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Discussed last times...

» Simplest Plasma Models: the Model of Independent Particles:
o Including collisions v,

o Spectra for waves in plasma + damping constants for high and low frequency
cases (normal skin-effect A ~\/%)

Difficulties of the model:
Static limit for || plasma oscillations (w - 0 = ¢ - o0; & - 07)
Non-dissipative skin-effect ~c/w,) + anomalous skin-effect ((1s~w~/3))

Can not explain low frequency longitudinal waves with linear dispersion (experimentally
observed)

» Kinetic approach to plasma:
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> Vlasov equation 8f ,(w, k) = —i
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> Dielectric permittivity from the kinetic model ¢;;(w, k) = &;; + X4 :“w ] 56%> dp
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o Landau prescription
e _Cherenkov wave absorption

> Longitudinal and transverse dielectric permittivity
for the homogeneous isotropic plasma




Dielectric permittivity from the kinetic model

Homogeneous isotropic plasma:
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Longitudinal dielectric permittivity for
homogeneous Maxwellian plasma
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Longitudinal dielectric permittivity for
homogeneous Maxwellian plasma
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Longitudinal dielectric permittivity for
homogeneous Maxwellian plasma
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Longitudinal dielectric permittivity for
homogeneous Maxwellian plasma
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Plasma dispersion function
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Longitudinal dielectric permittivity for
homogeneous Maxwellian plasma
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Useful asymptotic expansions:
Al) |zl = I(2) = —i\/%z+ 0(z?)
ZZ
A2) |z| > 1;Re(2) » Im(z) = I(z) ~ 1 + i + i +0 (i) - i\/Eze_7 +0 (i)

A3) iz| > 1: Re(z) < Im(2); Im(z) < 0 = 11(2) ~ —iv2nze = + 0( )




Transverse dielectric permittivity for
homogeneous Maxwellian plasma
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Dielectric permittivity for homogeneous
Maxwellian plasma
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Longitudinal Oscillations in static Limit ®=> 0

2
=1yl | [dwio=0_]

Al) |zl <1 = T(2) = —i\/gz + 0(z%)

2
w 1
P2 =1+
k20,2 k212

8l(w—>0,k)=1+z
a

Problem 4.1 (Lecture 4): Electrostatic field of a point charge
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Transverse waves in static Limit ®=> 0
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Anomalous skin-effect!
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High frequency longitudinal waves
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High frequency longitudinal waves
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Initial value problem (Lecture 5)

2
Mo, k) = k28 — kik; —— =0
Assumptions:
* ReA(w, k) > ImA(w, k)
c w-ow+id
ReAlw, k) + i6 aReA(a) k)+iImA(a) ﬁ)—dal , k) =0

ImA(a) E) <0 - damping decrement
1© é=— L
dRe/A(w, k)

>0 - instability increment (non-equilibrium medium)

0w
. . . 1, kikj etr l
Homogeneous isotropic medium: eij(a), k) ={6;j — 2 (w, k) + e'(w, k)
Longitudinal waves ||:> Re el(w, k) =0; 64(k) = _% "’R”ali“”kgo
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For equil. medium
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High frequency longitudinal waves
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High frequency longitudinal waves
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High frequency longitudinal waves
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Landau Damping:
For a lossless (still no

collisions!) system there 154
exist a physical solution for pe
the oscillations characterized

by an exponential decay

corresponding to a damping —frequency
—decrement
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Summary

» Dielectric permittivity for homogeneous Maxwellian plasma:

1 oo exp(=t?)
ﬁf_oo ———dt

» Function M(zv2) = z-¢(z) and its asymptotic

» Plasma dispersion function ¢(z) =

» Longitudinal dielectric permittivity €' (w, k) = 1 + Za Zv {1 — H( - )}

Ta kvrq

» Transverse dielectric permittivity ¢ (w, k) =1-3, w:;‘;‘ - 11 (k;‘) )
Ta

» Longitudinal plasma oscillations in static limit = Debye shielding
» Transverse waves in static limit - anomalous skin-effect
» High frequency longitudinal waves - Landau damping

» Next:

o Longitudinal waves: intermediate frequency rang = ion-acoustic waves in
nonisothermal plasma

o Transverse high frequency waves in plasma
- Degenerate plasma (Fermi distribution)
- QOscillation and waves in degenerate collisionless plasma:

- High frequency plasma waves and zero-point sound
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Plasma Dispersion Function (derivation)
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Plasma Dispersion Function (derivation)
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Plasma Dispersion Function (derivation)
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