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3.5 Magnetic materials

The origin of magnetism lies in the orbital and spin motions of electrons and how the electrons interact with one
another. The best way to introduce the different types of magnetism is to describe how materials respond to
magnetic fields. This may be surprising to some, but all matter is magnetic. It's just that some materials are much
more magnetic than others. The main distinction is that in some materials there is no collective interaction of

atomic magnetic moments, whereas in other materials there is a very strong interaction between atomic moments

Types and properties

1. Diamagnetism

Diamagnetism is a fundamental property of all matter, although it is usually very weak. It is due to the non-

cooperative

behavior of orbiting electrons when exposed to an applied magnetic-field. Diamagnetic substances are composed

of atoms

which have no net magnetic moments (ie., all the orbital shells are filled and there are no unpaired electrons).

However,

when exposed to a field, a negative magnetization is produced and thus the susceptibility is negative. If we plot M

vs H,

2. Paramagnetism

This class of materials, some of the atoms or ions in the material have a net magnetic moment due to unpaired
electrons in partially filled orbitals. One of the most important atoms with unpaired electrons is iron. However, the
individual magnetic moments do not interact magnetically, and like diamagnetism, the magnetization is zero when
the field is removed. In the presence of a field, there is now a partial alignment of the atomic magnetic moments

in the direction of the field, resulting

in a net positive magnetization and positive susceptibility.
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3. Ferromagnetism

When you think of magnetic materials, you probably think of iron, nickel or magnetite. Unlike paramagnetic
materials, the atomic moments in these materials exhibit very strong interactions. These interactions are produced
by electronic exchange forces and result in a parallel or antiparallel alignment of atomic moments. Exchange forces
are very large, equivalent to a field on the order of 1000 Tesla, or approximately a 100 million times the strength of
the earth's field. The exchange force is a quantum mechanical phenomenon due to the relative orientation of the
spins of two electron. Ferromagnetic materials exhibit parallel alignment of moments resulting in large net

magnetization even in the absence of a magnetic field.

4. Ferrimagnetism

In ionic compounds, such-as oxides, more complex forms of magnetic ordering can occur as a result of the crystal

structure. One type of magnetic ordering is call ferrimagnetism.
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