
Physics-Uspekhi 37(6) 6 0 7 - 6 0 8 (1994) ©1994 Jointly Uspekhi Fizicheskikh N a u k and Turpion Ltd 

METHODOLOGICAL NOTES PACS numbers: 52.35.Qz; 52.35.Kt 

The role of nonquasineutrality in unstable plasma oscillations 

B N Shvilkin 

Abstract. Nonquasineutrality of perturbations has a 
destabilising influence on a plasma which is not in 
thermodynamic equilibrium and has a density gradient 
across a homogeneous axial magnetic field. This destabilis
ing effect applies not only to short but also to long dri f t -
dissipative instability waves. If long drift waves are excited, 
nonquasineutrality can also destabilise a plasma simulta
neously with ion inertia. In strong magnetic fields the 
absence of quasineutrality of perturbations is important even 
when the density of charged particles is high. 

Beginning with theoretical studies of the ion sound in a 
current-carrying plasma it has been assumed that in the case of 
long, compared with the Deb ye radius, waves (krD <̂  1, where 
k is the wavenumber and r D is the Deb ye radius) the density 
per turbat ions in an unstable plasma are quasineutral, 
U \ Q — n\b a n d nonquasineutrali ty can be ignored (see, for 
example, Ref. [1]). Ion-acoustic waves then appear in a plasma 
and the velocity of these waves is vs = {TQ/m^)1^2, where Te is 
the electron temperature and mx is the ion mass. 

However , the concept of quas ineut ra l pe r tu rba t ions , 
adop ted in the theory of the ion-acoust ic instabili ty of a 
current-carrying p lasma, cannot be applied to a p lasma in a 
magnet ic field. 

A drif t -diss ipat ive instability is excited in a plasma which 
is not in a thermodynamic equilibrium and has a density 
gradient perpendicular to an external magnetic field. In the 
pioneering theory of A V Timofeev [2] it is assumed that ion 
inertia is a factor which destabilises such a plasma and that 
density per turbat ions are quasineutral. Drift and ion-acoustic 
oscillations are then excited spontaneously in a plasma. 

A P Zhilinskii has since shown [3] tha t ion inertia is no t 
the only plasma-destabi l is ing factor. Nonquas ineu t r a l i t y of 
pe r tu rba t ions over distances comparab le with the scale of 
the oscillations m a y lead to the excitation of ano ther b r anch 
of d r i f t -d i s s ipa t ive instabili ty — oscillations of a low-
density p lasma. Zhilinskii assumes [3] tha t quasineutra l i ty 
of oscillations m a y be absent only when short ( comparab le 
with the Deb ye radius) waves are excited. A t t emp t s to 
separate oscillations into quas ineut ra l and nonquas ineu t ra l , 

depending on the value of krD compared with uni ty, have 
also been m a d e later (see, for example, Ref. [4]). 

In fact, nonquasineutra l i ty of per tubat ions m a y play an 
impor tan t role not only in the case of short waves (A w r D ) . 
It has been shown [5] that it leads to the self-excitation of 
oscillations of a low-density plasma and to the appearance of 
long, compared with the Debye radius, waves (krD <̂  1). 
When long drift waves are excited, nonquasineutra l i ty of 
per turba t ions m a y also destabilise a plasma in conjunction 
with ion inertia [ 6 - 9 ] . The degree of influence of the first of 
these two factors depends on the plasma density and on the 
magnet ic field intensity. In fact, when these two destabilising 
factors act simultaneously, in the simplest case of a plasma 
with magnetised ions and with no account taken of collisions 
of ions with neutra l a toms the dispersion equat ion is [10] 

co — co* = i ;k2

y(ri + ri)-cok2

ytfe + ri) . (1) 

Here co is the frequency of the oscillations; co* = kyKcTe/eB 
is the drift frequency; B is the magnet ic induct ion; e is the 
electron charge; c is the velocity of light; K ~ 1 is the 
characterist ic d imension of a p lasma inhomogenei ty ; 
ky = 2n/Xy; Xy is the az imutha l wavelength; kz is the 
project ion of the wave vector a long the magnet ic field; De 

is the electron diffusion coefficient; r i e = v^/co{ is the ion 
L a r m o r radius ; cox is the ion cyclotron frequency. W h e n 
r i e ^ r D > E q n (1) is identical with the dispersion equat ion 
for drift oscillations, and nonquas ineu t ra l i ty of p e r t u r b a 
t ions does not influence uns tab le oscillations. In the 
opposi te limit, when r i e <̂  r D , this equat ion is identical 
with the dispersion equat ion for oscillations of a low-
density p lasma, and the excitation of oscillations is then 
governed by the depa r tu re from quasineutra l i ty of 
pe r tu rba t ions . In the former case the oscillation incre
ment , which can be readily obta ined from Eqn (1) by 
replacing co with co + iy, is 

CO 1 -k2r2 (2) 
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In the latter case the quant i ty r i e in Eqn (2) should be 
replaced with r^ . However , if r i e w r D , then r2

Q in Eqn (2) 
should be replaced with (^ + 1%). Consequently, the 
question of whether it is necessary to allow for nonquas i 
neutrali ty of per turba t ions depends in this case not on the 
produc t krD, bu t on the ratio r i e / r D . F o r long d r i f t -
dissipative waves (krD <̂  1) nonquasineutra l i ty of pe r tu rba 
t ions can be ignored only if r i e > r D . Whether one should 
take into account one or other of the two p lasma-
destabilising factors — ion inertia or nonquasineutral i ty of 
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Figure 1. Boundary corresponding to the equality r i e = r D . 

per turba t ions — depends on the relationship between the 
steady-state electron density n0e and the magnetic field 
B. The equality r i e = r D corresponds to the condit ion 

B2 

The con t inuous curve in Fig . 1 cor responds to condi t ion 
(3). It is evident from this figure tha t as the magnet ic field 
is increased, the equali ty r i e = r D is reached at increasing 
values of the density n0e. F o r example, if a hydrogen 
p lasma is subjected to a field B = l k G , condi t ion (3) is 
obeyed when n0e = 5.3 x 1 0 7 c m - 3 . However , in a field of 
5 = 5 0 k G the cor responding electron density is 
n0e = 1.3 x 1 0 1 1 c m - 3 and these values of the magnet ic 
field and the electron density are reached in a wall p lasma 
in devices designed to achieve control led the rmonuc lear 
fusion. In fact, nonquas ineu t ra l i ty of pe r tu rba t ions acting 
as a plasma-destabi l is ing factor proves impor t an t in the 
development of uns tab le d r i f t -d i s s ipa t ive oscillations also 
at electron densities somewhat higher t han those given by 
E q n (3). 

A s t rong depar tu re from quasineutra l i ty of long-wav
elength pe r tu rba t ions in an uns tab le p lasma in a magnet ic 
field has been confirmed experimental ly [6]. 

Therefore, in the case of long-wavelength drift oscilla
t ions (krD <̂  1) a p lasma subjected to a magnet ic field, 
under condi t ions such tha t the ion L a r m o r rad ius at the 
electron t empera tu re is comparab le with the Debye radius , 
m a y be destabilised no t only by ion inertia bu t also by 
nonquas ineu t ra l i ty of pe r tu rba t ions . 
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