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Disclaimer

This lecture note does not claim originality and is not intended to replace prescribed
textbooks. It is a compilation prepared by the author(s) solely for educational purposes and to
support teaching activities. Various sources, including those listed in the references section and
publicly available material from the internet, have been consulted in its preparation. The ownership
of the content lies with the respective authors or institutions. This lecture note is not intended for
commercial use, and the author(s) are not liable for any issues, legal or otherwise, arising from its
use. No guarantees are made regarding the accuracy or completeness of the content, and any
implied warranties, including but not limited to merchantability or fitness for a particular purpose,
are expressly disclaimed. The author(s) shall not be held responsible for any losses, including loss
of profit or other damages, whether special, incidental, or consequential, that may result from the

use of this document.



MODULE-III

The closed path followed by the flux lines is called a magnetic circuit.

Magnetic Circuits:

Magnetomotive force (MMF): Flux is produced around any current carrying coil to produce flux density
and the coil should have correct number of turns, so the product of current and the number of turns is
called magnetomotive force (mmf).

Mmf =IN amp
N is dimensionless.
The Magnetic Field:

Magnetic fields are generated by electric charge in motion, and their effect is measured by the
force they exert on a moving charge. As you may recall from previous physics courses, the vector force f
exerted on a charge of g moving at velocity u in the presence of a magnetic field with flux density B is
given by f=quxB

Where the symbol x denotes the (vector) cross product. If the charge g is moving at a velocity u in a
direction that makes an angle 8 with the magnetic field, then the magnitude of the force is given
by

f=quBsin®
and the direction of this force is at right angles with the plane formed by the

vectors B and u.

The magnetic flux ¢ is then defined as the integral of the flux density over some

surface area. ¢ =[ BdA in webers=¢p=> BA



Permeability: Every substance possesses a certain power of conducting magnetic lines of force (iron is
better conductor for magnetic lines of force than air). Permeability of a material is its conducting
power for magnetic lines of force. It is the ratio of flux density (B) produced in a material to the
magnetic field strength i.e

u=B/H

Relative Permeability: For measuring relative permeability, vaccum or free space is chosen as the
reference medium. Absolute permeability po = 4t x 107 H/m

If its relative permeability as compared to vaccum is U, then p=popi:

Reluctance: (S) is a measure of the opposition offered by a magnetic circuit to the setting up of flux is
called reluction of magnetic circuits. S= L/A

Magnetic Field Intensity (H): It is the magnetomotive force per unit length of the magnetic flux path.
H=F/L=IN/L =A/m Unit

_doe
dt

Faraday’s law states that a time-varying flux causes an induced electromotive force

In practical applications, the size of the voltages induced by the changing magnetic field can be
significantly increased if the conducting wire is coiled many times around, so as to multiply the
area crossed by the magnetic flux lines many times over. For an N-turn coil with cross-sectional area
A, for example, we have the emf

do

e = N —
drt

When N-turn coil linking a certain amount of magnetic flux, then the flux linkage



The relation between flux linkage and current is gven by A= Li

so that the effect of a time-varying current was to induce a transformer voltage

across an inductor coil, according to the expressiony = L4

dt

L is the self-inductance which measures the voltage induced in a circuit by

magnetic field generated by a current flowing in the same circuit.

Ampere’s Law:

Ampere’s law forms a counterpart to Faraday’s law. Both the laws explain the relationship between
electricity and magnetism. Ampere’s law states that the magnetic field intensity H in the vicinity of
a conductor is related to the current carried by the conductor; thus Ampére’s law establishes a
dual relationship with Faraday’s law.

In the previous section, we described the magnetic field in terms of its flux density Band flux ¢. To
explain Ampére’s law and the behaviour of magnetic materials, we need to define a relationship
between the magnetic field intensity H and the flux density B. These quantities are related by

B = uH = puHWb/m? or T

where the parameter W is a scalar constant for a particular physical medium which is the permeability of
the medium. The permeability of a material can be factored as the product of the permeability of
freespacep0 = 4nx10-7 H/m, and the relative permeability pur, which varies greatly according to the
medium.7 H/m, and the relative permeability pur which varies greatly according to the medium.
For example, for air and for most electrical conductors and insulators, ur is equal to 1. For ferromagnetic
materials, pr can take values in the hundreds or thousands. The size of ur represents a measure of the
magnetic properties of the material.



Magnetic materials and B-H curves:

The relationship between the magnetic flux density B and the associated field intensity H is
expressed by B Hu=,where u = permeability of magnetic material. From the above expression flux
density increases in proportion to field intensity upto a saturation point reaches. But in general
all magnetic material shows a nonlinear B-H curve, depending upon the value of permeability,
which can be better explained by eddy currents and hysteresis. Eddy current caused by any time-
varying flux in the core material. It will induce a voltage , and therefore current. The induced
voltage will cause eddy current, which depends on the resistivity of the core. It shows a complex
behavior related to the magnetization properties of the material which can be shown as

A\ B. T

Hj H
" B. H. A-tums/m

o

Here the core has been energized for some time ,with a field intensity of H1 A-turns/m. as the
current decreases curve follow from the point a to the point B. At this point mmf is zero to bring the
flux density to zero ,mmf is further deceased until the field intensity reaches to —HO. As mmf value is
made more negative , the curve eventually reaches to the point a’. The excitation current is now
increased, the magnetization curve will follow the path a’ = B’ = y’= a, and finally returns to the original
point of B-H curve.

Hysteresis loss:- During the complete cycle, the magnets within the magnetic material try to align
first in one way and then in reverse way. The tendency to turn around of elementary magnets give
rise to mechanical stresses in the magnetic material, which in turn produces heat which is a
waste form of energy. The dissipitated heat energy during the cycle of magnetization is given by
the area within the hysteresis loop and is called hysteresis loss.



Hysteresis power loss = Ph = KfB TV

Where, K= Hysteresis coefficient
f= frequency of magnetization
V= volume of the material (m®)
B oy = Maximum flux density (wh/m?)

x=15-25

= Steinmetz law:- Ph =7 fB ;sv

Where, 1= Steinmetz constant or hysteresis coefficient
f= frequency of magnetization
V= volume of the material (m3)

Bmax = Maximum flux density (wh/m’)

B,, lies between 0.1 to 1.2 wh/m” , when B is not between 0.1

Eddy current loss: During the cycle of magnetization, the change in flux density induces an emf in the
core of an electromagnet. The effect sets up small locally circulating currents called eddy
currents. These currents are of no practical significance but produce heat which means some loss
of energy. This loss of energy is called eddy current loss.

2 .2

P = Kpt™ f°V
Where, Ke= Eddy current constant B= Flux density,  F= Frequency, V= Volume of iron
t= thickness of the lamination of the pole core and armature
Eddy current loss: During the cycle of magnetization, the change in flux density
induces an emfin the core of an electromagnet. The effect sets up small locally
circulating currents called eddy currents. These currents are of no practical

significance but produce heat which means some loss of energy. This loss of

energy is called eddy current loss.
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