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The effects  a r i s ing  f r o m  the action of radiat ion f rom a l a s e r  opera t ing in the f r ee  g e n e r a -  
tion mode on optical  g lass  a r e  studied. The method of ve loci ty  i n t e r f e r o m e t r y  is  employed 
to es tab l i sh  that, when the l a se r  radiat ion is  focused within the spec imen,  optical  inhomo-  
genei t ies  a r i s e  within the la t ter .  The magni tudes of these  inhomogenei t ies  within the c a u s -  
tic of the focusing lens a r e  measured .  On the basis  of the t ime  lapse  requ i red  for  the r i s e  
of such inhomogenei t ies ,  the proposi t ion is  made  that  they a r e  caused by t he rmoe la s t i c  
s t r e s s e s .  Using the methods of thermoelas t ic i ty ,  the magni tudes of these s t r a ins  and the 
t e m p e r a t u r e  a r e  calculated.  I t  was a lso  d i scovered  that  focusing the radiat ion on the s u r -  
face of the sample  p roduces  evaporat ion of the spec imen m a t e r i a l .  A quali tat ive d e s c r i p -  
tion is  given, and this effect  is  compared  to the su r face  evaporat ion which occurs  under 
l a s e r  action oD condensed opaque media .  

Many in te res t ing  ef fec ts  a r e  observed  when l a s e r  radiat ion ac ts  upon t r a n s p a r e n t  d ie lec t r ics .  One 
of these  is  breakdown of the ma te r i a l .  Depending on the conditions of the exper iment ,  the breakdown oc-  
cu r s  in va r ious  ways:  s t ruc tu ra l  changes,  f i s su res ,  etc. A significant  number  of bas ica l ly  exper imenta l  
s tudies have been dedicated to explanation of the causes  of such breakdown. A s e r i e s  of hypotheses  have 
been p roposed  on the m e c h a n i s m  whereby the e lec t romagne t ic  energy  is  t r a n s f o r m e d  into mechanical  
s t r e s s  energy.  

One of the f i r s t  of these  was the proposa l  that a powerful  hypersonic  wave develops,  exci ted b y fo rced  
Mandels tam-Br i l lou in  sca t t e r ing  (FMBS) [1-3]. However,  the authors  of these  studies did not r ega r d  this 
p rob lem as  defini t ively solved. In [2], evaluations of the magnitude of mechanica l  s t r e s s  produced by a 
hypersonic  wave were  made.  I t  was shown that, a ssuming  uniform generat ion of hypersound,  the magn i -  
tude of this  s t r e s s  is at  l eas t  one o rder  lower than the mac roscop i c  s trength.  Moreover ,  d i rec t  o b s e r v a -  
tion of m a t t e r  breakdown below the threshold level  for  FMBS does not suppor t  a basic role  for  that  phe-  
nomenon in the breakdown p r o c e s s .  
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Fig. 1 

A second proposa l  for  a breakdown mechan i sm was the ~ther-  
real n hypothesis .  According to this hypothesis ,  the cause  of b reak -  
down is  t he rmoe la s t i c  s t r e s s ,  a r i s ing  due to d i rec t  absorpt ion of 
radiat ion [5]. Fo r  t r anspa ren t  media  containing mioro inhomoge-  
nei t ies ,  within the bounds of the same  hypothesis  a p roposa l  was 
made  that the re  ex is t s  local ized absorpt ion of light energy  at  points 
of the rma l  rupture  [6] o r  in gas  bubbles ~cleaving n the ma te r i a l  [7]. 
I t  is  poss ib le  to a s s u m e  that,  depending on the m a t e r i a l  studied, as  
well  as the flux densi ty and radia t ion energy,  the breakdown m e c h -  
an ism may  be var ied .  F r o m  this  viewpoint, i t  becomes  impor tan t  
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Fig. 2 

to study the effects  occur r ing  in t r a n s p a r e n t  m a t e r i a l s  exposed to l a s e r  radiat ion at the s tage preced ing  
breakdown. 

Expe r imen ta l  Method. The method of ve loc i ty  i n t e r f e r o m e t r y  was employed to study the effects  oc -  
cur r ing  upon p a s s a g e  of a l a s e r  beam through a t r a n s p a r e n t  substance.  A schemat ic  d i ag ram of the ex-  
pe r imen ta l  appara tus  is  shown in Fig. 1, in which 1 is  the moving image  c a m e r a  control  panel ,  2 is  the 
control  pulse  e lec t ronic  delay c i rcui t ,  3, 4 a re  the ruby and neodyraittm l a s e r  control  c i r cu i t s  respec t ive ly ,  
5 is  the ruby l a s e r ,  operat ing in repe t i t ive  giant pulse mode,  6 is  the neodymium l a se r ,  7 i s  the Michel-  
son i n t e r f e r o m e t e r w i t h  spec imen to be studied, 8 is  the moving image  c a m e r a ,  f l  i s  the lens which focuses  
the neodymium l a se r ,  and f2 is the object ive which t r a n s f e r s  the spec imen image  to the f i lm. 

Moving image  photography was accompl i shed  by s imul taneous  use  of an SFR-2M moving image  c a m -  
e r a  and the ruby l a s e r  operat ing in the repet i t ive  giant pulse mode [8]. The pulses ,  15-20 nsec  in length, 
occur  at  in te rva l s  of 50-150/~ sec.  Such a mode can be produced by introduction into the r e s o n a t o r  of a 
cuvette  type nonl inear  e lement  with a solution of vanadium phthalocyanine in ni t robenzol ,  or  with p la tes  of 
type KS-17 o r  KS-18 g lass .  The spec imen  to be studied, in the fo rm of a r ec t angu la r  pa ra l l e l ep iped  with 
carefu l ly  pol ished faces ,  i s  s i tuated in one of the a r m s  of the Michelson i n t e r f e r o m e t e r .  

In o rde r  to exclude as much as  poss ib le  the effects  of macro inhomogene i t i e s  (cords,  bubbles) brand 
K-8 optical  g lass  was chosen as  the spec imen  ma te r i a l .  A lens w i t h f  =20 cm focused the neodymium l a -  
s e r  radia t ion with ene rgy  of ,~ 100 J and pulse  length ~ 10 -3 on the specimen.  I n t e r f e r o g r a m  p r o c e s s i n g  
was accompl i shed  by a method which p e r m i t t e d  obtaining quanti tat ive data for  the a x i s y m m e t r i c  case  
(see, for  example  [9]). 
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Exper imenta l  Resul ts  and Evaluation. Typical  i n t e r f e r o g r a m s  of op- 
t ical  inhomogenei t ies  occur r ing  at t imes  t=290,  440, 620,800 psec  with 
the neodymium l a s e r  at an energy level  of W~ 100 J and pulse  length T~ 
1.5 - 10 -3 sec focused within the spec imen  a re  p r e s e n t e d  in Fig. 2a. 

In p roces s ing  the i n t e r f e r o g r a m s ,  the optical  axis  of the Nd l a s e r - f o -  
cusing lens sys t em was chosen as an axis  of s y m m e t r y .  The r e su l t s  of quan- 
t i ta t ive i n t e r f e r o g r a m  process ing ,  changes in the index of re f rac t ion  An v e r -  
sus dis tance f rom the axis  of s y m m e t r y  for  t imes  t l=  180, t2=290, t 3 =440, 
t4 = 620, t s = 800p sec,  a r e  p resen ted  in Fig. 3. I t  i s  obvious that  the value a t  
eve ry  point i n c r e a s e s  monotonical ly  with t ime;  the monotonici ty of ttlis in-  
c r e a s e  was ver i f ied  by a l a rge  number  of independent m e a s u r e m e n t s .  

The absence  of a t ime  c o r r e l a t i o n  between inhomogenei ty  development  
and the s t ruc tu re  of the Nd l a s e r  radiat ion,  operat ing in the f r ee  generat ion 
reg ime,  al lows one to a s s u m e  an in tegra l  c h a r a c t e r  for  the inhomogeneity 
format ion mechan i sm.  

We define nintegralW as  follows: the magnitude of the inhomogenei ty  at e v e r y  point at  a given t ime  
t o i s  de te rmined  not by the peak  value of radiat ion power,  but by the total  ene rgy  radia ted  by the Nd l a s e r  
up to the momen t  t 0. The m o s t  probable  mechan i sm of such c h a r a c t e r  i s  the r i s e  of t he rmoe l a s t i c  s t r e s s e s  
due to d i rec t  absorpt ion  of e lec t romagne t ic  radiat ion.  

Fo r  t he rmoe l a s t i e  s t r e s s e s  to occur  i t  is  n e c e s s a r y  that two conditions be fulfilled; the f i rs t :  

grad (kq) ~ 0 (1) 

where  k is  the coeff ic ient  of a b s o r p t i o n  and q is  the radiat ion flux density; and the second condition: 

where ~ is the coefficient of thermal conductivity, and T the temperature. 

For fulfillment of ~.q. (I) it is sufficient that the light path not leave the limits of the specimen studied~ 

In our experiments A N 10 -4, so that Eq. (2) is known to be satisfied up to temperatures of the order 
of the vaporization temperature. If heating occurs in the absence of external loads and bonds, the mag- 
nitude of the s t r e s s  and deformat ion  components  will be de te rmined  by the t e m p e r a t u r e  prof i le  and the 
g e o m e t r y  of the object  heated  (for a concre te  ma te r i a l ) .  In the case  of axial  s y m m e t r y ,  the s t r e s s  and de-  
format ion  t e n s o r s  contain only diagonal components .  In that  case ,  the component  magnitude of the s t r e s s  
t en so r  and the sum of the components  of the deformat ion t ensor  a r e  given by the following equations [10]: 

r 

aE 1 11 l.~_~Trdr ~ 
0 0 

1t r 
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Here ~rr, ~00,~zz are the stress tensor components in a cylindrical coordinate system, U is the 
volume deformation, which for small deformations is, to an accuracy up to magnitudes of the second order 
of smallness, none other than the relative volume change V-16V, and ~ is the coefficient of linear thermal 
expansion, E is Young's modulus, u is the Poisson coefficient, R is the radius of the cylinder, and T is the 
temperature. 
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To t r a n s f o r m  the data obtained exper imenta l ly  for  An values  into changes in specif ic  volume and 
t e m p e r a t u r e ,  the following equations were  employed:  

A n  = A n y  + Ant (4) 

A n y  ,.~ - -  (no ~ - -  t)6no (n~ + 2) 6Vv (--~o " ~ t ) A n  

A n T ~ [  ~'~- 3(n~176 0r 

where  fi i s  a tabular  coefficient,  giving the i n c r e m e n t  in An fo r  1% Equation (4) and Eqs.  (3) p e r m i t  d e t e r -  
minat ion of all  the unknown quanti t ies.  We will p r e sen t  the r e su l t s  of this calculat ion for  r = 0, i .e . ,  on the 
axis of the cyl inder ,  for  ce r ta in  values  of t ( s t r e s s  is  given in kg/cm2).  

t.lO6sec A T  I%1, l=eel I=== I 
i80 25 88 196 
290 40 i55 3i0 
440 56 2t8 436 
620 78 305 6i0 
800 81 315 630 

I t  i s  evident f r o m  these  data that  the magni tude of Crzz toward the end of the l a s e r  impulse  at ta ins  a 
value c lose  to the s t rength  l imi t  of the g lass  under  tension [11]. I t  should also be noted that ,  under the 
conditions of our exper iment ,  an i n c r e a s e  in the Nd l a s e r  radiat ion energy  of 10-15% leads to breakdown 
of the spec imen.  F r o m  this  one m a y  draw the conclusion t ha t  the cause  of breakdown m a y  be t h e r m o e l a s -  
t ic  s t r e s s e s  a r i s ing  f r o m  l a s e r  radia t ion absorpt ion.  

F igure  2b p r e s en t s  typical  i n t e r f e r o g r a m s  of the f l a re  obtained when the Nd l a s e r  is  focused on the 
su r face  of the sample  for  t=  100, 210 ,340 ,520  ~sec .  I t  i s  evident f r o m  these  i n t e r f e r o g r a m s  that  i nc rea se  
in the radiat ion flux densi ty on the sur face  (to 106-10 ~ W / c m  ~) leads to vapor iza t ion  of spec imen ma te r i a l .  
With this ,  the sur face  becomes  p rac t i ca l ly  opaque for  incident radiat ion.  D i spe r sa l  of the vapor s  is  a c -  
companied  by a s t rongly  developed turbulence.  

The i n t e r f e r o g r a m s  also  t r a c e  the s t ruc tu re  of the shock waves  fo rmed  upon vapor iza t ion  of the m a -  
t e r i a l  at eve ry  Nd l a s e r  f lash.  The p a r a m e t e r s  of the shock waves  a r e  de te rmined  by the ene rgy  of the 
cor responding  f lashes  and coincide with p a r a m e t e r s  of shock waves  obtained with shadow photography in 
in terac t ion  of l a s e r  radia t ion with opaque m a t e r i a l s  [12, 13]. I t  should be noted that  the method p roposed  
above p e r m i t s ,  in pr inciple ,  m e a s u r e m e n t  of the local coeff icient  of absorpt ion.  As an evaluation,  the fol -  
lowing formula  may  be used: 

k~-w-- 3(i--2~) U + c T  (5) 

where  c i s  the heat  capaci ty  pe r  unit volume of the substance studied. Calculat ions conducted on the basis  
of the above values  give a value for  the absorpt ion coefficient  k ~  2 . 1 0  -2 cm -1, which, to an accu rac y  within 
the l imi ts  of exper imenta l  e r r o r ,  m a y  be r ega rded  as constant  ove r  the duration of a l a s e r  pulse .  I t  should 
a lso  be noted that  a s i m i l a r  method of absorpt ion coefficient  m e a s u r e m e n t  p e r m i t s  neglec t  of ref lect ion 
f r o m t h e  spec imen  sur face  and the p r o c e s s e s  of volume sca t te r ing ,  as well  as  the use of spec imens  of 
smal l  d imensions .  

The authors  a r e  grateful  to A. M. Leontovich for  his valuable advice.  
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