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E X I S T E N C E  R E G I O N  F O R  A R C I N G  C O N D I T I O N S  W I T H  

N E G A T I V E  A N O D E  P O T E N T I A L  D R O P  

N. S. M e r n i o v  a n d  V. A.  P e t r o s o v  UDC 533.932:621.3.036.6 

Conditions for ignition of a h igh-cur ren t  a rc  with negative anode potential  drop U a is inves-  
t igated,  and the region within which these  conditions exis t  and causes  for  a t rans i t ion into 
conditions with posi t ive U a are  studied. It is noted that a r eg ime  with negative U a is most  
p re fe rab le  for  most  p lasma units. 

Two r eg imes  are  observed  in working with different  p lasma units (MHD genera tors ,  p lasmotrons ,  p lasma 
acce l e r a to r s ,  etc.) when investigating and using h igh-cur ren t  a rcs ,  namely,  r eg imes  with posi t ive and with 
negative anode potential  drop U a [1]. Though these two reg imes  are  often encountered when working with the 
same unit (one reg ime  may pass  into the other) ,  they posses s  a number of distinctive p roper t i e s .  

The discharge is p rac t i ca l ly  always uniformly dis tr ibuted throughout the surface  of the e lec t rode in the 
r eg ime  of negative Ua, while it is t ightened into a bra id  and contracted with posit ive U a. Discharge cur ren t  
i n c r e a s e s  with minimal  voltage increase  for a negative U a (we are  speaking here  of a highly developed high- 
cur ren t  arc) ,  while a smal l  increase  in cu r ren t  is accompanied by a significant increase  of voltage for pos i -  
t ive Ua, a large  par t  of the voltage increment  falling within the nea r - e l ec t rode  zone [1, 2 ]. The cur ren t  d ens i t y  
through the e lec t rode  and the total heat r e l e a se  with posi t ive U a is g rea te r  than with negative Ua, other condi- 
t ions being equal. Moreover ,  this r e f e r s  to the specif ic  heat flow in the anode spot. A number of studies have 
r ecen t ly  appeared (for example ,  [3-5]) inwhichi t  was d i scovered  that heat r e l e a se  on the anode is less  than 
that calculated for  a rc ing  with negative Ua, which is apparent ly  due to an increase  in the effective work func- 
tion of the anode mate r i a l  in contact  with the p lasma  [5-7]. No such effect  is observed  with positive U a. 

It is well known that a r eg ime  with posi t ive U a occurs  in many p lasma units (this has been proposed by 
invest igators) .  For  example ,  the anode drop is posi t ive in h igh-cur ren t  p lasma acce le ra to r s .  The opinion that 
a tmospher ic  a rcs  burn with posi t ive U a has been widespread.  

At the same t ime,  a compar ison  of these p rope r t i e s  of the two reg imes  implies that the reg ime  with 
negative U a is more  p re fe rab le  (from the point of view of decreas ing  energy  losses  in the construct ion,  solv- 
ing e lec t rode-coo l ing  p rob lems ,  optimally organizing the working p ro ce s s  in the unit, etc.).  There fo re  an in- 
vestigation into the ignition reg ime  for a h igh-cur ren t  a rc  with negative anode drop, a study of the regionwithin  
which this r eg ime  exis ts ,  and an explanation of the causes and conditions for a t ransi t ion into a reg ime  with 
posi t ive U a consti tute the most  important  p rob lems .  

Moscow. Trmls la ted f r o m  Zhurnal Prikladnoi  Mekhaniki } Tekhnichesko[ Fiziki ,  No. 1, pp. 17-24, Janu- 
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E x p e r i m e n t s  we re  conducted in a vacuum chamber  0.25 m 3 in volume. Af te r  the chamber  was evacu-  
a ted it was f i l led  with argon to a d e s i r e d  p r e s s u r e  between 5 m m  Hg and 120 ram Hg. The d i s cha rge  oc -  
c u r r e d  between a r o d  cathode 3 m m  in d i a m e t e r  and a plane r a d i a t i o n - c o o l e d  tungsten anode f rom f rac t ions  
of a m i l l i m e t e r  to 1 m m  thick. The c a t h o d e - a n o d e  gap was 10 ram. The d i scha rge  was fed f rom a VSS-300 
we lded-con tac t  r e c t i f i e r .  Nei ther  bunching of the d i scha rge  on the anode nor  e ros ion  t r a c k s  was obse rved .  

The following p a r a m e t e r s  were  fixed in c a r r y i n g  out the e x p e r i m e n t s :  c u r r e n t  I, voltage U, p r e s s u r e  
p, nea r - anode  potent ia l  drop  Ua, anode t e m p e r a t u r e  Ta, spec i f ic  qa and to ta l  Q heat  f lows on the anode, anode 
spot d i a m e t e r ,  c u r r e n t  densi ty  Ja, concent ra t ion  of charged  p a r t i c l e s  in the p l a s m a ,  and e l ec t ron  t e m p e r a -  
tu re  T e. The volt  equivalent  was a l so  de t e r m i ne d  f rom the r e s u l t s  of the m e a s u r e m e n t s ,  

Q qa 
U~1 = -7- = -7"~j 

Measurement s  of U a and of the p l a s m a  p a r a m e t e r s  were  c a r r i e d  out using cooled p r o b e s ,  and the 
probe  c h a r a c t e r i s t i c s  were  en te red  on the PDS-021 two-coord ina te  po ten t iomete r .  The p l a s m a  p a r a m e t e r s  
were  de t e rmined  using a p rev ious  [8] technique.  The m e a s u r e m e n t  e r r o r  for U a was �9 0.5 V. 

C a l o r i m e t e r s ,  ba sed  on the FD-1 ge rman ium photodiode,  were  used to m e a s u r e  the heat flows. The 

technique of the m e a s u r e m e n t s  was given in [9]. 

The va r ia t ion  of U a and of d i scharge  voltage U as a function of c u r r e n t  with di f ferent  p r e s s u r e s  in 
the chamber  a r e ,  co r re spond ing ly ,  depicted in F igs .  l a  and b ( 1 : p = 1 2 0  mm Hg; 2: p =60 ram Hg; 3: 

p = 1 5 m m H g ; 4 :  p = 5 m m H g ) .  

The curves  in Fig.  2 i l l u s t r a t e  the influence of cu r r en t  on Uef (1: p =120 ram Hg; 2: p =5 ram Hg). 

The m e a s u r e m e n t s  demons t r a t ed  that  e l ec t ron  t e m p e r a t u r e  weakly  v a r i e s  throughout this  range  of 
p a r a m e t e r s  and is at the leve l  of about 1 eV. The concent ra t ion  n of charged  p a r t i c l e s  r e m a i n e d  n e a r l y  
invar ian t  for cu r r en t s  I ~ 50 A and sha rp ly  d e c r e a s e d  (by n e a r l y  a fac tor  of 100) as  c u r r e n t  was d e c r e a s e d  
below 50 A. Concentra t ion monotonica l ly  i nc r e a s e d ,  va ry ing  f rom 1014 to 5 �9 1014 em -~ as p r e s s u r e  was 

i n c r e a s e d  f rom 5 to 120 m m  Hg. 

The anode c u r r e n t  dens i ty  Ja was at the level  of f rom s e v e r a l  to tens of A/cruZ; heat  flows qa in the 
anode spot were  at  mos t  200 W / c m  2. The values  of Ja and qa i n c r e a s e d  e i ther  as the p r e s s u r e  or  the d i s -  
charge  cu r r en t  i nc reased .  

The t e m p e r a t u r e  in the anode spot T a va r i ed  f rom 2000~ to 3000~ weakly  depended on cur ren t ,  
and i n c r e a s e d  with i n c r e a s i n g  p r e s s u r e .  Such behavior  for T a o c c u r r e d  because  the anode was cooled 
only by rad ia t ion .  
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In the analysis  we will p roceed  on the basis  of the s imples t  re la t ions ,  using balance equations for 
the cu r ren t  and energy,  

]~ = i~exp ( e u ~ )  . i  .~. 
�9 - -  ~ - -  ] 0 - -  ]~, 

( ( ) eUa'\ ~ ] o ( U a - ~  q ) +  - -  ]sT ~- q, - -  ~ - "  -- 2 +  AT,) q , ~ = ] ~ e x p  ~ )  ~ o + 2 + A T ,  ' U ,  . ,  , 

(~) 

(2) 

where Ja and qa a re  the d i rec t ly  measu red  cu r ren t  densi t ies  and heat flow on the anode, AT e and AT i a re  
the di f ferences  between the e lec t ron  Te and ion T i t em p e ra tu r e s  of the p lasma and the anode t empera tu re  
Ta, Ua is the nea r -anode  potential drop, Ui is the ionization energy of the dr ive  gas, ~ is the anode function, 
js'e is the thermi0nic  cu r ren t  f r om the anode, k is Boltzmann,s  constant,  e is e lec t ron  charge,  q is the heat 
flow f rom the p lasma  to the anode due to radiat ion and the p r e sen ce  of a neutra l  component, j~ and j~ a re  
the random densit ies  of the e lec t ron  and ion cur ren t s  de termined  by the p lasma p a r a m e t e r s  defined on the 
boundary at which the near -anode  layer  exper iences  a sharp potential drop (i.e., i n t e r m s  of the concentrat ion 
n of charged pa r t i c l e s  and heat r a t e s  v e and vi), 

t 1 fs~'Te 

�9 l t / f  8kT i 
]~ = '-4- envl  ~ T ]1 ~ en. 

I twas  a s sumed in  Eqs. (1) and (2) that the near -anode  potential jump is negative (i.e., the e lec t rode po- 
tential  is less  than the p lasma potential) ,  so that the random ion cur ren t  passes  f ree ly  to the e lec t rode (ac- 
cumulating energy),  while the e lec t ron  cur ren t  is par t i a l ly  t rapped by the potential  b a r r i e r  U a (charged 
par t i c les  in the plasma up to the boundary at whichthe potential sharply var ies  inthe near-anode layer  have 
a Maxwellian distribution).  Ion emiss ion  f rom the anode is not taken into account, since it is assumed that 
surface  ionization is absent.  Let  us also assume that Joule heat r e l ease  in the e lec t rode and heat d iss i -  
pation in the construct ion (current  supply) are  low. 

We may obtain f rom Eq. (1) the equation 

Ua ~" kTe  in i8 (3) 
e ]a • .i , e  " , ] O - ~ - l s  

e . i  . e  
Equation (3) implies  that the anode drop r emains  negative whenever J0 > Ja +]0 +Is- The magnitude of  

the negative anode drop may dec rease  in absolute value as cur ren t  density Ja increases  (which may be due, 
for  example,  to an increase  in discharge cur ren t  I), as thermionic  cur ren t  je  increases  (due to increasing 
anode t empera tu re ) ,  and also due to a dec rease  in j~ (for example,  due to a decrease  in concentrat ion n or 
t empera tu re  Te). 

If j~ and je s a re  small  in compar i son  with j~ (this condition often holds), we may speak of U a changing 
sign when equali ty is reached ,  

]~ = 1~. (4) 
Let us discuss these  exper imenta l  r e su l t s  and compare  them to other  data. 

A reg ime  with negative U a is r ea l i zed  when I ~ 50 A (cf. Fig. 1). U a dec reases  in absolute value in 
accordance with Eq. (3) with increas ing  cu r ren t  I (and cu r ren t  density Ja) and (according to es t imates)  when 
I*~,103 A, Ua will change sign. Such a change in sign of U a has also been repea ted ly  observed in studying 
s t eady-s ta te  p lasma a c c e l e r a t o r s  [10]. The magnitude I* has been called the "cr i t ica l"  cur rent .  When 
I > I* ,  the v o l t - a m p e r e  cha rac t e r i s t i c s  become significantly s teeper  (discharge voltage increases  with 
slowly varying current )  and anode heat r e l e a se  sharply  inc reases ,  which often leads to a breakdown in the 
construct ion.  The discharge is highly l ikely to contrac t  as we pass  beyond the cr i t ica l  cur ren t  [10, 1]. 

One more  feature  of the dependences depicted in Fig. l a  should be borne in mind. The concentrat ion 
n of charged pa r t i c l e s  inc reases  with increas ing  p r e s s u r e  for  nea r ly  invariant  t empera tu re  T e. Conse- 
quently, je also inc reases ,  though U a dec r ea se s  in absolute value, which apparent ly contradicts  Eq. (3). 
All these facts indicate that anode t empe ra tu r e  increased  in these exper iments  as p r e s s u r e  was increased,  
reaching  Ta =3000~ at p = 120 mm Hg, so that the thermionic  cur ren t  je f rom the anode strongly increased  
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(taking into accoun t  the anomalous  f a c t o r s  d i s c o v e r e d  in [3-5]). E s t i m a t e s  have d e m o n s t r a t e d  that  the in- 
c r e a s e  in je is c o m p e n s a t e d  by an i n c r e a s e  in j~ and f inal ly  l eads ,  in a c c o r d a n c e  with Eq. (3), to  a d e c r e a s e  
in absolute  value of  U a. 

ExperLments  d e m o n s t r a t e d  (cf. F ig .  1) that  U a changes  s ign f r o m  negat ive  to pos i t ive  as  the d i s c h a r g e  

c u r r e n t  is d e c r e a s e d  be low s o m e  c r i t i c a l  I .  (I ,  m50 A within a wide r ange  of p r e s s u r e s ) .  D i scha rge  vo l -  
t age  U here  i n c r e a s e s .  This  phenomenon  is due to the sharp  fall  in the concen t r a t ion  n of cha rged  p a r t [ -  
c les  (by a fac tor  of  100) . . . . . .  e as  c u r r e n t  d e c r e a s e s  below the c r t t t c a l  I . ,  whLch reduces  a d e c r e a s e  m J0 and, 
consequen t ly ,  a d e c r e a s e  of the b r e m s s t r a h l u n g  e l e c t r o n  of the n e a r - a n o d e  b a r r i e r ,  and then  leads the f o r -  
ma t ion  of a pos i t ive  U a (to ensu re  the r e q u i r e d  anode dens i ty  Ja) and an i n c r e a s e  in d i s cha rge  vol tage .  If 
we jo in t ly  examine  Figs .  la and b, we m a y  conclude that  the m c r e a s e  in U is due (basically) to an i n c r e a s e  
in Ua. The e l e c t r i c  field s t r eng th  and poten t ia l  drop in the pos i t ive  d i scha rge  co lumn a lso  i nc rea se  he re  
as  a consequence  of a d e c r e a s e  in the concen t ra t ion  of cha rged  p a r t i c l e s ,  though this  cont r ibut ion  to the 
i n c r e a s e  of  U is not s ignif icant .  

A s t r o n g  i n c r e a s e  in d i s cha rge  vol tage at  c u r r e n t s  l e s s  than I .~-50  A has been r e p e a t e d l y  o b s e r v e d  
in e x p e r i m e n t s  us ing a rgon  and at a t m o s p h e r i c  p r e s s u r e  [11]. An i n c r e a s e  in e l e c t r i c  f ield s t r eng th  in a 
pos i t ive  co lumn was  not g r ea t  enough to explain the sharp  i n c r e a s e  in a r c i n g  vol tage .  Spec t ra l  m e a s u r e -  
men t s  [12] have r e v e a l e d  a sha rp  drop in the concen t r a t ion  of cha rged  p a r t i c l e s  at d e c r e a s e d  c u r r e n t s .  

Thus ,  an ana lys i s  of  Eq. (3) indicates  tha t  a t r ans i t i on  f r o m  a r c i n g  condi t ions  with negat ive  U a into 
a r e g i m e  with pos i t ive  U a can occu r  in two c a s e s ,  name ly ,  with i nc r ea s ing  d i s c h a r g e  c u r r e n t  (or c u r r e n t  
dens i ty  Ja) I >  I* and as it d e c r e a s e s ,  I<  I . .  In both  c a s e s ,  a change in sign o c c u r s  when Eq. (4) holds ,  
though while it is r e a c h e d  in the f i r s t  case  due to an i n c r e a s e  in Ja, in the second  case  it r e s u l t s  f r o m  a 
d e c r e a s e  in j~. Consequent ly ,  the na ture  of a change in s ign for  U a is the s a m e ,  tha t  [s,  the anode r eg ion  
is r e c o n s t r u c t e d  in o r d e r  to main ta in  a given ex te rna l  d i s c h a r g e  c u r r e n t  c i r cu i t ,  so that  the r e s u l t [ n g  
shor t age  of e l e c t r o n s  is c o m p e n s a t e d  for .  

The cause  of the s o - c a l l e d  " c u r r e n t  c r i s i s "  in h i g h - c u r r e n t  p l a s m a  a c c e l e r a t o r s  [10] t h e r e b y  b e -  
c o m e s  unders tandable .  Many s tudies  have r e c e n t l y  a p p e a r e d  deal ing with this  ques t ion  [13-17]. A chaage 
in s i g n o f t h e  n e a r - a n o d e b a r r i e r  a s c u r r e n t  i n c r e a s e s ,  I > I* (i.e., m a x i m a l  i n c r e a s e  of anode c u r r e n t  densi ty ,  
Ja ) J ~ ) ,  o r  as  the flow r a t e  of the d r i v e r  gas d e c r e a s e s ,  G < G ,  (i.e., m a x i m a l  d e c r e a s e  of concen t r a t ion  of 
c h a r g e d  p a r t i c l e s  such that  j~ ~ Ja), fol lowed by a sha rp  i n c r e a s e  of the a c c e l e r a t o r  supply voltage with a 
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minimal  inc rease  in cu r r en t  and often inadmiss ib ly  high anode heat  release,~f is apparent ly  the cause of 
such c r i s i s  phenomena.  

Exper imenta l  data have demons t r a t ed  that  ionic hea t ing  [in Eq. (2), the second t e r m  on the right]  
amounts  to f r o m  a few p a r t s  to 1070 of the total  anode heat r e l e a s e .  An analys is  of Eq. (2) then implies  
that  the volt equivalent  Uef in the r e g i m e  of negat ive U a (without taking into account rad ian t -convec t ive  
heat flow q) will be of the o rde r  of magnitude of the effect ive work  function q~ of the anode ma te r i a l  [more 
p r e c i s e l y ,  g r ea t e r  than q~ by a magnitude on the order  of (k /e )Te] .  It is p r e c i s e l y  these f igures  that were  
obtained in the expe r imen t  (cL Fig. 2). S imi lar  r e su l t s  have been obse rved  a lso  in other  s tudies (for e x a m -  
ple,  [3]). The inc rease  in Uef with inc reased  p r e s s u r e  is chiefly due to ionic heating. It should be expec-  
ted that  the ro le  of ionic heat ing will  i nc rease  in a tmosphe r i c  a rc s .  

The volt  equivalent  sha rp ly  i n c r e a s e s  as we p a s s  to pos i t ive  U a (cf. Fig. 2, [3]). This~ls explained 
by the fact  that e l ec t rons  de te rmin ing  the anode heat  flows c a r r y  an ene rgy  eUa units g r ea t e r  than eq~ + 
2kTe,  this  exces s  poss ib ly  r each ing  tens of e lec t ron  volts  [1, 2]. The total  heat  flow Q the re fore  a lso  in- 
c r e a s e s .  

That cu r r en t  densi ty  ja  s ignif icant ly  i n c r e a s e s  as we pas s  to a r eg ime  with pos i t ive  U a is fa r  more  
impor tant  f r o m  the point of view of solving the e lec t rode  cooling p rob l em,  since all the e lec t ron  cur ren t  
j~ p a s s e s  through the anode; m o r e o v e r ,  the speci f ic  heat  flow qa sharp ly  inc reases .  On the other hand, in 
a r e g i m e  with a cont rac ted  d ischarge  e ros ion ,  mel t ing  and other effects  leading to rap id  destruct ion of the 
e lec t rode  will of n e c e s s i t y  appear .  

Thus it has been es tab l i shed  that  the boundary at which one r e g i m e  changes into a second r eg ime  
(change of sign of U a) is a t tained when condition (4) holds. We may  conclude f r o m  these r e su l t s ,  as  well  
as f r o m  data of other s tudies  dealing with the study of the point at which U a changes sign, that this law is 

�9 / ' e ( c u r v e  1: =120 m m  Hg; suff icient ly genera l .  F igure  3, in which U a is depicted as a function of Ja J0 P 
2 : p = 5  m m  Hg; 3: data  f r o m  [3]; 4: data  f r o m  [14]), may  s e rve  as an i l lus t ra t ion of this  fact. 

How often is a r e g i m e  with negat ive Ua encountered  in actual  p l a s m a  units ? I t  has been supposed 
until compara t i ve ly  r ecen t ly  that  U a is pos i t ive  in h igh -cu r ren t  p l a s m a  a c c e l e r a t o r s .  This has been the 
case  in coaxial  channel amp l i f i e r s  at cu r ren t s  of tens  of kA [2]. Recent  invest igat ions have demons t ra ted  
that Ua is negat ive  in mos t  "no rm a l "  r e g i m e s  of s t e ady - s t a t e  a c c e l e r a t o r s  and is pos i t ive  only in so-  
cal led r e g i m e s  that  a re  " o v e r - m a x i m a l " ;  such r e g i m e s  a r e  usually accompanied  by compara t ive ly  rap id  
e lec t rode  fai lure .  

The opinion has been f i r m l y  es tab l i shed  that  U a is pos i t ive  in the course  of investigating a tmosphe r i c  
a r c s ,  in con t ras t  to a c c e l e r a t o r s  in which p r e s s u r e  va r i e s  within the d ischarge  range  f r o m  0.1 to 10 m m  
Hg. It  has been indicated that  U a is pos i t ive  in such d i scha rges  [19]. However,  by in te rpre t ing  probe  m e a -  
s u r e m e n t s  given in [19], we may  hypothesize the p r e s e n c e  of negative U a on cooled anodes in h igh-cur ren t  
a r c s  at a tmosphe r i c  p r e s s u r e  (this has  been a l r eady  indicated in [20]). In fact ,  the difference between the 
floating potent ia l  of the p robe  and the p l a s m a  potent ia l  was  not taken into account in [19]. This co r rec t ion  
under the conditions of this  a r t ic le  is 10 V, accord ing  to some data [21], so that the anode drop will be,  
not 5 V, as was obtained in [19], but - 5  V. 

If  we a s sume  that  U a is negat ive ,  the calcula ted values  for cur ren t  density and specif ic  heat  r e l e a s e  
given by Eqs.  (1) and (2) will  co r r e spond  to values that  have been expe r imen ta l ly  de te rmined  and that a re  
not obse rved  at posi t ive  U a (cf. Table 1). This  once again conf i rms  the fact  that U a is negat ive at a tmo-  
sphe r i c  p r e s s u r e .  

Many studies r e su l t ed  f r o m  inco r rec t  data given by Finkelburg [19], in which the anode drop in a t -  
mosphe r i c  a r c s  was de te rmined  e a l o r i m e t r i c a l l y  [22-26]. It  was f i r s t  a s sumed  in these  works  that U a is 

I" In fact ,  the p ic ture  in the nea r - anode  region of p l a sma  a c c e l e r a t o r s  is indisputably m o r e  complex,  due to the 
p r e s e n c e  of s t rong  in terac t ion  between the flow of conducting gas and the e lec t r i c  and magnet ic  fields.  
Contrac t ion  of the p l a s m a  f r o m  the anode and its overheat ing ,  in pa r t i cu l a r ,  may  lead to the appearance  of 
a c r i s i s  [15; 18]. Fu r the r ,  in p l a s m a  a c c e l e r a t o r s  je is de te rmined  not only by the concentrat ion n and 
t e m p e r a t u r e  Te,  but also by the magnet ic  field s t rength  H. It is difficult for e l ec t rons  to move a c r o s s  the 
l ines of force  of a magnet ic  field,  which leads  to a dec r ea se  in the effect ive value of j~. As a resu l t ,  the 
c r i s i s  mani fes t s  i t se l f  p a r t i c u l a r l y  sha rp ly  and is accompanied  by r e m o v a l  of the cu r r en t s  beyond the ac -  
c e l e r a t o r  section.  

16 



pos i t ive ,  so that  an in te rpre ta t ion  of the r e s u l t s  of the c a l o r i m e t r i c  m e a s u r e m e n t s  gave a false r e su l t ,  
namely ,  the anode drop turned  out to be pos i t ive ,  whe reas  in fact it must  be negat ive.  An ana lys i s  demon-  
s t r a t e s  that t~se of data f r o m  c a l o r i m e t r i c  m e a s u r e m e n t s  to de te rmine  Ida leads  to e r r o r s  in mos t  c a se s  if 
addit ional informat ion is not employed.  

Simi lar  e r r o r s  in de te rmin ing  the magnitude and sign of U a by the c a l o r i m e t r i c  method can also be 
obse rved  in invest igat ions  of h igh -cu r r en t  a r c s  at  p r e s s u r e s  below a tmosphe r i c  (10-500 m m  Hg) [27]. 

Thus,  many expe r imen t s  as well  as some calcula t ions  [28] lead us to conclude that  a pos i t ive  anode 
potent ia l  drop ex i s t s  within a com pa ra t i ve ly  smal l  r ange  of var ia t ion  of d ischarge  p a r a m e t e r s .  There  is 
thus eve ry  ba s i s  for supposing that  Ua can also be negat ive at high p r e s s u r e s  (grea ter  than a tmospher ic ) .  
It  is convenient to organize  the p r o c e s s e s  in p l a s m a  units tn such a way that  a t rans i t ion  to a r e g i m e  with 
pos i t ive  U a is not r ea l i zed ,  since it is l e s s  convenient f r o m  all points  of view. 
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E X C I T A T I O N  O F  E L E C T R O M A G N E T I C  O S C I L L A T I O N  IN 

T H E  P L A S M A  Z O N E  O F  AN E L E C T R O N - I O N  O S C I L L A T I N G  

D I S C H A R G E  

V. M. R a s h k o v a n  a n d  F .  M. T r u b c h a n i n o v  UDC 533.98 

Exper imenta l  data a r e  p resen ted  on the excitation of e lec t romagnet ic  oscil lat ions in the plasma 
of an e l e c t r o n - i o n  osc i l la t ingdiseharge .  The mechan ism by which the neut ra l  medium is excited 
by means of a beam of osci l la t ing e lec t rons  and the resul t ing  excitation of e lec t romagnet ic  r ad i -  
ation a re  considered.  The exper imenta l  r e su l t s  reasonably  agree  with theore t ica l  conclusions 
for the idealized case  of the passage of an e lec t ron  beam through a neutra l  medium. A possible 
mechan ism for the acce le ra t ion  of h igh-energy  e lec t rons  by an e lec t romagnet ic  wave is hypo- 
thesized.  

It has been demonst ra ted  in a number of works [1-3] that studied a n e l e c t r o n - i o n  osc i l la t ingdischarge  in 
a magnetic field, that the d ischarge  cavity divides into two mutually connected regions in which the e lect rons  
and ions osci l la te  at low p r e s s u r e s  in a sys t em of e lec t rodes  whose potential  a l ternates  in sign. The e lec t ron 
component of the plasma is continuously populated bas ica l ly  by ionization p rocesses  within the discharge.  The 
ion component is continuously populated due to ionization of the atoms of the neutra l  gas by the oscil lat ing e lec-  
t rons .  

The ionization mechanism for a neutra l  medium by an e lec t ron beam was theore t ica l ly  solved in [4]. It 
was demonst ra ted  that b r emss t r ah l tmg  and sca t t e r ing  is accompanied by a dis turbance of the medium in some 
spatial  zone, fo rmed  due to cascade  ionization p roces se s  by the e lec t rons  of the neutral  atoms.  Oscillations 
with a f requency [4] 

Kharkov. Trans la ted  f rom Zhurnal  Prikladnoi Mekhaniki i Tekhnicheskoi Fizik[, No. 1, pp. 25-27, Janu- 
a r y - F e b r u a r y ,  1976. Original a r t ic le  submitted September  10, 1974. 
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