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The possibility of the formation of moving shocks in a metal  subjected to a l a se r  effect in the free 
generat ion mode was mentioned in [1]. However, it is not possible to detect shocks rel iably during chaotic 
generation of effective l a se r  radiation, nor to study the mechanism of their  formation and the nature of 
their  propagation, which knowledge is neces sa ry  to a comprehension of a whole set of phenomena accom-  
panying a l a se r  effect in absorbing mate r ia l s .  To this end, the ordered generation mode was selected,  
which permits  production of relat ively homogeneous radiation pulses with a sufficient time interval .  A 
neodymium lase r  was used, which assured  a radiation energy to 150 J .  To obtain an ordered  generation 
mode, a plane-sphere  type cavity was used; the spherical  m i r r o r  (R = 2.5 m) had a maximum reflection co-  
efficient, while the plane had 20%. The laser  permit ted obtaining a se r ies  of radiation pulses of bandspread 
6 and duration 1 t~sec for each pulse. The duration of l a se r  generation was 700 ~sec.  Focusing the rad ia -  
tion on the absorbing mater ia l s  (metals and opaque dielectrics) was accomplished by means of a lens with 
F = 100 mm in a ~2.5 mm diameter  spot. Taking account of the pulse bandspread, the radiation flux den- 
sity reached ~107 W / c m  2. The investigations were conducted at a tmospheric  and reduced (~10 -2 mm Hg) 
p res su res  by the method of high-speed photographic scanning with the photorecorder  slit disposed longi- 
tudinally and t r ansve r se ly  relative to the plasma flux being formed.  

Attention is f i rs t  turned to a ser ies  of success ive  glow fronts corresponding to the individual pulses 
of effective l ase r  radiation, in the longitudinal and t r ansver se  photoscans of the plasma fluxes formed under 
the laser  effect in absorbing mater ia l s  (LS-59, b rass ,  for example; Figs .  l a - c ,  e). 

The propagation velocity of these fronts diminishes with distance from the surface (Fig. 2). They are 
moving shocks.  As is known, a shock forms under the condition that the p ressu re  in the surrounding medi -  
um is less than the p res su re  in the moving piston. 

In fact, the eros ion plasma formed under the effect of each success ive  radiation pulse moves in the 
relat ively raref ied  medium produced by each preceding plasma bunch and per forms  the role of a piston in 
the shock formation.  The pecul iar i ty  of success ive  moving shocks is that they are formed and propagated 
in the vapors of the target  mater ia l  produced by the preceding radiation pulses, ra ther  than in the sur round-  
ing air (displaced by the f irst  plasma bunches). The front of each of the success ive  shocks, up to the fixed 
compress ion  shock formed in the plasma bunch because of supersonic exhaust under under -sa tura t ion  con-  
ditions [2], hence coincides with the glow front of a bunch (Figs. la,b).  Upon entering the plasma produced 
by the preceding radiation pulses, the shock is explicitly disclosed behind the fixed compress ion  shock, by 
the periodic increase  in the glow on the longitudinal photoscans.  It hence has a higher velocity than the 
plasma bunch (Fig. 2), which has a jump drop in velocity at the fixed compress ion  shock. The increase  ob- 
served in the propagation velocity of the plasma bunch (Fig. 2) is related to its being heated in the shock 
from the next radiation pulse. 

At reduced p ressu re  (5 �9 10 -~ mm Hg), a se r ies  of success ive  shocks forms,  whose velocity hardly 
changes with recess ion  from the surface (Fig. ld).  As spectroscopic  investigations show, there is no 
shock-heated plasma of the remaining air and,as in the case of the l a se r  effect at a tmospheric  p ressure ,  
shocks form in the vapors  of the target  mater ia l  produced by the preceding radiation pulses.  
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Fig. 1. Fragments  of photoscans of the glow process  accompanying 
the laser  effect on LS-59 b rass  (q ~ 5 �9 106 W/cm2):  a,b,e) longi- 
tudinal photoscans (ambient air  p ressu re  p = 1 atm); c) t r ansver se  
photoscan (p = 1 atm); d) longitudinal photoscan (p = 5 �9 10 -2 mm Hg); 
f) longitudinal photoscan of the plasma jet colliding with an obstacle 
(p = 1 arm, obstacle 6 mm from the target) .  
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Fig.  2. Change in the propagation 
velocity of the shock (1) and the 
plasma bunch (2) with recess ion  
from the target  surface (q ~ 5 �9 
106 W / c m  2, p = 1 arm; mater ia l  - 
LS-59 brass ) .  

A confirmation of the existence of success ive  shocks in absorb-  
ing mater ia ls  subjected to a l a se r  effect in the ordered  generat ion 
mode is the presence  of shocks reflected from the a i r - p l a s m a  in-  
terface at the beginning of the effect, which in te rac t  with the incident 
shocks (Fig. le) .  Investigations were ca r r i ed  out on the reflect ion 
of shocks from an obstacle (a glass plate) disposed at different d is -  
tances f rom the target  surface.  Presen ted  in Fig. I f  is a typical 
photoscan of the coll ision process ,  wherein the reflected shocks can 
be c lear ly  seen. 

Quite definite ver t ical  bands are observed in the longitudinal 
photoscans of the glow process  (Figs. la,b), which indicate additional 
heating of the p lasma formed by the succeeding pulses under the ef-  
fect of the preceding radiation pulses; consequently, partial  shielding 
of the target  surface from the effect of the l ase r  radiation occurs .  
As the process  develops, accumulation of the plasma bunches occurs ,  
and shielding of the surface is increased.  This is observed in the 
photoscans as a periodic "deflagration" of the plasma bunches (Fig. 
lb).  Because of the absorption of radiation in the front of the moving 

shock, in some cases  a glow front is propagated f rom this zone to the target ,  which is apparently a shock 
(Fig. la) that in teracts  with opposing shocks and plasma bunches. 

The authors are grateful  to M. A. El 'yashevich for interest  in the r e sea rch .  
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