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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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a b s o r p t i o n  by the m e d i u m  b e g i n s ,  and v i s  a quan t i t y  which c h a r a c t e r i z e s  the  v e l o c i t y  of h e a t  p r o p a g a t i o n  in the 
m e d i u m .  In the c a l c u l a t i o n s  we i n t r o d u c e d  the d i m e n s i o n l e s s  qua n t i t i e s  

u~U/U~;  n~ = N~IN; t ' =  N~d; x ' ~ . Y o x ;  

b := (~n13)(3~c~,o,8nvp~) A, ;  b~ =.i ~.NU~icov 

T h e  n u m e r i c a l  so lu t ion  of (1) was found on a BESM-4M c o m p u t e r  by m e a n s  of  an a l g o r i t h m  which had  been  
checked  f o r  s t a b i l i t y  and c o n v e r g e n c e .  The  fo l lowing  p a r a m e t e r  va lues  w e r e  chosen ;  N = 1017 cm -3,  c = 2 ~ 10 l~ 
c m / s e e ,  cr = t0  -18 c m  2, (r 0 = 10 -17 c m  2, "r = 1.25 o10 -1~ s e e ,  ~ = 1.78 e u  ez= 0.5,  and b 1 = 10. 

F i g u r e s  1 and 2 show the r e s u l t s  f o r  U 0 = 4 ~ 1018 (b = 31o6) and U 0 = 4.1015 e m  -3 (b = 1), r e s p e c t i v e l y .  
The  n u m b e r s  a g a i n s t  the  c u r v e s  deno te  the  va lues  of  the  d i m e n s i o n l e s s  t i m e  t'o The  a s y m p t o t i c  (t' = r va lue  
of u was d e r i v e d  f r o m  (1) u n d e r  the  a s s u m p t i o n  of  s t a t i o n a r y  cond i t i ons  by  a n u m e r i c a l  c a l c u l a t i o n  b a s e d  on 
the R u n g e - K u t t a  m e t h o d .  I t  can  be  s e e n  f r o m  F i g .  1 (where  U 0 = 4 �9 10 ls c m  -3) that  t h e r e  i s  a c l e a r l y  def ined  
i n t e n s i t y  p e a k  on the f r o n t  of the  l ight  f lux.  The  i n t e n s i t y  then d e c r e a s e s  s o m e w h a t  and f ina l ly  i n c r e a s e s  n e a r  
the s u r f a c e  tO i t s  b o u n d a r y  va lue .  As the f r o n t  m o v e s  away  f r o m  the s u r f a c e  in to  the i n t e r i o r  of the m a t e r i a l ,  
the  s t r e n g t h  of  the  p e a k  i s  m o n o t o n i c a l l y  r e d u c e d .  When the f r o n t  h a s  m o v e d  s u f f i c i e n t l y  f a r ,  the s p a t i a l  d i s t r i -  
bu t ion  of u r e a c h e s  a m i n i m u m  value ;  i t  then i n c r e a s e s  again  s l ow ly ,  t ending  to i t s  l i m i t i n g  t '  = ~o va lue .  

The  s l ow  i n c r e a s e  in  the so lu t ion  a f t e r  the t ime  t '  ~ 0.3 i s  d e t e r m i n e d  by  the  d e l a y i n g  r e l a x a t i o n  of n o and 
n 4 to t h e i r  l i m i t i n g  s t a t i o n a r y  va lue s  (when t '  = ~  we m u s t  have  n 4 = n0/2 , and f o r  t '  ~ 0.3 we have  n 4 << n s o v e r  
a l m o s t  the e n t i r e  r a n g e  of  x ' ) .  F i g u r e  2 shows the r e s u l t s  f o r  U 0 = 4 o 1015 c m  -3.  W h e r e a s  in  the f i r s t  cz~e the 
a b s o r p t i o n  by the m e d i u m  p r e d o m i n a t e d  o v e r  the  g iven  r eg ion  of x ' ,  h e r e  fo r  U 0 = 4 �9 1015 c m  -3 both t y p ~  of a b -  
s o r p t i o n  a r e  equal ly  i m p o r t a n t .  I t  can be  s e e n  f r o m  F i g .  2 tha t  the  p e a k  n e a r  the f r o n t  i s  s m a l l e r  and the g e n -  
e r a l  l e v e l  of the  c u r v e s  i s  h i g h e r  than in F i g .  1. The  f ac t  tha t  the g e n e r a l  l e v e l  i s  h i g h e r  can be exp la ined  by  
the ab i l i t y  of the m o d e l  [1] to r e g u l a t e  the a b s o r p t i o n  in the s u r f a c e  l a y e r  a g a i n s t  v a r i a t i o n s  in i n c i d e n t  i n t e n s i t y  
in such  a way tha t  the value  of U a t  l a r g e  d i s t a n c e s  f r o m  the s u r f a c e  r e m a i n s  a l m o s t  cons t an t  in the s t a t i o n a r y  
s t a t e .  Thus  the va lue  of u = U / U 0 f o r  s u f f i c i e n t l y  l a r g e  t '  m u s t  i n c r e a s e  a s  U s i s  r educed~  We m i g h t  note  that  
c a l c u l a t i o n s  on the s t a t i o n a r y  s y s t e m  (1) by the R u n g e - K u t t a  t echn ique  g ive  the va lue  1 : 3  fo r  the r a t i o  of the 
va lue s  of  U at  x '  = 1 c o r r e s p o n d i n g  to U s equal  to 4 -  t 0  is and 4.1015 ore-3:  th is  c o n f i r m s  the p r o p e r t y  we have  
d e s c r i b e d .  

The  e x i s t e n c e  of the p e a k  n e a r  the f ron t  and the b e h a v i o r  of th is  peak  can e a s i l y  be  exp l a ined  f r o m  p h y s -  
i c a l  c o n s i d e r a t i o n s .  The  a b s o r p t i o n  due to hea t i ng  of  the m e d i u m  up to s o m e  t h r e s h o l d  t en~pe ra tu re  cannot  
ac t  i m m e d i a t e l y  a f t e r  the f lux a r r i v e s  at  s o m e  p a r t i c u l a r  po in t  but  i s  s u b j e c t  to s o m e  d e l a y  c a u s e d  by the f in i te  
r a t e  of h e a t i n g .  Thus  the a b s o r p t i o n  at  a g iven  po in t  i s  i n i t i a l l y  due n ~ d n l y  to the i m p u r i t i e  s and i s  w e a k e r  
and l i n e a r .  A f t e r  s o m e  C h a r a c t e r i s t i c  t i m e ,  d e t e r m i n e d  by the p a r a m e t e r s  in t h e  e x p r e s s i o n  f o r  No, the  r e g i o n s  
a round  the i m p u r i t i e s  h e a t  up to the  t h r e s h o l d  t e m p e r a t u r e s  and the s t r o n g e r ,  n o n l i n e a r  a b s o r p t i o n  of the m e d i -  
um c o m e s  into  p l a y  and c a u s e s  a r e d u c t i o n  in i n t e n s i t y  behind the  f r o n t  of  the  f lux .  The  magn i tude  of  the r e d u c -  
t ion depends  on how f a r  the  a b s o r p t i o n  of  the  m e d i u m  p r e d o m i n a t e s  o v e r  t h a t o f t h e  i m p u r i t i e s  and  thus the i n t ens i t y  
p e a k  at the f ron t  i s  much  m o r e  p r o n o u n c e d  f o r  U 0 = 4 "1016 c m  -3 than f o r  the c a s e  U = 4 �9 10 -15 c m  -3. 

T h i s  nonmonoton ic  d e c r e a s e  in f lux  i n t e n s i t y  tha t  we have  c a l c u l a t e d  f o r  the t r a n s i e n t  s t a t e  i s  v e r y  i n t e r -  
e s t i n g  f r o m  the po in t  of  v iew of p r a c t i c a l  a p p l i c a t i o n s  both in the s e n s e  tha t  the f lux  i n t e n s i t y  at a g iven  poin t  
can  be  m a i n t a i n e d  b e t w e e n  c e r t a i n  l e v e l s  as  the  i n c i d e n t  i n t e n s i t y  v a r i e s  and in the  s e n s e  tha t  i t  should  be p o s s i -  
b l e  to d e r i v e  s p e c i a l l y  s h a p e d  l i gh t  p u l s e s .  
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In conclusion, the authors  wish to exp re s s  the i r  gra t i tude  to S. I .  Anis imov fo r  his i n t e re s t  in this work 
and to O. A. P o n o m a r e v  and T. M. M a r t e m ' y a n o v a  fo r  a useful  d i scuss ion .  

1Q 

2. 

3. 

L I T E R A T U R E  C I T E D  

Yu. I.  Lysikov and Oo Ao Ponomarev :  "A model  of a nonlinear  absorbing medium,"  Zh. Pr ik t ;  Mekh. 
Tekh.  F iz . ,  No. 1, 19-22 (1974)o 
S. I. Anisimov and Bo t .  Makshantsev ,  "The ro le  of absorbing  inhomogenei t ies  in the optical  breakdown 
of t r a n s p a r e n t  media ,"  Fiz.  Tverd .  Tela ,  15..._, No. 4, 1090-1095 (1973)~ 
B. I. Makshantsev,  A. A. Kovalev,  R. K. Leoaov,  and I. A. Yampol ' sk i i ,  "Radia t ionless  e l ec t ron  t rans i t ions  
and t he rma l  effects  in t r a n s p a r e n t  d ie l ec t r i c s  under  the action of a l a s e r  pulse ,"  Zh. Tekh.  F iz . ,  44___, 
No. 1 ,164-172  (19740. 

NEAR FIELD DIFFRACTED AT A DIELECTRIC WEDGE 

A. A. Aleksandrova and N. A. Khizhnyak UDC 538.566+ 621.371 

The in tegra l  equations of m a c r o s c o p i c  dynamics  [2] a re  used in [1] as the bas i s  of a solution to 
the p rob lem of the diffract ion of a plane e l ec t romagne t i c  wave with a known pola r iza t ion  at a 
r ec t angu la r  d i e l ec t r i c  wedge, Exp re s s ions  a re  given in this p a p e r  fo r  the total e l ec t romagne t i c  
field both ins ide  a d ie lec t r i c  wedge of a r b i t r a r y  f l a re  angle and outside the wedge. The method 
used i s  the s a m e  as in [t].  

I .  F i e l d  S t r u c t u r e  i n s i d e  t h e  D i e l e c t r i c  W e d g e  

Suppose that a plane e l ec t romagne t i c  wave is incident on a d ie lec t r ic  wedge of a r b i t r a r y  f la re  angle ~ .  
The d ie lec t r ic  pe rmi t t i v i ty  e and the magnet ic  pe rmeab iUty  p of  the wedge are  in genera l  complex and of 
a r b i t r a r y  value. Without loss  of genera l i ty ,  we can choose the polar iza t ion  of the incident wave so that the 
field has  the nonzero  components  

where  

Eo ---- (E~o, 0, 0), H -- (0, //oo, H~o), 

E~0 (P, g) = ExSAPc~ 

r is the angle of incidence reckoned f rom the face w = 0 (Fig. 1}o 

Then the field inside the wedge will have the s a m e  polar iza t ion  and nonzero field components  E = (Ex, 0, 
0} and H = (0, Hp,  I I~ ,  where Hp, Hq~ are cyl indr ical  field components .  The field can be r ep re sen ted  as a se t  
of plane r e f r ac t ed  waves  and an edge wave in the f o r m  of a Sommer fe ld  in tegra l  

j G~ 

(1.1) 

, }~. zti . . . .  t+i - -  (P) 2b ,i e~'~176 (n- -  q~) " ](n) d~] ' 
Go 

I~har 'kov.  Trans la t ed  f r o m  Zhurnal  Pr ikladnoi  Mekhaaiki i Tekhnicheskoi  Fiz iki ,  No. 4, pp. 174-181, 
Ju ly-Augus t ,  1976. Original a r t ic le  submit ted May 22, 1975. 

po;;i This material is protected by copyright registered in the name of  Plenum Publishing Corporation, 7 West t 7th Street, New York, A~ Y. 1 001 1. No 

of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, [ 
microfilming, recording or otherwise, without written permission of  the publisher. A copy of this article is available from the publisher for $7.50. ] 

594 


