Applications

These functions play an important role in
magnetism.

The energy of a spin S in an external

magnetic field B is equal to —gugS - B,
where g is the Landé factor and pp the Bohr
magneton equal to eh/2m.c. If the
reference system is such that B = (0,0, B),
the energy is

E=—gupS,B.




The z-component of a spin J can take the values:
—J,—J +1,...,J. In the case of a system of NV
such noninteracting spins J, the partition function is
given by

Z(B,B)=< > eXp(BguBSzB)> :

S,=—J

Since
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we find

sinh BgupB(2J + 1)/2) N
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The expression of the Gibbs potential is

1
G(BaB) — _Blogz(ﬁaB)a
and the total magnetization of a system of N
noninteracting spins J in an external magnetic field

Is, therefore,

oG

M(B,B) = 35 NgugJB;(BgupJB),

where B is the Brillouin function of order J
defined by

2J +1 2J +1 1
Bj(z) = 2}_ cotanh 2}_ T- 57 cotanh %

For small values of z,

1 =z
tanhz = — + = 4+ O(z°).
cotanh x x+3+ ()




Particular cases:

o|f]=%,

B1i(x) = 2cotanh 2z — cotanh x

1
2

_21—|—tanh2x 1

2 tanh x tanh z
= tanh z.

1
B., = cotanhz — —.
x

This last function is called the Langevin function
and denoted by L.




Figure 1. Graph of the Brillouin function for J = 1.
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