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Landau levels looming in the dark
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Landau levels are the key to
understanding quantum Hall e�ect!

S. Hunklinger, Festk�orperphysik



Wavefunctions of electrons in Landau levels
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Landau gauge used

n = 0 Landau level n = 1 Landau level



Wavefunctions of electrons in Landau levels

Advanced Solid-State Physics, WS 26/27 Quantization and conduction on the edge

n = 0 Landau level n = 1 Landau level

Landau gauge used

Image credit: Eva Andrei

https://www.physics.rutgers.edu/~eandrei/trieste18/Lecture2-trieste%2018-publish.pdf


Degeneracy of Landau levels
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Increasing B :

increases spacing
between LL's (ℏωc)

squeezes more states
into a single LL

Degeneracy ∼ B

(N = Φ/Φ0)

S. Hunklinger, Festk�orperphysik



Earliest experimental data
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Si-MOSFET

B = 18T

T = 1.5K

gate voltage (⇒ne)
is often varied instead of B

Phys. Rev. Lett. 45, 494 (1980)

http://doi.org/10.1103/PhysRevLett.45.494
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Resistance standards
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1860: Siemens mercury unit
1m of Hg with 1mm2 cross-section

1863: coil made of German silver
(Maxwell, Joule et al.)

1893: international mercury standard
106 cm of Hg with �xed mass

1990: QHE standards

(GaAs/AlGaAs heterostructures
or graphene)

Image credits: Reinraum (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:Electric_conductance.jpg
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https://www.ptb.de/cms/en/ptb/fachabteilungen/abt2/fb-26/ag-261/development-of-advanced-user-friendly-resistance-standards-based-on-quantum-hall-effects-in-novel-materials.html


New resistance standard
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1985 Nobel prize
in physics

Rep. Prog. Phys. 64, 1603 (2001)

http://doi.org/10.1088/0034-4885/64/12/201
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Edge modes
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These modes are chiral

(propagate in one direction only)

One chiral mode
for each Landau level

S. Hunklinger, Festk�orperphysik



E�ect of disorder
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E�ect of disorder
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n = 3 n = 2crossover between two plateaux,
one conducting mode
separates from the edge

S. Hunklinger, Festk�orperphysik


