Magnetism and Matter

Magnetic field or magnetic flux density B will form at some point in space when an external free current loop is switched on or magnetic material is placed at that location.

A charge, q moving with velocity, v generates a field, B in a perpendicular direction of its velocity vector.

By Lorentz force law 
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the unit of B is defined: 
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= Tesla (T). The smaller unit is Gauss, (G) and1G= 10-4 T. We will call B as "magnetic flux density". The field B can be thought as the density of magnetic force lines permeating the medium. 
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Magnetic field strength: H

In an empty space externally generated B0 produces
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a magnetic field H. When we place magnetic material at a location a resultant field is formed. In order to distinguish between the magnetic field and the field generated by magnetic material we have
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H and M will have the same units, amperes/meter,μ0 being the magnetic permeability of space. The quantity M in this relationship is called the magnetization of the material. The magnetization vector, M can be defined as the magnetic dipole moment per unit volume.

For some materials the magnetization M is proportional to the magnetic intensity H. This constant of proportionality is called the magnetic susceptibility χ. The expression is given as:
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Let us put this into the expression for B. It gives:
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Let us now define the permeability μ in terms of the permeability of free space and the magnetic susceptibility χ as follows:
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Just as the permittivity ε replaces the permittivity of free space εo in materials, the permeability μ replaces the permeability of free space μ0 in materials.
Relative permeability, Km can be defined similarly as relative permittivity εr in electric field,
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For paramagnetic and diamagnetic materials the relative permeability is very close to 1 and the magnetic susceptibility very close to zero. For ferromagnetic materials, these quantities may be very large.

Diamagnetism 
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 is small and negative.

Paramagnetism 
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 is small and positive

Diamagnetism is a property of all materials and opposes applied magnetic fields, but is very weak. Paramagnetism, when present, is stronger than diamagnetism and produces magnetization in the direction of the applied field, and proportional to the applied field.

The magnetization of a material is expressed in terms of density of net magnetic dipole moments in the material. We define a vector quantity called the magnetization M by
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The magnetic moment can be considered to be a vector quantity with direction perpendicular to the current loop in the right-hand-rule direction.
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All atoms have inherent sources of magnetism because electron spin contributes a magnetic moment and electron orbits act as current loops which produce a magnetic field. In most materials the magnetic moments of the electrons cancel, but in materials which are classified as paramagnetic, the cancelation is incomplete.
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