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Oscillations in Bi
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Oscillations in Cu
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Cyclotron motion
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Periodic motion
in the plane perpendicular to the �eld

Ashcroft and Mermin, Solid State Physics; Matthias W Hirsch (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Gyrationsfrequenz de.png


Cyclotron
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acceleration of charged particles

Image credits: MikeRun,
Science Museum London (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Zyclotron.svg
https://commons.wikimedia.org/wiki/File:60-inch cyclotron, c 1930s. This shows the (9660569583).jpg


Landau levels

Magnetic �eld re-distributes electronic states of a crystal
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zero �eld (B = 0) magnetic �eld (B ̸= 0)

Gross and Marx, Festk�orperphysik
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Experimental technique
Fermi surface determination
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Extremal orbits

Only extremal orbits manifest themselves in quantum oscillations
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Gross and Marx, Festk�orperphysik



Probe of the Fermi surface

Two frequencies from two extremal cross-sections: �belly� and �neck�
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Hunklinger, Festk�orperphysik



Frequencies

Exp. Physics 5 � Solid State Physics, WS 23/24 Landau levels and quantum oscillations



Frequencies
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Angular dependence
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Material
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Monolayers
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Graphene

µ ∼ 104 cm2/V·s

(at 300K)



Heterostructure
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Heterostructure
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MOSFET
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MOSFET = Metal-Oxide-Semiconductor Field-E�ect Transistor

Brews ohare (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:MOSFET Structure.svg


Quantum Hall e�ect
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Image credit: Antikon (CC-BY-SA)
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ν integer or fractional

RK =
h
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≃ 25812.807Ω

von Klitzing constant

https://commons.wikimedia.org/wiki/File:Quantum Hall effect.png

