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A descript ion is given of a method and resu l t s  of investigation of the br ightness  of shock 
waves in argon of normal  density in the spectra l  region 78 nm < X < 99 nm. The exper imen-  
tal values of brightness t empera tures  a re  evidence that the radiat ion is "black" in the shock 
speed range investigated, f rom 4.9 to 9.2 km/see .  The absorption coefficients of the shock- 
compressed  argon a re  evaluated. 

The br ightness  of s t rong shock waves in inert  gases  was previously investigated experimental ly in the 
visible and near UV spectral  regions  [1, 4]. The absence of experimental  data on the spectra l  distribution 
of the radiat ion in the shortwave spec t ra l  region,  which contains most  of the radiat ive energy is associa ted 
with the difficulty of using the known methods for record ing  the vacuum UV [5] i n the  specific conditions of 
the shor t -dura t ion  experiment.  

The present  paper shows that it is possible to determine the br ightness  of an inert  gas in the spectral  
region near  the ionization potential (~0) f rom the experimental ly  measured  intensity of volumetr ic  photo- 
ionization of atoms of a gas mixture with known ionization potential (r < ~0), added in a cer ta in  proport ion 
(~0.1%) to the gas under investigation. 

It has been observed that an e lectr ic  cur rent  flows in the c i rcui t  of an e lec t r ica l  probe mounted in 
front of a shock wave, the probe taking the form of two plane e lec t rodes  supplied with a voltage f rom an ex- 
ternal  source.  The cur ren t  can only resu l t  f rom volume photoionization of the added atoms whose ioniza- 
tion potential is less than that of the basic gas, since radiat ion with quantum energy hv > (P0, capable of 
ionization atoms of the basic gas, is absorbed in a thin layer  immediately ahead of the shock [6]. If the 
flow densit ies are  small  enough the radiat ion can fall in the "saturat ion" reg ime,  where all the charged pa r -  
t icles formed f rom volumetr ic  photoionization do not recombine,  but reach  the e lect rodes ,  and the cur ren t  
I is then a measure  of the photoionization intensity q, i.e., the number of e l e c t r o n - i o n  pai rs  formed in unit 
volume and unit t ime is 

I 
q = ~ ,  (1) 

where e is the e lectron charge;  S is the a rea  of the probe e lect rodes;  and d is the distance between the e lec-  
t rodes.  The photoionization intensity is determined by the flux density of quanta N at the probe position (at 
distance z f rom the shock front): 

q(z)=•215 sin ~ a exp (--• (2) 

where ~0 is the photoionization absorpt ion coefficient of the impurity;  N O is the flux density of quanta r ad -  
iated f rom the shock front in the spectra l  range r < hv < q~0; and o~ is a specific experimental  geometr ica l  
angle, i.e., the angle seen by the radiat ing surface f rom the point z. F r o m  Eqs. (1) and (2) we obtain 
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I exp (u0z) (3) 
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The absorption coefficient Vr which depends on the impuri ty 
concentrat ion and is therefore  unknown beforehand, is deter-  
mined experimental ly by means of two probes,  mounted at dif- 
ferent  distances z 1 and z 2 f rom the shock front. F r o m  Eq. (3) 
we can derive a formula for computing ~0 in t e rms  of the probe 
cur ren ts  I 1 and I2: 

1 ' , I t sin ~ a ,  

Thus, the proposed method allows us to calculate the radiat ive flux N O in the spect ra l  region given by the 
ionization potentials of the basic gas and the impurity, and then to determine the brightness tempera ture  
f rom No, i.e., the tempera ture  of a perfect  black body which radia tes  the same flux of quanta per unit a rea  
in the given spect ra l  range as the test  object. 

In the experiments  two electr ic  probes 6 were used to r eco rd  the radiat ion f rom shock waves ob- 
tained by discharging a plane detonation wave at the face of a cyl indrical  charge of explosive mater ia l  3, 
located in the tube 4 with argon of standard density (Fig. 1; 1) the e lect r ical  detonator, 2) the explosive lens). 
The probes were  mounted at distances of 40 and 55 cm from the face of the charge near the tube axis. In 
order  to reduce the radiat ive density incident on the probe, and also to r eco rd  radiat ion only in the central  
part  of the shock Wave front, a diaphragm 5 with aper ture  diameter  d 1 = 1.5 mm was placed between the 
probes and the explosive charge [the diaphragm diameter determines  the angle in Eq. (2): in sin a = 
di/Z, where Z is the distance f rom the diaphragm to the probe]. Immediately ahead of the probe there was 
a slotted diaphragm 8 of t ransparent  plastic, the slot width (d 2 = I mm) being chosen so that radiat ion would 
not s tr ike the probe electrodes  7 and the r ecorded  signal would not be distorted by the influence of the 
photoeffect f rom the electrode surface [with the diaphragm present  one should replace  d by d 2 in Eqs. (1) 
and (3)]. The area  of the e lect rodes  was S = 1.0 • 1.5 cm 2, and the distance between them was d = 2 mm. 
The e lect rodes  were given a voltage U0 = 500-1000 V. The current  in the probe c i rcui t  was r ecorded  by a 
type OK-33 oscil loscope.  

The shock speeds in the tube were  measured  by a photographic t iming method in pre l iminary  tests .  

The tube was filled with "pure" argon f rom a bottle by flushing for 2-5 rain immediately before a test.  
With this filling method a very small  amount of a tmospheric  air  r ema ins  in the tube (~'0.1%), the main com-  
ponents of which (oxygen and nitrogen) constitute the impurity in the tes t  gas. The remaining impuri t ies  
can be neglected because of their considerably smal ler  concentration. The ionization potentials of argon,  
nitrogen, and oxygen a re  15.7, 15.8, and 12.5 eV, respect ively  [5]. The nitrogen impurity, whose ionization 
potential is grea ter  than that of argon, does not affect the probe measurement  resu l t s ,  since the radiat ive 
spect rum of the shock wave is l imited by the argon ionization potential. The ionization intensity measured  
by the probe is determined by radiation with quantum energy in the range f rom the ionization potential or 
argon to that of oxygen, which cor responds  to the wavelength interval 78.0 n m <  7, < 99.0 rim. 

The probe pa ramete r s  were chosen so that saturation cur ren t  was obtained [7] at the given ionizing 
radiat ive flux. It is known that the voltage between the electrodes in this event must  be large enough, on 
the one hand, so that the effects of the volume charge between the e lectrodes  and of recombinat ion of charged 
par t ic les  may be neglected, and must not be so large,  on the other hand, that the motion of the charged par-  
t ic les  in the electr ic  field will generate secondary ionization of gas atoms by coll isions.  

The ion density due to volume photoionization was not greater  than nma x = q% where v = d2/k+U0 is 
the t ime of flight of an ion between the electrodes,  and k+ is the ion mobility. The effect of volume charges  
can be neglected if the associated change in e lectr ic  field intensity AE ~ enmaxd/2s 0 (~0 is the e lectrosta t ic  
constant) is small  compared with the initial intensity E 0 = U0/d, i.e., if 

(4) 
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With  U 0 = 103 V, d = 10 -3 m and k+ = 3 �9 10 -3 m2/V �9 s ec  ( e s t i m a t e d  u s i n g  the 
L a n g e v i n  f o r m u l a )  we obta in  the  cond i t i on  q << 10 t7 1 / c m  '~" s e c .  F r o m  the 
so lu t i on  in [7] of  the  s t e a d y  mo t ion  of e l e c t r o n s  and ions  b e t w e e n  p l ane  
e l e c t r o d e s  i t  fo l lows  tha t  the  v o l u m e  c h a r g e  can  be  n e g l e c t e d  in t h e s e  e x -  
p e r i m e n t a l  c o n d i t i o n s ,  even  for  q = 10 t~ 1 / c m  3 � 9  

The  r a t e  c o n s t a n t  fo r  oxygen  and r e c o m b i n a t i o n  of a r g o n  of s t a n d a r d  
d e n s i t y  i s  no t  l a r g e r  than  k = 10 -7 c m 3 / s e c  [8]. The  n u m b e r  of  ions  r e -  
c o m b i n i n g  p e r  uni t  v o l u m e  p e r  uni t  t i m e  is  not  g r e a t e r  than  k n 2 a x  . Sub-  

s t i t u t i n g  n u m e r i c a l  v a l u e s ,  we can  check  tha t  when cond i t i on  (4) i s  s a t i s f i e d ,  the  n u m b e r  of r e c o m b i n i n g  
ions  is  n e g l i g i b l y  s m a l l  c o m p a r e d  with  q. 

An e s t i m a t e  of  the  c o l l i s i o n  i o n i z a t i o n  c o e f f i c i e n t  (the T o w n s e n d  coef f i c ien t )  shows  t ha t  the  s e c o n d a r y  
i o n i z a t i o n  is  a l s o  n e g l i g i b l e  [7] in a r g o n  a t  a t m o s p h e r i c  p r e s s u r e  and  with  E 0 = U0/d = 5" 103 V / c m .  

T y p i c a l  c u r r e n t  o s c i l l o g r a m s  in the  p r o b e  c i r c u i t  a r e  shown in F ig .  2 (a is  fo r  p r o b e  1; b i s  fo r  p r o b e  
2; and the p e r i o d  of the  r e f e r e n c e  s i n u s o i d  is  1 ~ s e c ) .  The  c u r r e n t  i n c r e a s e s  f r o m  z e r o  to a m a x i m u m  in 
the  f i r s t  1 .5 -2 .0  p sec  and then  r e m a i n s  r o u g h l y  c o n s t a n t  unt i l  t i m e  t I.  The  t i m e d  p h o t o g r a p h i c  m e a s u r e -  
m e n t s  showed  tha t  the  shock  s p e e d  in the  tube  r e m a i n e d  p r a c t i c a l l y  c o n s t a n t  for  t < t i ,  and  t i m e  t 1 c o r r e -  
sponds  to the shock  wave  a p p r o a c h i n g  the d i a p h r a g m .  

T a b l e  1 p r e s e n t s  pho to ion i za t i on  i n t e n s i t i e s  q c o m p u t e d  f r o m  the  v a l u e s  of I m,  the  gas  a b s o r p t i o n  
c o e f f i c i e n t s  n 0 a h e a d  of the  shock ,  and  the  b r i g h t n e s s  t e m p e r a t u r e s  Te f f  in the  s p e c t r a l  r e g i o n  i n v e s t i g a t e d .  
In c a l c u l a t i n g  b r i g h t n e s s  t e m p e r a t u r e s  we u s e d  the  t a b l e s  of [9]. F o r  c o m p a r i s o n  we a l s o  g ive  c o m p u t e d  
v a l u e s  [3] of a r g o n  t e m p e r a t u r e  beh ind  the  shock ,  c o r r e s p o n d i n g  to the  shock  s p e e d  a s  d e t e r m i n e d  e x p e r i -  
m e n t a l l y .  

The  vo l t age  on the  p r o b e  e l e c t r o d e s  was  v a r i e d  in the  e x p e r i m e n t s  in the  r a n g e  U 0 = 600-1000 V. 
V a r i a t i o n  of the  e l e c t r o d e  vo l t age  d id  not  a f f ec t  the  c u r r e n t  g rowth  t i m e ,  n o r  the  va lue  of T e f  f. T h i s  r e s u l t  
i n d i c a t e s  tha t  the  p r o b e  p a r a m e t e r s  c h o s e n  by  e s t i m a t i o n  a c t u a l l y  c o r r e s p o n d  to the  c u r r e n t  s a t u r a t i o n  r e -  
g i m e ,  and  t ha t  the  s t e e p  f a l l  a t  the  l e a d i n g  edge  of the  c u r r e n t  p u l s e  i s  d e t e r m i n e d  by  i n c r e a s e  in b r i g h t -  
n e s s  when the de tona t ion  wave  e x i t s  into the  tube f r o m  the gas ,  and  not  by  a t e m p o r a r y  b r e a k d o w n  of the  
p r o b e .  

The  b r i g h t n e s s  t e m p e r a t u r e s  o b t a i n e d  f r o m  the p r o b e  m e a s u r e m e n t s  a r e  c l o s e  to the  c o m p u t e d  gas  
t e m p e r a t u r e  and a g r e e  we l l  with the  r e s u l t s  of  b r i g h t n e s s  m e a s u r e m e n t s  in the  n e a r - U V  and v i s i b l e  r e -  
g ions .  T h i s  s u p p o r t s  the  c o n c l u s i o n  t ha t  in the  r a n g e  of shock  s p e e d s  i n v e s t i g a t e d  in a r g o n  one can  r e g a r d  
the  r a d i a t i o n  to be  b l a c k ,  not only  in the  s p e c t r a l  r e g i o n s  p r e v i o u s l y  i n v e s t i g a t e d ,  bu t  a l s o  in the  v a c u u m  
UV, 7 8 r i m <  X <  9 9 n m .  

The  a b s o r p t i o n  c o e f f i c i e n t  ~r whose  va lue  w a s  r o u g h l y  the  s a m e  (n 0 ~ 0.1 c m  - t )  in a l l  the  t e s t s ,  i s  
d i c t a t e d  by  the i m p u r i t y  c o n c e n t r a t i o n :  n -~ ~t0/(r = 1015-106 c m  -s ,  w h e r e  q = 10 - t ? -10 -1~  c m  2 [5] is  the  
oxygen  a b s o r p t i o n  c r o s s  s e c t i o n  in the s p e c t r a l  r e g i o n  78 n m <  X < 99 nm. 

F r o m  the i n c r e a s e  in s h o c k - w a v e  b r i g h t n e s s  in the  f i r s t  m o m e n t s  a f t e r  the  de tona t ion  s e t s  out  f r o m  
the f ace  of the  e x p l o s i v e  c h a r g e ,  e s t i m a t e s  of  the  a b s o r p t i o n  c o e f f i c i e n t  ~r of the  r a d i a t i n g  g a s  w e r e  m a d e .  
The  t h i c k n e s s  of  the  g a s  l a y e r  c o m p r e s s e d  by  the shock  i n c r e a s e s  a s  x = D t / 5 ,  w h e r e  D is  the  shock  speed ;  
5 i s  the  r e l a t i v e  c o m p r e s s i o n  in the  shock .  The  r a d i a t i v e  d e n s i t y  N m u s t  i n c r e a s e  b e c a u s e  of  i n c r e a s e  in 
the  o p t i c a l  t h i c k n e s s  of the  r a d i a t i n g  g a s  l a y e r ,  a c c o r d i n g  to the  law [6] 
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N =  Y,~ [i -- exp (-- -gl D T t)]. 

F rom the cu r r en t  osc i t lograms we const ructed the re la t ion  

lg ~ = ] (t), 

and the mean values of f ( t )  were  de termined f rom severa l  osc i l lograms (between 4 and 10) for each t ime 
instant. The mean values a re  a good fit to a s traight  line, and f rom the slope we de te rmine  the absorpt ion 
coefficient  ~ i  of the shock-compressed  argon given in the table.  

In conclusion, it shouldbe noted that in process ing  the exper imenta l  data we did not account for  effects  
such as  line absorpt ion by a toms of the basic gas, the dependence of ionization c ro s s  sect ion of impuri ty  
a toms on wavelength in the spect ra l  region  investigated, nor edge effects  at the probe e lec t rodes .  E s -  
t imates  indicate that neglect  of these  effects  should lead to low values of br ightness  t empera tu re s .  The 
fact that the br ightness  t empera tu re s  proved to be close to the highest  possible values for equil ibrium r ad -  
iation of a perfec t  black body just i f ies  the assumptions made and gives r ea son  to hope that the present  
method can be used to investigate br ightness  not only of shock waves,  but of other plasma objects,  for  ex-  
ample: a l a se r  plasma or the plasma of a high-power gaseous discharge.  
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