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Electromagnetic Induction

Magnetic flux

1. The number of lines of force passing through amaan a magnetic

>

field is known as magnetic flux.

o]

2. When magnetic field makes an angleith the normal to the plane

then the magnetic flux linked with the planegs= B.A = BAcosd

The flux emanating out of a surface depends upon

If 6 =90, (i.e,) if the plane of the coil is in the diremtiof the field ¢ = 0.
If 6 =90, (i.e,) if the plane of the coail is in the diremtiof the fieldp = 0.
If 6 =180 ¢=-BA
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Electromagnetic induction

1) The phenomenon of production of electromotive fmwoeccount of change in
magnetic flux linked with.a-circuit is defined ds@romagnetic induction.

i) The phenomenon of production of induced curremt @osed circuit on account of
change in magnetic flux.linked with the circuitdsfined as electromagnetic
induction.

iii) In the phenomenon of electromagnetic induction nieehanical and magnetic

energy is.converted into electrical energy.

Raraday’s laws of electromagnetic induction
First law
1. When the flux linked with a closed circuit chandkdn an e.m.f. is induced in the

circuit. The induced e.m.f. exists so long as th@nge in magnetic flux lasts.
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2. If the circuit is closed then an induced electucrent also flows in the circuit on

account of induced e.m.f. which depends on theabthange of magnetic flux

i.e., do
dt

Second law

1. The magnitude of induced e.m.f. depends upon tieeofachange of magnetic flux

linked with the circuit, i.e.ea%". If during small interval of timet, the-=change in

magnetic flux isag theseecx%p orea%.
2 41

2. This law explains the magnitude of induced e.m.f.

3. If the number of turns in the coil is N, thedﬂ%(Nq)), or eO(N‘;'I—‘tp wherengeffective

flux is linked with the coill.

4. If the area of coil of N turns is A and angle bedwe and Ais 6, then

e= d (NBA cos 6)
dt

= i (NBA cos wt)
dt

e = -NABwsin wt
5. Induced e.m.f. depends on the following factors
a) on magnetic permeabilijy

b) on the number of turns N,

c) on rate of change of flu%%p,

d) onarea A,

e) on relative motion between the coil and the regn

Lenz’s law
1) The direction of induced e.m.f. or induced curii@rdny circuit or coil is such that it

opposes the very cause which is responsible fawts production.

www.sakshieducation.com



www.sakshieducation.com

2) e=-NI9
dt

3) Induced e.m.f. is generated on account of changsagnetic and mechanical energy.
4) This law explains the direction of induced e.mrfirmluced current.
5) This law is based on the law of conservation ofgyne

6) If the rod moves with velocity v along a directioraking an anglel emf induced at

its ends is e =Bvlsin

7) The induced e.m.f. generated on account of rotatf@anconducting rod-in‘a

perpendicular magnetic filed

9) Induced e.m.f. generated in a disc rotating witlo@stant angular velocity in a

perpendicular magnetic field

2
10)e = Bmw?f = - Brzw

11)Induced e.m.f. generated due to linear-motion reictangular coil in a uniform
magnetic field.

12)np=0 0e=0

13)Induced e.m.f. generated on account of linear matioa coil in a uniform finite
magnetic field.

14)Induced e.m.f.'generated on account of linear matfca conducting rod in a

perpendicular uniform magnetic field i- (vx8); e =B(7 xv) .

Self induction
1) “Self inductance is the property of a conductorakrwhich enables to induce an
emf due to change of current in the same coil.
2) When an inductive circuit is closed then the mairrent in it rises from zero to

maximum value.
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3) Due to this the value of magnetic flux producedhia coil also increases from zero
to maximum.

4) Due to this varying flux in the coil, an induced@nt is generated in the coil which
flows in a direction opposite to that of main cutrand thus opposes the rise of
main current.

5) The phenomenon of production of induced curremt aircuit due to change in'main
current in the same circuit is defined as self ciuun.

6) The magnetic flux produced in a coil is directlpportional to the'current flowing
init, i.e., pal or @=LI
The constant of proportionality L is defined as tbefficient. of self induction.

7) If I=1 amp, then L=, i.e., the self inductance of coil is.equal to thagnetic flux
produced in it as a result of unit current flowitin

8) The induced e.m.f. generated in the coil is givyereb—d—‘p: o a

dt dt

9) If %:1 amp/sec, then L=e i.e., the self inductance daiki€equal to the induced

e.m.f. generated in it as a result.of unit charfgguaent in it.
10)The inductance of a coil (L) depends on

a) The area of cross section of the coil (A)

b) The number of turns'in the coil (N)

c) The permeability of the core material insidedbg

11)Self inductance of a plane coil is given by therfata L :% (or) L :“OT"NZr.

12)The inductance of long solenoid or a toroid is dye_ :@. Where N is total

number of turnd, is length and A is area of cross- section.

13)Energy stored in inductor is E?]-LI2

14)If two inductors connected in series effective ictdimce is L + L.

15)If two inductors connected in parallel effectivelirctance i%.
1*L2
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Mutual induction
1) The phenomenon of production of induced e.m.fnimnauctive circuit, as a result
of change of current in another closely lying intiles circuit, is defined as mutual
induction.
2) That phenomenon of electromagnetic induction, ifctviif the current in one of the
two closely lying coils is changed then e.m.fnduced in another coil, is-defined as

mutual induction.

Coefficient of mutual induction (M):
1) The coefficient of mutual induction between twols® equalto that magnetic flux
linked with the secondary coil which is producedassult-of unit current flow in

the primary coil.

My, :‘:’2—1 When k=1 amp, themm,, = ¢,

2. The coefficient of mutual induction is numericadlgual to that induced e.m.f. in
the secondary coil, which is produced as a resulhi rate of change of current in

the primary coll,

M21:§—l21 When—%:l amp/s, then M=e,
al
3. Similarly
M12 :ﬁ - M :i

2 R
dt

4. According to reciprocity theorem M=M;,=M. Hence M%" and M

I

&)

i.e., on

changing the names of the coils, M remains unclange

5. Dependence of M : M depends on

i.  Number of turns in the coils
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li.  The distance between the coils
lii.  The geometrical shape of coils
Iv.  The material of the core and
6. The angle between the axes of the coils .If angtevben two coils is 0°, then M is
maximum and if it is 90°, then M is minimum.

2rp

7. Mutual inductance of 2 plane coils given by tharfatam =

8. Mutual inductance of two solenoids or coils is

M :W. N;, N> are number of turns in primary coil, secondary, cois

length and A is area of cross section of the coils.

9. If L, and L, are self inductances of two coils, the mutual otdoce between the

coils M =/L,L, .

AC Generator/Alternator/Dynamo

1) An electrical machine used to convert mechanicatgninto electrical energy is

known as ac generator/alternator.

2) It works on the principle of electromagnetic indanti.e., when a coil is rotated in
uniform magnetic field, an induced emf is produced.

o= —%’ - NBAwsifat=65Sincd  whereey, = NBAw

o sinat=iysinet R — Resistance of the circuit

DC generator

1. If the current produced by the generator is diceectent, then the generator is called
dc generator.

2. DC generator consists of @rmature (coil) (ii) Magnet (iii) Commutator ivj

Brushes.
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In dc generator commutator is used in place ofrgtigs. The commutator rotates
along with the coil so that in every cycle wherediron of € reverses, the
commutator also reverses or makes contact witlttner brush so that in the

external load the current remains in the some taegiving dc.

Transformer

1. The device based on the principle of mutual indurctised to change the value of

2.

alternating voltage (or e.m.f.) is defined as tfarmaer.

There are two coils in a transformer which are wban the same.iron core

a) Primary coil

b) Secondary coil
Primary coil: The coll, to which the source of alternating vipdtas connected, is defined
as the primary coil.

Secondary coil: The coil in which induced alternating voltage engrated is known

. n
as the secondary coil® =
\'

S nS

3. These coils are wound onthe opposite sides afdhee laminated soft iron core.

These coils are mutually eonnected to each othgnatiacally.

5. In an ideal transformer these coils are tightlypied (i.e., K=1) i.e., the magnetic

flux generated.in the primary is fully linked taetsecondary.
There are two types of transformer
a) Step-up transformer

b) Step-down transformer

Other Salient features

1.

In a transformer Yand \f are in opposite phase i.e., a phase differenceegists
between them.

In this the frequency of induced e.m.f. (outputtagk) is same as that of applied
e.m.f. (input voltage) i.e.,pAnNs.

For this the law of conservation of energy is hedtid.

www.sakshieducation.com



N o g A

8.

www.sakshieducation.com

It converts magnetic energy into electrical energy.

Direct voltage or current cannot be varied with lile¢p of this instrument.
Alternating current or voltage is obtained with tiedp of it.

Long distance transmission of electrical energsfiscted with the help of it.

It does not amplify power.

Energy losses in transformer and their minimization

1.

Copper loss: Due to current flow in primary andas&tary coils of a transformer
Joule heat is generated in both the coils on adaafutheir finite resistance. i.e.,
electrical energy is dissipated in the form of hevagrgy. Thisless of energy is
known as copper loss. To minimise this energy thegrimary. and secondary coils
are made of thick copper wire.

Magnetic flux leakage: Some magnetic flux leakaiimbetween primary and
secondary. Hence the flux produced in the primasgschot wholly get linked with
the secondary. This type of energy loss.is knowmagnetic flux leakage. This
type of energy loss is minimised by winding the wails one over the other.

Eddy current losses:When a transformer core is placed in a variablgmatc field
then induced currents (Eddy currents) are produtédThe heat energy produced
due to these induced currents is known as Eddgoulosses. This type of energy
loss can be minimised by taking a laminated soft ore.

Hysteresis lossOn account of alternating currents in the tramafarcoils, its core
iIs magnetized and demagnetized again and agairsegQaantly due to repeated
rotations of domains the core gets heated i.e.mégnetic energy gets converted
into heat energy. This type of energy loss can lenmised by using core of high
resistance ferrites at high frequencies and sofft ar silicon core at low
frequencies.

Uses:Transformer is used in a) power stations, b)isien, c) telephones, d)

telegraph e) radio
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