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As was noted in [1], the radiat ion capture  effect  can lead to a noticeable degradat ion in the geomet r ica l  
resolut ion of m e asu remen t s  using the electron-be~wn exci ta t ion technique.  We should s t r e s s  that the effect  
usual ly  appears ,  not because  of reabsorp t ion  of the line investigated,  but because of a dipole bond between 
the upper  t e r m  of the chosen t rans i t ion  and the atomic ground state .  

In o r d e r  to improve  the design, it  is  useful to der ive  the appropr ia te  es t imates  fo r  choosing c o r r e c t  
conditions in a diagnostic exper iment .  

Le t  an e lec t ron  beam,  assumed,  fo r  s impl ic i ty ,  to be infinitely thin, be d i rec ted  along the z axis;  let  
the m e a s u r e m e n t  of intensi ty  of the line I(x) be pe r fo rmed  along the line of sight, lying in the plane normal  
to the axis ,  and distant  f rom it  by an amount x. We introduce the cha rac t e r i s t i c  dimension l ,  defining the 
boundary of emiss ion  of the main  por t ion  a of the line intensi ty (a -~ 0.8-0.9). If A is the s t rength of the 
line exci tat ion source ,  then 

[ I (x) dx --- A/8n,  i I (x) dx = (i - :  c~) A/8~. 
l;~ (1) 

Let  p be the modulus of the two-component  v e c t o r  (x, y) giving the emiss ion  point. Then, f rom the axial 
s y m m e t r y  of the problem,  we have 

I (x)  = ~ n (O) O (W - x~) -~ /~  c~p, 
x 

(2) 

w h e r e  y~ is the probabi l i ty  of spontaneous emiss ion  for  the m e a s u r e d  line; and n(p) is the densi ty  of ex-  
ci ted s ta tes .  

We can find n(p) by using an analyt ical  express ion  fo r  Green ' s  function of the diffusion eqNation for  
resonance  radiat ion [2]. F o r  our  problem we m a y  cons ider  t h a t t h e  absorpt ion coefficient  prof i le  k (u) is  
Gaussian,  and that the optical  th ickness  of the l ay e r  at the l i ne -cen te r  f requency v 0 is quite la rge .  In o ther  
words ,  the condition p >> k~ 1, where k 0 = k(v 0) is valid,  and, a f t e r  ce r ta in  manipulat ions,  based on the fo r -  
mulas  of [2], this  gives 

a o  

Ag2 (p____~) f ~_.~2 K 

where  K 0 is the MacDonald function and g(x) = ( 4 k o x y l / V o ) ( l n k o x / r r  

Returning to Eq.  (2), we find that 

4n2z O i + ~" " 
0 

F o r  x >> x 0, where  x 0 is  de te rmined  f rom the condition g(x 0) = 1, we can simplify Eq. (3): 

(~) 

I(x) ~- A/4u:xg(x). (4) 
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Putt ing ~ = 0.8, and taking into account  tha t  Eq. (4) is ce r t a in ly  appl icable  fo r  x > 1 / 2 ,  f r o m  Eq. (1), 
we find tha t  

40nVog o 
z = ~ , ~ N g ,  l , i-~/-" (~,o/~,~). (5) 

Here  we have  used  an expl ic i t  e x p r e s s i o n  f o r  the absorp t ion  coeff icient  at  the cen te r  of the r e s o n a n t  ( r eab-  
sorbed) l ine with wavelength ~'0, b roadened  due to  the Doppler  effect;  ~0 = (2kT/m)l /2 ;  T is  the gas  t e m -  
p e r a t u r e ;  N is  the dens i ty  of a toms  in the ground s tate;  and go, gl and 70 a r e  the s ta t i s t i ca l  weights and 
t he i r  p robabi l i ty  of em i s s i on  in a r e sonance  t rans i t ion .  

We now introduce s o m e  e s t i m a t e s  f o r  the f requent ly  u sed  hel ium l ines  hi = 501.6 nm (the 2~S0- 31Pl) 
t r ans i t ion  f requent ly  used for  diagnost ic  p u r p o s e s .  He re  71 = 1.34 - 10 ~ sec  -1 [3] and the upper  t e r m  is 
l inked with the pa rahe l ium ground s ta te  ltS0 by  a dipole-al lowed t ransi t ion:  ~0 = 53.7 nm; 70 = 5.66 �9 108 
s e c  -1 [3]. 

F i r s t ,  f r o m  the data  of [1] we m a y  s ta te  that  in an actual  expe r imen t  i t  i s  p r ac t i ca l l y  imposs ib le  to 
c r e a t e  conditous where  the gas  l a y e r  at wavelength ~0 will  be opt ical ly  thin and the in tensi ty  of the m e a -  
su red  line will  be  sufficient  fo r  re l iab le  r ecord ing .  Thus,  we m u s t  c l e a r l y  allow fo r  the radia t ion  capture  
effect .  I f  the dens i ty  N i s  m e a s u r e d  in ore-q, then, fo r  ~I = 501.6 n m a t  room t e m p e r a t u r e  Eq.  (5) g ives  

l = 1,45.10 i5 N- ' .  (6) 

I f  we a r e  invest igat ing the r eg ion  at  a shock wavefront  (WF) in a m ix tu r e  of two gases :  l ight He and a 
heavy  gas ,  e .g , ,  Kr, Xe, o r  A t ,  then we can e s t i m a t e  the g e o m e t r i c a l  reso lu t ion  of the m e a s u r e m e n t s  f rom 
the condition 

q = 1/L << 1. (7) 

F o r  a r a r e f i e d  gas  flow L m e a n s  the p r a n d t l  th ickness  of the WF [4], and L ~ (N + Nt) -1, where  N, as  
be fo re ,  means  the pa r t i a l  dens i ty  of He,  and N t i s  the pa r t i a l  densi ty  of the heavy  component  of the mix tu re .  
Then it  follows f r o m  Eqs .  (6) and (7) that  ~ ~ (1 + Nt/N) ,  and we m u s t  t he re fo re  look ca re fu l ly  at the choice 
of the gas  concent ra t ion  in the m i x t u r e ,  s ince the m e a s u r e m e n t  reso lu t ion  m a y  p rove  unacceptable  fo r  N1/ 
N >> 1. In turn ,  this  m a y  have a s t rong  bea r ing  on the accu racy  and re l iab i l i ty  in genera t ing  the in te ra tomic  
potent ia ls ,  and on the c o r r e c t n e s s  in checking the methods  of solving the Bol tzmann equation, e tc . ,  if  the 
study of the WF s t ruc tu re  was  under taken  with these  ob jec t ives .  Here  we do not exclude the poss ib i l i ty  that ,  
in [5], where  the r a t io  N1/N r eached  15 (a m i x t u r e  of A r  and He),  the cons iderable  d i sc repanc ie s  between 
expe r imen t  and theory  [6] r e c o r d e d  m a y  be explained by  the above.  

In conclusion,  i t  i s  r e l evan t  to use  the c r i t e r i a  of  Eq. (5) obtained above re la t ing  to choice of l ines to 
inves t iga te  ce r t a in  t r ans i t i ons  in the s ingle t  and t r i p l e t  p a r t s  o f the  He s p e c t r u m ,  fo r  which the rad ia t ion  cap-  
tu re  ef fec t  cannot p lay  an app rec i ab l e  pa r t ,  and the in tens i ty  of l ines  m a y  be en t i r e ly  acceptable  fo r  m e a -  
su rement :  

2tPl -- 31D~ ~ = 667,8 rim, ~' = 6,4.i07 sec -1, 
21P~ --  41D~ ~ ----- 492.2nm, ~ = 2.0-i07 .~e.c -1, 
2 a P o -  43So )+ ---- 47t,3 ran, Y -- i , i ' i07  see-l, 

23P1,~,3 - -  33D1,~,3 ~ = 587.6mn, ~ = 7.0"507 sec'1- 

These  l ines  He in a p a r t  of the s p e c t r u m  that  i s  convenient  fo r  record ing ,  and fo r  some of them the re  
a r e  da ta  on the exci ta t ion functions [1]. 

The au thors  thank A. K. Rebrov  and E.  P .  Muntz f o r  useful  d i scuss ions .  
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U N I F O R M I T Y  O F  A V O L U M E T R I C  D I S C H A R G E  

C O N T R O L L E D  BY AN E L E C T R O N  B E A M  IN 

A T R A N S V E R S E  M A G N E T I C  F I E L D  

Y u .  V .  A f o n i n ,  A .  M.  O r i s h i c h ,  
a n d  A.  G. P o n o m a r e n k o  

UDC 525.6 

The unique p rope r t i e s  of e l ec t r i c - ion iza t ion  CO 2 l a s e r s ,  the possibi l i ty  of the d i rec t  convesion of the 
ene rgy  of an e l ec t r i c  field into coherent  radiat ion with an eff ic iency of ~ 30%, and the high specif ic  cha rac -  
t e r i s t i c s  of the active medium open up broad  p rospec t s  in the field of the c rea t ion  of powerful  instal lat ions 
with energ ies  of 1-10 kJ  pe r  pulse [1-3]. The use of superpowerful  CO 2 l a s e r  sys tems  for  the solution of a 
number  of scient i f ic  and technical  p roblems  [4, 5] imposes  r a t h e r  s t r i c t  l imi ts  on the quality of the opticat 
cha r a c t e r i s t i c s  of the beam of coheren t  radiat ion,  de te rmined  p r i m a r i l y  by the uni formi ty  of the vo lumet r ic  
d ischarge ,  The invest igat ion of the main  physical  p r o c e s s e s  responsib le  fo r  the uniformity  of the absorp-  
t ion of e l ec t r i ca l  energy  in the voltune of the d ischarge  gap is urgent in this  connection. 

It  was shown in [6, 7] that in vo lumet r ic  d i scharges  of high power  exci ted by an e lec t ron  beam it is 
n e c e s s a r y  to allow for  the influence of the in t r ins ic  magnet ic  field of the cu r r en t  of the p r i m a r y  discharge  
on the dis tr ibut ion of ionization losses  of the beam of fas t  e l ec t rons .  Actually,  the magnet ic  f ield produced 
by the c u r r e n t  of a vo lumet r i c  d ischarge ,  with allowance fo r  i ts  typical  geomet ry  d ~ h << l (d is  the dis-  
tance between the e l ec t rodes ,  h is  the width of the d ischarge ,  and 1 is i ts  length), is  desc r ibed  by the r e -  
lat ion 

h/2 

i H : . .~  - -  -.~ ]oh, 

O 

where  J0 is the average  cu r ren t  densi ty  of the vo lumet r i c  d ischarge .  Consequently,  in the approximation 
J0 - const  ove r  a c r o s s  sect ion of the d ischarge  H grows l inea r ly  f rom the cen te r  to the boundary of the d is -  
charge .  F o r  typical  p a r a m e t e r s  of an e l ec t ron  beam of 0.2-0.5 MeV and a size d ~ 10 cm fo r  the discharge 
gap a magnet ic  field of 0.5-1 kOe can as su re  the capture  of e l ec t rons  into L a r m o r  orbi t s  of r L < d r ega rd -  
l e ss  of ionizing col l is ions with neut ra l  gas molecu les .  In this  case  the dr i f t  of the injected e lec t rons  must  
lead to cons t r ic t ion  of the beam into the region of the minimum value of H. 

The r e su l t s  of p r e l imina ry  exper iments  on a study of the influence of a constant  t r a n s v e r s e  mangetic  
f ield on the e l ec t r i ca l  cha r ac t e r i s t i c s  and c u r r e n t  dis tr ibut ion of a vo lumet r ic  d ischarge  a re  r epor t ed  in the 
p re sen t  a r t i c le .  The magnet ic  f ield configurat ion was chosen as close to the actual one produced by the 
cu r r e n t  of the d ischarge .  

A schemat ic  diagram of the exper imenta l  instal lat ion is p re sen ted  in Fig. 1. An e l ec t ron  beam with a 
cu r r e n t  of up to 100 A, a maximum energy  of 150 keV, a durat ion of 10 -8 sec,  and a c ro s s  sect ion of 8 • 
80 mm ,  produced by a special  e l ec t ron  a c c e l e r a t o r  [8], was injected through t i tanium foil  12 ~m thick into 
the d ischarge  gap, fo rmed  by a high-voltage e lec t rode  1 and a me ta l  gr id  2 with a t r a n s m i t t a n c e . f 0 . 6 ,  The 
distance between the e l ec t rodes  was regula ted  within l imi ts  of 3-7 cm. To m e a s u r e  the cu r r en t  distr ibution 
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