PHYSICAL KINETICS

12 Lectures

Lecture 1.
Liouville theorem, distribution function and the
Boltzmann equation. Hypothesis of molecular chaos
and collision integral. Examples of electron colli-
stons in solids. Detailed balance. Maxwell, Bose-
Einstein and Fermi-Dirac distributions. . . . . . .
Lecture 2.
T - approximation for collision integral. Diffu-
sion equation, linear response, conductivity and
the Ewnstein relations. Magneto-resistance, the
Hall effect and thermo-power for electrons in met-
als. . . .
Lecture 3.
Derivation of Hydrodynamics from Kinetics. Ki-
netic coefficients of atomic gases . . . . . . . . ..
Lecture 4.
Self-consistent field and collision-less dynamaics
for plasma. Plasma oscillations and the Landau
damping. . . . . ... .

10

15



Lecture 5.
Diffusion approximation for the Boltzmann equa-
tion. Fokker-Planck equation for heavy particle
m a gas of light particles. Hot electrons in semi-
conductors and weakly ionized plasma. FElectron
temperature, current-voltage characteristics. En-
ergy relaxation rate. . . . . . ... ... ... ...
Lecture 6
Coulomb collisions in plasma. Landau collision
integral for the Coulomb scattering. Heat trans-
port from electrons to ions. Running away. . . . .
Lecture 7.
Boundary problem for kinetic equation. Normal
and anomalous skin-effect. . . . . . . . . ... ..
Lecture 8.
Kinetics of cascade processes. An example: ‘bal-
listic’ phononKs in dielectrics. Non-local phonon
thermo-conductivity. . . . . . . .. .. ... ...
Lecture 9.
BBGKY hierarchy of kinetic equations. Fluctua-
tion of the distribution function. Equilibrium and
non-equiltbrium noises. Example: Noise of hot
electrons in semiconductors. . . . . . . . . . . ..
Lecture10. . . . . . . . . . . ... ...,
Lecture 11.
Quantum kinetics. Waigner function and kinetic
equation. Magnetic resonance. Bloch equation.
Longitudinal and transverse relaxation rates. Fx-
amples. Non-linearity, saturation. Hyperfine in-
teraction of Overhauser effect. . . . . . . . . . ..

2

30

35

o0



Lecture 12.
Non-equilibrium superconductivity. Kinetic equa-
tions. Charge imbalance. Penetration of electric
field in superconductors. Collective excitations. . .

Appendices

Appendix 1.

Rarefied Gases . . . . . . . ... ... ... ...
Appendix 2.

Gases of rotating molecules. . . . . . . ... ...
Appendix 3.

Plasma in Magnetic Field. Collision-less Hydro-

dynamics. Waves and Instabilities. Modification

of Collision Integral in Magnetic Field . . . . . .
Appendix 4.

Sound attenuation in metals. Non-linear attenu-

Appendix 5.

Kinetics of spin magnetization in metals . . . . .
Appendix 6.

Kramers’ Problem of Escape from a Trap . . . . .
Appendix 7.

Instabilities . . . . . ... ..o
Appendix 8

Chemical Kinetics and Fluctuations . . . . . . . .
Appendix 9.

Long Time Tails and Crisis of Classical Kinetics

60



Appendix 10.

Keldysh Diagrammatics. . . . . . . . .. ... .. 91
Appendix 11.

Dynamical Derivation of Boltzmann Equation. . . 95

Appendix 22.

Mobility of a Brownian Particle . . . . . . . . .. 291

Problems

to Lecture.1. . . . . . . . .. ... L. 94
to Lecture.2. . . . . . . . ... ... ... ... 96
toLecture 3. . . . . . .. ... ... 98
to Lecture4. . . . . . . ... ... 100
to Lecture5. . . . . . . ... ... 102
to Lecture.6. . . . . . . . ... .. ... .. ... ... 104
to Lecture.7. . . . . . . . . .. ... ... ... .. 106
toLecture8. . . . . . . ... 108
toLecture9. . . . . . . ... 110
to Lecture.10. . . . . . . . . . .. ... ... ... .. 112
to Lecture.11. . . . . . . . . . .. ... .. ... ... 114
to Lecture.12.. . . . . . . . . . ... ... 114
to Appendix1 . . .. .. ... ... ... L. 116
to Appendix2 . . . .. ... 118
toAppendix3 . . . .. ... 120
to Appendix4 . . . .. ... 124
to Appendix b5 . . . . ... .o 126
to Appendix6 . . . . .. ... 128
toAppendix 7 . . . ... ..o 130



to Appendix 8 . . . . .. ..o 132

toAppendix9 . . . . . ... 134

to Appendix 10. . . . . . . . ... 136

to Whale Course. . . . . . . . . .. . . ... ... .. 138
References

[1] E.M.Lifshits and L.P.Pitaevskii Physical Kinetics Perga-
mon Press.

2] A.A.Abrikosov Fundamentals of the Theory of Metals North
Holland Publishers 1986.

[3] V.L.Gurevich Kinetics of the Phonon Systems North Hol-
land Publishers 1989.

[4] G.E.Pake Paramagnetic Resonance W.A.Benjamin 1962.

[5] V.F. Gantmakher and Y.B. Levinson Scattering of current
carriers North Holland Publishers 1986.

[6] C.P. Slichter Principles of Magnetic Resonance Springer
Verlag.

(7] F.J. Blatt Theory of Mobility of Electrons in Solids Aca-
demic Press 1957.

[8] S. Chapman and T.G. Cowling Mathematical Theory of
Non-uniform Gases Cambridge University Press 1960.

9] E.H. Kennard Kinetics Theory of Gases McGrow Hill.

[10] P.P.J.M. Schram Kinetics Theory of Gases and Plasmas
Kluwer Academic Publishers.

bt



[11] Non-equilibrium Superconductivity, ed by D.N. Langenber
and A.L. Larkin, North Holland

[12] Non-equilibrium Phonons, ed by A.N. Kaplyansky and
Bron, North Holland

[13] Y.B. Levinson and A.Yu. Matulis JETP (1968)

[14] N.N. Bogoliubov, Problems of Dynamical Theory in Statis-
tical Physics , Air Force Cambridge Research Center (1959)

[15] M. Born & H.S. Green, Proc. Roy. Soc., 188, 10, (1946);
190, 1023 (1947).



