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22. Debye Waller factor (6 points)
The Debye Waller factor (DWF) for a simple cubic lattice is given by (cf the lecture):
2 oo
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where the density of states D has the normalization [ dwD(w) = 1.
(a) Calculate the DWF for the Debye model (acoustic phonons) and analyse its behavior in the limits
kT <« hwp and kT > hwp.
(b) Calculate the DWF for the Einstein model (optical phonons with frequency wg) and analyse its
behavior in the limits kg1 < hwy and kT > hwy.
23. Thermodynamics of the superconducting state (8 points)

The equilibrium state of a superconducter in a uniform magnetic field is determined by the temperature
T and the magnitude of the field H. The thermodynamic identity is written in terms of the Gibbs free

energy:
dG = —SdT — MdH, (2)

where S is the entropy and M the total magnetization (M = mV, where m is the magnetization
density). The phase boundary between the superconducting and the normal states in the H-T plane
is given by the critical field curve H.(T') (cf the lecture).

(a) Deduce, from the fact that G is continuous across the phase boundary, that

dH.(T) S, — S,

ar M, — M, (3)

(b) Using the fact that the superconducting state displays perfect diamagnetism (B = 0), while the
normal state has negligible diamagnetism (M = 0), show that the entropy discontinuity across
the phase boundary is
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and thus the latent heat, when the transition occurs in a field, is
H.dH,
=-TV——-.
@ V47r dr (5)

(¢) Show that when the transition occurs at zero field there is a specific heat discontinuity given by
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