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MAGNETIC CIRCUITS

Consider an iron rir on which a coil is wound. Mos
rings are made like anchor rings in that their sreslectior
Is circular. Such a ring is called a toroid. Whesrea curren
is flowing through the coil there will be magnetilux
produced and the path fallowed by the netic flux is
known as magnetic circ.. The various terms associate
with magnetic circuit are explained as fallc

Magneto motive force’(MMF MMF is caused by current flowing through a ¢
having number of turns. The value of MMF is gortional to the current and to t
number of turns and is expressed in ampere

MMF = current in amps (1) * number of turns (N) # &mp.turn
M agrétic flux (

The magnetic flux that is established in a magnatuit is propotional to
the MMF. Magnetic flux( MMF.

Flux ( = MMF/ Reluctance = F/ Reluctance
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Reluctance (S):

Reluctance of magnetic circuit is defined as th@raf magneto motive force
(MMF) to the flux established.

Reluctance = MMF/ Flux = AT/ wb

Reluctance of the magnetic circuit also dependtherphysical dimensions of the
magnetic path.

1) Directly proportional to the length of the magnedicuit.
2) Inversely proportional to the area of cross section
3) Depends on the material of ring or specimen

1
S=
alolyr

Wherepu,= absolute permeability of the material
u,.= absolute permeability of free space or vacuunr = 407
For air, vacuum or non — magnetic matenial= 1.

Flux @) = MMF/ Reluctance= F/-Reluctance (S) = NI * au,/ |

This is called analogy called.OHM's law for the matjc circuit.

Magnetic field strengtin(Hy):

If the magnetic circuit is homogeneous, and offarm cross section area, the
magnetic field strength (H) is defined as the magmeotive force per unit length
of the magnetic circuit.

H = MME /length of the magnetic circuit = NI / |
Magnetic flux density (B):

Magnetic flux density in any material is defined the magnetic flux
established per unit area of cross section.

Magnetic flux density (B) = total flux/ area of s®section =5 / A
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or tesla.

COMPARISION OF ELECTRIC AND MAGNETIC CIRCUITS:

Electric circuit

Magnetic circuit

guantity unit Quantity Unit

EMF Volts Magntic field| Ampere«turn
strength AT /m
MMF

Current Ampere: Magnetic flux weber:

Current density A/ Magnetic flux' Wb/ or Tesla
density

resistance ohms Reluctance At/wb

conductivity permiability

FARADAYSLAWSOF ELECTRO MAGNETHC INDUCTION:

In 1831, Micheal Faraday formulated'two laws onlihses of experiments. The
laws are calledraraday's laws of electromagnetic induct
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FIRST LAW:

First Law of Faraday's Electromagnetic Inductioatestthat whenever
conductor are placed in a varying magnetic field ane induced which is calle
induced emf, if the conductor cirt are closed current are also induced whic
called induced current.

(Or)
Whenever a current carrying conductor is rotatethagnetic field it will-induce
an emf.

SECOND LAW:

Second Law of Faraday's Electromagnetic Inducti@testhat the nduced
emf is equal to the rate of change of flux linka¢fasx linkages is the product «
turns, n of the coil and the flux associated wi}l

[

- O RS
| () T’
\J

Consider a magnet ‘approaching towards a coil. Mereonsider two instants
time T, and time B.

Flux linkage with the coil at time,; = N®,;Weber (wb)

Flux linkage.with the coil at time,, = N®,wb

Change'in.flux linkage = NI, — ®,)

Let this change in flux linkage b@®,= ®, —®,

So,the Change in flux linkage =i

Now the rate of change of flux linkage =<DN t

Take derivative on rigihand side we will g

The rate of change of flux linkage = |t

But according to Faraday’s law of electromagnetotuction, the rate of change
flux linkage isequal to induced en
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Therefore, E = %35
According to lenz’s law,

=1

dt
Where® in weber® =B * A

B = magnetic field strength

A = area of the coill

From this experiment, Faraday concluded that wheméwere is relative motion
between conductor and a magnetic field, the flakdge with a coil changes and
this change in flux induces a voltage across a coil

How to increase emf induced in a coil:

By increasing the number of turns in the ceil N- From the formulae derived
above it is easily seen that if number of turngafis increased, the induced emf
also gets increased.

By increasing magnetic field strength i.e. Burrounding the coil-
Mathematically if magnetic field increases, fluxieases and if flux increases emf
induced will also get increased. Theoretically,the coil is passed through a
stronger magnetic field, there will be more linégarce for coil to cut and hence
there will be more emf induced.

By increasing the'speed of the relative mmobetween the coil and the magnet
— If the relative speed. between the coil and magneicreased from its previous
value, the coil will cut the lines of flux at a fasrate, so more induced emf would
be produced.

Applications:

This law is the most important and baswsl@f electro magnetism. This law
finds its applications in electrical machines, istlies, medical fields etc.

1) Electrical Transformers: It is a static ac device which is used to eithepst
up or step down voltage or current. It is used enggating station,

www.sakshieducation.com




www.sakshieducation.com

transmission and distribution system. The transérmorks on Faraday’s
law.

2) Electrical Generators: The basic working principle of electrical generato
Is Faraday’'s law of mutual induction. Electric geter is used to convert
mechanical energy into electrical energy.

3) Induction Cookers: The Induction cooker is a fastest way of cookilg.
also works on principle of mutual induction. Wheanrent flows through.the
coil of copper wire placed below a cooking containg produces a
changing magnetic field. This alternating or chaggnagnetic field induces
an emf and hence the current in the conductiveanost, and we know that
flow of current always produces heat in it.

4) Electro Magnetic Flow Meters: It is used to measure velocity of blood and
certain fluids. When a magnetic field is appliecetectrically insulated pipe
in which conducting fluids are flowing, then.acdogito Faraday’s law, an
electromotive force is induced in it. This induceohf is proportional to
velocity of fluid flowing.

5) Musical Instruments: It is also used_in musical instruments like electr
guitar, electric violin etc.

Salf Induction:

Inductance is the property-of-the circuit elamehich will oppose any change
of current through it. By Faraday’s laws of eleatagnetic induction, it fallows
that whenever there/is change of flux linking watlzoil with time, and then there
will be an induced emf'in the coil. The induced asmproportional to the rate of
change flux linkages of the caoil.

Where N is the number of turns in the colil addds the flux in weber in the coll.
e=-N2
dt

The negative sign indicates that the directiomdticed emf is such that it opposes
the every cause which is producing it, also knoe@r.BNZ'S law. Since the flux
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in the coll is directly proportional to current Wang in it, the emf induced |
proportianal to the rate of change of curr

e JE—

The constant proportional is called self inductancehef coi, e — -
(2)

If the current | and flux linkage refer to the same physical system, than
parameter L is called self iuctance. It is measured in HENRYS.

M utual Inductance:

Let us consider that there are two coils which@aeed on the same magne
core such that the flux produced by current flowihgpugh one coil complete
links with the other coils also. t the coill is connected to AC supply and coil.
open circuit.

=

- - _HJ - . — T T

ITI_-__,. ! !
} ” - f |

A L : P MQ'L\\/ AT
N \' u_l_ﬂ[\‘| NélfJf—J La,
| ! °
. o |
——

A current.flowing in the first coil produces a flL as shown in fig. th
direction of time varying flu: is given by right hand thumb rule. The fl
produced by current not only links with the coill but also links wittoi2. The
emfinduced in coill is called self induced e

The flux linking with second coil also changes dmhce there will be an induc
emf in the second coil. Beceée of a change of current in the first coil th
induced emf in the second coil and this is caledhatual induced en
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ao dai
e; = Ny d_tl = Mpq d_tl
The proportionality constam,; between induced emf in the second coil and rate
of change of current in the first coil is called tonal inductance. Any two such

coils are said to be magnetically coupled.

The unit of mutual inductance is HENRY. The mutualuctance between two
coils is said to be 1 Henry when a change of cturoérl Amp/Sec in one coll
produces a mutual induced emf of 1 volt in the otoal.

v —» S 7

T 5
N, = %N&
D &

Self induced emf in coillg; = Ly, ‘%

£

Mutual induced emf in the coil2, = M,, ‘Z—i; ----------- (5)

Let us assume that second. coil also carries ardusfé, as shown in fig, which in
turn produces a selfinduced emf in coil2 and aualuhduced emf in coill.
diy

Self induced emf in.coil2 L,, —

Mutual induced emf in the coild M, %2 ——————————— (6)

In practice all the flux produced by current in ozl may not completely link
with'the other coil. Depending on the position anéntation of the two coils, only
a fraction of the flux may be linking with the otheoil. Then the two circuits are
said to be loosely coupled and if all the fluxirking with the other coil, then they
are said to tightly coupled.
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If @,is the total flux produced by and only®,, is common and linking with
second coil, then the fraction of the flux linkingth coil2 isq%. Similarly @,is the

total flux produced by, and only®,, is common and linking with first coil, then
the fraction of the flux linking with coill %ﬁ. These fractions indicate the degree

of coupling between the two coils. If the two cadlee very close to one_another
and properly oriented then these fractions appresth unity.

Coefficient of Coupling:

It is the factor which indicates the degree of dmgpbetween the couple coils

given by
I21 I12
Kf_l*_z __________ (I)

Expressing (1) in terms of self and mutual inducéan

L, = ”1i1q’1 --------------- 2)
M3, = Nz:)21 """""""" (3)
Ly = A e (4)
L — (5)

Substitute (2),43), (4) & (5) in equation (1) wetg

M31i1Ny Mq3ioN, —  |M21 N1 My Np
NyLiiy  Nqlpip Ly Nz Ly Ny

If M,y =M;, =M then we get,

This will be equal to 1 if coils are coupled tightl
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M=K/LiLy - (8)

Coefficient of coupling is also defined as theaatt mutual flux to total flux. It is
always less than one (K<=1) (this is the princided in transformer).

Example 1. Coill of a pair of coupled coils has a continugusrent 5A and the
corresponding fluxe®,,; and®,, are 0.2 and 0.4 mwb respectively. If the turns
areN,;= 500 andN,= 1500. Find,,,L,, M and K.

Total flux,p = &, +®;, =0.2 + 0.4 =0.6 mwb

N; ®; _ 500%0.6%x1073
iq 5

=0.6H

L; =

Nz ®1, _ 1500+ 0.4%¥1073
iy 5

M= =0.12H

M =WL2
0.12 = 0.6@15.06 * L

=054 H

Example 2. Two coupled coils, of.,; = 0.8H & L,= 0.2H have a coupling
coefficient K = 0.9. find the'mutual inductance kdahe turns rati%—l.
2

M =HL, L,
=0/0.8+%02 =0.36 H

M = 221 bud,, = K @,
1
_ Nz KOy
N
Multiply by N,
1 1
M K - Ll
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0.36 = 0.9 *JIVV—Z* 0.8

1

Ny
N>

=2

Example 3: An iron ring has a mean diameter of 25 cms, aaass sectional area
of 4 cm?. It is wound with a coil of 1200 turns. An ironmaf 1.5mm width_is cut

in the ring. Determine the current required in tod to produce a flux of 0.48
mwb in the air gap. The relative permeability afnrunder this condition is 800.
Neglect leakage.

Flux =0.48 1073 wb

Area of cross section =e#n? =4 *10~* m?

B ::9 ::Q:Eijigggi = 1.2 wbin?
A 4 %10
. B 1.2
Ampere turn for air gap, H = prlarE= AT/m
L=1.5*10"3m
AT required for air gap, Znifw *1.,5% 1073 = 1430 AT

AT for iron ring:

. B 1.2
H for iron = = -
Uolly  4T*10~7%800

Length =7 * 0.25 m

2

AT for iron portion, =2 % %025=0937 AT

41+x10~7%800
Total AT required = 1430 + 937 = 2367 AT

Current required 237 _ 1 975 A.
1200

Example 4: in the above problem, if the magnetak#ge is not negligible and
leakage factor is 1.2, calculate the current reglin the coil.

AT for air gap will remain the same i.e., 1430 AT
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AT for iron:
Flux in the iron portion =B * A
Area =4 * 10~* m?

Flux density = 1.44 whh?

. . 1.44
Corresponding H for iron =————
41Tx1077%800

1.44

AT foriron =—————* 1 *0.25 = 1125 AT
41+10~7+800

Total AT = 2555 AT

Current = 2555/1430=2.13 A
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