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Magnetic Force on a Current Carrying Wire
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Magnetic Force per unit length between two Long Wires
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Torque on a Current Carrying Loop
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Magnet
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Pole Strength, Magnetic Dipole and Dipole Moment
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Magnetic Field and Strength of Magnetic Field
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Magnetic Field due to a Single Pole
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Magnetic Field due to a Bar Magnet
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Magnetic Lines of Force of a Bar Magnet
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Magnet in an External Uniform Magnetic Field
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Magnetism and Gauss’s Law
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It is a reflection of the fact that isolated magnetic poles (also called
monopoles) are not known to exist.

The net magnetic flux through any closed surface is zero.



Sources of Magnetism
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v We have seen charges in motion (as in a current) produce
magnetic fields. This is one source of magnetism.

v Another source is the electron itself. Electrons behave as if they
were tiny magnets.

v Every electron in an atom behaves as a magnet in two ways, each
having two magnetic dipole moments:

v Spin magnetic dipole moment - due to the “rotation” of an
electron.

v Orbital magnetic dipole moment - due to the “revolution” of an
electron about the nucleus.



Magnetization or Intensity of Magnetization (M)
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v Magnetization: It is a measure of how a material respond when
magnetic field is applied to it.

v Intensity of Magnetization (M): When a material is magnetized,
it develops a net magnetic moment. The magnetic moment per
unit volume is called intensity of magnetization.

v M is a vector with dimensions [L–1A] and is measured in a units of
Am–1.

v Consider a magnetic material producing a field Bm in an external
field B0. The total field is the vector sum of the external field and
the field generated by the material.



Magnetic Intensity (H)
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Magnetic Susceptibility (χ)
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v The total magnetic field inside any sample has two parts:
v One, due to external factors such as the current in the solenoid. This is represented by H.
v The other is due to the specific nature of the magnetic material, namely M.
v M can be influenced by external factors. This influence is mathematically expressed as

v where χ is a dimensionless constant known as magnetic susceptibility.
v It is a measure of how a magnetic material responds to an external field.
v It is small and positive for materials, which are called paramagnetic.
v It is small and negative for materials, which are termed diamagnetic.
v In diamagnetic substance M and H are opposite in directions.



Permeability (μ) and relative Permeability (μr)
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Diamagnetism
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Paramagnetism
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Ferromagnetism
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Hard and Soft Ferromagnets
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Behavior of Field Line in Material
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Hystetresis
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Permanent Magnets
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v Substances which at room temperature retain their ferromagnetic property for a long period of time
are called permanent magnets.

v An efficient way to make a permanent magnet is to place a ferromagnetic rod in a solenoid and pass
a current. The magnetic field of the solenoid magnetizes the rod.

v Suitable material for permanent magnet should have high retentivity so that the magnet is strong
and high coercivity so that the magnetization is not erased by stray magnetic fields, temperature
fluctuations or minor mechanical damage.

v Further, the material should have a high permeability.



Electromagnets
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v An electromagnet is a type of magnet in which the magnetic field is produced by an electric current.
The magnetic field disappears when the current is turned off.

v Electromagnets usually consist of wire wound into a coil. Core of electromagnets are made of
ferromagnetic materials which have high permeability and low retentivity. Soft iron is a suitable
material for electromagnets.

v Electromagnets are used in electric bells,
loudspeakers and telephone diaphragms.

v Giant electromagnets are used in cranes to lift
machinery, and bulk quantities of iron and steel.



Terrestrial Magnetism (Earth’s Magnetism)
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Some Important Terms
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Elements of the Earth’s Magnetism
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