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The p r o b e  beam was d e t e c t e d  by a s i l i c o n  d e t e c t o r ,  whose  o u t p u t  s i g n a l  was a m p l i f i e d  by a 
PARC model  115 p r e a m p l i f i e r  w i t h  a g a i n  o f  100 b e f o r e  b e i n g  r o u t e d  t o  an o s c i l l o s c o p e  and a PARC 
model  162 /165  b o x c a r  a v e r a g e r .  The s a m p l i n g  d u r a t i o n  on t h e  b o x c a r  was s e t  a t  5 n s ,  and d e l a y e d  
by 70 ns  r e l a t i v e  t o  t h e  l a s e r  p u l s e .  The s i g n a l  was a v e r a g e d  f o r  a b o u t  20 s e c o n d s  (a  t o t a l  o f  
200 p u l s e s ) ,  and t h e  b a s e l i n e  was a l s o  a v e r a g e d  on a l t e r n a t e  p u l s e s ,  a l s o  f o r  20 s e c o n d s ,  
r e s u l t i n g  in  a m e a s u r e m e n t  d u r a t i o n  o f  40 s e c o n d s .  

In  t h e  p r o c e s s  o f  e x p e r i m e n t a l  d e v e l o p m e n t ,  a l a r g e  s i g n a l  was o b s e r v e d ,  due t o  t h e  s u r f a c e  
a c o u s t i c  wave g e n e r a t e d  by t h e  pump p u l s e .  T h i s  s i g n a l  r e s u l t e d  f rom beam d e f l e c t i o n  due  t o  
s a m p l e  s u r f a c e  d e f o r m a t i o n  a s  t h e  s u r f a c e  a c o u s t i c  wave p r o p a g a t e d  t h r o u g h  t h e  p r o b e  s i t e ,  and  
was s e e n  w h e n e v e r  t h e  pump beam was p a r t i a l l y  o b s t r u c t e d  or  a p e r t u r e d .  The s i g n a l  due  t o  t h e  
s u r f a c e  a c o u s t i c  wave was a v o i d e d  by s e t t i n g  t h e  b o x c a r  a p e r t u r e  d e l a y  s u c h  t h a t  t h e  s i g n a l  was 
s a m p l e d  a f t e r  t h e  pump p u l s e  e n d e d ,  b u t  b e f o r e  t h e  s u r f a c e  a c o u s t i c  wave a r r i v e d ,  

An additional effect  that  had to be avoided was obstruction of the surface by the buildup of 
a white powder deposited on the surface in the v ic in i ty  of the pump spot during i r rad ia t ion .  The 
ref lected power was compared before and a f te r  the 40 second beam exposure to ensure that  no 
s igni f icant  change in the steady s ta te  surface r e f l e c t i v i t y  occurred. 

F o l l o w i n g  t h e  i n i t i a l  s e t u p  work a t o t a l  o f  n i n e  s i t e s  were  i r r a d i a t e d  f o r  t h e  r e p o r t e d  
d a t a .  A f t e r  n o r m a l i z i n g  t h e  s i g n a l  t o  a c c o u n t  f ~ r  pump power v a r i a t i o n s ,  t h e  t r a n s i e n t  r e l a t i v e  
r e f l e c t ~ v i t y  c h a n g e  was d e t e r m i n e d  t o  be 8 x 1 0 - - ,  w i t h  a s t a n d a r d  d e v i a t i o n  o f  
3 x 1 0 - - .  

3. D i s c u s s i o n  

In order to place these resu l t s  into the proper context, i t  is necessary to consider the 
expected signal strength under various experimental conditions. The f i r s t  step is to assume that  
the Soviet prediction for the absorption coeff ic ient  of the postulated surface electromagnetic 
wave is correct.  Therefore one has [ i]  
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where  n = r e f r a c t i v e  i n d e x ,  K = e x t i n c t i o n  c o e f f i c i e n t ,  X = w a v e l e n g t h ,  and a . i s  s i s  t h e  
d i s s i p a t i v e  componen t  o f  t h e  SEW a b s o r p t i o n  c o e f f i c i e n t .  C l e a r l y  t h e  v a l u e s  o~ n and ~ t o  be 
u s e d  mus t  be a p p r o p r i a t e  t o  t h e  e x p e r i m e n t a l  c o n d i t i o n s ,  and i n  p a r t i c u l a r  t h e y  mus t  c o r r e s p o n d  
to  t h e  t e m p e r a t u r e  and p h a s e  o f  t h e  i r r a d i a t e d  s i t e  d u r i n g  t h e  i r r a d i a t i o n .  U n f o r t u n a t e l y ,  t h e  
o p t i c a l  c o n s t a n t s  o f  m o l t e n  m e t a l s  a r e  n o t  g e n e r a l l y  a v a i l a b l e ,  and so e s t i m a t e s  o f  n and K a r e  

u n c e r t a i n  a t  b e s t .  S c a l i n g  room t e m p e r a t u r e  d a t a  on t h e  b a s i s  o f  t e m p e r a t u r e  a l o n e  i s  n o t  a 
r e l i a b l e  method  o f  p r e d i c t i n g  o p t i c a l  c o n s t a n t s  f o r  t h e  m o l t e n  p h a s e .  A l t e r n a t i v e l y ,  i t  m i g h t  be 
p o s s i b l e  t o  s c a l e  a c c o r d i n g  t o  t h e  e l e c t r i c a l  c o n d u c t i v i t y  o f  the room t e m p e r a t u r e  s o l i d ,  and t h e  
molten phase of the same material.  This may be accomplished using the following two re la t ions :  
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where  ~ : f r e e  s p a c e  w a v e l e n g t h ,  p = r e l a t i v e  p e r m e a b i l i t y ,  V = f r e q u e n c y  o f  t h e  e l e c t r o m a g n e t i c  
wave,  o = e l e c t r i c a l  c o n d u c t i v i t y  and ~_ . _  = a b s o r p t i o n  c o e f f i c i e n t  f o r  an e l e c t r o m a g n e t i c  

t "  ' OUl wave p ropaga  i n g  t h r o u g h  t he  b u l k  o f  t he  c o n d u c t o r  [ 2 ] .  Th i s  e x p r e s s i o n  i s  s u b j e c t  t o  t h e  
c o n d i t i o n  
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where E = relative permitlvlty. 

The other expression needed here is [3]: 

4~K 
~ulk = A 

Eliminating the bulk absorption coefficient from these two relations, it follows that 

o_ 
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The conductivity and the extinction coefficient are strong functions of temperature [4] e.g., 

= ! (solid phase only) 
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but the refractive index Is a relatively weak function of temperature by comparison. 

A rough estimate of adiss for molten aluminum can be made using the fact that [5] 

Pmolten At : 7.8 
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where p = electrical resistivity = 1/ o. By interpolation of room temperature values of n and ~] 
one finds using the Soviet expression for adiss that for aluminum at a wavelength of 1.06 ~m, 

adlss 
~ -i 
- 120 cm 

T = 20~ 

If this number is scaled using electrical conductivity, then one finds (ignoring temperature 
dependence of  n ) :  
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"- 3 x 103 cm -I 

From t h e s e  e s t i m a t e s ,  one may conc lude  t h a t  t he  s u r f a c e  e l e c t r o m a g n e t i c  wave would p r o p a g a t e  
on ly  a few microns  in the  mel t  r e g i o n .  Thus a t  w a v e l e n g t h s  of  m or  s h o r t e r  t h e r e  Wi l l  no t  be 
s i g n i f i c a n t  r e d i s t r i b u t i o n  o f  ene rgy  o u t s i d e  t he  l a s e r  spo t  e x c e p t  t he  f o r  r a r e  c a s e  o f  
m i c r o n - s i z e  Spo t s .  I t  i s  on ly  a t  l o n g e r  w a v e l e n g t h s  such as  lop where e n e r g y  d i s t r i b u t i o n  and 
r e s u l t a n t  s p o t - s i z e  dependence  of  l a s e r - I n d u c e d  damage t h r e s h o l d  can be e x p e c t e d .  
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Finally, in the context of the present experiment, the surface electromagnetic wave is not 
expected to have reached the probe site as originally assumed. Therefore the present 
measurements are inconclusive. However, on the basis of experience gained in this work, we 
believe that under appropriately chosen operating conditions it should be possible to test the 
existence of surface electromagnetic waves by their surface heating signature. 

4. Summary 

The present experiments designed to directly detect the presence of surface 
electrol-magnetlc waves are inconclusive. Surface electromagnetic waves are predicted to 
propagate only a few microns in molten aluminum at a wavelength of 1 ~m, thus precluding 
significant energy redistribution. Additional experiments to detect surface electromagentic 
waves by their surface-heating signature are under consideration. 
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