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THE UHF DISCHARGE WITH PRELIMINARY LOCALLY IONIZED GASEOUS MEDIUM 
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In s t i t u t e  of Radioengineering and Electronics, Academy of Sciences, Moscow, U.S.S.R. 

Xhen s tuding the i n t e r a c t i o n  of inten- 
s e  ( E - ~ o v / c ~ )  focused beams of W band 
microwave with a low temperature plasma 
stream flowing out of an e l e c t r o a r c  plas- 
matron i n t o  a raref iekd gas [I], i t  i s  r e  
vealed t h a t  a change of power of both pas 
sed and,espessially,reflected s igna l s  has  
an o s c i l l a t i n g  character  i n  the  c e r t a i n  
region of the parameters of plasma and 

gas (Pig. 1 ) . A s  a ru le ,  o s c i l l a t i o n s  begin 
with some delay in r e l a t i o n  t o  the o r ig in  
of pulse. The value of delay and period 
of o s c i l l a t i o n  a r e  decreased with inare- 
as ing  both dens i ty  of plasma and pressure 
of gas. The b r i g h t l y  luminous region rang 
ing  from the  boundary of a luminous p a r t  
of a plasma stream on the  d i r e c t i o n  t o  
the r a d i a t i n g  antenna i s  v i s u a l l y  obser- 
ved.The more pulse durat ion of a microwa- 
ve beam, the  more d i s tance  through which 
the luminoua region passes in t h i s  d i rec-  
t ion  under o ther  equal conditions. 

The luminous region represents  the 
a r e a  wi th  more increased ion iza t ion  mov- 
i n g  from the  stream t o  the  source of mic- 
rowave energy,ioe.the microwave discharge 
i n i t i a t e d  by previous ion iza t ion  in a 
plasma stream. This assumption i s  suppor- 
ted by d i r e c t  measurements of the plasma 
densi ty  d i s t r i b u t i o n  i n  space between the 
stream a x i s  and the  antenna. The measure- 
ments a r e  made by an in terferometer  with 
a d i e l e c t r i c  waveguide serving a s  a mobi- 
l e  sensor [2 ') .On the  interferograms, in- 
s i d e  the  luminous region a sharp spbke 
corresponding t o  the  increase  of plasma 
dens i ty  with the following slow decrease 
is recorded.The delay time of the  spike 
in r e l a t i o n  t o  beginning a microwave pul- 
se  inc reases  with the displacement of the 

waveguide t o  a rad ia to r  of microwave power 
I n  Pig.2 i s  represented the  plasma den- 

s i t y  space-time dependence pa t t e rn  recon- 
s t ruc ted  from the  oacillograms of the in- 
terferometer s i g n a l  f o r  one of the  regi-  
mes in which the  described phenomenon has  
been detected. I t  is  seen t h a t  a f t e r  s w i t -  
ching the  microwave beam on, the "hump" 
moving f o r  some time towards a microwave 
beam is  appeared on a slope of the r a d i a l  
p ro f i l e  of dens i ty  d i s t r ibu t ion .  Excess 
of consentration over the  undisturbed 
plasma accounts f o r  13C%(in the region of 
the microwave discharge o r ig ina t ion)  till 
450%(at the end of a microv~ave pulse). 
With the absolute  value the plasma densi- 
t y  i n  the region of UHF discharge accou- 
n t s  f o r  0,7-0,9 of the c r i t i c a l  dens i ty  
n -1 ,1 .10~~rn-~ .  It i s  evident t h a t  the  cr-  
o s c i l l a t i o n s  of the  re f l ec ted  s ignale  in 
the  regimes of the  i n i t i a t e d  microwave 
discharge a r e  determined by beat ing bet- 
ween the r a d i a t i n g  and Doppler displaced 
( r e f l e c t e d  from the  running f r o n t  of 
ionization)waves.So i t  i s  easy t o  def ine  
the  f r o n t  propagation veloci ty :  v= c3/24 
where R - the  beat  frequency determined 
from the  oscillograms. The ve loc i ty  o f  
propagation of a microwave discharge is  
found t o  depend on the undisturbed ("pri-  
mingu)plasma parameters and t o  be 

4 (0,543) .I0 cm/sec. These da ta  agree wi th  
fhe r e s u l t s  of the  measurements of the  
f r o n t  of ion iza t ion  ve loc i ty  according t o  
the  delay time of peak on the  in te r fe ro -  
gram corresponding t o  the  microwave d i -  
scharge on moving the  sensor t o  the  an- 
t enna . 

Following Yu.P.Raiser 131 , l e t  us  es- 
t imate the magnitude of the s t a t i o n a r y  
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e l e c t r i c  f i e l d  f o r  a breakdown of neutral  
argon under experimental conditions: 

~~(v/cm)=5,7.10- 
where disignations correspond t o  the ac- 
cepted ones i n  [3] . According to  our 
conditions in the range of pressures of 
0,1+0,5torr, t h i s  estimation defines the 
value of the in tens i ty  of the breakdown 
f i e ld  E=150V/cm,i.er2,5 times more than 
the in tens i ty  realized i n  the course of 
the experiment. The observed phenomenon 
has analogs in some experiments on the op 
t i c a l  breakdown of gases and studing the 
microwave discharges in waveguides [3,4]. 

A s  shown i n  [47 , the diffusion of op- 
t i c a l  resonance radiat ion i s  responsible 
f o r  the formation and propagation of the 
i n i t i a t e d  microwave discharge in a wave- 
guide.In our conditions except t h i s  me- 
chanism, two more physical phenomena seems 
t o  be of concern. F i r s t , the  change of 
f a s t  f r ee  diffusion determining the par- 
t i c l e  runaway in conditions of the neu- 
t r a l  gas breakdown by the ambipolar one 
(peculiar t o  plasma) f a c i l i t a t e s  the pos- 
s i b i l i t y  of the avalanche breeding the 
particles.Second,the increase of the ton i  
zing microwave e l e c t r i c  f i e l d  due to  both 
wswellingn the f i e l d  in the nonuniform 
plasma near the resonance point and reflcc 
t i ng  the wave from the gradient of plasm 
concentration has great  sagnif icance. The 
determination of a comparative importance 
of these mechanisms f o r  the described phe- 
.bornenon w i l l  be the subject t o  be inves- 
tigated. 
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