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Quantum Hall Effect
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Quantum Hall effect

Edge states are responsible for the zero resistance in p,,

: E¥;
On the plateaus, resistance goes to
zero because there are no states to
scatter into. Er
0 2 4 5] 8 G 12 14
35 T
p)()( 3.0:‘ ( | " p>! E
kC¥sq 2°[ 1%% hi
20f dos EF

15[

10

05

0.0 S 1
o} 2 4 6 8 10 12 14

Magnetic Field (T) Ibach & Lueth (modified)



Fermi sphere in a magnetic field
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Density of states 3d
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quation for free electrons a magnetic field in 2 and 3 dimensions.

2-D Selwddinger equation

) . -
Iﬁd—ij = L(— AV - ‘e‘fl)z W

3-D Scloddinger equation

L . -
Ihd—zf = L(—th— ‘2|A)2 W

2m
w=g,(x)exp(ik,y)

£,(x) is aharmonic oscillator wavefunction

2m
Y=g (x)exp (z'kyy)exp (Ekxz)

2,(x) 1s a harmonic oscillator wavefunction

E=ha (v+1) 7T

%Linﬁ

Calculate DoS

2. |
v=012- @)=
Fl
5[5—;‘:@5 (v+1)- g’;B B]—FS[E’ —ha, (v+ 1)+ g‘;f’ B] I'm?
30
25
20
i)
m'z]
1.0
(1]
oo
0.aoo 0.00z 0.004 0.006 000z n.01o
B [eV]

W
E=""z4} +1y 7
o @ (v+3)
‘E’:‘Bz|
v=10,12,--- @, =
e
P HE-bo (v+i-2/4)) H(E-ho (v+i+g/4
Dz)= 212 5 (E-hay(v+i-2/4)) H(E-ha(v+i+e/4))
87 h =0 \/E—fi&;; (v+i-g/4) \/E—}"m; (v+i+g/4)
a0
a0
40
DE) 30
(102 m ]
20
1.0
0a
0.oo 0.002 0.004 0.00& 000z
E[eV]

Calculate Dos

E.=hw (Int (@W+

1]




Energy spectral density 3d

AtT=0

20

10

u(E)
Uu(E)=ED(E)f(E) [10% %)

ool 002 003 004 005 006 007 008
F[eV]

u(T =0)= j ED(E)dE



Fermi energy 3d

n= Ej D(E)dE
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Internal energy 3d
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Magnetization 3d
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At finite temperatures this function would be smoother
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de Haas - van Alphen oscillations



Practically all properties are periodic in 1/B

Internal energy
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Fermi sphere in a magnetic field

Cross sectional area S = rk}
o, (v+ 1) =1k
e
%(VJFH%):% Zhie( +%)_Biv

Subtract right from left

From the period of the oscillations, you can determine the cross sectional area S.



Experimental determination of the Fermi surface

Kittel

de Haas - van Alphen



De Haas - van Alphen effect

The magnetic moment of gold oscillates periodically with 1/B




http://www.phys.ufl.edu/fermisurface/
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Magnetism

diamagnetism

paramagnetism

ferromagnetism (Fe, Ni, Co)
ferrimagnetism (Magneteisenstein)
antiferromagnetism

R Y e

Coulomb interactions cause ferromagnetism not magnetic interactions.
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Magnetism
magnetic intensity
¥
 B=u,(H+M)
magnetic induction field \ ..
M = H magnetization

y 1s the magnetic susceptibility

v < 0 diamagnetic
v > 0 paramagnetic

y is typically small (10-°) so B ~ u,H



