* Parallel electromagnetic waves

* Perpendicular electromagnetic waves
» Whistler mode waves

* Cut-off frequencies

» Resonance (gyro) frequencies

* Ordinary and extra-ordinary waves

* lon-cyclotron waves, Alfvén waves

* Lower-hybrid and upper-hybrid resonance
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Here @y ., = @, Is the electron-cyclotron resonance frequency for

,res

the right-hand-polarised (RHP) parallel electromagnetic wave.
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WR.co = > [wge + (wge + 4“—";%6)1/2]

No L-mode

. 2
ive Index, N

Refract

—

There is no wave propagation for N 2 < 0, regions which are
called stop bands or domains where the waves are evanescent.




Wavenumber

The dispersion branches are for a dense (left) and dilute (right) plasma. Note
the tangents to all curves, indicating that the group velocity is always smaller
than c. Note also that the R- and L-waves can not penetrate below their cut-
off frequencies. The R-mode branches are separated by stop bands.
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The lower-frequency branch of the X-mode goes in resonance at this
upper-hybrid frequency, and from there on has a stop-band up to @, .
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Wavenumber Wavenumber
The dispersion branches are for a dense (left) and dilute (right) plasma.
Note the tangents to all curves, indicating that the group velocity is always
smaller than c. Note that the O- and X-waves can not penetrate below the
cut-off frequencies. The X-mode branches are separated by stop bands.
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The dispersion branches are for a parallel (left) and perpendicular (right)
propagation. Note the tangents to all curves, indicating that the group velocity
is always smaller than c, and giving the Alfvén speed, v,, for small k. Note
that the Z-mode waves can not penetrate below the cut-off frequency @,
and is trapped below @,,. The X-mode branches are separated by stop bands.




€1 sinZ0 + €3 cos2 0
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The coefficient A must vanish at The coefficient C must vanish
the resonance, N -> oo , which €3 at the cut off, N -> 0 , which

2
yields the angular dependence of |(RECIINZEFIE Tt TR T G S e i

the resonance frequency on the ‘1 depend on 6.

angle 6, as:
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Whistler and Z-mode waves are trapped.
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