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SUBJECT: GROUP 63 SEMINAR ON MAGNETISM, APPENDIX VII
CALCULATION OF SPONTANEQUS MAGNETIZATION IN THE REGION OF THE

CURIE TEMPERATURE
To: Group 63
From: Arthur L. Loeb and Norman Menyuk

Date: May 8, 1953

As discussed at meeting 50 (equation L-3), the spontaneous magneti-
zations I” end I‘bs may be expressed in terms of the Brillouin funotion as
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For high temperatures (in the neighborhood of the Curie temperature)
the Brillouin function may be approximated by the expression
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In order to simplify this development, the following substitutions
are made:
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Substituting these terms in equs. G-1 and G-2
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These relationships finally lead to the equations:
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Therefore, from the second equation,
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Substituting this value into the first equation one finds

A2 - & (anu@) K - an=0 (c-8)

At a value of T sligh below the Curie temperature we may substi-
tute the values T = © - t and & = U/V =.2+af' into equations G-5 and G-6.
Both t and ¢’ will be very small in the region close to the Curie temperature,
and all terms of secaond order smallness are neglected in the following treat-

ment. From equation G-5
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Substituting the value of & obtained in equations G-7 into the first
term, we find

2
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Expressing this as a linear equation in t,cf, and Vz; and ignoring all
second order smallness terms:
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Let us examine the expression in brackets in the first temm of
equation G-9
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But from equation G-8 we see that this is identically zero, so the
first term in equation G-9 drops out.

Next let us examine the expression in brackets in the second term
of equation G-9.
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since the term in brackets is zero from equation G-8.

Substituting these results back into equation G-7 one obtains the
gimpler equation
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Let us now analyze equation G-6 in a similer manner. Then:
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Substituting the value of & given in equation G-7 for the first &
in the above expression, and expressing the resultant as a linear equation
in t,J, and V2 we find:
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Rearranging terms:
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Substituting this value of cf into equation G-10 we have:
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Separating terms in t and Vz,
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From equation G-9 the terms in the brackatsé Bare zero, so the
above equation reduces to
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The net spontaneous magnetization may be expressed (equation L-1,
meeting 50)

I,= >I- Ml (G-13)

If we neglect terms of 2 order esmallness (E.G. t3/ 2) then, from
equations G-3 and G-4
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Substituting the above values into equation G-13,
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Since t =&-T, and defining a new constant F by the equation
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we arrive at the relation

This is equation LI-1 of meeting 51
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