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11.1 Thermodynamics of magnons



11.2: Phonons in liquid 4Helium
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with m = 4 * 1.67*10−27kg (mass of Helium atom).

b) no transversal phonons, degeneracy factor is 1
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11.3: Phonons in 1D chain
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discrete Fourier transformation: xj =
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Comparison with harmonic oscillator: ωk = (Am(2− 2 cos k))1/2, for small k: ωk = (Am)1/2|k|

b)

transform k-sum into integral,

U =
L

2π

∫ π/2

−π/2
dk

h̄ωk

eβh̄ωk − 1

substitute x = βh̄ωk, for low T , the x-integral can be extended to infinity.
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