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The p ropaga t ion  of light beams  in nonl inear  media  is usually desc r ibed  in a s c a l a r  parabol ic  app rox ima-  
t ion. Fo r  some  models  of a nonlinear  med ium,  the beam width can  become as sma l l  as  des i red  during its 

d e v e l o p m e n t .  In that case ,  it is n e c e s s a r y  to give up the s c a l a r  theory  and to solve the comple te  sy s t em of 
Maxwell equat ions.  Such a formula t ion  of the p rob lem is very  complex  and t h e r e f o r e  e x t r e m e l y  few pape r s  
[1-4] have been devoted to the vec to r  theory  of se l f - focusing.  The p r e sen t  pape r  p r e s e n t s  the resu l t s  of a 
study of vec to r  se l f - focus ing  for  the s imples t  case  of the lowest  axial ly  s y m m e t r i c  TM mode.  

The s y s t e m  of s ta t ionary  nonlinear  Maxwell equations 

rot H = --ikoe([E[~)E, (1) 
r o t  E ---- ikoH, k0 = r (2) 

for  a monochromata i c  beam propagat ing  along the z axis and of bounded c r o s s  sec t ion  has two in tegra ls  of 
mot ion  independent of z: 

s l  = uxdy  (IE, H*I, + c.c. l, 

OH* , 

L a ~ '  J , / +  : 

= S S dxdy {e (I E ,  I <' i l E I I" - I E.~ I") + I H ,  I '  - - I  H,< 1' - -  I H ,  I ~ + @}, 

IEI I 

where  q~ (I E ]3) _ --~ ~ld~. Consequently the in tegral  ove r  the ent i re  c r o s s  sec t ion  of the beam of the z corn- 
0 

ponent of the Poynting vec tor  is e x p r e s s e d  through I 1 in the f o r m  Iz = (c/16~)II and r ep laces  the well-known 
in tegra l  I 0 = f f d x d y  [E 1 2 for  the s c a l a r  parabol ic  equation [5, 61. 

A s is well  known, the s tabi l i ty  of s ta t ionary  solutions of the s c a l a r  wave equation is de te rmined  by the 
s ign of the der iva t ive  of I 0 with r e s pec t  to the p ropaga t ion  constant  [7]. One can  expect- that  the stabil i ty of 
s t a t ionary  solutions of the comple te  s y s t e m  of Maxwell equations (1) and (2) will be de te rmined  co r r e spond-  
ingly by the der iva t ive  of the in tegra l  I z with r e s p e c t  to the p ropaga t ion  constant .  

To check this hypothesis ,  the lowest  axia l ly  s y m m e t r i c  TM mode was studied for  the ease  of a cubic 
med ium with a d ie lec t r ic  constant  e =E0{ 1 +e21 El2}. Note that  the analys is  of vec tor  se l f - focus ing  in [11, which 
was based  on the dependence of the quantity I = f f d x d y [  El 2 on beam width, is i nco r rec t  s ince I is not an integral  
of mot ion for  the equation s y s t e m  (1), (2). 

Writ ing the intensi ty of the e lec t r ic  field in the fo rm E = (?/l/s~)A exp. [i(kz - -  ~t)] and el iminating the 
magnet ic  field f rom the or iginal  equations,  we obtain the following s y s t e m  of equations for  the ampli tude A of 
the fundamental  TM mode:  

O~A r O A  r O2A z OA z 
a~ 2 2i ~ + "7 ~ -t" iV ~ ---- Y (I Ar i s + [ Az 12) Arl (3) 

o oo!~~ ~ =~ +IA,  I '+IA,  I' A,, (4) 

where  ~=kz,  p = y k r  a r e  d imens ion less  var iab les ;  k =k0v~0; y is a f r ee  p a r a m e t e r  which is the propaga t ion  con-  
stant and which de t e rmines  the effect ive  width of the field dis tr ibut ion.  

Stat ionary dis t r ibut ions  of the field sa t i s fy  the s y s t e m  of equations which i s  obtained by subst i tut ion of 

Ai(p, ~) = .41(p) exp [i(6~ + 6x)]~ ] = r~ z, 

in Eqs.  (3), (4), where  6 = v ~ - I  and 6 r - 6  z =~/2 .  
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] , ( 0 )  = 2 , ( o o )  = 0 ,  (dX/dp)(0) = ] , ( o o )  = o.  (5) 

The dependence of the integral  I z and of the energy t r anspor t  velocity V = I z / W  on the p a r a m e t e r  7 ,  
where W = (i/8.~) SSdxdy{IEp + [H]2}, was calculated for  a s ta t ionary distr ibution of the fundamental TM mode. 
As is c l ea r  f rom the dependence of the quantity Iz/fl on T, where [~ ---- c V(40)%2]/~), shown in Fig. 1, the en- 
ergy flux t ranspor ted  by the mode in the z direct ion increases  as T increases  (i.e., with reduction in width of 
the mode). Consequently, one can expect that the corresponding mode in a cubic medium would be stable. 
The dependence o f t h e q u a n t i t y V g = V / ( c / r  on T is shown in Fig. 2. The velocity of energy t ranspor t  de- 
c r e a s e s  as the width of the mode decreases ,  which is in agreement  with resul ts  known from waveguidetheory 
[8]. 

The stability of the fundamental TM mode with respec t  to small  per turbat ions was also studied by nu- 
mer ica l  solution of the equation sys tem (3), (4) in which the quasioptical approximation [a2A,/O~2[ << [OA,/Oz[ 
was used for  sufficiently smal l  values of T. The resul tant  equations were  approximated by an implicit t h ree -  
level symmet r i c  regu la r  f ini te-difference scheme of second order  over  both var iables .  Af ter  p roper  t r a n s f o r -  
nmtion of the boundary conditions at infinity [9], the resultant  sys tem of algebraic  equations was solved by the 
stepping method. Monitoring of the accuracy  of the calculations was accomplished through conservat ion of the 
integral  Iz. The relat ive accu racy  of the conservat ion was 3~ As an initial distr ibution in this quasioptical 
approximation,  a per turbed field distr ibution for the fundamental TM mode was selected:  

Er(p, O) -- "4r(P) exp (i6r) + iap exp (--alp2), 
Ez(p, 0) = Az(p) exp (i6z) -L- b exp (-- blp~). 

The quantities E r and E z satisfied the boundary conditions (5). The values of the p a r a m e t e r s  a,  al,  b, and b I 
were  chosen so that the relat ive var ia t ion of the integral  I z was 1-20~ 

Numerical  calculations on a B~SM-4 computer  showed that the t r a n s v e r s e  distr ibution during develop- 
merit remained close to s ta t ionary while at the s a m e  distances and for  the same relative per turbat ions  of the 
amplitudes,  the fundamental mode in the sca l a r  quasioptical  approximation ei ther  collapsed or  became diffuse 

[6]. 

Figure 3 shows the radial  distr ibutions IAr(P, r)[ and [Az(P, v)l for  7=0.2 ,  a = - 0 . 0 5 ,  a 1 =0.2, b=0.01,  
b 1 = 0.1, and various values of ~. The relat ive contribution of per turbat ions to the value of I z was 5%. In p rac -  
t ice,  the specified p a r a m e t e r s  cor respond ,  for  example, to a beam f rom a ruby l a se r  having a d iameter  ~10X, 
a power  of 40 kW, and propagating in a medium with e2=1.8 - 10 - l l  absolute units. 

In the general  case  of vector  self-channeling cyl indrical  waveguides [2], 

(74 dZ+ 

where m is the azimuthal  index. Based on the continuity of s tat ionary solutions in t e rms  of 7, one can show 
that  I z ~ 7  2 when 7"* 0 and I z ~ T  when 7 - ~ .  Therefore ,  d lz /d7  > 0 in these eases  of g rea tes t  prac t ica l  interest  
and the format ion of s ingulari t ies  evidently does not occur .  

Thus, the study pointed to the possibi l i ty of experimental  observat ion of s ta t ionary vec tor  wave-  
guide solutions in cubic media.  
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P L A S M A  H E A T I N G  A T  C O N S T A N T  I M P E D A N C E  

M .  E .  G e r t s e n s h t e i n  a n d  V.  A .  P o g o s y a n  UDC 533.9 +537.52 +539.893 

It is well  known that  the p l a s m a  conductivity a depends s t rongly  on the t e m p e r a t u r e  T [1], a ~T3/2, which 
leads to breakdown in p l a s m a  matching during heating with an energy  source  and to a drop in heating efficiency.  
Constancy of impedance  fac i l i ta tes  broadband matching of an energy  source  with a t a rge t  [2, 3]. This  p a p e r  
d e m o n s t r a t e s  that  the impedance changes l i t t le  during pulsed heating of a solid p l a s m a  through propagat ion  of 
an ionizat ion wave [4]. 

We cons ide r  a solid d ie lec t r ic  be tween the two conductors  S 1 and S 2 of a t r a n s m i s s i o n  line (Fig. 1). A 
thin wi re  or  f i lm AB is within the d ie lec t r i c .  We l imit  ou r se lves  to the s imples t  case  where  the conductors  
S 1 and S 2 a r e  p l a n e - p a r a l l e l  p la tes .  A powerful  radio or  video pulse is fed into the line [5, 6], the f i lm ex-  
plodes [7, 8], and an ionizat ion wave is p ropaga ted  f rom the f i lm with the field and cu r r en t  pa t t e rn  shown in 
Fig. 2. The ionizat ion front  is p ropaga ted  to the left,  E 1 ~0 on the left  ahead of the front,  (rl =0 in t h e d i e l e c -  
t r i c ,  and G = G  2 on the r ight  behind the f ront .  The uhf field or  shor t  pulse  does not pene t ra t e  wi th in the  con-  
ducting p l a s m a  behind the ionization front  (E 2 = 0) so that  the pulsed cu r r en t  j is z e ro  eve rywhere  except for  
a thin skin l a y e r  in which energy  is deposited,  and the p ropaga t ion  of the d i scharge ,  as noted in [4], is c o m -  
ple te ly  analogous to the detonation p r o c e s s  [4, 9]. In the s y s t e m  shown in Fig. 1, p ropaga t ion  of both a b r e a k -  
down wave and an ionization wave is poss ib le  with the wave having the g r e a t e r  veloci ty  being the one p rop -  
agated [4]. 

The p ropaga t ion  of ionizat ion waves  in gases  was d iscussed  in detail  in [4] and the propaga t ion  of ioniza-  
t ion waves  was f i r s t  d i scussed  in [10, 11]. The p r e sen t  p a p e r  s tudies the fea tu res  of ionizat ion-wave p rop -  
agat ion at  condensed - s t a t e  dens i t ies .  

For  the veloci ty  D of a plane detonation wave and the specif ic  internal  energy ~ of the ma t e r i a l  behind 
the front ,  the re la t ions  [4, 9] 

D = [2(73-  t)(Slp)]ll3i (1) 
22/3 

s (7~ - -  i) 1/3 (V + i) (SIp)~I~ 7 D: = = (?~ - -  I T ( ?  + i) (2) 

a r e  valid, where  S is the flux of absorbed  energy,  e r g / ( s e c "  cm2); p is the dens i tyof  the ma te r i a l ;  T is the ef-  
fec t ive  adiabat ic  index [9]. 

For  example  [7], let  the p u l s e  energy  be 10 kJ  = l 0  i s  ergs ,  the durat ion T = 10 .8 see,  which co r re sponds  
to a power  of ~1013 W = 102o e r g / s e c ,  let  the heated sample  be a cy l inder  of radius  r 0 = 1 m m  and length 2 ram 
with the l a t e ra l  su r face  of the cyl inder  ~10 m m  2 or  ~0.1 cm 2, and S ~- 10 la W/era  2 = 1 0  21 e r g / ( s e e ,  ore2). One 
can  set  p ~1 g / c m  a fo r  a solid d ie lec t r i c .  
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