ELECTROMAGNETIC INDUCTION
THEORY

Magnetic Flux
The magnetic flux (¢) linked with a surface held in a magnetic field (B) is defined as the number of magnetic
field lines crossing that area (A). If 0 is the angle between the direction of the field and normal to the area,

(area vector).

A plane of surface area A placed in a uniform magnetic field B.

ol

=

No. of magnetic field lines passing from any surface area is called magnetic flux.
o= B-A=BAcos0

If coil has N turns,
¢=NBAcos©

where, 8 — Angle between K and ]§

Flux Linkage

If a coil has more than one turn, then the flux through the whole coil is the sum of the flux through the
individual turn. If the magnetic field is uniform, the flux through one turn is ¢ = BAcos0

So, for N turns, the total flux linkage ¢ = NBA cos6

Note:
(D Magnetic field lines are imaginary, magnetic flux is a real scalar physical quantity with dimensions
(2) Magnetic flux is a scalar quantity
(3) Units:
(a) SI Unit : Weber (Wb)
(b) Derived SI unit : Tesla-meter? (T-m?)
(© CGS UNIT : Maxwell (Mx)
(d) Conversion factor ; 1 Wb =108 Mx

Dimensional formula of magnetic flux
d=[ML2T-2A1]
(4) If magnetic field is non-uniform than magnetic flux is given by

¢=[B-dA
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(5) Gauss law in magnetism: Net magnetic flux through closed surface is always zero.
¢=¢B-dA=0
e Since incoming field lines = Outgoing field lines

e Net fluxis zero.
e Magnetic monopoles does not exist.
(6) Rate of change of flux is given by

do

(a) Instantaneous Rate = — (b) Average Rate = A9 = Prinal ~ Pininal
dt At At

Illustration 1:

A rectangular loop of area 0.06 m2 is placed in a magnetic field 1.2 T with its plane inclined 30° to the field
direction. Find the flux linked with plane of loop.

Solution:

Area of loop A=0.06 m2 B=1.2 Tand 6 =90° - 30° = 60°

So, the flux linked with the loop is

¢ =BAcosO =1.2 x 0.06 x cos60°=1.2 x 0.06 x 1/2 =0.036 Wb

Illustration 2:

A loop of wire is placed in a magnetic field }§:O.33T. Find the flux through the loop if area vector is
A=(2i+5j-3k) m?

Solution:

B= (Of + 0.33 +0 1A<)T Flux linked with the surface

¢=B-A=(0.3})-(21+5j-3k) T-m2= 1.5 Wb “+ T-m2=Wb

Illustration 3:

At a given plane, horizontal and vertical components of earth's magnetic field By and By are along x and y
axes respectively as shown in figure. What is the total flux of earth's magnetic field associated with an area
S, if the area S is in (a) x-y plane (b) y-z plane and (c) z-x plane.
y

S
_’
B]—[_> X

(b)

Solution:

B:iBH —EBV: constant, so (|)=]§-§ [B = constant]
(a) For area in x-y plane S= Sk O, = (Ai B, —EBV).(IA(S) =0

(b) For area S in y-z plane S=Si b, = (iB, —jB,).(i5)=B,S
() For area S in z-x plane §:SE d,. :(iBH —EBV).GS) =-B,S

Negative sign implies that flux is directed vertically downwards.
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Illustration 4:

Ifacoil ofarea A =31+ 4} m is placed in magnetic field B= 2i+ 3} + 4k T. Then find the flux passing from this coil.
Solution:

¢g=B-A = (2i+3]+4k)-(3i+4j) =6+ 12 = 18 T-m2 or 18 Wb

Illustration 5:

Circular coil of 500 turns & area 5 cm? is placed in uniform magnetic field B = 2T such that its area vector
makes an angle of 60° with the direction of field then find flux passing from this coil?

—

A

==1}

Solution:
Given: A=5cm?=5x10-4m? N =500,B=2T, 6=60°

$=NBAcos® = ¢=(500)(2)(5x10™*)cos60° = =025 Wb

Illustration 6:
The change in flux through the ring of area ‘A’ if it is rotated by 180° in uniform magnetic field(B) as shown:

)

e
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Solution:

Ad =, —¢; =BAcosB, —BAcos8; =>BA(cos0°—cos180°) = 2BA
Illustration 7:

Find magnetic flux passing through this square loop.

4

T &

—t—>—(—>

Solution:

At any distance x from wire, flux of small area is given as
t+/(

I I dx 10t g 10 (t+r
d$=B((dx) = rdx = j “0 el J=a S LY
27X 27 . X 2T t
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Illustration 8:
Given coil is placed in external magnetic field then find flux through coil.

Solution:

¢=NBAcosH6 {Here 0 is angle between B & A}
¢=NBAcos90° = ¢=0

Illustration 9:

Given coil is placed in external magnetic field then find flux through coil.

Solution:

Here angle 6 between B & A is 90°
So, flux ¢ =NBAcos90°=0

BEGINNER'’S BOX-1

1. A coil of 100 turns, 5cmz2 area is placed in external magnetic field of 0.2 Tesla (S.I.) in such a way that
it makes an angle 30° with the field direction. Calculate magnetic flux through the coil (in weber).

2. A coil of N turns, A area is placed in uniform transverse magnetic field B. If it is turn through 180°
about its one of the diameter in 2 seconds. Find rate of change of magnetic flux through the coil.

3. A square cube of side 'a' is placed in uniform magnetic field 'B'. Find magnetic flux through each
face of the cube. G

C

v

ock]

F

E

«—q—
4. The magnetic field perpendicular to the plane of a loop of area 0.1 m2 is 0.2 T. Calculate the
magnetic flux through the loop.

5. The magnetic field in a certain region is given by E:(éﬁ—f() tesla. How much magnetic flux

passes through the loop of area 0.1m? in this region if the loop lies flat in xy plane?

6. A solenoid 4cm in diameter and 20cm in length has 250 turns and carries a current of 15A.
Calculate the flux through the surface of a disc of 10cm radius that is positioned perpendicular
to and centered on the axis of the solenoid.
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Faraday’s Law of Induction and Lenz Law
Michael Faraday demonstrated the reverse effect of Oersted experiment. He explained the possibility of
producing emf across the ends of a conductor when the magnetic flux linked with the conductor changes.
This was termed as electromagnetic induction. The discovery of this phenomenon brought about a
revolution in the field of electric power generation.
Faraday’s Experiment
Faraday performed various experiments to discover and understand the phenomenon of electromagnetic
induction. Some of them are:
. When the magnet is held stationary anywhere near or inside the coil, the galvanometer does not

show any deflection.

v=20

0 —

No deflection

@

. When the N-pole of a strong bar magnet is moved towards the coil, the galvanometer shows a
deflection right to the zero mark.

i

Deflection to the right

A\ of zero mark
D
. When the N-pole of a strong bar magnet is moved away from the coil, the galvanometer shows a

deflection left to the zero mark.

T -

Deflection to the

/\\ left of zero mark
N
. If the above experiments are repeated by bringing the S-pole of the, magnet towards or away from

the coil, the direction of current in the coil is opposite to that obtained in the case of N-pole.
mm +-—V

Deflection to the

left of zero mark

©

° The deflection in galvanometer is more when the magnet moves faster and less when the magnet

moves slower.
W «— 2v

More deflection to the right
f/h of zero mark
A4
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Conclusion
. Whenever magnetic flux changes through the coil with time an EMF get induced in it.
. Whenever there is a relative motion between the source of magnetic field (magnet) and the coil, an

emf is induced in the coil. When the magnet and coil move towards each other then the flux linked
with the coil increases and emf is induced. When the magnet and coil move away from each other
the magnetic flux linked with the coil decreases, again an emf is induced. This emf lasts so long as
the flux is changing.

. Due to this emf an electric current start to flow and the galvanometer shows deflection.

. The deflection in galvanometer last as long the relative motion between the magnet and coil
continues.

. Whenever relative motion between coil and magnet takes place an induced emf produced in coil. If

coil is in closed circuit then current and charge is also induced in the circuit. This phenomenon is
called electromagnetic induction.

Changing the magnetic field Changing the area of Changing area between the
through the coil the coil magnetic field and area vector.

Faraday’s law

Faraday’s First Law of Electromagnetic Induction states that “Whenever a conductor is placed in a varying
magnetic field, an electromotive force is induced.

Faraday’s Second Law of Electromagnetic Induction states that the induced emf in a coil is equal to the
rate of change of flux linkage.

|e|oc 49 = le|= k@

dt dt
where, k=1 = |e|:@

dt
Important Points
. EMF is induced in the coil irrespective of its material,
\ —_—
metal ring wooden ring plastic ring

If coil is conducting, current is also induced in the coil.

. If coil and source of magnetic field have relative motion than
(induced emf) o« (relative velocity)

Direction of Induced Current

Lenz’ Law

Direction of induced current is always in such a way that it opposes the reason by which it is produced.

d
e= _d_i) (-ve sign is due to Lenz Law and denotes opposition)
Note:
. If d-t curve is given than negative of its slope will give us induced EMF.
e = —(slope of ¢-t curve)
. Lenz law follows conservation of energy.
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Illustration 10:

(a) Find the direction of induced current in the coil.
® B! Q %) B1
() (i)
(b) Find direction of induced current in the coil.
i
(const) I A
i
(c) Find direction of induced current in the coil.
1
1
I T a ‘
i
(d) Find direction of induced current in the coil.
;
1
ity
i
Solution:
(a) B is increasing so current will induce in such a way so that it opposes of increasing B.
So, (i) induced current in the coil will be in clockwise direction.
(ii) induced current in the coil will be in Anti clockwise direction.
(b) Here magnetic field (]§) is constant. There will be no change in flux. So, induced current will be zero.
(o) Due to increase in current, magnetic field (]§) will be increase. So, induced current in the loop will

be in Anti clockwise direction.
(d) Due to increase in current, magnetic field (]§) will be increase. So, induced current in the loop will

be in clockwise direction.
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Illustration 11:

(a) Find direction of induced current in the coil.
i
i
|
‘ v
(const) I A
1
1
|
1
(b) Find direction of induced current in the coil.
!
i
| v
(const) I A <
i
1
1
1
(c) Find direction of induced current in the coil.
electron beam
(constant speed)
(d) Find direction of induced current in the coil.
electron beam
(increasing speed)
Solution:
(a) Due to motion of coil magnetic field is decreasing. So current in coil will be induced in clockwise
direction.
(b) Due to motion of coil magnetic field is increasing. So current in coil will be induced in Anti-
clockwise direction.
(9 Speed of electron beam is constant. [t means current is constant. There will be no change in flux. So
induced current in loop will be zero.
(d) Speed of electron is increasing. So current will be increases and current in coil will be induced in

Anti-clockwise.
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Illustration 12:
Two identical co-axial circular coils carries equal currents: -

(a) In same direction (b) In opposite direction.
If both the coils moves towards each other and away from each other respectively then current in both coils :-
(1) Increases (2) Decreases (3) Remains same (4) None

IN \b S/‘\IN N//\IS B

>
TG

Solution:

A r1 P S 2

(Motion) (Current) (Motion) (Current)

1. Find direction of induced current for the given cases :-
(Where w.r.t. = with respect to time, ob = observer =<@ )

[ >V . . . ]‘B.

(1) M s
(ii) . (iii) What is the nature
of charge on plates
IfIT wr.t of capacitor?
(iv) (v) (vi)
v?! Vi v-Constant
-b
e~ bean (accelerated) e*beam (retarded) o-beam

(uniform motion)

®B
®B
(vii) (a) (b) (c) ( ‘ . %
Ifwrt BT
Ifw.r.t B

Ifw.rt BT
9B OB uniform
Suddenlg
(d) Connecting wire  (viij) deformed

Circular loop Ellipse

Ifw.rt BT
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2. Find direction of induced current in the given cases :-

AN A T AN A v
@ @ U \/ (b) U U

(Source) (Rest) (Source)

(ii) Whatis the direction of induced current in resistance ‘R’?
N N
\V AV
M
L N

(iii) Whatis the nature of the charge on the plates of capacitor?

e
J (u | e
1\ L
Induced Parameters
(i) Induced emf (e) (ii) Induced current (I)
(iii) Induced charge (q) (iv) Induced heat (H)

(v) Induced electric field (Ein)

Let for a coil its mag. flux changes by A¢ in time interval At and total resistance of coil-circuit is R.

Now rate of change of flux = A6
Average induced emf e, = —i—f

(i) Instantaneous induced emf e =Lim —A¢ = _Eg
At—0 At dt

5 g e
(ii) Induced current flow at this instant [ =—

it

(iii) In time interval dt, induced charge |dq=——

t t 2
(iv) Induced heat :- | H :IIZRdt = Ie—dt
0 o R
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Type of Questions on Induced E.M.F.

Induced E.M.F. - e:—@
dt
Magnetic Flux - ¢ = NBA cosot
Type 1: Magnetic field is changing :
e= _d¢ :—NAcoswtd—B
dt dt
Type 2: Area is changing :
2 :—NBcosoatd—A
dt dt
Type 3: Radius is changing :
Ao - S ST
dt dt
e= gy = —NBcosmt[anﬂj
dt dt
Type 4: Angle between B and A is changing :
e—_ 90 _ yppdlcosot)
dt

BEGINNER'’S BOX-3

Flux linked through following coils changes with respect to time then for which coil an e.m.f. is
not induced:-

(1) Copper coils (2) Wood coil (3) Iron coil (4) None

A coil and a magnet moves with their constant speeds 5 m/sec. and 3 m/sec. respectively,
towards each other, then induced emfin coil is 16 mV. If both are moves in same direction, then
induced emfin coil:-

(1) 15 mV (2) 4 mV (3) 64 mV (4) Zero

Magnetic flux ¢ (in Weber) linked with a closed circuit of resistance 10 ohm varies with time t
(in seconds) as ¢ = 5t2 - 4t + 1. The induced emf in the circuit at t = 0.2 sec. is :-

(1o4v (2)-04V 3)-2.0V (4)2.0V

Magnetic flux linked through the coil changes with respect to time according to following graph,
then induced emf v/s time graph for coil is :—

o

The radius of a circular coil having 50 turns is 2 cm. Its plane is normal to the magnetic field.
The magnetic field changes from 2T to 4T in 3.14 sec. The induced emf in coil will be :-
(1) 0.4V (2) 0.04V (3)4mV (4)0.12V

JEE MAIN
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6. Magnetic field changes at the rate of 0.4 T/sec. in a square coil of side 4 cm. kept perpendicular
to the field. If the resistance of the coil is 2 x 10-3 Q, then induced current in coil is :-
(1)o.16 A (2)032A (3)3.2A 4)16A
7. A short bar magnet allowed to fall along the axis of horizontal metallic ring. Starting from rest,
the distance fallen by the magnet in one second may be :-
(1) 4.0 m. (2) 5.0 m. (3) 6.0 m. (4) 7.0 m.
8. In a circuit a coil of resistance 2€2, then magnetic flux changes from 2.0Wb to 10.0Wb in 0.2 sec.
The charge flow in the coil during this time is :-
(1)5.0C (2)4.0C (3)1.0C (4)08C
9. A circular loop of radius 2cm, is placed in a time varying magnetic field with rate of 2T /sec. Then
induced electric field in this loop will be :-
(o (2)0.02V/m (3).01V/m (4)2V/m
Lenz Law and Conservation of Energy
1. When the North Pole of the Bar magnet comes towards the coil, it experience a repulsive force due
to which its speed will decrease.
2. To move the magnet towards the coil with constant speed, some part of mechanical work has to be
done to overcome the force of repulsion.
3. This mechanical work is converted into electrical energy.
4. This electrical energy is converted into heat energy due to Joule’s Effect.

\ f—

|

Here Kinetic Energy gets converted into Electrical energy which further gets converted into Thermal energy
%Mv2 —i’RAt =msA0

Illustration 13:

A bar magnet is moving towards a circular coil with a kinetic energy of 1180 J. If mass of the silver ring is
1 Kg and its specific heat is 236 ] /kg°C than find rise in temperature of the ring.

Solution:

KE=msA0 = 1180 :(1)(236)A9 = AO=5 So, temperature rise will be 5°C.

Illustration 14:
A bar magnet of mass m is given initial speed v, towards the ring as shown, if repulsive force acting on it is
given by F = —bv, then find its speed after time t.

Solution:
Suppose its speed after time tis v'
d d
=-bv = mY = by (F:ma:m—v)
dt
tdv_ b
ﬂ:——dt = —V:——Idt
\4 m oV my,
£ vi__bt = V’:VOFt
\4 m

b
So, speed of bar magnet after time t willbe v'=v, ™ .
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Types of EMI

For a loop flux, (¢ = BA cosB) changes w.r.t. time in following three manner and according to it
electromagnetic induction is classified in three ways :-

(1) Self Induction
(i) If (A, 8) —> const &d_B _)@ — Static EMI (In this case EMI occurs for rest coil)
’ dt =~ dt i

(2) Mutual Induction

(i) If (B, 0) — const & i—A - ? = Dynamic EMI (In this case EMI occurs for a moving straight wire)
t t

(iii)  If (A, B) > const& % —)% = Periodic EMI (In this case E.M.I. occurs for a rotating coil)

Static EM.I. = i —>@ —>@ = Static EMI

dt dt dt
Self Induction
When current through the coil changes, with respect to time then magnetic flux linked with the coil also
changes with respect to time. Due to this an emf and a current induced in the coil. According to Lenz law
induced current opposes the change in magnetic flux. This phenomenon is called self-induction and a factor
by virtue of which the coil shows opposition for change in magnetic flux called self-inductance of coil.
Considering this coil circuit in two cases :
Case-1: Current through the coil is constant :- (N, ¢)

IfI > B — ¢ —» Const. = No EMI

total flux of coil (N¢) o current through the coil i
N(I) < | I Flux lines
N = LI . Re |
L
L= NT(I) = @ = @ , Where L : self inductance of coil K
Important Points
. Self inductance is scalar quantity.
° Its S.I. Unit is henry (H) or Wb/A. Dimensions : [M1! 1.2 T-2 A-2]
. Due to self-induction, a coil opposes change in its current (due to induced emf), hence, It is also
called Inertia of Electricity.
. It is analogous to mass in mechanics.
° L. does not depend on
(a) Flux (¢) (b) Current (1)
. L. depends on
(a) Geometry of inductor (b) Medium (p, =p,1,)

Self inductance of solenoid

Let the volume of the solenoid be V, the number of turns per unit length be AL
n. Let a current i be flowing in the solenoid. ‘ (‘f’ rmf)’)’))b)
Magnetic field in the solenoid is given as B = poni. /\ \ ') |

The magnetic flux through one turn of solenoid ¢ = poniA

The total magnetic flux through the solenoid = N¢ = NponiA = pon2i A ¢

A : Cross sectional area

N : number of turns

Self inductance, L = ﬁ = o n2 Af = pon2V I+ length of solenoid
| n: turn density

Inductance per unit volume = pon2.
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Case-II : Induced EMF in self induction
If current through the coil changes w.r.t. time
dl dB d¢

—a—>
dt ~dt dt
N¢ = LI

dp dI

—N—=-L—, where —N@ called self induced emf of coil 'es'
dt dt dt

Note: Self inductance is the physical property of the loop due to which it opposes the change in current
that means it tries to keep the current constant. Current cannot change suddenly in the inductor.
Illustration 15:

The current in a solenoid of 240 turns, having a length of 12 cm and a radius of 2 cm, changes at the rate of
0.8 As-*. Find the emf induced in it.

Solution:
dI N%A dI  4nx1077 x(240)> 0.02)? _
E= Lo oA db_ 4710 7 x(240) xmx(0.02) 66,1074y
dt ¢ dt 0.12

l%}. BEGINNER'’S BOX-4
1.

The value of self inductance of a coil is 5H. The value of current changes from 1A to 2A in 5 sec,,
then value of induced emfin it :-

(D)10v (2) 0.1V (3)1.0v (4) 100V
2. A coil of self inductance 2H carries a 2A current. If direction of current is reversed in 1 sec., then
induced emf in it :-
(1)-8v (2) 8V (3)-4V (4) Zero
3. For a coil having L. = 2mH, current flow through itis [ = t2e-tthen the time at which emfbecomes zero:-
(1) 2 sec. (2) 1 sec. (3) 4 sec. (4) 3 sec.
4. Current through the coil varies according to graph then induced emf v/s time graph is
[
t
e X e
(1) o R, (2) ¢ —t
5. A solenoid have the self inductance 2H. If length of the solenoid is doubled having turn density
and area constant then new self inductance is :-
(1) 4H (2) 1H (3)8H (4)0.5H
6. A solenoid wound over a rectangular frame. If all the linear dimensions of the frame are

increased by a factor 3 and the number of turns per unit length remains the same, the self
inductance increased by a factor of :-
(O3 (2)9 (3)27 (4) 63
7. A coil of inductance 2 H has a current of 5.8 A. The flux in weber through the coil is :-
(1)o0.29 (2)29 (3)3.12 (4)11.6




ELECTROMAGNETIC INDUCTION JEE MAIN

Inductor

1. A circuit element having a fixed value of inductance is known as inductor

2 It is represented by M’V\Il’”ﬂ—

3. Function of inductor is to oppose the change in current in the circuit

4 Potential difference across an inductor in the direction of current is = —La

) A AAA
» UMWY (==
|
() If % is +ve, potential drops from A to B.

(b) If % is —ve, potential drops from B to A.

(o) If % is 0, potential between A and B is zero.

Power in an Inductor

Battery that establishes current in an inductor, works against back emf. L R
Part of energy supplied by the battery is stored in the inductor. WY
Let’s apply KVL,
E-LY 1R-0 I» Y
dt E
E-1 LR F <
dt
Instantaneous power supplied by battery,
P=VI=EI (Power dissipated in the resistor = [2R)
P= LI% +I’R (Power supplied to the inductor = LI% )
Energy Stored in an Inductor
LI% (Power supplied to the inductor) \ L : R
UMW
du dl
o LI—
dt dt 1A -
dU=LIdI
E
[du=]Lidi , <
u=lLp
2

Energy Density of Inductor
Energy stored in the solenoid is:

UzlLI2
2

Where, L = pon2V & B = ponl {Here V is volume of Inductor}
B T U B
— =

poh

U= %(uonZV)(
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Important Points

. Above result is derived for an inductor but is true in general for any system.
2

° Magnetic energy density in free space — = >
Mo

U 1
Electric Energy density in free space v EEZSO

Inductor Behavior as a Battery

L

dI
Case 1: When current is increasing e =L=
dl
e=—L—
Case 2: When current is decreasing = ﬂ
dt
L dl -
T dt i
Case 3: When current is constant "
8=
dl >

e=—-L—
dt

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

A—jmm—:e = A —nfl'}/MLM‘m_WVV‘_ B
R

L,R

Illustration 16:

A B is a part of circuit. Find the potential difference Va - Vg if . 20
(i) currenti = 2A and is constant - MIWW-_ | l MW

: . . A . + + - B
(ii) currenti = 2A and is increasing at the rate of 1 amp/sec. 1H Evolt
(iii) currenti = 2A and is decreasing at the rate 1 amp/sec.
Solution:

Ly

dt dt
writing KVL from A to B
di :
v, _15_5_21:‘73
di

i Put i=2,—=0

@) -
V,—-5-4=V, SV, =V, =9volt

(ii) Put iZZ,%zl;VA—l—S—élsz or V,-V,=10V,

(iii) PutizZ,%:—l;VA+1—5—2x2:VB or V,=8Volt
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Illustration 17:
Find Va-Vg in the given circuit if-
Current is decreasing at the rate 103 A/s.
Solution:
Given:
a0
dt
Written KVL from A to B
di

V,—-iR-E-L—=V,

A dt B

V,—(5)(1)-15-(5x107)(-107 )=V,

A
V, —V, =15 Volt
Illustration 18:
Find Va-Vgin the given circuit if-

Currentis increasing at the rate 103 A/s.

Solution:

Given:

& 10°

dt

Written KVL from A to B
. di

v, —1R—E—La:VB

v, —(5)(1)-15-(5x10)(10%) =V,
V, -V, =25 Volt

Illustration 19:

Find Va-Vg in the given circuit if-

Current is constant.

Solution:
Given:
di_g
dt
Written KVL from A to B
di
V,-iR-E-L—=V
A dt B

V,—(5)(1)-15-(5x107)(0)=V,

V, —V, =20 Volt

[=5A E=15V
I

Ao MM

1Q L=5mH

I=5A E=15V

A 0——MMW—] UM 1——o B

1Q L=5mH

[=5A E=15V
I

Ae——MWWA UMWY (f——eB

1Q L=5mH

W (——eB
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Illustration 20: L=05H

Find Va-Vy in the given circuit, Ao—s MW——UWN (—WW——e 5
att=2s,if [ = (t2+ 2) A. 40 30
Solution:

Given:

t=2,1=(t2+2)

L p

dt

dI o B
o @rt=2)=2(2)=4

Written KVL from A to B

A —IR—L%—IR:VB

v, —(t* +2)(4)-(0.5)(2t)—(t* +2)(3) =V,
Putt= 2 (given)

v, —(2°+2)(4)—(0.5)(2x2)—(2* +2)(3) =V,
V, —V, =44 Volt

L-R Circuit Analysis
Case I : Current Growth :-
Consider an inductance L and a resistance R (including the resistance of the coil L) connected in series to
a battery of emf E. When the switch S is closed, the current in the circuit begins to grow. After the key is
closed the current changes from zero to some value. The current rises gradually rather than instantly. It
takes some time before the current reaches its steady value Iy = E/R. The effect of the inductance in a dc
circuit is to increase the time taken by the current to reach its limiting value Io.
At any instant, Kirchoff's voltage law for the loop gives

E-L d =RI

dt

On rearranging the equation, we get

ARy,

E L

——1

R
On integrating both the sides we get

= E L
[ 1=1,(1-e")| where IO:E and K:E

(i) Just after the closing of the key inductance behaves like open circuit and current in circuit is zero.
(Open circuit, t=0,1=10)

(Inductor provide infinite resistance)
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(ii) Some time after closing of the key inductance behaves like simple connecting wire (short circuit)
and current in circuit is constant.
R

(Short circuit, t = oo, = Io)
lo {
(Inductor provide zero resistance)

I, == | (Final, steady, maximum or peak value of current)

Sp. Note : Peak value of current in circuit does not depends on self inductance of coil.

L
(iii) Time constant of circuit (1) : XZE Its SI unit is second(s)

It is a time in which current increases up to 63% or 0.63 times of peak current value.

(iv)  Halflife (T): Itis atime in which currentincreases upto 50% or 0.50 times of peak current value.
I=1,(1-e ")

I I :

t=T, =2 L=l (1-e™*

) ) ol )
—y e~T/k _ 1
=3 gt* =7

T
—log e=log 2
2 8. 8.

T=0.693L

T= 0.693£ sec
R

) Rate of growth of current at any instant :-

t=0 = [ﬂ] :E
dt max L

W
toow = |—| -0
dt min

Sp. Note : Maximum or initial value of rate of growth of current does not depends upon resistance of coil.

Case II : Current Decay

Consider the arrangement shown in figure (A). The sliding switch S can be slided up and down. Let the
switch S connect the point b. The circuit is complete and a steady current i = Iy is maintained through the
circuit. Suddenly at t = 0, the switch S is moved to connect the point a. This completes the circuit through
the wire Aa and disconnects the battery from the circuit [Figure (B)]. The special arrangement of the switch
ensures that the circuit through the wire Aa is completed before the battery is disconnected. (Such a switch

is called make before break switch). The equivalent circuit is redrawn in figure (C).
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L R L R
— AWV — ULV
A A
. | a
S
— ——
(A) (B) ()

As the battery is disconnected, the current decreased in the circuit. This induced as emf is the inductor. As
this is only emf in the circuit, we have
—LﬂzRI or Q=—Edt
dt I L

on integrating both the sides, we get

—-Rt
_ L _ —t/A
[=]e! =Ie

where A = L./R is the time constant of the circuit.

E
(Just after opening of key) t=0 = I=I,= =
(Some time after opening of key) towo = 150
(i) Time constant (A) :- It is a time in which current decreases up to 37% or 0.37 times of peak
current value.
L
A=—sec
R

(ii) Halflife (T) :- Itis a time in which current decreases upto 50% or 0.50 times of peak current value.
T =(0.693)Asec|

(iii) Rate of decay of current at any instant :-

=0 = (-8 -
dt max L
iy _E, .,
——— | =—(e
&)t
towo = (—ﬂJ 0
dt min
Special graph for R-L circuit :-
Current Growth :-
(d1/dt)
Iy A
I I, - line E/L - Line
e T E/Lg-----=-===-=--=----.
0.631, F------
(a) ! (b)
: Exp. Decay
|
1
:
t=0 t=A t— o t=0 t-o0
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Current decay :-

(dl/dt)
A
E/L - Line
Eflk-==mmmmmmm—mmm >
(a) (b)
Exp. Decay
t=0 t— o=o
Combination of Inductors
sscommmion WU TI-WNYTTT-
Leq =l2+ 12
Parallel Combination 4|: ::|7
L_eq N
Note: If an inductor is cut into 2 parts, its time constant remains same.
Illustration 21:
Calculate current, which given by battery for the following circuit.
20 6Q)
(a) Just after closing of the key. (b) Some time after closing of the key
Solution:
(a) Just after closing of the key:- (b) Sometime after Closing of the key:-
20 6Q) 20 6Q)
1 E 10V~ I g
10V= = T S
l 30 : l 30 5
w
E 10 3x6
Current [=—=—-=2A Current I’=£:E=2-5A, Where 1, =2+ .
Lo 27+3 r., 4 " 3+6
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Illustration 22:
Figure shows an inductor L, a resistor R connected in parallel to a battery through a switch. The resistance

of resistor R is same as that of the coil that makes L. Two identical bulb are put in each arm of the circuit.

L P
i @

R

Q
w—iD

i &
(a) Which of two bulbs lights up earlier when S is closed?
(b) Will the bulbs be equally bright after some time?
Solution:
(i) When switch is closed induced e.m.f. in inductor i.e. back e.m.f. delays the glowing of bulb P so bulb
Q light up earlier.
(ii) Yes. At steady state inductive effect becomes meaningless so both identical bulbs become equally

bright after some time.

BEGINNER'’S BOX-5

L, C and R respectively indicate inductance, capacitance and resistance. Select the combination,
which does not have dimensions of frequency :-

(1) 1/RC (2) R/L (3) 1/4LC (4) C/L

A coil of 10 H inductance and 5 Q resistance is connected to 5 volt battery in series. The current
in ampere in circuit 2 seconds after switched is on :-

(1) e (2) (1-e) (3) (1-e) (4)e

An L-R circuit consists of an inductance of 8mH and a resistance of 4€2. The time constant of the
circuit is:-

(1) 2ms (2) 12ms (3) 32ms (4) 500 s

In an L -R circuit, time constant is that time in which current grows from zero to the value
(Where I, is the steady state current) :-

(1)o0.63 1, (2)0.50 1, (3)0.37I, 4) Lo

An inductor of 20 H and a resistance of 10 Q, are connected to a battery of 5 volt in series, then
initial rate of change of current is :-

(1) 0.5 amp/s (2) 2.0 amp/s (3)2.5amp/s (4) 0.25 amp/s

A coil of L=5x10-3 H and R=18 Q is abruptly supplied a potential of 5 volts. What will be the rate
of change of current in 0.001 second? (e3¢ = 0.0273)

(1) 27.3 amp/sec.  (2) 27.8 amp/sec. (3) 2.73 amp/sec. (4) 2.78 amp/sec.

A coil of inductance 8.4 mH and resistance 6€2 is connected to a 12V battery in series. The

current in the coil is 1.0A at approximately the time :-
(1) 500s (2) 20s (3) 35ms (4) 1ms
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8. The dimensions of combination are same as dimensions of :-
(1) Change (2) Current (3) Charge-! (4) Current-!
9. In the circuit shown in adjoining fig E = 10V, R1 = 1Q2 Rz = 2€2, R; = 3Q and L = 2H. Calculate the

value of current iy, iz and iz immediately after key S is closed:-

R1 R3
Ij —AMA—
— i1 i3
$:
‘|' E i2 RZ

L
(1) 3.3 amp, 3.3 amp, 3.3 amp (2) 3.3 amp, 3.3 amp, 0 amp
(3) 3.3 amp, 0 amp, 0 amp (4) 3.3 amp, 3.3 amp 1.1 amp

Mutual Induction

Basic Concept :

Whenever current passing through primary coil or circuit change with respect to time then magnetic flux
in neighbouring secondary coil or circuit will also changes with respect to time. According to Lenz Law for
opposition of flux change an emf and a current induced in the neighbouring coil or circuit. This

phenomenon called as 'Mutual induction'.

(N, ¢, By, L) air gap (N, ¢ B, Ly)
z;zzzzz__mga g F _ um b H ==t
+ 1
primary (S,I_] secondary (M.L)
L e . | @G
_{ IE_{ R, N4

Due to Air gap, ¢, <¢, alwaysand ¢, <B A, (6=0°).

Case-1: When current through primary is constant :-
Total flux of secondary is directly proportional to current flow through the primary coil
N, ¢, ocl,
N, ¢, =
N,o, _NBA, _(0,),
| | |

1 p

M =

, Where M : mutual inductance of circuits.
9.

The units and dimension of M are same as ‘L.
Important Points

. Scalar Quantity.
. SI Unit is Henry (H)
. Mutual inductance of two coil does not depend on current through primary or flux through

secondary coil.

. Mutual inductance is combined property of primary and secondary coil and is same for both coil.
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Different mutual inductances :-

(a) In terms of their number of turns (b) In terms of their self inductances
(@) In terms of their number of turns (N1, N3) :-
(1)  Two co-axial solenoids (M5152 ) - T (N, Cfl
1
SISZZM:&(MJA NN Al
I, I, /)
N,I
where B, Mo | (N,) | s
be p »
N M = 1N, N,A
192 (‘
(2) Two concentric and coplanar coils (MC1C2 ) -
— NZB1A2
GG, — T N1
where B, LIS A, =mr}
2r, I
N, 1N, (r>>r;)
{858
I\ Z2r
- M, = [H0N1N2nr22j
12, Zrl
(b) In terms of their self inductances (L4, L>) :-

For two magnetically coupled coils :-

M =K,/L,L, , where 'K" is coupling factor between two coils and its range 0 <K< 1
For ideal coupling Kmax=1 = M__ =./L,L, (Where M is geometrical mean of L; & L>)

For real coupling (0 <K<1) = M=K,/LL,
Value of coupling factor 'K' decides from fashion of coupling (how flux linked with another).

Illustration 23:

Find mutual inductance of following systems-

S R 4

(2)

R>>r < L >
L>>¢

() (b)
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Solution:
(@ B, =p, (b) B, = \/EHO—E
T
¢, =B,A, b, =B,A,
(I) — H_OI . Tcrz H 1
L™ 2R ¢2=£\/§$J(62)
nL
o, Honrz 2
== C
M T R M=tz gt
L i nL

1
Coupling Factor

The mutual induction also depends on the relative orientation of coils.

Coupling factor represents the fraction of flux associated with secondary coil due to primary coil.

Kzgﬁl
P

Relation between L and M,

K=¢—S=1 K:¢—S<1

P P

W= UMWY

=0

~

o

MW %

Illustration 24:

Self inductance of two coils are 2H & 8H. If 50% flux of primary coil is linked with secondary coil, then find
the coefficient of mutual inductance.

Solution:

M=K\LL, = M=(EJ @B = M=2H

Case-II : Induced EMF in mutual induction

If current in primary coil (I1) changes w.r.t. time, then —UUWTTI WWWWYT—
d, 4 o Ve,
dt  dt dt dt

N, ¢, =ML, I1 4 r
d dI
-0
dl, _|
elz =-M <E> Primary Coil Secondary Coil

Rate of change of current
in primary coil

Induced emf
in secondary coil

JEE MAIN
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Illustration 25:

A solenoid has 2000 turns wound over a length of 0.3 m. The area of cross-section is 1.2 x 10-3 m2. Around its
central section a coil of 300 turns is closely wound. If an initial current of 2A is reversed in 0.25 s, find the

emf induced in the coil.

Solution:
Mo HON;NZA _ Anx 1077 ><200((;>;300>< 1.2x107° _3%10°H

Al 2
E=—-M—=-3x10" {—}:48x103V:48 mV
At 0.25

Illustration 26:

On a cylindrical rod two coils are wound one above the other. What is the coefficient of mutual induction

if the inductance of each coil is 0.1H?
Solution:

One coil is wound over the other and coupling is tight, so K=1,

M=,/L,L, =40.1x0.1=0.1H

Illustration 27:

How does the mutual inductance of a pair of coils change when :

(i) the distance between the coils is increased?

(ii) the number of turns in each coil is decreased?

(iii)  athinironrod is placed between the two coils, other factors remaining the same?
Justify your answer in each case.

Solution:

(i) The mutual inductance of two coils, decreases when the distance between them is increased. This

is because the flux passing from one coil to another decreases.

N,N,A

(ii) Mutual inductance M =22 . ie., M o N; N,

Clearly, when the number of turns N1 and N in the two coils is decreased, the mutual inductance
decreases.

(iii)  When an iron rod is placed between the two coils the mutual inductance increases, because
M oc permeability (1)

Illustration 28:

A coil is wound on an iron core and looped back on itself so that the core has two sets of closely would

wires in series carrying current in the opposite sense. What do you expect about its

self-inductance? Will it be larger or small?

Solution:

As the two sets of wire carry currents in opposite directions, their induced emf's also act in opposite

directions. These induced emf's tend to cancel each other, making the self-inductance of the coil very small.
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%}. BEGINNER’S BOX-6

1. The mutual inductance between a primary and secondary circuits is 0.5H. The resistance of the
primary and the secondary circuits are 20Q2 and 5 Q respectively. To generate a current of
0.4 A in the secondary, current in the primary must be changed at the rate of :-
(1)4.0A/s (2)16.0A/s (3)1.6A/s (4)8.0A/s

2. Two coils A and B having turns 300 and 600 respectively are placed near each other, on passing a
current of 3.0 ampere in A, the flux linked with A is 1.2 x 10-* weber and with B itis 9.0 x 10-5weber.
The mutual inductance of the system is :-
(1)2x10°H (2)3x10°H (3)4x10°H (4)6x10°H

3: If the current in a primary circuit is [=I, Sin ot and the mutual inductance is M, then the value of
induced voltage in secondary circuit will be :-
(1) e=MIlo,w Cos ot (2) e=-MIpm Cos ot  (3) e=[Mw Cos ot]/l, (4) e=—-(Mw» Cos wt)/ L,

4. An a.c. of 50 Hz and 1 A peak value flows in primary coil transformer whose mutual inductance
is 1.5 H. Then peak value of induced emfin secondary is :-
(1 150v (2)150nV (3)300V (4) 200V

5. The number of turn of primary and secondary coil of a transformer is 5 and 10 respectively and
the mutual inductance is 25 H. If the number of turns of the primary and secondary is made
10 and 5, then the mutual inductance of the coils will be :-
(1)6.25H (2)125H (3)25H (4)50H

6. The length of a solenoid is 0.3 m and the number of turns is 2000. The area of cross-section of

the solenoid is 1.2x10-3m2. Another coil of 300 turns is wrapped over the solenoid. A current of

2A is passed through the solenoid and its direction is changed in 0.25 sec. then the induced emf

in coil :-
(1) 4.8 x 102V (2) 4.8 x 103V (3)3.2x 10V (4)3.2x 102V
7. Two conducting loops of radi Ry and R; are concentric and are placed in the same plane. If Ri>R,

the mutual inductance M between them will be directly proportional to :-

(1) R1/Rz (2) Rz/R: (3) Ri2/Ry2 (4) R22/Rq
8. Find direction of induced current in secondary circuit for the following changes in primary
circuit :-

(a) Key is just closed
(b) Some time after the closing of key
(c) Key is just opened

N .
(i) Q . (ii)‘lgjé‘ é@é (iii""Q"
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Dynamic EMI
Dynamic or Motional EMF
A conductor PQ is placed in a uniform magnetic field B, directed normal to the

plane of paper outwards. PQ is moved with a velocity v, the free electrons of PQ
also move with the same velocity. The electrons experience a magnetic Lorentz

forceF_ = —e(vx B).

According to Fleming's left-hand rule, this force acts in the direction PQ and

hence the free electrons will move towards Q. A negative charge accumulates at
Q and a positive charge at P.
An electric field E is setup in the conductor from P to Q. Force exerted by electric field on the free electrons

is, F; =—cE

The accumulation of charge at the two ends continues till these two forces balance each other.

so F =-F, = e(UxB)=-¢E = E=—UxB)

The potential difference between the ends P and Qis V= - E./ = (vxB).(. It is the magnetic force on the

moving free electrons that maintains the potential difference and produces the emfe =B/(v (for B Lv L /)
As this emf is produced due to the motion of a conductor, so it is called a motional emf.
Important Points

° The concept of motional emf for a conductor can be generalized for any shape moving in any

=
magnetic field uniform or not. For an element d/ of conductor the contribution due to the emf is

-

the magnitude d/ multiplied by the component of vxB parallel to d/, thatis de = (;x lg). d¢

o IfB LV LL,then e, = vBle
. If any two vectors among B,vandL are parallel to each other then induced emf will be zero.
o For determining higher potential end, evaluate v x B HP.
Thumb : In the direction of motion EH
Fingers : In the direction of magnetic field Lest — pe— s
Palm : In the direction of High Potential e = (V<B). Lot
L.P.
. For any two points a and b the motional emf in the direction from b to a is,
b x X XX X b

a v1=v cosO
X X X X X X X

Motional emf in wire acb in a uniform magnetic field is the motional emf in an imaginary wire ab.

Thus, eas = ea = (length of ab) (v | ) (B), v| = the component of velocity perpendicular to both g and

ab. From right hand rule : b is at higher potential and a at lower potential.
Hence, Vba = Vb — Va = (ab) (v cosK) (B)
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Example :
L .
/ I@ B uniform
/: —
‘ﬁ 0 \i] i e, = Bv(#sinB)
(1B} £sind
\VJ.B} ‘//// : l
N I _—~ t cosb || v, no flux cutting.
<« PcosH —» ~. ¥ sinf® Llv, do flux cutting.
OR

gy = B(vsin0)¢

_—~vcosB || £, no flux cutting.
@\ vsin® 1 £, do flux cutting.

Motion of straight conductor in horizontal plane

For the given circuit, if metal rod moves with uniform velocity 'v' by an external agent.

- ~ (HP)
®B
Uniform I
Rg ) v=constant
L >
(LP)

Induced emfin circuit e = Bv/(

Bv(
Current flows through circuit I = % = %

Retarding opposing force exerted on metal rod by action of induced current

ﬁm = I(?xﬁ)
F =BIl
where 6 =90°
F - B*(*v
R

An external mechanical force (Fex) is required for uniform velocity of metal rod.
For constant velocity, resultant force on metal rod must zero and for that Fext = Fin

B 2 [ 2
Fext = Fm = V
' R

If(B,{,R) »>const. = F_ v

ext.

Hence, Vba = Vb - Va = (ab) (v cosK) (B)




ELECTROMAGNETIC INDUCTION JEE MAIN

For uniform motion of metal rod, the rate of doing mechanical work by external agent or mechanical power
delivered by external source given as :-

Pmcch = cht = 1—::0"'[' ‘7 = chtv
2p2_ 2
14
Pext = l:)m = BV
' R

If (B, { ,R) — const. = P oc v2

mech.

Rate of heat dissipation across resistance or thermal power developed across resistance is :-
2
Bv(
P, =I'R=R| —
R

B*(*v*
R
It is clear that Pw = Pmeen Which is consistent with the principle of conservation of energy.
Illustration 29:

An aircraft with a wing span of 40 m flies with a speed of 1080 km h-1in the eastward direction at a constant

= P,

altitude in the northern hemisphere, where the vertical component of earth's magnetic field is 1.75 x 10-5 T.
Find the emf that develops between the tips of the wings.

Solution:

The metallic part between the wing-tips can be treated as a single conductor cutting flux-lines due to

vertical component of earth's magnetic field. So emfis induced between the tips of its wings.

Here (=40m,By=175x10-5T

1080x1000
3600

E=By/v=175%x105%x40x300=0.21V

v=1080kmh™ = ms ' =300 ms™

Illustration 30:

Figure shows a rectangular conducting loop of resistance R, width L, :f-i-if-iél%-:é-i:-:éﬁ
and length b being pulled at constant speed v through a region of SIS DI B i
width d in which a uniform magnetic field B is set up by an ; v ® © E
electromagnet. L E@ —’® ® i
(LetL=40mm,b=10cm,d=15cm,R=1.6Q,B=2.0 Tand v=1.0 m/s) ' i‘"i“’ E
(i) Plot the flux (¢) through the loop as a function of the position L@_____@_____@ ————— (_X_)__:
(x) of the right side of the loop.
(ii) Plot the induced emf as a function of the position of the loop.
Solution:
(i) When the loop is not in the field : The flux linked with the loop ¢ = 0
When the loop is entirely in the field Magnetic flux linked with the loop
¢=BLb=2x40x103x10x 10-2=8 mWb
When the loop is entering the field : The flux linked with the loop ¢ = BLx

When the loop is leaving the field . The flux ¢ = BL[b - (x - d)]
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coil out N coil entering coilin  coil leaving coil out
8 . .
(mWb fig. (i)
4
0 X(in cm)
0 5 10 15 20 25 30
. . d d¢ dx d _ _
(ii) Induced emfis e= _d¢ = _dodx = ——¢V = - slope of the curve of figure (i) x v

dt dx dt dx
The emf for 0 to 10 cm :
-3
ez—%xlz—SO mV
(10-0)x10
The emffor 10to15cm:e=0x1=0
The emf for 15 to 25 cm :
_ -3
e=— 0780 1 g0mv
(25-15)x10
coil out“ coil entering coilin  coil leaving coil out
80 l '

40

0 | |
£(mV) | [x(in cm)

-40

-80

0 5 10 15 20 25 30
Illustration 31:

A horizontal magnetic field B is produced across a narrow gap between square iron pole-pieces as shown.
A closed square wire loop of side (, mass m and resistance R is allowed of fall with the top of the loop in

the field. Show that the loop attains a terminal velocity given by v= % while it is between the poles of
the magnet.
Solution:

As the loop falls under gravity, the flux passing through it decreases and so an induced emf is set up in it.
Then a force F which opposes its fall. When this force becomes equal to the gravity force mg, the loop
attains a terminal velocity v.

X X x X x x|

.. e Bv¢ | |

The induced emf e =Bv/, and the induced currentis i=—=—— e e e

R R :X X XFX X X:

o R

The force experienced by the loop due to this currentis F=B (i= = X X X x X xi
When v is the terminal (constant) velocity F = mg rrtg

or

B’v(® Rmg
n=mg or V=t
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Find the Given Parameter when straight conductor moves in external magnetic field :-

(HP)
b ¥
L = |
HE 1.
. R (v
. 1 \% s { o 1
(i) ‘lf (ii) (HP)L N (iii) 1 |
l N v N
HP end = ? > Direction of ext. B=7? Direction ext. B=7?
Source wire
I R L
e N s x—y
(iv) lN v) i (vi) Bar magnet
HP _ l | viout N
Direction of current in viout N (HP)
source wire PQ =? LPend=7? Poles of magnet=?
(HP)
L
Tﬂ/v .
! V1 in
: N
(vii) X —b v
L |
Bar magnet

Poles of magnet = ?

A metallic rod completes its circuit as shown in the figure. The circuit is normal to a magnetic
field of B = 0.15 T. If the resistance of the circuit is 3Q2 the force required to move the rod with a

constant velocity of 2m/sec. is:

X X X X X X

X X X I X X

X X X50X X

x$ x xo Em V=2m/s

X X X 1 X X

X X X X X

X X X X X X

B =0.15T (into Page)

X X X X X X
(1) 3.75 x 103N (2) 3.75 x 102N (3)3.75x 102N (4)3.75x10*N
A rectangular loop sides 10 cm and 3cm moving outof aregionof x x «x
uniform magnetic field of 0.5T directed normal to the loop. Xfpa =

><3im>< x —> u=1cm/sec.

[f we want to move loop with a constant velocity 1 cm/sec. then x v xL_x

X )(4_1,0Crn—>
required mechanical force is (Resistance of loop = 1mQ) :- x X  x

(1) 2.25 x 103N (2) 4.5 x 103 N
(3)9x10-3N (4) 1.25 x 103 N

JEE MAIN
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4. A metallic square wire loop of side 10 cm and resistance 1 Q2 is moved with a constant velocity
Vv, in a uniform magnetic field of induction B=2 T as

shown in the figure. The magnetic field perpendicular
to the plane of the loop. The loop is connected to a !
network of resistors each of value 3 ohm. The
resistance 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 mA in it? Give the direction of S
current in the loop.
(1) 2 x 10-2 m/sec., anticlockwise direction (2)4 x 10-2 m/sec., anticlockwise direction
(3) 2 x 102 m/sec., clockwise direction (4) 4 x 10-2 m/sec., clockwise direction

5. Figure shows a square loop of side 5 cm being moved towards right at a constant speed of
1lcm/sec. The front edge just enters the 20 cm wide magnetic field at t = 0. Find the induced emf
in the loop att=2s and t = 10s.

X X X X X
l} X X XB :X O'éT X
5ch X X X X X X
< > X X X X X X
5cmx x x x x x
X X X K
20cm
(1) 3 x 10-2, zero (2)3x102%3x10+ (3)3x1043x10* (4)3 =10+ zero
6. A conducting rod moves towards right with constant velocity v in uniform transverse magnetic

field. Graph between force applied by the external agent v/s velocity and power supplied by the
external agent v/s velocity.
HP

4

®B
R >V

(1) St. line, parabola (2) Parabola, st.line  (3) St. line, St. line (4) Parabola, Parabola
7. Find the induced EMF about ends of the rod in each case.

)
(iii)
L
®B
1 )
P - @8
(iv) ¢ y >V V) (@) i 1sv
R [ 5 =7
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8.

Find the EMF induced in metal loop when it moves in non-uniform magnetic field

® B Non uniform
P

—> v=const.

— —
|

R S
<— x—Sk—a—>

Dynamic Induction due to Rotation of Rod
Let a conducting rod is rotating in a magnetic field around an axis passing through its one end, normal to
its plane.

Consider an small element dx at a distance x from axis of rotation. T
Suppose velocity of this small element = v

Xp'x X

X (;)( X V '\I X X

So, according to Lorentz formula induced e.m.f. across this small element s p
de =Bv.dx x A X gy L o) %
This small element dx is at distance x from O (axis of rotation) x % x 94x¥x |x
Linear velocity of this element dx is V=0X
X X X X X X X
Substitute of value of v in equation (i) de = Boxdx
Every element of conducting rod is normal to magnetic field and moving in .
perpendicular direction to the field
¢ 2\/
So, net induced e.m.f. across conducting rod ¢= jds = jBoax dx = mB{%j
0 0
1
8=5Bw(2 8=5Bx2nfx(‘2 [f = frequency of rotation]
= Bf(n[z) =BAf (Where A=n(’i.e. area traversed by the rod)
Illustration 32: y < x x  x
Find potential difference between given cases.
(1) BetweenAand B (2) Between Band C  (3) Between A and C 5 < x % B, x
Solution:
£z wl? x x X X x x
(1) e,y =VB(=(x0)Bdx = Bwj xdx = (o
0 X X xNAXPL Bx £ Ix
£ 2 = oy
3Bw/ 2 2
(2) ey =VB(=(xw)Bdx =B [ xdx= S N
/2
« )2
(
(3) e, :VBﬁz(Xm)BdX:BmIXdX: Bo o
0
Illustration 33:
Find the induced emf across ends of rod. ¥ B ¥ ¥ X X
Solution: X X X X X X
(/4 2 t/a © 31/4
B!
e[/4=(X®)BdX=B®IXdX:> o o * >/ x
0 X Z X X
3[4 9B (? X X X %X X X

€30/4 Z(X(D)BdX =Bow I xdx =
0

Induced emf across the road

Bw/?

€=€37/4~Cpp =

4
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Dynamic Induction due to Rotation of Rod
A conducting rod of length { whose one end is fixed, is rotated about the axis passing through it's fixed
end and perpendicular to it's length with constant angular velocity ® . Magnetic field (B) is perpendicular

to the plane of the paper.

X X X X XP’X X

X u>)/x b < X, X

P.D. between center and end point

P N
X X X X A8 X e= Boot
2
X X X 9 X ? X %
P.D. between two end points
X X X X X X X
e=0

X X X X X X X

Dynamic Induction due to Rotation of Cycle Wheel Spokes

X X X XX X

Due to flux cutting each metal spoke becomes identical cell of emfe (say), allsuch 4 ¥ X X Mox
identical cells connected in parallel fashion e = e (emf of single cell) X1 X XX
. Bo(? XIX oL XX
nes 2 X 22 X X, 4 X
w=2nf X X X XX X

Special Note : - This emf does not depends on number of spokes ('N') in wheel.
Dynamic Induction due to Rotation of Disc
A metal disc can be assumed to made of uncountable radial conductors when metal disc rotates in

transverse magnetic field these radial conductors cuts away magnetic field lines and because of this flux

2
Bor

cutting all becomes identical cells each of emf 'e' where e=

P.D. between center and Circumference

Bor?

'. e
(. 2

P.D. between two point on circumference

e=0

Illustration 34:

A rod PQ of length ¢ is rotating about one end P in a uniform magnetic ® B = uniform
field B which is perpendicular to the plane of rotation of the rod. Point M p e o *Q
is the mid point of the rod. Find the induced emf between M & Q if that M _
between P & Q = 100V. ) t g

Solution:
EMQ + EpM = EpQ

~ Bw(*

E =100

PQ

[J

2
Bm(z] Bo!(? 3 3
l _ 2 _
Byq + =m0 = Eyg =3 Bol® = x100V =75V
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Illustration 35: QB
A rod of length £ and resistance r rotates about one end as shown in figure. Its other
end touches a conducting ring of negligible resistance. A resistance R is connected
between centre and periphery. Draw the electrical equivalence and find the currentin
the resistance R. There is a uniform magnetic field B directed as shown.

Solution:

S

Il
-~
(N
Il
o)

currenti=

R+r
Induced Electric Field
Observations
1. When magnetic field changes with time in loop a current get induced Bt
in the loop. ‘
2. This implies free electron (which were initially at rest) inside the -
loop experienced force due to which they constitute current. ' ) I
3. Since only magnetic field is present therefore force must be magnetic ————
(on charge at rest).
4. But we know that force on charge at rest in Magnetic field is always zero.
F=qvB
since v is zero, F must be zero.
Conclusion Bt
It was concluded by the scientist that since only electric field can apply
force on charge at rest, a time varying magnetic field will produce an
induce electric field, and this induce electric field will exert force on free
electron at rest and current is produced.
Properties of Induce Electric field
1. When magnetic field changes with time in region then an electric field induces within and outside the region.

@)

Concentric circular field lines of induced Electric field.

® ®°® ®

F= qE is valid for this field.
This field is different from the conservative electrostatic field produced by stationary charges.
Direction of induced electric field is the same as direction of induced current.

Unlike electro-static field, these induced electric field lines always form closed loop and are
non-conservative in nature.

;i BN
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Mathematical Analysis of Induce Electric field
For electrostatic field, @Edz =0
For induced electric field, (j)]_ém dl=0

Definition of EMF : When a charges q goes once around the loop, the total work on it by the electric field
per unit charge is equal to emfin loop

:M:qﬁ:-d?

q q
Now Induce EMF according to Faraday’s Law is given by:

dh Wiy qSF.dc
dt q q
do quEm -d/
dt q

Eogp-_d¢
qSEm di= .

e

Calculation of induced electric field

1. Inside point (r < R) ® ®
B(2nr)= 298 e & =
dt ® ®r ® |
®
E(2nr)=nr’ (d—B) \ ® ® ® ®
dt R
r dB ® ®
EZEE (Einsidc OCI') ’ ®
2. Outsid int R ;
utside point (r > R) % BN\
E(2nr) :A(d—Bj ® ® ®
dt ® ®r ®
iB ® ‘ L@
E(an):nRz(aj ® 4 ® ®
0 @ ® ®
B8 (5 1) ®
2r dt iy
3. Surface point (r = R)
E(2rR)=nR"’ [@J
dt
g
2 dt
Variation of induced electric field with r Ein

A cylindrical space of radius Riis filled with an uniform magnetic induction
B parallel to the axis of the cylinder. If B changes at a constant rate, the

graph shown variation of induced electric field with distance r from the

axis of cylinder will be like that . p I
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Illustration 36:
A circular loop of radius 2cm, is placed in a time varying magnetic field with rate of 2T /sec. Then induced
electric field in this loop will be :-
Solution:
E(ZnR)anzd—B = E:Bd—le x102x2=0.02V/m

dt 2 dt
Illustration 37:
A 4 cm diameter solenoid is wound with 2000 turns per meter. The current through the solenoid oscillates at
60 Hz with an amplitude of 2 A. What is the maximum strength of the induced electric field inside the
solenoid?
Solution:
Magnetic field strength inside a solenoid with n turns per meter is B = ionl. In this case, the current through
the solenoid is I = Io sin wt, where [p = 2 A is the peak current and o = 2n(60Hz) = 377 rad/s. Thus, the
induced electric field strength at radius r is
dB| rd

T e
dt| 2dt

. 1
=5 (ponlo sm(ot):aponrcolo cosmt

The field strength is maximum at maximum radius (r = R) and at the instant when cos wt = 1. That is,
E .= %HoanIo =0.019V/m

Illustration 38:

The magnetic field at all points within the cylindrical region whose cross-section is
indicated in the figure start increasing at a constant rate o T/s. Find the magnitude of
electric field as a function of r, the distance from the geometric centre of the region.

Solution:
For r<R:

EC:A‘d—B
dt

E(an):(nrz)oczE:%szocr

E-r graph is straight line passing through origin.

At r= RI E y 2 /’ E \\
2 | \
U4 | ) \\
For r Z R . [I X X “
Eo-aldB N CO Y ;
dt AE | - '
% 2 x ,l
— ’ \  7
E(2r)=(n?)o 4 7
~ ’,
oR? 1 i
= E= e R_O
2r r | M/%
;«f{/ K% E 1
Exr/ N
1’;’; x
jffy \N.,('m\_;
: «-@er&f
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Illustration 39:
For the situation described in figure the magnetic field changes with time
according to B = kt. Find the value of induced emf across PQ.

Solution:
M-1:
emf = E.dx

emf:E(r.cos()).dx = ‘[emfz.fﬁdx:k—yx(f
2 2 2

ky(
Fre=g
M-2
1,
q)OPQ :sz(y[)
_do_kyt
L dt 2
ky(
EOP == +EPQ +EQ0 - T

_kyt
"=
Illustration 40:

For the situation described in figure the magnetic field changes with time

E

according to B = kt. Find the value of induced electric field across PQ.

Solution:
E= a¢ = E= a8 x A
dt dt
nR?
Eqp +Epy +Eq, =kx
Periodic EMI “input
When a coil, which is placed in uniform magnetic field, rotates with <> o= 2nf
constant angular frequency about shown axis then magnetic flux -
through the coil changes periodically with respect to time so an emf of g B
) g b

periodic nature induced in coil. This phenomenon known as periodic S
emi.
° Magnetic flux through the rotating coil at any instant 't' :-

¢ = NBA cos0 = NBA coswt (as 6 = ot) R(load)

¢ = ¢, cosot where ¢, = NBA s flux amplitude or max. flux (output)

Sp. Note :- Magnetic flux changes periodically with respect to time.

® Induced emf in rotating coil at any instant 't' :-
e= g = NBAow sinot
dt

e = ¢,sinot where e, = NBAo=¢,o» is emf amplitude or max. emf
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Induced current in load circuit at any instant 't' :-
e e, .
[=—="sinot
R

e, NBAw ® . ;
where [, =2=——-= % is current Amplitude or max. current

R

Induced emf also changes in periodic manner that’s why this phenomenon called periodic EMI.

I=I, sin ot

Phase difference between magnetic flux through the coil and induced emfis 90°.

(a) When plane of coil perpendicular to B = ¢, and emin =0

(b) When plane of coil parallel to B = ¢, =0 and emax
Induced emf and current acquires their max and min values simultaneously i.e. phase difference

between both induced parameters is zero.

Phase (wt) @} = Pmax cos(wt) E = emax Sinwt
wt =0 ¢ = dpax = NBA e=0

i
wtzz $=0 e = epax = NBAw
wt=m ¢ = dpax = —NBA e=0

3
wtzg =0 e = epay = —NBA®
wt =21 ¢ = dpax = NBA e=0

Frequency of induced parameter = Rotational frequency of coil = f.
Induced emf and current changes their value with respect to time according to sine function, hence

they called as sinusoidal induced quantities

Main Applications of EMI

(A)

Generator (or Dynamo) :-

@

Caron brushes

AC generator
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()
(ii)

(iii)

(iv)

(v)

Work :- It converts mechanical energy into electrical energy.

Working principle — Periodic E.M.I.
A.C. Generator

Types of Generator

(According to output) D.C. Generator

Generator has basic three sections
(a) Armature circuit (Internal circuit)
(b) Conveyor system (Connector of two circuit)

(c) Load circuit (External circuit)

Basic difference between A.C.G. and D.C.G. in conveyor system.
Slip
For A.C. In conveyor system

Electric

Split Rings (Commutator)

For D.C. In conveyor system

Electric
Special chart For Rotating coil
Frequency
Phy. Parameter Equation Max value
(¢ = o/2m)
(a) Magnetic flux ¢ = do cosmt do = NBA f
(b) Induced emf e = eo sinot eo = NBA® f
(c) Induced current [ =Ip sinmt I, = NB}{%) f
Losses in AC Generator
1. Cu Loss 2. Flux Leakage Loss 3.Iron Loss 4. Mechanical Loss
1. Cu Loss
These are associated with the I2R loss in copper winding of armature coil.
2. Flux Leakage Loss
The useful (or main) flux is that which effectively links between magnet and armature. In practice,
some of the flux will escape, or otherwise fail to link properly and will constitute flux linkage loss.
3. Iron loss
This loss takes place in soft iron core of armature. It is of two types:
(a) magnetic hysteresis loss in the iron core
(b) eddy current losses in the iron core.
4. Mechanical loss

This loss takes place due to friction between moving parts
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Eddy currents

Eddy currents are the current induced in the body of a conductor when the magnetic flux linked with the
conductor changes.

It is a group of induced currents which are produced, when metal bodies placed in time varying magnetic
field or they moves in external magnetic field in such a way that flux through them changes with respect to

time.

. Some of the applications of eddy currents are : Electromagnetic damping, induction furnace,
electromagnetic brakes, induction motor, dead beat galvanometer, speedometers and in diathermy
(deep heat treatment of parts of human body).

. Some of the undesirable effects of eddy currents are that they oppose the relative motive, involve

loss of energy in the form of heat and reduce the life of electrical devices. To minimize eddy
currents, laminated cores are used in a transformer.

Eddy current losses :

Eddy currents (or Focalt's currents) [Experimental verification by focalt]

®B CW x
" b
®Bwrt T ®Bwrt T t o
p p —» 1 AAA V? —> 2
ACW ACW * % x P
[ Flenz — Lo W<_J !
X ) >§ Feddy X 4“;4% Y S
X % X %
Metal loop Metal disc Metal loop Metal sheet
(F1 << F2)

Illustration 41:
A circular coil of radius 8.0 cm and 20 turns rotates about its vertical diameter with an angular speed of
50 s-1 in a uniform horizontal magnetic field of magnitude 3 x 10-2 T. Obtain the maximum and average
induced emf in the coil. If the coil forms a closed loop of resistance 10 W, how much power is dissipated as
heat? What is the source of this power?

Solution:

Induced emf in coil :-

e = NBAo sinot

emax = NBAw = NB(nr?)o

emax=20% 3.0 x 10-2x 1t x 64 x 10-*x 50 =0.603 V

€avg IS Z€r0 Oover a one cycle

I — max

max
R

2
P :% =0.018W

avg

=0.0603 A

The induced current causes a torque opposing the rotation of the coil. An external agent (rotor) must
supply torque (and do work) to counter this torque in order to keep the coil rotating uniformly. Thus, the
source of the power dissipated as heat in the coil is the external rotor.
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Illustration 42:

In order to avoid eddy currents in the core of a transformer :-

(1) The number of turns in the secondary coil is made considerably large

(2) A laminated core is used

(3) A step down transformer is used

(4) A high voltage alternating weak current is used

Solution:

A laminated core is used so that eddy current minimized.

Illustration 43:

Plane of eddy currents makes an angle with the plane of magnetic lines of force equal to :-
(1) 40° (2)0° (3)90° (4) 180°
Solution:

Metallic block

Eddy currents

FTTTTT

Direction of eddy currents is given by Lenz's law. Hence, angle between eddy currents plane and magnetic
field plane lines will be 90°.
Illustration 44:

The working of dynamo is based on principle of :-

(1) Electromagnetic induction (2) Conversion of energy into electricity
(3) Magnetic effects of current (4) Heating effects of current
Solution:

Electromagnetic induction

E} BEGINNER'’S BOX-8

1. A rectangular coil ABCD is rotated in uniform magnetic field with D
constant angular velocity about its one of the diameter as shown i / Axis

in figure. The induced emf will be maximum, when the plane of — = ———= =
the coil is :- _——>B

(1) Perpendicular to the magnetic field ’) C
(2) Making an angle of 30° with the magnetic field. @ /
(3) making an angle of 45¢ with the magnetic field. B
(4) Parallel to the magnetic field.
2. A rectangular coil has 60 turns and its length and width is 20 cm and 10 cm respectively. The
coil rotates at a speed of 1800 rotation per minute in a uniform magnetic field of 0.5 T about its

one of the diameter. The maximum induced emf will be :-
(1)98V (2)110V (3)113V (4)118V
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Transformer

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

{ Iron Core '

)

= % =  Output

Secondary
Coil

AC
Source

2 |

Primary
Coil

Working principle :- Mutual induction

Transformer has basic two section :-

(a) Shell:- It consist of primary and secondary coils of copper. The effective resistance between
primary and secondary coil is infinite because electric circuit between two is open (Rps = )

(b) Core:- Both Cu coils are tightly wound over a bulk metal piece of high magnetic permeability
(eg. soft iron) called core. Both coils are electrically insulated to core but core part
magnetically coupled to both the coils.

Work :- [t regulates A.C. voltage and transfers the electrical power without change in frequency of

input supply. (The alternating current changes itself.)

Special Points :-

° It can't work with D.C. supply. If a battery is connected to its primary then output is across
secondary is always zero i.e. No working of transformer.

° It can't called 'Amplifier' as it has no power gain like transistor.

° It has no moving part hence there are no mechanical losses in transformer, so its efficiency
is higher than generator and motor.

Types (According to voltage regulation) :-

Step up transformer (S.U.T), Ns> Np
Type
Step down transformer (S.D.T) Ns < Np

S.U.T. = converts low voltage, high current in to high voltage, low current

S.D.T. = converts high voltage, low current into low voltage, high current.

Power transmission is carried out always at "High voltage, low current” so that voltage drop and
power losses are minimum in transmission line.

Voltage drop=1 R, ,I.: Line current Ry, : total line resistance,

[ — Power to be transmitted

- Line voltage

Power losses = ['R,

Sending power always at high voltage & low current (By. S.U.T.) and receiving power always at low
voltage & high current (By S.D.T.)

High voltage coil having more number of turns and always made of thin wire and high current
coil having less number of turns and always made of thick wires.
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(x) Ideal Transformer : (n = 100%)
(a) No flux leakage :-

s = Py = —d¢, _—d9,
T dt o dt
es=ep=e (induced emf per turn of each coil is also same)
total induced emf for secondary Es = Nse
total induced emf for primary Ep = Npe
n: turn ratio
E: ;I“ =norp (1)
por p : transformation ratio

where

(b) No load condition :-

S =5 -
VON, (2)
V. !
S ="S=norp ..(3) [from (1) &(2)]
VP NP
(c) No power loss :-
Pout = Pin
Vs]s = Vp]p
Vo L (%)
v, I
from equation. (3) & (4)
f W3
L. o
v, LN, norp
f S
Sp. Note : Generally transformers deals in ideal condition i.e. Pin = Poy, if other information are not

given.
(xi) Real transformer (n # 100%) :- Some power is always lost due to flux leakage, hysteresis, eddy
currents, and heating of coils. hence Pou < Pin always.

Efficiency of transformer | n = % _ Yl x 100
in PP
Losses in Transformer :-
(i) Copper or joule heating losses :-
Where : These losses occurs in both coils of shell part.
Reason - Due to heating effect of current (H = [2Rt).
Remedy : To minimise these losses, high current coil always made up with thick wire

and for removal of produced heat, circulation of mineral oil should be used.
(ii) Flux leakage losses :-

Where - These losses occurs in between both the coil of shell part.
Cause : Due to air gap between both the coils.
Remedy - To minimise these losses both coils are tightly wound over a common soft

iron core (high magnetic permeability) so a closed path of magnetic field lines formed itself within
the core and tries to makes coupling factor K — 1
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(iii) Iron losses :-
Where: These losses occurs in core part.
(a) Hysteresis losses
Types :
(b) Eddy currents losses

(a) Hysteresis losses :-
Cause : Transformer core always present in the effect of alternating magnetic field
(B = Bosinwt) so it will magnetised & demagnetised with very high frequency (f = 50 Hz).
During its demagnetization a part of magnetic energy left inside core part in form of
residual magnetic field. Finally, this residual energy waste as heat.
Remedy : To minimise these losses material of transformer core should be such that it can
be easily magnetised & demagnetised. For this purpose, magnetic soft materials should be
used.

Low retentivity

EX. : Soft Iron
Low coercivity

(b) Eddy current losses :
It is a group of induced currents which are produced, when metal bodies placed in time
varying magnetic field or they moves in external magnetic field in such a way that flux
through them changes with respect to time.

Key Points

(i) These currents are produced only in closed path within the entire volume and on the surface of
metal body. Therefore their measurement is impossible.

(ii) Circulation plane of these currents is always perpendicular to the external magnetic field direction.

(iii)  Generally resistance of metal bodies is low so magnitude of these currents is very high.

(iv) These currents can heat up the metal body and some time body will melt out (Application :
Induction furnace)

(v) Due to these induced currents a strong eddy force (or torque) acts on metal body which always
opposes the translatory (or rotatory) motion of metal body, according to Lenz law.

(vi) Cause :Transformer core is always presentin the effect of alternating magnetic field (B = Bysinot).
Due to this eddy currents are produced in its volume, so a part of magnetic energy of core is wasted
as heat.

Remedy : To minimise these losses transformer core should be laminated. with the help of
lamination process, circulation path of eddy current is greatly reduced & net resistance of system
is greatly increased. So, these currents become feeble.

Illustration 45:

In a transformer, 220 ac voltage is increased to 2200 volts. If the number of turns in the secondary are

2000, then the number of turns in the primary will be

(1) 200 (2) 100 (3)50 (4) 20

Solution:

N 220

Vo _ N, = N, =-22"x2000=200
v, N 2200

S
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Illustration 46:

A power transmission line feeds input power at 2300 V to a step-down transformer having 4000 turns in its

primary. What should be the number of turns in the secondary to get output power at 230 V?

Solution:

V,=2300V; Np=4000,Vs=230V

V. N V.

S -=-_5 NS:NP><—S:4000><—230 =400
V. N, \'A 2300

Illustration 47:

The output voltage of an ideal transformer, connected to a 240 V a.c. mains is 24 V. When this transformer

is used to light a bulb with rating 24V, 24W calculate the current in the primary coil of the circuit.

Solution:

Vp=240V,Vs=24V,

Vs 15 = 24 W

Current in primary coil I, = Vsls _ % =0.1A

P
Illustration 48:

Primary winding and secondary winding of a transformer has 100 and 300 turns respectively. If its input

power is 60 W then output power of the transformer will be: -

(1) 240 W (2) 180 W (360 W (4)20wW

Solution:

In a transformer = Pinput = Poutput

Hence, output power of transformer will be 60 W.

Illustration 49:

Abulb (100 W, 110 V) is operated using a transformer by supply 220V, 0.5 A, find efficiency of transformer.

Solution:
Pinput = Poutput

P
Efficiency (n)= —*™x100

input

100
——F %100
(220)(05)

Efficiency (n) =90.90%

Efficiency (n) =
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Illustration 50:
The primary and secondary coils of a transformer have 50 and 1500 turns, respectively. If the magnetic
flux linked with primary coil is given by ¢ = 2 + 4t wb, then the output voltage across the secondary coil is:

(H30V (2)90V (3)120V (4) 220V
Solution:

Ns=1500 Np:50¢:2+4t

@=4 = e=Vi=4

dt

Vo _Ng . Vo _1500

V. N, 4 50

Vo=120V

So, output voltage across the secondary coil is 120 V.

Illustration 51:

Input voltage of a transformer is 2500 volts and output current is 80 ampere. The ratio of turns in primary
coil to secondary coil is 20 : 1. If efficiency of transformer is 100%, then find the voltage in secondary coil.
Solution:

Vinpu = 2500 = Toutput = 80

n=100% =  _20
N, 1
Pinput = Poutput
V. N, 1
V,I, = VI, S=S=2
VP NP IS
V. 1
S - — = Vs =125V
2500 20

So, output voltage across the secondary coil is 125 V.

BEGINNER'’S BOX-9

1. Why the core of transformer is laminated?

2. A step-down transformer is used to reduce the main supply of 220 V to 11 V. If the primary coil
draws a current of 5A and the current in secondary coil 904, what is the efficiency of the
transformer?

3. Why can't transformer be used to step up d.c. voltage?

4. Write two applications of eddy currents.
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[E_%} BEGINNER’S BOX ANSWERS KEY

BEGINNER'S BOX-1

1. 5 x 10-3 Weber 2. -NBA
3. Face ABCD = +Ba?, Face EFGH = -Ba?, Remaining faces = Zero
4, 0.02 Wb 5. -0.1 Wb 6. 29.6 x 105 Wb

BEGINNER'S BOX-2

1. (i) Anticlockwise (ii) Clockwise (iii) A - Positive charge, B - Negative charge
(iv) Anticlockwise (v) Anticlockwise (vi) No induced current

(vii)  (a) Anticlockwise
(b) Anti clockwise in bigger loop & clockwise in maller loop
(c) Anti clockwise in bigger loop & clockwise in smaller loop
(d) Anticlockwise in both loop & through connecting wire zero current
(viii) Anticlockwise
2. (i) (a) Anticlockwise (ACW), (b) Clockwise (CW)
(ii) Nto L
(iii) Plate A - Positive charge, Plate B - Negative charge
BEGINNER'S BOX-3
1. 4) 2. (2) 3. 4) 4. 3) 5. (2)
6. (2) T (1) 8. (2) 9. (2)
BEGINNER'S BOX-4
1. 3) 26 (2) 3. (D 4. (2) B (D
6. 4) 7z (4)
BEGINNER'S BOX-5
1. 4) 2. (2) 3. (D 4. (D 5. 4)
6. (D 7. 4) 8. 4) 9. (2)
BEGINNER'S BOX-6

1. (D 2. (2) 3. (2) 4. (2) B 3)
6. (1) 7. 4)
8. (i) (a) ACW, (b) Zero, (c) CW

(ii) (a) ACW, (b) Zero, (c) CW
(iii) (@) L to N, (b) Zero, (c) N to L




ELECTROMAGNETIC INDUCTION JEE MAIN

BEGINNER'S BOX-7

1. (i) No induced EMF  (ii) B outwards (iii) B inwards
(iv) Direction of current Q to P (v) Low potential is N
(vi) Y south & X north (vii) X south; Y north
2. (D 3. (D 4. (3 5. 4) 6. (D
7. (i) 2 BvR, (ii) 2 Bvl (1 + sin 0), (iii) (a) Zero, (b) Zero, (c) Zero (iv) 3 Bvl (v) (a) Zero; (b) Zero
2
8. B g = Holva

nek 2nx(x+a)

BEGINNER'S BOX-8
1. (4) 2. (3)
BEGINNER'S BOX-9
1. To reduce eddy current 2. 90%
Working of transformer is based on mutual induction
4. Application of eddy current

(i) Induction furnace, (ii) Electric Brakes




