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ESTIMATE OF THE AMPLITUDES OF THE 

BY AN UNSTEADY GAMMA SOURCE 

F I E L D S  CREATED 

YUo A .  M e d v e d e v  a n d  E .  V.  M e t e l k i n  UDC 537.530 

It is known [1-4] that an unsteady gamma source gives r i se  to an e lectromagnet ic  field in the 
surrounding space,  Most of the studies of the charac te r i s t i c s  of such fields have been pe r -  
formed in the approximation which is l inear  in the field [1-3]. An exception is [4] in which 
the slowing down of Compton e lect rons  by the e lec t r ic  field is taken into account. It follows 
f rom [1, 2] that the cha rac te r i s t i c  scale of the fields crea ted  close to the source  is of the 
o rde r  of 3" 104 V/re.* Although this value is appreciably lower than the value of breakdown 
fields in air ,  e lectr ic  d ischarges  are observed [5] in the vicinity of a gamma source,  indicat-  
ing the presence  of substantial ly l a rger  fields~ One effect not taken into account in the lat ter  
approximation which could lead to an increase  in the f ield is the increase  in e lectron t e r m p e r -  
ature due to the e lectr ic  field [6]. On the one hand, this dec reases  the e lectron mobili ty and 
consequently also the conductivity of the system. On the other  hand, it is known that the e lec-  
tron at tachment coefficient T for electronegat ive molecules s t rongly affects the charac te r i s t i cs  
of e lec t r ic  fields and depends on the electron energy. Therefore ,  the electron balance equation 
must  take account of the dependence of "Y on the electr ic  field through the electron energy,  and 
this leads to a fur ther  change in conductivity. We take account of these effects on the shaping 
of e lec t r ic  fields in air  in the vicinity of the source.  It is assumed that electron lifetimes are 
determined solely by their  attachment to molecules .  This is a good approximation for air 
p r e s s u r e s  nea r  normal  [1-3]. 

Let us consider  the dependence of the electron energy and mobility on the intensity of the e lec t r ic  field. 
It is shown in [4] that if the e lectron thermalizat ion time r = 1 / v 5 ,  where v is the frequency of collisions of 
e lectrons with gas molecules  and 5 is the average relative loss of energy of an electron in a collision, is very 
much shor te r  than the charac te r i s t i c  t imes determining the shaping of e lectr ic  fields, the p rocesses  are quasi-  
stat ic.  In this case one can assume that the electron energy e at a given instant is determined by the e lectr ic  
field E at that same instant. The relat ion between these quantities for 5 = const  and v = v 0 ~  is derived 
in [6] and has the form 

*A s imi la r  value is obtained also f rom the resu l t s  of [1] for  proper  values of the physical constants.  
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e(t) = (t,.'2)%[[ + lZ ,1  + (E(t)/Eo)"-],  (1) 

w h e r e  a o = (3/2)~T; E 2 = 3~TS/8m#2;  #o = e /mvo ;  ~ T  i s  the t e m p e r a t u r e  of the g a s  in e n e r g y  un i t s ;  and e and m 
a r e ,  r e s p e c t i v e l y ,  the c h a r g e  and m a s s  of  an e l e c t r o n .  

U s i n g  (1) we ob ta in  f o r  the  e l e c t r o n  m o b i l i t y  

,tt -- ].-'_5-/.to,' []" 1/1 ~- (E/Eo)  ~ i ]  , (2) 

w h e r e  #o i s  the w e a k  f i e ld  va lue  of the e l e c t r o n  m o b i l i t y .  

U s i n g  s i m i l a r  a s s u m p t i o n s  the s a m e  d e p e n d e n c e  of the e l e c t r o n  m o b i l i t y  on the e l e c t r o n  f ie ld  i s  ob ta ined  
in [7] e x c e p t  that  i t  i s  p r o p o s e d  to use  the e x p e r i m e n t a l  va lue  of the e l e c t r o n  m o b i l i t y  f o r  #0 in E~0 = 5~tTflrm#~. 
In th is  c a s e  Eq.  (2) i s  in good  a g r e e m e n t  with e x p e r i m e n t  [710 S ince  #0 = 106 cgs  un i t s  in a i r  [8], we f ind E 0 = 
50 �9 102 u  H e n c e f o r t h  we sha l l  use  th is  va lue  fo r  e s t i m a t e s .  

The  a v e r a g e  v a l u e s  [8] of the p h y s i c a l  c o n s t a n t s  d e t e r m i n i n g  the i n t e r a c t i o n  of e l e c t r o n s  wi th  a i r  m o l e -  
c u l e s  in the e n e r g y  r a n g e  c <- 1o2 eV can be  w r i t t e n  in the  f o r m  

~,(e) = %(1-%/%)~, vo = t . 75 . t0  tl sec-1; (3) 

5(e) = const = 1.7.t0-~176 (4) 

y(e) = 2.1.t0l~ + 470e2.~-0), sec-1. (5) 

w h e r e  ~ = P/P0 i s  the r a t i o  of  the  a i r  p r e s s u r e  to n o r m a l  a t m o s p h e r i c  p r e s s u r e .  

The  va lue  (5) c h a r a c t e r i z e s  the e l e c t r o n  a t t a c h m e n t  p r o b a b i l i t y  in t r i p l e  c o l l i s i o n s  with oxygen  m o l e c u l e s .  
In the  f n d i c a t e d  e n e r g y  r a n g e ,  and fo r  a i r  p r e s s u r e s  n e a r  n o r m a l ,  r a d i a t i v e  and d i s s o c i a t i v e  c a p t u r e s  o f  e l e c -  
t r o n s  by oxygen  m o l e c u l e s  can  be n e g l e c t e d  [8], and these  p r o c e s s e s  a r e  not t aken  into  account  in (5). In [8] the 
v a l u e s  of v and 5 w e r e  a v e r a g e d  o v e r  d a t a  f r o m  v a r i o u s  e x p e r i m e n t a l  p a p e r s  u s i n g  to ta l  i n t e r a c t i o n  c r o s s  s e c -  
t ions  of e l e c t r o n s  with oxygen  and n i t r o g e n  m o l e c u l e s  which  take  account  of the c o n t r i b u t i o n s  f r o m  v a r i o u s  e l e -  
m e n t  a ry  p r o c e s s e s .  

I t  fo l lows  f r o m  (3)-(5) that  T / v 5  r e a c h e s  a m a x i m u m  value  of 0.4 f o r  c = 0.065 eV and then d e c r e a s e s  f o r  
f u r t h e r  i n c r e a s e s  in e n e r g y .  Since  the e l e c t r o n  l i f e t i m e  1/7 i s  the s h o r t e s t  of the c h a r a c t e r i s t i c  t i m e s ,  the p r o -  
c e s s e s  in the s y s t e m  wi l l  be q u a s i s t a t i c .  

Thus  i t  i s  c l e a r  tha t  i f  the e l e c t r i c  f i e ld  h e a t s  up e l e c t r o n s  to e n e r g i e s  no h i g h e r  than 1.2 eV, i . e . ,  i f  i t s  
va lue  i s  l e s s  than 4 . 8 .  l0  s V/m [cf (1)], then Eqs .  (3) and (4) and the s i m p l e  e x p r e s s i o n s  fo r  the  e n e r g y  (1) and 
m o b i l i t y  (2) b a s e d  on them a r e  va l id .  If the t i m e  d e p e n d e n c e  of the g a m m a  s o u r c e  i s  d e s c r i b e d  by a de '  a 
func t ion ,  the  r e s u l t s  ob ta ined  wi l l  be va l id  at  those  po in t s  of s p a c e  where  the f i e ld  E ~_ 4.8 �9 105 V / m .  The  r e -  
s u i t s  p r e s e n t e d  b e l o w  show that  th is  r e s t r i c t i o n  i s  u n n e c c e s s a r y  i f  the s o u r c e  d e c a y s  e x p o n e n t i a l l y  with t i m e .  

On the b a s i s  of  the above c o n s i d e r a t i o n s  and the r e s u l t s  of [1-4] ,  the  t i m e  r a t e s  of change  of  the f i e l d  E 
and the s e c o n d a r y  e l e c t r o n  d e n s i t y  n, t ak ing  account  of the d e p e n d e n c e  on the  f i e ld  of the m o b i l i t y ,  the  s e c o n d a r y  
e l e c t r o n  a t t a c h m e n t  coe f f i c i en t ,  and the r a n g e  of Compton  e l e c t r o n s  (the f a c t o r  [1 + E ( t ) / E T ] - I  on the r i g h t - h a n d  
s i d e s  of Eqs .  (6) and (7) [4]), we w r i t e  the  s y s t e m  of equa t ions  

dn . 1}A" e - x  / ( t - - z ) .  
7 ~-  Y i~ (t)] ~z = x - ~  ~: E (t) ' (6)  

1 +  E~. 

dE , 4~eUon(t ) ] / Z  E NeI e - x  .i i t - - x )  
dt -; ' r -- Z (t) ' (7) 

which  we s u p p l e m e n t  by  Eq.  (1) and a p p r o p r i a t e  i n i t i a l  c o n d i t i o n s .  In Eqs .  (6) and (7), ~ i s  the n u m b e r  of s e c o n d -  
a r y  e l e c t r o n s  p e r  M e u  of  a b s o r b e d  e n e r g y ,  N i s  the to ta l  g a m m a  y i e l d ,  l i s  the range  of a Compton  e l e c t r o n ,  
1 i s  the r a n g e  of a g a m m a  p r o t o n ,  x = r /X ,  f(t) i s  a func t ion  c h a r a c t e r i z i n g  the t i m e  d e p e n d e n c e  of  the  g a m m a  
s o u r c e ,  and E T = e l ~ e l  _~ 3 �9 10 s V /m,  w h e r e  q i s  the e n e r g y  of  a Compton  e l e c t r o n .  

The  so lu t i on  of  s y s t e m  (6) and (7) i s  g iven  b e l o w  for  a p u l s e d  g a m m a  s o u r c e  and one which d e c a y s  e x p o -  
n e n t i a l l y  with t i m e .  

F o r  a p u l s e d  g a m m a  s o u r c e  
/ ( t )  = ,~(t). 
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In this ease  the solution of sys tem (6) and (7) can be obtained by solving the corresponding homogeneous 
equations with the initial  conditions: 

as t - -x  -*'0 

n--.., n ~ =  n in . 

t +  ~ r  m" 

E._ .  E ~ =  V t o E r --d-'E~ + Ein  Er  2 ' 

wherenin  = (nN/P)e-X/47rxh Ein = (eN~/X3)e-X/x a. Using Eq. (8) we obtain f rom (7) as t - x -  0 

x Ein * 
dE "I./2 70 ~ Ein 

-~ t , 'E0  I 

(8) 

(9) 

whereTo=lO 8 Sec-1; Ea=7ol/#o~? - 3. I0 4 V/m. 

It follows f rom Eqs.  (6), (7), and (9) that 

dE V~l§  -~ , 1 / t +  1/I+(L)" .Eo --  Eir 1 , ff Ea dE 
dt E -i ] 2 7o ~a ~ 7 (e (t)) E dt 

I - - X  

The integral  in Eq~ (10) is t rans formed as follows: 

dt = O. 

' i / '  § - _ 
�9 dE dt = 7 (e(t)) 7(~(E))" I + ] / 1 + (~)~ 

Ein 

Using (11) the solution of Eq. (10), and, consequently,  the final resul t ,  is 

il o) 

111) 

(t - x) 70 = - T - , -  Ei---2- (c'~] 
c" [ t ' '  Z'T * 

i12) 

where 

Ein 
,I~(EI . . . .  i ' :,~i~:,,= 

E 

, ' ' " o  " E '  " 

(13) 

In a number  of cases  Eqso (12) and (13) are considerably s implif ied.  

F o r  example,  in the approximation used in [2], where the dependence of the mobility on the e lec t r ic  field 
is neglected,  slowing down of Compton e lec t rons  by the field is not taken into account, and 7(~) = 70 = const, i t  
follows f rom (8) and (13) that 

: E ~ E:~::e~-  | .... 1 . ~ , , ! ~ ) .  a4 )  

Fur the r  we find f r o m  (12) and (14) 

E = Einex p [ - -  Ein(1 - -  e--'~~ ! 
{ e ~ ' -  "1' 

(15) 
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which  is i d e n t i c a l  wi th  the c o r r e s p o n d i n g  e x p r e s s i o n  in [2]. 

In a more complex case we take account of the effect for the field on the mobility and on the slowing down 
of Compton electrons. For T(s = T o = const the system (6), (7) can be solved in terms of elementary functions, 

"" v,+(�88 
(t - -  x ) ? o  = - -  in  1 -?  ~-- - -~in 1 -[- ET ) , 

_ + 

,+ g!+(�88 
\ E~ / __ 

, +  + 

( 1 6 )  

When  E >> E 0 Eq ~ (16) s i m p l i f i e s  to 

1 . :  E i ~ ,  - < 1 / ~ ( '  "~ - ~ 1 7 6  
(17) 

F i n a l l y ,  we c o n s i d e r  the c a s e  of  s t r o n g  f i e l d s  E >> E 0. I t  fo l lows  f r o m  (5) tha t  f o r  ~ > 0.063 eV 

7 :  Yo(e,/e)~; o) =: 0.56; e ~ 0.45. 0-8) 

U s i n g  (1) we f ind that  (18) i s  va l id  f o r  E > 2 .5"  104 V / m .  S ince  Eq.  (5) i s  a p p r o x i m a t e ,  l e t  us  s e t  w = ~/2. 
In th is  c a s e  the f i na l  r e s u l t  i s  e x p r e s s e d  in t e r m s  of t a b u l a t e d  func t ions .  Subs t i tu t ing  (18) into (13) and the r e -  
su l t  into (12) we have  

Eln 

( t - X ) V o = ~  V ~  te~n:_ / -T  
, �9 Eirl/ 

Equa t ion  (19) can be  r e d u c e d  to the f o r m  

E i.--V~n V ]  
i . , ,  

. 4-  ~ F~ .* / l '  (20)  

w h e r e  Ei (z  ) i s  the e x p o n e n t i a l  i n t e g r a l  [9]. 

F r o m  an  a n a l y s i s  of  Eq.  (20) o r  (19) i t  can be shown tha t  as t ~ 

E_+E.~nexp{ Ein_ //-2E---[ ?,, ~ { Einl/'~--~-', 

w h e r e  

v ( ~ i . )  ?o ! / -  - e (5") Yo ,* �9 
l i in 

As t ~oo  we f ind f r o m  Eq.  (15) tha t  E ~  Ein e x p  { - E i n / E a } .  C o m p a r i n g  th i s  r e s u l t  with (21) and t ak ing  account  
of (17) we see  that  the p r e s e n c e  of the f a c t o r  ~;2E0/Ei*n << 1 in the  exponent  of the exponen t i a l  in (21) l e a d s  to 
an i n c r e a s e  in the e l e c t r i c  f i e ld  as  a r e s u l t  of the 1/4-E-E d e c r e a s e  of e l e e t r o n  m o b i l i t y  in s t r o n g f i e l d s .  T h e p r e s -  
ence  in the  exponen t  of  the quan t i ty  T0/Y(Ei%)>> 1 l e a d s  to a d e c r e a s e  in the e l e c t r i c  f i e ld .  T h i s i s  due to the 
f ac t  tha t  e l e c t r o n s  a r e  c a p t u r e d  l e s s  s t r o n g l y  by m o l e c u l e s  at  e a r l y  t i m e s ,  and ,  c o n s e q u e n t l y ,  the conduc t iv i t y  
in the  s y s t e m  i s  l a r g e r  than when y( r  = cons t~  When t h e s e  f a c t o r s  ~ "e s u p e r i m p o s e d  they l a r g e l y  c o m p e n s a t e  
one a n o t h e r ,  s i n c e  4"[0/r  2 _~ 0.32, and  the  f ina l  r e s u l t  does  not depend  on E 0. 

We now c o n s i d e r  a g a m m a  s o u r c e  which d e c a y s  e x p o n e n t i a l l y  wi th  t i m e  

/ ( t )  = 5 e - ~ .  

We a s s u m e  that  b << y .  Then  the so lu t i on  of  Eq.  (6) can  be  w r i t t e n  in the f o r m  

~z : n in : (b /7 (e ( t ) ) )e  -~c~--~ [1 E ( t ) / E T ] .  
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~E = 5 "lO s, 

if/  1 0  

O D, 25 ' 0,5 fs.lO 6, $eC 

F i g .  1 

Ill th i s  c a s e  the  t i m e  d e p e n d e n c e  o f  the  e l e c t r i c  f i e ld  i s  d e s c r i b e d  by  the equa t ions  

dy , Ein ,'o g:2 pbc - t ' '  '--x) 
ct--'t n- Ea ]. (e(t)} (1 -:- ~y)]  I ]."~ 

Ein !,e -b ( t - x )  

Eo ~i--~y) ' 
(22) 

w h e r e  y = E / E  0 mud fl = E0/E  T.  I n t e g r a t i n g  Eq.  (22) with a z e r o  i n i t i a l  cond i t ion ,  we obta in  

Ei E" 
( t  - ~ )  b = - i n  i - -  r 

d~ (t- :-Sy)l  "i -- -t.,"~ [. (23) 

I l + 1/1 + Y " -  1/'5 E"r~ ,, "~ v J 

In a n u m b e r  of  c a s e s  Eq.  (23) i s  c o n s i d e r a b l y  s i m p l i f i e d ~  

We f i r s t  a s s u m e  tha t  T(e) = Y0 = c o n s t  and tha t  t h e r e  i s  no s lowing  down of  Compton  e l e c t r o n s  by the e l e c -  
t r i c  f i e ld  (fl = 0). In th is  c a s e  by s e t t i n g  d E / d t  = 0 in Eq~ (22) we can  d e t e r m i n e  the m a x i m u m  value  of the e l e c -  

t r i c  f i e ld  

Emax = EaEa/2Eo. (24) 

U s i n g  the  v a l u e s  of the p h y s i c a l  c o n s t a n t s  g iven  in  [2, 8] we f ind tha t  E m a x  = 9 .104  V / r e .  An e l e c t r i c  f i e ld  of  
th is  m a g n i t u d e  a c t u a l l y  h a s  l i t t l e  e f f ec t  on the m o t i o n  of  Compton  e l e c t r o n s .  Se t t ing  fi = 0, Eq.  (23) can be e x -  
p r e s s e d  in t e r m s  of e l e m e n t a r y  func t ions  

�9 _---=-- 2 ] 1 -!- i - - f  - -  2 |/-2. -:- 

(V ~'~ V-v . +,) ,,,-d,, -: 2dln 1 - V  ~ J - _ _  t-=~2 _ _ _  _ - - - _ _  , .  

V'~ l /~ I :' --.-~ 

;:In - . --2d - ' 2 ( t - ' - ~  2 ) In ' 2) (25) 
d-1.. V , + y " - t  a - l  - V t - ~ y ~ - t  V ~  

w h e r e  d = E a / , / 2  E 0. 

F o r  y >> 1 ( s t r ong  f i e ld s )  Eq.  (25) r e d u c e s  to the f o r m  

(26) 

which  a l so  fo l lows  d i r e c t l y  f r o m  Eq.  (22) f o r  T( ~ ) -  Y0 and E >> E 0. 

Neg l ec t i ng  the d e p e n d e n c e  of the e l e c t r o n  m o b i l i t y  on the  f i e ld ,  we obta in  f r o m  (22) as  E 0 - -  :r 

E = E.{1 -- exp [--- ( ~ d E . ) ( i - -  e-O(t-x)) ]}, (27) 

which  a g r e e s  e x a c t l y  with the c o r r e s p o n d i n g  e x p r e s s i o n  in [2]~ 
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Let us cons ider  the general  case .  Suppose T (~) is  given by Eq. (5). Using (5) and (1) we obtain 

[' + 1/~ + ~)~ 1 T M  
E,O 

7 (E) = 7~ (28) 

w h e r e  TI = 1.5 "10~sec-l ;  ce = 2 .84 .10  -2. 

Substituting (28) into (23) we obtain the final resul t  in the form 

( t - - x ) b = - - l n I t - - E ~  _ _ _ _ ~ _ _  . . . 

F rom Eq. (22) we obtain the maximum value of the e lec t r ic  field determined by (29) 

(29) 

Emax = Eo[(Ea/Eo)V1/1 /2  a?o] 1/i.o~ ~ 9.35.10 ~ V/re. (30) 

The result  (30) is  insensit ive to the accuracy  of the determination of E0. It is obvious that for w = 1/2 
[Eq. (17)] the limiting value of the e lectr ic  field would not depend on E 0 at all. This is related to the fact that 
as the e lec t r ic  field inc reases ,  the dec rea se  in electron mobility would be exactly compensated by the increase  
in conductivity due to the increase  in the attachment coefficient.  Fo r  T(~) = 3'0 = const  the limiting value of  the 
e lec t r ic  field is s trongly dependent on the accuracy  of determining E 0 (24). There  is a fundamental difference 
in principle in the resu l t s  obtained by taking account of the dependence of the attachment coefficient on the 
electron energy and not taking i t  into account, whereas Eqs. (24) and (30) for  E 0 = 50 V/cm lead to near ly  the 
same resul t .  

We note that as the height of the gamma  source  is increased,  effects related to the influences of the e l e c -  
t r ic  field on the electron mobility will dec rease  since 

Ea/Eo ~ P/Po ~ e -z/h, 

where p is the density of the a i r  at the height of the source ,  and P0 is the density of a ir  under normal  conditions. 

The same conclusion can also be drawn as to the effects related to the slowing }town of Compton electrons 
since 

Emax/E T ,~" (,o/po) 2 ~ e-zz/a 

At sufficiently large heights the picture is changed still fur ther  since the electron lifetime at large heights 
will be determined by e l e c t r o n - i o n r e c o m b i n a t i o n p r o e e s s e s  [4]. 

Figure  1 shows the time dependence of the field for  a number  of cases  at the point x = 1 for  a gamma 
source  which var ies  exponentially with t ime. Curve 1 is plotted f rom Eq. (27), curve 2 f rom (25), 3 f rom (26), 
and 4 f rom (23). An analysis of these curves  shows that the effect of the field on the electron mobility leads 
to an appreciable inc rease  in the maximum value of the field and i ts  relaxation time. 
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ANOMALOUS BEHAVIOR OF AN INTENSE LIGHT 

MEDIUM WITH ~IWO TYPES OF ABSORPTION 

Yu. I.  Lys ikov  and I. A. Shamsutd inov  

FLUX IN A 

UDC 535.343 

A study was made in [1] of the behavior  of the spatial distribution of an intense light flux in an amorphous 
medium with two types of absorption - absorption by impuri t ies  with a subsequent rapid t ransfer  of energy to 
the medium through radiat ionless  p rocesses  and absorption by the medium itself .  The la t ter  type does not oc-  
cu r  initially but as a resul t  of heating of the zone around the impuri ty centers  there is a tempera ture  shift in 
the absorption edge and the corresponding par t s  of the medium s t a r t  to absorb. This form of absorption eventu- 
ally predominates  for sufficiently large intensit ies.  The details of the radiat ionless p rocesses  and of the tem- 
pera ture  distribution around the impuri t ies  have been considered in [2, 3]. The situation studied in [1] c o r r e -  
sponds to t imes by which all the populations have reached a s ta t ionary distribution and spatial zones far  from 
the f ront  of the light flux. 

It is impossible ,  without making simplif icat ions,  to get an analytical solution to this problem for  the ini-  
tial moments  of t ime when the nonsta t ionary nature of the intensity distribution and of the populations are ex- 
t remely  important .  We have therefore  derived numerical  solutions. The calculat ions showed that the behavior 
of the light intensity in the t ransient  region is ve ry  pecul iar .  As in [1], we consider  the propagation of a plane 
parallel  monochromat ic  light flux which at the instant t = 0 is incident f rom the left on the surface of a medium 
which occupies the f i rs t  ha l f -space .  The equations which descr ibe  the p rocess  are 

OU/Ot 7- cOU/Ox . . . . .  NlccrU -- A'~ooU -~- aN4cooU; 

dNa/Ot = c~oU(N:3 - -  Na); N:~ : N 4 := No; 

ONt/Ot : - -  N t c 6 U  d- N.,..x; A: 1 ~ N=, := N; 
U(x, O) = o; U(O,t) = Uo; N t (x ,  O) :- N;  N:~(x, O) = No(X, O) -: O, 

(1) 

where U is the density of quanta in the light; N is the concentration of impuri t ies  with photoabsorption c ross  
section or; N 1 and N 2 are the concentrat ions of impuri t ies  in the ground and excited states,  respect ively;  N o is 
the concentration of absorbing molecules  in the medium with photoabsorption c ros s  section (%; N 3 and N 4 are 
the concentrat ions of these molecules  in the ground and excited states;  r is the radiat ionless relaxation time 
of an impuri ty;  and c is the velocity of light in the medium. The quantum density U is related to the light 
intensity I by I = c~U, where e = ~w is the energy of one quantum. The fac tor  oz in (1) is introduced to allow 
for  the fraction of quanta reradiated by the medium in the direction of the original flux. The diffusively scat~- 
tered quanta are assumed to pass outside the zone under considerat ion and to play no part  in (1). The equation 
for  N 4 takes into account the absorption p rocesses  and the rapid radiat ionless deactivation. In o r d e r  to de te r -  
mine N o we utilize the exact equation (2.3) of [1]. We get 

No " ( /~  '3)(3ec~U/8.~uPo) :~:~([ + 3ec~U Sau:~po(t - -  x/c)2) -:j 2-V-Vc, 

where N c is the density of molecules  in the medium, P0 is the threshold oseillation-~energy density at which 
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