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a.k.a.: Bose-Einstein distribution
(Fermi-Dirac one in next Ch.)
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<n>=x

<n>=1/(e1/x-1)

Note: <n>+1/2 
approaches x for 
large x, the “1/2” 
is needed.
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Homework: Derive an expression for 2D 
(let A be the area of the sample)
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These apply to others such as 

electrons, photons, etc.

Sometime, “D(K)” 
is used instead.

Or an acoustical branch
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Peter Debye
1884-1966
Nobel Prize 1936
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Pierre Louis Dulong Pierre Louis Dulong 

in 1819 !
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Constant  surface
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A kink in DOS

Leon van Hove, 
Belgian, 1924-1990, 
Former Director 
General of CERN

No energy exchange and no temperature change
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Homework: due March 22
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What does temperature mean?
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See also thermal conductivity due to electrons.
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German word “turn over” or “flip over”
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2D square lattice
1st Brillouin zone
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Summary:

• Density of states – general expression

• Heat capacity – Debye and Einstein models, 

Debye temperature, T^3 dependence, Planck 

function derivative dependence

• Anharmonic effects – phonon-phonon 

interaction/scattering, thermal expansion

• Thermal conductivity/resistivity – importance of 

umklapp process


