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Debye-Waller factor
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Debye-Waller factor

Exp. Physics 5 � Solid State Physics, WS 23/24 Thermal expansion

Image credit: Gross and Marx, Festk�orperphysik



Atomic displacement parameter

Every reported crystal structure should have a U-parameter

(typically one for each atomic position)
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Z. Krist. NCS 236, 511 (2021)

https://doi.org/10.1515/ncrs-2020-0595


Expansion joints: bridges
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Image credit: Ingolfson and GT1976 (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Auckland Harbour Bridge Details 02.jpg
https://commons.wikimedia.org/wiki/File:2018-10-22 (835) Bridge expansion joint at Donaubrucke in Krems an der Donau, Austria.jpg


Expansion joints: pipes
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https://commons.wikimedia.org/wiki/File:Metal expansion joint on fiberglass piping.jpg
https://commons.wikimedia.org/wiki/File:Faltenrohrbogen-Kompensator.jpg


Breather switch (rails)

Exp. Physics 5 � Solid State Physics, WS 23/24 Thermal expansion

Image credit: Chriusha and Haragayato (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Thurbruecke Ossingen Schienenauszug_Suedseite 01 09.jpg
https://commons.wikimedia.org/wiki/File:Rail Joint of Shinkansen.jpg


Adverse e�ects of thermal expansion
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Image credits:
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https://commons.wikimedia.org/wiki/File:Gleisverwerfung ehem Bf Gutersloh Ost 04 08 2013.jpg


Adverse e�ects of thermal expansion
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Image credits:
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https://commons.wikimedia.org/wiki/File:Gleisverwerfung ehem Bf Gutersloh Ost 04 08 2013.jpg
https://commons.wikimedia.org/wiki/File:Tram-Rails Heatprotection.JPG


Experimental technique
dilatometry
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Capacitive dilatometer
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Dimensions: ∼ 15mm

(along each side)

Resolution in ∆L: 0.02�A!

Rev. Sci. Instrum. 83, 095102 (2012)

http://doi.org/10.1063/1.4748864
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Measurement with a dilatometer
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Rev. Sci. Instrum. 83, 095102 (2012)

http://doi.org/10.1063/1.4748864


Sign of α?
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Image credit: S. Hunklinger, Festk�orperphysik

https://www.degruyter.com/document/doi/10.1515/9783110567755
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Eduard Gr�uneisen
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Eduard Gr�uneisen

1877�1949

1894�1900: physics studies in Halle and Berlin

1900: PhD on electric and thermal
conductivities of metals

1904�1925: work at Physikalisch-Technische
Reichsanstalt (Institute of Standards)

from 1927: professor in Marburg

Zeitschrift f�ur Instrumentenkunde 27, 38 (1907)

https://archive.org/details/bub_gb_AFW0Hg239Y8C/page/n51/mode/2up
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Thermal expansion vs. heat capacity
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https://www.degruyter.com/document/doi/10.1515/9783110567755


Heat capacity: Cp vs. CV
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Geodynamics & Tectonophysics 7, 459 (2016)

https://doi.org/10.5800/GT-2016-7-3-0217


Material

negative thermal expansion (NTE) materials
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Longitudinal vs. transverse modes
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Image credit: Martin M�oller (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Classicalguitar (20 degrees).png


Longitudinal vs. transverse modes
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Image credit: Martin M�oller (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Classicalguitar (20 degrees).png


Example: graphene
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High-energy (hard) mode

positive thermal expansion,

but only at very high T 's

Low-energy (soft) mode

negative thermal expansion

up to ∼ 1000K



Negative thermal expansion materials
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Mater. Horizons 6, 211 (2019)

http://doi.org/10.1039/C8MH01065J


Implications
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Ice �oats

on the water

Water at 4 ◦C
goes to the bottom

Image credits: Jos�e Manuel Su�arez and Hans Kylberg (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Water drop 001.jpg
https://commons.wikimedia.org/wiki/File:Islossning (119329313).jpg


Implications

Exp. Physics 5 � Solid State Physics, WS 23/24 Thermal expansion

Image credits: Open Clipart and Felix Reimann (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Stove.svg
https://commons.wikimedia.org/wiki/File:Ceranfeld.jpg

