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Discussed last time...

Kinetic approach with particle collisions
> Boltzmann collision integral — using QM approach and Born approximation
o The Fokker-Planck equation — diffusion and friction in momentum space
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> Collision integral for charged particles
- Lienard-Balescu integral - Dynamically screened kernel of the collision integral
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- Landau Formula, Coulomb logarithm =» Landau equation
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Relaxation of the mean velocity:
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- effective frequency of electron-ion collisions in a completely ionized plasma: v, s = i m G
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Particle collisions in the degenerate plasma
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Pauli's exclusion principle 2> 1 —

»  Next: Collision integrals for neutral particles:
- Model integral for elastic particle scattering - Bhatnagar-Gross-Krook =BGK
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Collision frequency for charged particles

» effective frequency of electron-ion collisions in a completely ionized plasma:
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L10: Relaxation of the mean velocity

Problem 10.1: Calculate the relaxation of the mean velocity for electrons
distributed according to a shifted Maxwellian in a completely ionized plasma.
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Completely ionized plasma in electric field

Problem 11.1: Calculate the electron distribution for a completely ionized
plasma in a constant external electric field
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Assumptions: Lorentz gas = electrons interact with ions only Z = |%
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Completely ionized plasma in electric field
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Completely ionized plasma in electric field

Problem 11.1a: Calculate the electron distribution for a completely ionized plasma in a
constant external electric field including electron-electron collisions

* Electrons - main contribution to the induced current
* lons - unperturbed
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Completely ionized plasma in electric field
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To solve = the Chapman-Enskog method = expanding 6f, in Sonin polynomials
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Completely ionized plasma in electric field
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Spitzer formula for the conductivity of a completely ionized plasma
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Temperature (energy) relaxation
in a completely ionized plasma_

Problem 11.2: Assuming Maxwell distributions of electrons (T,) and ions (T;) estimate
the time of the temperature relaxation in a completely ionized plasma
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Temperature (energy) relaxation
in a completely ionized plasma
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Model Integral for elastic particle collisions
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Any collision integral of elastic particle scattering - conservation:
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» Momentum: m, [dp v (;t“) “* +mg [dp v (afﬁ)ﬁ =0

» Energy: m, [ dp v? (%) “ 4 mg [dp v (a;f)ﬁ =(

Boltzmann H-Theorem: the increase in the entropy of an ideal gas in an irreversible process.
Collisions destroy any perturbation of the equilibrium distribution the Maxwell or Fermi-Dirac)
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Model Integral for elastic particle collisions

for elastic particle scattering in a nondegenerate weakly ionized plasma
1954 Bhatnagar-Gross-Krook = BGK integral:
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BGK Integral for elastic particle collisions
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BGK Integral for degenerate plasma
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Relaxation of the mean velocity

Problem 11.2: Calculate the relaxation of the mean velocity for electrons distributed
according to a shifted Maxwell distribution in a weakly ionized plasma.
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Weakly ionized plasma in electric field

Problem 11.3: Calculate the electron distribution for a weakly ionized plasma

In a constant external electric field
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Weakly ionized plasma in electric field
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Weakly ionized plasma in electric field
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Weakly ionized plasma in electric field
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Electron collision frequency Vv,

Plasma

Vv

Nondegenerate

Degenerate
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Completely ionized
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PWA at PITZ: frequencies

electrons ions Li atoms
mass m,M kg 9.1E-31 1.2E-26 1.2E-26
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) ()
2 _ & m? 1.0E+21 1E+21 1E+22
S 35 m 1.0E-07 1.0E-07 4.6E-08
I
; um 0.1 0.1 0.05
. - @y st 1.8E+12 1.6E+10
= e . Hz 2.8E+11 2.5E+09
s ~ T;; ) GHz 284 3 ->TDS?
* 3 m 1.1E-03 1.2E-01
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PWA at PITZ: times

time (ps) in thight
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vy m/s 5.9E+05 916 916
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Summary

Kinetic approach with particle collisions

2 .2 . .
Effective frequency of electron-ion collisions in a completely ionized plasma: v, sy = 12n12€ 5 /%ﬂ S L;V‘ (v-relax)
0 (kTe)2
Completely ionized plasma in electric field:
- 32 e2N
Lorentz gas model - plasma conductivity: 0 = — =
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MVesf WVeff

. . . . 1
Temperature (energy) relaxation in a completely ionized plasma: tr—relax™ "~
eff

Including electron-electron collisions - Spitzer formula o = 1.96

Integrals for collisions of charged and neutral particles:

Model integral for elastic particle scattering - Bhatnagar-Gross-Krook =BGK (e-n; i-n)
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BGK integrals for degenerate plasma: ®,3 = frq =

. . 1
- Relaxation of the mean velocity: Ty—relax~7— (v-relax)
en

Weakly ionized plasma in electric field:
2M e2E?
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3Mm Mmven

=>» stationary solution
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. e?N, l tr , (Upez
plasma conductivity: 6 =——=» &' =" =1+i-—

PWA at PITZ - plasma: strongly ionized, almost collisionless, nonisothermal

- Next - plasma skin-depth vs. frequency
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