» Langmuir oscillations and waves

* lon-acoustic waves

* Debye length

* Ordinary electromagnetic waves

» General wave equation

» General dispersion equation

* Dielectric response function
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-> Langmuir oscillations become travelling electrostatic waves for k =0.
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No electrostatic wave can propagate between

@y and @, in an unmagnetized plasma. Wavenumber k=2a/hp
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JE(w,k) = SEg(w, k) exp(ik - x — iwt)

2
[(kz — j—z) I—kk — iwpgo(w, k)] 0Eg(w,k) =0

SE*(w,k) =
o*(w, k)

Nontrivial solutions require: the determinant of the dynamic matrix vanishes.

2
D(w,k) = Det [(kz - wQ) I — kk — iwpgo(w, k)] =0

c

dj(w, k) = —iweg [e(w, k) — 1] - dE(w, k)

ce(w, k) =1+ ujsoa(w, k)

v I) + e(w,k)] =0

D€t|: k_Q_

k22 (kk

Its solutions describe linear eigenmodes at frequeny aXk) and wavevector k.




tre(w, k) —ep(w, k)
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The dispersion relation in isotropic media splits into two
separate parts, electrostatic and purely electromagnetic waves.

To derive the dispersion equation the induced current density must
be calculated. The simplest model is the cold electron fluid in a
strong field. Each new species introduces new dispersion branches.
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Basic dispersion relation for a zero-temperature charge-compensated

electron plasma, which is valid only for: k << 1/rj, and v, << @/k.
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Non-uniformity
leads to strong
radial variations
of the plasma
parameters!
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