* Introduction to the subject
* Perturbation theory of electrostatic fluctuations

* Landau damping - mathematics

* Physics of Landau damping

* Unmagnetized plasma waves
* The plasma dispersion function

* The dielectric tensor of a magnetized plasma

The most general theory of plasma waves uses kinetic theory.

* Velocity distributions based on the Vlasov equation

» Wave equation based on the kinetic form of the induced
current density (Maxwell‘s equations unchanged)

 The dielectric tensor includes particle dynamics

« Self-consistent charge separation fields and currents
become important

» Wave-particle interactions are accounted for

» Thermal effects lead to spatial dispersion and dissipation




6fe,i(vvm7t)_I_Uafe,i(v';mvt) + € E(ﬂ‘},t)afe’i(v’x,t) —
ot ox Me ; du

0]

M — £ duv [fe-(’U, x, f;) — fe(’U; m;t)]

oz €0
—o0
fe,z’ = fe,iO + 5fe,z'

« Assume that the perturbations are linear, | 5f | << f,

* Assume stationary background VDF, f, = fy(v)
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Langmuir waves when treated Kinetically:

* Large number of wave modes (spread in VVDF)

» Harmonic waves only appear asymptotically in time
» Collisionless damping appears, if (k) <O0.

* Plasma instability arises, if (k) > 0.
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The first equation gives the real frequeny of the eigenmode,
the second the damping rate of any weakly damped mode.
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The first equation gives the frequeny of the Langmuir mode, the
second is the Landau damping term due to thermal decorrelation
effects. Note that for T, -> 0, Ay ->0, and thus y-> 0.

The collisionless dissipation of plasma oscillations is due to the
subtle effects of the few particles being in resonance with the
waves, i.e. with speeds close to the phase speed: v = v;= w/k.
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» Wave looses more momentum/energy to slow particles

» Wave gains less momentum/energy from fast particles
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In the long-wavelength limit
and for cold ions (T;<<T,)
the damping is only small.
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Normalized Cold Electron Density, ./,

2

2 _ e 2,2 nop 1e
=~ |14+ 3k“A 3— —
Weq 1+ l/szQDh ( + DC+ Oc Th)

=

Cold Langmult 2

e
e

=]

10 10 .
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In previous lectures we derived the general wave and dispersion equations.
What needs to be calculated kinetically is the induced current density, by
means of the perturbed VDF. Since we are interested in the final oscillating
state, we can simply use a plane wave ansatz in space and time and Fourier
transform the perturbed Vlasov equation. This gives:
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The resonant particles are responsible for the kinetic effects
(wave damping and growth) in a magnetized warm plasma.
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