
Dispersion Relations

Dispersion relations describe the relationship between the energy
and the momentum of a particle. They are expressed by the func-
tional relationships E(p) and ω(k). Since E = h̄ω and p = h̄k the
two expressions are equivalent.

First consider free particles.

For non-relativistic particles with mass, the relationship between
energy and momentum is E = p2/2m, or equivalently ω = h̄2k2/2m.
So, the dispersion relation is parabolic.

For light, E = pc and ω = ck. So, the dispersion relation is linear.

Now consider interacting particles.

For interacting particles, the relationship between the energy and
the momentum can be richer. We are interested in the dispersion
relation for photons inside a material and the dispersion relation
for surface plasmons.

The dispersion relation for photons inside a material is ω = (c/n)k.
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