
Lecture 17
Waves in and into/out-of Crystal

Crystal Translation Symmetry and 
Bloch’s theorem
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Crystal Momentum Conservation
kf – ki = G for Bragg Scattering
This can be generalized for inelastic processes to 
(Bloch’s theorem)
kf – ki – qe = G

which holds for inelastic scattering for all 
experiments involving waves (electron, neutron, 
photon …) or any scattering processes that 
occur inside the crystal.
Combining with the energy conservation rule, 
dispersion relations of phonons, electrons, spin 
waves etc. are routinely measured by neutron, 
photon, electrons as probes.
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Neutron Scattering of Phonons
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Energy, momentum conservation
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Optical or X-Ray Measurement
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Optical Phonons – Raman Scattering
Acoustic Phonons – Brillouin Scattering

Laser light is used (~ a few 1000 Å wavelength with ~ eV E)
|q’| ≈ |q|
k ~ 0 is probed

Brillouin

Raman, Brillouin

It is also possible to probe phonons using High energy X-ray (10 keV)
using modern synchrotrons (such as ESRF, APS).
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