOIVE (f+a)'
2mx a

17. A rectangular loop is moving parallel to a long wire
carrying current i with a velocity v. Find the EMF
induced in the loop, if its nearest end is at a distance a
from the wire. Draw an equivalent electrical diagram

v
A
/
Constant i
2 b
Solution:
EMF =0

AAA

- R+r
_ Uyiv In (x+£).
2n(R+7) /
INDUCED EMF DUE TO ROTATION
Rotation of the Rod

Consider a conducting rod of length / rotating in a uniform
magnetic field.

/9)‘1 ®8 ®B _I_ds =roBdr
aryl — T
art / v=re emf induced
Tr Small segment in a small
just like a rod segment

EMF induced in a small segment of length dr, of the rod
=vBdr=rwBdr

or

i
. EMF induced in the rod = wBJO rdr = %Bwl 2

Equivalent of this rod is as following

r

Bw/?/2 -[

_do_,_do
dt dt
__ flux through the area swept by the rod in time dt
dt
1>
B— " wdt
__2
dt
= lBa)fz.
2

SOLVED EXAMPLES

18. A rod PQ of length 2 / is rotating about one end P in a

uniform magnetic field B which is perpendicular to the
plane of rotation of the rod. Point M is the mid point of
the rod. Find the induced EMF between M and Q if of
Pand Q=100V.

® B = Uniform
P M Q
-

2/

Solution:
2
Eyo+Epy=Epg corner — =100
2

Bw L 2

£ 4 2) _ Bol
Mo 2 2
3 2

=% x100V=75V.
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19. A rod PQ of length 2/ is rotating about its mid point C,
in a uniform magnetic field B which is perpendicular
to the plane of rotation of the rod. Find the induced
EMF between P Q and PC. Draw the circuit diagram
of parts PC and CQ.

0

-

2/

Solution:

Bw!?
EMFpy=0; EMFpc= —o.

Bw(® Bw!?
2 2

i e [

20. A rod of length ¢ is rotating with an angular speed
o about its one end which is at a distance a from an
infinitely long wire carrying current i. Find the EMF
induced in the rod at the instant shown in Fig. 16.17.

Fig. 16.17

Solution:

Consider a small segment of rod of length dx, at a dis-
tance x from one end of the rod. EMF induced in the
segment

Uol

271'(x+a) (ra)dx

Jm( o) O

- Ht® [ﬂ—a%n(“-aﬂ.
2 a

21. A rod of length 7 is rotating with an angular speed
 about its one end which is at a distance a from an
infinitely long wire carrying current i. Find the EMF
induced in the rod at the instant shown in Fig. 16.18.

a

Fig. 16.18

Solution:

JINI0) a a+{cos6
= = In .
2mcosB cosf a
22. A rod of mass m and resistance 7 is placed on fixed,
resistance-less, smooth conducting rails (closed by a

resistance R) and it is projected with an initial velocity
u. Find its velocity as a function of time.

t=0

~
[ - - - -
<
AR
\AAS

Solution:

Let at an instant the velocity of the rod be v. The EMF
induced in the rod will be vB/. The electrically equiva-
lent circuit is shown in the following diagram.

MMM
VVVWV

. . . . Bt
Current in the circuit i =
R+r
At time ¢,
. t>0
.
2B 4i
L v 2R
:<—>
X

Magnetic force acting on the rod is F' =
to the motion of the rod.

i’B, opposite
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23.

24.

i/B=-m ﬂ

dt

. Bty
l:

R+r

Now solving these two equation,

B>y dv
=—m  -—
R+vr dt
B*/? _dv
(R+r)m v
2,2
Let L =k
(R+r)m
y
vdV t
== J—K.dt
u v 0
In (K) =-Kt
u
K
v=ue .
v=uek
u
t
I —t

In the above question, find the force required to move
the rod with constant velocity v and also find the power
delivered by the external agent.

Solution:

The force needed to keep the velocity constant
F. . =ilB

_ B*i*y
R+r
2,22 2
{7y £
Power due to external force = =—=AR+7r)
R+r R+r

Note that the power delivered by the external agent is
converted into joule heating in the circuit. That means
magnetic field helps in converting the mechanical
energy into joule heating.

In the above question, if a constant force F is applied
on the rod. Find the velocity of the rod as a function of
time assuming it started with zero initial velocity.

Solution:
dv .
m—=F—ilB
dt
. Bty
l:
R+r
d 2,2
" _v:F_ By
dt R+r
2,2
Let K= Bt
R+r
'V[ dv tﬂ
OF—Kv o m

1 ¢t
——In(F-Kv) |—
- In( ){m

[F—kv) Kt

In|—— |=-2L

F m
F_Kv:Fe—kt/m

F —kt/m
v=— (1-¢ .
K( )

25. A rod PQ of mass m and resistance » is moving on two
fixed, resistance-less, smooth conducting rails (closed
on both sides by resistances R; and R,). Find the cur-

rent in the rod at the instant when its velocity is v.

P
’
Rz ®B|l., 2R,
= 0 =
Q
Solution:
. Bty
= —
R R
PR
R +R,

This circuit is equivalent to the following diagram.

1

%

Biv

MM
VVWV

Ry

MMM
VVVWV
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26. In the above question, if one resistance is replaced by

27.

a capacitor of capacitance C as shown in Fig. 16.19,

MM
VVWV

®B

Fig. 16.19

Find the velocity of the moving rod at time ¢ if the
initial velocity of the rod is v and a constant force £ is
applied on the rod. Neglect the resistance of the rod.
Solution:

At any time ¢, let the velocity of the rod be v.

. aq
I4 dt
i
J ~F aq
RE >y —=C
T B~ g5 |
Applying Newton’s law
F—ilB=ma (16.1)
Also Biv=iR=1
c
Applying Kc?,
i= iﬁﬂ _Bv 4 (BIvC)
dd R d
or i= Bty +BlCa
R

Putting the value of i in Equation (16.1),

i B>y

=(m+B**C)a=(m+ 32626')%

d
(m+B**C) — =i
Fo By
R
Integrating both sides, and solving we get

B
—e R(m+CB*(*) A

B%?

A rod PQ of length ¢ is rotating about end P, with an
angular velocity @. Due to centrifugal forces, the free

electrons in the rod move towards the end Q and an
EMEF is created. Find the induced EMF.

Q
po 7 Q

Solution:

The accumulation of free electrons will create an elec-
tric field which will finally balance the centrifugal
forces, and a steady state will be reached. In the steady
state, mea)zx =ek.

mea)zf2
2e

Vp=Vy= _T E.dv =
x=0

ot—,N

Rotation of a Coil

28.

29.

SOLVED EXAMPLES

A ring rotates with angular velocity @ about an axis
perpendicular to the plane of the ring passing through
the centre of the ring. A constant magnetic field B
exists parallel to the axis. Find the EMF induced in the
ring

Solution:
Flux passing through the ring ¢ = B- A is a constant
here; therefore, EMF induced in the coil is zero.
Every point of this ring is at the same potential, by
symmetry.

A ring rotates with angular velocity @ about an axis
in the plane of the ring and which passes through the
centre of the ring. A constant magnetic field B exists
perpendicular to the plane of the ring. Find the EMF
induced in the ring as a function of time.

w = const

Solution:
At any time ¢,

¢=BA cos 0= BA cos wt
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Now induced EMF in the loop
—d¢

e= —— =BA wsin ot
dt

If there are N turns,

EMF = BA wN sin ot

EMF

\_/

T

BA @N is the amplitude of the EMF

e=e, s wt

e e, . o
i=—=—"sin wt=1i, sin ot
R R
e
=1
R

The rotating coil thus produces a sinusoidally varying
current, or alternating current. This is also the princi-
ple used in the generator.

30. Figure 16. 20 shows a wire frame PQSTXYZ placed in
a time varying magnetic field given as B = ¢, where
[ is a positive constant. Resistance per unit length of
the wire is A. Find the current induced in the wire and
draw its electrical equivalent diagram.

Y, V4
b
®B b>a
X T S
®B |2
P—7F—0Q
Fig. 16.20

Solution:
Induced EMF in part POST = Sa’ (in anti-clockwise
direction, from Lenz’s Law)

Similarly, induced EMF in part TXYZ = fb? (in
anti-clockwise direction, from Lenz’s Law)

Total resistance of the part POST =A4a.

Total resistance of the part POST = (4b. The equiv-
alent circuit is as shown in the following diagram.

A4b

MM
VVVVV

pp?_—_

i — Ba?
i
Ma
writing KVL along the current flow
Bb*— Ba’* — A 4ai — A 4bi=0
i= B (b—a).

40
EMF Induced in a Rotating Disc

Consider a disc of radius 7 rotating in a magnetic field B.
Consider an element dx at a distance x from the cen-
tre. This element is moving with speed v = @x.
.. Induced EMF across dx

= B(dx) v + Bdxwx = Bwxdx

®B

o

.. EMF between the centre and the edge of disc.

r 2
=ijxdx = Baor
0
FIXED LOOP IN A VARYING
MAGNETIC FIELD

Now consider a circular loop, at rest in a varying magnetic
field. Suppose the magnetic field is directed inside the page
and it is increasing in magnitude, the EMF induced in the
loop will be

e= 7% . Flux through the coil will be ¢ =7/ B;

d d
do__pds ,_ do

dt dt’ dt
£=mr? a8
dt
E2nr =i’ d_B

dt



p_rdB
2 dt
Thus, changing magnetic field produces electric field which

is non-conservative in nature. The lines of force associated
with this electric field are closed curves.

or

SELF-INDUCTION

Self-induction is induction of EMF in a coil due to its own
current change. Total flux N¢ passing through a coil due to
its own current is proportional to the current and is given as
N ¢ = Li, where L is called coefficient of self-induction or
inductance. The inductance L is purely a geometrical prop-
erty, i.e., we can tell the inductance value even if a coil is
not connected in a circuit. Inductance depends on the shape
and size of the loop and the number of turns it has.

If current in the coil changes by A/ in a time interval
At, the average EMF induced in the coil is given as

_ _AWe) AL LA
At At At
The instantaneous EMF is given as
__dWNe) _ d&n _  Ldl
dt dt dt

SI unit of inductance is wb/amp or Henry(H)

L — self-inductance is a +ve quality
L depends on:

1. Geometry of loop
2. Medium in which it is kept. L does not depend upon
current.

L is a scalar quantity.

Self-inductance of Solenoid

!

{>>r
Adi

Let the volume of the solenoid be V" and the number of
turns per unit length be n.

Let a current / be flowing in the solenoid. Magnetic
field in the solenoid is given as B = t{yn 1. The magnetic flux
through one turn of solenoid ¢ = u,n I 4.

The total magnetic flux through the solenoid =N ¢ =
Npgnl A = g n* (AT

L=pyn* (A= p,n*V
O= Uy ni 7 (nl)

Electromagnetic Induction 16.11
1=?
1
= Uy n* .

Inductance per unit volume = gy,

Self-inductance is the physical property of the loop
due to which it opposes the change in current that means
it tries to keep the current constant. Current cannot change
suddenly in the inductor.

INDUCTOR

It is represented by

—BO000—

L

electrical equivalence of loop

L
0000 ——

i 1

If current i through the inductor is increasing, the induced
EMF will oppose the increase in current and hence will be
opposite to the current. If current i through the inductor is
increasing, the induced EMF will oppose the decrease in
current and hence will be in the direction of the current.

1

(increasing) L i (decreasing) L

— OO — W
—— ——
Induced emf Induced emf

Overall result,

i
A +ﬁﬁﬁ— B
L9

dt

NOTE

If there is a resistance in the inductor (resistance of the coil
of inductor), then:

A—T000—B A—T0000—WW—B
L,R

L R
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SOLVED EXAMPLE

31. 4B is a part of circuit. Find the potential difference
V,—Vgif

)L B [ S

1H 5V

(A) current i =2 A and is constant

(B) current i = 2 A and is increasing at the rate of

1 amp/s
(C) current i =2 A and is decreasing at the rate 1 amp/s

Solution:
g2
|
A + ﬁ 6 6 - oy W - B
1H 5V
LAy di
dt dt

writing KVL from 4 to B

di

V,-15 —5-2i=V,
A dt B

di
A)Puti=2, — =0
(A) 7
V,~5-4=V,
V,~Vg=9V
di
B) Puti=2, — =1;
®) i
V,~1-5-4=7,
or V,-Vz=10V,
di
C)Puti=2, — =-1
© i
V,+1-5-2x2="V,
V,=8V.
Energy Stored in an Inductor

If current in an inductor at an instant is i and is increasing
at the rate di/dt, the induced EMF will oppose the current.
Its behaviour is as shown in Fig. 16.21.

Working as a load

i, increasing i
= di/dt i
L di
at

Fig. 16.21

. di
Power consumed by the inductor = iL ;;

. . di
Energy consumed in dt time = iL d—; dt

total energy consumed as the current increases

1

from 0 to /= J-iLdi e
f 2

Ly
2

| R

= U=— LI
2

O o

This energy is stored in the magnetic field with energy
density.
w_B_ B
av 2:“ 2.uO:ur
B2
Total energy U = I dv
ZuOlur

N

SOLVED EXAMPLES

32. A circuit contains an ideal cell and an inductor with a
switch. Initially, the switch is open. It is closed at # = 0.
Find the current as a function of time.

Solution:
o di
ar
= [edr = [ Lai
0 0
et=1Li
. &t
i=—.
L

33. In the following circuit, the switch is closed at ¢ = 0.

. di
Find the currents i, 7,, i3, and 73 atr=0and at 7 =oo.
t

Initially, all currents are zero.
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A AAﬁAA i1 B is C
v VVVV
t=0 I L
£ %ng’
R
F E D
Solution:
Attr=0

i3 is zero, since current cannot suddenly change
due to the inductor.

i;= i, (from KCL)

applying KVL in part ABEF, we get

=iy R
Att= oo
iy will become constant and hence potential difference
across the inductor will be zero. It is just like a simple
wire and the circuit can be solved assuming it to be
like shown as in the following diagram.

A WaohB s ¢
* VVVVY .
t=0 I

F E D
.. E . 2e
Iy=ly=—, = —.
3R 3R

In the circuit shown in Fig. 16.22, S, remains closed
for a long time and S, remains open. Now S, is closed
and S, is opened. Find out the di/dt just after that
moment.

i ]—
L 4e
T
Fig. 16.22

Solution:
Before S, is closed and S is opened, current in the left

.. &
part of the circuit = rE

Now when S, closed and S, opened, current
through the inductor cannot change suddenly, current

& . . . .
E will continue to move in the inductor.

Applying KVL in loop 1,

L9 L E0R) +4e=0
dt R
di _ e
dt L’

Growth of Current in Series R-L Circuit

Figure 16. 23 shows a circuit consisting of a cell, an induc-
tor L and a resistor R, connected in series. Let the switch
S be closed at £ = 0. Suppose at an instant, current in the
circuit be i which is

R L

RN

Fig. 16.23

|
I
€

increasing at the rate di/dt.
Writing KVL along the circuit, we have

e -L da —iR=0
dt
On solving we get,
e —Re
i=—((-etl
R( )

The quantity L/R is called time constant of the circuit and
is denoted by 7. The variation of current with time is as
shown.

NOTE

£
m Final current in the circuit = Iy which is independent of L.

m After one time constant, current in the circuit = 63% of
the final current (verify yourself).
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m More time constant in the circuit implies slower rate of
change of current.

m If there is any change in the circuit containing induc-
tor, then there is no instantaneous effect on the flux of
inductor.

Liiy=Ly1i,

N

SOLVED EXAMPLES

35. At t=0 switch is closed (shown in Fig. 16.24) after a
long time suddenly the inductance of the inductor is

. L o
made 77 times lesser (—) then its initial value, find
n
out instant current just after the operation.

R L

e

Fig. 16.24

€

Solution:
Using above result (Note 4)

Lii=L,i,
. _ NE
= 12: ?.

Solution:
Curve 1.

DECAY OF CURRENT IN THE CIRCUIT
CONTAINING RESISTOR AND INDUCTOR

Let the initial current in the circuit be /,. At any time ¢, let

. . d
the current be i and let its rate of change at this instant be ;;
L- & +iR=0

ar T

di __iR
dt L
i !
d R
i ! oL
In | — =f&
1, L
—Rt
or i=le L

Current after one time constant: i =/, ,~! =0.37% of initial
current.

SOLVED EXAMPLES

37. In the following circuit, the switch is closed at ¢ = 0.
Initially, there is no current in inductor. Find out the
current in the inductor coil as a function of time.

AMAAA

Solution:
At any time ¢,

—e+iR—(i—i) R=0
—£+2i,R—iR=0

Now,

di
—e+i1R+iR+L;; =0

-+ (—1R+8) +iR+i ﬂ =0
2 dt
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e R di
2 2 dt
(—8+31R)dt:_Ldi
e di

2L —£+3iR

B LA

02L O—£+3iR

38. Figure 16. 25 shows a circuit consisting of an ideal
cell, an inductor L, and a resistor R, connected in
series. Let the switch S be closed at # = 0. Suppose at
t=0, current in the inductor is i, then find out equation
of current as a function of time.

R iy L
C

RN

Fig. 16.25

|
I
t

Solution:
Let an instant ¢ current in the circuit be i which is
increasing at the rate di/dt.

R L

[\ .
B s I, A
Writing KVL along the circuit, we have

e-L ﬂ —iR=0
dt

= Li;=8—iR

Codi tdt
= Js—'R:}[f

0

£—IiR Rt
= In|——|=——
e—iyR L

= £—iR=(e—iR) e ®'*

e—(e—iyR)e 't
- .

= i=

Equivalent Self-inductance:

i
A +ﬁﬁ_ﬁ— B
La
at

V,-V,
L=—;‘i/dt3 (16.2)

Series Combination:

Ly L,
di di
V,-L, — —-L, — =V, 16.3
A ar ar* (163)
From (16.2) and (16.3),

L=L,+L, (neglecting mutual inductance)

Parallel Combination:

Fig. 16.26

From Fig. 16. 26

di di
V-Vg=L, —=1,—2%
A B 1 dt 2 dt
also =i +1i,
di dii di
or —=—+—"
dt dt dt
V,—V, -~ -
or A B _ VA VB + VA VB
L L L,
11 1
—=—+—.
L L L

(neglecting mutual inductance)
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MUTUAL INDUCTANCE

1

Consider two arbitrary conducting loops 1 and 2. Suppose
that /, is the instantaneous current flowing around loop 1.
This current generates a magnetic field B, which links the
second circuit, giving rise to a magnetic flux ¢, through
that circuit. If the current /; doubles, then the magnetic
field B, doubles in strength at all points in space, so the
magnetic flux ¢, through the second circuit also doubles.
Furthermore, it is obvious that the flux through the sec-
ond circuit is zero whenever the current flowing around
the first circuit is zero. It follows that the flux ¢, through
the second circuit is directly proportional to the current /|
flowing around the first circuit. Hence, we can write ¢, =
M,,1,, where the constant of proportionality M,, is called
the mutual inductance of circuit 2 with respect to circuit
1. Similarly, the flux ¢, through the first circuit due to the
instantaneous current /, flowing around the second circuit
is directly proportional to that current, so we can write
¢, = M,,1,, where M,, is the mutual inductance of circuit
1 with respect to circuit 2. It can be shown that M,, = M,
(Reciprocity Theorem). Note that M is a purely geometric
quantity, depending only on the size, number of turns, rel-
ative position, and relative orientation of the two circuits.
The SI unit of mutual inductance is called Henry (H). One
henry is equivalent to a volt-second per ampere:

Suppose the current flowing around circuit 1 changes
by an amount A/, in a small time interval Az. The flux
linking circuit 2 changes by an amount A¢, = MAI, in the
same time interval. According to Faraday’s law, an EMF

A, . o
& = —Ai;z is generated around the second circuit due to
the changing magnetic flux linking that circuit. Since A¢, =
. . Al
MAI,, this EMF can also be written as &, = — Ttl

Thus, the EMF generated around the second circuit
due to the current flowing around the first circuit is directly
proportional to the rate at which that current changes.
Likewise, if the current /, flowing around the second cir-

cuit changes by an amount A/, in a time interval At, then

Al
the EMF generated around the first circuit is £ = —M A—z
t

Note that there is no direct physical connection(coupling)
between the two circuits: the coupling is due entirely to the
magnetic field generated by the currents flowing around the
circuits.

NOTE

« M< L

m For two coils in series if mutual inductance is considered
then

Leg=L; +L,£2M

SOLVED EXAMPLES

39. Two insulated wires are wound on the same hollow
cylinder, so as to form two solenoids sharing a com-
mon air-filled core. Let 7 be the length of the core, A
the cross-sectional area of the core, N, the number of
times the first wire is wound around the core, and N,
the number of turns the second wire is wound around
the core. Find the mutual inductance of the two sole-
noids, neglecting the end effects.

Solution:
If a current /; flows around the first wire then a uni-

PNy .
1

form axial magnetic field of strength B,= is

generated in the core. The magnetic field in the region
outside the core is of negligible magnitude. The flux
linking a single turn of the second wire is B,4. Thus,
the flux linking all N, turns of the second wire is

NN AT
0, =N,B, A= 02%0
M= ,UoNlNzA'
/

As described previously, M is a geometric quantity
depending on the dimensions of the core and the man-
ner in which the two wires are wound around the core,
but not on the actual currents flowing through the wires.

40. Find the mutual inductance of two concentric coils
of radii a; and a, (a, << a,) if the planes of coils are
same.

)

Solution:
Let a current 7 flow in coil of radius a,.



41.

42.

43.
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i
Magnetic field at the centre of coil = 5—0 ma,?
. )
i
or Mi= Ho! 12
2a,
Uy T a?
or M=
2a,

Solve the above question, if the planes of coil are
perpendicular.

Solution:

Let a current i flow in the coil of radius a,. The mag-
netic field at the centre of this coil will now be parallel
to the plane of smaller coil and hence no flux will pass
through it, hence M = 0.

Solve the above problem if the planes of coils make
6 angle with each other.

Solution:

If i current flows in the larger coil, magnetic field pro-
duced at the centre will be perpendicular to the plane
of larger coil.

Now the area vector of smaller coil which is per-
pendicular to the plane of smaller coil will make an
angle @ with the magnetic field.

Mol

Thus, flux = B.A=-0 -7wat -cos 6
a4
2
or 2y = HoTtai cos 6, .
2a,

Find the mutual inductance between two rectangular
loops, shown in Fig. 16.27

—
i
'

b
b
a
Fig. 16.27
Solution:
a
-
< pH—
4
i iy l;
lec L
| i dx

44.

45.

Let current i flow in the loop having co-by long sides.
Consider a segment of width dx at a distance x as
shown in flux through the regent

do=| Mol Hl o
2nx  2n(x+a)

c+b .
= o= j Mol My
2rx 27z'(x+a)
:uolb[lnc+b—lna+b+cjl.
2r c a+tc

Find the mutual inductance of a straight long wire and
a rectangular loop, as shown in Fig. 16.28

Fig. 16.28

Solution:

b

M= ”Lln(l + 3).

2r X

Figure 16.29 shows two concentric coplanar coils with
radii @ and b (a << b). A current i = 2¢ flows in the
smaller loop. Neglecting self-inductance of larger loop

&

Fig. 16.29

(A) Find the mutual inductance of the two coils.

(B) Find the EMF induced in the larger coil.

(C) If the resistance of the larger loop is R find the
current in it as a function of time.

Solution:

(A) To find mutual inductance, it does not matter in
which coil we consider current and in which flux
is calculated (Reciprocity theorem). Let current i
be flowing in the larger coil. Magnetic field at the

JINi
centre = =L |
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Y
Flux through the smaller coil = En’a

M = &ﬂaz
2b

(B) |EMF induced in larger coil |

= M{(ﬂ) in smaller coi1:|
dt

= Ho g2
2b
_ Homa’
b
(C) Current in the larger coil
_ Homa’
bR

46. Inabove question, if a capacitor of capacitance C'is also
connected in the larger loop as shown in Fig. 16.30,
find the charge on the capacitor as a function of time.

C
Fig. 16.30
Solution:
q= C8(1 —e_t/RC)
2
where £ = ,uo%

47. If the current in the inner loop changes according
to i = 2¢*, then find the current in the capacitor as a
function of time.

C

O

Solution:
M = &n'az
2b

|EMF induced in larger coil | =M [(%J in smaller coil:|

2
e = &ﬂaz (4t) = 2Homat
2b b
g-9g
||
il _
I
[\ ]
le
Applying KVL,
e- L _ir=0
C
2 2
2wt g o
b C
differentiate with respect to time
2 .
2Moma” 1 _dip o
b C dt

on solving it

= Zﬂozazc [l_e—t/RC].

TRANSFORMER

A transformer changes an alternating potential difference
from one value to another of greater or smaller value using
the principle of mutual induction. Two coils called the pri-
mary and secondary windings, which are not connected
to one another in any way are wound on a complete soft
iron core. When an alternating voltage £, is applied to the
primary winding, the resulting current produces a large
alternating magnetic flux which links the secondary and
induces an EMF Ej in it. It can be shown that for an ideal
transformer,
E, _N, 1,

N N

E, N, I,

S

= turns ratio of the transformer.

p .
Magnetic iron core

R A A
T M
Ep) & | L {Es
— 4
Primary Secondary
coil coll

Eg, N and [ are the EMF, number of turns, and current in the
coils, respectively.

Ng>Np= E¢>Ep, —
Ng<Np= E¢<Ep, —

step-up transformer.
step-down transformer.
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NOTE

Phase difference between the primary and secondary
voltage is 7.

Energy Losses in Transformers

Although transformers are very efficient devices, small
energy losses do occur in them due to the following four
main causes.

Resistance of the Windings

The copper wire used for the windings has resistance and
50 I°R heat losses occur.

Eddy Current

Eddy current is induced in a conductor when it is placed in
a changing magnetic field or when a conductor is moved in
a magnetic field and/or both. Any imagined circuit within
the conductor will change its magnetic flux linkage and
the subsequent induced EMF will drive current around the
circuit. Thus, the alternating magnetic flux induces eddy
currents in the iron core and causes heating. The effect is
reduced by laminating the core, i.c., the core is made of
sheets of iron with insulating sheets between them so that
the circuits for the eddy currents are broken.

Hysteresis

The magnetization of the core is repeatedly reversed by
the alternating magnetic field. The resulting expenditure of
energy in the core appears as heat and is kept to a minimum
by using a magnetic material which has a low hysteresis
loss.

Flux Leakage

The flux due to the primary winding may not link the
secondary winding if the core is badly designed or has air
gaps in it. Very large transformers have to be oil cooled to
prevent overheating.

ALTERNATING CURRENT

Voltages and currents that vary symmetrically in magni-
tude and direction with time are very common. The electric
mains supply in our homes and offices is a voltage that var-
ies like a sine function with time. Such a voltage is called
alternating voltage (ac voltage) and the current driven
through the appliances is called the alternating current (ac
current).

BASIC PRINCIPLE OF AC GENERATION

Alternating voltage is generated by rotating a coil of con-
ducting wire in a strong magnetic field. The magnetic flux
linked with the coil changes with time, and an alternating
EMF is thus induced. Instantaneous flux linked with coil is

¢0=(A4.B)n
= ABncos(wt +6,)

where A = area of the coil (in m?)

B = magnetic field (in tesla)
n = number of turns

o = angular frequency = 7” =2rf (inrad s_l)
f=frequency (in hertz)

6, = initial phase angle.

and the alternating voltage is given by
V= _99 _ V, sin wt
dt

Where V,=A4Bnw
The instantaneous value of an AC is given by

I=1,sin wt.

Here, w is the angular frequency of AC and (w/27) is the
frequency of AC. (2 7/ w) represents the time period of AC.

In one cycle of AC, current increases from zero to a
maximum, then decreases to zero and reverses in direction
and then decreases to zero. Thus, current is zero twice in
one cycle and is numerically maximum also twice in one
cycle, once in the forward direction and once in the back-
ward direction in one cycle. Time taken to complete one
cycle is called time period. The frequency of AC represents
the number of cycles of AC completed in 1 s. AC supplied
in India has a frequency of 50 Hz.

AVERAGE VALUES OF AC VOLTAGE AND
AC CURRENT

AC voltage or currents are commonly sinusoidal (sine or
cosine function) and their mean values for complete cycle
is zero. The average values for half cycles are equally
positive and negative.
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1. Average value for one half cycle (or rectified average

value):
V=Vysinwt
T/2
I Vat T/2
Ny = 2J/2dt = _(|). V,sinwt dt

0

2
=—V, =0.637V,.
P 0

This is also known as the rectified average value of a
sinusoidal voltage and is represented as V,

2. Root Mean Square (RMS) Value (V,, or /,.,.): Since V'
or / are equally negative and positive, their squares will
always be positive and the square root of the average of
their square will give the RMS values.

V'=V,sin wt
(V2 )av = %JT‘VO2 sin® oordt
0

p2 T 2
= ij(l —cos2at)dt = >
2T 0 2

v
Thus Vo = (V) =T°2
I
and I =\(I%),, = ;

Peak value

V2

SOLVED EXAMPLE

48. If a domestic appliance draws 2.5 A from a 220-V,
60-Hz power supply, Find

Sl

or RMS value =

(A) the average current.

(B) the average of the square of the current.
(C) the current amplitude.

(D) the supply voltage amplitude.

Solution:

(A) The average of sinusoidal AC values over any
whole number of cycles is zero.
(B) RMS value of current =1 . =2.5A

rms

(I, =) =6.25A%

1
) [  =-o
( ) ms (2

Current amplitude =~/27,  =v2(2.5A) =3.5A

I

V2

Supply voltage amplitude
v, =2(0,.,)=2(220 V)=311V.

(D) Virns

SERIES AC CIRCUIT

When only Resistance is in AC Circuit

Consider a simple AC circuit consisting of a resistor of
resistance R and an AC generator, as shown in Fig. 16.31.

Fig. 16.31

According to Kirchhoff’s loop law, at any instant, the
algebraic sum of the potential difference around a closed
loop in a circuit must be zero.
E-Vp=0
E—IixR=0
&sinwt— iR =0

&

ip =Esina)t=i0 sin @t (16.4)

where i, is the maximum current.
. &
Iy =—
R
From above equations, we see that the instantaneous
voltage drop across the resistor is

(16.5)

We see in equations (16.4) and (16.5), i, and V' both vary
as sin@t and reach their maximum values at the same time
as shown in Fig. 16.32(a), they are said to be in phase.
A phasor diagram is used to represent phase relationships.
The lengths of the arrows correspond to ¥, and i,,. The pro-
jections of the arrows onto the vertical axis give V', and
ip. In case of the single-loop resistive circuit, the current
and voltage phasors lie along the same line, as shown in
Fig. 16.32(b), because i and V', are in phase.

Vg =i Rsinwt

AV AR

Wave diagram
(a) (b)
Fig. 16.32

Phasor diagram
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When only Inductor is in an AC Circuit

Now consider an AC circuit consisting only of an inductor
of inductance L connected to the terminals of an AC
generator, as shown in Fig. 16.33. The induced EMF across
the inductor is given by Ldi/dt. On applying Kirchhoff’s
loop rule to the circuit,

di
e-V,=0 = ¢- Ld—;:o

Vi

00500
L

)
O
€= ¢gysin ot

Fig. 16.33

When we rearrange this equation and substitute € = g,
sin wt, we get

di .
L—=¢,sinwt (16.6)
dt
Integration of this expression gives the current as a function
of time

£ . £
ip = TOJ.sma)tdt = ——OLcoswt+C
10)

For average value of current over one time period to be
zero, C=0
. &y
i, =———coswt
oL
When we use the trigonometric identity cos@? = —sin(w? —
/2), we can express equation as

. & . V4
i, =——sin| ot ——
wlL 2

From Equation (16.7), we see that the current reaches its
maximum values when cos@? = 1
_% _%
=i X_L

(16.7)

iy (16.8)
where the quantity X, called the inductive reactance, is
X, = oL

The expression for the RMS current is similar to Equation
(16.8), with g, replaced by &,
Inductive reactance, like resistance, has unit of ohm.

di . .
v, = inz &y sinwt =1, X, sinwt

We can consider Equation (16.8) as Ohm’ law for an
inductive circuit.

On comparing result of Equation (16.7) with
Equation (16.6), we can see that the current and voltage
are out of phase with each other by 772 rad, or 90°. A plot
of voltage and current versus time is given in Fig. 16.34(a).
The voltage reaches its maximum value one-quarter of an
oscillation period before the current reaches its maximum
value. The corresponding phasor diagram for this circuit
is shown in Fig. 16.34(b). Thus, we see that for a sinusoi-
dal applied voltage, the current in an inductor always lags
behind the voltage across the inductor by 90°.

Wave diaéram Phasor diagram

(@) (b)
Fig. 16.34

When only Capacitor is in an AC Circuit

Figure 16.35 shows an AC circuit consisting of a capacitor of

capacitance C connected across the terminals of an AC gen-

erator. On applying Kirchhoff’s loop rule to this circuit, gives
Y

|

1o

€ = ggsin wt
Fig. 16.35
e-V-=0
Ve=€e=¢gsinwt

where V. is the instantaneous voltage drop across the
capacitor. From the definition of capacitance, V. = Q/C,
and this value for V- substituted into equation gives

0=Cgsin wt

Since i = dQ/dt, on differentiating above equation gives the
instantaneous current in the circuit.

ic= %: Ce, wcos o1 (16.9)

Here again we see that the current is not in phase with the
voltage drop across the capacitor, given by Equation (4).
Using the trigonometric identity cosw? = sin(wt + 1/2), we
can express this equation in the alternative form

ii=wCe, sin(wt+%) (16.10)
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From Equation (16.10), we see that the current in the circuit
reaches its maximum value when cos@? = 1.
£
iy =wCey=—"
Xe
where X is called the capacitive reactance.

1
Xo=—
© wc
The SI unit of X is also ohm. The RMS current is given by
an expression similar to equation with V, replaced by V...
Combining Equation (16.9) and (16.10), we can
express the instantaneous voltage drop across the capacitor as

Ve =Vysinwt = I, X sinwt

Comparing the result of Equation (16.8) with Equation
(16.9), we see that the current is 772 rad = 90° out of phase
with the voltage across the capacitor. A plot of current and
voltage versus time shows that the current reaches its max-
imum value one-quarter of a cycle sooner than the volt-
age reaches its maximum value. The corresponding phasor
diagram is shown in Fig. 16.36(b). Thus, we see that for
a sinusoidally applied EMF, the current always leads the
voltage across a capacitor by 90°.

Wa{)é diagram i
(@) (b)
Fig. 16.36

Phasor diagram

Vector Analysis (Phasor Algebra)

The complex quantities normally employed in AC circuit
analysis can be added and subtracted like coplanar vectors.
Such coplanar vectors, which represent sinusoidally time
varying quantities, are knows as phasors.

In Cartesian form, a phasor A can be written as,

A=a+jb

where a is the x-component and b is the y component of
phasor 4.

The magnitude of 4 is| A |=Va* + b,
And the angle between the direction of phasor 4 and the
positive x-axis is,

0=tan"! (2)
a

In a given phasor 4, the direction of which is along the
x-axis is multiplied by the operator j, a new phasor j 4 is
obtained which will be 90° anticlockwise from A, i.e.,
along y-axis. If the operator j is multiplied now to the pha-
sor j4, a new phasor jzA is obtained which is along x-axis
having same magnitude as of 4. Thus,

jfA=-4
ji=-1 or j=\/——1

Now using the j operator, let us discuss different circuits
of an AC.

Series L-R Circuit

Now consider an AC circuit consisting of a resistor of
resistance R and an inductor of inductance L in series with
an AC source generator.

Suppose in phasor diagram, current is taken along
positive x-direction. Then 7V, is also along positive
x-direction and V; along positive y-direction. As we know
potential difference across a resistance in AC is in phase
with current and it leads in phase by 90° with current across
the inductor, so we can write

V=Vg+jV, =iR+ j(iX,)=iR+j(ioL)=iZ

Here, Z=R + jX; = R + j(wl) is called as impedance of
the circuit. Impedance plays the same role in AC circuits
as the ohmic resistance does in DC circuits. The modulus

of impedance is
| Z|=\R* +(oL)?
The potential difference leads the current by an angle,
X
= tan ™! (—L)
% R
-1 L
=tan | —
oo ()
SOLVED EXAMPLE

49. An alternating voltage of 220 V RMS at a frequency
of 40 cycles/second is supplied to a circuit containing
a pure inductance of 0.01 H and a pure resistance of
6 Q in series. Calculate

Vi

o= tan ™!
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(A) the current,
(B) potential difference across the resistance,
(C) potential difference across the inductance, and
(D) the time lag.
Solution:
The impedance of L-R series circuit is given by
Z=[R + (oL = (R} + /L]
=[62 + (2 x 3.14 X 40 X 0.01)*]"? = 6.504 ohm

(A) RMS value of current

_E 220 V

rms __

I = = 33.83A
Z 6504 Q

(B) The potential difference across the resistance is
given by
Ve=1,XxR=33.83x6=202.83V
(C) Potential difference across inductance is given by
V=L, X (@L) = 33.83 x (2 x 3.14 x 0.01)
=96.83V

(D) Phase angle ¢ = tan ™! (%)

¢ =tan”'(0.4189) = 22°46’

Now time lag = & s 2 0 51 _ 2246
OWHMERE= 36077 T360° f  360x40
~0.01579s.

Series R-C Circuit

Now consider an AC circuit consisting of a resistor of
resistance R and a capacitor of capacitance C in series with
an AC source generator.

Suppose in phasor diagram, current is taken along
positive x-direction. Then ¥, is along positive x-direction
but V. is along negative y-direction, as potential differ-
ence across a capacitor in AC lags in phase by 90° with the
current in the circuit. So we can write.

Ve v i

V=Vy—jVe=1iR- j(iX.)

i
=iR-j| — |=iz
](wC)

Here, impedance is Z = R —j(—)
oC

The modulus of impedance is,

and the potential difference lags the current by an angle,

:tanl(ﬁ)
2 R
_1(1/a)C) _1( 1 )
=tan | —— |=tan~ | ——
R WRC
SOLVED EXAMPLE

50. An AC source of angular frequency w is fed across
a resistor R and a capacitor C in series. The current
registered is i. If now the frequency of the source is
changed to @/3 (but maintaining the same voltage), the
current in the circuit is found to be halved. Calculate
the ratio of reactance of resistance at the original
frequency.

V.,
o= tan™" |-

Solution:

At angular frequency o, the current in R-C circuit is
given by

&
s = ms (16.11)

J(R)+(1/0*C?)

when frequency is changed to @/3, the current is
halved. Thus

_ ms

2 R +1/(w3)*C?

E
= ms (16.12)

JR? +(9/0*C?)
From Equations (16.11) and (16.12), we have
1 2

JR+1/0*C?) R +(9/ 0*C?)

Solving this equation, we get 3R* = —
o C
Hence, the ratio of reactance to resistance is

(l/wC)_\/E
R N5

Series L-C-R Circuit and Resonance

Now consider an AC circuit consisting of a resistor of
resistance R, a capacitor of capacitance C, and an inductor
of inductance L are in series with an AC source generator.
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Suppose in a phasor diagram, current is taken along
positive x-direction. Then Vj is along positive x-direction,
V, along positive y-direction, and V. along negative
y-direction, as potential difference across an inductor leads
the current by 90° in phase while across a capacitor, it lags
in phase by 90°.

So, we can write,
V=Vy+jV, —iVeo=iR+jiX;) —j(iX,)
iR +jli(X, — X)) =iZ
Here, impedance is

1
Z=R+j(X, - X )=R+j| oL———
J(Xp c) J( a)CJ

2
. . 1
The modulus of impedance is | Z|= \/ R? +(a)L——)

and the potential difference leads the current by an angle.
X, - X
=tan ' | L ——C
R

1 oC

VL — VC

o= tan ™!

R

= tan~ (16.13)

The steady current in the circuit is given by

i= %o —sin(wr +9)

Flot

where ¢ is given from Equation (16.13)

1

(o)
R +| oL ——
oC

It depends on angular frequency @ of AC source and it will
be maximum when

a)L—L:0:>a):,/L
oC LC

The peak current is i, =

d dine f . 0] 1 1
and corresponding frequency is v=—=—,|—.
PORCINg freduency 2 2z\1LIC
This frequency is known as resonant frequency of
the given circuit. At this frequency, peak current will be
.
ih = —.
"R
If the resistance R in the LCR circuit is zero, the peak
N 4
current at resonance 18 i, = F
It means, there can be a finite current in pure LC
circuit even without any applied EMF.
This current in the circuit is

1 1
v=—.]—.
2rn NV LC

SOLVED EXAMPLES

51. A resistance R, and inductance L, and a capacitor C all
are connected in series with an AC supply. The resis-
tance of R is 16 Q and for a given frequency, the induc-
tive reactance of L is 24 Q and capacitive reactance of
Cis 12 Q. If the current in the circuit is 5 A, Find
(A) the potential difference across R, L, and C.

(B) the impedance of the circuit.
(C) the voltage of AC supply.
(D) phase angle.

at frequency,

Solution:

(A) Potential difference across resistance
Ve=iR=5%x16=80V
Potential difference across inductance
V,=ix(wL)=5%x24=120V
Potential difference across condenser
Ve=ix(1/oC)=5%x12=60V

@ 7- J“_)]

=(16)* +(24-12)* =20 Q

(C) The voltage of AC supply is given by
r=IZ=5%x20=100V
oL—-(1/wC)
R

D) 9= tan~! [

24-12
=tan! [T] = tan"1(0.75) = 36°46°.

52. For the circuit shown in Fig. 16.37. Current in
inductance is 0.8 A while in capacitance is 0.6 A. What
is the current drawn from the source.
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L
00— and so, 1, =Lsin(a)t—z)=—0.8coswt
Iy X, 2
= V b4
i Io H 1o :—sin(a)t+—)=0.6cosa)t
® Xe 2
So the current drawn from the source,
Fig. 1637
L
T
Solution: Iy c
In this ac circuit, £ = gsinwt is applied across an i e I I
inductance and capacitance in parallel, current in ®
inductance will lag the applied voltage while across =
the capacitor will lead, I=1,+1c=-0.2cosot,
ie., l[,|=02A.

1. Magnetic flux:
¢ =B-Acos6
It can be changed by
changing B, A or 6 with
time
2. Faraday’s law:
The emfinduced in a
closed loop is given by
rate of change of magnetic
flux with time
a9
dt

BRAIN MAP |

3. Lenz’s law: Effect of the
induced emf is such as to
oppose the change in flux
that produces it.

4. Motional Emf:

Emf induced across a
conductor of length /
moving in a uniform
magnetic field is

e=[(xB)-dl

-
_-

- -

ELECTROMAGNETIC
INDUCTION
|
v
5. (a) Self induction (e) L-R circuit
o=Li , (i) Growth of current
e=-L S g R
Where L is called self inductance of the coil lr= R (1-el)
(b) Mutual induction (i) Decay of current
o=M PR
-_pma in= 2 e L
¢ dt A~ R

Mutual inductance of pair of solenoids
1 = Moy ’IVz R}
(c) Energy s1tored in an inductor
E-= %Liz
(d) Grouping of inductors
(i) In series combination

(f) L-C oscillation
When a capcitor is charged up to Qg
and then connected to an inductor

~ Ldi
0 -
(i) Q=Qqcoswt
(i) i=-Qpusinwt
(iv) o= 4
Jre




16.26 Chapter 16

BRAIN MAP 2

1. (a) Instantaneous current 2. Series AC circuit:
i =ig sin (ot + ¢) (a) When only resistance is in ac circuit
Instantaneous voltage (i) Vo =igR
Vv = Vg sin (ot + ¢) (i) Voltage is in phase with current
(b) Average current for half cycle (b) When only capacitor is in ac circuit
2j ) ) 1
favg = o =0.637 i (i) Vo=igXc, where, X, = —
T \ / wC
Average voltage for half cycle \ / (ii) Voltage is lagging in phase with
\ /
T
Vavg = —ZZO ~0.637 v, NS current by -2-

~

(c) When only inductor is in ac circuit
(i) Vo=ipX, where X; = oL

(c) RMS current

fo

frms = = 0.706 iy (ii) Voltage is leading in phase with
current by /2
RMS voltage (d) Series LR circuit
Vo
Vims = N3 =0.706 vq Impedance (Z) = YR? + wl?

IS

Phase angle, ¢ = tan™" [

)

2
Impedance (Z) = .|R%+ [L)

uy]

(e) Series CR circuit

~> ALTERNATING CURRENT CIRCUITS k_

®
3. Parallel AC circuit:

(a) When L and R are in series with C in Phase angle, ¢ = tan™ _1
parallel wRC
Admittance (Y) = 11 +jaC PN (f) Series LCR - circuit

V4 R +joL . N 2 1.2

(b) Resonance frequency (m) / \ Impedance Z = /A" + (L _E)

1 R? d \
_ _ 1
= |— L ———
LC (2 @
L Phase angle ¢ = tan™ | —@C_
(c) Dynamic resistance =%
4. Pcr)]wer = lyms Vims COS fd) (g) Resonance frequency when L, C, R
where cos ¢ is power factor
¢isp are in series is, @ = 1
JLc
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EXERCISES

Single Option Correct Type

1. A uniform but time varying magnetic field exists in

cylindrical region and directed into the paper. If field
decreases with time and a positive charge placed at any
point inside the region, then it moves

(A) along 1
(C) along 3

(B) along 2
(D) along 4
. Two circular coils P and Q are arranged coaxially as

shown, and the sign convention adopted that currents are
taken as positive when flow in the direction of the arrows

(A) If P carries a steady positive current and P is moved
towards O, a positive current is induced in Q.

(B) If P carries a steady positive current and O is moved
towards P, a negative current is induced in Q.

(C) Ifapositive current flowing in P is switched off, a
negative current is induced momentarily in Q.

(D) If both coils carry positive currents, the coils
repel one another.

. Two coils of self-inductance 4 H and 16 H are wound

on the same iron core. The coefficient of mutual induc-
tance for them will be
(A) 8H (B) 10H

(C) 20H (D) 64H

. Two pure inductors, each of self-inductance L are con-
nected in parallel but are well separated from each
other, then the total inductance is

(A) L B) 2L (C) L2 (D) L/

. SI unit of inductance can be written as

(B) Joule/Ampere2
(D) All of the above

(A) Weber/Ampere
(C) Ohm/Second

. There is a current of 1.344 A in a copper wire whose
area of cross-section normal to the length of the wire
is 1 mm?. If the number of free electrons per cm’ is
8.4 x 10%, then the drift velocity of electrons will be

(A) 1.0mms (B) 1.0 meter's
(C) 0.1 mms (D) 0.0l mms

7.

10.

11.

12.

Two straight long conductors AOB and COD are
perpendicular to each other and carry currents /; and
I,, respectively. The magnitude of the magnetic induc-
tion at a point P at a distance a from the point O in a
direction perpendicular to the plane ABCD is

Ho Hy
A) 2+ B) —%(I,-1
(A) S = +1) B) 5 =(h-1)
Ho (12 2\2 Ho [ LI,
C) = (12+1 D) 0| 2
© Zna(l 2) ®) 27ra[[1+12

A bar magnet, of magnetic moment M, is placed in a
magnetic field of induction B. The torque exerted on it is

(A) M-B (B) Bx M
(C) MxB (D) -B-M

. In a coil when current changes from 10 A to 2 A in

time 0.1 s, induced EMF is 3.20 V. The self-inductance
of coil is

(A) 4H  (B) 04H

A choke coil has

(A) high inductance and high resistance.
(B) low inductance and low resistance.
(C) high inductance and low resistance.
(D) low inductance and high resistance.

(C) 0.04H (D) 5H

The EMF induced in a 1 millihenry inductor in which
the current changes from 5 A to 3 A in 10~ second is
(A) 2x10°V (B) 8x10°V

©) 2v (D) 8V

A conducting square loop of side L and resistance R
moves in its plane with a uniform velocity v perpen-
dicular to one of its sides. A magnetic field B, constant
in space and time, pointing perpendicular and into
the plane of the loop exists everywhere as shown in
Fig. 16.38. The current induced in the loop is

X X X X X X
—
X X X X X X
X X X X X X
Fig. 16.38
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13.

14.

15.

16.

17.

18.

(A) BLV/R clockwise

(B) BLV/R anti-clockwise
(C) 2BLV/R anti-clockwise
(D) Zero

A magnetic needle is kept in a non-uniform magnetic
field. It experiences

(A) A force and torque

(B) A force but not a torque

(C) A torque but not a force

(D) Neither a force nor a torque

A current i ampere flows along an infinitely long
straight thin-walled tube, then the magnetic induction
at any point inside the tube at a distance  from centre is

(A) Infinite (B) Zero
2i 2i
(C) Ho 2 (D) =
. r 7

A proton and an alpha particle enter a uniform
magnetic field with the same velocity. The period of
rotation of the alpha particle will be

(A) four times that of the proton.

(B) two times that of the proton.

(C) three times that of the proton.

(D) same as that of the proton.

A coil having an area 4, is placed in a magnetic field
which changes from B, to 4B, in time interval z. The
average EMF induced in the coil will be

34,8, 44,B
(A) @ (B) #
3B 4By
© 3 ®

When the current changes from +2 Ato—2 A in 0.05 s,
an EMF of 8 V is induced in a coil. The coefficient of
self-induction of the coil is
(A) 0.1H (B) 02H

(C) 04H (D) 0.8H

A circular loop of radius R = 20 cm is placed in a uni-
form magnetic field B=2T in x-y plane as shown in
Fig. 16.39. The loop carries a current i = 1.0 A in the
direction shown in the Fig. 16.39. Find the magnitude
of torque acting on the loop.

y
T

// i45 B/
/

X

Fig. 16.39

19.

20.

21.

22.

23.

24.

(A) 0.16 7 N/m.

0.08
— — mN/m.

V2 V2
An average EMF of 20 V is induced in an inductor
when the current in it changed from 2.5 A in one direc-
tion to the same value in opposite direction in 0.1s, the
self-inductance of inductor is

(A) 04H (B)1H (C)2H

(B) 0.08 7N/m.

0.16

©) 7 N/m. (D)

(D) 0.6 H

A conducting rod of length 2/ is rotating with con-
stant angular speed @ about its perpendicular bisector.
A uniform magnetic field B exists parallel to the axis
of rotation. The EMF induced between two ends of the
rod is

I—e——l
(A) Bwl? (B) %Bwﬂz
(C) %szz (D) Zero

A 50 mH coil carries a current of 2 A, the energy
stored in it in J is
(A) 0.05 (B) 0.1

€ 05 (D)1

A capacitance C is connected to a conducting rod of
length ¢ moving with a velocity v in a transverse mag-
netic field B then the charge developed in the capacitor is

(A) Zero (B) BivC
BhC BivC
C D
© > D) 3
PP X XX
C 4

A particle of mass M and charge Q moving with a
velocity v describes a circular path of radius R when
subjected to a uniform transverse magnetic field of
induction B. The work done by the field when the par-
ticle completes a full circle is

(A) Zero (B) BO2nR

(D) (M: )(27:13)

A rectangular coil of 100 turns and size 0.1 m x 0.05 m
is placed perpendicular to a magnetic field of 0.1 T.

(C) BOv(27R)



25.

26.

27.

28.
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The induced EMF when the field drops to 0.05 T is
0.05sis

(A) 05V
) 15V

(B) 1.0V
(D) 2.0V

Ifacoil of metal wire is kept stationary in a non-uniform

magnetic field,

(A) An EMF and current are both induced in the coil
(B) A current but no EMF is induced in the coil

(C) An EMF but no current is induced in the coil

(D) Neither EMF nor current is induced in the coil

A flat coil carrying a current has a magnetic moment
U Itis placed in a magnetic field B.The torque on the

coil is 7, then

-

© |T=K.B
(D) T is perpendicular to both i and B.

The torque acting on this loop will be

4’
®-Bgk
[ ]
1
a

Ia*B

(A) Zero (B) a2 0
21a°B

© a3 “ (D) None

A conducting loop carrying a current / is placed in
a uniform magnetic field pointing into the plane as
shown in Fig. 16.40. The loop will have tendency to

Y

5N
N

Fig. 16.40
(A) Contract

(B) Expand

(C) Move towards positive x-axis
(D) Move towards negative x-axis

29.

30.

31.

32.

A rod of length ¢ is moved with a velocity v in a
magnetic field B as shown in Fig. 16.41, the equivalent
electrical circuit is

X X X X X X
B
X X X 3] X
14
X X X X X
Fig. 16.41
Btv
) I
Btv
(B) |
(©) I | Blv sin6
B/v sin6
(D) |

A conducting rod PQ is moving parallel to x-z-plane
in a uniform magnetic field directed in the positive
y-direction. The end P of the rod will become

=34
B

X
v
Q
(A) Sometime positive and sometime negative
(B) Positive
(C) Neutral
(D) Negative

What is direction of induced current in the coil as
shown in Fig. 16.42? (If rate of increase of current is
equal to the rate of decrease.)

Increases
| Q

Fig. 16.42

i
decreases

(A) Clockwise

(B) Anti-clockwise

(C) Zero

(D) Not defined with same rate

A metallic wire bent into a right Aabc moves with a
uniform velocity v as shown in Fig. 16.43, B is the
strength of uniform magnetic field perpendicular out-
wards the plane of triangle. The net EMF is ........ and
EMF along ab is ..........
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33.

34.

3s.

36.

©B

Fig. 16.43

(A) zero, Bv(bc) with b positive
(B) zero, Bv(bc) with a positive
(C) Bv(bc) with ¢ positive, zero
(D) Bv(bc) with b positive, zero

The magnetic flux linked with a coil is ¢ = 81% +3t
+ 5Wb. The induced EMF in the fourth second will be

(A) 145V (B) 139V (C) 67V (D) 16V

Flux ¢ (in weber) in a closed circuit of resistance 10 €
varies with time ¢ (in seconds) according to the equa-
tion ¢ = 6/ — 5t + 1. The magnitude of the induced
current in the circuit at £ =0.25 s is

(A) 02A (B) 0.6A (C) 0.8A (D) 12A

A semicircular conducting ring is placed in yz-plane
in a uniform magnetic field directed along positive
z-direction. An induced EMF will be developed in the
ring if it is moved along.

z

X

(A) Positive x-direction
(B) Positive y-direction
(C) Positive z-direction
(D) None of the above

A conducting rod PQ of length L = 1.0 m is moving
with a uniform speed v = 2.0 m/s in a uniform mag-
netic field B =4.0 T direction into the paper. A capac-
itor of capacity C = 10 yF is connected as shown in
Fig. 16.44. Then

X X X X X X
P

X Af X X X X

-

X B% X X X X
Q

X X X X X X

Fig. 16.44

(A) g,=+80uC and gz =-80 uC.
B) g,=-80uC and g =+80 uC.

37.

38.

39.

40.

41.

©) q,=0=gp.
(D) charge stored in the capacitor increases exponen-
tially with time.

The magnetic flux linked with a circuit of resistance
100 ohm increases from 10 to 60 webers. The amount
of induced charge that flows in the circuit is (in
coulomb)
(A) 0.5 B) 5

(C) 50 (D) 100

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

0 0
A) = B) —= - >y

2 2 B 3
An equilateral triangular loop having a resistance R
and length of each side / is placed in a magnetic field

0 Y

© (D)

Lo . dB .
which is varying at — =1T/S . The induced current

in the loop will be

32 4 ?
(A) . (B) EE
B3R 4 R
o X248 S

A metallic square loop ABCD is moving in its own
plane with velocity v in a uniform magnetic field
perpendicular to its plane as shown in Fig. 16.45. An
electric field is induced

e o o o e o
A

e o o o e o

o o o o o Ve

e o o o e o
D C

e o o o e o

Fig. 16.45

(A) In AD, but not in BC
(B) In BC, but not in AD
(C) Neither in AD nor in BC
(D) In both AD and BC

The mutual inductance between two planar concentric
rings of radii r; and r, (with r; >> r,) placed in air is
given by



42.

43.

44.

45.

46.

2 2
r: K
(A) ,U02 p) (B) HyTtn
4l 2ry
.Uo”(”l ) )2 #077(”1 +n )2
© —— D) ————
25 2r,

A coil in the shape of an equilateral triangle of side ¢
is suspended between the pole pieces of a permanent
magnet such that B is in the plane of the coil. If due to
a current i in the triangle, a torque 7acts on it, the side

¢ of the triangle is
(B) 2{ !

™ i) fa)

2(7)"? 1 (7
C) —|— D) —|—
© ﬁ(Bi) ® ﬁ(Bi)
When the number of turns in a coil is doubled without
any change in the length of the coil, its self-inductance
becomes

(A) Four times
(C) Halved

(B) Doubled
(D) Squared
A varying magnetic flux linking a coil is given by
o= xt>. Ifatatime =3 s, the EMF induced is 9 V, then

the value of x is

(A) 0.66 Wbs ™
(C) —0.66 Wbs

(B) 1.5 Wbs™
(D) 1.5 Wbs

A 100 turns coil shown in Fig. 16.46 carries a current
of 2 A in a magnetic field B = 0.2 Wb/m?. The torque
acting on the coil is

A 8cm B
B E——

Fig. 16.46

(A) 0.32 Nm tending to rotate the side AD out of the
page.

(B) 0.32 Nm tending to rotate the side AD into the
page.

(C) 0.0032 Nm tending to rotate the side AD out of
the page.

(D) 0.0032 Nm tending to rotate the side 4D into the
page.

The magnetic susceptibility of a material of a rod
is 499. Permeability of vacuum is 47 X 10”7 H/m.
Absolute permeability of the material of the rod in
henry per meter is

47.

48.

49.

50.

51.

52.
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(A) Zx 107 (B) 2zx 107
(C) 3zx 107" (D) 4zx 107"

A conducting circular loop is placed in a uniform mag-
netic field of induction B tesla with its plane normal to
the field. Now the radius of the loop starts shrinking at
the rate (dr/dt). Then the induced EMF at the instant

when the radius is 7 will be

dr dr
A) mrB| — B) 2nrB| —
) w4 @ 24
7’ dr

(C) mr? (‘;—If) (D) B=—=

2 dt
If the flux of magnetic induction through a coil of
resistance R and having » turns changes from ¢, to ¢,,
then the magnitude of the charge that passes through
the coil is

(¢2_¢1) ”(¢z_¢1)
(A) . B) EE—
(¢2_¢1) nRkR
C D
© R ()(¢2_¢1)

A varying magnetic flux linking a coil is given by
o= 3. The magnitude of induced EMF in the loop at
t=3sis
(A) 3V B) 9V

(C) 18V (D) 27V

A horizontal telegraph wire 0.5 km long running
east and west is a part of a circuit whose resistance
is 2.5 Q. The wire falls to the ground from a height
of 5m. If g=10.0 m/s® and horizontal component of
earth’s magnetic field is 2x10~ weber/m?, then the
current induced in the circuit just before the wire hits
the ground will be
(A) 0.7A

(©) 0.02A

(B) 0.04 A
(D) 0.01 A

A coil of 20 X 20 cm having 30 turns is making 30 rps
in a magnetic field of 1 tesla. The peak value of the
induced EMF is approximately
(A) 452V
(©) 113V

(B) 226 V
(D) 339V

Two particles each of mass m and charge ¢ are attached
to the two ends of a light rigid rod of length 2¢. The rod
is rotated at a constant angular speed about a perpen-
dicular axis passing through its centre. The ratio of the
magnitudes of the magnetic moment of the system and
its angular momentum about the centre of the rod is

(A) zi (B) D) I
m

2
4 ©) =4
m m m
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53.

54.

5S.

Loop A4 of radius r(r << R) moves towards a constant
current carrying loop B with a constant velocity v in
such a way that their planes are parallel and coaxial.
The distance between the loops when the induced
EMF in loop A4 is maximum is

A
R
(A) R ®) =
R 1
© 3 (D) R(l—ﬁ)

A uniform current carrying ring of mass m and radius
R is connected by a massless string as shown in
Fig. 16.47. A uniform magnetic field B, exists in the
region to keep the ring in horizontal position, then the
current in the ring is

By

Fig. 16.47

(¢ = length of string)

mg mg
A B) —
(&) TRB, ®) RB,
mg mgl
C) —— D
© S O

A conducting rod 4B moves parallel to x-axis in the
x-y plane. A uniform magnetic field B pointing nor-
mally out of the plane exists throughout the region.
A force F acts perpendicular to the rod, so that the rod
moves with uniform velocity v. The force F is given by
(neglect resistance of all the wires).

A
y
L.,

c ©B
-F

57.

22
vBl o1/RC

(A) R
vB21?
(B) 2

ﬁ(l _ e—t/RC)

© —

ﬂ(l _e—2t/RC)

D) —

. A conducting rod of mass m and length 7 is connected

by two identical springs as shown in Fig. 16.48.
Initially, the system is in equilibrium. A uniform
magnetic field of magnitude B directed perpendicular
to the plane of the paper outwards also exists in the
region. If a current / is switched on, it passes from P to
O through the rod. Further maximum elongation in the
spring is [Given: |mg| = |BI/|]

K Bo K

m
Pl 1Q

/

Fig. 16.48

BIl BIl
A) — B) —
(A) I B) 1K
BIl BIl
C) — D) —
© 8K D) 16K

A uniform but time varying magnetic field is present
in a circular region of radius R. The magnetic field
is perpendicular and into the plane of the paper and
the magnitude of the field is increasing at a constant
rate o. There is a straight conducing rod of length
2R placed as shown in Fig. 16.49. The magnitude of
induced EMF across the rod is

2R
Fig. 16.49
R2
(A) R0 ®) = 5 *
2 2
©) R« D) TR o

2 4



58.

59.

60.

61.

The diagram shows a solenoid carrying time varying
current / = /¢. On the axis of this solenoid, a ring has

been placed. The mutual inductance of the ring and the
solenoid is M and the self-inductance of the ring is L.
If the resistance of the ring is R then maximum current
which can flow through the ring is

(2M+L)1, MI,
(A) 2 (B) —=
2M - L)1, M+L)I

A metallic ring of radius R moves in a vertical plane
in the presence of a uniform magnetic field B perpen-
dicular to the plane of the ring. At any given instant of
time, its centre of mass moves with a velocity v while
ring rotates in its COM frame with angular velocity
 as shown in Fig. 16.50. The magnitude of induced
EMF between points O and P is

Fig. 16.50

(B) vBR+2
(D) 2 vBR

(A) Zero
(C) vBR

A very long uniformly charged rod falls with a con-
stant velocity ¥ through the centre of a circular loop.
Then the magnitude of induced EMF in loop is

+

+
+
(charge per unit length of rod = 1)

&V (D) Zero
27

A small square loop of wire of side / is placed inside a
large square loop of wire of side L (L >> /). The loops

are coplanar and their centres coincide. The mutual
inductance of the system is proportional to

Ay 22 )y Hogp (o
2w 2

62.

63.

64.

65.
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! I’ L r
A) — B) — c) = D) —
(A) 7 (B) © 7 D)

In a uniform magnetic field of induction B, a wire in
the form of semicircle of radius r rotates about the
diameter of the circle with angular frequency w. If the
total resistance of the circuit is R, the mean power gen-
erated per period of rotation is

Brrlo (B7tr2w)2
(A) R (B) TR
(Brrw)? (Brr w)*
© TR (D) T

A rod of length /7, negligible resistance, and mass m
slides on two horizontal frictionless rails of negligible
resistance by hanging a block of mass m, with the help
of insulating a massless string passing through fixed
massless pulley (as shown in Fig. 16.51). If a constant
magnetic field B acts upwards perpendicular to the
plane of the figure, the terminal velocity of hanging
mass is

TaECE
Fig. 16.51
R R
(A) m12g2 upward (B) % downward
B4l [
m, gR m; gR
C ! downward D) —— downward
© 2817 ©) B*l

Magnetic field B, exists perpendicular inwards. The
resistance of the loop is R. When the switch is closed,
the current induced in the circuit is

Blv 3Blv 2Blv
(A) = (B) © R

(D) Zero

R
X oxooxooxooxoox
B

X x x X x5 X
By
—V

X X X X X X

In the circuit shown, each battery has EMF =5 V. Then
the magnetic field at P is

104,
(A) zero ®) R 02)
©) 204, (D) None of these

(R +R,)(0.87)
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66.

67.

68.

69.

= R %;Rz Rj
= | =
I 10 cm
10 cm 10 cm

The material which shows the effect shown in Fig. 16.52,
when placed in a uniform magnetic field is called

%Magnetic field
N

Fig. 16.52

Lines

(A) Paramagnetic

(B) Diamagnetic

(C) Ferromagnetic
(D) Anti-ferromagnetic

A conducting ring of mass 2 kg and radius 0.5 m is
placed on a smooth horizontal plane. The ring carries
a current i = 4A. A horizontal magnetic field B=10T
is switched on at time 7= 0 as shown in Fig. 16.53. The
initial angular acceleration of the ring will be

B
Fig. 16.53

(B) 20 mrad/s®
(D) 15 mrad/s®

(A) 40 mrad/s*
©) 5 mrad/s®

The EMF induced in a 1 millihenry inductor in which

the current changes from 5 A to 3 A in 10~ second is
(A) 2x10°V (B) 8x10°V
©) 2V (D) 8V

Conducting circular loop of radius r is placed in x-y
plane in gravity free space as shown in Fig. 16.54,
mass of the loop is m and centre of the loop is at the
origin. At ¢t = 0, a current / starts flowing through the

loop and a magnetic field B= B, (f +]) is switched

on in the region (where B is a constant). The angular
acceleration of the loop due to the torque of magnetic
field is

Fig. 16.54

70.

71.

72.

73.

) \Eeroi B) 2\2rByi
m
©) ﬂBoz D) n’BOz

A direct current flowing through the wmdmg of a long
cylindrical solenoid of radius R produces in it a uni-
form magnetic field of induction B. An electron flies
into the solenoid along the radius between its turns
(at right angles to the solenoid axis) at a velocity v as
shown in Fig. 16.55. After a certain time, the electron
deflected by the magnetic field leaves the solenoid.
Then the time ¢ during which the electron moves in the
solenoid is

>
v,
B
Fig. 16.55
'BR 2 BR

A) L tan™ (e—) B) “Ztan™ (e—)

eB my eB my

2

©) Zant| 1V D) 2 fan~t| 1V

eB eBR eB eBR

A magnetized wire of moment M is bent into an arc of
a circle subtending an angle of 60° at the centre, the
new magnetic moment is

oM M 3f 3M
A — B — © — (D) —

T
Total energy of electromagnetic waves in vacuum is
given by the relation

1 £ B 1, 1

e B) —e,E>+—u,B
(A) 2 e 21 (B) 5 & .Uo

E*+B? 32

(D) —£0E2
0

An iron rod of cross-sectional area 4 sq cm is placed

with its length parallel to a magnetic field of inten-

sity 1600 amp/m. The flux through the rod is 4 x 10

weber. The permeability of the material of the rod is

(In weber/amp-m).

(A) 0.625
(B) 6.25

(C) 0.625x 107
(D) None of these



74.

75.

76.

79.
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An electron moves along the line 4B which lies in the
same plane as a circular loop of conducting wire as
shown in Fig. 16.56. The direction of the induced cur-
rent in loop will be

.O

A B
v

Fig. 16.56

(A) no current induced.

(B) clockwise.

(C) anti-clockwise.

(D) the current will change direction as the electron
passes by.

A charged particle of mass m and charge ¢ is projected
into a uniform magnetic field of induction B with
speed v which is perpendicular to B. The width of the
magnetic field is d. the impulse imparted to the parti-
cle by the field is (d << mv/gB)

q X X X X
mH X X XBX
X X X X
(A) gBv (B) mv/gB
(C) ¢gBd (D) 2mv*/qB

A circular ring is fixed in a gravitational field. A bar
magnet is projected towards its centre as shown in
Fig. 16.57.

Fig. 16.57

More than One Option Correct Type

77.

78.

(A) Initially, magnet experiences an acceleration and
then it retards.

(B) Magnet starts to oscillate about centre of the ring.

(C) Magnet continues to move along the axis with
constant velocity.

(D) The magnet retards and comes to rest finally.

Two charge particles are moving parallel to each other
with velocities 2 x 10° m/s and 1 x 10° m/s, respec-
tively. The ratio of magnetic force between them and
electrostatic force between them is

2 1 9
(A) 9 (B) 9 © 3 D) 9
There is a small metallic ring of radius ¢, having neg-
ligible resistance placed perpendicular to a constant
magnetic field B,. One end of a rod is hinged at the
centre of ring O and other end is placed on the ring.
Now rod is rotated with constant angular velocity
@, by some external agent and circuit is connected
as shown in Fig. 16.58; initially, switch is open and
capacitor is uncharged. If switch S is closed at 7 = 0,
then calculate heat loss from the resistor R, from
t = 0 to the instant when voltage across the capacitor
becomes V,,. (Assume plane of ring to be horizontal
and friction to be absent at all the contacts.) (Assume,
R,=2R,, Byly’m, =4V,)

R‘l
W—
Bo L
Ry
B+
S
Fig. 16.58
1 2 1 2
(A) SCF (B) Pl
2 o |
© ECVO (D) gCVo

A positive charge is passing through an electromag-
netic field in which Eand B are directed towards
y-axis and z-axis, respectively. If a charged particle
passes through the region undeviated, then its velocity
is/are represented by (here a, b, and ¢ are constant)

E~ = - Ex A
A) V=—i+a B) v=—i+bk
(A) Y (B) 2

E

C) V="i+ci D) v=—i
©v== (D) V=7

80.

A conducting rod AC of length 4/ is rotated about a
point O in a uniform magnetic field directed into the
paper. AO = ¢ and OC = 3/. Then

X X _x X X X X
A—L c

x x Ox x x x x

X X X X X X X
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81.

Passage Based Questions

Bol* 9
B) V, -V, ==Bol
5 B) Vo 2

(A) Vp -V, =

(C) V,—V, =4Bol* D) V-V, = %szz
Two straight conducting rails form a right angle where
their ends are joined. A conducting bar in contact with
the rails starts at the vertex at # = 0 and moves with a
constant velocity v along them as shown in Fig. 16.59.
A magnetic field B is directed into the page. The induced
EMEF in the circuit at any time ¢ is proportional to

X X X XX X X XX X X
X X X X X X X X X X
X X X X X X X X X
xX X X X X X X X X
X X X ><><><>V<><
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 X X
X X X X X X X X X X
Fig. 16.59
A) ° (B) ¢ (C) v (D) V*

. In a cylindrical region of radius R, there exists a time

varying magnetic field B such that i—fzk(> 0).

A charged particle having charge ¢ is placed at the
point P at a distance d (> R) from its centre O. Now,
the particle is moved in the direction perpendicular to
OP (see Fig. 16.60) by an external agent up to infinity
so that there is no gain in kinetic energy of the charged
particle. Choose the correct statement/s.

83.

Fig. 16.60

k ifd=2R

. R
(A) Work done by external agent is il

2
k ifd=4R

R
(B) Work done by external agent is ar

2

R
(C) Work done by external agent is ar k ifd=4R

2
(D) Work done by external agent is q7r4R k ifd=6R

The magnetic field perpendicular to the plane of con-

L . dB
ducting ring of radius » changes at the rate — = o.
dt
Then
(A) EMF induced in the ring is wr’a.
(B) EMF induced in the ring is 27wro.
(C) The potential difference between diametrically
opposite points on the ring is half of induced EMF.
(D) All points on the ring are at same potential.

Passage |

A uniform conducting ring of mass © kg and radius 1 m
is kept on smooth horizontal table. A uniform but time

varying magnetic field B = (i + tzj') Tesla is present in the

region. (Where ¢ is time in seconds). Resistance of ring is

2 Q. Then, (g =10 m/s?)

y

X®“

(x - z plane is horizontal plane)

84.

8s.

86.

Net magnetic force (in Newton) on conducting ring as
function of time is

(A) 27t (B) 27%*
(©) 2% (D) Zero
Time (in second) at which ring start toppling is
10 20
A — B) —
i1 T
5 25
© - D) —
b4 b4

Heat generated (in kJ) through the ring till the instant
when ring starts toppling is

WL ®: o oo
3r T 3 T
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87. Induced electric field (in volt/meter) at the circumfer-
ence of ring at the instant ring starts toppling is

w2 2 2 o2
T T T T
Passage 2

A plane loop is shaped as shown in Fig. 16.61 with radii
a =20 cm and b = 10 cm and is placed in a uniform time
varying magnetic field B =(20+10¢)T , where ¢ is the time
in second. Answer the following questions based on the
above statement

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
Fig. 16.61
88. The induced EMF in the loop is
(A) 0942V B) 1.57V
(©) 0.157V (D) 0.0942V

89. The maximum charge on each capacitor is
(A) 471x10°C (B) 0471 x10°C
(C) 52x10°C (D) 52x10°C

90. The energy stored in each capacitor is
(A) 1.11x107J (B) 11.1x107"7J
(C) 111x1077 (D) 0.111x1077J

Passage 3

Net force on a current carrying loop kept in uniform mag-
netic field is zero and the torque on the loop 7T = M x B,
where M and B are magnetic dipole moment and magnetic
field intensity, respectively. If it is free to rotate, then it will
rotates about an axis passing through its centre of mass
and parallel to 7. Potential energy of the loop is given by
U =—M.B. Assume a current carrying ring with its centre
at the origin and having moment of inertia 2 x10~? kg— m*
about an axis passing through one of its diameter and mag-
netic moment M = (3i —47)Am?. At time #=0, a mag-
netic field B = (4i —3)T is switched on. Then

91. Torque acting on the loop is
(A) Zero
(C) 16k Nm

(B) 25k Nm
(D) 10k Nm

92. Angular acceleration of the ring at time # = 0 (in rad/s”)
is
(A) 5000
(C) 2500

(B) 1250
(D) Zero

93. Maximum angular velocity of the ring (in rad/s)
will be

(A) 5032 (B) 25V2
(C) 10072 (D) 15042
Passage 4

Two parallel vertical rails 4B and CD, separated by 1m, are
connected at two ends by resistances R, and R, as shown
in Fig. 16.62. A horizontal metallic bar of mass 0.2 kg
slides without friction vertically down the rails under the
action of gravity. There is a uniform horizontal magnetic
field of 0.6T perpendicular to the plane of the rails. It is
observed that when the terminal velocity is achieved, the
powers dissipated in R, and R, are 0.76 watt and 1.2 watt,
respectively.

Ra

MMM
VVVWY

B D

Fig. 16.62

94. Terminal velocity of bar is

(A) 4m/s (B) 3m/s

(C) 2m/s (D) 1m/s
95. Value of resistance R, is

(A) 0.12Q (B) 0.24Q

(©) 047Q (D) 0.96 Q
96. Value of resistance R, is

(A) 0.1 Q (B) 0.2Q

(©) 03Q (D) 0.4 Q
Passage 5

By
a
direction. B, and a are positive constants. A square loop
EFGH of side a, mass m, and resistance R, in x-y plane,
starts falling under the influence of gravity. Assume x-axis

is horizontal and y is vertically downward.

A magnetic field B =( ]IQ is into the paper in the +z
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) X B2a*v
® ® ® ® ©® (©) OR , downward
®2 ® ®
®F F D) Bgazv d
® , upwar
o3l ® @ i R p
H— @G 99. The expression for the speed of the loop v(¢) is
® ® ® ©® ® Bia't
y mg B
(A) —=5|l-e ™ J
97. The magnitude and direction of the induced current in Bya
the loop when its speed is v is Bt
P 5 (B) 11 e
(A) %‘W ,anti-clockwise  (B) %’V , clockwise Bld®
B _Biat
©) Zo¥ , anti-clockwise (D) None of these (©) Rmg e ™R
aR Bja*

98.

The magnitude and direction of the net Lorentz force,
acting on the loop when its speed is v, is

(D) None of these

B.dv 100. Acceleration of the loop when its speed is half of its
(A) OR , upward terminal speed is
g = .
Bya®v A) 5 B g (C) g&? (D) g
(B) , downward 2
R
Match the Column Type
101. A uniform but time varying magnetic field B(¢) exists (C) Force on an electron 3. Increases as r
in a cylindrical region of radius a and is directed placed at point 4
into the plane of the paper, as shown in Fig. 16.63. (D) Force on an electron 4. Decreases as 1/r
Magnetic field decreases at constant rate inside the placed at point B
region. If 7 is the distance from axis of cylindrical ] ]
region, then 102. A circular current carrying loop of 100 turns

and radius 10 cm is placed in x-y plane as shown.
A uniform magnetic field B = (—i + k) tesla is present
in the region. If current in the loop is 5 A,

y

Fig. 16.63
Col 1 Col 1 Column-I Column-II
rumn- - 0 u’mn- (A) Magnitude and direction of 1. Zero
(A) In@uced electric field at 1. Directed along 3 magnetic moment
point 4 (in A-m) of the loop
(B) Inc}uced electric field at 2. Directed along 1 (B) Magnitude and direction of
point B 2. 5x

torque (in N-m) on the loop



103.

104.

10

Assertion-Reason Type

106.
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3. along positive
z-axis

(C) Magnitude and direction
of net force (in N) on the
current loop

(D) Direction of magnetic field 4. along
of loop at the centre negative
y-axis

5. 7r

A square loop is placed near a long straight current
carrying wire as shown.

Column-I Column-II

(A) If current is 1. Induced current in
increased loop is clockwise

(B) If current is 2. Induced current in
decreased loop is anti-clockwise

(C) Ifloop is moved 3. Wire will attract the

away from the wire loop
(D) Ifloop is moved 4. Wire will repel the
towards the wire loop

Magnetic flux in a circular coil of resistance 10 Q
and radius 7/44m changes with time as shown in
Fig. 16.64. ® direction indicates a direction perpen-
dicular to a paper inwards.

(Wb)

Fig. 16.64

105.

Column-IT Column-IT

(A) At Is induced current is 1. Clockwise
(inA)

(B) At 7s induced current is 2. Anti-clockwise
(inA)

(C) At lsinduced electric filed 3. 5
at circumference is (in N/C)

(D) Maximum induced EMF in 4. 0.5
coil within 7 = 16s (in volt)

Which of the effect (s) given in column-II will be pro-
duced by a loop mentioned in column-I

Column-II
1. Electric field

Column-I

(A) Stationary dielectric
ring having uniform
charge

(B) Dielectric ring having 2.

uniform charge is

rotating with constant

angular velocity

Magnetostatic field

(C) A constant current /[, 3. Time-dependent

in the loop induced electric
field outside the
loop
(D) Time varying 4. Magnetic moment

sinusoidal current in
the loop /=1, cos wt

in the loop

Assertion: In Fig. 16.65, just after closing the switch
the potential drop across inductor is maximum.
Reason: The rate of change of current just after
closing the switch is maximum.

(A) A (B) B

© C (D) D

AMMAL
VYWV

Fig. 16.65
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107.

108.

109.

110.

116.

Assertion: A charged particle is moving in a circle ~ 111. Assertion: An inductor acts as perfect conductor for
with constant speed in uniform magnetic field. If we DC at steady state.
increase the speed of particle to twice, its acceleration Reason: DC remains constant in magnitude.
will become four times. (A) A (B) B (C) C (D) D
Reason: In circular path with constant speed, acceler- . . .
5 112. Assertion: In the phenomenon of mutual induction,
ation is given by v self-induction of each of the coil persists.
R Reason: Self-induction arises when strength of
(A) A (B) B ©) C (D) D current in one coil changes. In mutual induction, cur-
Assertion: A charged particle is accelerated by a rilt iChanglrég H]lstth the gldléldual 00111)s. D
potential difference of 7 volts. It then enters perpen- (A) (B) © (D)
dicularly to a uniform magnetic field. It rotates in a ~ 113. Assertion: A charged particle moves perpendicu-
circle. Its angular momentum about centre is say L. lar to a uniform magnetic field then its momentum
Now if V'is doubled, L also becomes double. remains constant.
Reason: If V' is doubled, kinetic energy will become Reason: Magnetic force acts perpendicular to the
two times and therefore, but L remains same. velocity of the particle.
(A) A (B) B (©) C (D) D (A) A (B) B ©) C (D) D
Assertion: When a test charge moves through amag- ~ 114. Assertion: A solenoid is connected to an ideal cell.
netic field, its momentum changes but kinetic energy If there is no resistance in the circuit, then rate of
remains constant. h ¢ dl 14
Reason: The magnetic force acts as a centripetal change of current dr Wil decrease.
force, which is perpendicular to the instantaneous Reason: If a solenoid is connected to a cell through
velocity and so does no work. a resistance, potential difference across the solenoid
(A) A (B) B © C (D) D decreases.
Assertion: When a magnet is made to fall freely (A) A (B) B © C (D) D
through a closed conducting coil, its acceleration is 115 Agsertion: A charged particle at rest experiences no
always less than acceleration due to gravity. electromagnetic force.
Reason: Current induced in the coil opposes the Reason: The electric and magnetic field must be
motion of the magnet, as per Lenz’s law. —
(A) A (B) B © C (D) D (A) A (B) B ©) C (D) D
Integer Type
. . 18 D R, . .
A capacitor of capacitance C = — mH having initial ~ 117. A coil of inductance 1H and resistance 10  is con-
h d . d” £ ind nected to a resistance-less battery of EMF 50V
charge O, connected to an inductor of inductance at time ¢ =0. The ratio of rate at which magnetic
I= 18 mH at 7 = 0. Find the time (in milli second) energy is stored in the coil to the rate at which ener%y
T is supplied by the battery at #=0.1s.is xx107".
after energy stored in electric field is three times Finélltolfe valueyofx Y *
energy stored in magnetic field. 1 '
(Given —=0.37)
e
Qo 118. Two parallel vertical metallic rails 4B and CD are
¥+ separated by 1 m. They are connected at the two

I+
I+

+

I+

ends by resistances R, and R, as shown. A horizontal
metallic bar PQ of mass 0.2 kg slides without friction,
vertically down the rails under the action of gravity.
There is uniform horizontal magnetic field of 0.6 T



119.

120.
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perpendicular to plane of the rails. It is observed that
when the terminal velocity attained, the power dissi-
pated in R, and R, are 0.76 W and 1.2 W, respectively.
Find the terminal velocity of bar in m/s (g=9.8 m/s).

o X Ry X X
A AW c
X
X X X
X % % X X
Pr 1Q
X X X
X
X X X x
x X X X X
X B AW D
2
x ox o ox XX

Figure 16.66 shows four rods having A = 0.5 Q/m
resistance per unit length. The arrangement is kept
in a magnetic field of constant magnitude B = 2T and
directed perpendicular to the plane of the figure and
directed inwards. Initially, the rods form a square of
side length ¢ = 15 m as shown. Now each wire starts
moving with constant velocity v = 5 m/s towards
opposite wire. Find the force required in newton on
each wire to keep its velocity constant at 7 = 1 s.

®B

Fig. 16.66

A block is attached to the ceiling by a spring that has
a force constant £ = 200 N/m. A conducting rod is
rigidly attached to the block. The combined mass
of the block and the rod is m = 0.3 kg. The rod can
slide without friction along two vertical parallel rails,
which are a distance / = 1 m apart. A capacitor of
known capacitance C = 500 uF is attached to the rails
by the wires. The entire system is placed in a uni-
form magnetic field B =20 T directed as shown. Find
the angular frequency (in rad/s) of the vertical oscil-
lations of the block. Neglect the self-inductance and
electrical resistance of the rod and all wires.

121.

122.

123.

A loop is formed by two parallel conductors connected
by a solenoid with inductance L = 2H and a conduct-
ing rod of mass m = 8 kg which can freely (without
friction) slide over the conductors. The conductors
are located in a horizontal plane and in a uniform ver-
tical magnetic field B = #T. The distance between the
conductors is ¢ = 2 m. At the moment, ¢ = 0, the rod
is imparted on initial velocity v, = 2 m/s directed to
the right. Find the time period of oscillation of rod in
second if the resistance of loop is negligible.

®

A non-conducting non-magnetic rod having circular
cross-section of radius R is suspended from a rigid
support as shown in Fig. 16.67. A light and small
coil of 300 turns is wrapped tightly at the left end
of the rod where uniform magnetic field B exists in
vertically downward direction. Air of density p hits
the half of the right part of the rod with velocity v as
shown in Fig. 16.67. What should be current in clock-
wise direction (as seen from O) in the coil so that
rod remains horizontal? Give answer in mA, given

2 [mRB

N L RN
Lv\ p '
Air
iy
N
B VvV :
' L L2 L/2
Fig. 16.67

A uniform disc of radius R having charge Q dis-
tributed uniformly all over its surface is placed on a
smooth horizontal surface. A magnetic field, B = kxt?,
where £ is a constant, x is the distance (in metre) from
the centre of the disc, and 7 is the time (in second) is
switched on perpendicular to the plane of the disc.
Find the torque (in N-m) acting on the disc after 15 s
(Take 4 kO =1 S.I. unitand R = 1 m).
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Previous Years’ Questions

124.

125.

126.

127.

128.

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

1/2
(A) R/wL (B) R/(R2 + szz)
12
(C) wL/R (D) R/ (R2 —szz)
A conducting square loop of side L and resistance R

moves in its plane with a uniform velocity v perpen-
dicular 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
half the loop outside the field, as shown in Fig. 16.68.

The induced EMF is [2002]
bttt
+[ [T
+ | |+t
+ | [++++++++
+L|++++++++ —V
| [+
+ ||+
+L +H++++++
t T
Fig. 16.68
(A) Zero (B) RvB
(C) VBL/R (D) VBL
The inductance between A and D is [2002]
J—fovm—m——mw-—
A 3H 3H 3H b
(A) 3.66 H (B) 9H
(C) 0.66 H (D) 1H
In a transformer, number of turns in primary coil are

140 and that of the secondary coil are 280. If current
in primary coil is 4 A, then that of the secondary coil
is [2002]

(A)4A (B)2A  (C)6A (D) 10A

Two coils are placed close to each other. The mutual
inductance of the pair of coils depends upon

[2002]
(A) 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.

129.

130.

131.

132.

133.

134.

135.

When the current changes from +2 A to -2 A in 0.05
second, an EMF of 8 V is induced in a coil. The coef-

ficient of self-induction of the coil is [2003]
(A) 0.2 H (B) 0.4H
(C) 0.8H (D) 0.1 H

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

magnetic field is [2003]
0 Q 0
A =~ B - © = @O
2 ¥ no e
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.

Alternating current cannot be measured by DC

ammeter because [2004]

(A) Average value of current for complete cycle is
Zero.

(B) AC changes direction.

(C) AC cannot pass through DC ammeter.

(D) DC ammeter will get damaged.

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

across the LC combination will be [2004]
(A) 100V (B) 5082V
(C) 50V (D) 0 V(zero)

A coil having # turns and resistance RQ is connected
with a galvanometer of resistance 4RCQ . This combi-
nation is moved in time ¢ seconds from a magnetic
field W, weber to W, weber. The induced current in

the circuit is [2004]
(wy-m) n(W,-W,)
A e ®) " %x
(my-m) n(m, =)
© SRnt (D) Rt

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]



136.

137.

138.

139.

140.

2
*) (B7tra))2 ®) (Bnrza))
2R 8R
2
2
Brr* (B”r @ )
C D) ——
© 2R ®) 8R
In a LCR circuit, capacitance is changed from C to

2 C, For the resonant frequency to remain unchanged,
the inductance should be changed from L to  [2004]

(A) L2  (B) 2L (C)4L (D) L/4

A metal conductor of length 1 m rotates vertically
about one of its ends at angular velocity 5 radians per
second. If the horizontal component of earth’s mag-
netic field is 0.2x10™T, then the EMF developed

between the two ends of the conductor is [2004]
(A) S5mV (B) 50uV
(C) Suv (D) 50mV
One conducting U tube can slide inside another as

shown in Fig. 16.69, maintaining electrical contacts
between the tubes. The magnetic field B is perpen-
dicular to the plane of Fig. 16.69. 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

( , the width of each tube, will be [2005]
x A
X
X
X
Fig. 16.69
(A) -Blv (B) Blv (C) 2 Blv (D) Zero
The self-inductance of the motor of an electric fan is
10 H. In order to impart maximum power at 50 Hz, it
should be connected to a capacitance of [2005]
(A) 8uF (B) 4uF (C) 2uF (D) 1uF

The phase difference between the alternating current

and EMF is % . Which of the following cannot be the

constituent of the circuit? [2005]

141.

142.

143.

144.

145.

146.

147.
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(A) R,L (B) Calone
(C) L alone (D) L,C

A circuit has a resistance of 12 ohm and an imped-
ance of 15 Q. The power factor of the circuit will be

[2005]
(A) 04 (D) 1.25

(B) 0.8 (C) 0.125

A coil of inductance 300 mH and resistance 2 € is
connected to a source of voltage 2 V. The current

reaches half of its steady state value in [2005]
(A) 0.1s (B) 0.05s
(C) 0.3s (D) 0.15s

Which of the following units denotes the dimension
2

L
? , where QO denotes the electric charge? [2006]

(A) Wb/m’
(C) H/m?

(B) Henry(H)
(D) Weber (Wb)
In a series resonant LCR circuit, the voltage across R

is 100 V and R=1kQ with C =2uF. The resonant
frequency @ is 200 rad/s. At resonance, the voltage

across L is [2006]
(A) 25%x107°V (B) 40V
(C) 250V (D) 4x107°V

In an AC generator, a coil with N turns, all of the
same area A and total resistance R, rotates with fre-
quency @ is a magnetic field B. The maximum value

of EMF generated in the coil is [2006]
(A) NABR. o (B) N.A.B
(C) N.AB.R. (D) NABw

The flux linked with a coil at my any instant ¢ is given
by ¢ =107 =507 +250

The induced EMF at =3 s is [2006]
(A) -190V (B) 10V

(©) 10V (D) 190V

An inductor (L=100mH), a resistor (R =100 Q),
and a battery (£ = 100 V) are initially connected
in series as shown in Fig. 16.70. 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]
L
—— 00000 —
=R
A B

Fig. 16.70
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148.

149.

150.

151.

152.

(A) 1/eAq
(C) 0.1A

(B) eA
(D) 1A

In an AC circuit, the voltage applied is £ = E, sin@f .
. . S . T
Theresultingcurrentinthecircuitis / = /, sin(wt —E).

The power consumption in the circuit is given by

[2007]
E,I

(A) P=7\2E,I, (B) P= %

(C) P=0 (D) p=Lolo

An ideal coil of 10 H is connected in series with
a resistance of 5Q and a battery of 5 V. 2 second
after the connection is made. The current flowing in

ampere in the circuit is [2007]
(A) (l—e_l) B) (1-e)
() e (D) e

Two coaxial solenoids are made by winding thin
insulated wire over a pipe of cross-sectional arca
A=10cm? and length = 20 cm. If one of the solenoid
has 300 turns and the other 400 turns, their mutual

inductance is ( ty = 47107 TmA™ ) [2008]

(A) 247rx107°H
(C) 4.87x10°H

(B) 4.87x10~*H
(D) 2.47rx10™*H

An inductor of inductance L =400mH and resistors
of resistance R, =2Q and R, =2Q are connected
to a battery of EMF 12V as shown in Fig. 16.71. The
internal resistance of the battery is negligible. The
switch S'is closed at £ = 0. The potential drop across L

as a function of time is [2009]
E >
=2
L
Ra
(s
Fig. 16.71
12 3 ~1/0.2
() =V B) 6(1-e""*?)Vv
(C) 12¢7'V (D) 6>V

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

153.

154.

155.

magnetic field going into the plane of the paper. The

three currents /;,/,, and [ are [2010]
P
/
rReEZ Ro:I-Y ZRo
12
Lo Q
Bly 2Blv
A I =-I,=—,]=——
(&) h=-h="ry R
Blv 2Blv
B) I,=l,=—,1=
B) fh=h="5 3R
Bly
C) I,=1,=1=—
© L=1 R
Blv Blv
D) I,=l,=—,1=—
D) h=l="0 IR

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) development of air current when the plate is
placed.

(B) induction of electrical charge on the plate.

(C) shielding of magnetic lines of force as alumin-
fum is a paramagnetic material.

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

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

(A) 6x107 ' weber

(B) 3.3x107 ' weber
C) 6.6x10° weber
©)

D) 9.1x107 " weber
(D)

In the circuit shown here, the point C is kept con-
nected to point A till the current flowing through the
circuit becomes constant. Afterward, suddenly, point
Cis disconnected from point a and connected to point
B at time ¢ = 0. Ratio of the voltage across resistance
and the inductor at # = L/R will be equal to

[2014]
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L
C

e
W=
© -1

156. An inductor (L =0.03

(B) 1
D) =¢
e

H) and a resistor (R=0.15k Q)

are connected in series to a battery of 15V EMF ina
circuit shown below. The key K has been kept closed
for a long time. Then at ¢ =0, K| is opened and key K,
is closed simultaneously. At f = 1 ms, the current in

the circuit will be: (&’

0.3H

=150) [2015]

0.15 kQ

(A) 67 mA
(C) 0.67 mA

157.

(B) 6.7 mA
(D) 100 mA

An LCR circuit is equivalent to a damped pendulum.

In an LCR circuit, the capacitor is charged to O, and

then connected to the

L and R as shown below
[2015]

158.

If a student plots graphs of the square of maximum
charge (Qf,[ax) on the capacitor with time(#) for two
different values L, and L, (L, > L,) of L then which of
the following represents this graph correctly?

(Plots as schematic and not drawn to scale)

A
( ) Q2Max L2
L
e
(B)
QzMax [_1
Ly
— »t
© e |
Max
Qo (For both L4 and L,)
.
(D)
QZMax L1
Ly
_—>t

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

(A) 0.08 H
(B) 0.044 H
(C) 0.065H
(D) 80 H

ANSWER KEYS

Single Option Correct Type

1. (D) 2.(B) 3.
11. (C) 12. (D) 13.
21. (B) 22. (B) 23.
3. (C) 32.(B) 33.
41. (A) 42.(B) 43.
51. (B) 52. (A) 53.
61. (B) 62. (D) 63.
71. (D) 72. (D) 73.

(A)  4.(C) 5. (D)
(A) 14. (B) 15. (B)
(A) 24.(A) 25. (D)
(©)  34.(A) 35 (A)
(B) 44. (D) 45. (A)
(C)  54. (A) 55. (A)
(B)  64. (A)  65. (A)
(C) 74.(D) 75. (C)

6.
16.
26.
36.
46.
56.
66.
76.

(A)
(D)
(A)
(B)
(A)
(B)
D)

© 7.(C)  8(C) 9.(C) 10.(C)
17. (A)  18. (B) 19. (A)  20. (D)
27. (A)  28. (B) 29.(C) 30. (D)
37. (A)  38.(B) 39.(A) 40. (D)
47. B) 48. (B) 49. (C) 50. (B)
57. (D) 58.(B) 59.(C) 60. (D)
67. (A) 68.(C) 69. (B) 70. (B)
77. (A)  78. (A)
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More than One Option Correct Type

79.
82.

Passage Based Questions

(B) and (D)
(A), (C) and (D)

Passage 1

84.

(D) 85.(A) 86. (C)

Passage 2

88.

(A) 89.(A) 90. (B)

Passage 3

91.

(B) 92. (B) 93. (A)

Match the Column Type
. (A)>2,4,B)—>2,3(0)—1,4D) —1,3

101
102
103
104
105

.(A)—>2,3;,B)—>2,4,(C)—>1;(D)—>3

80. (A), (C) and (D)

83. (A) and (B)

87. (A)

.(A)>2,4,B)—->13C)—1,3D —>2,4
.(A)—>2,4,B)—>1,4C)—2,3;D) -3
.A->1;,B)—>1,2,4((C)—2,4,(D)—>2,3,4

Assertion-Reason Type

106

. (A) 107. (D) 108. (C)

Integer Type

116
119
122

Previous Years' Questions

124
134
144
154

Single Option Correct Type

1.

. 3ms
. 200N
. 10 ma

. (B) 125. (D) 126. (D)
. (B) 135. (B) 136. (A)
. (C) 145. (D) 146. (B)
. (D) 155. (C) 156. (C)

Due to the time varying magnetic field, induced electric field
will be set-up and its lines are in clockwise, so force on sta-

tionary charge ¢ is along (4)
The correct option is (D)
The correct option is (B)

M=KJL L,

109. (A)

110. (A)

117. 0.37
120. 0.469 A
123. AT T=15sec, =1 N-M

127. (B)
137. (B)
147. (A)
157. (D)

128. (B)
138. (C)
148. (C)
158. (C)

81. (B) and (D)

Passage 4
9. (D) 95. (C) 96. (C)

Passage 5
97. (A) 98. (D) 99. (B)

111. (A) 112. (A) 113. (D)

118. 1 m/s
121. 4 se

129. (D) 130. (C) 131. (A)
139. (D) 140. (A) 141. (B)
149. (A) 150. (D) 151. (C)

HINTS AND SOLUTIONS

100. (A)

114. (D)

132. (A)
142. (A)
152. (B)

115.

133

143.
153.

©

. (D)
(B)
(D)

Here, K=1

M =+4x16=8H

The correct option is (A)
4. The correct option is (C)
5. The correct option is (D)
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6. [ =nedv, 18. Magnitude of torque is given by | T | = MBsin@
= 1.344=84x102x10°x1.6x10™" x1x107° x ¥, Here, M = Nid = (1)(1.0)(%)(0.2)" = (0.047) A— m
_ 4 _ o
vy =1x107" m/s =0.1 mm/s and 6= angle between M and B = 90°

The correct option is (C)

= 7=(0.047)(2)sin90° = 0.08 7 N-m.
7. B due to AOB and COD will be perpendicular to each other 171=(0.047)(2)sin rRm

at point P The correct option is (B)
1

B*=B’+B,’ 19. e=12% . 0vor>

dt 0.1

1/2

_ Mo (2, 2 2
B_zna(IIHZ) L=5=04H
A The correct option is (A)
20. Potential difference between
! 1
c— 921 »p Oand 4 is VA—VO:EBIZ(D
I
1
Oand Bis V, -V, =~ Bl*w
B 2

So V,=Vy=0
The correct option is (C)

8. The correct option is (C) §T Q

9. e=1Y 5
dt :
= L=004H i
The correct option is (C) ——
. A (0] B
10. The correct option is (C)
" E=—1 dl %107 % 3—35 9V The correct option is (D)
dt 10™ 1 1

_ 2 _ -3 2 _
The correct option is (C) 2. E= EL[ ) x (50 x10 )(2) =0.11J

12. Since the magnetic field is constant with time and space and
exists everywhere, there is no change in magnetic flux when
the loop is moved in it. Hence, no current is induced.

The correct option is (B)
22. V=Blv, Q=CV =BNC

Th t option is (B
The correct option is (D) . el:(:irrec b0p 1ont l_s (t )l " _o
13. The correct option is (A) - Work done by cenfripetat force =

14. No current is enclosed in the circle, so from Ampere’s FC = F; =q (VX §)
circuital law, the magnetic induction at any point inside the The correct option is (A)
infinitely long straight thin-walled tube (cylindrical) is zero. do d
The correct option is (B) 24, e=|-——|= —*(NBA)‘ =05V
dt dt
The correct option is (A)
25. No change in flux linked with the coil
f' The correct option is (D)
26. We know that T = ,lT < B ; hence, it is perpendicular to both
15 _Zn'm i_&ql_z EandE
) g8’ T L, m, 'qa The correct option is (D)
The correct option is (B) 27. Direction of magnetic moment and direction of magnetic
do| 4B,A-ByA 34,8, field is parallel, then torque acting on the loop is zero.
16. e= = = ; = . The correct option is (A)
The correct option is (A) 28. The corr.e§t option is (B) .
dl 4 29. The positive charge of the rod shift towards left due to
17. e=L>~, 8=L——, L=0.1H _ (R
di 0.05 F =q(vxB)

The correct option is (A) The correct option is (C)
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30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

The correct option is (D)

Increasing and decreasing rate of current is same then no net
flux change in the loop, then the induced current in the loop
is zero.

The correct option is (C)

The correct option is (B)

o

€ S=(16+3) =67V at=4s

net —

The correct option is (C)

p=_90__4d (66 —5t+1)=—12t+5

de dt
At 1=025s, E=-12x025+5=-3+5=2V
=£-2 _o2a

R 10

The correct option is (A)

For induced EMF (motional EMF) vV L B L L

The correct option is (A)

¢=CV =C(Bvl)=80uC = constant

Magnetic force on electrons of the conducting rod PQ is

towards Q.

Therefore, 4 is positively charged and B is negatively charged.

The correct option is (A)

The correct option is (A)

<_0 _0

et TR

The correct option is (B)
V3

o= Tl B

e|do|_ B pds.
dt| 4 dt’

e_\Be
R 4R
The correct option is (A)

The correct option is (D)
!
Ul

Magnetic field due to the larger coil at its centre is B =

Flux through the inner coil is ¢ = Bxmr = Aol xmry

But ¢=MI. , i

Therefore, M = Hotry
25

The correct option is (A)

T = BiAsin0 = Bi4sin90°

3

= Bix~=J?
4

n 1/2
1=2 F_
(Biﬁ)

The correct option is (B)

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

— !/ (" —
—_— —_—
i
_ N’

L

2

When the number of turns in a coil is doubled without
changing the length of the coil, the radius of the coil is half.

2N)? 2 N?
Hence, L = HoGN) X7(r/2) _ )| IN"Zr ) _ )
2 2
The correct option is (B)

¢

Induced EMF, e = —— =-2x¢
dt

x=—2 =_1.5Wb/s?
2

The correct option is (D)
7=NBi4=100x0.2x2x(0.08x0.1)=0.32 N-m
The correct option is (A)

K= Ho(L+7)

1=500x47x 107 =27% 10 H/m

The correct option is (B)

e= _ae = —i(m"zB) = 2nBr —ﬂ)
dt dt dt

The correct option is (B)

. . A¢
Induced is EMF is |e|=n—.

At
Now Aq:]At:iAtzﬂxAtzﬂzw
R RAt R R

The correct option is (B)
le |=i(3z2)=6z =18V
dt

atz=3s
The correct option is (C)

g=Bly = 2x107°x500x/2x10x5=0.1V

1= 2221 904
R 25

The correct option is (B)

e, = NABw =30x400x 10 x 1 x30x 27

=226V
The correct option is (B)
2q(0 2

M _ e nl

L 2mlw
The correct option is (A)

Magnetic flux through the loop A;
Mol R 2

¢=Bn’r2 = 2(R2+x2) r

3/2



54.

55.

56.

57.
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Induced EMF in the loop 4;
_d¢  pIR°mr’ 3 5 dx
T - 52 <N
dt 2 2(R2 +x2) dt
_ 3y IR wr? v X
- 52
2 (R2 + xz)

Induced EMF is maximum when % =0
X

= (R2+x2)—5x2=0 or x=£
2

The correct option is (C)

T =0
mgR = MB,, (M =magnetic dipole moment)
mgR = 1(mR*)B,

__mg

 7RB,

The correct option is (A)

Induced EMF in the rod €= Blv

—t/RC _ Lhe—t/RC
R

Since the net force on the rod should be zero, the external force
will be equal in magnitude but opposite to the magnetic force.

22
Bl Ve—r/RC

. - £
Current in the circuit / = Ee

= F=I1IB=

The correct option is (A)
By work-energy theorem,

mgz + Bllz — J.Zk(x +2)dz=0

2mgz = 2k|:'[ozx dz + '[Ozz dz] (where x is elongation in the

equilibrium position)

2mg =mg + kz
,_mg _ Bl
k k

The correct option is (A)
Considering a square loop as shown, EMF across the loop

— - d
e=¢ E~dl=—7(f

B
= e=-nR’ fl— =—nR*x

R2
Magnitude of EMF across one side = o

The correct option is (D)

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

The flux linked with the ring due to solenoid is MIt. Also the

induced EMF (back EMF) due to the inductance in the ring

is zero, because when current will be maximum, ar =0.
Mi¢  MI, !

Current in the ring =
tR R

The correct option is (B)

The induced EMF between O and P will be only due to trans-
lation motion of the ring. So EMF between O and P is VBR.

The correct option is (C)

Magnetic flux linked with the loop is always zero.
So induced EMF is also zero

The correct option is (D)

The magnetic flux that links the larger loop with the smaller
loop of side / (¢ << L) is

232,11
¢, =Bl = ‘/—LLO
b4
242 2
Mutual inductance M,, = @:@ I
12 I T L
ie., M, <>cz

The correct option is (B)

¢ =BAcosf = %Bﬂr2 coswt

d 1 .
€induced = —j(f = EBnr2a)sma)t
P
R
T
Pdt 2
J (Bﬂrzw)
p.=0 - 7
mean T 8R

The correct option is (D)
For terminal velocity,

Net force =0
So, mg=F, , mg=BIl= B(Bva)l ,
_ mgR
B’
The correct option is (B)
e=Blv, [x= £_Bb
S ™R OR

The correct option is (A)

Since there is no current in the circuit, magnetic field at P
will be zero.

The correct option is (A)
Diamagnetic materials show a feeble repulsion.
The correct option is (B)

M= iA(—/é) =—rk
T=MxB=-10%]

Now, axis of rotation is on y-axis, which is diameter to the
ring
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68.

69.

70.

I= lmR2 = lkg— m?
2 4

7|

o= v =40 mrad/s®
The correct option is (A)
=19 - 1x107x % =2V.
dt 10~

The correct option is (C)

o [T _izrtBn

1 1 .2
2
Zx/En'Boi
o=—

Axis of rotation of the loop will be along unit vector

m A
U-i)
V2
1
The moment of inertia of ring about that axis = EMRZ

The correct option is (B)
The magnetic induction of the solenoid is directed along
its axis. Therefore, the Lorentz force acting on the electron
at any instant of time will lie in the plane perpendicular to
the solenoid axis. Since the electron velocity at the initial
moment is directed at right angles to the solenoid axis, the
electron trajectory will lie in the plane perpendicular to the
solenoid axis. The Lorentz force can be found from the for-
mula F =evB .
The trajectory of the electron in the solenoid is an arc of
the circle whose radius can be deter mined from the relation
evB =mv? | r, hence
_my

eB
The trajectory of the electron is shown in Fig. 16.72, where
O, is the centre of the arc 4C described by the electron,
V' is the velocity at which the electron leaves the solenoid.
The segments O4 and OC are tangents to the electron tra-
jectory at points 4 and C. The angle between v and V' is
obviously ¢ = Z40,C since LOAO, = LOCO,.

7

Fig. 16.72

In order to find ¢, let us consider the right triangle OA4O;
side O4A=R andside 4O, =r.

Therefore, tan(¢/2)=R/r=eBR/(mv).

BR
Therefore, 0= 2tan”! (e—)

my

71.

72.

73.

74.

75.

Obviously, the magnitude of the velocity remains unchanged
over the entire trajectory since the Lorentz force is perpen-
dicular to the velocity at any instant. Therefore, the transit
time of electron in the solenoid can be determined from the

relation
jo10_mo_2m ifeBR)
v eB eB my

The correct option is (B)

New magnetic moment

M’ = m x Distance between poles
=m X 2rsin (0/2)

.0
=mXx2X X sin—
angle 2

_ 2X(mxarc)xsin(0/2)

0
M= 2Msin(0/2) _ 2Msin(zw/6) _ 3M
0 /3 T
rsin(6/2) r rsin(6/2)

The correct option is (D)

The correct option is (D)
o 4x107* weber _

=1 = = 1 tesla
A 4x107'm?
B 1
u=LB_ 1 geasxioneber
H 1600 amp X m

The correct option is (C)

As the electron moves from left to right, the flux linked with
the loop (which is into the page) will first increase and then
decrease. So, the induced current in the loop will be first
anti-clockwise and will change direction (i.e., will become

clockwise) as the electron passes by.
The correct option is (D)
2
B
qvB = m._ or Y.
r room

According to Fig. 16.73,

Fig. 16.73
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d=rsin@
When d<<r, sinGEG:i
”

Since Av= 2vsing =60 sin— = —
2 2 2

The impulse imparted = change in momentum

M:mvezmv(i):mdﬁ:qu

r m
The correct option is (C)

76. The correct option is (D)

77. The correct option is (A)

78. Voltage across rod = %Bolg ,

Charge on capacitor = CV,

More than One Option Correct Type

1
vXq:ECV02+HR‘ +Hy

1, 1 » Ry
CVyx—=Blyw,=—CVy +—=H, + H
075200 % =50 R, R, R,
1 ) 1 ) Hy[R,+R]
—CVyB, [y, ——CVy = ———
2 0-0°0*0 2 0 Rl

R [1 1
H, =——|=CV,B >0, ——CV?
R, R1+R2[2 020%0 %0 =5+ o

R 1 ) 1.,
= X =CV,[Byl2w, —Vy]1==CV,
R1+R2 2 0[ 0°0 0 0] 2 0

The correct option is (A)

79. In both cases (B) and (D),

Fnet =0 so it passes the region undeviated.
The correct options are (B) and (D)
o)l Bol®
80. ¥, -V, = ple)l_ Bol
2 2
Bw(31)3!
Vo—Ve = 7(2 N %Bwlz

V,~Ve=4Bol* or V, >V,
The correct option is (A), (C) and (D)
81. At time ¢, the distance traveled by the rod is
ED =vt

AD

tanox =—— or AD = EDtano
ED

AD =vttano

DC
tan(90 — o) = —— or DC =atcota
ED

[®)

XXX X XXX XX X X
XXXXXX/bXXXXX
XXX X XXX XXX X
XXX X XXX XXX X
XXX X XXX XXX X
XXX X XXX XXX X

So, AC = AD + DC = vt(tan o + cot &)

Induced EMF = Bvl = Bv(AC)
= By-vt(tano + cotx)
Induced EMF = Bv’#(tan o + cot 1)

Hence, induced EMF o< ¢ and v
The correct options are (B) and (D)

82. JE-df:AL;—]f

E2nNx* +d* = nR%k
TRk

2Wx2 +d?
R>

Wey = [aE-dx="""k
0

E=

The correct options are (A), (C), and (D)

B _ 28

83. E= = (E = induced EMF)

or E=mrta
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Let i=current in the ring
R = resistance of loop
Consider a small element d/ of the ring.

EMF induced in element de = (i) dl
2mr

resistance of element dR = (i)dl
2nr

Potential difference across the element
dV =de—idR

Passage Based Questions

~(ser ()
|

or Vis constant.

dV = zero

So, all points on the ring are at same potential.
The correct options are(A) and (B)

Passage |

84. The correct option is (D)
85. The correct option is (A)
86. The correct option is (C)
=2mt

87. Solution: Induced EMF in the ring ise = ‘—@‘

Induced current in the ring = 7t dt
Net force on the ring is always zero.
Ring starts topping when

Tdue to magnetic field > ng (above one end)

mxmlPx12ax10x 1 0
When ring start toppling. ¢ = —
T

t 5 2
Heat generated :-[0] Rdt =3— kJ
b4

2 !
[E.dl =induced EME E=2"" == 10
2ra T

The correct option is (A)

Passage 2

88. ¢ =instantaneous flux through loop = B4, + B4,
Sense of induced EMF is opposite in each loop

dB dB (a2 _ bz)

Hence, thenet EMF induced = 4 — — 4, — =107
dt dt

=0942V
The correct option is (A)

80. O=CV=5x10"°%0942=4.71x10"°C
The correct option is (A)

o 5O (4.71)’ ><(10‘6)2

== = =11.1x107"J
2C  2x10x107°

The correct option is (B)

Passage 3
91. T=M xB=(3 —4j)x(4i +3])=25kN-m

The correct option is (B)

92. t=1a = =T |=22 21250 radss’
1) 0.02
The correct option is (B)

93. (AU) = L2

max ~ 9 'max

= Oy = }4% =(50\/5)rad/s

The correct option is (A)

Passage 4

94. At terminal velocity mgv =P, + P,
= v=1m/s
The correct option is (D)

95. e=Bvi=0.6V
2

£ 076w
Rl
= R=047Q

The correct option is (C)

96. £=Bvl=0.6V
82
Z—12w=R,=03Q
RZ

The correct option is (C)

Passage 5
97. e= 9 AR
y=a
So, I= % = Byav , anti-clockwise

The correct option is (A) )

B,
98. Net force, F=F,—F, =IB,a—IBa = 0; ! , upward.

The correct option is (D)

22 22
99. F=mg—7B°;v, m.%= g—BO;v




101.
102.
103.

104.

116.

117.
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or j dt —j). midv
0 0 Bgazv 100, v="— Rn21g2 = R2m<2g [1 _ e*Bﬁazt/mR]
mg TR 2 2Bja Bja
2 2 1
R mg -Ba’t/mR N 1—e Bia t/mR | _ L
= l—e™™ ¢
Bga2 [ ] [ :| 2
Lo . dv g
The correct option is (B) Acceleration a = Z = 5
=5
The correct option is (A)
Match the Column Type
(A)—>2,4,(B)>2,3,(C)—>1,4D)—> 1,3 Similarly at 1 =7 s, f{—qj =-5,i=05A
(A)—>2,3;(B)>2,4,(C)>1;,(D)—>3 ! 27 7
(A)—>2,4,(B)—1,3;(C) > 1,3;(D) > 2,4 Also, E2mr=5, EX7XH:5’ E=5N/C
Atr=1s, % _s (A)—2,4; (B) = 1,4; (C) > 2, 3; (D) = 3.
dt 105. (A)—>1;(B)—>1,2,4;(C)—>2,4;,(D)—>2,3,4
i=-05A
Integer Type
2
Uo+U, = 9% 118. When bar attains terminals velocity BIL = mg
2C
02x98 938
4. -2 T 06x1 3
30 EMFd dinrod and e/= P, + P,
eis induced inrod and e/ = P, +
iQ—Z—Q—g Q—QQ and Q = Q, coswr 0.76+1.2 1.96x3 o
320 2075 27" o0 =— — = =0.6Vand e= Byl
9.8/3 9.8
e
=i =T B8 100 = 3 ms vp =g =1ms.
6w 6 6\\ 7 )\ m
. . . . 119. At any time length of each wire =/—2vt
Let i = Current at any instant then energy stored in magnetic
field Induced EMF =4 Bv(I-2vt)
1, 4Bv(I-2vt) By
Ugz=—Li Induced current = ———F = —,
Bm aA(l-2v) 2
Rate of energy stored in magnetic field B B2
. F=B| 22 |(1-2ve) = =2 (1-2v1)
dUp _ Liﬂ A A
dt dt )
The rate at which energy is supplied by battery = Vi = (2) x5 (15-2x5x1) =200N
di 0.5 )
M 120. Total E=tm? il L gy
So, required ratio = Va'lt 0. Total energy £ = Emv + ) + >C’ e=Bvl= c
i
] 1 1 dE
zéﬂ E= —(m+B*I*C)v* +—kx* as E = constant — =0,
V dt 2 2 dt
vt dt m+ B*I*C
LV k
50 0.1 w= m =20 rad/s.
1
=—=0.37 (B) In the closed circuit, there is a resistance of 4 € and
e

Required ratio = 0.37.

E 1875

hence the current in the circuit /= N =0.469A
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121. Let any instant of time, velocity of the rod is v towards

right.
The current in the circuit is i. In Fig. 16.74,
Va=Vy=Vq=V.

ie., Ldi= Bldx
Integrating, we get Li = Blx
Magnetic force on the rod at this instant is

272
F, =ilB=—"—x 1

i d
a ®

Fm<— Vg --------- > X
b

C
Fig. 16.74

Since, this force is in opposite direction of V, from Newton’s
second law we can write,

d*x BI?
m|— |=———x
dr? L

Comparing this with equation of SHM, i.e.

d2x 2
-’y 2)
dr*

Bl
We have, 0 = —

mL
So T=2Foop¥mh 5, N8X2_ 4o

0] Bl TX2

Previous Years’ Questions

L
122. Force exerted by air on the rod = (pz ZR) vi= pL RV

Balancing torque about point O NI (n’RZ)B = pLRv2 X %

272
—  300mBR= VL
2.2
= PV _001A =10mA
4007BR

123.  do = (2mxdx) kxt*
2.0 3
=—kt“mx
4 3

dg _ Akmix’
dt 3

Akt )

E2nx = ; Ez%ktxz;

dr = (3 ktxz)%(znxdx)x
3 TR

R
Id‘C::izQE‘;x“dx

4 ktQ R
= rzf—QR—
3R> S

Att=15s, 7=1N-m

124. The impedance triangle for resistance (R) and inductor (L)
connected in series is shown in Fig. 16.75.

RZ 2 L2
+ X, = ol
A\
R
Fig. 16.75
R
Power factor cos¢ = —————=
R* + 0*I?

The correct option is (B)
125. The induced EMF is

_—dg __d(B-4) _—d(BAcos0")

dt dt dt

cem—pM__pdlxx)
dr dr
cLe= —Bé =—Bly
dr

The correct option is (D)

126. These three inductors are connected in parallel. The equiv-
alent inductance L, is given by

1 1 1 1

L 3

1
=—+—+
L, L L

3,
» 3

I 1
+-+-=
3 3

v L,=1
The correct option is (D)

127. N, =140, N, =280,1,=4A, 1, ="

I, N,
For a transformer — =—-

P s



128.

129.

130.

131.

132.

133.

134.

135.

= 1, _140 =1 =2A
4 280
The correct option is (B)

Mutual conductance depends on the relative position and
orientation of both the coils.

The correct option is (B)
8 _-ach__ Al
At At At

cle M Sgo -t
Al 0.05

8%0.05

=L= =0.1H

The correct option is (D)
When the capacitor is completely charged, the total energy
in the LC circuit is with the capacitor and the energy is
10’
2cC

When half energy is with the capacitor in the form of elec-
tric field between the plates of the capacitor we get,

1
% 2QC , where Q is the charge on one plate of the
capamtor
1 Q 1 Q/Z Q

E cc e 29
The correct option is (C)

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
eddy current losses.

The correct option is (A)

DC ammeter measure average current in AC current aver-
age current is zero for complete cycle. Hence, reading will
be zero.

The correct option is (A)
Since the phase difference between L and C is 7,
net voltage difference across LC =50-50=0
The correct option is (D)
Ap_ (V=)

At t

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

_ ndy _ —n(W, —W))

" Rydt SRt

(- W, and W, are magnetic flux)
The correct option is (B)
o= B.A: ¢ = BAcoswt
d¢

sin wt

. wBA
= wBAsinwt; i =

2
=i2R=(w§AJ x Rsin’ wt

136.

137.

138.

139.

140.

141.

142.

143.
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,
Pmst x dt (a)BA)Z j sin’ ordt
0 _ 1 (wBA)
Pag="7 - T "2 R

_ (®Brr*)? Y= nr?
ST ey
The correct option is (B)
For resonant frequency to remain same, LC should be
constant. LC = constant
= LC=L'x2C= L’:§

The correct option is (A)
r=lme=>5rad/s, B=02x107*T
B’ 02x107*x5x1
2 2
The correct option is (B)

=50uv

Relative velocity = v+ v =2v
.. EMF = B-1(2v)
The correct option is (C)
For maximum power, X; = X, which yields
o 1
T Q)L 4t x50x50x10
» C=0.1x10" F=1uF
The correct option is (D)
Phase difference for R—L circuit lies between (O,E)
The correct option is (A) 2

=0.8

R 12 4
Power factor =cos¢p=—= —g

5
The correct option is (B)
The charging of inductance given by,

R
t=1i, l-e L

Taking log on both the sides
Rt

——=logl—log2
I g g

~300x107°

:”:%k)gz_ % 0.69

=1=0.1s
The correct option is (A)
BA

Mutual induct =—=—
utual inductance ===

[MT'Q' %]
[o77]
The correct option is (B)

[Henry] = = MLZQ_2
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144.

145.

146.

147.

148.

Across resistor,

F_10 g4

R 1000
At resonance,
.

oC  200x2x107

Voltage across L is
[X,; =0.1x2500 =250V
The correct option is (C)

d¢ _ d(N B.A)

T oar dt

149.

X, =X, =2500

150.

= —Ni(BA coswt) = NBAwsin ot
dt 151.

= e = NBA®
The correct option is (D)
¢ =10¢> — 507 + 250

e=-20_ —(20¢ -50)
dt
e_3=-10V
The correct option is (B)
Initially, when steady state is achieved,
E

i=—

R
Let E be short circuited at # = 0. Then
E
Att=0, ij=—
R
Let during decay of current at any time the current flowing

be —Lﬂ—iRzo
dt

i R .
=log, —=——t=>i=je -

iy L
~100x10°

- Ee_% - @e 100x10” _ 1

R 100 e

The correct option is (A)

We know that power consumed

in AC circuit is givenby P=E_ -1 cos¢
Here, E = E;sinwt

1=1, sin(wt —”)
2

which implies that the phase difference,

=i

T
s -cos5=0

The correct option is (C)

152.

153.

154.

I=1)|1-e L

(When current is in growth in LR circuit)

R 5
=£ l—e_zt =§ 1—676X2
R 5

=(1=¢7)

The correct option is (A)

UGN N4 4rx 1077 x300% 400 x100 x10™*
0 0.2

=24rx10~*H

The correct option is (D)

Growth in current in LR2 branch when switch is closed is
given by

M

. Rt
di_E Ry woi_E

X dt R, L’ L
Hence, potential drop across

L= (%e*sz/L)L = FeRiL

l-:ﬂ[l_e—th/L]

_ 2t
=12¢ 400x107

The correct option is (C)
Due to the movement of resistor R, an EMF equal to Blv
will be induced in it as shown in figure clearly,

[=1+1,
Also, I, =1,
solving the circuit,

we get

Blv
[ =], =—
1=h =5

and =21, = 2331?

The correct option is (B)
The correct option is (D)

B ,uOniR2
2(R2 + x2)3/2
2(R*+x%)
_4mx 1077 2% (0.20)°
2 (202 +15° )3/2
1002

- —

¢=B

XX (0.3%1072)2

_4xa?x107x0.157x9%x107° x10°
- 125
=9.1x107"" Wb

The correct option is (D)
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L
T |

From KVL
Ve+V, =0

v,
R _ 1
i

. V . .
(Note: Ratio of V—R =1 is also possible,
L
if we consider only magnitude.)

The correct option is (C)

—Rt/L

156. i=ipe

0.15x10° x10°
15 003
e !

0.15%10°

1
= —e_s
10

=0.67mA

T 10x150
The correct option is (C)
4_ig-r9i_y

c dt

2
g_;,_R. ﬂ +L M
¢ dr dr?

157.

0

158.

The correct option is (D)

Vi=vi+vg
220% =V} + 80?

= ¥, =104/420

=1X;, =10 wL =10X27w X L

= L=0.065H
The correct option is (C)
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