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Exc i t a t ion  of i o n - c y c l o t r o n  i n s t a b i l i t i e s  in a c o l l i s i o n l e s s  s t rong ly  ion ized  p o t a s s i u m  p l a s m a  i s  i n -  
ve s t i ga t ed .  The s t a t e  of the p l a s m a  and the di f fus ion when the i n s t ab i l i t y  is  deve loping  a r e  s tudied,  as  
well  as the i n t e r ac t ion  of the i o n - c y c l o t r o n  i n s t a b i l i t i e s  with d r i f t  and i o n - a c o u s t i c  i n s t a b i l i t i e s .  

I on -cyc lo t ron  i n s t a b i l i t i e s  in a c o l l i s i o n l e s s  p l a s m a  were  p r e d i c t e d  and inves t iga t ed  t h e o r e t i c a l l y  
in [1, 2]. It was found that  in an a l m o s t  i s o t h e r m a l p l a s m a ,  i n s t a b i l i t i e s  a r e  exc i t ed  for  e l e c t r o n  d r i f t  
speeds  r e l a t i v e  to the ions (i. e o, c u r r e n t  ve loc i t i e s )  g r e a t e r  than the c r i t i c a l  va lue  

( i Ti ~ f M'~ ~I~ ll(kL2Pi~) 
<<. = , , ,  \ ~  + t )  LI,--A--) . r ,  - ~>~p @j?p?). 

Here  11 i s  the Bes se l  function of i m a g i n a r y  a rgumen t ;  k• and k[[ a r e  the t r a n s v e r s e  and longi tudinal  
components  of the wave v e c t o r ;  v i is  the  t h e r m a l  ve loc i t y  of the ions ;  Pi is  the  L a r m o r  r a d i u s  of the ions ;  
T i and Te a r e  the t e m p e r a t u r e s  of the ions  and the e l e c t r o n s  ; and M and m a r e  the m a s s e s  of the ions  and 
the e l e c t r o n s .  

The i n s t a b i l i t y  shows i t s e l f  in the exc i t a t ion  of e l e c t r o s t a t i c  a l m o s t  r a d i a l  waves  (k• >>ki[) at f r e -  
quenc ies  c lose  to the i o n - c y c l o t r o n  f r equency  fi- As shown in [3], at the s a m e  t ime  as  the i o n - c y c l o t r o n  
f requency ,  h a r m o n i c s  of th i s  f r equency  may  a l so  be exc i ted .  

I n s t ab i l i t i e s  of th is  type  have been  o b s e r v e d  in e x p e r i m e n t s  on p l a s m a s  t h e r m a l l y  ion ized  by  c o l l i -  
s ions  [4]. It was found that  when a c u r r e n t  p a s s e s  along the axis  of a p l a s m a  c y l i n d e r  at d r i f t  speeds  c lo se  
to the ca l cu l a t ed  va lue  [1], r a d i a l  waves  a r e  exc i t ed  at f r equenc ies  c o n s i d e r a b l y  exceed ing  the i o n - c y c l o t r o n  
f requency .  

1. D e s c r i p t i o n  of the A r r a n g e m e n t .  E x p e r i m e n t s  were  made  us ing  the a r r a n g e m e n t  [5] shown in 
F ig .  1, in which the p l a s m a  i s  f o r m e d  by  t h e r m a l  ion iza t ion  of p o t a s s i u m  on a tungs ten  p la te  (the ionizer )  
of r ad iu s  I~ =2 cm, hea ted  to a t e m p e r a t u r e  of a p p r o x i m a t e l y  2,000 ~ K. The r a d i u s  of the p l a s m a  column 
can be r e d u c e d  to 0 .9  cm by m e a n s  of an i r i s  d i aph ragm,  p l aced  in f ront  of the i o n i z e r .  The p l a s m a  i s  
bounded at  the o the r  end by  a c o l l e c t o r  of r a d i u s  0.5 cm and a r i ng  p la te  of r a d i u s  2 cm insu la t ed  f r o m  one 
ano the r .  The length  of the p l a s m a  column L i s  36 cm.  

The e x p e r i m e n t s  were  made  with magne t i c  f ie lds  of 600-3 ,000 Oe and p l a s m a  d e n s i t i e s  of 10~-101~ 
cm -3. F o r  such d e n s i t i e s  the mean f r ee  path Xei ~ L, so that  the p l a s m a  can be r e g a r d e d  as  c o l l i s i o n l e s s .  

The p l a s m a  dens i t y  n and the ampl i tude  of the dens i ty  o sc i l l a t i on  n ~ were  m e a s u r e d  with a L a n g m u i r  
p robe  f r o m  the cons tan t  and va ry ing  components  of the ion s a tu r a t i on  c u r r e n t ,  while the ampl i tude  of the 
potent ia l  o s c i l l a t i o n s  r176 was m e a s u r e d  f r o m  the v a r y i n g  component  of the  c u r r e n t  in a f loat ing probe  [6]. 
The phase  m e a s u r e m e n t s  were  made  us ing  a s y s t e m  of p r o b e s  in which a movab le  p robe  could be shi f ted  
along the axis  and along the r a d i u s .  
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Fig .  1. Sketch of the e x p e r i m e n t a l  a r r a n g e -  
ment :  1) Magnet ic  f ie ld  coil  ; 2) i o n i z e r  ; 
3) r i ng  p l a t e ;  4) v a p o r i z e r ;  5) movab le  p r o b e ;  
6) c o l l e c t o r ;  7) i r i s  d i a p h r a g m ;  8) d i f fus ion 
m e a s u r e r ;  I-IV) i s o l a t e d  p r o b e s .  

The s p e c t r u m  of the o s c i l l a t i o n s  was inves t iga t ed  us ing  type $5-2 and $5-3 h a r m o n i c  a n a l y z e r s  ( p a s s -  
band a p p r o x i m a t e l y  200 cps) which r e c o r d e d  the ef fec t ive  ampl i tude .  

When inves t iga t ing  the s t a t e  of the p l a s m a  we made  a qua l i t a t ive  c o r r e l a t i o n  a n a l y s i s  [7] and we used  
a e o r r e l o g r a p h w h i c h  m e a s u r e d  the s ign  c o r r e l a t i o n  function F(~') [7, 8]. The dif fus ion coeff ic ient  a c r o s s  
the  m a g n e t i c  f i e ld  was m e a s u r e d  us ing  an i n s t r u m e n t  [6, 7] which r e c o r d e d  the t r a n s v e r s e  p l a s m a  c u r r e n t .  

2. E x p e r i m e n t a l  R e s u l t s :  The e x p e r i m e n t s  were  made  under  condi t ions  in which t h e r e  was a l a y e r  
of e l e c t r o n s  c l o s e  to the  i o n i z e r ,  so that  when t h e r e  i s  no c u r r e n t  in the  p l a s m a  t h e r e  a r e  no i n s t a b i l i t i e s  
[7]. When a c u r r e n t  f lows a long the axis  of the p l a s m a  c y l i n d e r  (a vo l tage  is  appl ied  to the c o l l e c t o r  and 
the po ten t ia l  of the  r i ng  p la te  is  f loating) i n s t a b i l i t i e s  a r e  exc i ted .  A typ ica l  s p e c t r u m  of the  o sc i l l a t i ons ,  
in which s e v e r a l  h a r m o n i c s  a r e  c l e a r l y  v i s i b l e ,  is  shown in F ig .  2. The f requency  of the f i r s t  ha rmon ic  
is  c l o s e  to the i o n - c y c l o t r o n  f r equency  and i n c r e a s e s  with the magne t i c  f ie ld  (Fig.  3)~ 

In the  phase  m e a s u r e m e n t s ,  c a r r i e d  out with H=I ,  000 Oe, we did not o b s e r v e  an az imutha l  and 
longi tud ina l  phase  shif t  (in the l a t t e r  c a s e  the movable  p robe  was moved within the l i m i t s  10-32 cm f rom 
the i o n i z e r ) .  The r a d i a l  phase  shif t  changed when the d i s t a n c e  be tween  the p r o b e s  was changed and amoun t -  
ed to a p p r o x i m a t e l y  ~ at  a d i s t a n c e  of . 5 R. Hence,  the i n s t ab i l i t y  shows i t s e l f  in the  exc i t a t ion  of r a d i a l  
waves  with a wavelength  k r  ~ R without an az imu tha l  component .  The a bse nc e  of a longi tudinal  phase  shif t  
s u g g e s t s  that  a s tanding  wave with a wavelength  k z >~ 2L is  se t  up o r  tha t  t h e r e  i s  no longi tudinal  component .  

It was found that  the amp l i t udes  of the dens i ty  and potent ia l  o s c i l l a t i o n s  a r e  connected by the r e l a t i o n  
n ~ ] n ~ eq) ~ / T, i . e . ,  the o b s e r v e d  o s c i l l a t i o n s  a r e  po ten t ia l  o s c i l l a t i o n s .  
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Spec t rum of the o s c i l l a t i o n s .  H=I ,  000 Oe 
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F ig .  3. F r e q u e n c y  of the f i r s t  ha rmonic  as a function of the magne t ic  f ield:  
n=5 x l0  s cm -3 

Fig. 4. The amplitudes of the harmonics as a function of the electron drift 
speed; curves 1, 2, and 3 correspond to the first, second and third harmonies; 
the broken line is the initial level of the noise; H=I, 000 Oe; n=5xl09 era-a~ 

The c r i t i c a l  e l e c t r o n  dr i f t  ve loc i ty  u,, r e q u i r e d  to exc i te  ins t ab i l i t i e s ,  is  g iven by the equation [9] 

u ,  ~ vl I ,  / I i 

H e r e  I i is  the sa tura t ion  ion c u r r e n t  at the c o l l e c t o r  and I,  is the c r i t i c a l  c u r r e n t .  It is a s sumed  in 
this  f o rmu la  that  the p l a s m a  moves  f r o m  the hot i o n i z e r  to the cold end with a speed of approx imate ly  
v i [10, 11], as  a r e s u l t  of which I i ~nVio It was found that the c r i t i c a l  dr i f t  ve loc i ty  does  not depend on the 

magne t i c  f ie ld  and i ts  value  is  

u, = (3.5 +_ 0.6).i06cm/sec ~ 40 vi 

It was found that the sharp  m a x i m a  in the s p e c t r u m  are  only obse rved  for  f a i r ly  l a r g e  magne t i c  
f ie lds  H > H,. When H < H, only a noise  s p e c t r u m  is  exc i ted  in the f requency  range  ~ f i -4 f  i, and the a m p l i -  

tude of the osc i l l a t ions  is  an o r d e r  l e s s  than the ampli tude of the f i r s t  h a r m o n i c  when H > H , .  When the 
rad ius  of the p l a s m a  column is reduced  it was found that  the va lue  of H, i n c r e a s e s .  The c r i t i c a l  values  of 
H,  co r r e spond ing  to the d i f ferent  column rad i i  1~ a re  g iven in the fol lowing table .  

R mm ~20 20 14 t0 9 15 t5 
H, Oe = 800 700 t600 ~2000 ~..~2000 i770 3500 
R / p  i = 4  4 6 5 5 7 7 

The las t  two va lues  for  R=15 m m  are  taken f r o m  [4] for  po t a s s ium and c e s i u m  r e s p e c t i v e l y .  The 
table also g ives  the va lues  of the ra t io  of the column rad ius  to the L a r m o r  rad ius  of the ions fo r  H=H,.  

We inves t iga ted  the na tu re  of the exc i ta t ion  of the ins t ab i l i t i e s .  As can be seen  f r o m  Fig~ 4, which 
shows how the ampl i tudes  of the ha rmon ic s  depend on the e l ec t ron  dr i f t  ve loc i ty  u, the exc i ta t ion  is "sof t"  
[12]. In fact  as  the dr i f t  ve loc i ty  changes , the  ampli tude changes smoothly ,  as u is  i n c r e a s e d  and d e c r e a s e d  
the points l ie  on a s ingle  curve ,  and for  u< u,  the ampli tude is ze ro .  As u i n c r e a s e s  the ins tabi l i ty  h a r m o n -  

ics  a re  exci ted  in success ion~ 

When the ins t ab i l i t i e s  were  exc i ted  we obtained the t ime  taken fo r  the ampli tude of the osc i l l a t ions  
to grow to t he i r  m a x i m u m  value .  The vol tage  on the c o l l e c t o r  was supplied by r e c t a n g u l a r  pulses , the  
leading edge of which was smal l  compared  with the per iod  of the o sc i l l a t i ons .  It can be seen  f r o m  the 
o s c i l l o g r a m  of F ig .  5 that th is  t ime  is  approx imate ly  15 pe r iods  of the osc i l l a t i ons .  

A m e a s u r e m e n t  of the d i s t r ibu t ion  of the osc i l l a t ion  ampl i tude  o v e r  the rad ius  showed that  the o s c i l -  
la t ions  a r e  loca l i zed  within the cu r r en t  f i l ament  and have a m a x i m u m  ampl i tude  on its axis~ Outside the 

506 



Fig .  5 Fig .  6 

F ig .  5. Deve lopment  of the i n s t ab i l i t y .  The upper  b e a m  shows the dens i ty  o s c i l -  
l a t ions  and the l ower  b e a m  shows the potent ia l  of the  c o l l e c t o r .  H=1200 Oe; 
n = 5 x l 0  s c m - a ;  the  t i m e  b a s e  is  50 m s e c / c m .  

F ig .  6. O s c i l l o g r a m  of the c u r r e n t  to the  p robe  (dens i ty  osc i l l a t ions )  when the 
i n s t ab i l i t y  is  deve lop ing .  The s t r a i g h t  l ine  shows the ze ro  leve l  of the dens i ty .  
H = I , 0 0 0  Oe; n = 5 x  109 c m 4 ;  f=44 kHzo 

c u r r e n t  f i l ament  the ampl i tude  fa l l s  off a p p r o x i m a t e l y  by  an o r d e r  of magni tude .  We can judge  the value  
of the ampl i tude  f r o m  the o s c i l l o g r a m  of the dens i ty  o s c i l l a t i o n s  (Fig.  6)~ It can be seen  that  the a m p l i -  
tude i s  s m a l l .  D i r e c t  m e a s u r e m e n t s  show that  when the i n s t a b i l i t i e s  a r e  deve lop ing  the ampl i tude  of the 
o s c i l l a t i o n s  on the ax i s  do not exceed  the va lue  n~ ~ 0 .1 .  

We inves t i ga t ed  the s t a t e  of the p l a s m a  while  the i n s t a b i l i t i e s  a r e  growing.  We see  f r o m  the s p e c -  
t r u m  of F ig .  2 tha t  the ampl i tude  of the h a r m o n i c s  is  a p p r o x i m a t e l y  two o r d e r s  g r e a t e r  than the ampl i tude  
of the no i se  o s c i l l a t i o n s  at i n t e r m e d i a t e  f r e q u e n c i e s .  The o s c i l l o g r a m s  in F i g s .  6 and 7 show that  the 
o s c i l l a t i o n s  exc i t ed  have a r e g u l a r  f o r m  and t h e i r  p h a s e s  do not get  out of s tep for  a v e r y  l a r g e  number  of 
o s c i l l a t i o n s ,  at  l e a s t  about 100 p e r i o d s .  This  can a l so  be seen  f r o m  the a u t o c o r r e l a t i o n  function F(7) of 
the d e n s i t y  o sc i l l a t i ons ,  which does  not d i f f e r  f r o m  the a u t o c o r r e l a t i o n  function of the s inuso ida l  s ignal  
f r o m  the g e n e r a t o r  (F ig .  8). The c o r r e l a t i o n  function p lo t ted  f r o m  two p r o b e s  does  not change when the 
d i s t a n c e  be tween  the p r o b e s  is  changed (in p a r t i c u l a r ,  the longi tudina l  d i s t ance) ,  whence i t  fol lows that  
the  p h a s e s  of the o s c i l l a t i o n s  at  a l l  poin ts  of the p l a s m a  co lumn a r e  c o r r e l a t e d .  

A m e a s u r e m e n t  of the  d i f fus ion coef f ic ien t  when an e l e c t r o n  l a y e r  was p r e s e n t  but no c u r r e n t  and 
when t h e r e  were  no i n s t a b i l i t i e s  gave a value  D ~ 20 cm2 / sec  -1 (the c l a s s i c a l  value  of D is  1 em2/sec-1) .  
As was shown in [7], th is  va lue  is  obvious ly  d e t e r m i n e d  by the p a r a s i t i c  c u r r e n t s  and g ives  the l i m i t  of 
the  s e n s i t i v i t y  of the m e a s u r i n g  i n s t r u m e n t .  When the i o n - c y c l o t r o n  i n s t a b i l i t i e s  we re  exc i t ed  no i n c r e a s e  
in the d i f fus ion coef f ic ien t  was o b s e r v e d .  We can conclude f rom th is  that  if the i n s t a b i l i t i e s  a l so  l e ad  to 
an i n c r e a s e  in d i f fus ion  then D<<20 c m 2 / s e c  -1. 

We inves t i ga t ed  the i n t e r a c t i o n  of the i o n - c y c l o t r o n  i n s t a b i l i t i e s  with the d r i f t  and i o n - a c o u s t i c  in -  
s t a b i l i t i e s .  As has  been  shown p r e v i o u s l y  us ing  the s a m e  e x p e r i m e n t a l  a r r a n g e m e n t  [13, 14], d r i f t  i n -  
s t a b i l i t i e s  a r e  exc i t ed  when t h e r e  i s  a l a y e r  of ions  on the su r f ace  of the i o n i z e r .  The ampl i tude  of the 
d r i f t  o s c i l l a t i o n s  i n c r e a s e s  when the l a y e r  changes  f rom an e l e c t r o n  l a y e r  to an ion l a y e r  (by r educ ing  
the t e m p e r a t u r e  of the i o n i z e r  fo r  cons tan t  deposi t ion)  [14]. If i o n - c y c l o t r o n  i n s t a b i l i t i e s  a r e  exc i t ed  
with an e l e c t r o n  l a y e r  when t h e r e  a r e  no d r i f t  i n s t a b i l i t i e s  (Fig .  9, s p e c t r u m  a), and the t e m p e r a t u r e  of 
the i o n i z e r  is  then r educed  t h e r e b y  changing to an ion l a y e r ,  d r i f t  i n s t a b i l i t i e s  a r e  exc i t ed  at the s a m e  
t i m e  as  i o n - c y c l o t r o n  i n s t a b i l i t i e s .  F o r  s m a l l  amp l i t udes  of the d r i f t  waves  (n~ < 10 -2) d r i f t  and i on -  

F ig .  7. Dens i ty  o s c i l l a t i o n s  (mul t ip le  t r i g g e r i n g ) .  
H=I ,  000 Oe; n = 5 x l 0 9  era-a ;  f=44 .5  kHz. 
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Fig~ 8. The autocorrelation function of the density oscillations. The upper figure is the 
au tocor re la t ion  function of the s inusoidal  s ignal  f rom the gene ra to r  (f=45 kc) ; H=I ,  000 Oe; 
n=5x  10 ~ cm -3. 

Fig.  9. Spectra of the osc i l l a t ions  when ion -cyc lo t ron  and dr i f t  i n s t ab i l i t i e s  a re  excited 
s imul taneous ly~ Curves  a, b, and c, co r respond  to the va lues  T=2300, 2100, and 1900 ~ K 
for  H=1200 Oeo 

cyclo t ron  ins tab i l i t i e s  a re  excited independent ly.  As the ampli tude of the drif t  osc i l l a t ions  i n c r e a s e s  the 
max ima  of the i on -cyc lo t ron  ha rmon ic s  are  broadened,  and the i r  ampl i tude fa l ls  (Fig. 9, spec t rum b). 
If the ampli tude of the drif t  osc i l l a t ions  is fa i r ly  la rge  (n~ 7x 10 -3) separa te  i on -cyc lo t ron  max ima  are  
not observed  in the spec t rum (Fig. 9, spec t rum c). 

When a c u r r e n t  is flowing over  the whole c ross  sec t ion  of the p l a s m a  column under  condit ions when 
there  is  a l aye r  of e lec t rons ,  for a ce r t a in  c r i t i ca l  veloci ty  of the e l ec t rons  ion -acous t i c  ins tab i l i t i e s  are  
excited [7]. When the in s t ab i l i t i e s  a re  excited the ampli tude abrupt ly  i n c r e a s e s  to a value of n~  ~ 1 ("hard" 
excitat ion),  so that when inves t iga t ing  the in t e rac t ion  of the ins tab i l i t i e s  one can only observe  the case of 
i n t e rac t ion  with ion -acous t i c  osc i l l a t ions  of l a rge  ampli tude.  If i on -cyc lo t ron  ins tab i l i t i e s  a re  excited and a 
cu r r en t  is then passed  to the r ing  plate,  exci t ing ion-acous t i c  osc i l l a t ions  (frequency of the f i r s t  ha rmonic  
~ 5 kHz), the i on -cyc lo t ron  osc i l l a t ions  d i sappear  f rom the spec t rum and only ion-acous t i c  osc i l l a t ions  a re  
observed .  F igure  10 shows an o sc i l l og ram of the dens i ty  osc i l l a t ions  taken at a constant  co l lec tor  po ten-  
t ial  and with a saw-tooth voltage on the r ing  plate .  Tt can be seen that at the ins tan t  when ion-acous t i c  
osc i l l a t ions  a re  excited, marked  with an ar row,  the ion -cyc lo t ron  osc i l l a t ions  d i sappear .  Hence, dr if t  
and ion-acous t i c  osc i l l a t ions  of fa i r ly  l a rge  ampli tude p rac t i ca l ly  comple te ly  suppres s  the i on -cyc lo t ron  
osc i l l a t ions .  

3. Discuss ion  of the Resu l t s .  The r e s u l t s  obtained are  in qual i ta t ive  ag reemen t  with the r e suRs  of 
prev ious  expe r imen t s  [4] and theory  [1]o In fact, the observed  in s t ab i l i t i e s  mani fes t  t hemse lves  in the 
exci ta t ion of e l ec t ros ta t i c  radia l  waves at the i on -cyc lo t ron  f requency and i ts  h a r m o n i c s .  The c r i t i ca l  dr i f t  
ve loci ty  u . ~  40 v i at H=I ,  000 Oe is  close to the calcula ted value u ,  ~ 20 v i.  The d i s ag reemen t  between the 
exper imenta l  value of u .  and the r e su l t s  obtained in [4] (u, ~ 10 v i) is due to the fact that in ca lcula t ing  u .  in 
[4] the motion of the p l a sma  with a veloci ty  of approximate ly  v i was ignored.  If this  motion is taken into 
account one obtains the value u . ~  40 vi.  

It should be noted that according  to [1] the c r i t i ca l  veloci ty  u ,  should i n c r e a s e  as H i n c r e a s e s .  How- 
ever ,  expe r imen t  shows that u ,  does not depend on the magnet ic  field. This  r e su l t  i s  obtained in e xpe r i -  
ments  with a p l a s m a  in which co l l i s ions  occur  [15]. In [15] a t heo ry  is  cons t ruc ted  which takes  into a c -  
count the ro le  of the space charge l aye r  on the sur face  of the col lector~ It is  found that the p r e s e n c e  of this  
l aye r  leads  to some change in  u,, in pa r t i cu l a r ,  in this case u .  should not depend on the magnet ic  field. One 
obviously cannot apply the r e su l t s  of the ca lcula t ions  given in [!5] to a co l l i s ion l e s s  p l a sma .  However, it 
cannot  be ru led  out that in this  case the p r e sence  of a l aye r  leads to a change in the c r i t i ca l  veloci ty .  
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Fig .  10. Dens i ty  o s c i l l a t i o n s  
when i o n - c y c l o t r o n  and ion-  
acous t i c  i n s t a b i l i t i e s  a r e  e x -  
c i ted .  The s t r a i g h t  l ine  shows 
the ze ro  dens i t y  l eve l .  H=I ,  000 
O e ; n = 5 x l 0  ~ c m  4 .  

The p r e s e n c e  of a magne t i c  f i e ld  below which s e p a r a t e  
m a x i m a  at h a r m o n i c s  of the cyc lo t ron  f requency  a r e  not obse rved ,  
and i t s  i n c r e a s e  in i n v e r s e  p r o p o r t i o n  to R shows that  to exci te  
i o n - c y c l o t r o n  i n s t a b i l i t i e s  it  i s  n e c e s s a r y  for  the L a r m o r  r a d i u s  
of the ions to be f a i r l y  s m a l l  in c o m p a r i s o n  with the r a d i u s  of the 
p l a s m a  column.  F r o m  the da ta  given in our  t ab l e  it  can be seen  
that  the  m i n i m u m  r a t i o  i s  R / p i ~  5•  This  a g r e e s  with the r e -  
su l t s  obta ined  in [4], f r o m  which i t  can be found that  the m i n i m u m  
R/Di ~ 7. 

When the instabilities are excited the harmonics are excited 
in succession and the excitation has a "soft" character. The time 
taken for the amplitude to grow when the instabilities are excited 
is approximately 15 periods of the oscillations, so that the inere- 

merit  of the i n s t a b i l i t i e s  i s  obvious ly  s m a l l .  The ampl i tude  of the o s c i l l a t i o n s  when the i n s t a b i l i t i e s  a r e  
g rowing  does  not exceed  the va lue  n~ ~ 0 .1 .  A c o r r e l a t i o n  a n a l y s i s  shows that  the s t a t e  of the p l a s m a  i s  
not tu rbu len t .  In fact  the o s c i l l a t i o n s  a r e  r e g u l a r  and t h e i r  p h a s e s  a r e  c o r r e l a t e d  at d i f fe ren t  points  of the 
p l a s m a  column,  and the phase  c o r r e l a t i o n  is  ma in t a ined  fo r  a l a r g e  number  of o s c i l l a t i o n  p e r i o d s .  Hence,  
the  s t a t e  of the  p l a s m a  when the i o n - c y c l o t r o n  i n s t a b i l i t i e s  a r e  deve lop ing  is  l a m i n a r .  

E s t i m a t e s  we re  made  in [1] of the  d i f fus ion coef f ic ien t  a c r o s s  the  magne t i c  f ie ld  fo r  a tu rbu len t  p l a s -  
mao These  r e s u l t s  a r e  obvious ly  not app l i cab l e  to the ca se  of a p l a s m a  in a l a m i n a r  s ta te  s ince  i t  can be 
expec ted  that  r e g u l a r  a l m o s t  s inuso ida l  o s c i l l a t i o n s  will  not l ead  to a d r i f t  of the p l a s m a  a c r o s s  the f ie ld .  
The e x p e r i m e n t a l  r e s u l t s  c o n f i r m  the fact  that  d i f fus ion a c r o s s  the f ie ld  e i t h e r  does  not occu r  o r ,  in any 
case ,  i s  v e r y  s m a l l .  

I o n - a c o u s t i c  and d r i f t  o s c i l l a t i o n s  of suf f ic ien t ly  l a r g e  ampl i tude  p r a c t i c a l l y  c o m p l e t e l y  s u p p r e s s  the 
i o n - c y c l o t r o n  o s c i l l a t i o n s ,  and for  the d r i f t  o s c i l l a t i o n s  the l i m i t i n g  ampl i tude  is  c o m p a r a b l e  with the 
ampl i tude  of the i o n - c y c l o t r o n  o s c i l l a t i o n s .  F o r  s m a l l  d r i f t  o sc i l l a t i on  amp l i t udes  the i o n - c y c l o t r o n  and 
d r i f t  i n s t a b i l i t i e s  develop  independent ly .  Hence,  we can conclude that  the  s u p p r e s s i o n  of the i o n - c y c l o t r o n  
o s c i l l a t i o n s  is  a non l inea r  effect~ The na tu re  of th i s  effect  is  not at p r e s e n t  c l e a r .  

The au thor  thanks  A. A. Galeev  fo r  useful  d i s c u s s i o n s .  
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