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1. Introduction.  The solution of a number  of physica l  p rob lems  associa ted  with the study of the in te r -  
action between powerful l a s e r  radiat ion flux and a substance (the f o r m a t i o n o f a l a s e r  spark  [1], heating of a 
p l a sma  obtained upon i r rad ia t ion  of  solid ta rge ts  and separate  par t ic les  [2, 3]), as well as  the format ion  of an 
e lec t r ica l  d ischarge  in gaseous and condensed media [4, 5], requi res  the development of u l t rarapid  methods of 
optical  record ing  in application to the investigation of microobjec ts  with a cha rac te r i s t i c  dimension of ~ 10 -3- 
10 -2 cm.  

The use of optical record ing  methods with a high t ime and space resolution [6] pe rmi t t ed  the detection of 
details in the initial stage of e lec t r i ca l  d ischarge  development in liquid d ie lec t r ics  at homogeneous e lec t r ic  
field intensit ies of ,--(0.3-1)- 106V/cm. It has been establ ished that the development of a d i scharge  in a liquid 
die lect r ic  has two s tages  in a homogeneous e lec t r ic  field. Investigations using a t h r e e - f r a m e  schl ieren  r e c o r d -  
ing of the d ischarge  dynamics  showed [7] that the f i r s t  ("hydrodynamic ") stage is associa ted  with p r o c e s s e s  r e -  
sulting in local  energy  l iberation nea r  the electrode surface .  Consequently, intense shocks occur  and numer -  
ous initial s t r e a m e r s  a re  developed. This stage is te rminated  by the formation of a p r i m a r y  ionization 
channel with the cha rac te r i s t i c  dimension ~ 10 -2 cm, which depends on the magnitude of the applied e lectr ic  
field and the kind of d ie lect r ic .  The second stage s tar ts  with the advancement of the p r i m a r y  ionization chan- 
nel in the fo rm of a rapidly developing brush discharge  deep in the gap, and a powerful ionization wave or ig i -  
nates  af ter  one of the growing branches  of the opposite e lect rode has been touched, which completes  the initial 
stage of e lec t r ica l  d ischarge  development in the liquid d ie lec t r i c s .  

Methods of h igh-speed in t e r f e rome t ry  [8] permi t ted  a much c l ea r e r  record ing  of divergent shocks as 
well as the mic r o s t ruc tu r e  of s t rong gasdynamic  per turbat ions  behind thei r  front in the initial stage of e lec-  
t r i ca l  d ischarge  development in liquid d ie lec t r ics .  

The propagat ion of intense shocks in fluids causes abrupt and significant changes in the ref rac t ive  index 
on the boundary of an object, which cannot permi t  t racking the behavior  of the in ter ference  fringe during p a s -  
sage throughthe  boundary of the per turbat ion.  Hence, shocks due to per turbat ions  which did not result  in a 
punch-through were  investigated at a sufficiently large distance f rom the energy l iberation site in [9] in o r d e r  
to es t imate  the lower boundary of the value of the p r e s s u r e  and some other  p a r a m e t e r s  in the energy l ibera -  
tion domain on the electrode sur face .  The res tora t ion of the p r e s s u r e  profi le  behind the propagation shock 
front is also of considerable  in teres t  since it pe rmi t s  an independent est imation of the size of the energy lib- 
erat ion and p r e s s u r e  domain at the channel boundary.  

Because of the importance of these resul ts ,  the i r  additional foundation is undoubtedly required,  espe-  
cial ly methodologically.  

This paper  is devoted to the fur ther  development of a new methodological  approach to the investigation 
of the initial stage of e lec t r ica l  d ischarge  formation in liquid dielectr ics ,  proposed  in [6-9], and it poses the 
problem of c lar i fying the pos sibilities of i n t e r f e rome t ry  in application to nonstat ionary microper turba t ions  
with the dimension ~ 10 -2 cm, forwhich  the p resence  of compress ion  shocks is cha rac te r i s t i c .  

2. Experimental  Setup. The d iagram of the apparatus for investigating an e lec t r ica l  discharge in 
liquid d ie lec t r ics  by using a M a c h - Z e n d e r  in t e r f e romete r  is represented  in [8]. 

Since the spatial resolut ion of the in te r fe romete r  is determined by- the spacing between the fringes,  it is 
n e c e s s a r y  that there  be severa l  in te r fe rence  fr inges within the limits of the object being studied. Under our 
conditions, when the cha rac te r i s t i c  dimension of the shocks being studied is (1-2) �9 10 -2 cm, the spacing be-  
tween the inteference f r ingeswas  3 �9 10 -3 cm in the plane of the object.  A pulsed ruby l a se r  was used as the 
source  of illumination. The durat ion of the f rame exposure was ~ (5-7) "10 -9 sec,  and the t ime resolut ion was 

5" 10 -9 sec.  
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A vol tage  pu lse  with ampli tude (1-2) �9 105 V was de l ivered  to the d i scharge  c h a m b e r  e lec t rode  (e lec t rode 
d i a m e t e r  was  1 cm and the spacing between them 0.1-0.2 cm),  where  the c h a m b e r  was filled with different  
f luids.  

The opt ical  d i a g r a m  used in the t e s t s  p e r m i t t e d  obtaining in t e r f e r ence  pa t t e rns  of the d i scharge  gap 
combined  with i ts  focused shadowgraph.  The r a y s  e m e r g e d  f r o m  the l i m i t s  of the optical  s y s t e m  ape r tu re  at 
angles  of the deviat ion ~ 6 �9 10 -2 tad ,  and a focused shadowgraph was  obtained of the s t rong opt ical  p e r t u r b a -  
t ions .  An e s t ima t e  of the diffract ion l imit  of opt ical  s y s t e m  resolu t ion  ~ (1/6) ~4"XrL- [10] yields  the quantity 
~ 10 -4 cm for  r ay  path  length i n t h e  inhomogene i tyunder  invest igat ion,  L ~ 10 -2 c m  and ~ =0.7" 10 -4 cm.  Spe-  
cial  ca l ibra t ion  p e r m i t t e d  e s t ab l i shmen t  that  the l imi t  (static) resolu t ion  of the record ing  s y s t e m  (taking a c -  
count of the photographic  mate r ia l )  was  ~ 5 �9 10 - a c m .  Individual objects  with even s m a l l e r  s i zes  ~ 10 TM c m  
w e r e  r eco rded  on the f i lm,  but t he i r  m e a s u r e m e n t  e r r o r  was  ~ 70%. In studying the dynamics  of  compara t ive ly  
weak  shocks being p ropaga ted  at the ve loc i ty  V ~ 1.5 �9 105 c m / s e c  c lose  to the speed of sound and the f r a m e  
exposure  t ime  ~ 5 �9 10 -9 sec ,  the dynamic  reso lu t ion  is  ~ V t e ,  c l o s e t o  the l imi t  resolu t ion  of the opt ical  sy s t em.  
It  should e spec ia l ly  be  noted that high spa t ia l  reso lu t ion  of the r eco rd ing  s y s t e m  again p e r m i t t e d  us to c la r i fy  
the complex  m i e r o s t r u c t u r e  of  s t rong  hydrodynamic  pe r tu rba t i ons  behind the front  of the shocks being p r o p a -  
gated, where  the ra te  of p r o c e s s  development  is  somewhat  t e s s .  

3. Measu remen t  Method. The change in r e f r a c t i v e  index An(r) in an i n t e r f e r o m e t e r  study of a x i s y m -  
m e t r i c  inhomogenei t ies  is found f r o m  the m e a s u r e d  d i sp lacement  of the i n t e r f e r ence  f r inges  k(x) by solving 
an Abel di f ferent ia l  equation (if g e o m e t r i c  opt ics  is appl icable  and ray r e f rac t ion  is smal l )  

R 

2 ~ An (r) rdr (3.1) 
k (x) = ~ -  ~ V ~ _ ~ ,  

x 

where  x is  the spacing between the  chord  and the axis  of s y m m e t r y ,  and R is  the r adins of the opt ical  in- 
homogenei ty  in the sect ion under  inves t igat ion.  

This  equation is  usual ly  solved by approx imate  methods based  on the par t i t ion  of the c r o s s  sect ion of 
the inhomogenei ty  being inves t iga ted  into a number  of annular  zones,  giving the behav ior  of the function An(r) 
to be de t e rmined  in each zone, and the subsequent  solution of the s y s t e m  of a lgebra ic  equations obtained [11]. 

It  should be noted that the p r o c e d u r e  for  solving the Abel in tegra l  equation (3.1) is among the incor rec t  
p r o b l e m s  of ma thema t i ca l  phys ics  [12]. This  means  a g r e a t  influence of the random e r r o r  in an exper imen ta l  
m e a s u r e m e n t  of k(x) on the e r r o r  in calculat ing An(r) .  Hence,  the exper imenta l  curves  a re  o rd ina r i ly  smoothed 
by leas t  squa re s  [13, 14] o r  by  r ep re sen t i ng  the expe r imen ta l  function by a segment  of a F o u r i e r  s e r i e s  [15]. 
Modern ma thema t i ca l  methods ( regu la r i za t ion  methods)  have recen t ly  been developed [12, 16] for  the solution 
of i n c o r r e c t l y  posed  p r o b l e m s ,  which p e r m i t  the introduct ion of a p r i o r i  cons t ra in t s  on the solution expected 
in o r d e r  to d iminish  the influence of e r r o r s  in the expe r imen ta l  data on the accu racy  of de termining  the radia l  
d is t r ibut ion.  The method of s t a t i s t i ca l  regu la r iza t ion ,  when a p robabi l i s t i c  method of giving the a p r i o r i  in-  
fo rma t ion  is r ea l i zed  [16], i s  c o m p a r e d  with a number  of o ther  methods of solving (3.1) in [17], by means  of a 
number  of  model  funct ions.  I t  is  shown tha t  invers ion  of the Abel equation by s ta t i s t i ca l  regu la r iza t ion  is su i t -  
able for  the r e s to ra t i on  of suff icient ly complex  dis t r ibut ions ,  and a s s u r e s  the l eas t  coefficient  of ampl i f i ca -  
t ion of the expe r imen ta l  m e a s u r e m e n t  e r r o r .  Analys is  of the exper i ence  of using different  methods for  the 
Abel t r a n s f o r m a t i o n  shows [18] that  the se lec t ion  of any method to solve spec i f ic  p r o b l e m s  requ i res  a spec ia l  
invest igat io  n on the mode l s .  

The rad ia l  d is t r ibut ion of the r e f r ac t i ve  index, which drops  smoothly  to 0 for  r,--R [19], mus t  usually be 
reproduced  in the  i n t e r f e r o m e t r y o f  p l a s m a  ob jec t s .  The re  is c o m p a r a t i v e l y  l i t t le  data in the l i t e ra tu re  on an 
analys is  of the appl icabi l i ty  of known methods of solving the Abel equation to jumplike functions,  although the 
poss ib le  s ignif icant  e r r o r  in reproduc t ion  n e a r  the jump was  even noted in [20]. Hence, in o r d e r  to conf i rm 
the poss ib i l i t i e s  of obtaining confident r e su l t s  in p r o c e s s i n g  shock in teferenee  pa t t e rns ,  the re l iabi l i ty  of the 
individual s t ages  in the approx imate  solution of the Abel equation was ve r i f i ed  in a number  of model functions 
and expe r imen ta l  model ing  of the method was also c a r r i e d  out on mic roob jec t s .  

A shock in a fluid, which o c c u r s  with local  e n e r g y  l iberat ion,  can be r e p r e s e n t e d  in a f i r s t  app rox ima-  
t ion in the f o r m  of a discontinuous p r e s s u r e  jump behind which is exponential  damping [21], 

p (r) ~ p (Rf) exp \ - - - 7 - - ] , :  
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w h e r e  Rf  is the  rad ius  of the shock  f ron t .  F o r  w e a k  shocks ,  w h e r e  the change  in t e m p e r a t u r e  in the m e d i u m  
can be neg lec ted ,  the change in the r e f r a c t i v e  index fo r  the  p r e s s u r e  p ro f i l e  unde r  c o n s i d e r a t i o n  has  the f o r m  

,s expk ~ ]': 

w h e r e  A is s o m e  cons tan t .  On this  bas i s  a model  funct ion with a jump on the b o u n d a r y  (r  =R) was  se lec ted :  

[0, r > B .  
(3.2} 

The  method  of  s t a t i s t i ca l  r egu l a r i za t i on ,  wh ich  r e c e i v e d  good  no t i ces  e a r l i e r  fo r  i ts  r e s t o r a t i o n  of  
a b r o a d  c l a s s  of  funct ions  d i f fe ren t  f r o m  (3.2) [17], was  used  to r e p r o d u c e  this  funct ion.  The Abel  equa-  
t ion (3.1) was  hence  wr i t t e n  in m a t r i x  f o r m :  

KqD = / , w h e r e  (p = n(r) - -  no = An(r); [ = k(x).  (3.3) 

The m a t r i x  K was  obta ined  by a p a r a b o l i c  a p p r o x i m a t i o n  [19 ] of  the  funct ion An(r)  in the  p a r t i t i o n  zones  [rj, 
rj + 1 ] ,where  j =1 . . . . .  N.  The  a l g o r i t h m  was  c o n s t r u c t e d  fo r  an a r b i t r a r y  nonun i fo rm m e s h  {rj}, w h e r e  RI(0 
R 1 < R), rN+ 1 =R,  which  p e r m i t t e d  r e p r o d u c t i o n  of  the  d i s t r ibu t ion  of  the  r e f r a c t i v e  index, when  n e c e s s a r y ,  to 
jus t  the  ex t e rna l  zones  of  the inhomogene i ty .  
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The solution of (3.3) by the  method of s ta t i s t i ca l  r egu la r tza t ion  is e x p r e s s e d  in the fo rm [18] 

~ = (K+WK ~ o~)-zK+W],  

where  a is found f r o m  the nonl inear  equat ion 

Here  K + is the t r a n s p o s e d  ma t r ix ,  Wij is  the e r r o r  ma t r i x ,  a is the  regu la r t za t ion  p a r a m e t e r ,  ~ is the Tikh-  
onov s e c o n d - o r d e r  r e g u l a t o r  [12], N is the d imens ional i ty  of the vec to r  ~p, S~is  the va r i ance  of a r andom 
no rma l  v e c t o r  f, and 5ij is the K r o n e c k e r  del ta .  The v a r i a n c e  of the reproduced  vec to r  ~p is de te rmined  by 
the re la t ionship  

a 2 : ( K + W K  + a~2)~'. 

The solution of (3.3) was sought in the c l a s s  of  smooth  functions with a bounded second der iva t ive .  The main 
assumpt ion  about the behav io r  of the function on the boundary  ( r  =R) was  the assumpt ion  of parabol ic  continua-  
t ion of the funct ion An(r) f r o m  the penul t imate  into the l a s t  zone. The actual  expe r imen t  was modeled by in-  
t roducing a random 3-10% n o r m a l  e r r o r  into the appropr i a t e  k(x). 

Resu l t s  of reproduc ing  the function (3.2) by the method of s ta t i s t i ca l  regu la r iza t ion  (R =1) a re  p r e sen t ed  
in Fig .  1 (I is  k(x) and II  is An(r)) .  It is  seen  that  the introduction of a r andom 10% e r r o r  (Fig.  l a ,  points  3) 
f r o m  the m a x i m u m  value of k r e s u l t s  in cons iderab le  smoothing of the function in the domain r ~0.  The e r r o r  
fo r  reproduct ion  of the jump is ~ 8% for  the case  of  a 10 zone par t i t ion  (points 1) and less  than 1~ for  a I5  zone 
par t i t ion  (points 2). 

A diminution of  the r andom e r r o r  in m e a s u r i n g  the shift  of the i n t e r f e r ence  f r inges  to 5% (Fig.  lb ,  points 
3} r e su l t s  in a diminution in the smoothing in the cen t ra l  a r e a s .  The e r r o r  in reproducing  the jump is  hence 
a lso  not m o r e  than I% fo r  a 15 zone par t i t ion ,  i .e. ,  is one-f i f th  the initial r andom e r r o r  in k(x). 

Since the e r r o r  in the approx imat ion  is la rge  fo r  a sma l l  number  of zones,  e spec ia l ly  in the domain 
whe re  abrupt  changes  in the function to be r ep roduced  a re  poss ib le ,  and the e r r o r  due to inaccura te  m e a s u r e -  
ment  of  the i n t e r f e r ence  f r inge  shift  grows with the i n c r e a s e  in the number  of zones ,  it is m o r e  convenient to 
in t roduce a v a r i a b l e - s p a c i n g  par t i t ion  into zones .  A spec ia l  p r o g r a m  was developed to use such nonequidistant 
data.  Resu l t s  of  ve r i fy ing  it in the model  function (3.2), when the zone width diminished pa rabo l i ca l ly  with the 
i n c r e a s e  in the p a r a m e t e r  x, showed that reproduct ion  of the jump is  conse rved  well,  but smoothing in the a r e a  
of r N 0 d iminished somewhat  [22]. Smoothing in the cen t ra l  zones  is governed  by the fact  that the condition 

dcp/dr[,= o = 0 

r equ i red  fo r  the Abel equation (3.1} was  in t roduced into the a lgor i thm.  

The wave ampl i tude drops  in going f r o m  the shock to the acoust ic  wave .  Hence, s t i l l  another  model  func- 
tion, which drops  to ze ro  as  r - -  R, 

I - -  O ~ r ~ R ,  
,~n (~) = tF '  J . . . .  

O, r >  R, 

k(x) = 3 ~ ( 1  ,-~ "~3/2 --~] . 

was se lec ted  to c o m p a r e  the r e s u l t s  of  the reproduct ion .  

The r e su l t s  of r ep roduc ing  this  function by s ta t i s t i ca l  r egu la r i za t ion  a r e  r e p r e s e n t e d  in Fig.  2 (I is k(x) 
and II  is An(r)).  It  is seen  that  the  m a x i m u m  e r r o r  in the reproduct ion  is around 7 % (points 2 and 3 c o r r e -  
spond to par t i t ions  into 10 and 15 zones) for  an a c c u r a c y  of 10% of the va lue  of k(x} on the axis  (points 1) in 
m e a s u r i n g  the in te fe rence  f r inge  shif t .  The e r r o r  d iminishes  to 3-4% for  a 20 zone par t i t ion .  

On the whole,  suff icient  confidence in the method of s t a t i s t i c a l r e g u l a r i z a t i o n  follows f r o m  the r e su l t s  
p re sen ted ,  with the except ion of the reproduct ion  of the cen t ra l  zones  of the dis t r ibut ion (3.2}, where  An(r} 

tends to z e r o .  

Let  us examine  the poss ib l e  e r r o r s  because  of the r e f r ac t ion  phenomenon.  The light r ay  deviat ion during 
p a s s a g e  through a sphe r i ca l  shock is  de t e rmined  by the re la t ionship  
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R 

"o - - ' ~  Z + ~-o ~ -~ 

The f i rs t  t e r m  is due to refract ion on the sur face  of the shock, and the second is the deviation f rom the shock 
front because  of the gradient  in the ref rac t ive  index. 

If we select  x=0.9R,  R ~  10 -2 cm, n o =1.333, An(R) ~ 10 -3, then it follows f rom est imates  that ~1 ~ 3 �9 10 -3 
tad, but ~2~- 6 . 1 0  -4 rad for the radial  distr ibution of the ref rac t ive  index (3.2) under considerat ion.  It is seen 
that the deviation of the light beams for  sufficiently high values of x, even for  abrupt gradients  in the r e f r a c -  
tive index, is de termined mainly by ref rac t ion by the shock surface.  By using the relat ionship [23] 

A/; "~ e2L/t2~, 

where L is the cha rac te r i s t i c  dimension of the object ,  it can be shown that for  angles of light deviation e ~ t0 -3 
t ad  and L ~ 10 -2 cm the re f rac t ion  e r r o r  is insignificant even for  an accu racy  of Ak~ 10 -2 in measuJdng the 
in te r fe rence  fringe shift. Fo r  instance,  if L ~ 10 -2 em, then the angles of  deviation at which ref rac t ion  e r r o r  
must  s ta r t  to be taken into account for  a fr inge shift measu remen t  a c c u r a c y  of Ak ~ 10 -2 will be ~ 2 ~ and A k ~  
0.1 for  e ~ 6 ~ For  e ~  6 -10  -2 rad (half angle of the optical sys t em aperture}, the light re f rac t ion  must be 
taken into account for  measu remen t s  of t he  fringe shift with -< 4 - 10 -2 accuracy .  

It should be noted that, as a rule,  the maximum shift in the inteference fr inges is tess than one fr inge 
when p roces s ing  in ter ference  pat terns  of weak shocks with the dimension ~ 10 -2 cm, which would require  addi- 
t ional analysis  of the accuracy  in measur ing  the fr inge shift under these conditions.  Checking out the method 
of measur ing  smal l  in te r fe rence  fringe shifts in the model setup in application to microobjec ts  showed that 
the e r r o r  in measur ing  the shift was ~ 0.01-0.02 fr inges when using a photometr ic  method. 

However,  additional e r r o r s  in measur ing  the fringe shifts can appear  in a study of dynamic objects ,  which 
is due to b lur r ing  of the in te r fe rence  fr inges during exposure of the f rame .  Let us examine the influence of 
the finite f rame exposure t ime on the accu racy  of the in ter ference  measurements  in an investigation of non- 
s ta t ionary  p r o c e s s e s .  

The intensity distr ibution because of the addition of two waves when obtaining the in ter ference  pa t te rn  
has the fo rm [24] 

I - I ,  + I .  + 2V/--~-o - tosS. (3.4) 

where  Ii, 12 are  the in ter fer ing wave intensi t ies and 6 is ~he phase difference.  The cont ras t  between the in ter -  
fe rence  bands k b is defined by the relationship 

1,'b --  (h~,~ [,, ,~) ( Im~ =- [m~)  = 21 ~-p/(p + 'l), (3.5) 

where  p =I1//[ 2. Taking account of (3.5), the express ion for the intensity distr ibution (3.4) is writ ten in the form 

I = to(t + kbCOSS), (3.6) 

where  I 0 =I 1 +I 2. If an (x, y) coordinate sys tem is introduced in the plane of the screen,  then the express ion 
(3.6) for the intensity distr ibution can be wri t ten in the case of nonsta t ionary objects in the fo rm 

I (x, t )=  I0[, + k b + t))], (3.7) 

where ~ is the angle between the interfer ing rays ;  ~(x, t) is the optical path difference,  which is determined 
for  ax i symmet r i c  objects by the relationship 

R 

(x, t) = 2 S n v  "--~'U-~i(r' t) - -  n o tar." 
x .  

Since the spatial  per iod of the fr inges in the in te r fe rence  pa t te rn  is determined by the angle ~p, i.e., d -  )~/~0, 
then taking this into account (3.7) is wri t ten as follows: 

l ( x ,  y, t) -= I o[i + kbCOS 2.~(y/d + p(x, t)/},)]. 
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The  i n t e n s i t y  d i s t r i b u t i o n  

to+~ 

w h e r e  S(t) i s  the  in t ens i ty  d i s t r i b u t i o n  of  the  l a s e r  p u l s e  which  s a t i s f i e s  the  n o r m a l i z a t i o n  condi t ion 

S(t)  dt = t o, 
r 

will be f ixed on the photographte  ma te r i a l  when a pu lse  l a s e r  wlth pulse  durat ion z i s  used as r  source .  
In  the  c a s e  o f  a r e c t a n g u l a r  p u l s e  shape ,  we  .obtain 

to ',-:x, 
Io 

Ju" '--'-U'-~/jdt" I , ( x , y ,  to)=--- ~ [ t  --', kb ~os 2~t ( Y  ~- ~ (x' t)~] 

F o r  ~'<<t0, b y  u s i n g  the  t rape~.otd  r u l e  we  f ind 

It hence follows ~t a change in the optical path difference A# du~ exposure results in the appearance of an 
additional relative shift in the ~erference fringe by the quantity A~(x, t0)/2X and to a diminution in the con- 
trast to the q~tantltyp ~ =pcos 0r~(x, t0)/k), Expanding the function ~x, t o +r) in a Taylor series, we obtain 
the following expressions for the change in intensity, contrast, and phase shift: 

where 

AI~ == I x (x, / / ,  to) - -  I (x, y, to) =- ~Tlok b sin 2~ (Y  + ,tr (x,), to)), 

p '  = p cos T~, A~ = ~ ,  

[~ = = ~ ) t t = t o : '  and we  have  f o r  the  r e l a t i v e  sh i f t  in the i n t e r f e r e n c e  f r i n g e s  

~(= ,  to) a ~  = Z__~ ~(~, t)~[ 
}. 2 ~  2 a t  k }- /I--o" (3.8) 

e x e c u t e  the  e s t i m a t e s  b y  m e a n s  o f  (3.8), we  in t roduce  two op t i c a l  i n h o m o g e n e l t y  m o d e l s  c o r r e s p o n d i n g  to  
two d i f f e r e n t  c l a s s e s  o f  p h y s i c a l  p r o b l e m s .  One i s  c h a r a c t e r i s t i c  f o r  p l a s m a  o b j e c t s ,  

and the  o t h e r  ,for s h o c k s ,  

An (r)  = ~ . .  ( R '  - r-') u ( x )  = a t n  ~ x ~ (3.9) 

R R 
An (r) = C 1--; ~ An (r) vdr 

-p7, e , t~ ( x )  = 2.  ~ .  (3.10) 

Let us assume that a linear time dependence of the displacement of the inhomogeneity boundary exists; i.e., 
R -vt, where v is the velocity of boundary expansion. We then obtain for (3.9) 

1/ ,-) �9 

(3. i t )  Art(*, to),,~ 2 x 0.R)_ l i - -  . z, z'- 
Z -- 3 ~ ~ --~B-* =--To g1(r)~ (3.11) 

and f o r  (3,10) 
R R 

At~(x, to) ~ T x'- i Ce : r"-dr. (3.12) 
Z - -  ~ ).P,~ ~, R | re -- x'-' 

The expression (331) is obtained for the domain x<<R. An approximate upper bound can also be obtained for 
the model (3.10) if An(r)R-< C. Then 

a ~ ( ~ , t o ) ~ _  �9 . ,: 
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where 

X 2  �9 

Taking account of  the actual  prof i le  S(0, which is c l o s e r  to a Gaussian prof i le ,  p e r m i t s  reduction of the value 
of the co r rec t ions  (3.115 and (3.125 by approx imate ly  half;  

E s t i m a t e s  of the additional i n t e r f e r ence  fr inge shif ts  under the conditions of our  expe r imen t s  (v ~ 2.105 
e m / s e c ,  to -~ 5 �9 10 -8 s ec ,  R ~ 10 -2 cm,  ~-- 5 ' 10 '9 sec) showed that  they a r e  not m 6 r e  than ~ 10 "3 f r inges  for  
the p l a s m a  model .  F o r  :the shock model ,  the additional shifts  a re  max imal  n e a r  the boundary  and a re  ~ 5 . 1 0  -3 
f r inges .  

The re fo re ,  the analys is  of the influence of different  f ac to r s  on the a c c u r a c y  of i n t e r f e r ence  m e a s u r e -  
ments ,  which has been p e r f o r m e d ,  shows that  the main  e r r o r  in the m e a s u r e m e i i t s  w f l l b e  de te rmined  by  in- 
a c c u r a c y  in m e a s u r i n g  the i n t e r f e r ence  fr inge shift, which i s ~  0.01-~0.02 f r i nges .  

The poss ib le  values  of  the change in the r e f r a c t i v e  index An fo r  m e a s u r e m e n t  of the in te rva l  was e s t i -  
mated  by using the re la t ionship  ~ 

An '~ k~,/L. 

The quantity kN 0.01 f r inges  was  de t e rmined  in the range  of smal l  changes  in the re f rac t ive  index to the 
accu racy  of m e a s u r i n g  the f r inge  shift,  while the max ima l  value k ~ 1 was cons t ra ined  by the discontinuity in 
the i n t e r f e r e n c e  fr inge n e a r  the object  boundary.  Thus,  e.g. ,  for  c h a r a c t e r i s t i c  pe r tu rba t ions  with the di-  
mension L ~ 10 -2 cm,  the  range  of An being m e a s u r e d  was approx imate ly  7-  i 0 - 5 - 7 . 1 0  -3. 

4. Exper imen ta l  Resu l t s .  Typical  u l t r a rap id  f r a m e  in t e r f e rence  pa t t e rns ,  obtained at different  ve loc i t ies ,  
a re  r e p r e s e n t e d  in F igs .  3 and 4. The spacing between the e lec t rodes  is 0.2 cm, and the f r a m e  exposure  t ime  
is ~ 6 . 1 0  -s sec .  Spher ica l  shocks  With the radius  ~ 10 -2 cm being p ropaga ted  in dis t i l led w a t e r  (p ~ 105 ~2 �9 cm) 
f r o m  the s i te  of  local ene rgy  l ibera t ion  n e a r  the pos i t ive  e lec t rode  sur face ,  a r e  seen  in Fig.  3a. A shift  in the 
in t e r f e rence  f r inges  towards  the cathode occu r s  on the shock front ,  which co r responds  to an i nc rea se  in the 
value of the r e f r a c t i v e  index as  c o m p a r e d  to i ts  magnitude in the Surrounding medium;  i .e. ,  An > 0. Behind the 
shock front the in t e r f e rence  f r inges  r e tu rn  to approx ima te ly  the p rev ious  level ,  o r  a re  shif ted toward the anode 
(i.e, An < 0) nea r  the local  ene rgy  l ibera t ion  domain.  

Resul t s  of computat ion of the rad ia l  dis t r ibut ion of the r e f r ac t i ve  index behind the shock front  A for  the 
sect ion B by the s ta t i s t i ca l  regu la r iza t ion  method a re  r e p r e s e n t e d  in Fig.  3b (points 1). P reSen ted  he re  for  
c o m p a r i s o n  a r e  r e su l t s  Obtained by the method of s t epwise :approx imat ion  [25] wlthout t he  applicat ion of any 
smoothing p r o c e d u r e  (2). The good ag reemen t  between the r e su l t s  obtained by the different  methods should be 
noted, which conf i rms  the high a c c u r a c y  in the m e a s u r e m e n t  of the in t e r fe rence  fr inge shif ts ,  and indicates 
the f a i r  poss~bfl l tms of the s t e p ~ l s e  a p p r o x i m a t i o ~ m e t h o d ' f 0 r  the r ep roduc tmn of j umphke  f tmctmns of the 
type (3.2) under  these  condit ions.  

In t e r f e r ence  pa t t e rn s  exhibiting the sequence of p r o c e s s  development  in the fo rmat ion  of an e l ec t r i c a l  
d i scharge  in the e the r  (p ~ 1010 ~ �9 cm) a re  p r e s e n t e d  in Fig.  4. P ropaga ted  f r o m  the si te of local  ene rgy  l i b e r a -  
t ion is  a shock behind whose f ront  a "chain" of mic robubb les  with the cb_aracSer~st~c dimension ~ 10 -3 c m  Ca, b) 
is seen .  Ionizat ion p r o c e s s e s  occu r r ing  behind the shock f ront  r g . ~ i t  ~ h ' e  f ~ m ~ t i 0 n  of a p l a s m a  channel 
foundation (b, c) with a complex  s t ruc tu re ,  and the subsequent  ga~ l~Uneh~t~i;r0u'gh (dh. In this case  a cyl indr ical  

the s t r u c t u r e  of the whole fo rmat ion  is character{'siie" fo~ ; i f~u id  d ie lec t r i cs  with a low value shock is seen, but 
of the d ie lec t r i c  constant .  Common is the p r i m a r y  fo rmat ion  of a~{o~i~ --p~turbation~of cyl indr ical  shape, f rom 
which, as a rule ,  a single channel d is tor t ing  the e lec t r i c  field od:: t~ ~ o d r  Surface is fo rmed  success ive ly .  
The magnif ied field domain acqui res  the d imension ~ 10-2 cm,  and~c0ndi~i0nS~ g r e  p roduced  for  the t rans i t ion  
"hydrodynamic"  s tage into a rap id ly  developing brush  d i scharge  (d) I. R e s u l t s  Of computat ions  of the r e f rac t ive  
index dis t r ibut ion fo r  the sect ions  A [1) R =57 #m] and B [2) R =70 ~m]~ :per formed by the s ta t i s t i ca l  r e g u l a r -  
ization method,  a re  r e p r e s e n t e d  in Fig.  5 (the channel boundary  is shown b y  the  clashed l ines) .  

By knowing the change in the r e f r ac t i ve  index An(r), the magnitude of the densi ty  p and the p r e s s u r e  p 
can be e s t ima ted  by using the dependence of the r e f r ac t i ve  index on the densi ty  and the data on the dynamic 
compres s ib i l i t y  of the med ium.  F o r  example ,  the express ion  used  in t e s t s  to de t e rmine  the p r e s s u r e  behind 
the shock f ron t  (for  p ~ 103 atm) for  w a t e r  has  the f o r m  [26] 

p(r)"~ (An(r)/t .48)lO 5 arm. 

278 



Resul t s  of p r o c e s s i n g  the i n t e r f e r ence  pa t t e rn s  p r e s e n t e d  in Fig.  3b show that  the p r e s s u r e  at the shock front  
r eaches  p -  270 a t m  at  a range  of R = 10 -2 em f r o m  the anode su r face  for  th is  loca l  pe r tu rba t ion .  

The poss ib l e  influence of defocusing on the  m e a s u r e m e n t  a c c u r a c y  should be noted in studying m i c r o -  
objects ;  hence,  as a rule ,  those  objec ts  which a r e  within the sha rp  focusing l imi t s  on the i n t e r f e r ence  pa t t e rns  
a r e  subjected to p r o c e s s i n g ,  as is ve r i f i ed  by the shadowgraph of the s t rong  opt ical  pe r tu rba t ions  p r e sen t .  

Application of the method desc r ibed  above to inves t iga te  the dynamics  of shocks  in dis t i l led wa te r  p e r -  
mi t ted  obtaining quanti ta t ive r e su l t s  concerning the initial  "hydrodynamic"  s tage of e l ec t r i ca l  d ischarge  de-  
ve lopment  [9] by using the approx imate  hydrodynamic  re la t ionsh ips .  

Resul t s  of i n t e r f e r e n c e  m e a s u r e m e n t s  w e r e  c o m p a r e d  with data ob ta inedby  using a t h r e e - f r a m e  schl ie ren  
record ing  s y s t e m  [7]. M e a s u r e m e n t s  of the fundamental  dynamic c h a r a c t e r i s t i c s  of the p r o c e s s  u n d e r i n v e s t i -  
gation executed by two independent methods r e su l t  in eons ls tent  r e su l t s  fo r  the c h a r a c t e r i s t i c  radius  of the 
channel,  t h e m a x i m a l  p r e s s u r e ,  and ene rgydens i t y  in i ts  local  l ibera t ion  domain n e a r  the anode su r face .  The 
quanti ta t ive r e su l t s  obtained, r e f e r r i n g  to the ene rge t i c s  of the p r i m a r y  p r o c e s s e s ,  can turn out to be  useful  
in the development  of a m o r e  r igorous  phys ica l  model ,  which i s e x t r e m e l y  n e c e s s a r y  in connection with the in-  
tens ive  studies in the a r e a  of producing  ul t rapowerful  sources  of e n e r g y  s to r age .  

The authors  a re  grateful  to A. G. Ponomarenko  and N. G. P r eob razhensk l i  for  aid and suppor t  in p e r -  
fo rming  the r e s e a r c h .  
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D E S T R U C T I O N  OF C O A R S E  AND F I N E  W A T E R  

D R O P S  BY M O N O P U L S E S  OF  A RUBY L A S E R  

V.  I .  N o v i k o v  and  V. N. P o z h i d a e v  UDC 535.21 

In addition to the known method of evaporating water drops in the intensive radiation field of a 
CO 2 laser,  papers  have recently appeared wherein the destruction of water drops without the 
conversion of the light energy they absorbed into heat is investigated (surveys [1, 2], for ex- 
ample). Papers  devoted to nonthermal methods of destroying a water aerosol, although still 
few in number, indicate the proposal of three methods of destroying the drops: optical break- 
down in water,  excitation of mechanical vibrations of the drops, and photochemical destruc-  
tion of the water  molecules [1, 2]. The optical breakdown phenomenon, when intense destruc- 
tive shocks occur  in a water  drop subjected to a l ase r  monopulse, has been investigated more 
fully than the other methods but also clearly insufficiently. Experiments on destroying milli-  
mete r -  and micron-s ized drops by ruby lase r  monopulses are  described in this paper, 
values of the paramete rs  character izing this process  are determined, and an approximate 
estimate of the energy and power of the laser  pulses requiredto destroy a water aerosol in 
a t rack of definite length is also given. 

1. Experimental Investigation of the Destruction of Coarse Water Drops.  The effect  of monopulse laser  
radiation on a suspended water  drop of ~ 2 mm radius was observed in the experiments.  The diagram of the 
apparatus is presented in Fig. 1. The gigantic pulse from a OGM-20 ruby laser  2 was focused at the center 
of the drop 4 suspended from the capillary 1 by using a lens with a 5-cm focal length 3. By using a plane- 
paral lel  divider plate 5 and the collector  lens 6, a par t  ~of the radiation is sent off to the IKT-1M calor imeter  
7 to measure  the pulse energy. The pulse duration of the ruby laser  was ~ 20 nsec at the half-power level, 
the maximum energy pe r  pulse was ~ 0.5 J, and the area of the focal spot in air,  determined by the hole pierced 
in foil, was about 2.8 �9 10 ~S cm z. 
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