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* Design of a magnetic circuit
« Significant of magnetic reluctance
* Its components and analogy with electrical circuit

* Faraday’s law and Lenz law
 Right hand rule
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Inductances and Induced EMF

Lecture-2  Objectives

* Needs of magnetic coils

« Self inductance and Mutual inductances

Dot convention in magnetic circuits

* Induced EMF and its types in Magnetic link circuits
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Self Inductance

* Consider a coil with N turns. + K
* When current 1 flows through it, a flux ¢ will be @ Rt 3§y
produced.
* As per Faraday’s law, do -
V — NE

* Flux ¢ 1s produced by current I and hence any change in ¢ IS
caused by changes in I. Therefore,

dd di di
 di V=L

* The inductance L of the inductor Is, L=N—-

 This is called the Self Inductance of the coil.
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Mutual Inductance

L, L,

* Consider 2 coils with self inductances L, & " | ©
L, are kept close together. P

* Coil 1 has N, turns and coil 2 has N, turns. (" ® w1 g G4 v
b | =

- _D

N, turns N, turns
* Current i, creates a flux ¢, in coil 1.
* This flux has got 2 components.

* ¢, ,links with coil 1 only. by =Piqg+ Dy
* ¢,,links with both the coils.

* Although both coils are physically separated, they are magnetically

coupled.
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Mutual Inductance

* VVoltage induced in coil 1 is,

do + +
o 1
Vi=Ny dt (1) v, Vs
do, di di
Vlzwld?l'dl :le_; - -
t t N, turns N, turns
. dy . . .
L,= Nld—il * L, is the self inductance of the coil.
. . o d
* Voltage induced in coil 2is, V, =N, j;z
dy, di, di do
V — N . . — —1 — 12
2=y et T Mg MEN

M is the mutual inductance between the 2 coils.
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Mutual Inductance

L, L,
o—
* Now consider a current i, flows through +¢ﬂ ~| o en
V) h% g i v, .fz(f)
coil 2 and produces a flux ¢, ]
_ _

N, turns N, turns

* This flux has got 2 components.
* ¢,,links with coil 1 only.
* ¢ ,,links with both the coils.
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Mutual Inductance

. . oo Ly L
* VVoltage induced in coil 2 is, o
+ ¢’2I +
- ji{"::
d¢, o8 .
V2= Nag t7 7 wo @ a0
do, di, di, _ _
3 — N9, —. — = L,. — O
V2 =Nz di, dt ©odt N, turns N, turns
do, . _
L =N2a, * L, is the self inductance of the coil.
. . oA dp2 1
* Voltage induced incoil 1is, Vi=N; it
d(;b':rl di, dI'E d¢21
V,=N,,——.— =M.— M = N;.
L= gy, T dt dt U di,

M is the mutual inductance between the 2 coils.
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Mutual Inductance

 Mutual inductance is the ability of one inductor to induce a

voltage across a neighboring inductor. °§ +

V2

* [t is measured in henrys (H). N * _
O

* The polarity of mutual voltage is determined by using dot

covention.

e A dot is placed at one end of each coupled coils to indicate the
direction of the magnetic flux if current enters that dotted

terminal of the coil.
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Types of Induced EMF

* According to Faraday’s law of electromagnetic induction, an EMF is induced

by changing the flux linkages in a coil. It can happen in two ways.

* EMF is induced either “moving the coil and keeping the magnetic field

stationary” or “moving the magnetic field and keeping the coil stationary”.

* EMF is induced by changing the flux linking with a coil without moving

either coil or magnetic field system.
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Dynamically Induced EMF

* “Moving the coil and keeping the magnetic field stationary” or

“moving the magnetic field and keeping the coil stationary”.

* EMF induced by this way is called dynamically induced emf.
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Dynamically Induced EMF

Area swept by the conductor,A = [ X dx

Flux cut by the conductor,d¢p = B X A = B.l.dx ‘ N \

e According to Faraday’s law, .
), o
I d d d B_l_dx B l YYYYywywyy YT YT TTY
nduced emf,e = — = =B.l.v
f dt dt
* Since dx/dt=velocity S S
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Dynamically Induced EMF

* Now the conductor moves at an angle © with the direction of magnetic field.
Distance covered by the conductor in dt seconds is = dx

The component of distance perpendicular to the magnetic field is = dx. sinf

Area swept by the conductor,A = | X dx.sin6 N
Flux cut by the conductor,d¢p = B X A = B.l.dx.sin6
d d I Jsin 6
* According to Faraday’s law, ] vsin
. VAT TR »
d¢p B.l.dx.sin6 _
Induced emf,e = Frie o = B.l.v.sin6
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Statically Induced EMF

e EMF induced in a coil when both the coil and magnetic field system
are stationary but the magnetic flux linking with the coil changes is

called statically induced emf.
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Types of Statically Induced EMF

e Self — Induced e.m.f.

 Mutually Induced e.m.f.
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Self Induced EMF

e Self-induced e.m.f. is the e.m.f.
induced in a coil due to its own changing

flux linked with it.
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Self Induced EMF

e Direction of induced voltage is such that it opposes the cause

producing it.

e Rate of change of flux depends on rate of change of current.

di . di
X — =L —
ex— or e o

e Lis the self inductance of the coil.
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Mutually Induced EMF

 Mutually induced e.m.f. is the e.m.f.
induced in a coil due to the change

of flux produced by another coil

(kept close) linking with it.

—
l-.l-___'_-_--
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