A bit more about Fermi surfaces
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Figure 9.2: Orbits on a Fermi surface section are in planes perpendicular to B. Here, A represents the
k-space cross-sectional area of the orbit.



Electron orbits, hole orbits and open orbits  Guese cach eve | —
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We can cut a plane in the 3D reduced zone. Depending on which plane we cut, we may find an electron orbital, a hole orbital or
an open orbital in the figure above.



Experimental methods to determine Fermi surfaces

* Magnetoresistance

* Anomalous skin effect

* Cyclotron resonance

* Magneto-acoustic geometric effects
» Shubnikov-de Haas effect

* de Haas-van Alphen effect

e{’c'.



Quantization of orbits in a magnetic field
Bohe — Sommecfeld cdahon - obits €L a wajn i fdd oaue ﬂMO.UJ'thd

ér dr = (Vl+7)2n|'\‘
|7 et e resfee

P 'Pc(m-\-'PPQ(& = WK+ q‘t/ 6 Tx A

dz\af

[ KiHtel dh.9. J F

é Pd'( = - 6& ———(n-(—’a'):ﬂT‘F\.

)’T;ljux contarned. wuthun okl a real space

—(n+7) T
=>| % =07 5




We are interested. wr orbnls aix K-space -

ﬁ,dK — 6;‘1{>< A _Real space /Rea_,zspacp
A= b ] P 275 L
S FAL T 9
Nn=— .
66 A@;f e:d;fz d Ferm Mkz @

> 3 :(ivé. %6‘4 .—_-(m+7)(gﬂé_@,)
= b= (v\+fo”)(.2_7££‘.) < Areoucdlwov{aﬁlrm K-3space

. fion or’af}o a-l- Er osctllates with ®
° O&CJ:(LQ"’OQ 0-5#0065 GV\4/B bﬁﬁ') doﬁe(vea(;ﬁ X’C”.



Quantum oscillations
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Shubnikov-de Haas effect =

Quantum oscillations with resistivity

De Haas—van Alphen effect =

Quantum oscillations with magnetic susceptibility



De Haas — van Alphen Effect ”
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Schematic of a Fermi sphere rearranged int¢ Landau tubes,
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Figure 9.9: de Haas van Alphen oscillations in Pt at 4.2 K with B parallel to [111]. The data have been
recorded using a pulsed magnetic field. Note the presence of two frequencies of oscillations due to two
extremal orbits about the Fermi surface. The y axis, labelled “susceptibility”, represents the voltage V
induced in the coil divided by (dB/dt), leaving a quantity proportional to the differential susceptibility
(dM/dB) (Data from S. Askenazy, Physica B 201, 26 (1994).)



Extremal orbits
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(c) Fourier Transform
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