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Ion Cyclotron Waves

A. Dewald

1 Limits

The ion cyclotron wave stems from the n? = L root of the dispersion relation. We take the wavevector
k|| B (with B = ByZ as usual) in the limit of k¥ — co and w = w;. Since it is an L-mode wave, it has the
eigenfuction E; = (Ey, —iE),0).

2 Currents

The current j of a given species s is given by

js = nsgsus, (1)
where the velocity u; is
B ~
u = —2 B, + L2 4 «b. @)
—twmg —iwmg

Using w,.s = gsB/ms and comparing the order of the L.H.S. with the second term of the R.H.S.,

H.S.#2 s
o (5___7%_) = Yes 3)
L.H.S. w
which at w = w,; gives
Wei
=z =1 4
o (4)
for the ions and w e
Zx—>1 (5)
Wei Me

for the electrons. Hence, both the ions and the electrons are magnetized.
Looking back at the equations for single-particle-motion drifts, the velocnty can be written as

1 E xb fw
1qs El + 1 _

wmg BO wcsBO
where the second term on the R.H.8. is the E x B drift and the last term is the polarization drift. For the
electrons,

us = E;, (6)

LY g )
Wee Wee

and so the last term can be neglected. Furthermore, for the ions,

ig; tw igi m; W
E, - E, =2 E, - E 8
wm; ' waBo © migBo = weBo 1@ ®
=0. (9)
Hence,
. 77«191
i = —E; xb 10
Ji B 1 X ( )
w2
je =i 2By + B, x b. (11)
Wei By

The ion and electron currents are perpendicular to the wavevector k.



3 Limiting Behavior
Given E; = (Ey, —iEjy,0), Faraday’s law gives
kXE1=wB1=,é0. (12)

Thus, the ion cyclotron wave is a transverse electromagnetic wave.

4 Solution of the Mode Frequency

Starting with

2

2 _ 1 1. Wps
n“=L=1 Zw—(w——wcs) (13)
S
k2c2 L w2, ~ wZ; (14)
w? ww —wee)  wl(w—we)’

use the fact that we; < wpe to drop the first two terms. Then, taking w =~ wc; and using the relations
va = ¢/na and n? = w2, /wZ, this becomes

W e = 75 (15)

As k — 00, w — we; as expected.
5 Physical Description
The ion cycltron wave is a left-circularly-polarized transverse electromagnetic wave. Thus, the fields E; and

B, rotate in a clockwise fashion perpendicular to k. The ions also rotate clockwise.
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