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Last time: 
Reciprocal lattice and diffraction 

Today: 
Reciprocal lattice and diffraction cont’d
Phonons



Structure of Matter  – WS13/14 – van Loosdrecht – Lecture 4    3

Diffraction conditions

The set of reciprocal vectors 
determines the possible x-ray reflections

G

Scattering from k to k’ is proportional to charge density n(r)

Periodicity n(r) =>  Gk =Δ

Scattering amplitude:
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CsCl, exponential charge distributions
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Diffraction for

When fA≈ fB

with h + k + l even strong
with h + k + l odd   weak     'pseudo-bcc‘
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PHONONS
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Elementary excitations
in solids

Charge Electronic excitations 
EM field Photon
Elastic Phonon
Magnetic Magnon (spin-wave)
Multi-particle Exciton, polariton, polaron
Collective Plasmon

… …
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Phonons

• Propagation of sound

• Optical properties (infrared)

• Lattice expansion

• Heat capacity

• Thermal conductivity
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General

Total lattice energy

Stability:                               Equilibrium coordinates
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Harmonic approximation:



Structure of Matter  – WS13/14 – van Loosdrecht – Lecture 4    13
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Relevant values of k
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1 dimensional -- 2 at./cell
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Dispersion
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Relevant values for k
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Group velocity
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Three dimensions

3-dimensional crystal: 3 degrees of freedom per atom
s atoms per primitive cell: 3 acoustical branches 

3s-3 optical branches
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Transverse: ku ⊥

Longitudinal: k//u

Optical modes

Acoustical modes



Structure of Matter  – WS13/14 – van Loosdrecht – Lecture 4    20

Longitudinal
Acoustical

Transverse
acoustical 

Sound waves
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λ

Transversal 
optical phonons

λ

Longitudinal
optical phonons

Optical waves
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Dispersion in two dimensions
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phonons

See appendix C: quantization of elastic waves: phonons
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Properties of phonons

Any number can occupy the same vibrational mode uk

Phonons are bosons
Thermal occupation given by Planck’s distribution
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Zero-point energy:

Energy of 1 phonon:
“Momentum” of 1 phonon:
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Phonons: Quantum excitations of solids


