
Heat capacities in a magnetic system

The reasoning here parallels the reasoning connecting CV with Cp in fluid systems. There are three main
parts:

A: Begin with the known master relation for E(S,H):

dE = T dS −M dH.

Apply a Legendre transformation to variables T and H (trade in an S for a T ):

F = E − TS so dF = −S dT −M dH.

The resulting Maxwell relation is
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B: Start with the purely mathematical relation
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This relation is good for “any sufficiently small change”. Restrict it to changes at constant M , so dM = 0:

−β dT = χT dH
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C: Start with the purely mathematical relation
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where in the last line we used the definition of CH and the result of part A. This relation is good for “any
sufficiently small change”. Restrict it to changes at constant M , and then divide by dT :
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Now use the definition of CM and the result of part B:
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