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= Faraday’s Experiment H

v#0

\:
N Magnet
¢ Ifthere is no relative motion in the coil and ¢ If a relative motion is caused between the coil
magnet, then there is no deflection in and magnet, then there is a deflection.

galvanometer.

Solenoid Solenoid Solenoid Solenoid
® When the switch is C|Osed, a deflection is °* When the key s Opened’ a deflection is
Observed in the ga|van0meter for very Sma” Observed in galvanometer (Opposite

time. direction).



= Maghnetic Flux

¢ Measure of number of magnetic field lines
crossing normally through a given area.

x n: area vector

¢=j§ﬂﬁ

[ ¢ = BA cosf ]




VT

Find the magnetic flux passing through the closed loop as shown in the figure.

Given: 6 =90° — 37° = 53°

A

Formula: ¢ = [B.dA

Solution: ¢ = BmR?%co0s53°

= %BnR2 (cos53° = %)



£
? A square conducting loop of side a is placed near a long straight wire carrying a
e T currenti asshown. Find the magnetic flux passing through the square loop.

Formula: ¢ = [B.dA

Solution: p = Ho! i
27X It 1
- N a
dA = a dx X a
J XX [ 777777777 - p XX ' X
i
d¢ = M—O (a dx) dx

2TTX

l+a :

Hol
= d
¢ jl 5 adx

_ Hola [+ a
¢ = = ln< l )




= Faraday's Law of Electromagnetic Induction £

The magnitude of the emf induced in a

) conducting loop is equal to the rate with
- which the magnetic flux through that
T loop changes with time.
N -
\_/- d¢
£ = ——
< dt




A conducting circular loop is placed in a uniform magnetic field B = 0.020 T with %
its plane perpendicular to the field. Somehow, the radius of the loop starts

shrinking at a constant rate of 1.0 mms~!. Find the induced emf in the loop at an
iInstant when the radius is 2 cm.

Flux through the loop

¢ = BA cosf B
¢ = B(nr?)cos180° = —mBr?
Induced emf-

B dgb_z Bdr
T TP

e=2.5uv
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The direction of induced
current in a conducting loop
Is such that it opposes the
change that has induced it.

Lenz's Law

A

The direction of induced current in a conducting loop

Is such that it opposes the change that has induced it.




Lenz’'s Law and energy conservation %

® The current which is induced in the coill
produces heat.

¢ From the principle of conservation of energy,
since heat is produced, there must be an
equal decrease of energy in some other form.

¢ The production of heat is compensated by the
decrease in kinetic energy of the magnet.
Thus, LenZ's law justifies the conservation of
energy principle.



Coil 1 Coil 2

As the switch is closed current
increases in coil 1so flux through
coil 2 also increases and induced
current flows in coil 2.

After some time current in coil T
becomes constant so flux
becomes constant and induced
current becomes zero in coil 2

Lenz's Law with coils

Coil 1 Coil 2

®

When switch is opened from closed
state then current through the first
coil decreases hence flux is also
decreased in coil 2, it opposes the
change of flux and current is induced.



%

A square loop ACDE of area 20 cm? and resistance 5 Q is rotated in a magnetic
field B = 2T through 180°, (a) in 0.01 s and (b) in 0.02 s. Find the magnitudes of
average values of e and i in both the cases.

(@)in 001 (b) in 0.02 s o
_4¢ >
Savg - At A(p )
|€avg| = E

¢1 = BA cos180° = 2 x 20 x 1074(—1)

¢, =—-4x10"3Wb AG = 8 x 103 Wb

¢, =4 x 1073 Wb

-3

Ap =8x 1073 Wh - —gx o4
’ el =8 2 x%x0.01 Dt
-3
€l 0.01
= e 04 0.08 4
e )
0.8 R 5
=>i=-=—=0164



7 A conducting loop of radius R having resistance r Q is placed in the varying
H magnetic field B = B,t3. Find the charge flown in the loop in time t = ¢,.
Solution: Given: B = B,t3

To find : Charge flown in the loop

Solution: EMF generated

d¢
£ =[—
dt
(p = B.A)
= 3B,mR*t?
, e 3B,mR*t?
it)y=—=——"—
r r
q =fi(t)dt
_ B,mR?t3

1 r




= Origin of Induced EMF %

Q
f .
I B
v P
Motional EMF

Moving whole or a part of conducting
loop or change in area of the loop keeping

§ constant

¢ = BA cosf d
< = __¢
dt

B: constant

A: variable

B(t)

Induced Electric field

When area of the loop is constant and
time varying magnetic field is present.

B(t) :time varying magnetic field

d¢
dt

¢ = BA cosf
A: constant E =

B: variable
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B
B

As free electron moving in magnetic field,

magnetic field apply force(E,) on electron(e™).

[ ﬁm=-e(ax§)]

Negative charge accumulating at P and
simultaneously positive charge
accumulating at point Q.

Electric field produced from Q to P.

Motional EMF %

________________

Fg: Electric force on charge

E,: Magnetic force on charge
For equilibrium
FE — Fm

= eE = evB

= E =vB
¢ e = Bvl
=>7=UB




= Motional EMF Equivalent to Battery
Q
: e ) EI +
[ e v - L -{—'v
i | r <
\4 P _ \ Pi _

EMF of battery(e) = Bvl

Resistance of rod= (r)

Consider a moving rod in magnetic field as
a battery with emf = Bvl .



[ =W

At time t,

: length of the loop inside the
magnetic field region

¢ = BA cosf

= ¢ = B(lx) (1)

dé
“Tar
d _
£ = Bl= = Blv € =Bl

dt

Motional EMF by Faraday’s law

Bvl

For direction: Stretch your right hand
fingers in the direction of velocity then
curl your fingers along the magnetic
field, your thumb will point to positive
polarity of battery.



Motional EMF (Vector Form)

At steady state,

Fr = —F,

PD.=—[E. dl
B E=—(@xB)

2 =](ﬁxB) dl

If magnetic field is uniform , then,

g =(xB).l
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[E:Bvl ]

length(l), velocity (v)
and magnetic field (B)
are perpendicular to
each other.

Motional EMF Different Cases

B
(%
—_—
[ S X p

E=0

length(l), velocity (v) are
parallel to each other.

If any two quantities are
parallel to each other then
iInduced emf will be zero.

[8 = Bvl sinf ]

length(l), velocity (v)
are at 8 angle.



= Motional EMF for Random Shape Wire

4 Induced emf for small elementary

dE = Bv sinf dl
= d€ = Bv (dl sinf)

—x V = d& = Bv (dy)
=>Jd8=Bdey
= & = Bvl

[ is effective length between ends of wire



A rod of length [ is translating at a velocity v making an angle 6 with its length. %
A uniform magnetic field B exists in a direction perpendicular to the plane of

e T motion. Calculate the emf induced in the rod. Draw a figure representing the
iInduced emf by an equivalent battery.

Solution: B
. B . . .
v sinf Only vsin @ is considered because this v
1 v component is perpendicular to length and

magnetic field.

€ = Bl vsin@ !




An angle zaob made of a conducting wire moves along its bisector through a
? magnetic field B. Find the emf induced between the two free ends if the magnetic
field is perpendicular to the plane of the angle.

Induced emf-
E = Va — Vb

=e=Va—=V) + (Vo —Vp)

- o= (wrsn(2)) (s 2)

7]
= & = 2Bvl sin (E)

N D

For direct emf, effective length could be
calculated by joining its ends.



The rod moving on two rails in magnetic field
acts like a battery and the potential difference
across the rod is,

()

Motional EMF can be converted into
mechanical/electrical energy.

2 Concept of Energy Consideration

In @ constant magnetic field, if we change the flux, an
emf is induced in the PQRS. PQ is the movable arm.

d
Sz‘——d) [CurrentzizBTw ]

dt

r is the resistance of movable arm PQ

As the magnetic field is present, there will also
be a force Fz acting as,




This force is directed towards right in the

direction opposite to the velocity of the rod.

__ B?%1%y

Fp =

r

The arm PQ is pushed towards left with force F to

make it move with constant velocity.
So, the mechanical power required is:

Power = Force x Velocity

P=F

VU =

B?[%p?

r

The Power dissipated in form of Electrical Power is:

A=A
Current(i) = BTW
B?[?vp? B*1*v?
= >— X1 =
r r

Electrical Power = Mechanical Power

The concept of Energy consideration here shows
that the Lenz's Law is consistent with the
conservation of Energy.



V.
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Solution:

A horizontal magnetic field which is uniform above the dotted line and is zero
below it is shown. A long, rectangular, conducting loop of width L, mass m and
resistance R is placed partly above and partly below the dotted line with the lower

edge parallel to it. With what velocity should it be pushed downwards so that it
may continue to fall without any acceleration?

Induced EMF-

Ey, & = BvL

BvL m,R

L . BvL
| i=—
m, R I R

For zero acceleration, net force should be zero-

E,=mg  (E.:Magnetic Forceonloopl [

=
U
ou!
vy
oF
h
N————
T~
Il
S
Q
N
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B(t)

Induced Electric field

Induced electric field:;

When a time varying magnetic field is present in
space then simultaneously a field is produced
known as induced electric field.

B(t): time varying magnetic field



\h__—

Properties of Induced Electric field

Induced electric field is —

Non — electrostatic

This electric field is produced by time
varying magnetic field not by static
charge.

Non — conservative
Work done on the charge in a close
loop is honzero.

Electric field lines can be closed loop
Electric field due to Static charges
never form closed loops but this electric
field forms closed loops.



5 Relation between Magnetic Flux and Induced -4
Z Electric Field

Work done on charge by induced electric field
dW = F.dl = qE.dl

Net work done in moving it along the closed loop

= W=j€q§.di

The work done on charge is non zero in a close
loop so this proving that field is non conservative.



A metal rod of length [ rotates about an end with a uniform angular velocity w. A L

‘, uniform magnetic field B exists in the direction of the axis of rotation. Calculate
C the emf induced between the ends of the rod. Neglect the centripetal force
acting on the free electrons as they move in circular paths.

Solution:
Each point of rod has different velocity =
B z
. 0 ]
Velocity of elementary length [ 2
0 A= . 3‘
V= wx X ,f’#dx\ /a)
Induced emf across elementary length 'dx’ _I I-i
d€
d€ = B(dx)wx

Jde = folBa)x dx

[ € =1pwi? ]
2




Solution:

A rod of length 10 cm is made up of conducting and non-conducting materials

(middle part is non-conducting). The rod is rotated with constant angular velocity
10 rad /s about point 0 in uniform magnetic field of magnitude 2 T. Find the

iInduced emf between point A and point B.

B

Induced emf across elementary dx

d€ = B(wx)dx

1
€ =5x2x10x (0.1* = 0.07%)

[ &= 0.051V]




A conducting circular loop of radius a is placed in a uniform, perpendicular

magnetic field B. A metal rod 04 is pivoted at the centre 0 of the loop. The other
7 end A of the rod touches the loop. The rod 0A and the loop are resistanceless but a

resistor having a resistance R is connected between 0 and a fixed point € on the
loop. The rod 04 is made to rotate anticlockwise at a small but uniform angular

speed w by an external force. Find (a) the current in the resistance R.
Solution:

1
B £ = —Bwa?

!
|

=
“NVVV

n
N
L

Induced emf Induced current

1 ; & Bwad?
& =—Bwa = —=
2 R 2R

4



The current generator [, sends a constant current i through the circuit.

The wire cd is fixed and ab is made to slide on the smooth, thick rails with

a constant velocity v towards right. Each of these wires has resistance r.
Find the current through the wire cd.

c z Given: Reg=Rygp =71
c a
To find: i
i
— )
Solution:
| The Emf induced in wire = Blv o
d b ‘
Apply KVL in loop dcabd clockwise: |
d b
C a —iwr—Blv+ (i—i))r=20
V) . g
/ \\J-e —2i4r—Blv+ir=20
() 31 VE—
iy . _ir—Blv
L 2 T Ty
>




Eddy currents are the loops of electric
current induced within the body of
conductors.

o They arein a pattern like eddies in
water.

o The direction of this induced
current is given by Lenz's law.

Eddy Current

-4

Eddy currents produce heat in the
metal which comes at the cost of
kinetic energy

of bar magnet.

The bar magnet slows down and
eventually comes to rest. This
phenomenon is called as
“Electromagnetic Damping”.

Metal sheet are cut into slots to
reduce the possible path of eddy
current.

It also reduces the surface area
through which the magnetic
field passes.

“Slotting of conductor reduces
eddy current formation”.



= Applications of Eddy Current

Eddy currents are used to advantage in certain applications like:

¢ Magnetic braking in trains
¢ Electromagnetic damping

® Induction furnace

Electric power meters




4 Classification of Electrical Components

\ 4
Active Electrical Components

Active element generates
energy for any device. It is
the core component to
operate the device.

Active components control
the flow of charges in
electrical or electronic
circuits.

EX:

\ 4
Passive Electrical Components

A passive element is an electrical
component that does not generate
power but dissipates, stores and / or
releases it.

EX;

"/\/\/\/* Resistor

Capacitor

— LWV Inductor



Current

Self Inductance

The property of a coil, by which an induced emf is
developed due to change in strength of current
flowing through the coil itself.

The induced emf will resist the rise of current
when the current increases and vice-versa.

Applicable for time-varying current and not for
steady current.

Measurement of Self Inductance
P xi

l

¢r = Total flux = N¢

l

¢r = Li=No



= Coefficient of Self Inductance

Coefficient of self iInductance is the ratio of magnitudes of emf produced in a
circuit by self induction to the rate of change of current producing it.

)
E = ——iT ¢T = Li

D Ldi

O O i dt
el

gt

i i ‘ | ‘ = it

Sl Unit; 2227 — henry (H)

ampere
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000000

Observer Direction

Direction of Induced Emf

S 000000™

Olbserver Direction

_ 4
cT A




4 Understanding Self Induction

7N 7N\ 7N\
i T\ 17\ 17\

3 11 \W\ 17 W\ 17 \\
11 i (AN 1l

I 1\ TRl 11

\\; 77 Vs 77 V4 2y
S SR N

4—
S l Induced emf




> Self Inductance of Long Solenoid
z B = poni ¢ = B.A = BA
l 11' | l |
< < ¢ = poninr? | (Flux through one coil)
l l
¢r =N¢ (Total Flux)

[ = Length of the solenoid

n = Number of turns per unit length
i = Current through the solenoid

N = nl = Total number of turns

r = Radius of the coill

l

Li = (n)(ugninr?)

1

L = ugn?mr?l



The network shown in the figure is part of a complete circuit. If at a certain
instant, the current is 54, and is decreasing at a rate 1034/s, then (V3 — V) is

Given: i =54, = = —10%A/s

1Q — + 5 mH
To Find: (Vg — Vy) i
15V
Solution:
Apply KVL between point A and B in the direction of current
The potential difference between point A and B is:
(Vg =Vy) =—ir+E+ (—L %) » (Because we are going in direction of current)

(Vg —V,) = =5+ 15—5x% 1073(=103) = 15V



The inductor shown in figure has inductance 0.54 H and carries a current in

the direction shown that is decreasing at a uniform rate Z—i = 0.03 A/s. Find the
self-induced EMF.
: di
Given: L=054H T —0.03 A/sec
To Find: induced emf l
Solution: Self induced EMF is given as: A L
ek
T

= ¢ = (—0.54)(—0.03)

e=162x107%2V



Att=0,i=0

Growth of Current in L-R circuit

Apply KVL clockwise in the circuit,

Ldi R+e=0
Eri E=

'R—Ldi
€—IiR =L

ji di — (tdt
o E—IR ), L

i(®) =5 (1 - e77)

i(®) = 5 (1 - e77)
I’
R

&

>
LA f\\__
]
b S
\ a
&

— = T = time constant; R= I, = steady current

i) =1 (1 ena)

In one time
constant, i is
INncreased to 63% of
its steady state
value.

It takes around 5
— time constants
to reach steady
state.

I

Car s
e

0

0.63 i,

Lo

2

(Steady current)



An L —Rcircuitwith L =126 H R =63 Qand s =20V isswitchedon att = 0.
Find the power dissipated by the resistoratt = 2 s. G = 0.37)

Given: L=126 H, R=630,6=100V
To find: P (Whent=25s) 12.6 H 6.3 O,
Solution:  The time constant of the circuit is: W—W
L 126 5
"SR 63 °F
The currentatt =2sis given b :
u SIS g \Z i A
5 20
i=E(1—e-t/f) =—x063=24

6.3 ° | ‘ ® o

The power dissipated is given by:

P=i’R=4%x63=252W



= Instantaneous behaviour of Inductor

att =0 att — oo
i(6) = (1= e7t/7) i(6) = (1-e7t/7)
i(t = 0) =%(1—e‘0) =%(1—1) i(t - o) :%(1—(3—%) :%(1—0)
~i=0att=0 -'-i=%=ioatt—>oo

W LN
A Il B A Il B

o —————9o O
@ @
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.A
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S
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Decay of current in L-R circuit

&

Att=0, t=b=7%

Apply KVL clockwise in the circuit,

Ldi iR =0
ac 0T

'R—Ldi
TS

j dl Rdt

£ & Rt »F

i(t) =—e L = =1=timeconstant
) P B

t
Wty =visess



att=20

it=0)=i,e %=iyx1=i,

i(t) =i,e”

~ |+

— (Steady state)

l
_t
l,e 7
Lo
0.37 i,
0
it
[o
t
i(t) =ie =
0.37 i, \_
.

In one time constant,
current reduces to
37% of its initial value

ty
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Applying KVL in clockwise direction

Ldi R+e=0
i E=

Multiply both sides by “i" and integrate w.r.t “t”

(- (o

Energy
Workdone by storedin  Heat loss at
battery inductor resistor

1
U == Li?
5 l

= Energy stored in an Inductor

L

W

I

—LF"

Let a current i be flowing through
an inductor of inductance L.

Power = &i
aw Ldi _
e \ac)'
= dW = Lidi

Integrating both sides, we get;

1, (Thiswork done by battery is stored

>W = ELl in inductor as magnetic energy.)

1
—Li?
> l



'B
The magnetic potential energy stored in a certain inductor is 25 mj when the
current in the inductor is 60 mA. The value of inductance is:

Given: W =25mj i =60mA
To find: Inductance (L)

Solution:  The potential energy stored is equal to
the work done which is given by:

A 1.389 H
1
W == Li?
> l
B 0.138 H
1
= 25x 10737 =§><L>< (60 x 1073)?
C 138.88 H

~L=13.89H

@ 13.89H



Energy Density of Magnetic field *

The Energy stored in the inductor is
Y IT W e
| 2

Energy Density in the field in an inductor

U_%uz




Consider a small cube of volume 1 mm? at the centre of a circular loop of

radius 10 cm carrying a current of 4 A. Find the magnetic energy stored inside
the cube.

Given: V=1mm3=10"°m3, R=10cm=01m, i=4A
To Find:  Magnetic energy(U)

Solution: The magnetic field due to a circular loop at

the center
Hol

B =—
2r

The magnetic energy stored inside the cube:

2
1 1 X 4
Uil e p 2y <”0 > (1079)



lll A cell of EMF 15V is connected across an inductor of 10 H and a resistance
. of 10 Q. The ratio of magnitude of currentat t - o« tothatofatt = 11s,

Civen:R=10Q,L =10H,V =15V

10 H 10 Q)
To Find: 5w UW“ V.V V
lt=1
Solution: i
_L_10_. |
T—R—lo— sec. . ||_._._.f .
%4 15 C e—1
Att - 00, | ===—=1.5Amp. 15V
R~ 10
el/2
. ( _E) B R
Att=1, i=ig\l—e ~ e1/2 _ 1
e—1
= 1.5(1 Seit)is= 1.5( > Amp.
< C 1—e1




'B
A coil having an inductance L. and resistance R is connected to a battery of emf

€. Find the time taken for the magnetic energy stored in the circuit to change
from one fourth of the steady-state value to half of the steady-state value.

In steady-state, —) . Lo
L=y =ty — W "\
lo—R 0= 5 Lo c _E)
i(0) =—-\1 -
i(t) B e
tlztimewhenU=U1=i><U0andi=i1

Wheni=i1=%" = t, =1In(2) . II_,_,iR

Whenizizzf/—% = t2=rln< V2 )

t2=timewhenU=U2=%on andi =i,

On comparison, V2 —1
1 RIS R
Uy :ZX U, :§L(lo) ZEL(h)

1
to,—t;=t=71ln
1 1 | 2 1 <_ )
Us = 5% Up = 7L(i0)? = 5 L(i2)? A



A metal bar AB can slide on two parallel thick metallic rails separated by a distance [. A I O
resistance R and an inductance L are connected to rails. A long wire carrying a constant
current I, is placed in plane of the rails and perpendicular to them. The bar AB is held at

rest at a distance x, from the long wire. Att

the wire. Find

a) Relation among i, Z—i and %, where ¢ is the flux

Given: At t = 0, wire starts sliding on rails towards right

To find: Relation among i,z—iand

Solution: Magnitude of EMF induced in the bar:

2

€=
dt

Apply KVL in the anti-clockwise direction:

R Lﬁ+€—0
: dt &

d¢
dt

0, it is made to slide on the rails away from

A
A mmmm e > - A
a i
R
[ Lo t=20 l
L |

Xo B




o

A coil of inductance L = 2.0 uH and resistance R = 1 () is connected to an ideal

7 source of constant emf € =31/ as shown Iin the figure. The total amount of
°T heat produced in the coil after the switch S is disconnected is
Given: L = 2.0uH R=1Q E=3V LR LR
To find: Total heat produced in coil after S is (i)) ' \}Uw i | WY ' i |
; 2J)o
disconnected R, = 20 , |
- £_3 <G, VVVvV— Ry =20
Solution: (iy), = Pt 3 Amp. (steady state current) - femme e 27,007 U T s =5 e -
i i | e
E = Li% = 2 x 2 uH x (3)? 5 5 il
2 T ; WPh il £=3V
E =9y (insteady state) oisinT
After switch is disconnected: \—¢
Er _ enegy dissipated across R R fe Bl

N =

Eg, ~ energy dissipated across R, R,

= Er=31
E=ER+ERO=9#]
= Ep, =61



= Equivalent Inductance in Series combination P

. i ) The equivalent inductance between A4 and B is:
L, I B
l Log. = Ly + Ly + Ls
4 Wy 5
L
Inductors in series are added just like resistors are added in series.
= Equivalent Inductance in Parallel combination
3 L The equivalent inductance between 4 and B is:
A > L B
. 5 -
Sy 11,11
l Leqq L1 L L3

Inductors in parallel are added just like resistors are added in parallel.



Three inductors of inductances 60 mH, 120 mH and 75 mH respectively, are

¢ connected together in parallel combination. Calculate the total inductance of
the parallel combination.

To find: Equivalent inductance of the given

configuration

Solution:  The equivalent inductance in parallel 60mH

combination is:

1 1 1 1 120 mH
=—+—+—

o T \_‘% x_/ )
1 1 1 1 j\’\
=+t —

Leg. 60 120 ' 75

75 mH
1 10+5+8 23

Leg 600 600

Leg-~ 26 mH



Mutual Induction

Mutual Induction:

The phenomenon of induction of emf in a coil

due to changing current in a neighboring coil.

Ny, < iy
Ny, = Miy

N>

M =

lq

M = Coefficient of mutual induction for
coils ¢; and G,



(¥  Factors on which Mutual Inductance depends

Mutual Inductance of a pair of coils
depends upon:

Ceometry of two coils
Relative orientation of two coils
Number of turns in two coils

Separation and medium in between
two coils




=% Emf Induced in Mutual Induction

Total flux associated with coil Cs:

Ny, = Mi,

Emfinduced in coil C,:

do,
= Syl
82 2 dt
dil Mll
€y = — 773 <¢2 =N,
_82



v

1 Current in the secondary coil changesfrom 10 Ato 0 4 in 0.5 s. If the EMF induced
Ll In the primary coil is 220 V, find the mutual inductance between the two coils.

Given: Unitial = 104 i =04 At=05s €, =220V

To find: M B
= il \
: di, -
Solution: E1=M|—
dt Primary Secondary
220=M ‘( ) A 22 H
B 0.09 H
M=11H



= Mutual Inductance of pair of Solenoids &
Magnetic field inside the solenoid:

Total turns of outer coil = N, = n, 1,

B = uoniiy Total flux through outer coil:

Magnetic field outside the solenoid is zeroi (@2)totar = N2(D2) one turn

Flux through one turn of outer coil = (D) rorar= oMo (1) 2150y

(P2)one turn = B1-4Aq Also,

= ¢, = B1A; cos b (D2)totar = Miy

= P2 = ol TE(H )7 On comparison

M = ponin,m(r)l,



2 Coefficient of Coupling

The coefficient of coupling of two coils gives a measure of how the two coils are
coupled together i.e, the interaction between two coils in terms of mutual induction.

_ Magnetic flux linked in secondary coil _ ¢,

Magnetic flux linked in primary coil — ¢,

| Also,

M

V6@l

=

ot :

__ M9
JLiL, 1

0<K<1)



Coefficient of Coupling

Co-axial coupling (Ideal)

K=1M=

L1L,

Normal coupling

No coupling

K=0M=0



Series Combination (Aiding)

Vsl

Leq=L1+L2+2M

= Series Combination Of Inductors

Series Combination (Opposing)

it i

Leg =Ly + Ly —2M



'B
A solenoid of length 20 ¢m, area of cross-section 4.0 cm? and having 4000 turns is
placed inside another solenoid of 2000 turns having a cross-sectional area 8.0 cm?

and length 10 ecm. Find the mutual inductance between the solenoids.

Given: Cross-sectional area of 5; = 4.0 cm?
Number of turnsin §; = N; = 4000
Cross-sectional area of 5, = 8.0 cm?

| HH\ AYY
Number of turnsin S, = N, = 2000 QQQK&M \“\"\\ .| ~| : H\t,\ jmmb\b\)

/\\\\\\\\ ANy

To find: Mutual inductance Sl
Solution: | NN 400077 NERR 2SR L B ) ) B
olution: ng = T T
B e 0000
2R SIS0 2 o

M = ponynyAl;

M =47 x 1077 x 20000 x 20000 x 4 X 10~* x 0.1 H M~2x10"2H



Solution;

Two conducting circular loops of radii R, and R, are placed in the same plane
with their centers coinciding. Find the mutual inductance between them
assuming R, < R;.

Magnetic field at centre is:

B = (® = Field is out of plane




& AC Generator - Construction

Strong magnets

Slip rings |-----------------~

Armature

__________________

Carbon brushes




= AC Generator - Working Principle

\4
\4

\4
P ’

Magnetic flux changes as the armature rotates in the magnetic field.

Faraday’'s Law tells us that the change in magnetic flux generates emf in the coil.



A AC Generator - Induced Current and EMF Derivation

Where,

B = Magnetic field due to external magnets

A = Area of the armature coil

N = Number of turns

Magnitude of induced EMF:

For an armature moving at a constant do :
angular speed w, € =—— = BAwsin(wt)
e For N turns:

The flux (¢) passing through the armature at any

. _ € = NBAw sin(wt)
Instant is:

~ € = &psin(wt)
¢ = NBA cos(wt) For N turns.

Where, €; = NBAw



A AC Generator - Graphical Analysis %

.— -_— : 5 -_—
N ,r".:: S S
+€, 1 € = &jsin(wt)
Induced
emf
* Time
S A ] TN

+ The current produced by an AC generator is sinusoidal in nature.



Migration of Birds

Birds migrating from Siberia to India rely on
the distribution of the Earth’'s magnetic
field for navigation.

One possible explanation is that they might
be using motional EMF to sense the
magnitude of the magnetic field.

By sensing the magnitude of motional EMF,
the magnitude and direction of the
magnetic field can be determined

Fishes like sharks have been known to use
the magnetic field of the Earth for the
purpose of navigation.



