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High frequency wave propagation in plasmas

The dispersion relation for the high frequency electromagnetic X-waves which can

propagate perpendicular to the magnetic field can be written as:

c’k? (0¥ —wp*)(w? — wg?)

w2 - wZ(u)Z - th)

Where wh? = wpe? + wee?,

1.
g = {(mcez + 4wpe?) /2 + mce} 12

1
Wy, = {(wcez + 4wpe2) 2 - wce} /2,

wpe and wee are the electron plasma frequency and the electron cyclotron frequency
respectively.

Electromagnetic fields are assumed to vary proportional to ~exp(-iwt+ikx).

a) For what values of w (with respect to wy, w, and wg), can the wave propagate?

b) State the condition for wave resonance, and find the value of w (from the dispersion
relation) which satisfies that condition.

¢) Do the same for wave cut-off.

d) Calculate the group velocity for the resonance (case b)) and discuss what happens to
the wave energy near resonance.

e) Do the same for wave cut-off (case ¢))
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