Electromagnetic
Induction

Section A - Flux, Faraday’s law, Lenz’s law

1.

Note

MAGNETIC FLUX
Consider a closed curve enclosing an area A (as
shown in the figure). Let there be a uniform

magnetic field g in that region. The magnetic flux

through the area A is given by
B

Ae .

¢=B.A (i)
=BA cos 6
where 0 is the angle which the vector B makes

with the normal to the surface. If B is perpendicular

to A, then the flux through the closed area A is

zero. ST unit of magnetic flux is weber (Wb).

Areavector is | to the surface

For open surface choose one direction as the
area vector direction and stick to it for the
whole problem.

For closed surfaces outward normal is taken
as area vector direction

Flux is basically count of number of lines
crossing a surface

j.aB.ds = 0 because magnetic field lines exists
inclosed loop.

EXAMPLE 1

Sol.

Find flux passing through Area ?
‘ B

Since A is | to B
$=BA=0

FARADAY'S LAW OF
ELECTROMAGNETIC INDUCTION

Whenever the flux of magnetic field through the
area bounded by a closed conducting loop changes,
an emfis produced in the loop. The emf'is given by
__4d¢ .
BT ..(i1)

where ¢ = IE.dA the flux of magnetic field through

the area.
The emf so produced drives an electric current
through the loop. If the resistance of the loop is R,
then the current

d
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1= % R (i)
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EXAMPLE 2

Sol.

A coil is placed in a constant magnetic field. The
magnetic field is parallel to the plane of the coil as
shown in figure. Find the emfinduced in the coil.

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

emf=0



EXAMPLE 3

Sol.

Find the emf induced in the coil shown in figure.
The magnetic field is perpendicular to the plane of
the coil and is constant.

Area=A
®
B

¢ = BA (always) = const.
emf=0

EXAMPLE 4

Sol.

Show that ifthe flux of magnetic induction through
a coil changes from ¢, to ¢,, then the charge q that
flows through the circuit of total resistance R is

¢ —
R

given by q = , where R is the resistance of

the coil.

. d¢ .
Let ¢ be the instantaneous flux. Then d%) is the
instantaneous rate of change of flux which is equal
to the magnitude of the instantaneous emf. so the

at J , since the current

1
current in the circuit |i| = E(

. .. d
is the rate of flow of charge, that is, i = d_(tl

q= Jidt or q::i;(%-%Jdt

where t is the time during which change takes place.
butatt=0,¢0=¢,andatt=t, ¢ =¢,

LENZ'S LAW

The effect of the induced emf is such as to oppose
the change in flux that produces it.

S S N
vl vl o
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In figure (a & b) as the magnet approaches the
loop, the flux through the loop increases. The
induced current sets up an induced magnetic field
B, , whose flux opposes this change. The direction
of B, , is opposite to that of external field B_, due
to the magnet.

In figure (¢ & d) the flux through the loop decreases
as the magnet moves away from the loop, the flux
due to the induced magnetic field tries to maintain
the flux through the loop. The diredtion of B, is
same as that of B_, due to magnet.

Lenz’s law is closely related to the law of
conservation of energy and is actually a
consequence of this general law of nature. As the
north pole of the magnet moves towards the loop
an induced current is produced. This opposes the
motion of N-pole of the bar magnet. Thus, in order
to move the magnet toward the loop with a constant
velocity an external force is to be applied. The work
done by this external force gets transformed into
electric energy, which induces current in the loop.

There is another alternative way to find the direction
of current inside the loop which is described below.
Figure shows a conducting loop placed near a long,
straight wire carrying a current i as shown. If the
current increases continuously, then there will be
an emfinduced inside the loop. Due to this induced
emf, an electric current is induced. To determine
the direction of current inside the loop we put an
arrow as shown. The right hand thumb rule shows
that the normal to the loop is going into the plane.
Again the same rule shows that the magnetic field
at the site of the loop is also going into the plane of
the diagram.

Thus B and dA are in the same direction.

Therefore IE.dA is positive if i increases, the

magnitude of flux ¢ increases. Since magnetic flux

do
¢ is positive and its magnitude increases, g is

positive. Thus ¢ is negative and hence the current is
negative. Thus the current induced is opposite, to
that of arrow.

Brain Teaser

Two identical coaxial circular loops carry equal
currents circulating in the same direction. What
will happen to the current in each loop if the
loops approach each other ?



EXAMPLE 5

Find the direction of induced current in the coil
shown in figure. Magnetic field is perpendicular to
the plane of coil and it is increasing with time.

®
B

Sol.  Inward flux is increasing with time. To oppose it
outward magnetic field should be induced. Hence
current will flow in anticlockwise.

EXAMPLE 6
Figure shows a long current carrying wire and two
rectangular loops moving with velocity v.

Find the direction of current in each loop.

Sol.  In loop (i) no emf will be y

induced because there is no
flux change. |£|
In loop (ii) emf will be m
induced because the  constanti
coil is moving in a |:|_>V
region of decreasing o)
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. For this direction of
current should be clockwise.

4. CALCULATION OF INDUCED EMF
As we know that magnetic flux (¢) linked with a
closed conducting loop = BA cos 6 where B is the
strength of the magnetic field, A is the magnitude
of the area vector and 6 is the angle between
magnetic field vector and area vector.

Hence flux will be affected by change in any of
them, which is discussed in the next page.

4.1 By changing the magnetic field

EXAMPLE 7
Figure 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 T7/s.
Find out current in magnitude and direction

A=2nv
O]
Sol. ¢=B.A B +—R=5Q

emf:A.ciTE: =2x10=20v

1=20/5 =4amp. From lenz’s law direction of current
will be anticlockwise.

EXAMPLE 8

The magnetic flux (¢,) in a closed circuit of
resistance 20 Q varies with time (t) according to
the equation ¢ = 7t*— 4t where ¢ is in weber and t is
in seconds. The magnitude of the induced current
att=0.25sis

(A) 25 mA (B) 0.025 mA
(C)47 mA (D) 175 mA
Sol. ¢=T7t2—4t
do
= Induced emf : \3\25214“4
= Induced current :
oo lel_ [14t-4] _ [14x025-4]
R 20 20
(att=10.255s)
=95 s5x107A
20
(A)
EXAMPLE 9
Consider a long infinite wire carrying a time varying
current i=kt (k > 0). A circular loop of radius a and
resistance R is placed with its centre at a distance
d from the wire (a < < d). Find out the induced
current in the loop?
Sol.  Since current in the wire is continuously increasing

therefore we conclude that magnetic field due to
this wire in the region is also increasing.

Magnetic field B due to wire = % going into and

perpendicular to the plane of the paper
Flux through the circular loop,

i
¢ = Hol o a2

2nd
i=kt
b poa’kt k>0 d
2d
Induced e.m.f. in the loop
oo 40 _ 'k
dt 2d
duced in the loop i = L. = B2k
Induced current in the loop R 2dR

Direction of induced current in the loop is
anticlokwise.



EXAMPLE 10

Sol.

or

or

Two concentric coplanar circular loops have
diameters 20 cm and 2 m and resistance of unit
length of the wire = 10~ Q/m. A time -dependent
voltage V =(4 + 2.5 t) volts is applied to the larger
as shown. The current in the smaller loop is

V=(4+2.5t)

r,=1.0m,r,=10"m
Resistance of outer loop=2n x 10 Q
Resistance of inner loop = 0.27 x 107 Q

‘ V. (4+2.50)
Current in outer loop = — = ———
R 2n %10 Sol
V=(4+2.5t)
r1
iy = HZJMO" +(1'25jx104 x t}A
T T
Magnetic field produced at the common centre
(see figure)
p— Mol
21
or
B4 107« [(2 +1.25t) x10*]
2 T

=2x10°Q2+1.250)T

Hence, flux linked with the inner loop,
¢=BA=2x103(2+1.25t) xn(0.1) or
=2rnx 107 (2 + 1.25t) Wb

Hence, the e.m.f. induced in smaller loop

e300 x125
dt

=-25tx107°V

The negative sign indicates that the induced e.m.f.
(or current) is opposite to applied e.m.f. (or current)
Hence, the current induced in the inner (smaller)
loop is

| €] 2.5 x10°V

=———=1.25A

'R T 02nx100)0

EXAMPLE 11

A rectangular wire frame of length 0.2 m, is located
at a distance of 5 x 102 m from a long straight wire
carrying a current of 10 A as shown in the figure.
The width of the frame = 0.05 m. The wire is in the
plane of the rectangle. Find the magnetic flux through
the rectangular circuit. Ifthe current decays uniformly
to 0in 0.2 s, find the emfinduced in the circuit.

<0.05
10A
j¢—r.=0.05m 0.2m
— !
dx
j¢————— r=0.TM——>

A current, i = 10 A is flowing in the long straight
wire. Consider a small rectangular strip (in the
rectangular wire frame) of width dx at a distance x
from the straight wire.

The magnetic flux at the location of the strip,

_ b

X 2mx
The flux linked with the infinitesimally small
rectangular strip

=B, x Area of the strip = d¢_= % [ dx

where / is the length of the rectangular wire circuit
=2x10"m

do, = (u, 11/2m) (dx/x)

Hence, the total magnetic flux linked with the

rectangular frame

il .
= .[dd)x = (P = “'0 [logex]n2
2n

¢ = MLll[logerz -log.]= ol log, (r—zj
2n 2n I,
Substituting values, we get
$=2x107x10x2x 10" xlog 2
=2.772 x 107 Wb

Induced e.m.f.

10
=(2x107x2x10"10g 2) —
( g. )0.2

=1.386 x10°V =1.386 uV



EXAMPLE 12

Sol.

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

Y z
b
®B b>a
T s
X
®B |a
P a Q
Induced emf in A 4b

part PQST =B a? F<I_WV_
(in anticlockwise pb?

direction, from i i

Lenz’s Law) _ l )
.. . Ba

Similarly induced I ¥i

emfin part TXYZ rda

=B b? (in

anticlockwise direction, from Lenz’s Law)
Total resistance of the part PQST = A4a
Total resistance of the part PQST = 14b.
The equivalent circuit it is shown in the diagram.
writing KVL along the current flow
Bb?— Ba’—r 4ai — A 4bi=0

i:%(b—a)

Brain Teaser:

4.2

A copper ring is held horizontally and a bar
magnet is dropped through the ring with its
length along the axis of the ring. Will the
acceleration of the falling magnet be equal to,
greater than or lesser than the acceleration due
to gravity ?

BY CHANGING THE AREA

SOLVED EXAMPLES

EXAMPLE 13

A space is divided by the line AD into two regions.
Region Iis field free and the region Il has a uniform
magnetic field B directed into the paper. ACD is a
semicircular conducting loop of radius r with centre

Sol.

Region |

at O, the plane of the loop being in the plane of the

paper. The loop is now made to rotate with a

constant angular velocity o about an axis passing

through O, and perpendicular to the plane of the

paper in the clockwise direction. The effective

resistance of the loop is R.

(a) Obtain an expression for the magnitude of the
induced current in the loop.

(b) Show the direction of the current when the loop
is entering into the region II.

(c) Plot a graph between the induced emf and the
time of rotation for two periods of rotation.

(a) As in time t, the arc swept by the loop in the
field, i.e., region IL

A= %r(re) = %rzmt
So the flux linked with the rotating loop at time t,
¢=BA = %erzt [6 = ot]

and hence the induced emf in the loop,

d 1
- d%) =— EB(M2 = constant.
And as the resistance of the loop is R, the induced

currentin it,

g=

_ Bor®

_®
R 2R

Region Il

X X X X X X

Fig (a)
+& T T -
o T2 t
| T 3T/2 2T
_8 == -==
Fig.(c)

(b) When the loop is entering the region II, i.e., the
field figure (b), the inward flux linked with it will
increase, so in accordance with Lenz’s law an
anticlockwise current will be induced in it.

(c) Taking induced emf to the negative when flux
linked with the loop is increasing and positive
when decreasing, the emf versus time graph
will be, as shown in figure (c)



EXAMPLE 14

Two parallel, long, straight conductors lie on a smooth
plane surface. Two other parallel conductors rest
on them at right angles so as to form a square of
side a initially. A uniform magnetic field B exists at
right angles to the plane containing the conductors.

Now they start moving out with a constant velocity (V).
(a) Will the induced emf be time dependent?

(b) Will the current be time dependent?

Sol.  (a) Yes, ¢ (instantaneous flux) = B (a + 2vt)?
do
=— = +
6= 4Bv(a + 2vt)
(b) No, (instantaneous current) i = %
Now R =4(a + 2vt)r where r = resistance per unit
length
. 4Bv(a+2vt) By
= 74r(a v 1 (a constant)
The current will be time independent
EXAMPLE 15
Find the direction of x % jw x
induced of current in the *A o B>
wire AB. When rotated * |* X |*
anticlockwise through angle > | * : X [*
0, if it is placed initially as % plx—-x CX
shown in the figure x ox Pxoox
Sol.  RangeofAngle Rotated Direction of induced
current
0-90 AtoB
90— 180 A toB
180270 Bto A
270 - 360 Bto A
Note

Now The student can now attempt Section - A from
exercise.

Section B - EMF induced in Moving Rod,

4.3

4.3.1

Rotating Ring, Disc.
Motional Emf

We can find emf induced in a moving rod by
considering the number of lines cut by it per sec
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 /v lines
per unit time.

Hence emf'induced between the ends of the rod = Bv

do

dt’
the area, swept by the rod. The rod sweeps an area
equal to / vdt in time interval dt. Flux through this

do _ Blvdt

dt dt

Ifthe rod is moving as shown in the following figure,
it will sweep area per unit time = v / sin 0

Also emf= Here ¢ denotes flux passing through

area = B/ vdt. Thus = Bvl

x x x
(0}
X~

x5 X BX
x x x x
x x x x
x plx x x

C
x x x x

and hence it will cut Bv/sin 6 lines per unit time.
Thus emf = Bv/sin6.

Mechanism of The induced EMF a cross
the ends of a moving rod :

Figure shows a conducting rod of length / moving
with a constant velocity v in a uniform magnetic
field. The length of the rod is perpendicular to
magnetic field, and velocity is perpendicular to both
the magnetic field and the length of the rod. An
electron inside the conductor experiences a magnetic
force Fy = -e(vx B) directed downward along the
rod. As aresult electrons migrate towards the lower
end and leave unbalanced positive charges at the
top. This redistribution of charges sets up an electric
field E directed downward. This electric field exerts
a force on free electrons in the upward direction.
As redistribution continues electric field grows in
magnitude until a situation, when
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After this, there is no resultant force on the free
electrons and the potential difference across the
conductor is

[de=-E.dl =[FxB).dl (4

Thus it is the magnetic force on the moving free
electrons that maintains the potential difference. So
e.m.f. developed across the ends of the rod moving
perpendicular to magnetic field with velocity

perpendicular to the rod,
P
..(5)
J%‘ Biv
r
Q

e=vB/
In the problems related to motional e.m.f. we can
replace the rod by a battery of e.m.f. vB1.
The moving rod can be represented (or equivalent)
as electrical circuit as shown in figure.

As this emf is produced
due to the motion of the
conductor, itis called
motional emf.

EXAMPLE 16

Find the value of emf induced in the rod for the
following cases. The figures are self explanatory.

+—V

(a) Ans. emf = 0
4——B
\Y
1\

(b) ®B Ans. emf = 0
T B

() Ans. emf = 0

Figure 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.

A ©B A
L <1
—>V Ew

B B

Cc VBL

Now consider rod AB, which is a part of the coil.

Emfinduced in the rod = B L v. Now suppose the

emfinduced in part ACB is E, as shown in figure.

Since the emf in the coil is zero,
Emf (in ACB) + Emf (in BA)=0

or —E+VvBL=0
or E =vBL
Thus emf induced in any path joining A and B is
same, provided the magnetic field is uniform. Also
the equivalent emf between A and B is BLv (here
the two emf’s are in parallel)
EXAMPLE 17
Figure shows an irregular shaped with AB
moving with velocity v, as shown. Find the emf
induced in the wire.
4 A
4
B !
v
B
. A
Sol.  The same emf will be oA
induced in the i
. . . ®B1/
straight imaginary i
wire joining A and B, \é
which is Bv/ sin 0
EXAMPLE 18
A 0.4 meter long straight conductor moves in a
magnetic field of magnetic induction 0.9 Wb/n? with
a velocity of 7 m/sec. Calculate the emf induced in
the conductor under the condition when it is
maximum.
Sol.  Ifarod oflength / is moved with velocity ? and at

angle 0 to the length of the rod in a field _B) which
is perpendicular to the plane of the motion, the flux
linked with the area generated by the motion of rod
intimet,




. d .
¢ =BI(vsind)t so, |¢|= d%) =Bv/sin 0

This will be maximum when sin 6 = max = 1, i.e.,
the rod is moving perpendicular to its length and
then (¢) . =Bv/

E_.=09x7x04=252V

EXAMPLE 19

Sol.

A square metal wire loop of side 10 cm and
resistance 1 ohm is moved with a constant velocity
V, in a uniform magnetic field of induction B = 2
Wb/m? as shown in figure. The magnetic field lines
are perpendicular to the plane of the loop. The loop
is connected to a network of resistance each of
value 3 ohm. The resistances of the lead wires OS
and PQ are negligible. What should be the speed of
the loop so as to have a steady current of 1

milliampere in the loop ? Find the direction of current
in the loop ?

w]

X X X X X X X X
XX X X X X X|X
XX X X X X X|X
XX X X X X X|X
XX X X X X X|X
XX X X X X X|X
XX X X X X X|X
XX X X X X X|X

>

O

3Q 3Q

As the network AQCS is a balanced Wheatstone
bridge, no current will flow through AC and hence
the effective resistance of the network between
Qs,
6x6

Res= %676
and as the resistance of the square metal wire loop
is 1 ohm, the total resistance of the circuit,

R=3+1=4 ohm
Now if the loop moves with speed v, the emf
induced in the loop,

e =By

=3 ohm

. . .. €
So the current in the circuit, i = -

Substituting the given data,
In accordance with Lenz’s law, the induced current
in the loop will be in clockwise direction.

EXAMPLE 20

A rod of length 1 is kept parallel to a long wire
carrying 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.

Sol.

Kol V
21X
OR

Emfis equal to the rate with which magnetic field
lines are cut. In dt time the area swept by the rod is
[ v dt. The magnetic field lines cut in dt time

i t
®B
il vdt i i
Wil v
=B lvdt= 027 Const{¢——>

Therate with which magnetic field lines are cut=

E=BIV=

Woil v
27X

EXAMPLE 21

A rectangular loop, as shown in the figure, moves
away from an infinitely long wire carrying a current
i. Find the emfinduced in the rectangular loop.

E=B,LV-B,Lv

L —>V
B,LV
= N1 TBLY
_ Hol v HOI _ HOILbV
C2mx | 2n(x +b) © 2mx(x+b)

Aliter : Consider a small segment of width dy at a distance

y from the wire. Let flux through the segment be

do. d
Mol nstan yor =V
dd): ﬁl“ dy zzrrsetr?tit L
X
x+b .
BollL "7 dy  piL
= — =0 - + _
> j 5 = T (InGx + b) ~ Inx)
b _miL[ 1 dx 1dx
Now 4 ™ on |x+b dt  x dt
peil | (-b) —u,ibLv
T 2n | x(x+Db) "~ 2mx(x +b)
) B KyibLv
induced emf= Imx(x 1 bY x +b)



EXAMPLE 22

Sol.

A rod of length 1 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, ifits nearest end is at a distance ‘a’ from
the wire.

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

uivdx  piv, ([+a
2nx 2n a

EXAMPLE 23

Sol.

Two parallel wires AL and BM placed at a distance
1 are connected by a resistor R and placed in a
magnetic field B which is perpendicular to the plane
containing the wires. Another wire CD now
connects the two wires perpendicularly and made
to slide with velocity v. Calculate the work done
per second needed to slide the wire CD. Neglect
the resistance of all the wires.

When a rod of

length / movesina A
magnetic field with

x
x
x

velocity v as shown
in figure, an emf /3, ,
¢ = Bvi will be

X
x
x

X X X
induced in it. Due to
this induced emf, a
current
. € Bvl . . .. .
i= R- R will flow in the circuit as shown in

figure. Due to this induced current, the wire will

experience a magnetic force

B*I’v

R

which will oppose its motion, So to maintain the

motion of the wire CD, a force F = F,, must be

applied in the direction of motion.

The work done per second, i.e., power needed to

slide the wire is given by
dw

P:E :FV:FMV:

F, = Bil=

Bv?/2
R

Note

The power delivered by the external agent is
converted into joule heating in a by using the
circuit(as shwon above). It means magnetic field
helps in converting the mechanical energy into joule
heating.

EXAMPLE 24

Sol.

A rod of mass m and resistance r is placed on fixed,
resistanceless, 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

®B
l L >u 3R
m,r

Let at an instant the

velocity of the rod be v.

The emfinduced in the rod r
will be vB/. The
electrically equivalent
circuit is shown in the
following diagram.

VVy—

AAA

Biv

| —

Blv
R+r

Current in the circuiti=

At time t
Magnetic force acting on the rod is F =i/ B,
opposite to the motion of the rod.

dv
i/B=-m — (1
1/ m m (1
Blv
i= (2
! R+r &Y
Now solving these two equation
B’’v _ dv
R +r “dt

B*? dv

-——d
(R +1)m \%

dv

let = —K. dt= 7

V=ue™
v t
&= [kt u
u v 0

L
In|—|= Kt

| —>t

V =ue™



EXAMPLE 25

Sol.

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.

dv .
mEfF—llB (1)

. Bl v
R+r

dv B’I*v vT
meY —fF_ /
dt ‘

R +r

B¥? rodv pdt
lethRJrr le—Kv .([m
iln(F—KV)fi
T K o M

F-kV Kt
In =—-—
F m

F - KV =F ¢glvm

F
V= (-t

EXAMPLE 26

Sol.

A square wire of length 1, mass m and resistance R
slides without friction down the parallel conducting
wires of negligible resistance as shown in figure.
The rails are connected to each other at the bottom
by a resistanceless rail parallel to the wire so that
the wire and rails form a closed rectangular loop.
The plane of the rails makes an angle 6 with
horizontal and a uniform vertical field of magnetic
induction B exists throughout the region. Show that
the wire acquires a steady state velocity of
mgRsin6
B?/%cos?0

B

magnitude v =

0

Force down the plane = mg sin 6
At any instant if the velocity is v the induced e.m.f
=1B cosd X v
Bl vcos6
R
Force on the conductor in the horizontal direction

Bl vcos6

Current in the loop

=BIx

The component of force parallel to the incline

B2/* vcosH
= —_— X
R

cosf

. B?/’cos’0 .
If v is constant, —————x v =mg sin 0
mRgsin0

V= "5, 5~
B2/%cos?0

EXAMPLE 27

A rod PQ of mass m and resistance r is moving on
two fixed, resistanceless, smooth conducting rails
(closed on both sides by resistances R, and R,). Find
the current in the rod at the instant its velocity is v.

P
| ®B||r
R2 /|y 2R
Q
Sol.  The equivalant circuit of above figure
—LBiv
L Blv
R‘E: r :’RZ 1= RR
b r+—12
R, +R,
EXAMPLE 28
In the above question if one resistance is replaced
by a capacitor of capacitance C as shown. Find the
velocity of the moving rod at time t if the initial
velocity of the rod is v and a constant force F is
applied on the rod.
Neglect the resistance
of the rod. RZ >F—¢
®B
Sol. At any time t, let the velocity of the rod be v.
Applying Newtons law :
F-i/B=ma (1)
_:npn-d
AlsoB/v=1i R= .
Applying KCL,
. . dg _Blv d dq
171]+af—R +a(BlVC) i . at
M .
or 1:781V+B1Ca Rg —V =—=c
iB<4 @B |
Putting the value ofiin eq. (1),




B2/%v

d
F :m+wmmzm+mwﬁ%

o — Y g
(m + B%°C) B2y
F-
R

Integrating both sides, and solving we get

8%
FR 1— eR(m*rCB:/z)
= BZIZ

Induced e.m.f due to rotation

4.4

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

w p—
~—\ ®B

ad P‘ /

®B J_ de = roBdr
ofl — T

V=ro . .
emfinduced in a

small segment  small segment

just like a rod

Emfinduced in a small segment of
length dr, of therod=vB dr=r o Bdr
emfinduced in the rod

/ 2
=0 B I rdr:%Bo)l2 Bwl®/2
0

equivalent of this rod is  as following

flux through the area swept by

or e= a0 _ the rod in time dt
dt dt
BL 2ot 1
-2 _ _ _BeP
dt 2
EXAMPLE 29
Find out the potential difference between A &B:
X X X X X X X
X X X X X X X
X X X X X X X
A B
X X ¢ X )? X S X X
X X X X X X X
X X X X X X X

SO] X X X X X X X

Bo/*
2

J-dE:':[B(nxdx’ V, -V, =

EXAMPLE 30
A rod PQ of length 21is 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 & Q if that between P & Q = 100V.
® B = Uniform

P>M Q

>
2]

2

B
Sol. E corner —» v2v =100

2
E + B‘”(E) _ Bw/?

MQ 2 2

3 2 3
EMQ: gB(x)l = ZXIOOV =75V

EXAMPLE 31

Arod of length L and resistance r rotates about one
end as shown in figure. Its other end touches a
conducting ring a of negligible resistance. A
resistance R is connected between centre and
periphery. Draw the electrical equivalence and find
the current in the resistance R. There is a uniform
magnetic field B directed as shown.

®B

Sol.

currenti =
R +r



EXAMPLE 32 4.5 By Changing The Angle

Solve the above question if the length of rod is 2L Let us consider the case when the magnitude of

and resistance 2r and it is rotating about its centre. the magnetic field strength and the area of the coil

Both ends of the rod now touch the conducting ring. remains constant. When the coil is rotated relative
to the direction of the field, an induced current is

produced which lasts as long as the coil is rotating.

E _
o8 We have, ¢ = BA cos 6 [where B is the magnetic
5 o R field strength, A is the magnitude of the area vector
& 0 is the angle between them] If the angular
" velocity with which the coil is rotating is o, then

c 0= ot
Induced e.m.f. in the coil

E
v M A A 8:-d¢:BAwsinwt
dt
R
Sol. C = CEA E p (¢} ) )
Induced current in the coil
E
R ¢l
e

BoA .
=== sin ot
r/2 R R
1
_ —Bol? EXAMPLE 34
= ) . .
i=——= A ring rotates with
R+— R+-— . » = const
R 2 angular velocity o

about an axis in the

EXAMPLE 33 plane of the ring and

which passes through t=0

A rod of length I is rotating with an angular

. S . h f the ring.
speed o about its one end which is at a distance the center of the ring

a from an infinitely long wire carrying current A constant magnetic field B exists perpendicular to

i. Find the emf induced in the rod at the instant the plane of the ring. Find the emf induced in the
as shown in the figure. ring as a function of time.

Sol.  Atanytimet, $ = BA cos 6 =BA cos ot

#w) Now induced emf'in the loop
. 7
|

—d .
PR e:J:BAmsmmt
a dt

If there are N turns
emf= BAoN sin ot

Consider a small segment of rod of length dx, ata . . .
BA oN is the amplitude of the emfe = ¢_ sin ot

distance x from one end of the rod.

Emfinduced in the segment . e . .
Wi =5 = R“ sinot=1_sin ot
= —  (x0)dx
dE 2n(x + a) (xo)
s em
W R
Wi i X0 . . . . .
E= j Pnx +a) (xw)dx : 2 ® The rotating coil thus produces a sinusoidally varying
! 4%# current or alternating current. This is the principle

X

a

" I+a PRI which is always used in generator.
— M@y am
2n



or,

INDUCED ELECTRIC FIELD DUE
TO A TIME VARYING MAGNETIC
FIELD

Consider a conducting loop placed at rest in a

magnetic field B. Suppose, the field is constant till
t=0and then changes with time. An induced current
starts in the loop at t = 0.

The free electrons were at rest till t = 0 (we are not
interested in the random motion of the electrons.)
The magnetic field cannot exert force on electrons
at rest. Thus, the magnetic force cannot start the
induced current. The electrons may be forced to
move only by an electric field. So we conclude that
an electric field appears at time t = 0.

This electric field is produced by the changing
magnetic field and not by charged particles.
The electric field produced by the changing
magnetic field is nonelectrostatic and
nonconservative in nature. We cannot define
a potential corresponding to this field. We call
it induced electric field. The lines of induced
electric field are closed curves. There are no
starting and terminating points of the field
lines.

ﬁ
If E be the induced electric field, the force on the
ﬁ
charge q placed in the field of q E . The work done

%
per unit charge as the charge moves through d /

%
is E. d / .The emf developed in the loop is,
therefore,

£= Dj E drl
Using Faraday’s law of induction,

d¢
T odt

g=

27— de
D‘jE.dz = ..(6)

The presence of a conducting loop is not necessary
to have an induced electric field. As long as E)

keeps changing, the induced electric field is present.
If a loop is there, the free electrons start drifting
and consequently an induced current results.

EXAMPLE 35

What will be the electric field at a distance r from
axis of changing cylindrical magentic field B, which
is parallel to the axis of cylinder ?

B=Bot

Sol. (i) Whenr<R
let at a distance r electric field is E
En
N I () B
sf‘U‘jE,dl‘f‘—a ﬁ
d[B.(ar?)]
E.2nr=|" .
_rdB _ Byr
2 dt 2
(ii) Whenr> R E E
(5.a7] - |4 @
i WV
BnR?
E2nr= JBRD)
dt E
2 2
= E= R—d—B _ BR
2r dt 2r
EN \
—
EXAMPLE 36
Find the e.m.f induced in the rod as shown in
the figure.
B=Bgt
Circular field region
(Radius = R)
Sol.




=

Alternate :

dsecHB  dxcosb

dE=E.dxcos 0 = 9

=
B,d ”f d 5 By Note
= X - E-=
2 4 2

dE

Sty

Torque experienced by thering

2
qr- dB
T=(@qE)r=——
(qE) T

Angular impulse experienced by the ring
qr’ ; dB , B

—(rar=9(9B g -0 B
[* 2 3 at s

Also angular impulse acquired = /o where 1 is
moment of inertia of the ring about its axis = mr?
mr’ o = qr? B/2

Angular velocity acquired by the ring ® = qB/2m

Now The student can now attempt Section - A from

exercise.

Induced emfin OA & OB is zero

(because B & d/ are perpendicular)
Total induced emfin OAB is in AB

1
Area = Eld 6.

EXAMPLE 37

Sol.

A thin, nonconducting ring of mass m, carrying a
charge q, can rotate freely about its axis. At the
instant t = 0 the ring was at rest and no magnetic
field was present. Then suddenly a magnetic field
B was set perpendicular to the plane. Find the
angular velocity acquired by the ring.

Due to the sudden change of flux, an electric field
is set up and the ring experiences an impulsive
torque and suddenly acquires an angular velocity.

g(induced emf) = % = -%IE.dA

Also 8=U‘jﬁ.diwhere E is the induced electric
field.

mE.di:-ijB.dA = E.an:-i(Bnrz)
dt

o
—

Force experienced by the ring =q |E|

Section C - self Induction, Mutual Induction

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 ¢ = L i where L is called
coefficient of self induction or inductance. The
inductance L is purely a geometrical property i.e.,
we can tell the inductance value even ifa 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 Al in a time interval
At, the average emf induced in the coil is given as

_ AN _

AL LAl

At At At

The instantaneous emf is given as

__dN¢) _ ddDh _ Ld
dt dt dt
S.I unit of inductance is wb/amp or Henry (H)
L - self inductance is +ve quantity.
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.

Brain Teaser

If a circuit has large self-inductance, what
inference can you draw about the circuit.



Self Inductance of solenoid

/
<>

Ir

[>>r

6.1

A

Let the volume of the solenoid be V, the number of
turns per unit length be n. Let a current I be flowing
in the solenoid. Magnetic field in the solenoid is given
as B =y, nl. The magnetic flux through one turn of
solenoid ¢ = n1A.
The total magnetic flux through the solenoid =N ¢
=Npy,nlA
=p, 1A
L=p,n? /A= pn*V
o= p,nine*(nl)

_9_
L*T *},Lonz’ltrzl

Inductance per unit volume =y, n’

EXAMPLE 38
The current in a coil of self-inductance L = 2H is
increasing according to the law i =2 sin t>. Find the
amount of energy spent during the period when the
current changes from 0 to 2 ampere.

Sol.  Let the currentbe 2 amp att =«

Then2=2sin v = r:\/g

When the instantaneous current is i, the self induced

emfis L % . If the amount of charge that is displaced

in time dt is dq, then the elementary work done

=L. di dq = L,gidt = Lidi
dt dt

T

W= ILidi — [ L(2sint?)d(2sint?)
0

=Y

W = js L sin t’cost?(tdt) = 4Ljsin 2t (tdt)
0 0

Let 0 =2t
Differentiating d6 = 4t dt
sin0do
— 4 [ 22V
W= 4L ;
=L (- cosb) =-L cos 2t?

W= -L [cos2t2 I}/m

=2L=2x2 =4joule

7. INDUCTOR

It is represent by
—TIr—

L
electrical equivalence of loop

R

=

L
—— T —>—
i i
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
ithrough the inductor is decreasing the induced emf
will oppose the decrease in current and hence will
be in the direction of the current.
I

(increasing) i (decreasing) |

OOOIE)O 00000 |
Over all result _
AT B
&
voLd oy,

Note

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

A—To000—B
L, R

AWM_B
L R

EXAMPLE 39
AB is a part of circuit.
difference v, — v, if

Find the potential

1H 5 volt

(i) currenti=2A and is constant

(i) currenti=2A and is increasing at the rate
of 1 amp/sec.

(iii) current i = 2A and is decreasing at the rate
1 amp/sec.



2i 7.1 Energy stored in an inductor:

.-
Sol. A—;mw__ll—j\/\/\/_—é If current in an inductor at an instant is i and is
1H 5 volt increasing at the rate di/dt, the induced emf will
oppose the current. Its behaviour is shown in the
L di _ | di figure.
dt dt working as a load
writing KVL from A to B
VvV, -1 d 5-2i=V : =
—1— -5-2i= 00000 ;
A dt B i, increasing I
di = di/dt L difdt
(1) Puti:2, a =0 di
V, o5 4=V, Power consumed by the inductor =i L a@
V, -V, =9 volt i i .o di
Energy consumed in dt time =1L m dt
.. . i
(i) Puti=2, i l; total energy consumed as the current increases from

V,-1-5-4=V,
or V,-V,=10V,
. di
(i) Put1:2,a:—1 :%Li2 = U:%Li2
V,+1-5-2x2=V,
V, =8 volt Note

i 1
OtOIZIILdi:ELi2
0

This energy is stored in the magnetic field with
EXAMPLE 40 energy density
w e w
dvV.  2pu 2pu,

Find current1i, i, and i, in the following circuit.

BZ
2pg,

Total Energy U = _f av

EXAMPLE 41
Find out the energy
per unit length ratio
inside the solid long
wire having current
; R density J.

Sol. at

‘{’i, i Sol.  Take a ring of radius r and thickness dr as an
+ element inside the wire

[V R
dE B’

dv 2”0

at t=ow o
B HoJ

using




EXAMPLE 42

Sol.

A circuit contains an ideal cell and an inductor
with a switch. Initially the switch is open.

It is closed at t = 0.

Find the current as a

function of time.

di
£= La
JLsdt = dei
0 0
egt=Li = i= %t
MUTUAL INDUCTANCE

Consider two coils P and S placed close to each
other as shown in the figure. When the current
passing through a coil increases or decreases, the
magnetic flux linked with the other coil also changes
and an induced e.m.f. is developed in it. This
phenomenon is known as mutual induction. This coil
in which current is passed is known as primary and
the other in which e.m.f. is developed is called as
secondary.

Let the current through the primary coil at any
instant be i . Then the magnetic flux ¢, in the
secondary at any time will be proportional to
iie,d oci

Therefore the induced e.m.f. in secondary

when i, changes is given by

do, . di, , 1
= _ g oc -—L iy
dt 1.€., dt P
000000 |
ooy di o dmi s
dt dt
¢2 = M i]

where M is the constant of proportionality and is
known as mutual inductance of two coils. It is defined
as the e.m.f. induced in the secondary coil by unit
rate of change of current in the primary coil. The
unit of mutual inductance is henry (H).

Mutual Inductance of a Pair of Solenoids one
Suurounding the other coil

Figure shows a coil of N, turns and radius R,
surrounding a long solenoid of length / , radius R,
and number of turns N .

S,
(TN S0,

To calculate mutual inductance M between them,
let us assume a current i, through the inner solenoid S|
There is no magnetic field outside the solenoid and
the field inside has magnitude,

/
and is directed parallel to the solenoid’s axis. The

B =y, (N'J i
1

magnetic flux ¢g, through the surrounding coil is,
therefore,
by, = BER}) = Bt

M:N%¢Bz [ Na ) [Ny e
1I 1I 1]

H(JNlNzT':Rl2
= I

R}

Now,

1

Notice that M is independent of the radius R, of
the surrounding coil. This is because solenoid’s
magnetic field is confined to its interior.

Brain Teaser
What is the meaning of the statement “The
coefficient of mutual inductance for a pair of
coils is large” ?

Note
M < LL,
For two coils in series if mutual inductance is

considered then
L,=L +L,+2M

EXAMPLE 43
Find the mutual
inductance of two
concentric coils of
radii a and a,
(a, <<a,)) if the
planes of coils are same.

)

Sol. Let a current i flow in coil of radius a,.

. . Kol 2
Magnetic field at the centre of coil = 72; ma,
2

Bol o
Ta; or

2
_ M = Ho™
2a,

or Mi 2a,



EXAMPLE 44

Sol.

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

Let a current i flow in the coil of radius a,. The
magnetic 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

EXAMPLE 45

Sol.

or

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

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

Now the area vector of smaller coil which is
perpendicular to the plane of smaller coil will make
an angle 6 with the magnetic field.

Thus flux = BA=—"- ra2cos
2a, 1

2
_ hma, cosb,
2a,

EXAMPLE 46

Sol.

Find the mutual inductance between two rectangular
loops, shown in figure.
Let currenti flow in the
loop having o-by long
sides. Consider a
segment of width dx at <>
a distance x as shown
flux through the regent a

H H

dd)‘{u(’] ”—Ol}bdx
2nx  2n(x +a)

_ T LI TN PPN
¢ 2nx  2m(x +a)

c

i + +b+
L,ib {lnc b @ b c}
[¢ atc

EXAMPLE 47

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

(a) Findthe mutual
inductance of the two coils
(b) Find the emfinduced
in the larger coil

(c) If the resistance of

&
the larger loop is R find the

current in it as a function of time

Sol.

Note

(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

i
field at the centre = 22

2b
flux through the smaller coil = % ma’
Ky 2
M= —-ma
2b
(i) | emfinduced in larger coil |
=M di in smaller coil
dt
2
= Mopp2 (0) = K2
2b b
. . poma’
(iii) current in the larger coil = bR

Now The student can now attempt Section - C from
exercise.

Section D - L-R circuit, L-C Oscillations

9.

L.R. CIRCUIT

As the switch S is closed in given figure, current

S . v, .
1n circuit wants to rise upto R in no time but

inductor

C(di Vv L R
opposes it | 4 2T
hence at time t =0
inductor will behave _
as an open circuit v S
att=20

— —AN—

: . L di
As the time passes, i in the circuit rises and m

decreases. At any instant t.
Ldi

—+iR=V
dt

v .
current reaches the value R at time t = oo or we

can say, inductor will behave as a simple wire.



att=o
VIR R
A‘MA'
| L
lv
EXAMPLE 48
Find value of current i, i, and i, in given figure at
(a) timet=0 i BAV
(b) time t = o —>—’Um)“i1 — AWW—]
: L R

Sol.

10.

10.1

'y
Iy

(a) At time t = 0 inductor behaves as open Rcircuit

i=v/iR
i=0 i2p
—)1—. ——AMA———
i=i=vR :
I

|
(b) At time t = o0. Inductor will beha‘es as simple
wire

. V.o _2v
""R2) R
. — V
L=1,= R
i R
— AMMW—————————
I1 P — AVAVAVAV
i
I L
lv

GROWTH AND DECAY OF
CURRENT IN L-R CIRCUIT

Growth of Current

Consider a circuit containing a resistance R, an
inductance L, a two way key and a battery of e.m.f
E connected in series as shown in figure. When the
switch S is connected to a, the current in the circuit
grows from zero value. The inductor opposes the
growth of the current. This is due to the fact that
when the current grows through inductor, a back
e.m.f. is developed which opposes the growth of
current in the circuit. So the rate of growth of current
is reduced. During the growth of current in the
circuit, let i be the current in the circuit at any instant
t. Using Kirchhoff’s voltage law in the circuit, we
obtain

or

or

or

or

or

or

E LE—R‘ E R'—Lg
~L g =Rior E-Ri=L &

di - dt

E-Ri L

Multiplying by — R on both the sides, we get
~Rdi _ -Rdt
E-Ri L

Integrating the above equation, we have

log (E — Ri) = - %t A ()

where A is integration constant. The value of this
constant can be obtained by applying the condition
that current i is zero just at start i.e., at t = 0. Hence
log E=0+A
A=logE -(2)
Substituting the value of A from equation (2) in
equation (1), we get

R
log (E — Ri) =~ ft +log E

E —Ri R
log | = | = _ft

ol )

The maximum current in the circuit iy = E/R. So

i=i, {1 - ew(—itj} ..(3)

Equation (3) gives the current in the circuit at any
instant t. It is obvious from equation (3) thati=1,,
when

exp(fgtj =0 ie,att=o
L

lo

i
T Growth of current

o —



Note

Hence the current never attains the value 7, but it
approaches it asymptotically. A graph between
current and time is shown in figure.

We observe the following points

(1) When t = (L/R) then

=7 y1—exp _R,L =7
1= L R i, {11 —exp(-1)}

(L .
=1, . =0.63 i,

Thus after an interval of (L/R) second, the current
reaches to a value which is 63% of the maximum
current. The value of (L/R) is known as time
constant of the circuit and is represented by . Thus
the time constant of a circuit may be defined as the
time in which the current rises from zero to 63% of
its final value. In terms of t,
-t
i=i,|1-e°

(i1) The rate of growth of current (di/dt) is given by

il )]
RO

dt dt
. R -
From equation (3), exp | ~ ft - —

di _. (RY[i,—i R .
TS (ol EENUIC

This shows that the rate of growth of the current
decreases as i tends to i,. For any other value of
current, it depends upon the value of R/L. Thus
greater is the value of time constant, smaller will be
the rate of growth of current.

..(4)

Final current in the circuit = — , which is

independent of L. R

After one time constant, current in the

circuit=63% of the final current (verify

yourself)

More time constant in the circuit implies

slower rate of change of current.

If there is any change in the circuit

containing inductor then there is no

instantaneous effect on the flux ofinductor.
Li =L,

EXAMPLE 49

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

L
made n times lesser (H) then its initial value, find

out instant current just after the operation.

S
S €
Sol.  Using above result (note 4)
. . Me
Li =Lj, = L=3
EXAMPLE 50
Which of thetwo ~ |-wreeeeesimeneeee
curves shown i 1
has less time 2
constant.
Sol.  curve 1
10.2 Decay of Current
Let the circuit be disconnected from battery and
switch S is thrown to point b in the figure. The
current now begins to fall. In the absence of
inductance, the current would have fallen from
maximum #; to zero almost instantaneously. But due
to the presence of inductance, which opposes the
decay of current, the rate of decay of current is
reduced.
suppose during the decay of current, 7 be the value
of current at any instant t. Using Kirchhoft’s voltage
law in the circuit, we get
di . di R.
—-L—=Ri —=——
L T w L
Integrating this expression, we get
i
R L
R
log, i=— ft +B
where B is constant of integration. The value of B
can be obtained by applying the condition that when
t=0,i=1i,
log i,=B
Substituting the value of B, we get
. R .
logi=- ft +log i,
1 i R
— ==t
or g%, L
R
or (i/i)) = exp —ft ...(6)
(g ool
or i=i,exp|-—t|=1, exp|-—
L T



where © = L/R = inductive time constant of the
circuit.

It is obvious from equation that the current in the
circuit decays exponentially as shown in figure.

. We observe the following points
(1) After t = L/R, the current in the circuit is given
by

lo

. . RXL . I
i=iexp| "7 "} =1, exp(-1)

Decay of current

o t—
=(i,/e)=1i/2.718 =0.37 i,
So after a time (L/R) second, the current reduces
to 37% of the maximum current 7. (L/R) is known
as time constant t. This is defined as the time during
which the current decays to 37% of the maximum

current during decay.
(i1) The rate of decay of current in given by
di = d {ioexp (— R tj}
dt dt L
di R R R.
a2 ——t] ==
= dt L lpexp ( L J Ll (7
: di R,
© at L
This equation shows that when L is small, the rate
ofdecay of current will be large i.e., the current will
decay out more rapidly.
EXAMPLE 51
In the following circuit the switch is closed at t= 0.
Initially there is no current in inductor. Find out
current the inductor coil as a function of time.
R R
- e :
Sol. Atanytimet

—e+i R—(i—i)R=0
—e+2i R-iR=0
_iR+eg

"TTOR

i
Now, —&+i R+iR+L. 5 =0

R
A
e TV —M"'
iR t=0 _— iR i
i
s R L=
¢ I')R+ dt

iR+g di
—et |7, +1R+1.a=
s 3R _ di
- T2 2 dt
-+ 3iR
2 dt=-L.di
i di
= dt  —e+3iR
dt F o di t 1 (—g+3iRj
_I—: _— = - =—In| ——
OZL O—£+31R 2L 3R -

—& + 3iR 3Rt
—In|————|=—
€ 2L

3Rt

€ 3Rt

iy —|1—-e 2
=1 g1-e ¥

EXAMPLE 52
Figure shows a circuit consisting of a ideal cell, an
inductor L and a resistor R, connected in series.
Let the switch S be closed at t = 0. Suppose att=
0 current in the inductor is i, then find out equation

0
of current as a function of time

R i, L
C UUT ‘

| S
B S e A

Sol.  Let an instant t current in the circuit is i which is

increasing at the rate di/dt.

Writing KVL along the circuit, we have

LY R-0- 1Y o iR

e- Ly ~iIR=0= Lo =¢—i

i di _ I dt - iR Rt
= YeoiR 4L = In e iR =-T

R L
C
i
B S : A
_ s R —Rt/L

= e—iR = (e — i R)e ™" 3i:%
EXAMPLE 53

If the current in

the inner loop C

changes
according to i =
2t? then, find

©



Ho .2
M= —~na
2b

| emfinduced in larger coil |

- M ﬂ in smaller coil
dt

_ 2p,ma’t
aq-q
i
q R

+e—; —-iR=0
_<_|

e

Sol.
12.

Ko 2
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Section E - Induced, Properties of EM Waves

BASIC EQUATIONS OF
ELECTRICITY AND MAGNETISM

The whole concept of electricity and magnetism
can be explained by the four basic equations we
have deal so far.

Q
(1) §E~ds = g (Gauss law for electrostatic)

) § B.ds= 0 (Gauss law for magnetism)
() §B~d£ = W, i (Ampere’s law for Magnetism)

4) §E~d£ = 0 (Ampere’s law for electrostatic)

The above stated equation are true for non-time
varying fields

FARADAYS LAW FOR TIME VARYING
MAGNETIC FIELD

To understand the concept of faradays law we con-
sider a circular conducting loop placed in a region
where time dependent magnetic field is present

loop

= Time dependent magnetic
field is switched on at t= 0

From the earlier concept we know that an induced
emf will be produced in the conducting loop due to
which current will flow in the loop.

For current to flow a force must act on the electron
which will move then from static state. This force
cannot be due to magnetic field (since magnetic
force does not act on stationary charge). Hence
this force must be due to an electric field which has
been generated due to changing Magnetic field.

This electric field is non conservative in nature.

Note

Now The student can now attempt Section - C from
exercise.

Faraday stated this fact in his equation

j;E.dl - _(d;lt”j



14.

Note

f0 g

CONCEPT OF DISPLACEMENT
CURRENT (MODIFIED AMPERE'S
LAW)

Maxwell tried to generalis the concept of faradays
law that if changing magnetic field can produce
changing electric field then the reverse should also
be true i.e. changing electric field must produce
magnetic fied. To understand the concept of
displacement current let us try to understand this
experiment when the switch was closed at t = 0
both the needles deflected.

Magnetic
/ needle (2)
®&‘Parall el plate

capacitor

Magnetic
needle (1)

Deflection of needle (1) is under stood as M.F. is
produced due to current flowing in the wire.

But why did needle 2 deflect? It is lying in between
the two plates of capacitor where there is no
current. This magnetic field between the plates is
due to the changing electric field between the plates
(During charging of capacitor). Hence maxwell
conducted that changing electric field produces a
magnetic field

For Needle (1) Amper’s law

Bl =i

For needle (2) Amper’s law

- (1)

Hence there are two methods of producing M.F.
(a) Due to flow of electron which is known as con-
duction current
(b) Due to changing electric field

combining eq. (1) and eq. (2)

§B.dz =1, |:ic + [SO?H

Modifield ampere’s law

do, isknown as displacement current

15.

16.

16.1

FINAL FORM OF
EQUATION

MAXWELL'S

q

<o

(a) §E~ds =

(b) §B~ds =0

dog
(©) §E.d1: -

d¢
) §B.d1: u, [l+ < Tf:|
The above equation is known as Maxwell’s
equation for time varying form.
Howover for free space there are no charges and
no conduction current the equations that are
significant.

§E~d[ _ _ 4oy
dt
d¢
§B~d[ =Ly < d—tE

Solving these two differential equation the equation
of electric field and magnetic field that satisfies
these differential equations are obtained

E = E, sino(t - x/c)
B, =B, sin o(t - x/c)
Ey L
Here B, =C and mfc
TRANSVERSE NATURE OF

ELECTRO MAGNETIC WAVE AND
ITS PROPERTIES

Electromagnetic waves :

The idea of electromagnetic waves was given by
Maxwell and experimental verification was
provided by Hertz and other scientists. A brief
history of electromagnetic waves is as follows:

On the basis of experimental study of
electromagnetic induction, Faraday concluded that
a magnetic field changing with time at a point
produces a time varying electric field at that point.
Maxwell in 1864 pointed out an electric field
changing with time at a point also produces a time
varying magnetic field. The two fields are mutually
perpendicular to each other. This idea led Maxwell
to conclude that the mutually perpendicular time
varying electric and magnetic fields produce
electromagnetic disturbances in space. These
disturbances have the properties of wave which are
called as electromagnetic waves.

According to Maxwell, the electromagnetic



16.2

17.

waves are those waves in which there are
sinusoidal variation of electric and magnetic
field vectors at right angle to each other as
well as right angles to the direction of wave
propagation. An electromagnetic wave is shown
in fig.

Envelope of electric
intensity vector

Y
E/ B
B\ E B

Envelope of magnetic
induction vector

Direction of
E propagation

The velocity of electromagnetic wave in free space
is given by
1

€= V(o €)

where p, (1 = 1.257 x 10° T mA™') and
€,(=8.854 x 10> C*N'm?) are permeability and
permittivity of free space respectively. The velocity
of electromagentic waves in free space is equal to
the velocity of light. Therefore, light is
electromagnetic waves. The electromagnetic
waves are transverse in nature.

Transverse nature of electromagnetic
waves:

We have seen that electromagnetic waves consists
of asinusoidally verying electric and magnetic field.
These fields act right angles to each other as well
as right angles to the direction of propagation of
waves. These fields are represented by

E = E, sin o(t — x/c)
andB = B sin o(t - x/c)
respectively. The two fields combine to constitute
electromagnetic wave. The electromagnetic wave
propagates in space in a direction perpendicular to
the directions of both fields as shown in fig. The
electric field vectors (E) is along Y-axis and mag-
netic field vector (B) along Z-axis while the wave
propagation direction is along X-axis. As both the
fields are perpendicular to the direction of propa-
gation of electromagnetic wave and hence the elec-
tromagnetic waves are transverse in nature.

POYNTING VECTOR
(DERIVATION AND REQUIRED)
Poynting vector is a vector that describes the mag-
nitude and direction of energy flow rate.

- -
ExB
Ho

N
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18.

g — Poynting vector

The magnitude of poynting vector represents the
rate at which energy flows through a unit surface
area perpendicular to the direction of wave
propogation SIunit J/sm?or w/m?

ENERGY DENSITY AND INTENSITY

We know that electric and magnetic field have
energy and since EM wave have both these
components hence it carries energy with it.

We know that energy density associated with E.F.

1
= — EOE2

2

2

B
‘We know that energy density associated with M.E. = I

0
Thus total energy of EM wave is given by
2

1
U=U,+ U, orE 21,

putting the values of E.F. and M.F.

2
EOE +

1 N Bgsinzco(t—x/c)
U= 2 € B, sino(t — x/c) + —Zuo

If we take the average value over a long period of
time

sin? (o(t—xﬂ — l
¢ Av 2

1 1
U,, =7EE3+7
4 4u,

By

The above equation can also be written as

2 2

€0 Ep By

=———oU ="
av 2 av 2”0
Intensity :
Energy crossing per unit area per unit time
perpendicular to the direction of propogation is called
intensity of wave.

Energy contained in the volume :

AT T
\/ \J

< >

CAT

1
U=U, xvol = 7 & (ACAT)

ntensit U 5 E°C
intensity =" = ——

! 2 Y

I=—¢,CE; or —Bj
2 Ko




19. ELECTROMAGNETIC SPECTRUM
Orderly arrangement of electromagnetic radiations according to their wavelength or frequency is
called as electromagnetic spectrum.
The electromagnetic spectrum encompasses radiowaves, microwaves, infrared rays, visible light,
ultraviolet rays, X-rays and gamma rays fig. shown the most commonly enecountered.

Wavelength in nm

102 10 01 10-1 102 103 104 105 106 107 108 10°2 10-10 10-11 10-12 1013
V.H.
Radio < X rays
e . Micro wave Infrared
Radio Y rays
wave e < »
[ Rt . >

107 108 109 1010 1011 102 1013 10!4 |f1015 1016 1017 1018 1019 1020 102!

Visible light Frequency in Hz

| 750 700 650 600 550 500 450 400nm|

Y 21NN

¥ Al < )
| Red Orange Yellow  Green Blue Violet |

Name Frequency range (Hz) Wavelength range (m)
y-ray 5%x10 —3x10 6x T "P-1xT0"°
X-ray 3x10”-1x10" 1x10"-3x 107
Ultraviolet 1 x101°—8 x 10™ 3x10%-4x107
Visible light 8x10"—-4x 10" 4x107-8x107
Infra-red 4x10"-1x10" 8x107-3x 107
Micro-waves 3x10"-1x10° 1x10°-3x 10"
Ultra high radio frequencies 3x10°-3x 10} 1x107—1
Very high Radio frequencies 3x10°-3x 10 1-10
Radio frequencies 3x10°-3x 10" 10-10*

Colour Wavelength (m)

Violet 4x107-45x%10"

Blue 45%x107-5x%x10"

Green 55x107-57% 10"

Yellow 57%x10"-59x% 10"

Orange 59x107-62x%10"

Red 62x107-7.5x1077

Note

Now The student can now attempt Section - E from exercise.



Exercise - 1

Objective Problems | JEE Main

Section A - Flux, Faraday’s law, Lenz’s law

1.

A flux of Im Wb passes through a strip having an
area A = 0.02 m® The plane of the strip is at an
angle of 60° to the direction of a uniform field B.
The value of B is-
(A)0.1 T

(C)4.0 mT

(B) 0.058 T

(D) none of the above.

The number of turns in a long solenoid is 500. The
area of cross-section of solenoid is 2 x 1073 m?. If
the value of magnetic induction, on passing a
current of 2 amp, through it is 5 x 107 tesla, the
magnitude of magnetic flux connected with it in
webers will be

(A)5 % 103 (B) 102

(©) 10°° (D) 2.5

A conducting loop of radius R is present in a uniform
magnetic field B perpendicular the plane of the ring.
Ifradius R varies as a function of time ‘t’, as R=R +

t. The e.m.f induced in the loop is

X X X X X X X X
X X X X X X X X
X X X X X X X X

(A) 2n (R, + t) B clockwise
(B) (R, + t)B clockwise
(C) 2n(R, + t)B anticlockwise
(D) zero

The instantaneous flux associated with a closed
circuit of 10Q resistance is indicated by the
following reaction ¢ = 6t — 5t + 1, then the value
in amperes of the induced current at
t=0.25 sec will be:

(A)1.2 (B)0.8

©)6 (D)0.2

An electron is moving in a circular orbit of radius R
with an angular acceleration a. At the centre of the
orbit is kept a conducting loop of radius r, (r <<R).
The e.m.f induced in the smaller loop due to the
motion of the electron is

(A) zero, since charge on electron in constant

2
(©) P q

2
HoCr

B) ——a

(B) 4nR

4R
(D) none of these

A vertical bar magnet is dropped from position on
the axis of a fixed metallic coil as shown in fig-I. In
fig-II the magnet is fixed and horizontal coil is
dropped. The acceleration of the magnet and coil

are a, and a, respectively then

| o :
-
A

T fixed fixed L N
fig-1 figl-II

(A)a,>g a>g
(©a <g a<g

(B)a >g, a<g
(D)a <ga>g

A negative charge is given to a nonconducting loop
and the loop is rotated in the plane of paper about
its centre as shown in figure. The magnetic field
produced by the ring affects a small magnet placed

above the ring in the same plane :

©

(A) the magnet does not rotate

(B) the magnet rotates clockwise as seen from
below.

(C) the magnet rotates anticlockwise as seen from
below

(D) no effect on magnet is there.



Two conducting rings P and Q of radii r and 2r rotate
uniformly in opposite directions with centre of mass
velocities 2v and v respectively on a conducting
surface S. There is a uniform magnetic field of
magnitude B perpendicular to the plane of the rings.
The potential difference between the highest points
of the two rings is

2v B v
0]
P S Q
(A) zero (B) 4 Bvr
(C) 8 Bvr (D) 16 Bvr

Section B - EMF induced in Moving Rod,

10.

Rotating Ring, Disc.

A small conducting rod of length |, moves with a
uniform velocity v in a uniform magnetic field B as

shown in fig-
Y,

X X X X X X
X X X X X X
xx/x_‘x X
xx'xxxx
X X

X 'x x X

X
(A)Then the end X of the rod becomes positively

charged

(B) theend Y of the rod becomes positively charged
(C) the entire rod is unevely charged

(D) the rod becomes hot due to joule heating.

Consider the situation shown in fig. The
resistanceless wire AB is slid on the fixed rails with
a constant velocity. If the wire AB is replaced by a
resistanceless semicircular wire, the magnitude of

the induced current will

X X XAX
X X

V&—
X X X X

(A) increase

(B) remain the same

(C) decrease

(D) increase or decrease depending on whether the
semicircle bulges towards the resistance or away
from it.

11.

12.

13.

A conducting square loop of side I and resistance
R moves in its plane with a uniform velocity v
perpendicular to one of its sides. A uniform and
constant magnetic field B exists along the
perpendicular to the plane of the loop in fig. 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

X X X X X X

(A) BIv/R clockwise

(B) BIu/R anticlockwise
(C) 2BIu/R anticlockwise
(D) zero

Two identical conductors P and Q are placed on
two frictionless fixed conducting rails R and Sina
uniform magnetic field directed into the plane. If P
is moved in the direction shown in figure with a

constant speed, then rod Q

P Q B
x x x
R Ve—
x x x
S
x x x

(A) will be attracted towards P
(B) will be repelled away from P
(C) will remain stationary

(D) may be repelled or attracted towards P

Two infinitely long conducting parallel rails are
connected through a capacitor C as shown in the
figure. A conductor of length / is moved with
constant speed v,. Which of the following graph
truly depicts the variation of current through the

conductor with time ?

® ®B®

J_@ ®
Il >V

T ®) | ®

® ®



14.

15.

16.

17.
Current'r Current'r
@) ¢ ®) '
t (time) t (time)
Current'r Current'r
It It
(C) (D)
1=0 t(time) t (time)

A long straight wire is parallel to one edge as in fig.
If the current in the long wire is varies in time as I
=1, what willl.be the induced emf in the loop ?
T

i

a

€«—ph—>

HobI (d+aj MobI (d+aj
(A) T 8 d (B) 2t 8 d

2u,bl (d+aj pobl ( d j

o Y Polyal =
© T " d (D) T 8 d+a

The magnetic field in a region is given by

B=B,| 1+ fjﬁ . A square loop of edge-length dis 19,

a
placed with its edge along x & y axis. The loop is
moved with constant velocity V =V,i. The emf
induced in the loop is

2 2
(a) YoBud ®) VO?Od
a a
2
(©) YoBoa” (D) None

d

There is a uniform magnetic field B normal to the
xy plane. A conductor ABC has length AB =/,
parallel to the x-axis, and length BC =/, parallel to
the y-axis. ABC moves in the xy plane with

velocity vxf+vy1. The potential difference

between A and C is proportional to

(A) vi+ v,
©) v - v, 1,

(B) v+ v, 1
(D) Vi - v, 1

20.

A rod of length 1 rotates with a uniform angular
velocity @ about its perpendicular bisector. A
uniform magnetic field B exists parallel to the axis
of rotation. The potential difference between the
two ends of the rod is

1
(A) zero (B) Emez

(C) Bo/? (D) 2Bw/?

A rod of length 10 cm made up of conducting and
non-conducting material (shaded part is non-
conducting). The rod is rotated with constant
angular velocity 10 rad/sec about point O, in
constant magnetic field of 2 tesla as shown in the
figure. The induced emf between the point A and B
ofrod will be

X X X

x
A
x

(B)0.1 V
(D) 0.064 V

(A)0.029 V
(C)0.051 V

The north pole of a magnet is brought near a coil.
The induced current in the coil as seen by an
observer on the side of magnet will be

(A) in the clockwise direction

(B) in the anticlockwise direction

(C) initially in the clockwise and then anticlockwise
direction

(D) initially in the anticlockwise and then
clockwise direction.

A metal sheet is placed in a variable magnetic field
which is increasing from zero to maximum.
Induced current flows in the directions as shown in
figure. The direction of magnetic field will be -

(A) normal to the papser, inwards
(B) normal to the paper, outwards.
(C) from east to west

(D) from north to south



Section C - self Induction, Mutual Induction

21.

22.

23.

24.

25.

The coefficient of mutual induction between two
coils is 4H. If the current in the primary reduces
from 5A to zero in 103 second then the induced
e.m.f. in the secondary coil will be-

(A) 104V (B)25 x 103V

(C)2x 104V (D) 15 x 103V

The number of turns in a coil of wire of fixed radius
is 600 and its self inductance is 108 mH. The self
inductance of a coil of 500 turns will be-

(A) 74 mH (B) 75 mH

(C) 76 mH (D) 77 mH

A long solenoid contains 1000 turns/cm and an
alternating current of peak value 1A is flowing init. A
search coil of area of cross-section 1 x 104 m? and
having 50 turns is placed inside the solenoid with its
plane perpendicular to the axis of the solenoid. A peak
voltage of 2% x 102V is produced in the search coil.
The frequency of current in the solenoid will be —
(A) 50 Hz (B) 100 Hz

(C) 500 Hz (D) 1000 Hz

The magnetic flux through a stationary loop with
resistance R varies during interval of time T as ¢ =
at (T — t). The heat generated during this time
neglecting the inductance of loop will be

a’T? a’T?
A ®) Sy
© % D)

A closed planar wire loop of area A and arbitrary
shape is placed in a uniform magnetic field of
magnitude B, with its plane perpendicular to
magnetic field. The resistance of the wire loop is
R. The loop is now turned upside down by 180° so
that its plane again becomes perpendicular to the
magnetic field. The total charge that must have
flowen through the wire ring in the process is

(A) < AB/R (B) = AB/R
(C)=2AB/R (D) None

26.

27.

28.

Two coil A and B have coefficient of mutual
inductance M = 2H. The magnetic flux passing
through coil A changes by 4 Weber is 10 seconds
due to the change in current in B. Then

(A) change in current in B in this time interval is 0.5 A
(B) the change in current in B in this time interval is 2A
(C) the change in current in B in this time interval is 8A
(D) a change in current of 1 A in coil A will produce
a change in flux passing through B by 4 Weber.

In the circuit shown in figure, a conducting wire
HE is moved with a constant speed V towards left.
The complete circuit is placed in a uniform

magnetic field B perpendicular to the plane of the
circuit directed in inward direction. The current in
HKDE is

A H K
XX
R ®L< x 1
xk x x|C
\Y I
G E D

(A) clockwise

(C) alternating

(B) anticlockwise
(D) Zero

Induction furnaces work on the principle of :
(A) self-induction
(C) eddy currents

(B) mutual induction
(D) none of the above

Section D - L-R circuit, L-C Oscillations

29.

In the adjoining circuit, initially the switch S is
open. The switch ‘S’ is closed at t = 0. The
difference between the maximum and minimum

current that can flow in the circuit is

10V s
[ —
01H  10Q

10Q

(A) 2 Amp
(B) 3 Amp
(©) 1 Amp
(D) nothing can be concluded



30.

31.

32.

33.

Two identical inductance carry currents that vary
with time according to linear laws (as shown in
figure). In which of two inductance is the self

induction emf greater ?

t

A)1 B)2
(C) same

(D) data are insufficient to decide

L, C and R represent physical quantities
inductance, capacitance and resistance. The
combination which has the dimensions of

frequency is
R
® Jrc ™I\

C
(©) Jic D) T

Ay L g B
(A) gc and ¢

In an L-R circuit connected to a battery of
constant e.m.f E switch S is closed at time t = 0. If
e denotes the magnitude of induced e.m.f across
inductor and i the current in the circuit at any time
t. Then which of the following graphs shows the

variation of e with 7 ?
€ e
(A) ®) :
i i
e e
© C D) i
i i
A current of 2A is increasing at a rate of
4A/s through a coil of inductance 2H. The energy
stored in the inductor per unit time is

(A) 21/s B) 11/s
(C) 16 1/s (D) 4 J/s

A long solenoid of N turns has a self inductance L
and area of cross section A. When a current i
flows through the solenoid, the magnetic field inside
it has magnitude B. The current i is equal to :

(A) BAN/L (B) BANL

(C) BN/AL (D) B/ANL

The current in an L - R circuit in a time
t=2L/R reduces to-

(A) 36.5% of maximum

(B) 13.5% of maximum

(C) 0.50% of maximum

(D) 63.2% of maximum

A rectangular loop of dimensions / & w and
resistance R moves with constant velocity V to the
right as shown in the figure. It continues to move
with same speed through a region containing a
uniform magnetic field B directed into the plane of
the paper & extending a distance 3 W. Sketch the
flux, induced emf & external force acting on the

loop as a function of the distance.

3w
X X X X X
V., |x x x x Bx
X X X X
Bx| xvx x x
I
1 x[x x x x
x| x x x x
‘_WT’ X X X X
X X X X X
E w S E w S
3w 4 3w 4
] ¢
(A) s (B) s
F— 1 s F— 1 s
E w S E w S
3w 4 3w 4
(€)= s (D)= s
F s F — s




37.

38.

An LR circuit with a battery is connected at t =0.  40.

Which of the following quantities is not zero just
after the circuit

(A) current in the circuit

(B) magnetic field energy in the inductor

(C) power delivered by the battery

(D) emfinduced in the inductor

41.
In figure, the switch S is closed so that a current
flows in the iron-core inductor which has
inductance L and the resistance R. When the
switch is opened, a spark is obtained in it at the
contacts. The spark is due to

L
R
- B.—S/

(A) a slow flux change in L

42.

(B) a sudden increase in the emf of the battery B
(C) arapid flux change in L
(D) a rapid flux change in R

Section E - Induced, Properties of EM Waves

39.

A cylindrical space of radius R is filled with a 43.

uniform magnetic induction B parallel to the axis of
the cylinder. If B changes at a constant rate, the

graph showing the variation of induced electric

field with distance r from the axis of cylinder is 44.

Ea Ea

(A) i ( B)
— r >y

Ea E

© i (D)

Elecromagnetic waves travel in a medium with a
speed of 2 x 108 m/s. The relative permeability of

the mediumis 1. What is the relative permittivity of

the medium-
(A)2.25 (B)3.25
(C©)4.25 (D)5.25

A light beam travelling in the X-direction is
described by the electric field E =(300V/m) sinw
(t—x/c). An electron is constrained to move along
the Y-direction with a speed of 2.0 x 10”m/s. Find
the maximum electric force and the maximum
magnetic force on the electron respectively.
(A)4.8x107 N, 3.2 x 108N

(B)9.6x107"" N, 6.4 x 108N

(C)2.4x107"" N, 1.6 x 108N

(D) 3.6x1077 N, 2.5 x 108N

An L — C circuit contain a 400 pF capacitor and a
100 pF inductor. It is set into oscillation coupled to
an antenna. The wavelength of the radiated
electromagnetic waves is :

(A) 377 mm (B) 377 cm

(C)3.77 cm (D) 377 m.

The frequency of radiowaves corresponding to a
wavelength 10 m s :
(A) 3x107 5!
(C) 3x107 s'!

(B) 3x10° s!
(D) 1/3x107 s

In a plane e.m. wave, the electric field oscillates
sinusoidally at a frequency of 2.0x10'° Hz and
amplitude 48 V mr'. The wavelength of the wave is :
(A) 24x10"°m (B) 1.5%10?m
(C)4.16x10*m (D) 3x10%m



Exercise - 2 (Level-I)

Objective Problems | JEE Main

Section A - Flux, Faraday’s law, Lenz’s law

1.

Two circular coils A and B are facing each other as
shown in figure.

The current i through A can be altered

(A) there will be repulsion between A and B if'i is
increased

(B) there will be attraction between A and B if'i is
increased

(C) there will be neither attraction nor repulsion
when i is changed

(D) attraction or repulsion between A and B
depends on the direction of current.

It does not depend whether the current increased
or decreased

An electric current i can flow either direction
through loop (1) and induced current i, in loop (2).
Positive i, is when current is from ‘a’ to ‘b’ in loop
(1) and positive i, is when the current is from ‘¢’ to
‘d’ inloop (2)

\ loop (1)

\
loop (2)

In an experiment, the graph of i, against time ‘t’ is
as shown below

Iy

o———
t
Which one(s) of the following graphs could have

caused i, to behave as give above.

Iy Iy

A) o ®),

i
1

©,

—
Lt
(E) / _— t

0

) °

3.

A square metal loop of side 10 cm and resistance 1
Q is moved with a constant velocity partly inside a
magnetic field of 2 Wbm 2, directed into the paper,
as shown in the figure. This loop is connected to a
network of five resistors each of value 3 Q. If a
steady current of 1 mA flows in the loop, then the
speed of the loop is

X X X X v

X e

X |x X

X | X X X|

X

X X X X
(A) 0.5 cms™! (B) I cms™!
(C) 2 cms™! (D) 4 cms™!

The dimension of the ratio of magnetic flux and the
resistance is equal to that of :

(A) induced emf (B) charge

(C) inductance (D) current

A wire loop is placed in a region of time varying
magnetic field which is oriented orthogonally to the
plane of the loop as shown in the figure. The graph
shows the magnetic field variation as the function
of time. Assume the positive emf is the one which
drives a current in the clockwise direction and seen
by the observer in the direction of B. Which of the
following graphs best represents the induced emf

as a function of time.




A conducting wire frame is placed in a magnetic 9-
field which is directed into the paper. The magnetic
field is increasing at a constant rate. The directions

of induced currents in wires AB and CD are

X X X X X X X

X X X X X

(A)BtoAandDtoC (B)AtoBand CtoD

(C)AtoBandDtoC (D)BtoAand CtoD 10.

Section B - EMF induced in Moving Rod,

Rotating Ring, Disc.

The figure shows an isosceles triangle wire frame
with apex angle equal to n/2. The frame starts
entering into the region of uniform magnetic field B
with constant velocity v at t = 0. The longest side of
the frame is perpendicular to the direction of
velocity. If i is the instantaneous current through the
frame then choose the alternative showing the

correct variation of i with time.

XX X
X BX X
X X X
PN x
X X X
X X X
t=0
i i
(A) (B) 1
t L—>t ’
i i
©) (D)
t >t

A metallic rod of length L and mass M is moving
under the action of two unequal forces F and F,
(directed opposite to each other) acting at its ends
along its length. Ignore gravity and any external
magnetic field. If specific charge of electrons is (e/
m), then the potential difference between the ends
of the rod is steady state must be

(A) [F,—F| mL/eM  (B) (F, - F,) mL/eM

(C) [mL/eM] in [F /F,] (D) None

Two parallel long straight conductors lie on a
smooth surface. Two other parallel conductors rest
on them at right angles so as to form a square of
side a initially. A uniform magnetic field B exists at
right angles to the plane containing the conductors.
They all start moving out with a constant velocity v.
If r is the resistance per unit length of the wire the
current in the circuit will be

Bv
A —
(C) Bvr

BACD is a fixed conducting smooth rail placed in a
vertical plane. PQ is a conducting rod which is free
to slide on the rails. A horizontal uniform magnetic
field exists in space as shown. If the rod PQ is
released from rest then,

OO0 0006
0008 000,
© 0lle o
© olle o
0000 0000
000° 000

® 0|l O

®© 0|l o

©
vy
o]
©

(A) The rod PQ will move downward with
constant acceleration

(B) The rod PQ will move upward with constant
acceleration

(C) The rod will move downward with decreasing
acceleration and finally acqcure a constant
velocity

(D) either A or B

A metal disc rotates freely, between the poles of a
magnet in the direction indicated. Brushes P and Q
make contact with the edge of the disc and the metal
axle. What current, if any, flows through R?

[9)
Py

(A) a current from P to Q

(B) a current from Q to P

(C) no current, because the emf in the disc is
opposed by the back emf

(D) no current, because the emf induced in one
side of the disc is opposed by the emf induced in
the other side.



12.

13.

14.

15.

In the previous question, if B is normal to the 16.

plane of the rails
(A) Bil=mg tan 6
(C) Bil =mgcos 6
(D) equilibrium cannot be reached

(B) Bil = mg sin 6

A conducting rod of length / moves with velocity v a
direction parallel to a long wire carrying a steady
current I. The axis of the rod is maintained
perpendicular to the wire with near end a distance
raway as shown in the fig. Find the emfinduced in the

rod. 17.
N

(B) @ln(%l] | ' |

©) ”"TIVIH(%H] ling

polv. (r+]
(D) 27‘“(7

A uniform magnetic field of induction B is confined
to a cylindrical region of radius R. The magnetic

.. . dB
field is increasing at a constant rate of o (tesla/

second). An electron of charge g, placed at the point  18.

P on the periphery of the field experiences an
acceleration

Alﬁd—Bt d left
()Zmdt oward le

SELTLIN——
()2m g toward rig

C ¢R dB d left
© m dt toward le
(D) zero

When a ‘J” shaped conducting rod is rotating in its
own plane with constant angular velocity o, about
one of its end P, in a uniform magnetic field B
directed normally into the plane of paper) then

magnitude of emf induced across it will be 20.

(8)Bo 71 7 )

X X X X X X X
X X X X X X X X

1 X X X X x

(B) EB(DLz X X x x
X X x x 8 x

1 5 5 X % X X X X X

(C) —Bo(L" +/7) XPXpX X X X X X
2 X X X X X X X X

1. »
—Bw/
(D) 5 Bo

19.

A rectangular coil of single turn, having area A,
rotates in a uniform magnetic field B an angular
velocity o about an axis perpendicular to the field.
If initially the plane of coil is perpendicular to the
field, then the average induced e.m.f. when it has
rotated through 90° is

®BA ®BA
() = B) .

®BA 2mBA
© — D) ——

For L - R circuit, the time constant is equal to

(A) twice the ratio of the energy stored in the
magnetic field to the rate of dissipation of energy in
the resistance.

(B) ratio of the energy stored in the magnetic field
to the rate of dissipation of energy in the
resistance.

(C) half the ratio of the energy stored in the
magnetic field to the rate of dissipation of energy in
the resistance

(D) square of the ratio of the energy stored in the
magnetic field to the rate of dissipation of energy in
the resistance.

Section C - self Induction, Mutual Induction

On making a coil of copper wire of length ¢ and coil
radius r, the value of self inductance is obtained as
L. If the coil of same wire, but of coil radius 1/2, is
made, the value of self inductance will be-

(A) 2L (B) L

(C) 4L (D) L2

A thin copper wire of length 100 metres is wound
as a solenoid of length | and radius r. Its self
inductance is found to be L. Now if the same
length of wire is wound as a solenoid of length |
but of radius 1/2, then its self inductance will be-
(A) 4L (B) 2L

()L (D) L2

A small coil of radius r is placed at the centre of a
large  coil of radius R,  where
R >>r. The coils are coplanar. The coefficient of
mutual inductance between the coils is

2

Mo Homr

(A) 2R (B) 2R
2

Hont Horr

© 25 (D) 5



21.

22.

23.

24.

25.

The role of self-inductance in a circuit is equivalent to :
(A) momentum (B) force
(C) energy (D) inertia

The approximate formula expressing the mutual
inductance of two thin co-axial loops of the same
radius ‘a’ when their centres are separated by a
distance £, with £ >>ais :

1 p nat lpa’

o B 9o
(&) 575 (B) e
2 4

Ho Ta Ho 2
©) ir T (D) = T

Consider a toroid with N turns as shown in Figure.
The space inside the solenoid is filled up with
uniform paramagnetic substance of permeability L,
the inductance is :

2
{Where L, :wfn [1 +%ﬂ

T

(#)21L, (B)
O L, (D)4L,

The inductance per unit length of the double tape
shown with h<<bis : (Herelis the linear density of
currents) is :

Ih

— b —
b h
(A) HOH (B) Hog
h b
© 2”03 (D) 2“0H

Two coil of self-inductances 2 mH and 8 mH are
placed so close together that the effective flux in
one coil is completely linked with the other. the
mutual inductance between those coils is:

(A) 16 mH (B) 10 mH

(C) 6 mH (D) 4 mH

The coefficient of self-induction of two coils are
0.01 Hand 0.03 H respectively. If they oppose each
other then the resultant self induction will be, if
M=0.01 H

(A) 2H (B)0.2 H

(C)0.02 H (D) zero.

Section D - L-Rcircuit, L-C Oscillations

A rectangular loop with a sliding connector of
length 10 cm is situated in uniform magnetic field
perpendicular to plane of loop. The magnetic
induction is 0.1 tesla and resistance of connector
(R) is 1 ohm. The sides AB and CD have
resistances 2 ohm and 3 ohm respectively. Find the
current in the connector during its motion with
constant velocity one meter/sec.

A D
203 30
Rl — ]
B c
A) LA B) ——A
(A) 110 (B) 220
1 1
—A —A
© 55 (D) 440

In the circuit shown, the cell is ideal. The coil has
an inductance of 4H and zero resistance. F is a
fuse of zero resistance and will blow when the
current through it reaches 5A. The switch is closed

att=0. The fuse will blow : L
(A) justaftert=0 fuse

(B) after 2s

(C) after 5 s SWT

(D) after 10s

2V

In Previous Problem if I is reversed in direction,
then V, -V equals

(A)5V B)10V

O 15V (D)20V

The network shown in the figure is part of a
complete circuit. If at a certain instant, the current
Iis 5A and it is decreasing at a rate of 103 As™!
then V, -V equals
10 + 5mH
A s |00 B
! 15V
(A)20V B) 15V
o 1mv D)5V



31.

32.

33.

34.

In the circuit shown, X is joined to Y for a long time,

and then x isjoined to Z. The total heat produced in

R,is:

L 2

(A) 2 Rlz
LE X oz

(B) 5 R;

L Y
LE? N—MN\N—I

©) 2R,R, E R,

LE’R,
(D) 2R}

Calculate the ratio of power desipatted by the bulb
at t =1 sec and t =2 sec after closing the switch-

V=200 volt
P=100 watt

L.=200H
000000
[ 1
R o2 . &2 2
(A) e*-1 (B) €% +1)
2
© :4_;11 (D) None of these

Figure shows a square loop of side 0.5 m and
resistance 10Q. The magnetic field has a
magnitude B = 1.0T. The work done in pulling the
loop out of the field uniformly in 2.0 s is

B=0

(A)3.125x 1031
(C)1.25x 1027

(B) 6.25 x 1047
(D)5.0x 1047

Two coils of self inductance 100 mH and 400 mH
are placed very close to each other. Find the
maximum mutual inductance between the two
when 4 A current passes through them

(A) 200 mH (B) 300 mH

(C) 100v2 mH (D) none of these

3s.

36.

Section E -

37.

38.

The ratio of time constant in charging and
discharging in the circuit shown in figure is

(A)1:1
(€)2:3

B)3:2
D)1:3

The current in the given circuit is increasing with a
rate a =4 amp/s. The charge on the capacitor at an
instant when the current in the circuit is 2 amp will be :

E=4V

R=10Q

L=1H C=3nF
(B) 5 uC
(D) none of these

(A) 4 uC
(C) 6uC

Induced, Properties of EM Waves

There are three wavelengths, 10’ m, 10° m and
107 m, Find their respective names :

(A) Radio waves, X-rays, visible rays

(B) X-rays, visible rays, Radio waves

(C) X-rays, y-rays, visible rays

(D) Visible rays, y-rays and X-rays

The electric field associated with an e.m. wave in
vacuum is given by f _3 40 cos (kz—6x108 t),
where E, z and t are in volt/m, meter and second
respectively. The value of wave vector k is :

(A) 3 m! (B) 2 m’!

(C) 0.5 m’ (D) 6 m'!



Exercise - 2 (Level-II)

Multiple Correct | JEE Advanced

Section A - Flux, Faraday’s law, Lenz’s law

1.

Two circular coils P & Q are fixed coaxially &
carry currents I, and I respectively

Y

P Q
(A)if L, =0 & P moves towards Q, a current in the

same direction as I, is induced in Q

(B) if I, = 0 & Q moves towards P, a current in the
opposite direction to that of I, is induced in P.

(C) When I, # 0 and I, # 0 are in the same
direction then the two coils tend to move apart.
(D) when I # 0 and I, # 0 are in opposite directions
then the coils tends to move apart.

Figure shown plane figure made of a conductor
located in a magnetic field along the inward normal
to the plane of the figure. The magnetic field starts
diminishing. Then the; induced current

(A) at point P is clockwise
(B) at point Q is anticlockwise
(C) at point Q is clockwise
(D) at point R is zero

A bar magnet is moved along the axis of copper
ring placed far away from the magnet. Looking
from the side of the magnet, an anticlockwise
current is found to be induced in the ring. Which of
the following may be true ?

(A) The south pole faces the ring and the magnet
moves towards it.

(B) The north pole faces the ring and the magnet
moves towards it.

(C) The south pole faces the ring and the magnet
moves away from it.

(D) The north pole faces the ring and the magnet

moves away from it.

4.

A rectangular frame ABCD made of a uniform
metal wire has a straight connection between E &
F made of the same wire as shown in the figure.
AEFD is a square of side ] m & EB=FC =0.5m.
The entire circuit is placed in a steadily increasing
uniform magnetic field directed into the place of
the paper & normal to it. The rate of change of the
magnetic field is 1 T/s, the resistance per unit
length of the wire is 1 Q/m. Find the current in
segments AE, BE & EF.

7
A L = —A A E B
SR R
x xyx x|
3 x B x x| x
(B) 1, = A x
D F C

1
©) L = ZA

(D) None of these

Section B - EMF induced in Moving Rod,

Rotating Ring, Disc.

AB and CD are smooth parallel rails, separated by
a distance /, and inclined to the horizontal at an
angle 0. A uniform magnetic field of magnitude B,
directed vertically upwards, exists in the region. EF
is a conductor of mass m, carrying a current i. For
EF to be in equilibrium,

(A) i must flow from E to F
(B) Bil=mgtan 6

(C)Bil =mgsin 6

(D) Bil=mg



A semicircle conducting ring of radius R is placed
in the xy plane, as shown in the figure. A uniform
magnetic field is set up along the x-axis. No net
emf, will be induced in the ring. if

Y

z
(A) it moves along the x-axis

(B) it moves along the y-axis
(C) it moves along the z-axis
(D) it remains stationary

Section D - L-Rcircuit, L-C Oscillations

7.

Current growth in two L-R circuits (b) and (c) as
shown in figure (a). Let L, L, R, and R, be the
corresponding values in two circuits. Then

L, R,
_—
v S
(c)
(A)R, >R, (B)R, =R,
(OL >L, D)L, <L,

10.

The switches in figures (a) and (b) are closed at
t=0
R L

_— _
E @ )
(A) The charge on C just after t =0 is EC.
(B) The charge on C long after t = 0 is EC.
(C) The current in L just after t = 0 is E/R.
(D) The current in L long after t =0 is E/R.

An inductance L, resistance R, battery B and
switch S are connected in series. Voltmeters V
and V_ are connected across L and R respectively.
When switch is closed :

L R
— 7
B s

(A) The initial reading in V, will be greater than in V,
(B) The initial reading in V| will be lesser than V,

(C) The initial readings in V, and V will be the same.
(D) The reading in V, will be decreasing as time
increases.

Two different coils have self inductance 8mH and
2mH. The current in one coil is increased at a
constant rate. The current in the second coil is also
increased at the same constant. At a certain instant
of time, the power given to the two coils is the
same. At that time the current, the induced voltage
and the energy stored in the first coil are I, V, and
W, respectively. Corresponding values for the
second coil at the same instant are L, v, and W,
respectively. Then :



Exercise - 3 | Level-1

Subjective | JEE Advanced

Section A -
1.

Section B -

Flux, Faraday’s law, Lenz’s law

A charged ring of mass m = 50 gm, charge 2
coulomb and radius R =2m is placed on a smooth
horizontal surface. A magnetic field varying with
time at a rate of (0.2 t) Tesla/sec is applied on to
the ring in a direction normal to the surface of ring.
Find the angular speed attained in a time
t, = 10 sec.

L
Find the dimension of the quantity ROV’ where

symbols have usual meaning.

There exists a uniform cylindrically symmetric
magnetic field directed along the axis of a cylinder
but varying with time as B = kt. If an electron is
released from rest in this field at a distance of ‘r’
from the axis of cylinder, its acceleration, just after it
is released would be (e and m are the electronic
charge and mass respectively)

A conducting circular loop is placed in a uniform
magnetic field of 0.02 T, with its plane perpendicular
to the field. If the radius of the loop starts shrinking
at a constant rate of 1.0 mm/s, then find the emf
induced in the loop, at the instant when the radius is
4 cm.

EMF induced in Moving Rod,
Rotating Ring, Disc.

A metal rod of resistance 20Q is fixed along a
diameter of a conducting ring of radius 0.1 m and
lies on x-y plane. There is a magnetic field

B=(50T)k . The ring rotates with an angular

velocity o = 20 rad/sec about its axis. An external
resistance of 10Q is connected across the centre
of the ring and rim. Find the current through external
resistance.

A uniform magnetic field of 0.08 T is directed into
the plane of the page and perpendicular to it as shown
in the figure. A wire loop in the plane of the page has
constant area 0.010 m* The magnitude of magnetic
field decrease at a constant rate of 3.0 x 10 Ts".
Find the magnitude and direction of the induced emf
in the loop.

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 XBX X IX
X[ X X X X [X
X X X X X X

7.

10.

11.

The horizontal component of the earth’s magnetic
field at a place is 3 x 10~ T and the dip is
tan~'(4/3). A metal rod of length 0.25 m placed in
the north-south position is moved at a constant speed
of 10 cn/s towards the east. Find the e.m.finduced
in the rod.

Two long parallel conducting horizontal rails are
connected by a conducting wire at one end. A
uniform magnetic field B exists in the region of
space. A light uniform ring of diameter d which is
practically equal to separation between the rails, is
placed over the rails as shown in the figure. If
resistance of ring is A per unit length, calculate the
force required to pull the ring with uniform velocity v.

®B E

A pair of parallel horizontal conducting rails of
negligible resistance shorted at one end is fixed on
a table, The distance between the rails is L. A
conducting massless rod of resistance R can slide
on the rails frictionlessly. The rod is tied to a
massless string which passes over a pulley fixed to
the edge of the table. A mass m, tied to the other
end of the string hangs vertically. A constant
magnetic field B exists perpendicular to the table.
If the system is released from rest, calculate.

the terminal velocity achieved by the rod.

the acceleration of the mass at the instant when
the velocity of the rod is half the terminal velocity.

A horizontal wire is free to slide on the vertical rails
of a conducting frame as shown in figure. The wire
has a mass m and length / and the resistance of the
circuitis R. If auniform magnetic field B is directed
perpendicular to the frame, then find the terminal
speed ofthe wire as it falls under the force of gravity.

~

l

w!
X x x x x|[[x
X x X x x|[[x
x x x x xllx

>
>

X X X X X X X X
X
<
S
b

X ¥ X X X X X||X
XXXXXXX%

X
X



12.

13.

14.

A long straight wire is arranged along the symmetry
axis of a toroidal coil of rectangular cross-section,
whose dimensions are given in the figure. The
number of turns on the coil is N, and relative
permeability of the surrounding medium is unity. Find
the amplitude of the emf induced in this coil, if the
currenti =i _cos ot flows along the straight wire.

@$

A rectangular loop with current I has dimension as
shown in figure. Find the magnetic flux ¢ through
the infinite region to the right of line PQ.

.

A rectangular loop with asliding connector of length
/=1.0 mis situated in a uniform magnetic field B =
2T perpendicular to the plane of loop. Resistance
of connector is r = 2Q. Two resistances of 6Q and
3Q are connected as shown in figure. Find the external
force required to keep the connector moving with a
constant velocity v = 2my/s.

[N
®B

60 > 303

Section C, D - self Induction, Mutual
Induction, L-R circuit, L-C Oscillations

15.

16.

An emfof 15 volt is applied in a circuit containing 5
H inductance and 10 Q resistance. Find the ratio of
the currents at time t = o0 and t = 1 second.

In the circuit shown in figure switch S is closed at
time t = 0. Find the charge which passes through
the battery in one time constant.

17.

18.

19.

20.

21.

22.

23.

Two coils, 1 & 2, have a mutual inductance = M
and resistance R each. A current flows in coil 1,
which varies with time as : I, = kt?, where K is a
constant and ‘t’ is time. Find the total charge that
has flown through coil 2, betweent=0and t=T.

Suppose the emf of the battery, the circuit shown
varies with time t so the current is given by i(t)
=3 + 5t, where i is in amperes & t is in seconds.
Take R =4Q, L = 6H & find an expression for the

battery emf as function of time.
R ()

The mutual inductance between the rectangular loop
and the long straight wire as shown in figure is M.

ilc B
! a

Two coils are at fixed locations. When coil 1 has no
current and the current in coil 2 increases at the
rate 15.0 A/s the e.m.f. in coil 1 in 25.0 mV, when
coil 2 has no current and coil 1 has a current of 3.6
A, flux linkage in coil 2 is

How many meters of a thin wire are required to
manufacture a solenoid of length 1, = 100 ¢cm and
inductance L = 1 mH, if the solenoid’s cross-
sectional diameter is considerably less than its length.

Find the inductance of a solenoid of length £ whose
winding is made of copper wire of mass m. the
winding resistance is equal to R. The solenoid di-
ameter is considerably less than its length.

Ifthe radius of outside cylinder is 1 times the inside
one for a cable consisting of two thin walled co-
axial metallic cylinders, the inductance per unit
length is



Exercise - 3 | Level-II
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Section A - Flux, Faraday’s law, Lenz’s law

1-3.

A magnetic field B = (B, y/a) k is into the plane of
paper in the +z 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. Note the directions of x
and y in the figure. Find

the induced current in the loop and indicate its
direction,

the total Lorentz force acting on the loop and indicate
its direction.

an expression for the speed of the loop, v(t) and its
terminal value.

(Question No. 4 to 5)

A square wire loop with 2 m sides in
perpendicular to a uniform magnetic field, with half
the area of the loop in the field. The loop contains a
20 V battery with negligible internal resistance. If
the magnitude of the field varies with time according
to B=0.042 - 0.87 t, with B in tesla & t in sec.

What is the total emf in the circuit ?

What is the direction of the current through the
battery ?

0 0O0OO0OOOOO

o0 o0o0

Section B - EMF induced in Moving Rod,

Rotating Ring, Disc.

Two straight conducting rails from a right angle
where their ends are joined. A conducting bar
contact with the rails starts at vertex at the time t =
0 & moves symmetrically with a constant velocity
of 5.2 mV/s to the right as shown in figure. A0.35 T
magnetic field points out of the page. Calculate :

(1) The flux through the triangle by the rails & bar
att=3.0s.

(i1) The emf around the triangle at that time.

(iii) In what manner does the emf around the triangle
vary with time.

®B
—

5.2m/s
<)

Two long parallel rails, a distance / apart and each
having a resistance A. per unit length are joined at
one end by a resistance R. A perfectly conducting
rod MN of mass m is free to slide along the rails
without friction. There is a uniform magnetic field
of induction B normal to the plane of the paper and
directed into the paper. A variable force F is applied
to the rod MN such that, as the rod moves, a
constant current i flows through R. Find the velocity
of'the rod and the applied force F as function of the
distance x of the rod from R

1

RZ
>

\A4
[o




Section C, D - self Induction, Mutual Induction,

8-9.

10.

L-R circuit, L-C Oscillations
A metal rod OA of mass m & lengthr is kept rotating
with a constant angular speed o in a vertical plane
about a horizontal axis at the end O. The free end
A is arranged to slide without friction along a fixed
conducting circular ring in the same plane as that
of rotation. A uniform & constant. magnetic

induction B is applied perpendicular & into the plane
ofrotation as shown in figure. An inductor L and an
external resistance R are connected through a
switch S between the point O & a point C on the
ring to form an electrical circuit. Neglect the
resistance ofthe ring and the rod. Initially, the switch
is open.

What is the induced emf across the terminals of
the switch ?

(1) Obtain an expression for the current as a function
of time after switch S is closed.

(ii) Obtain the time dependence of the torque
required to maintain the constant angular speed,
given that the rod OA was along the positive X-
axis att =0.

In the circuit shown in the figure the switched S,
and S, are closed at time t = 0. After time t = (0.1)
In 2 sec, switch S, is opened. Find the current in
the circuit at time t = (0.2) /n 2 sec.

11.

12.

| W

4003 S,

T

=100y 1093

The inductance per unit length of the system (as
shown in Figure) is :

Consider a coil of circular ring cross section with
inside radius a and the outside radius b. The thick-
ness is h. The coil has N turns and there is an infi-
nite wire as shown in figure., the mutual inductance
of the system is :




Exercise - 4 | Level-1

Previous Year | JEE Main

One conducting U-tube can slide inside another as
shown in figure, maintaining electrical contacts
between the tubes. The magnetic field B is
perpendicular to the plane of the figure. If each
tube moves towards the other at a constant speed
v, then the emfinduced in the circuit in terms of B,
1 and v, where 1 is the width of each tube, will be

(AIEEE 2005)

YAXX X X X X X X X By

CcX

xDx x x x x x X

(A) Blv
(C) zero

(B) -Blv
(D) 2 Bly

A long solenoid has 200 turns/cm and carries a
current I. The magnetic field at its centre is 6.28 X
102 Wb/m2 Another long solenoid has 100 turns/
cm and it carries a current I/3. The value of the
magnetic field at its centre is

(AIEEE 2006)

(A)1.05x10°Wb/m*
(B) 1.05x10°Wb/m*
(©)1.05x10° Wb/m*
(D) 1.05x10*Wb/m’

The flux linked with a coil at any instant t is given

by ¢ =10t> =50t +250 . The induced emf at

t=3sis (AIEEE 2006)
(A)-190 V (B)-10V
€10V (D) 190 V

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

(AIEEE 2006)
(B)NAB
(D)NAB ®

(AVNABRo®
(C)NABR

5.

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

(no, =4nx107TmA™)

(AIEEE 2008)
(B) 48t x10*H
(D) 247 x10*H

(A) 24nx10°H
(©) 48nx10°H

A horizontal straight wire 20 m long extending from
east to west falling with a speed of 5.0 m/s, at right
angles to the horizontal component of the earth's
magentic field 0.30 x 10* Wb/m’. The instantaneous
value of the emf induced in the wire will be
(AIEEE 2011)
(B) 3 mV
(D) 1.5 mV

(A) 6.0 mV
(©)4.5mV

A coil is suspended in a uniform magnetic field with
the plane of the coil parallel to the magnetic lines.
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

(AIEEE 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 aluminium
is a paramagnetic material
(D) electromagnetic induction in the aluminium plate
giving rise to electromagnetic damping.

A metallic rod of length T'is tied to a string of length
2 [ and made to rotate with angular speed ® on a
horizontal table with one end of the string fixed. If
there is a vertical magnetic field 'B' in the region,
the e.m.f. induced across the ends of the rod is:
[JEE MAIN 2013]

4Bol? 5Bwl?
A B
(A) 5 (B) 5
2 2
© 2Bol D) 3Bol

2 2



9.

10.

11.

12.

Match List-I (Electromagnetic wave type) with List-II
(Its association/application) and select the correct option
fromthedhoicesgvenbdow thelists:[JEE MAIN 2014
List-1 List-ll

i To treat muscular

(b) |Radio waves (ii)

(a) |Infrared waves |( .
strain

For broadcasting

To detect fracture

(c) |X-rays (iii) of bones

Absorbed by the
(d) |Ultraviolet rays |[(iv) [ozone layer of the

atmosphere
() b  (© (D

(A) @) (i) (i) (iv)

B) O (ii) (i) (iv)

€ (v @) (i) (i)

D) @O (ii) (iv) (i)

A circular loop ofradius 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
0f2.0 A flows through the smaller loop, then the flux
linked with bigger loop is [JEE MAIN 2013]
(A) 9.2x10"" Wb (B) 6x10"" Wb

(C) 3.3x10"" Wb (D) 6x10° Wb

The magnetic field in a travelling electromagnetic

wave has a peak value of 20 nT. The peak value of
electric field strength is : [JEE MAIN 2013]

(A)9 V/m (B) 12 V/m
(C)3 V/m (D) 6 V/m
A conducor lies along the z-axis at

—1.5<z<1.5mand carries a fixed current of 10.0
A in —4 direction (see figure). For a field B

=3.0 x 10*e®* & T, find the power required to

move the conductor at constant speed to x = 2.0 m,
y=0min 5 x 10~ s. Assume parallel motion along

o [JEE MAIN 2014]
z
15
_____________________ lx
2.0 B :
vl ¥
s (B)29.7W
o (D)2.97 W

13.

14.

15.

16.

During the propagation of electromagnetic waves
[JEE MAIN 2014]
(A) Electric energy density is equal to the mag-

in amedium :

netic energy density.

(B) Both electric and magnetic energy densities are
Zero.

(C) Electric energy density is double of the mag-
netic energy density.

(D) Electric energy density is half of the magnetic
energy density.

Arrange the following electromagnetic radiations per
quantum in the order of increasing energy :
[JEE MAIN 2016]

(1) Blue light (2) Yellow light
(3) X-ray (4) Radiowave.
(A)1,2,4,3 B)3,1,2,4
(©)2,1,43 (D)4,2,1,3

In a coil of resistance 100 Q, a current is induced
by changing the magnetic flux through it as shown
in the figure. The magnitude of change in flux

through the coil is - [JEE MAIN 2017]
N

10
Current
(amp.)

. 0.5sec

—>Time
(A)275 Wb (B) 200 Wb
(C) 225 Wb (D) 250 Wb

An EM wave from air enters a medium. The electric

N z
01X COS|:ZTEV[E - tﬂ in air and

fields are Ei =E

Ez = Eoz_f( cos[k(2z - ct)] in medium, where the
wave number k and frequency v refer to their values
in air. The medium is non-magnetic. If €, and €,

refer to relative permittivities of air and medium
respectively, which of the following options is

correct ? [JEE MAIN 2018]
er1 1 er1

(A) e, ~ 2 (B) c, =4

0 = =2 D=1

© = D =3



Exercise - 4 | Level-I1

Previous Year | JEE Advanced

1.

An infinitely long cylindrical conducting rod is kept
along +Z direction. A constant magnetic field is also
present in +Z direction. Then current induced will be
(A) 0
(B) along +Z direction
(C) along clockwise as seen from +Z
(D) along anticlockwise as seen from +Z

[JEE’ 2005 (Scr)]

A long solenoid of radius
a and number of turns per
unit length n is enclosed by
cylindrical shell of radius
R, thickness d (d<<R) and
length L. A variable
aurent i =i sinot flows
through the coil. If the
resistivity of the material
of cylindrical shell is p, find
the induced

current in the shell.

[JEE 2005]

In the given diagram, a line of force of a particular
force field is shown. Out of'the following options,
it can never represent

(A) an electrostatic field

(B) a magnetostatic field

(C) a gravitational field of a mass at rest
(D) an induced electric field

[JEE 2006]
Match the following Columns
[JEE 2006]
Column I Column II
(A) Dielectric ring (P)Time
uniformly charged independent
electrostatic field
out of system
(B) Dielectric ring (Q) Magnetic field
uniformly charged rotating with
angular velocity

(C) Constant
current i in ring field
(D) Current i =

i, cos wt in ring

(R) Induced electric

(S) Magnetic
moment

Paragraph (Q. 5 to 7)
Modern trains are based on Maglev technology in which trains
are magnetically leviated, which runs its EDS Maglev system.
There are coils on both sides of wheels. Due to motion of
train, current induces in the coil of track which levitate in.
This is in accordance with Lenz’s law. If trains lower down
then due to Lenz’s law a repulsive force increases due to
which train gets uplifted and if it goes much high then there
is a net downward force due to gravity. The advantage of
Maglev train is that there is no friction between the train
and the track, thereby reducing power consumption and
enabling the train to attain very high speeds.
Disadvantage of Maglev train is that as it slows down the
electromagnetic forces decreases and it becomes deffficult
to keep it leviated and as it moves forward according to
Lenz’s law ther is an electromagnetic drag froce.
[JEE 2006]

5. What is the advantage of this system?

(A) No friction hence no power consumption

(B) No electric power is used

(C) Gravitation force is zero

(D) Electrostatic force draws the train

6. What is the disadvantage of this system?

(A)Train  experiences upward force
according to Lenz’s law

(B) Friction force create a drag on the train

(C) Retardation

(D) By Lenz’s law train experience a drag

7. Which force causes the train to elevate up?
(A) Electrostatic force
(B) Time varying electric field
(C) Magnetic force
(D) Induced electric field



8. Statement-1

A vertical iron rod has a coil of wire wound over it
at the bottom end. An alternating current flows in
the coil. The rod goes through a conducting ring as
shown in the figure The ring can float at a certain
height above the coil

JEp———
(~—

—

because
Statement - 11

In the above situation, a current is induced in the

ring which interacts with the horizontal component

of the magnetic field to produce an average force

in the upward direction.

(A) Statement-1 is True, Statement-2 is True;

Statement-2 is a correct explanation for Statement-1

(B) Statement-1 is True, Statement-2 is True;

Statement-2 is NOT a correct explanation for

Statement-1

(C) Statement-1 is True, Statement-2 is False

(D) Statement-1 is False, Statement-2 is True
[JEE 2007]

This section contains 2 questions. Each questions
contains statements given in two columns, which
have to be matched. The statements in Column I
are labelled A, B, C and D, while the statements in
Column II are labelled p, ¢, 7, s and ¢. Any given
statement in Column I can have correct matching
with one or more statement(s) in Column II. The
appropriate bubbles corresponding to the answers
to these questions have to be darkened as illustrated
in the following example :

If the correct matches are A— p, s and t; B — g and
r; C—p and ¢; and D — s and #; then the correct
darkening of bubbles will look like the following.
Column II gives certain systems undergoing a
process. Column I suggests changes in some of
the parameters related to the system. Match the
statements in Column I to the appropriate

process(es) from Column II. [JEE 2009]

(A)

B)

©)

D)

10.

Column I Column II

The energy of (P) System: A capacitor

the system is initially uncharged

Increased Increased
Process: It is
connected to a battery

Mechanical (Q) System : A gas in an

energy is adiabatic container

provided to the fitted with an adiabatic

system, which piston

is converted Process : The gas is

into energy of compressed by

random motion pushing the piston

of its parts

Intemal energy (R) System : a gas in a

of the system is rigid container

converted into Process : The gas gets

its mechanical cooled due to colder

energy. atmosphere
surrounding it

Mass of the (S) System A heavy

system is nucleus initially at rest

decreased Process : The nucleus
fissions  into  two
fragments of nearly
equal masses and
some neutrons are
emitted

(T) System : A
resistive wire loop
Process : The loop
is placed in a time
varying  magnetic
field perpendicular
to its plane.
Two metallic rings 4 and B, identical in shape and
size but having different resistivities p, and p, , are
kept on top of two identical solenoids as shown in
the figure. When current / is switched on in both
the solenoids in identical manner, the rings 4 and B
jump to heights 4, and £, , respectively, with /2, >
hy . The possible relation(s) between their
resistivities and their masses m, and m,, is (are)
[JEE 2009]

(A)p, > pgand m, = m,
(B) p, <pgand m, = m,
(©)p,>pyand m, > m,

(D) p, <pgand m, <m,




11.

12.

13.

The figure shows certain wire segments joined
together to form a coplanar loop. The loop is placed
in a perpendicular magnetic field in the direction
going into the plane of the figure. The magnitude of
the field increases with time. /, and 7, are the
currents in the segments ab and cd. Then,

[JEE 2009]
(A) 1>1,
(C) 1, is in the direction

(B) 1, <1,

ba and I, is in the

. . X XX
direction cd

X X X

(D) 1, is in the direction L

ab and I, is in the % o i

direction dc X X X X X X

A long circular tube of length 10m and

radius 0.3 m carries a |

D
2

current / along its curved
surface as

shown. A wire-loop

of resistance 0.005 ohm
and of radius 0.1 m is
placed inside the tube with
its axis coinciding with the
axis of the tube. The
current

varies as 1 = 1; cos (300 t) where I; is constant. If
the magnetic moment of the loop is N w, 1, sin(300¢),
then N' is

[JEE 2011]

A current carrying infinitely long wire is kept along
the diameter of a circular wire loop, without touching
it. The correct statement(s) is(are)

[JEE 2012]
(A) The emfinduced in the loop is zero if the current
is constant.
(B) The emfinduced in the loop is finite if the current
is constant.
(C) The emfinduced in the loop is zero ifthe current
decreases at a steady rate.
(D) The emfinduced in the loop is finite if the current
decreases at a steady rate.

14.

A circular wire loop of radius R is placed in the x-y
plane centered at the origin O. A square loop of
side a(a<<R) having two turns is placed with its

center at z = ,/3 R along the axis of the circular

wire loop, as shown in figure. The plane of the
square loop makes an angle of 45° with respect to
the z-axis. If the mutual inductance between the

2
loops is given by % , then value of p is
[JEE 2012]
4
» 45°
Y
V3 R
R
o y

Paragraph for Questions 15 and 16

15.

A point charge Q is moving in a circular orbit of radius
R in the x-y plane with an angular velocity . This
can be considered as equivalent to a loop carrying a

®
steady current 3_15 . A uniform magnetic field along

the positive z-axis is now switched on, which
increases at a constant rate from 0 to B in one second.
Assume that the radius of the orbit remains constant.
The application of the magnetic field induces an emf
in the orbit. The induced emf'is defined as the work
done by an induced electric field in moving a unit
positive charge around a closed loop. It is known
that, for an orbiting charge, the magnetic dipole
moment is proportional to the angular momentum with
a proportionality constant y.

The magnitude of the induced electric field in the
orbit at any instant of time during the time interval
of the magnetic field change is

Ay BR gy 2R
(A) B) =
(C) BR (D) 2BR



16.

17.

The change in the magnetic dipole moment
associated with the orbit, at the end of the time

interval of the magnetic field change, is

(A) - BQR' B) PR
(©) y228 (D) v BQR?

A rigid wire loop of square shape having side of length
L and resistance R is moving along the x-axis with a
constant velocity v, in the plane of the paper. At
t = 0, the right edge of the loop enters a region of
length 3L where there is a uniform magnetic field B,
into the plane of the paper, as shown in the figure.
For sufficiently large v, the loop eventually crosses
the region. Let x be location of the right edge of the
loop. Let v(x), I(x) and F(x) represent the velocity of
the loop, current in the loop, and force on the loop,

respectively, as a function of x. Counter-clockwise

£

Vo—>

current is taken as positive. [JEE 2016]
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 X X X
X X X X X K X X X
X X X X X K X X X
X X X X X K X X X
X X X X X K 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 X X X X X X
—t————
0 L 2L 3L aL

Which of the following schematic plot(s) is(are)
correct ? (Ignore gravity)

v(x)

(A)

18.

! 3L 4L
T T T + » X
B) o L 2L /
I(x)
9\
I
| \
© : i )
[ i H
} b } > X
0 L 2L 3L 4L
I(x)
9\
I
| \
(D) : i )
[ i H
I:_ ¥ } > X

2L 3L 4L

A conducting loop in the shape of a right angled
isosceles triangle of height 10 cm is kept, such that
the 90° vertex is very close to an infinitely long
conducting wire (see the figure). The wire is
electrically insulated from the loop. The hypotenuse
of'the triangle is parallel to the wire. The current in
the triangular loop is in counterclockwise direction
and increased at a constant rate of 10 As'. Which
of the following statement(s) is (are) true?
[JEE-2016]

10cm 900

(A) The induced current in the wire is in opposite
direction to the current along the hypotenuse.

(B) There is a repulsive force between the wire
and the loop.

(C) The magnitude of induced emf in the wire is

0
(*UJ volt

T
(D) Ifthe loop is rotated at a constant angular speed
about the wire, an additional emf of (%J volt is

induced in the wire.



19.

20.

Two inductors L, (inductance 1 mH, internal
resistance 3 Q) and L, (inductance 2 ml internal
resistance 4Q2), and a resistor R (resistance 12Q)
are all connected in parallel across a 5V battery.
The circuit is switched on at time t = 0. The ratio of

the maximum the minimum current (I /I

mass min)

drawn from the battery is [JEE-2016]

A circular insulated copper wire loop is twisted to
form two loops of area A and 2A as shown in the
figure. At the point of crossing the wires remain
electrically insulated from each other. The entire
loop lies in the plane (of

the paper). A uniform

X X1 X B X
magnetic field B points X X
into the plane of the paper. x(asepR |x
Att = 0, the loop starts X X
rotating about the common ré} %>Z_\
diameter as axis with a
constant angular velocity X X

X

)

o in the magnetic field. < i : X

Which of the following

options is/are correct?

(A) The net emf induced due to both the loops is
proportional to cos mt [JEE-2017]

(B) The rate of change of the flux is maximum
when the plane ofthe loops is perpendicular to plane
of the paper

(C) The amplitude of the maximum net emf induced
due to both the loops is equal to the amplitude of
maximum emf induced in the smaller loop alone

(D) The emf induced in the loop is proportional to

the sum of the areas of the two loops

22.

A uniform magnetic
field B exists in the Region1
region between x = 0

Region 2 Region 3

x

B
R
and X = % (region 2

in the figure) pointing .«
normally into the
plane of the paper. A P, x
particle with charge

+Q and momentum p R e
directed along x-axis ~ =®
enters region 2 from

region 1 at point P, 3R/2
(y=—R). Which of the
following option(s)
is/are correct?

[JEE-2017]

(A)For B > 32PR , the particle will re-enter region 1

(B) For B = 1% LR , the particle will enter region

3 through the point P, on x-axis

(C) For a fixed B, particles of same charge Q and
same velocity v, the distance between the point P,
and the point of re-entry into region 1 is inversely
proportional to the mass of the particle.

(D) When the particle re-enters region 1 through
the longest possible path in region2, the magnitude
ofthe change in its linear momentum between point

P, and the farthest point from y-axis is p /+/2 .

A source of constant voltage V is connected to a
resistance R and two ideal inductors L and L,
through a switch S as shown. There is no mutual
inductance between the two inductors. The switch
S is intially open. At t = 0, the switch is closed and
current begins to flow. Which of the following
options is/are correct? [JEE-2017]

.V
(A) Att=0, the current through the resistance R is R

(B) The ratio of the currents through L, and L, is

fixed at all tmes (t>0)

(C) After a long time, the current through L, will
v_L

be RL+L,

(D) After a long time, the current through L, will
VL,

be R 4L,




23.

24.

25.

26.

Paragraph - 23 to25) [JEE-2017]

A charged particle (electron or proton) is introduced at the origin (x =0, y =0, z = 0) with a given initial velocity

- A uniform electric field g and a uniform magnetic field g exist everywhere. The velocity v, electric field g

and magnetic field g are given in columns 1,2 and 3 respectively. The quantities E , B  are positive in magnitude.

Column-1 Column-2 Column - 3
L= Eo ¢ " = N - A
(D) Electron with © = 2 %X (i) E=Ey2Z (P) B =-Byx
= _Eog = A - A
(1) Electron with © = a y (i) E = -Eqy (Q) B =Byx
() Proton with ¢ =0 (iii) E = -EgX (R) B =B,y
L= Eo ¢ L= n - N
(IV) Proton with V= ZEX (iv) E = EgX (S) B=Byz

In which case will the particle move in a straight line with constant velocity ?

(A) (IV) (i) (S) (B) (I (ii) (R) (©) () (iii) (S) (D) (I (iii) (P)

In which case will the particle describe a helical path with axis along the positive z-direction ?

(A) (IV) (i) (S) (B) (I (i) (R) (C) (I (iii) (P) (D) AV) (i) (R)

In which case would the particle move in a straight line along the negative direction of y-axis (i.e., move along - y ) ?

(A) (I (i) (R) (B) (V) (i) () (©) (m (i) (P) (D) ) (i) (Q)

In the figure below, the switches S, and S, are closed simultaneously at t = 0 and a current starts to flow in the
circuit. Both the batteries have the same magnitude of the electromotive force (emf) and the polarities are as
indicated in the figure. Ignore mutual inductance between the inductors. The current / in the middle wire reaches

its maximum magnitude 7 at time t = . Which of the following statements is (are) true? [JEE-2018]

R L R 2L

\ \ L 2L
Al =— B) I, =— T=—In2 D) t=—1In2
(A) Ty, (B) L =5 © =4 (D) ="
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