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construct the distribution of magnetic dipoles in the ferromagnet against the

dipole-dipole, naction at a distance" forces. This term differs from the

dipole-dipole energy only by the volume integral of a term which depends on

local conditions in the magnetic material and may be regarded as an energy

density.5 The first term is either the work done in storing energy in local

form (expressible as a volume integral of an energy density) or the work lost

in irreversible processes.

The final magnetic work is
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M= _[H-aMdV+sf—8 dv.
™

Using two well known theorems from magnetostatics,17

j'+ B o e
Hd-Bd y = 0

and

J[a- > ‘[3- =
Hd-GM dv = M-GHd dv,

the following useful forms for the magnetic work can be obtained.
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W = HesM dV - 7 6 Hd-M dv

or

> =
W = He-GM dv.

(2.4)
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(2.6)

The latter is the form obtained directly from a consideration of Faraday's Taw

relating the emf to the flux change.5




2.2, Thermodynamic Laws

- The combined first and second law of thermodynamics states that
-> ->
sU < TsS +fHe-6M dv

in a natural process.ls For a ferromagnet constrained to S = S0 and
- >
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The internal énergy can only decrease. This Taw implies that a virtual varia-
tion of the énergy with respect to internal coordinates must be zero
(thermodynamic equilibrium) and that this energy be already as small as

possible (thermodynamic stability).
The constraint on the magnetization is difficult to realize experi-

mentally. The controllable parameter is the external magnetic field, ﬁé.

> >
E & Y = JrH ‘M dv
e
and will be referred to simply as the energy.
> > > >
SE = sU - JrM-aH dv - J[H «8M dV
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With the combined first and second law, this becomes

> >
SE < TsS - | MesH av.
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For a ferromagnet constrained to § = S0 and He = HeO’




