Problems for chapter 12, due April 23, 2012

1. Magnon dispersion relation. Derive the magnon dispersion relation (24] for a
spin 5 on a simple cubic lattice, z = 6. Hint: Show first that {18a) is replaced by

dsy/de = (SIN6S, = 3 Shas) -

where the central atom is at p and the six nearest neighbors are connected to it by
six vectors 8. Look for solutions of the equations for d83/4dt and dS3/dt of the form
expiik « p — fet).

2, Heat capacity of magnons. Use the approximate magnon dispersion relation
w = AK® to find the leading term in the heat capacity of a three-dimensional ferro-

magnet at low temperatures kzT < ]. The result is 0.113 kg(kpT/AA)*, per unit

volume. The zeta function that enters the result may be estimated numerically; it is
tabulated in ]ahnl:?-l:ﬁmde.

3. Néel temperature. Taking the effective fields on the two-sublattice model of an

antiferromagnetic as
E,t = Bﬂ. - j.-[uw,g - 'EM.." . BB = B,T - j.nl-l.‘l-:f_l). = fj.'!'fa '

show that
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4.

Discuss why spin waves are more favorable as modes of excitation than local spin
modes, particularly at low temperatures.



