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Phonons in bulk

Exp. Physics 5 � Solid State Physics, WS 23/24 Phonons and thermodynamics

Image credits: Phononstore.com (fair use)

https://phononstore.com/


When heat capacity becomes important
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Image credits: Joachim K�ohler (CC-BY-SA) and Bj�orn (CC-BY-NC)

https://commons.wikimedia.org/wiki/File:Leipzig-WeihnachstMarkt-Rathaus-und-Markt-vNW-D03090+B4-pCOA2-16-12-2019-1640.jpg
https://www.flickr.com/photos/adabo/23199067209


Experimental technique
calorimetry (heat capacity)
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Relaxation method
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Person

Peter Debye

Exp. Physics 5 � Solid State Physics, WS 23/24 Phonons and thermodynamics



Peter Debye
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Peter Debye

1884�1966

1901�1906: studied electrical engineering
in Aachen (RWTH)

1908: PhD on radiation pressure
(Munich, Sommerfeld)

from 1911: professorships in Zurich, Utrecht,
G�ottingen, again Zurich, Leipzig (1927�34)

1912: theory of relaxation in dielectrics

1912: theory of lattice heat capacity

1914: lattice dynamics vs. crystal structure
(Debye-Waller factor)

1923: Debye-H�uckel theory of electrolytes

1936: Nobel prize in chemistry
�for his study of molecular structure�

Debye monument in Maastricht
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Debye approximation
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ω = c q

approximates both

acoustic and optical modes

(Debye interpolation)

Image adapted from Ashcroft and Mermin, Solid-State Physics



Debye approximation
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Image credit: Gross and Marx, Festk�orperphysik



Universal behavior
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Image credit: S. Hunklinger, Festk�orperphysik

https://www.degruyter.com/document/doi/10.1515/9783110567755


Measure of lattice sti�ness
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Image credit: Gross and Marx, Festk�orperphysik



Debye vs. Einstein
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Image credit: S. Hunklinger, Festk�orperphysik

https://www.degruyter.com/document/doi/10.1515/9783110567755


Material

ice and glass
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Glass of ice
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Residual entropy

amorphous solids

crystals

with disorder

Image credit: Nattu (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Ice cubes in a glass.jpg


Water ice
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2-in-2-out (ice rule)

Conventional ice (Ih)

features residual entropy

of R ln 3
2 due to random

positions of hydrogens

Image credit: Mystery of water (CC-BY-SA)

https://mini.physics.sunysb.edu/~marivi


Water ice
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2-in-2-out (ice rule)

Conventional ice (Ih)

features residual entropy

of R ln 3
2 due to random

positions of hydrogens

Image credit: Mystery of water and liz west (CC-BY-SA)

https://mini.physics.sunysb.edu/~marivi
https://commons.wikimedia.org/wiki/File:Cloudy ice cubes.jpg


Glasses
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Image credit: S. Hunklinger, Festk�orperphysik; JJ Harrison (CC-BY-SA)

https://www.degruyter.com/document/doi/10.1515/9783110567755
https://en.wikipedia.org/wiki/File:Quartz, Tibet.jpg

