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Langevin’'s theory of diamagnetism - An electron revolving in a circular
orbit around the nucleus in an atom is equivalent to a current loop. If — e is the charge on the electron
and o its angular velocity in the orbit, then the equivalent current
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Electron revolving in counter clockwise direction. Suppose the electron revolves in a circular
orbit of radius r in a counter clockwise direction in the X — Y plane, with the nucleus at the origin, then
the magnetic moment of the electron
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The direction of dipole magnetic moment p,, isalongthe— Zaxis. T
As the electron is moving in a circular orbit, the centripetal force -p'*\'\
acting on it ) “ >
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where m is the mass of the electron. The direction of this force is
radially inward and it is provided by the electrostatic force of X
attraction between the nucleus and the electron.

If an external magnetic field —é is now appied perpendicular to the plane of the orbit of this
single electron i.e., in the + Z direction, then an additional magnetic force AF will act on it, given by

A—I; =e ; x E
Since B is perpendicular to 7 ., the magnitude of the force
AF = evB = eroB = Berw 3D

This force will also act radially inward on the electron at right angles to both the orbit and the
magnetic field. Thus the force on the electron due to the external magnetic field and the electrostatic
force acting on it due to the nucleus both act in the same direction.

*. Net force acting on the electron in the magentic field
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Under the effect of this increased force the electron can either move in an orbit of smaller radius
or have a greater velocity in the same orbit or both. But according to the laws of quantum mechanics
which are applicable to the electronic orbits, the electron can move only in specific orbits of fixed
radii governed by quantum laws. Hence the only alternative for the electron is to increase its angular
velocity in the original orbit. If ® + A w is the angular velocity of the electron after the application of
the magnetic field, the new magnetic moment of the electron
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*. Change in the magnetic moment
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According to relation (i) F = mw?r
i) AF =2mro A ® ...(iv)
From relation (ii) AF = Bero
2mroA® = Berw
e
Aw =—B
or 2
Substituting the value of Aw in (iii), we have
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The negative sign shows that the change in magnetic moment takes place in a direction opposite
-5
to B. Thus the electron develops an induced magnetic moment A ,13:, in a direction opposite to the

external magnetic field.
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The change in magnetic moment of the orbiting electron is

Electron revolving in clockwise direction. If we consider the electron as moving in the clock-
wise direction, the area vector of the current loop
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and the magnetic moment of the electron before the application of the magnetic field is
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The directon of p,, is, therefore, along + Z axis.

As in this case the direction of the velocity vector has also changed, the force due to the external
magnetic field will now act on the electron in the radially outward direction i.e., opposite to that of
the electrostatic force. The net force on the electron will decrease and the electron will move in the
same orbit with a smaller angular velocity (@ — Aw). The change in the magnetic moment will, there-
fore be given by
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which on substituting the value of Aw = 2i B gives
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Thus the value of A p, is the same in direction as well as in magnitude whether the electron is

moving in the clockwise or anticlockwise direction.



If NV is the number of electrons per unit volume and Z the atomic number, then
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In the expression, (v) (a) if the electronic orbit is not
perpendicular to the applied field, then r is replaced by r,, the projection of the radius  of the orbit on
the plane perpendicular to the magnetic field i.e., in the X — Y plane.

If x, y, z are the co-ordinates of the radius » of the orbit, then
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If the radii are arranged in all possible directions, then the average value of
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If we denote the average value of 2 as < 7 >, we have relation (v) as
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If N is the number of electrons per unit volume and Z the atomic number, then the diamagnetic
dipole moment per unit volume

g - NZ - 2 2 —
P, = — 7e-<r2 >—B;=—N—Z—e—<r2 >po H
6m 6m
where y, is the diamagnetic susceptibility of the material.
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According to the laws of atomic structure, the electrons in an atom have a tendency to exist in
pairs with their angular momentum vectors pointing in opposite directions. Thus for most of the
atoms which have an even number of electrons, the total angular momentum is zero. Such atoms have
zero magnetic dipole moment and are diamagnetic.



