Chapter 11 — McQuarrie — Crystals

don’t have to worry about transl. or rotation of entire crystal

monotonic crystals — 1D case
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Taylor series about the equilibrium structure

first derivates vanish
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Apply normal mode analysis (find coordinates that eliminate
off-diagonal terms)
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Let g(v)dv = # frequencies between vand v+dv
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total # of vibrations

But how do
we find g(v)?



Einstein assumed all oscillators had frequency v, Dulong &

Petit limit
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Debye theory

Debye: vibrations with A4 >> lattice spacing can be treated
by assuming the crystal is a continuous elastic substance
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t = transverse

¢ = longitudinal

v, and v, are the transverse
and longitudinal velocities




Lattice dynamics

consider the 1D case
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Assumes the time dependence is
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a = lattice spacing

hk = momentum
of phonon.




Periodic boundary conditions

g (t) = G isn (1) «— ends of chain connected
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dv/dk = group velocity
= constant for a continuum




