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Low-frequency oscillations in a circular discharge plasma are studied experimentally. 
Values of the magnetic field corresponding to the generation and collapse of ionization os- 
cillations are determined. An analysis of plasma stability in the absence of ionization 
equilibrium is conducted. Agreement is noted between the theoretical and experimental re- 
sults. 

Low-frequency plasma oscillations in a contragyration discharge which was rotated in a magnetic 
field were studied earlier [i]. The existence of a circular form, when the discharge occupies the entire 
interelectrode space which leads to the closing of the azimuthal Hall current [2], is also possible. The 
generation and breakup of oscillations in such a plasma depends on the drift rate of electrons and ions rela- 
tive to the neutral particles, determined by the magnetization of the corresponding components [375]. The 
present article is devoted to a study of the oscillations of such a magnetized plasma. 

The experimental setup is described in [1]. The gas pressure 
was 0.05-0.5 terr, the discharge current 0.05-0.4 A, and the magnetic 
field 0-3.5 G. The temperature and electron concentration were de- 
termined with measuring probes. 

At a pressure of 0.i terr these parameters were as follows: 
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Fig. 1 

The experiments showed that at a magnetic field lower than 
some critical value H. ~ i00-140 G the amplitude oft he pressure oscil- 
lations at the probes is small, while the frequency spectrum has the 
nature of "white noise." At the critical value of the field selective 
oscillations appear at a frequency of II Hz. The amplitude-frequency 
spectrum of oscillations of different probe potentials at H = 140 G is 
presented in Fig. la~ At a magnetic field strength of 350-400 G the 
fundamental frequency of the oscillations decreased to 2 kHz and har- 
monics appeared at higher frequencies. The corresponding spectre- 
gram at H = 380 G is presented in Fig. lb. With a further increase in 
the magnetic field the oscillation frequency again increased. Analogous 
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Fig. 3 
the ion drift  rate ~2e% -~2i~- i is on the o rder  of unity (~i~i is the 
Hall pa ramete r  for ions). 

The dependence of the oscil lation frequency on the magnetic field has a hys te res i s  nature (section 
AB in Fig. 2). With a decrease  in the magnetic field the oscillations at  11 kHz are retained down to H 
0.5 H , ,  and then break  up at  H ~ 40 G, i.e., at fie7 e ~ 2. 

An analysis  of the dispersion equation of the ionization oscillations is of considerable interest .  In 
deriving the dispersion equation a plane plasma layer  of thickness L was considered,  the direct ion of the 
cur ren t  was assumed to be paral lel  to the XY plane, and the magnetic field along the Z axis.  In the basic 
state the charac te r i s t i c  size of the nonuniformity in the plasma layer  along the Z axis is on the o rder  of 
L/2 .  Under the experimental  conditions the production of electrons is caused by di rec t  ionization, while 
e lectron losses  are  due to ambipolar  diffusion and two-par t ic le  recombination.  Electron energy losses  are  
mainly due to thermal  conduction p rocesses ,  while losses  by elast ic and inelastic collisions can be neg- 
lected. Drift  of the ions was calculated in a general izat ion of Ohm's  law. The remaining equations had the 
standard form [6]. 

For  oscil lations with a wave vector  parallel  to the plane of symmet ry  (Z = 0) the dispers ion equation 
has the form 

behavior  of the oscil lation frequency was observed also f rom 
the brightness of the plasma glow. 

The propagation rate of the oscillations in the azimuthal 
and radial  direct ions was de te rmined  f rom the shift in the 
phases of the potential of the probes.  The values lay within the 
l imits of 100-200 m/sec.  The charac te r i s t i c  size of the wave- 
length was on the o rder  of 0.5-2 cm. 

The dependence of the frequency of the f i rs t  harmonic of 
the oscil lat ions in plasma potential on the magnetic field is pre-  
sented in Fig. 2. The regula r  oscil lat ions ar is ing when H > H ,  
(section AB in Fig. 2) are  caused by the instability of the initial 
state of the plasma.  Oscillations related to ionization instability 
[3-10] show the grea tes t  growth. The fact that the oscillations 
in e lectron concentrat ion in sect ion BC (Fig. 2) were fairly 
large and made up 10% of the mean value also points to the 
ionization instability. The oscil lat ions in concentrat ion were 
determined f rom the fluctuations in probe cur ren t  and were in- 
dependent of the fluctuations in the e lec t r ic  field [11]. 

A Hall e lec t ron  pa ramete r  ~e~e ~ 4 corresponds  to the 
appearance of regula r  oscil lations (section AB in Fig. 2). The 
drop in the oscil lation frequency (section CD in Fig. 2) is re-  
lated to a value ~2e7 e > 20, and at this value of the pa ramete r  

d lr~'vi-1 Ti .-~- DaLk2"~ i, a =  OeTe hi-- dlnT e ' h2= ~'-7 
Vi'e ( • ) 

Here,  k x and ky are  wave vector  components,  Da• and ue•  are  the coefficients of ambipolar  diffu- 
sion and electron thermal  conduction ac ros s  the magnetic field, respect ively ,  7i and 7 r a re  the cha rac te r i s -  
tic times' of ionization and recombination [12], Vi is the ionization potential of the gas, and Q0 is the value 
of the Joule losses .  

The dependence of wi~- on ~2eTe, calculated from Eq. (1), is presented in Fig. 3. The experimental ly 
determined regions of the charac te r i s t i c  modes of plasma oscillations are  also presented here .  To deter-  
mine the l imits  of stability f rom Eq. (1), we obtain an equation for the cr i t ical  Hall pa ramete r  (~2e~e)* 

h~ (2) 
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For 9~er e < (~2ere)* the plasma oscillations are absent (region I in Fig. 3). For ~2ere > (De're)* 
2-3 the value c0 i > 0 and it is possible for ionization instability to arise (region II in Fig. 3). For ~)e~e > I0 
(a drift parameter on the order of unity) the parameter wi reaches a maximum and then decreases. For 
H > 400 G the oscillation frequency changes by jumps, which is evidently related to the establishment of 
another type of oscillations, most likely magnetoaeoustieal in nature. 
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