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Lecture 1: Semiclassical motion and quantum osc.
« Semiclassical motion of band electrons
 Semiclassical (Lifshitz-Onsager) quantization

Quantum magneto-oscillation phenomena

Lecture 2: The best five hours of your life

* Boltzmann equation. Electron (impurity) scattering

 Magnetoresistance in metals

« Chiral anomaly and chiral magnetic effect in WSMs

 Anomaly-induced negative LMR

« Static and dynamic CME. Onsager relations.

« Extrinsic contributions to the AHE: side jump, skew
scattering.



Lecture notes for Lecture 1:
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SOLID STATE PHYSICS



Band theory of solids

Lattice translation symmetry:

[H,T(R)] =0, T(R)|¥) = e™*|T)

Bloch theorem: W1 (r) = e, (1)

Schrodinger equation:

H|U) = B, |0)
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Band theory yields band structure




Two types of geometry in metals

a) “Lifshitz-Azbel-Kaganov” geometry: < ’15
geometry of iso-energetic surfaces, N

FE._. = const, led to “Fermiology”

Ferml surface
da = A@d@ + AgodSO of Pb

b) “Pancharatnam-Berry” geometry: elYC |u >
geometry of wave functions /

YC fC’ dk - Ak
Ay = i{ux|Vi|uk) - Berry connection

|uki> C



Classical mechanics of electrons in solids

Promote the band energy to the classical Hamiltonian:

H(r,k)=Eg_ca + ep(r)

“Peierls substitution”
Write down the equations of motion:

r = 8kEk,
k= —0.FE; + eoE;, x B.

Then perhaps solve the Boltzmann equation:

Of + 7V [+ kOgf=I

Lecture 2 will discuss the BE, also deviations from this picture,
the departure from the classical point of view.
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FIG. 8. Change in the character of the electron
trajectory as a function of the angle between the mag-
netic field and the axis of the crimped cylinder. The
points A are the saddle points,
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Hint:

Pauli: spin is not self-rotation!

The physical interpretation of Pauli's "degree of freedom" was initially unknown. Ralph Kronig, one of Landé's assistants, suggested in early
1925 that it was produced by the self-rotation of the electron. When Pauli heard about the idea, he criticized it severely, noting that the
electron's hypothetical surface would have to be moving faster than the speed of light in order for it to rotate quickly enough to produce the

necessary angular momentum. This would violate the theory of relativity. Largely due to Pauli's criticism, Kronig decided not to publish his
idea.

LL vol 3, “The current density in a magnetic field™:

Comparing this expression with (115.1), we find the following expression
for the current density:

3 2
j = SV - W] - SAYRY 4 (uf)e curl(¥EY). (115.4)
mc

m

If spin is not self-rotation, why does spin magnetization
contribute to the current?!



Hint:

Pauli: spin is not self-rotaion!

The physical interpretation of Pauli's "degree of freedom" was initially unknown. Ralph Kronig, one of Landé's assistants, suggested in early
1925 that it was produced by the self-rotation of the electron. When Pauli heard about the idea, he criticized it severely, noting that the
electron's hypothetical surface would have to be moving faster than the speed of light in order for it to rotate quickly enough to produce the

necessary angular momentum. This would violate the theory of relativity. Largely due to Pauli's criticism, Kronig decided not to publish his
idea.

LL vol 3, “The current density in a magnetic field™:

Comparing this expression with (115.1), we find the following expression
for the current density:

. 1eh

2
j = (VY- ¥V - EAY*Y 4 (ufs)c curl(F*EF). (115.4)
m me

Resolution:
eh

2Me

m = ¢g

MeC
See also: effective g-factor in semiconductors
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Generalization to 3D, arbitrary band structures
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