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Upper Hybrid Waves

Spring 2009

From Eq. (8)
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Analog for B; with Eq. (9)
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3) Eq(7) in Eq.(6) and E|, = E,k
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4) Poisson’s Eq.:
qml“_. — M.w .:\,wQ.w.
€0
gives us (fixed ions; quasi neutrality):
— T
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5) Continuity Eq.:
i ~
~—— 4+ V.(n.U.) =0
ot (neUe)
glves us:
cU.n
Ne = — o (12)
6) Eq.(10)+Eq.{11)+Eq.(12) gives us:
-~ 2 o - 2 " -~ ,, L2 .
—~ N =S Wi, =S Wi = Wi Lo
wUpk = 20 ) 4 Yeef | = Zee i |y Yeeri (13)
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7) Eq. (13) can be solved to yield the Upper Hybiid Frequency:
222
W =, T W,
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E) Physics of the Upper Hybrid Wave:

1)An electric ficld in the x-direction (k-direction) will aceelerate the electrons in the negative x- direction displaced
from their rest position. As the electrons pick up speed, the Lorentz foree will become larger and turn the clectrons

toward the positive y-direction Qw X \Mv Eventually, the eleetrons are turned around and move against the electrie
field, losing cnergy (elliptical orbit). Thus two restoring forces act on the clectrons: the electrostatic force resulting
from the electrons displacement and the Lorentz force. This additional restoring force leads to a higher frequency
than in simple plasmas oscillations. If the magnetic field vanishes, the cyclotron frequency vanishes. too. leaving
us with ordinary plasma oscillations. If the plasma density decreases, the plasma frequencey decreases, too. For
vanishing plasma density, the remaining motion is a gyration around the magnetic field line.

2)Because of the high frequency and the big mass of ions the ion current is negligible. The heavy ions can’t
follow the rapidly changing electric field.

3) £ x B electron current supports small B, Auctuations.

4)Cartoon:
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Figure 1: Elliptical Electron Trajectory
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