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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] 
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having the sense of the plasma frequency w of the zone of maximal concentration, such that the basic con- 
tribution to the density of successively emitted electrons is made by electrons with energy E less than the 
ionization energy A, can be excited in the resulting plasma surrounding the beam. 

Beam energy oscillates along the electromagnetic field, measured in one direction by multigrid 
probes, significantly exceeds the t r ansve r se  kinetic energy of the success ive ly  emi.tted e lect rons ,  and is 
de termined by values near the maximum ionization c ross  section of the neutral  gas. It amounts to 80-100 
eV for nitrogen. 

The recombinat ion coefficent ~ takes low values, a - 1 0  "13 cm3/sec ,  for these experimental  condi- 
tions. The neutral  gas density N=5.10 ~2 cm ":3 and the value of nov 0 corresponding to a 6 mA cur ren t  of 
osci l lat ing electrons is equal to 3.6.1016 s e c  -1 (here n 0is the l inear density of the oscil lat ing electrons) .  

An es t imate  of ca for the d ischarge  conditions presented  above and the values E 0 = 80 eV, ~ = 15 e V, 
=3.10 -16 cm 2 (nitrogen), and Z =1 (since we are  considering e l e c t r o n - e l e c t r o n  col l i s ions)yie lds  a value 

~2.02.101~ sec  -1 (f=3220 1VIHz). 

Elect romagnet ic  radiat ion f rom the discharge plasma was received by a telescope antenna mounted 
outside the discharge.  The spect ra l  composition of the e lec t romagnet ic  radiat ion was determined by the 
$4-5 spec t rum analyzer .  The antenna was oriented and adjusted to the maximal signal and its position was 
a function of the discharge conditions. Moreover,  e lec t ros ta t ic  p lasma oscil lat ions were r eg i s t e red  by a 
high-frequency probe. The high-frequency probe and its cal ibrat ion were  as in [5]. The probe was mounted 
in the plasma of the electron oscil lating region (in its center) or near the p lasma boundary and could shift 
in the axial and radial  directions of the discharge (Fig. 1, where 1-4 and 6 are  the e lectrodes ,  5 is a cyl in-  
drical  anode, 7 is the telescopic antenna, 8 is the high-frequency probe, and IOR and EOR are  the ion and 
electron oscil lat ing regions).  

Values of frequencies fixed in the experiment by the high-frequency probe and antenna at Us= 10 kV 
and D=600 G basical ly  coincide and amount to 3280-3400 MHz as a function of p re s su re  and voltage U s on 
the e lect rodes  of the electron oscil lating region. 

The experimental  dependence of the plasma frequencies on p re s su re  (Fig. 2a, U s =5 kV} is close to 
that previously presented [4] (broken curve),  but is somewhat s teeper .  The growth in the frequency of r ad i -  
ation of maximal amplitude with increas ing p res su re  is explained by the increase  in the number of e lec-  

t r o n -  e lect ron collision events. 

The amplitude maximum of e lectromagnet ic  radiation increases  with increas ing electr ic  field s t rength  
within the volume of e lectron oscillations (Fig. 2b, p =1.4.10 -~ t o r r ) .  An amplitude oscillation peak (A in- 
c reases  to 9 dB) is observed with a voltage U 1 ac ross  the electrodes of between 5.5 kV and 6 kVt this peak 
exceeding the mean value by a factor between 4 and 6. This is explained in the readjustment  of the topog- 
raphy of the e lec t r ic  field of the ion and electron oscil lat ing regions ,  when excitation is complemented by 
the secondary  e lect rons  of the ion region.  These electrons as they approach the anode, additionally dis-  
turb the neutral  medium as well as its ionization. 

A stable value for the frequency of e lect romagnet ic  radiation is most  likely at p r imary  beam ener-  
gies close to the values of m~  in the ionization c ros s - sec t ion  maximum (for a given gas). Maximal values 
of the oscil lation amplitudes also cor respond to these conditions. 

The influence of a magnetic field (in the range of B between 230 G and 600 G) is insignificant, and it 
can be seen that the amplitude of e lect romagnet ic  oscil lations l inear ly  increases  with increas ing induc- 
tance of the applied magnetic field. 

Such e lec t romagnet ic  radiation accompanies ionization p rocesses  of the neutral  atoms and ion r e c o m -  
bination in an oscil lat ing electron discharge and is apparent ly the source  of energy for fast e lectrons in the 
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course of their self-resonance acceleration within the volume of a cylindrical anode (oscillating electron 
region) [6]. 

The authors wish to express their appreciation to A. S. Dolgov for his interest  in the work and for 
useful discussion. 
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S U P E R H E A T I N G  I N S T A B I L I T Y  IN A P U L S E D  X E N O N  

D I S C H A R G E  

I. I. Litvinov, E. D. Lyumkis, and S. S. Filippov UDC 537.5 

It is shown that previously obtained conditions for superheating instability substantially vary 
if we take into account secondary xenon ionization. Instability completely vanishes if the 
density of heavy part icles in the discharge is kept constant and whenever a discontinuous 
time variation of temperature T in a res t r ic ted  region between 15 �9 103~ and 20. 103~ is pos- 
sible for a constant effective pressure.  The development of instability is studied numeri-  
cally by a ranging method. Stationary temperature  distributions possessing a high contrast 
as a local temperature  passes through a given range of instability with constant pressure 
are presented. 

The possibility of discontinuously varying the temperature  in a strongly radiating pulsed discharge 
under the effect of superheating instability has recently been widely discussed [1-4], such instability a r t s -  
ing when the relat ive increment of plasma emissivity ~ (T) becomes less than the relative increment in 
electr ic  conductivity eCr). The reliabil i ty of the theoretical  prediction of this difference effect substan- 
tially depends on correc t ly  taking into account details in calculating ~ and q~ and thus requires  experimental 
verification. For example, such instability has been detected experimentally [5] for a discharge in a vapor 
plasma in the range of temperatures  T between 16. 103~ and 24.10~~ and also in [6] for a discharge oc- 
curring in erosion products f rom quartz glass. 
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