Svllabus of lecture “Principles of plasma physics” (12ZFP, summer term, 3+1)

1. Introduction, basic terms

plasma definition, quasi-neutrality, collective behavior, difference between plasmas and gases,
Debye shielding, Debye length, plasma frequency, plasma parameter, collision frequency,
Coulomb logarithm, ideal and non-ideal plasma, coupling parameter, degenerate plasma,
examples of plasmas in nature and laboratory

2. Particle motion in external fields

cyclotron frequency, Larmor radius, drift in crossed electric and magnetic fields, gradient drift,
curvature drift, polarization drift, adiabatic invariants, 1% adiabatic invariant, magnetic mirror,
ponderomotive force

3.  Particle in self-consistent fields — transition to kinetic and fluid description

microscopic distribution functions, Klimontovich equation, Klimontovich equation for plasma,
ensemble and averaging over ensemble, fluctuations, transition to Vlasov equation, Krook
collision term, plasma as electric medium, temporal and spatial dispersion, low-frequency
plasma permittivity, plasma as mixture of fluids, transition from Vlasov equation to fluid
description, pressure tensor, drift motions of a fluid, diamagnetic drift, plasma approximation

4. Electron plasma waves

linearization of fluid equations, wave classification, dispersion relation, electron plasma
oscillations, impact of collisions, impact of non-zero temperature and propagation of plasma
waves, derivation from Vlasov equation, Landau integration curve, physics of Landau damping,
plasma permittivity, plasma wave energy, non-linear Landau damping, BGK modes, two-beam
instability, principle of Particle-In-Cell simulation method, demonstration of wave behavior
using PIC code

5. Other linear waves in plasma

ion-sound waves, electromagnetic waves in plasmas without By, plasma permittivity, cutoff
frequency, critical density, collisional absorption of elmg. waves, propagation in
inhomogeneous plasmas, WKB approximation, non-linearities during elmg. wave propagation,
filamentation and self-focusing, elmg. waves in magnetized plasmas (O, X, R, L waves), CMA
diagram, ion electromagnetic waves (Alfven and magnetosonic waves), parametric instabilities,
stimulated scattering, physics of corona and laser interaction with plasmas

6. MHD description, hydromagnetic equilibrium and instabilities

transition to one-fluid description, ideal MHD, hydromagnetic equilibrium, parameter 3, non-
ideal MHD, plasma diffusion into magnetic field, Rayleigh-Taylor instability, Kruskal-
Schwarzschild instability (RT in magnetic field)

7.  Diffusion and transition layers

diffusion in weakly ionized plasmas, ambipolar diffusion, diffusion perpendicularly to B, Bohm
diffusion, plasma-wall transition layers, Bohm criterion, Child-Langmuir law, collisionless
shock

8. Introduction into atomic physics of plasma

classification of multiply charged ions, energy level schematics, autoionization states, energy
level splitting, resonance transitions, collisional processes, impact excitation and de-excitation,
impact ionization and three-body recombination, dielectronic recombination, radiative



processes, free-free, free-bound and bound-bound transitions, Einstein coefficients, line
broadening, radiative transport, optical thickness, ionization equilibrium (Saha equation),
thermodynamic equilibrium and LTE, coronal equilibrium, principle of detailed balance

9. Introduction to controlled fusion

fusion reactions, necessity of heating, ideal ignition temperature, Law2son criterion, magnetic
and inertial confinement, magnetic toruses, plasma heating, pinches, inertial confinement
fusion — direct and indirect drive, drivers - lasers or particle beams

10. Elastic collisions and their impact

Liouville equation, equations’ hierarchy for distribution functions (BBGKY hierarchy), Vlasov
equation, correlation functions, equation for binary correlation function, Bogoliubov’s
hypothesis — weakening of initial correlations, assumptions leading to Fokker-Planck (-
Landau), Boltzmann and Lenard-Balescu collision terms, applications of Landau collision
integral (relaxation of electron momentum, electron-ion energy relaxation, high-frequency
plasma conductivity)
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