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19.1 ELECTROMAGNETIC INDUCTION:

The generation of electromotive force (emif) in 4 conductor due 1o change
it is called the phenomenon of Electromagnetic Induction The
Induced current and the emf produced is called Induced emi.
Induced Electromotive Force (EMF)

An emf generated in a coil or conductor due to change of magnetic flux is called induced emf,
denoted by £ or V.

of magnetic flux through
current thus produced is called the

Induced electromotive force (emf) can be generated in following two primary ways:

(i) By Relative Movement (The Generator Effect)

In this way an emf is induced in a conductor when it experiences a change in magnetic

generator effect also known as motional emf, occurs when there is a relative motion between a
conductor and a magnetic field.

Example:
In a simple electrical generator,
drives an electric current through

a coil of wire rotates within a magnetic field. This induced emf -

an external circuit, oy

Hi) By Changing a Magnetic Field (The Transformer Effect)
this way emf induced due to changing magnetic field around a stationary conductor,
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§  FARADAY’S LAWS OF ELECTROMAGNETIC T ————

. - induction iS 8
28 Famaduy's Laws of electromagneic induction

o  fund tal principle 1 lectromagnetism that describe the ( LLLLLAA
‘ fundamental principle in e ‘magnetic field and the

relationship between o changing ma L olosed
induced electromotive force (emf) or voltage & £ ‘ et

These laws are given below:

k flux is changing
e Pt TR hich tt metic flux is changing. ,
An emf is induced in a coil through which the magnetic 4« the flux through the

the change of flux is in progress and becomes zero as S00N

Curvent thrmegh
1ve civemil

The emf lasts so long as ‘
coil becomes

constant.”
- = ' i > of
“The electromotive induced in a closed circuit is directly pmpnr.nmnl to the rate OL
' Mathematically it can written as:

change of magneu {ng through the circuit.’
Induced emf a rarée magnatic flux

1.- Magnetic Flux Change: Maguitude of induced emf depends upon change of Magnetic flux
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4. Angle between magnetic field and Coil: Magnit i -
‘ ; » | | Coil: Magnitude of induced emf is minimum if 1 _

field is perpendicular the coil’s plane (6 = 90%) and emf is maximurm if ﬁ:ﬁ"ffs?;fp‘;‘rﬁ“?m

‘ raliel o

the coil’s plane (8 = 0°).

4. External Factors: Magnitude of induced emf also depends u
_ tud lepends upon external factors.
- temperature, pressure, material property and other environmental condition, s% &
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-~ the coil itself, thereby inducing an emf in it.
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The dirvction of induced curront was carefully studied try HEF Lonz & German scientist and the
results were generslised meost elegantly i0to & rule in 1835 called Leng’s Law. The Law states that:

H."“mwmﬁm in swch a direction so av 1o oppese the cante which gives rite
OR
“The direction of induwced emf in a circnit is slways such that it appeses Uhe cause which

prodoeces iL.*

For Example:

a) When the North Pole of the bar magnet s moving sowands the face of the coil # becuwnes
North face by the induction of cument in anticlockwise direction o oppose forward awstion of ﬁ:

magnet as shown,
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b) When the North Pole of the bar magnet ix mofnfie = ot OIS

South face by the iw,Fln wrrent in clockwi

magnet as shown H
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LENZ’S LAW AND ENERGY CONSERVAT
Lenz's law is also directly related with the law § et I EndDs ‘ rag
across the magnetic field we do work aganst the magneuc hield ansing from interaction of the
original magnetic field and that of the induced curment and in doing so we impart energy to the
loop. This energy is the source of induced current. The electromagnetic induction is exactly

ncuc;njj|1g 1o the Iaw uf conservation of »r:m'rg}'.

19.2 SELF INDUCTION: ,
T

The change in the magnetic flux in a coil may be

—
due to the relative motion of the coil and the
“magnetic field or due to the change of current in ——— -4 _
the coil itself. Phenomenon of inducing emf in the - + i 3
coil due to change of current in coil itself is called ™
= ha

self Induction.

Let us consider a coil of N tums with a battery, a
galvanometer and a rheostat in its circuit, If current
in the coil is changed with the help of rheostat, then -
the change of magnetic flux would also be felt by | x

i

a (E ]
l“
w

- .

¥

- {M
T
i

[ e



Al
£ = (constant)——

P by L therefore, .

‘Where this constant is called self inductance, denoted by ;
& Lﬂ Thi

At Ta

From Lenz's Law o iasiunsan i (1) cus
Eack Al e o

At ;

] ' ic induction " i

According to anﬂnyvs Law of electmmagneuc in e I:
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Wherc L is the constant ¢

An mducmr (31
n:malm stored™,

Constder an inductor connected to a DC powe
through a switch. When the switch is closed, th
in the inductor gradually rises unmtil it real)
maximum value, denoted as 1. This changing current
leads 10 a corresponding change in the magnetic flux
within the coil, causing an induced electromotive force
(emf) to establish itself in the coil. Consequently, an
induced current is generated in the circuit, which works .
o minimize the curremt produced by the battery in
accordance with Lenz's law.

As a result, the battery must perform work on the charges to build up the curremt I, Thig “. “‘

mathematically expressed as follows: i
W=AV Aq.........(1)

As the induced emf is pmduwd in the inductor, we have
AV =g =L (AVAD,

And equation (1) can be rewritten as:
E= L (AVA1) Aq - Rl

. E=(gagal........ ' 2o g
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Put in/2) becom o
E=(12)Lp

E " the energy stored in joules (J).
Lgls‘thc self-inductance of the inductor in Henri (H).

oy th:nI: the current flowing through the inductor in amperes (A),
s ula indicates that the Fnergy stored in on inductor is directly
the v:u‘mﬂ:m passing through it and is also dependent on the indu
varment mcreases, the encrgy stored in the inductor
stored energy decreases.

19.3 MUTUAL INDUCTION:

If the two coils are placed close together, then a changing ' 1 1

' ' _ . ther, -hanging current 1in ooe coil (the primary) sets g
a -._hnngmg magnetic field in the other (the secondary) and so induce an e.m.f, mpmc E:nfmui
This et_‘fcct‘ 18 known as mutual induction ond can be defined as “The phenomenon of inducing
c,.m.‘}:‘. in the secondary coil by changing the magnetic flux of the primary coil with the help of a
varymng currenf throug Mutual induction.”

Consider two coils ¢ ch other. The col

coil and  the coil™ jomed =~ with  the

galvanometer circuit |s secondary
coil. The secondary vathin the
magnetic field of 1 carrying

primary coil. The current in the primary
of

. " NMOREI =R
oy,

propartional to the square of
clance of the inductor itself. Ag the
increases, and ps the current decreanes, the

If the current is changed in the primary

coil due 1o prim , Bes.
an e.m.f. 15 induced in the secondary coil,
Al
g
L Al
. MAI_
£, =——F (1 b
At |

Where M is the consiant of proportionality called a Mutual induction and negative sign arises due
to Lenz’s Law. B .‘
According to the Faraday's Law of electromagnetic induction

- NAD : ,
— - * T — {2]
S A
By equating equation (1) and (2), we get.
- -MALL  -N Ad

br
f::m, = N.AG

The S.1 unit of self induction is Henry.
19.4 TRANSFORMER:
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c,,',»,,s; of current in the |

L A T

e peinciple of transformer is *The Murual Induction o, e, the vate ©f
| primary coil induced emf in the secondary coil.

<] 18 \ transformer consists of two coils, one of them ¢tS -

a0 B primary coil and the other as secondary. These coils are

: WORKING:

' with N, tums, the resulting current | causes a varying flux
At

n the

gecording o the § The ©
. partic

19.

s &4  wound on the same rectangular of circular soft iron core which
- isin the form of sheets and are insulated by some MEANS-
A changing current in the primary coil induces an emf 1 ‘,
secondary coil. On supplying voliage Vj o the primary coil i the iron core according 1©
) Faraduy’s Law. The magnitude of induced emf V, in the secondary coil, paving “Ns'' tums s givey §
by.
JOIN- 22
As the varying flux j igap core induces emf |
primary coil. Acrwral uraday’s Law.
=N
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This result shows that for a step up transformer, ie. for V, > V

y ‘ , p there should be N > N ¢
step down transformer. i.e. for V, < V; there should be N, < N,

From the energy conservation principle,

secondary coil: POWEE Input in primary coil = power output

VP‘ lI" = VI L : ‘
| ] - & 3
v, 1,

13
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waﬂ be classified as follows:

() STEP UP TRANSFORMER:
The transformer whichi raises the input voltage, i.e. voltage of primary <oil at the output, ie.

voltage on secondary coil.

(ii) STEP DOWN TRANSFORMER:

The transformer which decreases the input voltage, i.e. voltage of primary coil M the out put, i.c.
voltage on secondary coil.

(iii) CENTER TAPPED TRANSFORMER (stabilizer):

The transformer which maintains the output voliage, ie. the vu]tlge of secondary coil at some

particular desired value.
19.5 EDDY CURRENTS:

Eddy currents are circular currents generated in conduciors when exposed to changing magnetic
uﬁuric and heatng effects in vanous

fields. They have significant m
electromagnenc sysien

Eddy Currents P ucg: -
Eddy currents form acgpedgng pmFaraday's Law of E; i
Induction. When a ;:E:B{ﬁmgnrdc ficld pas :
conductor (like a metal plate or coil), the magnetic

inducing an ¢l 1l v .

i i ME'I' 'm.l generating
Magnetic EfF Frends

Two key mggnetic effects of eddy cu

1. Counteracting

field that

2. Magnetic Damping:
Intentionally induced eddy currents create magnetic resistance, opposing motion. This effect is

utilized in applications like electromagnence brakes and magnetic dampers to control and slow
down movement.

Heating Effects and Reduction of Eddy Currents
Joule Heating

Eddy currents flowing through conductors encounter resistance, converting electrical eng
!m. as described by Joule's law, This heating effect can be beneficial in aﬁlﬁd."" i
 induction heating for metal processing or cookware. However, in many electrical systems, eddy
currents lead to undesirable energy loss. ~

Minimizing Eddy Current Losses

To reduce energy losses, laminated cores are used in transformers, electric motors, and generators.
These devices are exposed to alternating magnetic fields, which induce eddy currents in m
cores, causing inefficiency. e 1y
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ove losses. minimizing efiergy waste as hest and cnabling devices 1 o .
T aore ﬂciemly -

Mitigate Vibration Noise:

‘ bt}g' .Demﬁe vibrations and noise levels by l"-'d“ﬂ“!v eddy currents, making devices q‘“ﬂﬁ,"

um:hnmmlly stuhle. ‘;

3. Enhance Cooling and Thermal Management: R

Lower heat generation enables more efficient cooling, leading (© longer operational lifetimes ang |
improved reliability. [

19.6 MOTIONAL EMF: ; :
If a conductor is moved in a region where mgnﬂwﬂ“-" is changing then an emf is fndml %
the conductor, called as Motional emf. ?i

Consider the situstion as shown in figure, where a
conductor of length ing with velocity v along

fixed conductin gion of uniforn
field B, which is peqwnduular to the plane

and the conducton ul fnrca: pulls the
the mils at a co S if a pumm
moves within t cmdux.mr the

experience a force mamwm l‘f:gll'm in the

e M“BE
HEN
= qv

L

Fﬂil _ qu AR R

The external force that pulls the sliding conductor provides

the work required 10 move the chy
around the circuit through the length “17 of the conductor,

W= Flul
W = L[YB]
As emf is the work done on the charge, given by
R work
charge
OR v=20l
' T
V = vBl
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A device wihiich converts mechanicul energy into eleciricnl encrgy is called generwtor. A gen
wiich produces allermmting voltage and current is called A.C generutor.
PRINCIPLE: s
lts principle based upon Farady Law when coil rowtes by any means in o magnetic field, the
mognetie fux changes und induced emf is produced.
CONSTRUCTION:
The man parts of an A.C generator are
() Field Magnet:
It is u strong permanent magnet which produces u strong and uniform magnetic field
between it poles, (In commercial generator electromagnet is used).
Permunent Restangular
megnel call

(i) Armature?
A rectangular coil ABCD of N turns closely

as axis oo’ which is perpendicular to the maghe
called armature.

(iii)  Slip Rings:

S and S8’ are the two copper circular rings called sli
of the coil the slip rings rotate with coil,

(ivi Carbon Burshes:

b and b’ are the two carbon brushes shide-over the
the external circuit

WORKING:

When the coil ABCD is made to rotate b
magnetic flux through the coil changes.

Aecmtlin_g to Faraday's Law induced current or emf is produced is it. Consider different position
of the coil during one rotation as shown in the figure. |

When the coil rotates from 0° 1o 90° the

p nngs which are connected to the ends

slip ring (88" and connected the coil to

y any means in the magnetic field about an axis 00’55
S~—————7

: flux decreases from maximum to zero and induce current

increases and becomes maximum, .
in

MMﬁmn_%“mlw.umﬂuhmmfmmzemmmimummeindm current
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dnetic field

V, = —B‘VL Sing
Total emf in one cycle is
V=V, -V

V = BvL Sing- (-BvL Sin@)

V = 2Bvl. Sin
If the coil has N wms or loops

v - ZBVHL SUIB LT LT

As vV =rm

Where 1 here 15 the half of width of coil
b
re—
2

L] b L/
R 3 V=—m
? 2




equation (1) = V=iﬁ%ﬂﬂ}5ﬁnﬂ-
OR V = LhBNwSin®
But Lh=A: (the area of coil)

V = ABNw Sin8

As B=ux
: V= ABNw Sinoux
And w = 2nf

vV =ABNoSIn2afi  ..cocoiiiiiimnn (2)

for maximun emf putting Sin2wi =4

Vo= ABNwW
Equation (2) = or V=V Sin2rft
V = V., Sin2nfy

D.C GENERATOR: J u N
The current induced m the conlol/ Gencerator is g

to the external circuit carbon brushes, p
against copper slip nn:f HBL{HI rotates, the

induced in the coil. In y the verical pﬂ\l

coil reverses, so
current produced
shp rings are repld

or split tlHE' alwm:mnm il
eliminated,
position of ¢oil. the two hnlvu of the xpl. rings exgl
contact with the brushes and thus the direction of 1
emf in the circuit remains unaltered.. This emf 1fic
from zero to a maximum and then falls © zero wheti Tl
coil is back to the ininal vertical posinon. A generator
modified for this function is called a D.C generator and the
current so obtained is called a D.C current.

19.8 A.C MOTOR FUNDAMENTALS

5.

AC Motor: o
An AC (Alemating Current) motor converts lﬂumuh;l:;ﬂm

elecuical epergy into mechanical emergy using

altemating current.
AC Motor Components and Their
Functions

Altl'.!augh AC motors vary in design, their primary
components share consistent features, The main
components and their roles are: -




"1 Stator: Connected w rotor
e *St-domm Transfer mcchmm;ﬂll:ﬂﬂgy
¥, Contuins Primary windings Perforins useful work
Produces rotating magnetic field 5. Cooling System:
% :"_'“."n Dissipates heat
atang par - rheating
Interacts with stagop's magnetic field Prevem ove

N e

wtor lifespan
Experience lorque, causing rototion Prolongs 1

3. Bearings;
Support rotor
Reduce friction
E"ﬂhl-l:‘ smonth operation
These components work together to enable the AC motor's operation.

. ' |
[
ek, rou gl Csfomag i & ..mH.ﬂl-'»ﬂP g ' B
When an AC motor rowtes, its magnetis l l

2. Changing Magnetic Flux:
The rotating magnetic field creates a changing magnetic flux through
3. Induced Voltage:

According o Furaduy's Law, the changing hagneue flux induces 4 violi

The induced voltage opposes the wiginad applied vorltage (Leng's Law)

5. Back EMF:
This induced voltage is known as Back EMF
Factors '8 Back EMF

the motor's w ||u_l|ng§_-. 1

RTINS windings,
4. Direction:

r »



i_-currant ltmhﬂtm tlmmuh Back EMF
Back EMF plays a vital or opr:ruuuu by regulating current flow. P
How it Works RS

1. As motor speed increases, back EMF alsoincrga R
2. Higher back EMF m voltage CToss 1 .I E g
" ‘ R

3 Decrea-sed net volt decreased currd
l Prevents exc

2. Avoids ove rhM B-HIE- mm

3. Protectssgotor from potential da
 Motor Speed
Back EMF and motor speed have an dll‘CLl relatif
- 1, Higher speed — Higher back EME > Redudes

2. Lower speed or increased load — Lower bacak . ;
Consequence : | G
“The dynamic interplay between back EMT and motor speed; ' ” "'“_,é
1. Maintains consistent speed. : VD
' 2. Provides necessary torque to overcome

loads.






