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High-speed photography has been used to establish the presence of 
sonic oscillations in the regions of compressed plasma formed as a 
result of interaction of the opposing supersonic jets of a high-power 
impulsive discharge. In time-resolved photographs the propagating 
sonic perturbations are registered as bands of varying brightness. The 
plasma temperature in the shock-compressed regions can be deter- 
mined by measuring the rate of propagation of the sonic perturbations. 

Under certain conditions when an impulsive dis-  
charge is created at atmospheric pressure  in air, the 
electrode flames form plasma jets propagating at 
supersonic velocity [1]. Where the jets from oppos- 
ing electrodes meet, regions of shock-compressed 
plasma may be formed. Below, we consider certain 
propert ies  of these plasma formations which are  of 
interest  from the standpoint of discharge parameter  
diagnostics.  

The regions of shock-compressed plasma are most  
c lear ly manifested in high-power discharges.  We 
studied discharges in air  at atmospheric pressure  
created by a capaci tor  bank at two values of the capa- 
citance: 200 and 800 #F. The initial voltage was 3 kV, 
the inductance of the discharge circuit  1 #H. The 
electrodes were copper with hemispherical  tips ; the 
interelectrode gap measured 7 ram. The s t ructure  of 
the discharge cloud was studied by means of high- 
speed t ime-resolved  and frame photography. In the 
high-speed photographs the regions of shock-com- 
pressed  plasma are regis tered in the form of zones 
of increased brightness [1-3].  

The figure shows typical t ime-resolved photographs 
of the discharges in question, together with individual 
f rames  corresponding to the middle stage of the pulses ; 
the pictures were obtained at a film speed of 125 000 
f r ames / s ee  for the following values of the parameters :  
U = 3 k V ,  L = l p H ,  C = 8 0 0 p F  (a), C = 2 0 0  pF  (b). 
An examination of the photographs shows that, begin- 
ning with a certain phase of the discharge, a region 
of increased brightness, separated from the electrodes, 

is formed in the intereleetrode gap, the upper and 
lower luminescence fronts executing almost sinusoidal 
oscillations with a phase shift of 180 ~ As a rule, the 
oscillations of the luminescence fronts take place with- 
out contact with the electrodes, as may be seen par-  
t icularly clearly in the discharge at 200 pF .  For  a 
fixed electrode gap the frequency of the oscillations 
is quite well reproduced in successive pictures.  On 
the average it is 1.6 �9 105 see -1 and decreases  some- 
what toward the end of the pulse. It is also charac te r -  
istic that points on the upper and lower luminescence 
fronts oscillating in phase are  connected by inclined 
bands of equal brightness.  

These observations may be explained as follows. 
In [1] it was shown that under the discharge conditions 
in question, the electrode jets are  supersonic.  It can 
therefore be assumed that the bright region in the 
interelectrode gap is a condensed volume of plasma 
bounded in the direction of the electrodes by compres-  
sion shocks. This volume of plasma may serve as a 
plasma resonator  in which perturbations in the e lec-  
trode jets are capable of creating compression and 
rarefaction waves propagating inside the volume at 
sonic velocity. According to the laws of hydrodynamics 
[4], a compression wave, on reaching the opposite 
shock-supported front, should sweep it away to the 
electrode.  As a rarefaction wave approaches the 
luminescence front, the latter should move away from 
the electrode.  In the t ime-resolved photographs the 
compression and rarefaction waves evidently c o r r e -  
spond to the inclined bands of different brightness con- 
necting points on opposite fronts that oscillate in phase. 
Compression waves must correspond to bands of in- 
creased brightness, and rarefaction waves to bands 
of reduced brightness.  In particular,  this explanation 
is in agreement with the fact that the fo rmer  bands 
connect points closest  to the electrodes, and the latter 
those furthest away. These bands cannot be ascr ibed 
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to o rd ina ry  motion of the vapor je ts  ejected from the 
e lec t rodes ,  s ince they do not extend outside the br ight  
region.  

If the incl ined bands in quest ion co r re spond  to 
propagat ing  sonic pe r tu rba t ions ,  then from the i r  i nc l i -  
nat ion one can eas i ly  de t e rmine  the speed of sound in 
the p lasma contained in the c o m p r e s s e d  region and 
hence the p lasma t e m p e r a t u r e .  

A method of de t e rmin ing  the t empe ra tu r e  of a p lasma 
by m e a s u r i n g  the speed of sound in a spark  d i scharge  
through a cap i l l a ry  was cons idered  in [5]. The t em-  
pe ra tu r e  dependence of the speed of sound in a p lasma 
with a l lowance for ionizat ion is as follows: 

c= V~( t+~)RT/A  (~ = cp/~). (1) 

Here A is the a tomic weight, and x the degree  of 
ionizat ion.  

In d e t e r m i n i n g  the t e m p e r a t u r e ,  Eq. (1) is sotved 
together  with the Saha equation 

x2 =2.51gT--~3~ Eu~6.49 (2) 
p l g  i - -  x 2 

where  p is the p r e s s u r e  in atm~ and E u is the ion iza-  
tion potent ial  in eV. 

F rom the incl ined bands in the c o m p r e s s e d  reg ions  
we d e t e r m i n e d  the speed of sound at different  s tages  
of the d i scharge  and on the bas i s  of (1) and (2) ca l -  
culated the t empe ra tu r e ,  taking 7 equal to 1.25 and 
the p r e s s u r e  inside the c o m p r e s s e d  region equal to 
5 a tm.  This p r e s s u r e  was e s t ima ted  with al lowance 
for the ve loci t ies  of the opposing p la sma  j e t s .  The 
unavoidable  e r r o r  in e s t ima t ing  the p r e s s u r e  does 
not have much effect on the r e su l t s  of the t e m p e r a -  
ture  m e a s u r e m e n t s .  For  example,  if we a s s u m e  that 
jet  i n t e rac t ion  does not lead to any i nc r ea se  in pres~ 
su re  (p = 1 aim),  we obtain a t e m p e r a t u r e  reduct ion 
of about 5-10%. The ca lcu la t ions  were  based on the 
a s sumpt ion  that the p l a sma  cons i s t s  p r i m a r i l y  of 
copper atoms and ions. Spectroscopic studies of the 

discharge show that in these discharges impurities 
formed by the components of air are present only in 

insignificant amounts. 
We present the results of measurements of the 

speed of sound c (in m/sec) and plasma temperature 
T (~ obtained at several values of the time t in ~ sec 

from the beginning of the pulse at capacitances C -- 

= 800 and 200. 

$=50 56 62 68 74 80 
c=2050 |900 1750 1650 t650 1550 

T0-~i4000 i2900 tl 800 1i 200 li  200 t0 600 

~-----46 92 98 30* 36* 43* 50* 
c=1500 t500 1200 1450 1375 1250 1050 

T0=t0200 10 200 8700 9800 9500 8600 6600 

(Here the a s t e r i s k s  denote m e a s u r e m e n t s  at a ca-  
paci tance of 200 p F. ) 

The beginning of the m e a s u r e m e n t s  co r responds  to 
the phase of the d i scharge  in which a condensed r e -  
gion is formed and incl ined bands appear  in the t ime -  
reso lved  photographs.  

It is c l ea r  f rom these data that a h igher  t e m p e r a -  
ture  is reached in the h ighe r - capac i t ance  d i scharge .  
In both cases  the t e m p e r a t u r e  dec rease s  toward the 
end of the pulse,  which is in a g r e e me n t  with the usual  
notion that the m a x i m u m  value of the t e m p e r a t u r e  
occurs  in the in i t ia l  s tage of the d ischarge~ 

Osc i l l a t ions  of the l uminescence  fronts  and incl ined 
bands inside the c o m p r e s s e d  region a re  observed  not 
only in the f i r s t  ha l f -pe r iod  of the d i scharges  but also 
in subsequent  ha l f -pe r iods .  As might  be expected, the 
inc l ina t ion  of the bands in these ha l f -pe r iods  dec reases ,  
which indicates  a s imul t aneous  d e c r e a s e  in the speed 
of sound and p la sma  t e m p e r a t u r e .  F o r  example,  in 
the second ha l f -pe r iod  of 200 p F d i scharge  the m a x i -  
mum t empera tu r e ,  m e a s u r e d  by the method descr ibed,  

r i s e s  only to 8000 ~ K. 
Thus, the above in te rp re ta t ion  of the s t r u c t u r e  of the 

d i scharge  cloud in the p resence  of supe r son ic  e lec t rode  
je ts  provides  a s imple  me a ns  of d e t e r m i n i n g  the p l a sma  

t e m p e r a t u r e  f rom m e a s u r e m e n t s  of the propagat ion 
velocity of the sonic  pe r tu rba t ion  r e g i s t e r e d  on t ime -  
reso lved  photographs.  The proposed method p e r m i t s  
t e m p e r a t u r e  m e a s u r e m e n t s  with t ime  reso lu t ion .  
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