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Magnetism
This comprises those physical phenomena involving magnetic fields and their
effects upon materials.
• Magnetic fields may be set up on a macroscopic scale by electric currents or

by magnets. On atomic scale, individual atoms cause magnetic fields when
their electrons have a net magnetic moment as a result of their angular
momentum.
• A magnetic moment arises whenever a charged particle has an angular

momentum. It is the cooperative effect of the atomic magnetic moments
which causes the macroscopic magnetic field of a permanent magnet.
However, the underlying principles and mechanisms that explain the
magnetic phenomenon are complex and subtle, and their understanding has
eluded physicists until relatively recent times.



• Several of our modern technological devices rely on magnetism and
magnetic materials; these include electric motors, electric power
generators and transformers, components of sound and video
reproduction systems, telephones, radio, television, computers, etc.
Well known examples of magnetic materials which exhibit magnetic
properties are: iron, some steels and the naturally occurring mineral
lodestone.



The important facts about the
magnetic materials are:

1. There are some materials which exhibit magnetic
properties even without the application of any magnetic
field and become more magnetic when a weak magnetic
field is applied to them.
2. There are many other materials which lose their initially
strong magnetism when heated above a certain critical
temperature and become comparatively weakly
magnetised.
3. There are some materials which show a magnetic
response in a direction opposite to that of any externally
applied field.



Magnetic materials:
are all media capable of being magnetized in a magnetic field, i.e. of creating
their own magnetic field. According to their magnetic properties, such
materials are divided into three principal groups: diamagnetic, paramagnetic
and ferromagnetic materials. From the applications point of view all the
magnetic materials can be placed under two groups:
(i)Soft
(ii)Hard magnetic materials.
Iron, some steels, and the naturally occurring mineral lodestone are well-
known examples of materials which exhibit magnetism. Ferro and
ferrimagnetic materials are the most important magnetic materials from the
point of view of practical applications. We will first consider the terms and
definitions used in magnetism.



Terminology









Table : magnetic units and conversion factors
for the SI, CGS, emu systems.





Origins of Magnetic Moments
The macroscopic magnetic properties of a substance are a consequence of
magnetic moments associated with individual electrons. Each electron in an
atom has magnetic moments that originate from the following two sources:
(i) orbital magnetic moment of electrons
(ii) spin magnetic moment of electrons.



We may note that permanent magnetic moments can also arise from spin
magnetic moment of the nucleus. Of the three, spin dipole moments of
electrons are important in most magnetic materials. Magnetic moments
associated with (a) an orbiting electron and (b) a spinning electron is
shown in Fig. 14.17. Electron in an atom is continuously orbiting around
the nucleus; being a moving charge, an electron may be considered to be a
small current loop, generating a very small magnetic field, and having a
magnetic moment along its axis of rotation (Fig. 14.17(a)). Moreover, each
electron may also be thought of as spinning around an axis; the other
magnetic moment originates from this electron spin which is directed along
the spin axis as shown in Fig. 14.17(b).



We may note that spin magnetic moments may be only in an “up” direction
or in an antiparallel “down” direction. Obviously, each electron in an atom
may be thought of as being a small magnet having permanent orbital and
spin magnetic moments. The net magnetic moment due to electron spin in a
sodium atom is one unit, called a Bohr magneton 𝜇-𝐵, which is of
magnitude 9.27×10−24A-𝑚2. For each electron in an atom the spin magnetic
moment is ± 𝜇-𝐵(+sign for spin up and–sign for spin down). The orbital
magnetic moment contribution is equal to 𝑚-𝑙 𝜇-𝐵, 𝑚-𝑙 being the
magnetic quantum number of the electron.



Classification of Magnetic Materials
There are three classes into which all the magnetic materials may be
grouped according to their magnetic behaviour, although there is some
overlap among groups:
1. Diamagnetic substances (Fig. 14.18a)
2. Paramagnetic substances (Fig. 14.18b)
3. Ferromagnetic substances (Fig. 14.18c)





1. Diamagnetism
Diamagnetism is a very weak form of magnetism exhibited by
substances with a negative magnetic susceptibility (X= 𝜇° M/B), i.e., by
substances which magnetize in a direction opposite to that of an applied
magnetic field. A diamagnetic substance has a magnetic permeability
less than 1, and is repelled when placed near a magnet. The examples
are organic solids like naphthalene, benzene, etc.; metals like silver,
gold and copper; atoms with rare gas configurations like, A, He, Ne, etc.
The magnetization of diamagnetic substances is associated with the
currents induced on application of a magnetic field. According to
Lenz’s law, the flow of an induced current is in such a direction as to
oppose the change of flux of inducing field; this accounts for the
negative susceptibility.



The diamagnetic susceptibility is invariably small, of the order of 10−5 𝑐𝑚2

/mole.
When placed between the poles of a strong electromagnet, diamagnetic
materials are attracted toward regions where the field is weak. The atomic
magnetic dipole configuration for a diamagnetic material with and without
an external field is shown in Fig. 14.19. The arrows in the figure represent
atomic dipole moments. Figure 14.20 shows the dependence of B on the
external field H for a material which exhibits diamagnetic behaviour.
Susceptibilities of several diamagnetic materials are given in Table 14.9.







2. Paramagnetism
A property exhibited by substances which, when placed in a magnetic field,
are magnetized parallel to the field to an extent proportional to the field
(except at very low temperatures or in extremely large magnetic fields).
Paramagnetic materials always have permeabilities greater than 1, but the
values are in general not nearly so great as those of ferromagnetic materials.
For some solid materials, each atom possesses a permanent dipole moment
by virtue of incomplete cancellation of electron spin and/or orbital
magnetic moments. In the absence of an external magnetic field, the
orientations of these atomic magnetic moments are random, such that a
piece of material possesses no net macroscopic magnetization. These
atomic dipoles are free to rotate, and paramagnetism results when they
preferentially align, by rotation, with an external field as illustrated in Fig.
14.21.



These magnetic dipoles are acted on individually with no mutual interaction
between adjacent dipoles. In as much as the dipole align with the external
field, they enhance it, giving rise to a relative permeability 𝜇𝑟 that is
greater than 1, and to a relatively small and positive susceptibility.
Susceptibilities for few paramagnetic substances are given in Table 14.10.
Susceptibilities for paramagnetic substances range from about 10−5 to 10−2.
A schematic B-H curve for a paramagnetic substance is also shown in Fig.
14.20.







The following types of substances are
paramagnetic:

1. All atoms and molecules which have an odd number of electrons. According to
quantum mechanics, such a system cannot have a total spin equal to zero;
therefore, each atom or molecule has a net magnetic moment which arises
from the electron spin angular momentum. Examples are organic free radicals
and gaseous nitric oxide.

2. All free atoms and ions with unfilled inner electron shells and many of these
ions when in solids or in solution. Examples are transition, rare-earth and
actinide elements and many of their salts. This includes ferromagnetic and
antiferromagnetic materials above their transition temperatures.

3. Several miscellaneous compounds including molecular oxygen and organic
biradicals.

4. Metals, in this case, the paramagnetism arises from the magnetic moments
associated with the spins of the conduction electrons and is called the Pauli
paramagnetism.





3. Ferromagnetism
A property exhibited by certain metals, alloys and compounds of the transition
(iron groups as BCC 𝛼 ferrite and cobalt and nickel), rare earth metals such as
gaddolinium (Gd), and actinide elements in which, below a certain temperature
called the Curie temperature (Eq. 38),

𝑇𝑐 =
𝐶

𝑇−𝜃

We must note that the general behaviour of the susceptibility of ferromagnetic
materials above the Curie temperature, 𝑇𝐶 , follows the Curie-Weiss law (Eq.
(38)). The behaviour is followed in the region well above the ferromagnetic curie
temperature 𝑇𝐶 . The paramagnetic curie temperature 𝜃 is usually slightly
greater than the temperature of transition 𝑇𝐶 . Comparison of 𝑇𝐶 and for three
ferromagnetic metal is given below comparison of 𝜃 and Tc.
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