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1. Structure of crystals

direct lattice / reciprocal lattice

symmetry

crystal structure / structure factor

2. Atoms in crystals

types of bonding

elasticity and thermodynamics

phonons (lattice vibrations)

3. Electrons in crystals

free electron gas / Drude metal

electronic band structure

Fermi surface



Resistivity = speci�c resistance
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Image credit: Omegatron (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Resistivity geometry.svg


Electron concentrations
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Source: Ashcroft and Mermin, Solid State Physics



Valence of metals
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Image credit: L�aszl�o N�emeth (CC-zero)

https://commons.wikimedia.org/wiki/File:Periodic table simple en.svg


Resistivity of metals

Resistivity: ρ (10−8Ω·m)

Exp. Physics 5 � Solid State Physics, WS 23/24 Metal as classical gas: Drude model

Source: Ashcroft and Mermin, Solid State Physics



Experimental technique
resistivity measurements
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Two-probe vs. four-probe
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Two-probe method

contact resistance
Four-probe method

Image credits: wdwd and Libretexts (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Multimeter Strommessung.JPG
https://workforce.libretexts.org/Bookshelves/Electronics Technology


Two-probe vs. four-probe
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Two-probe method
contact resistance

Four-probe method

Image credits: wdwd and Libretexts, SpinningSpark (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Multimeter Strommessung.JPG
https://workforce.libretexts.org/Bookshelves/Electronics Technology
https://en.wikipedia.org/wiki/File:Wenner electrode array.svg


Microfabrication
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Microfabrication
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Lorenz number
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Source: Ashcroft and Mermin, Solid State Physics



Person

Paul Drude
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Paul Drude

1863�1906

1880's: studied mathematics and physics in G�ottingen

1887: PhD on re�ection and di�raction
of light in crystals

1894�1900: associate professor in Leipzig

1890's: optical properties of metals

1900: formulated �rst theory of metals
(Drude model)



Physics Institute in Leipzig
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Image source: Ann. Phys. (Leipzig) 15, 449 (2006)

http://doi.org/10.1002/andp.200610210
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Paul Drude

1863�1906

1880's: studied mathematics and physics in G�ottingen

1887: PhD on re�ection and di�raction
of light in crystals

1894�1900: professor in Leipzig

1890's: optical properties of metals

1900: formulated �rst theory of metals
(renowned Drude model)

1901�1905: professor in Giessen

since 1905: director of the Physics Institute in Berlin

1906: member of the Prussian Academy of Sciences



Einstein vs. Drude
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Paul Drude
1863�1906

Albert Einstein
1879�1955

Albert Einstein
about Paul Drude:

�What you say about German professors is unfortunately true.
Drude discarded two objections, which I raised against
his theory and which demonstrate a direct mistake in his
conclusions, by pointing out that another (infallibe)
colleague of his shares his opinion.

Authority gone to one's head is the greatest enemy of truth�

English translation per Ann. Phys. (Leipzig) 15, 449 (2006)

http://doi.org/10.1002/andp.200610210




Material

Thermoelectrics
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Thermocouple (Seebeck e�ect)
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Image credits: Harke and Nanite (CC-BY-SA); Tec-Science (fair use)

https://commons.wikimedia.org/wiki/File:Thermoelement-Thermometer Omega (1).jpg
https://commons.wikimedia.org/wiki/File:Intermediate temperature thermocouples reference functions.svg
https://www.tec-science.com/thermodynamics/temperature/how-does-a-thermocouple-work/


Peltier e�ect
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Electricity 2, 359 (2021)

http://doi.org/10.3390/electricity2030022


Peltier element
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