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Oscillations are considered of a homogeneous unbounded plasma placed in a
constant homogeneous magnetic field H,, directed along the z axis. The wave
vector k is directed along the z axis. The general dispersion equation for this
case is well known (see, for example, (1)); however, until now there has been
no clarity on the question of the behavior of the refractive index near cyclotron
frequencies and their harmonics.

From the solution of the kinetic equation for charged particles distributed in
velocity space according to Maxwell, and of Maxwell’ s equations for an elec-
tromagnetic wave, we obtain the following values of the components of the
dielectric-permittivity tensor:

QRoema S m2(r,)
Epp = 1 — _bx Z mL o

2 2 2 _ 2’
Qea T =00 w /Qea m

Do v = L () = Ly (1)
5xy:_€yw:ZZwQ e D wgb/Q(; —

N B Py () + 202 L () — 1y (1)
‘Syy - 972(1 T, m;()o MQ/an 7m2 )

—1—2 O > wz/Qz(aj

ea m=—oo

where summation over « is summation over the species of charged particles,
Im(r) is the Bessel function of the first kind of imaginary argument, r, =

k207, [2Q2,, vhy = #T, /My, Qo = eHy/myc, k = [K|, Q2 = 4we’n/m,,; the
remaining components €;;, are equal to zero. From these expressions one can
draw the following conclusions about the behavior of r (or N?) as a function of
frequency near mg2,,, (it is assumed that Q2 > Q2).
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Fig. 1 and Fig. 2: schematic plots of N? versus w, with resonances marked at
Q,,20,,3Q, and Q_, 2Q,, 3C1,, respectively.

Figure 1: Fig. 1 and Fig. 2: schematic plots of N2 versus w, with resonances
marked at §2;,2€;,3Q, and €, 20, 3Q),, respectively.

Extraordinary wave (the electric field of the wave is perpendicular to the
constant magnetic field H)
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The thermal motion of the electrons has little effect on the behavior of the
refractive index near the ion cyclotron resonance and its harmonics; therefore,
when considering the behavior of N2 near the first resonances, the electrons may

be regarded as cold and the electron terms in the expressions may be neglected.

for ;5. The behavior of the resulting refractive index is shown in Fig. 1. The
width of the regions in which the behavior of the refractive index differs sharply
from the behavior of N? in a cold plasma is of the order of the ratio of the gas
pressure to the magnetic pressure at the first two resonances and decreases as
(Pgas/ prmgn)m’1 at the subsequent ones. It is superfluous to consider very high
harmonics of the ion cyclotron frequency, since the dissipative processes not
taken into account in our treatment (the relativistic Doppler effect, collisions)
lead to a smearing of the resonance peaks and to the formation of a certain
average refractive index and absorption.

In considering the behavior of the refractive index near the electron cyclotron
resonance and its harmonics (w? < €2.), one cannot simply discard the ion
terms in €;;,. These terms will affect the width of those regions in which the
behavior of N? differs sharply from the behavior in a cold plasma.

Fig. 1. Behavior of N2—the refractive index of the extraordinary wave—near
the ion cyclotron frequency and its first harmonics in a warm plasma

Fig. 2. Behavior of N2—the refractive index of the extraordinary wave—near
the first harmonics of the electron cyclotron frequency in a warm plasma

Finally, one obtains that N2, as a function of frequency, behaves approximately
as shown in Fig. 2. It is seen that near mf),, N? can have 1, 2, 3, 4, or
no real values. In the regions where there are no real values, there are two
complex-conjugate roots. The existence of regions in which N? is complex in
the absence of dissipative mechanisms had already been noted in the literature

for the case of coincidence of m, and |/Q2 4+ Q2 (?). It turns out that regions
of complex values of N2 exist near all harmonics of the cyclotron frequency

in those frequency regions where, when thermal motion is neglected, N? was
negative. (It should be noted that a similar situation also obtains near the
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harmonics of the ion frequency in that frequency region where, when thermal
motion is neglected, N2 < 0; consideration of this region was abandoned earlier.)

Another essential feature of the behavior of N2 near m(2, when thermal motion
is taken into account is the presence of pass bands (N? > 0) in that frequency
region where, when thermal motion is neglected, N? was negative (see Fig. 2).

The relative width of the regions near the harmonics of the electron cyclotron
frequency in which the behavior of N2 differs sharply from the behavior in a
cold plasma (with allowance for the thermal motion of both electrons and ions)
remains the same as near the harmonics of the ion cyclotron frequency. With
increasing

frequency, but with the condition w? <« Q2 satisfied, the picture shown in Fig.
2 is repeated.

A similar consideration of the ordinary wave (the electric field of the wave par-
allel to the external magnetic field) was carried out in Ref. 3. The authors note
the same essential features as those indicated above for the extraordinary wave.

I express my deep gratitude to Prof. D. A. Frank-Kamenetskii for his constant
attention and valuable advice.
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