Electromagnetism | .~
and Magnetic Circuits | @

An understanding of ciectromaganenism is an essential aspect of elecrical engineering because ivis the
key o the operation of large number of electnenl devices and systems, Tound in industry as well asin
hormes. All electric motors and generstors depend upon the electromagnetic feld s the coupling device
permitting interchange of energy between and electrical system and a mechanical system and yice-
versa, Similarly, static transformiers provide the means of transferring energy from one elecinical system
i anther throuph the medium of'a magneno Reld.

It i the parpose of this chupter to provide the background related 1w magnetic fields und its salient
chamcteristics and more readily appreciute the role played by magnetic fields in electrical equipments.
Ihe subject matter is discussed under two main headings viz- electramagmetism snd magnetic cirouits.

Part 1 : ELECTROMAGNETISM
: -‘_-'f‘ _=r'=j

s Ocrsted discovered in 1819 that whencver an electric cturent flows through a conductor, o
is ereated in thee space around the conductor, This was explained by the stite-
ment that the flow of current through 3 conductor causes movement of the flow of the
clectron. The motion of the elpctrons produces magnetic field, The research wais carried out
1o find oul the converse Le, If conduetor is brought in o magnetic field, does an e.mf, induce
ot wovement of electnonis take place. Thige the work sdvanced in the direetion al conversion

of magnetism into clectncity. | | |
e In Iﬂ.’:L Michael Famnday discoveted that it 1 elsed conductor 15 moved in a magnetic ficld i

2 certain manner thee will bean induced current in the mm'im_:'::um.hfcmr. This phcl_h‘rmﬂmn i
known as electromagnelic induction. Further, Fnradn:.-' gnuncmlnd the bu;vc laws of
clectromagnetic induction wpan which is based the working of most of the cw appAratuS
ike motors, géneritors and transformers ¢ic. This was produced ﬂpc_nmcnmny_md m
snalutically that when a magnetic ficld linking with a closed canducior moves relative 10 the

condiietor. it produces a flow of electrons (Le- currenth
We will pow define some af the terms &5 under:

magnetic fiekl
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Magnet
« A magnet is defined as that solid body which possess '{"“ property of attructing Mot
substances such us iron pieces and niﬂﬁurﬂlhﬂr |11|:l:Li5_llkr. nickiel, man 1.;~1:ru;:g..-1~ mhu-" . 1y
4 greater or smaller extent. This property is also found in magnetic (o minerdl Stone), why,
exhibits the following properiies: .
o It attract small pieces of iron filings or small picces of steel and other nwgm:.tw substance,
= It takes a position point North and South, when suspended freely in o horzontal position,

Mugnetic Pole

The force of aitraction of the magnet for iron filings is maximum at both ends but is almost nil at the
centre. The ends of the magnet, where attraction is maximuin, are referred as poles. The end which
points towards the geographical North Pole is called the North Pole, nnd the other is called the Souih
Pole. 1t should be clearly understood that the pole of o magnet is 4 region and not o point, although for
purposes of caleulitions it s pssumed 1o be so,

If a magnetic needle is brought nearer to 4 magnet, its § pole is attracted by the ¥-pole of the
magnel. However, the AM-pale of the needle is repelled by the A-pole of the magnet. This shows that fike
poles vepel whereay unlike poles attract each other. This fact helps us in the practical el 1o determine
the poles of the electric molors and genérators,

Magnetic Field
It i3 the eative space around the magner where magnetic force (or effect) is exparienced.
The magnetic field can be mapped with the help of a small compuss needlé into
imaginary lines; called linex of magretic fliee or magnetic lines of farces, Avany point the need ;
50 that its length s tangential to the lines of magnetic flux through that point. At that point the north-
secking end of the needle poinis in ihe direction of the field. The lines of force due to a bar magnet an:
shown in Fig, 6.
In any horizontal plane, the shape and distribution of the lines of forces can be demonstrated with
the help of iron filings. The filings settlean continuous chating demonsirating, the idea of the lines of flux.
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Fig- 61 Linex of force die 1o g b mngend
Line of Induction
The Iines of force are external 1o the mignet and they pass from north-pale through the figld 1o the

south-pole. But the lines' within the magnetic material are called lines af indugtion, This is shown i
Fig. 6.1.
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LEC TROMACNETISM AND MAGNATIC CIRCUINTS ——
Alagne e Flux

waenetnc fley, They have no physical existence and so oo reforred as imaginary lines. They simply
pepresetih the distiibution of  magnetic feld .

The MUKS. unit of magnetie (T is the weber (1 weber = 10 Maxwell). Ane.mi (. of one volt s
generated W len o conductor cuis flux ar the mte of one weber per secotil

weber = 1 volt * 1 seoond

fleld Strength (or Field Intensity 1

Iis I"""""""_""ﬁ'l by the magnetic flux passing perunit arey, tken round the paint, where the strength is 1o
be .-!uh.'nllmh*-i- and held perpendicular 1t Also it can be micasured by the force expericnced by a
N-pike of one webar placed at that point. Hence the unit of } {5 Nw/Wh.

Flux Density (or Magnetic Induoction H)
Iris given by the flix pussing per unit ana within the substance through a plape at gt ungles to the
fhwx. It es demated by B and 4 measured in we erxime.

1 o bar of magnetic materal, say iron, is placed in a unitorm magnetic field, it is magnetized by
induction as shown in Fig. 6.1 11§t develops a polarity of m webers, then fis own flux is s webers, As
explained above the lines within the iron bar are known as line for inductian and those outside it dre
known a5 lines af farce. The lines of induction per unit area is known as indiction density (8)

B= —? Wivm? {or Tesla T) all)

where = Total flux through the bar in webers and 4 = Face or pole area of the bar it meter square.

Permeability
It the ratio of Aux density (5) produced in the material to that produced in air under similar conditions
L 02
7 (6.2)

where B = Flux density in Whim?
H = Magnetising force i amp-lumsaam.
=, =Absolute permeability of the material, with
Wy =4 = 107 Henry/mitre = free space permeability
1= Relative permeability £.e., the permeability of the material with respect o that for free

space

= [M- (63

B(vacuum) | st
This expression shaws that the relative permeab

in the material to the flux density produced in vacuum by the same magnetising force (H).
Intensity of Magnetisation (/) :
of the har. SR |

flity can be defined h}’-.ﬂ‘lﬂ]‘ﬂﬁﬂ ﬁfﬂun'_dmﬁt}r pl_:uduc-nd
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Similarities : RERIIREEEZ ~ Magnetic Circuly i
Sr. No. Electric Clrﬂl'i‘t'_'_'__T Flux - Lines Erf force lllrmwh a ]‘T!ﬂdllm"—a,____ P,
l Current - Flow Jow of Electrons throuig le to S pole form flux. It is PEASH e ’ ’ m.ﬁ.‘
: conductor is current, il is measured in | PO o in
Amp. ———— T "MMF - ]t is dm'mg force for fl =
2. | EMF - It is driving force for eurrenl: ’::Emm e Mgy
| measured nvolts. ' 2T ie 0 gqhin ﬂ'
: " Reluctance pp n offered by
3 | Resistince - 1t % GPIJ(‘; Hllll:'.::llllgr  pathto flux measured in AT/Wh, gy
conductor to current measurcd i e T TP I EDS
4 Resistance is directly Pro]:-nnmml o' | Reluctalice :i: P pmpﬂmmm] o "-’H h
. - nmgnenc pa 1
Lengthof conductor,  ~ ___ —+——— e ——
5 Resistance is inversely proportional 10 Refux:lar]lc; E;Sﬂf'::az'ns:::c pl:ﬂpﬂﬂmml 0 e
w4 A : () m
cross sectional arca of conductor. secl” varies  im cr'-:eh_-_'__'“‘“ﬂ
6. Resistance depends upon nature of | Reluctance ko AcCording
conductor material (/) pﬂ“mahili[y of medium F_*
7 S OB For ma eticcircuilq:::
For electric circuil I = p==crrs or g Reluctance
3 T —
' Conductance = == Permeance = p o1 ance
9. | For electrical circuits we define the | For magnetic circuits we define permeability,
conductance.
10. | Current density 5=1/a A/m Flux density B = d/a tesla =
1. Electric circuit is a closed path for | Magnetic circuit is a closed path for nmgm—;l,;-
current. fux.
12 The K‘u’[_z and_ K@‘L are applicable to Tlm_ Kirchhoff's flux and mmf laws ae
the electrical circuits. applicable to the magnetic circuit.
Dissimilarities :
Sr. No Electric Circuit Magnetic Circuit i
1. Current is actual flow of electrons, ;I;us; is direction of force - Nothing flovs
tween N pole and S pol
2. Energy is required to produce current and E = PO
10 maintain it Hﬂr%y is required to produce flux but not for i
: mamienance,
3: Current does not pass through air. |
Flux pass ;
4. | Resistance is almost constant. It can yvary Rcl”:m“ Uongh dic 1 |
slightly due to change in temperature. 3 ¢ depends on permeability. Hence !
Vary to a great extent due to the variations 1f
flux density. But reluctance does not
5 We GnIiE e WWI]-I much with lemperature. __;___..a-t;
of current. path | There is no insulator for magnetic flux. Hene !
——— | path cannot be defined. _.H-ﬂ-"
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