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Summary Lecture 6



What are phonons?

A phonon is a quasiparticle used to better describe the
properties of lattice vibrations in crystals (www.chemie.de).

”[...] a phonon is a collective excitation in a periodic, elastic
arrangement of atoms or molecules in condensed matter, like
solids and some liquids” (Wikipedia).



Why are phonons important?

Phonons can make
superconductivity

Phonons can conduct
heat



What types of phonons are there?

Longitudinal Acoustic
(LA)

Longitudinal Optical
(LO)

Transversal Acoustic
(TA)

Transversal Optical
(TO)



Number N of phonon branches

Nacoustic = 3

Noptical = 3 · p − 3

Ntotal = 3p

where p is the number of atoms in the primitive cell



Phonon dispersion ω
of a 1-atomic linear chain
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Phonon dispersion ω
of a 1-atomic linear chain

k

ω

0 π
a

2π
a

−πa− 2π
a

√
4c
m √

4c
m

·
∣∣∣∣ sin ( 1

2
ka
) ∣∣∣∣

Brillouin Zone



Phonon dispersion ω
of a 2-atomic linear chain
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Phonon dispersion ω
of a 2-atomic linear chain
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Phonon dispersion ω
of a 2-atomic linear chain

(https://en.wikipedia.org/wiki/Phonon)



How to measure phonons
Triple axis spectrometer and time-of-flight spectrometry

Triple axis spectrometer Time-of-flight spectrometry



Examples
Phonons in aluminium and diamond

Aluminium Diamond


