13. Statistical Mechanics and Thermodynamics (Fall 2004)

Consider the Landau-Ginzburg free energy functional for a magnet with magnetization M:
F(M) = —rM2 + uM* — hM

M takes values M € |—o0,0c0|. (The rotational symmetry of the magnet is broken by the crystal
so that M is a scalar, not a vector.) r = a(T — T¢), u is only weakly dependent on T, and h is
the magnetic field. We will make the mean-field approximation that M is equal to the value which
minimizes F'(M), and FF(M} is given by its minimum value.

(a) For T > T, and h = 0, what value of M minimizes F'7 For T < T, and h = 0, what value of
M minimizes F7

(b} For h = 0, the specific heat takes the asymptotic form C ~ |T —T.|™ as T — T.. What is a?
(¢) At T =T., M ~ h®. What is 7
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