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An experiment using the radiation from a Q-switched laser was carried 
out to confirm the phenomenon of detachment of the surface layer of a 
material when it is rapidly heated at energy concentrations less than the 
beat of evaporation Q [1]. The disintegration of tire material was rec- 
orded by high-speed photography, Measurements were made of the 
impulse I for different energy concentrations, and it was shown that the 
dependence of I on the supplied energy E was in good agreement with 
the theoretical calculations reported in [1]. 

It is shown that by determining the pressure impulse produced during 
the disintegration of the rapidly heated material it is possible to inves- 
tigate its thermodynamic properties at densities approaching the normal 
value. 

The detachment of the surface layer of the material under instan- 
taneous heating at energy densities less than the heat of evaporation 
was described in [1]. where an estimate was made of the resulting pres- 
sure impulse. The results described in [1] show that when an energy E r 
is liberated in the surface layer of thickness x r or mass mr in a time 
r < tg, where tg = Xr/c is the characteristic time for gas-dynamic 
processes and c is the velocity of sound in the medium, the pressure 
produced in the layer is p~ = (y -- 1)Er/Xr. Interaction between rar- 
efaction waves propagating from the boundaries of the heated layer 
results in the appearance of negative stresses. When these stresses 
exceed the dynamic strength of the materiaI, detachment of the 
surface layer may take piace. The pressure impulse produced during 
the surface-layer detachment in the case of a uniformly heated layer 
is given by 

Z = (~- -  t) E ,  , (0.1) 
2 ]/'Co ~ @ ] ' ( T - I ) E  r / m  r 

where 7 is the adiabatic exponent and Er/m r is the amount of energy 
per unit mass. It is clear from the dependence of I on Er that the 
values of I can be used to determine the adiabatic exponent y or the 
Odineisen coefficient F = 7 -- I at normal density 9o, i .e.,  it is pos- 
sible to obtain data on the thermodynamic state of the instantaneously 
heated material. In this paper we report an experimental study of this 
detachment effect. We have investigated the general features of the 
formation of the pressure impulse predicted by L V. Nemchinov, 
verified Eq. (0.1) and, finally, showed that the equation of state for 
the instantaneously heated medium can be determined by the method 
put forward in [1]. 

1. C H O I C E  O F  M E D I U M  

T h e  m e d i u m  to  b e  i n v e s t i g a t e d  m u s t  h a v e  c e r t a i n  

s p e c i a l  p r o p e r t i e s .  F i r s t ,  i t  i s  n e c e s s a r y  t h a t  t h e  

a m o u n t  o f  e n e r g y  l i b e r a t e d  p e r  u n i t  v o l u m e  b e  s u f f i -  

c i e n t  t o  g e n e r a t e  p r e s s u r e s  l e a d i n g  t o t h e  d i s i n t e g r a t i o n  

of  t h e  m e d i u m  a n d  t h e  a p p e a r a n c e  of  t h e  m e c h a n i c a l  

d e t a c h m e n t  i m p u l s e .  T h e  a b s o r p t i o n  c o e f f i c i e n t  f o r  t h e  

r u b y  l a s e r  b e a m  a t  t h e  w o r k i n g  w a v e l e n g t h  (X = 6 9 4 0 A )  

m u s t  n o t  b e  t o o  l o w .  S e c o n d l y ,  t h e  h e a t i n g  m u s t  b e  

i n s t a n t a n e o u s ,  i . e . ,  t h e  h e a t e d  l a y e r  c a n n o t  b e  t o o  

t h i n  w h i c h ,  i n  t u r n ,  m e a n s  t h a t  t h e  a b s o r p t i o n  c o e f -  

f i c i e n t  c a n n o t  b e  t o o  h i g h .  T h i r d l y ,  s i n c e  t h e  o u t p u t  

p o w e r  of  t h e  l a s e r  w h i c h  w a s  a v a i l a b l e  a t  t h e  t i m e  o f  

t h e  e x p e r i m e n t  w a s  r e l a t i v e l y  l o w ,  t h e  m e d i u m  h a d  to  

h a v e  a l o w  h e a t  o f  s u b l i m a t i o n  a n d  a l o w  t e n s i l e  

s t r e n g t h ,  s o  t h a t  t h e  d e t a c h m e n t  e f f e c t  c o u l d  t a k e  p l a c e .  

A further restriction is introduced by the fact that 

we wish to confine our attention to the one-dimensional 

problem so that d >> x 0, where d is the diameter of the 

beam spot on the surface of the target, and x 0 is the 
range of radiation. In actual fact, the use of small 

values of d and x 0 to achieve higher energy concen- 

trations may have violated the conditions of instan- 

taneous heating and one-dimensional formulation, 

w h i l e  t h e  u s e  o f  h i g h e r  v a l u e s  of  d a n d  x 0 a t  l o w  t o t a l  
e n e r g y  r e s u l t e d  in  t h e  f a c t  t h a t  t h e  u p p e r  l i m i t  o f  t h e  

r a n g e  of  v a l u e s  of  E / m  0 w a s  t o o  l o w .  W e  s h a l l  d i s c u s s  

t h e s e  p o i n t s  i n  g r e a t e r  d e t a i l  w h e n  w e  e v a l u a t e  t h e  

e x p e r i m e n t a l  r e s u l t s .  I c e  a n d  p a r a f f i n  w e r e  c h o s e n  a s  

t h e  w o r k i n g  m e d i a  s a t i s f y i n g  t h e  a b o v e  r e q u i r e m e n t s .  
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Fig. 1 

O t h e r  m a t e r i a l s  w i t h  h i g h e r  h e a t s  o f  s u b l i m a t i o n  ( f o r  

e x a m p l e ,  g l a s s ,  p l e x i g l a s ,  e t c . )  c a n  b e  u s e d  w i t h  

h i g h e r  i n t e n s i t y  l a s e r  b e a m s .  
A s p e c i a l  d y e  w a s  i n t r o d u c e d  i n t o  t h e  w o r k i n g  m e d i a  

t o  e n s u r e  m o l e c u l a r  a b s o r p t i o n  o f  r a d i a t i o n  a n d ,  t h e r e -  

f o r e ,  h e a t i n g  w i t h o u t  h i g h l y  e x c i t e d  i n t e r n a l  d e g r e e s  o f  

f r e e d o m ,  a n d  t h e  d i s s o c i a t i o n  o f  t h e s e  m o l e c u l e s  d i d  

n o t  l e a d  t o  a c h a n g e  i n  t h e  a b s o r p t i o n  c o e f f i c i e n t .  T h e  

m o s t  i m p o r t a n t  p a r a m e t e r s  of  t h e  s e l e c t e d  m e d i a  a r e  

l i s t e d  b e l o w .  

Ice. Heat of sublimation 670 cal /g [2], velocity of sound co = 3.2" 
�9 t05 cm/sec  [3] (for water c o = 1 .2 .105 cm/sec  [3]), density P0 = 0.95 
g/era  3, tensile strength 18 kg/cm 2 [4], and P0 co = 1 .8-  10 4 k g / c m .  
The use of methyl biue as the dye enabled us to obtain the required 
absorption thickness (range of radiation) which, in our experiments, 
was 0.1 or 0.2 ram. This corresponded to the characteristic gasdy- 
namie time tg = 4r  or tg = 8r, respectively. The absorption coef- 
ficient of ice, 4, was measured by exposing a layer of ice of known 
thickness to the laser beam and measuring the incident and transmitted 
energy with the aid of the FEK-09 and FEK-14 photocells. 

Paraffin. High-molecular compound of the type CnHzn+ 2 formed by 
molecules with different n. The heat of sublimation reported in [5] 
is 180--250 cal /g  (this appears to depend on the degree of dissociation 
of the molecules). The velocity of sound in paraffin is e 0 = 2.1 �9 10 s 
era/see, the density is p~ = 0.9 g / em s [8], and the tensile strength is 
unknown. The use of an anthraquinone dye enabled us to achieve ab- 
sorption thicknesses of 0.15 or 0.30 ram, the corresponding gasdynamic 
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times beiug tg = 3.5r or tg = 7r, respectively. The absorption coef- 
ficient of paraffin was measured by two methods: 1) as in the case of 
ice, and 2) by placing the material between thin glass plates and at- 
taching a thermocouple to this three-layer sandwich, which measured 
the change in temperature when the laser beam was passed through the 
system (the experiment was performed in vacuum). This method of 
measuring the range of radiation enabled us to determine directly the 
energy absorbed in the layer, and in the case of scattering media such 
as paraffin, it was found to be better than the other method. The ab- 
sorption coefficient of ice and paraffin was measured at liberated- 
energy densities in the medium of between 10 and 80 cal/g. The ac- 
curacy of the measurements was about 20%. 

~ ~-~ser  beam 

\ 

F ig .  2 

2. APPARATUS 

The expe r imen t a l  a r r a n g e m e n t  is  i l l u s t r a t e d  in Fig.  
1. The source  of the radia t ion  used  for  ins tan taneous  
heat ing was a ruby l a s e r  (1) opera ted  under  g ian t -  
pu lse  condi t ions .  The pulse  length at ha l f -power  

points  was r = 9.. 0 x 10 .8 see .  The total  ene rgy  and 
shape of the light puIse  w e r e  d e t e r m i n e d  by a type 
FEK-09 photocel l  (3) p laced  a f t e r  the f i l t e r s  (7). The 
m e a s u r e m e n t s  w e r e  c a r r i e d  out with an SO-1 or  OK-17 
osc i l lo scope  (6) which was p r e c e e d e d  by an in t eg ra t ing  
c i r cu i t  (4). The moni to r ing  s y s t e m  was ca l ib ra t ed  by 
a b lack-body  r e c e i v e r  (5) in the f o r m  of a holiow 
sphere  with an a t tached the rmoeoup le .  A spec ia l  t o r -  
sional balance,  i l l u s t r a t ed  s c h e m a t i c a l l y  in Fig.  2, 
was cons t ruc ted  to d e t e r m i n e  the p r e s s u r e  impul se .  

The t a r g e t  (1) was in the f o r m  of a me ta l  cy l inder  
with the working  m a t e r i a l  i n s e r t e d  into it. The cyl-  
inder  was p laced  on the t o r s iona l  ba lance ,  the ba lance  
wi re  being a tungsten t h r ead  (2) having a d i a m e t e r  of 
0.11 o r  0.20 m m  and f ~ e d  at the ends. The p r e s s u r e  
impul se  was m e a s u r e d  by a s y s t e m  cons i s t ing  of a 
lamp (3), r e f l ec t i ng  m i r r o r  (4), and sca le  (5). In ad-  
dition to the ins tan taneous  impulse ,  m e a s u r e m e n t s  
w e r e  a lso  made of the ra te  of m a t e r i a l  loss .  This  was 

done with an SFR h igh - speed  c a m e r a  opera t ing  as a 
t i m e  m a g n i f i e r  (maximum ra t e  of exposu re  5 • 105 
f r a m e s / s e e .  The emi t t ed  m a t e r i a l  was photographed 
by i l luminat ing  it with an ex te rna l  pulsed  s o u r c e  of 

light. The de tachment  ef fec t  and the p r e s s u r e  impu l se  

w e r e  photographed in a vacuum of about 1 - 2  t o r r .  The 
e x p e r i m e n t s  had to be c a r r i e d  out in vacuum because ,  
at a t m o s p h e r i c  p r e s s u r e s ,  even  l o w - i n t e n s i t y  l a s e r  

beams  (2. 108-5  �9 108 jou les /e ra  2. see) gave r i s e  
to a i r  breakdown (flash) at the su r f ace  of the obs tac le  

(medium under  invest igat ion) ,  which was s i m i l a r  to 
the phenomenon o b s e r v e d  under  sharp  focus ing  of the 

giant pu l se  without any obs tac le  [6-12] at i n t ens i t i e s  

of 10 l~ j o u l e s / c m  2 �9 see  o r  m o r e .  

A f l ash  was obse rved  not only when the l a s e r  beam 
in t e r ac t ed  with absorb ing  obs tac les  (in our  case  ice  
and paraffin),  but a l so  at the s u r f a c e s  of t r a n s p a r e n t  
media  such as p lex ig las .  The deve lopment  of th is  
phenomenon was photographed with the SFR-R c a m e r a  
at a ra te  of 50. l0 s f r a m e s / s e c .  

Expe r imen t s  showed (Fig. 3) that  the ve loc i ty  v of 
the f ront  of the f l ash  r eached  up to 20 k m / s e c  at the 
su r face  of the t a rge t ,  and then rap id ly  fe l l  with in-  
c r e a s i n g  d is tance  f r o m  it. The f lash  fo rma t ion  is  un-  
r e l a t ed  to the d i s in t eg ra t ion  p r o c e s s  fo r  a number  of 
r e a s o n s .  F i r s t ,  when the med ium is heated at e n e r -  

g ies  of the o r d e r  of the heat  of evapora t ion ,  one can 
hard ly  expec t  i t  to b e c o m e  highly luminous .  Secondly, 
the ra te  of d i s in tegra t ion ,  i . e . ,  the m a s s  ve loc i ty  of 
the emi t ted  medium,  was e s t ima ted  at the given ab-  
s o r b e d - e n e r g y  dens i t i e s  to be a few hundred m / s e c .  

The s p e c t r u m  of the f lash  was r e c o r d e d  and was 
found to cons i s t  of l ines  co r re spond ing  to singly and 
doubly ionized  a t m o s p h e r i c  components  (ni trogen and 
oxygen). The re  was  a lso  a r e l a t i v e l y  s t rong  continuum, 
indicat ing that  the t e m p e r a t u r e  in the reg ion  of the 
f l ash  was quite high. In our  e x p e r i m e n t s  the f lash was 
an undes i r ab l e  effect  s ince it consumed about 30% of 
the l a s e r  e n e r g y  even at low ene rgy  dens i t i e s .  The 
f lash  a lso  had an addit ional  and v e r y  m a r k e d  effect  on 
the t a rge t .  Without going into the de ta i l s  of this  effect  
which wil l  have  to be examined  sepa ra t e ly ,  le t  us 
m e r e l y  note that  by p lac ing  the obs tac le  in a vacuum 
we w e r e  able to avoid the f lash  effect  comple t e ly  fo r  
all  the media .  

4 ~  
g km/se.e I 

d--2mm 

l II 

I Z ~, mm 

Fig. 3 

3. DETACHMENT EFFECT AND MECHANICAL IM- 

PULSE AT ENERGY CONCENTRATIONS LOWER 

THAN THE HEAT OF EVAPORATION 

The detachment impulse was measured as described 
above. The specific impulse I per unit area of the 

laser beam at the surface of the target is shown in 

Fig. 4 as a function of the maximum absorbed-energy 

density in paraffin, where 1 is the experimental curve, 

2 and 3 are theoretical curves for T # const, and 4 and 

5 are theoretical curves for T = 3.7.: Curves 3 and 4 

correspond to energy concentrations f (m w) = 20 cal/g, 

while curves 2 and 5 correspond to i0 cal/g. It follows 

from this figure that the impulse appears at absorbed- 

energy densities much less than the heat of evapo- 

ration-right up to 20 cal/g. It is clear that the ab- 

sorbed energy (20 cal/g) corresponds to negative 

stresses which are equal to or less than the absolute 
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magnitude of the dynamic tensile strength ~ of paraf- 
fin. For ~ = 2 this value (E/m 0 = 20 cal/g) corre- 

sponds to cr = 400 kg/cm 2 [I]. The spread in the values 
of the impulse in this region appears to depend on 
random factors (differences in the tensile strength and 
nonuniform distribution of beam energy). These ex- 
periments confirm the existence of the detachment 
effect at energy concentrations f(m) < Q, which is 
accompanied by a mechanical impulse. High-speed 
photography also confirms that the impulse is pro- 
duced by the emission of surface material. 

Figure 5 shows successive frames of the disin- 
tegration of paraffin for different energy concentrations. 

Figure 5a corresponds to E/m 0 = I00 eal/g and Shows 

that there is an initial formation of the gaseous phase 
propagating with a velocity up to 300 m/see and cor- 
responding to the hotter surface layers. This is fol- 

lowed by solid material traveling with a velocity of 
50-100 m/see. Small and large pieces of the frag- 

mented material are clearly seen. For smaller values 

of E/m 0 (in particular E/m 0 = 15 cal/g; see Fig. 5b) 
there is no gaseous phase. It is clear from Fig. 5b 

that ejection of surface material occurs for a mean 
energy concentration in the surface layer of 10-20 
cal/g. The accuracy of the torsion-balance measure- 

ments suggests that the impulse in this region does 

not exceed 5-10% of the impulse for energy concen- 

trations of 20 cal/g (the impulse falls rapidly from 40 

to2 dynes.see/era 2; for E/m 0 < 20 cal/gthere is no 

measurable deflection alongthe scale. 
Analysis of the photographs shows that the area 

from which the material is ejected is much smaller 

than the total irradiated area. Measurements were 
made of the uniformity of the energy distribution over 
the cross section of the beam by photographing the 

beam directly. 

Figure 6 shows one such photograph (they were 
found to be reproducible with good accuracy). The 

energy-density variation along AA and BB was char- 

acterized by a plot of the function J = J(x), where J 

is the energy density and x the distance along the 

chosen line. It is clear that the energy density varies 

across the beam by not more than a factor of two. The 
e jec t ion  of m a t e r i a l  f o r  E / m  0 < 20 c a l / g  i s  Connected 
with the  fac t  that ,  in the r e g i o n  of m a x i m u m  e n e r g y  
concen t r a t i ons  in the p lane  of the f igure ,  the con-  
een t r a t i on  i s  s t i l l  insuf f ic ien t  to p roduce  the  de -  
t a chmen t  effect .  No e j ec t i on  of m a t e r i a l  was  o b s e r v e d  
fo r  mean  e n e r g y  d e n s i t i e s  ove r  the  a r e a  of l e s s  than 
10 ca l / g .  

F i g u r e  4 shows the  t h e o r e t i c a l  dependence  of the  
i mpu l se  on the e n e r g y  dens i t y  E / m  0. Equat ion (0.1)  
was obta ined fo r  u n i f o r m  hea t ing .  It can be  g e n e r a l i z e d  
to the  ea se  of nonun i fo rm hea t ing  by a s s u m i n g  tha t  i t  
is  va l id  fo r  each  e l e m e n t a r y  a r e a .  We then have 

~ t 0  

l (T -- I)] (m) din, ( 3 . 1 )  
I ----- 2 VCO~+'r(T-- t )[(m) 

o 

where  f(m) i s  the  e n e r g y  p e r  unit  m a s s  and m w is  the 
to ta l  m a s s  of the  de t ached  l a y e r .  An a n a l y s i s  of the  
v a r i o u s  a s s o c i a t e d  p r o c e s s e s  was  g iven  in [1] f o r  both 

uniform and nonuniform heating at low energy densi- 

ties. The mass m w of the detached layer can be found 
from f(m w) if it is assumed that the liberated-energy 
distribution is known and use is made of the relation 
between the initial pressure p~ and the dynamic ten- 
sile strength or: 

�9 P~ = Po f (m~)(7  - -  t )  = 2 ~ .  ( 3 . 2 )  

F o r  a cons tan t  a b s o r p t i o n  coef f ic ien t  we have  the  
usua l  e n e r g y - l i b e r a t i o n  function:  

](m) = E / m  0exp ( - - m / r a 0 ) .  (3.3) 

It i s  a l so  p o s s i b l e  to use  the  e x p e r i m e n t a l  va lue s  of 
f ( m  w) deduced f r o m  the m i n i m u m  E / m  0 fo r  which the 
impu l se  due to the de t achmen t  ef fec t  is  s t i l l  de t ec t ab l e .  

~'00 

~dyne sec/cm 2 ,/5 4" 
p J  . , ~  

: ~ : / 3  

5 o g 
I1 g 

o 

o 

~ ,cal/~ 
~00 

Fig. 4 

Substituting Eq. (3.3) into (3. I) and integrating, we 

have 

I ---- rnnT-' (V co s -k 3" (T - I) E/mo -- 

- I /T.~ + "r ('r - -  I )  I (~n~)). ( 3 . 4 )  

In the same way as Eq. (3. I), this formula has a 
limited range of validity, i.e., it is valid provided 

that f(m) ~ Q; moreover, we have assumed that T was 
constant. It is expected that T decreases as the heating 

takes place. 
The values of 7 for p = P0 have so far been obtained 

only for a small number of materials. It was suggested 

in [i] that 2/ could be determined from Eq. (0. i) and 
measurements of the impulse for uniform heating~ 

4. DETERMINATION OF T FROM THE IMPULSE FOR 

UNIFORM HEATING. 

Consider a layer of the material whose thickness is 
a small fraction, say 1/3 or 1/4 of the range of the 

radiation, so that the energy distribution in the layer 

is practically uniform. Thus, if the thickness is 1/3 

of the range, the maximum concentration will exceed 

the minimum concentration by 20%. We have carried 

out experiments to investigate the impulse produced by 
heating thin layers of paraffin with different dye con- 

centrations. For dye concentrations of 1% and 0.5% 

the range of the radiation was found to be 0.15 and 0.30 

ram. The thickness of the layer was 0.05 and 0.1 ram. 

Further reduction in the layer thickness with the aim 

of producing more uniform energy distribution would 

l ead  to non ins t an taneous  hea t ing .  
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Fig. 5 
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In t h e s e  e x p e r i m e n t s  t h e  p a r a f f i n  w a s  d e p o s i t e d  on 
t r a n s p a r e n t  o p t i c a l  g l a s s  s o  t h a t  t h e  g a s d y n a m i c  
s i t u a t i o n  w a s  s o m e w h a t  d i f f e r e n t  f r o m  t h a t  d i s c u s s e d  
in [1]. In  t h e  p r e s e n t  c a s e  we h a v e  v a c u u m  o n  o n e  s i d e  

of t h e  m e d i u m  and  a r i g i d  u n d e r l y i n g  s u r f a c e  on  t h e  
o t h e r .  T h i s  m e a n s  t h a t  p r e s s u r e  r e l i e f  i s  p r o d u c e d  
on ly  b y  t h e  r a r e f a c t i o n J w a v e  p r o p a g a t i n g  f r o m  t h e  f r e e  
s u r f a c e .  To f i nd  t h e  a d i a b a t i c  e x p o n e n t  ~ / f r o m  t h e  

m e a s u r e d  i m p u l s e  we c a n  t h e n  u s e  Eq.  (0 .1) ,  b u t  we  

m u s t  i n t r o d u c e  a f a c t o r  of 2 to  t a k e  i n t o  a c c o u n t  t h e  

i n c r e a s e  in  t i m e  d u r i n g  w h i c h  the  p r e s s u r e  i s  p r e s e n t  
( in r e a l i t y ,  a s m a l l  c o r r e c t i o n  w a s  i n t r o d u c e d  f o r  t h e  
e f f e c t  of t h e  p a r a f f i n - g l a s s  b o u n d a r y ) .  

T h e  s p e c i f i c  i m p u l s e  I ( d y n e s . s e c / c m  2) i s  s h o w n  in  

F ig .  7 a s  a f u n c t i o n  of  t h e  e n e r g y  d e n s i t y  E / m  ( c a l / g )  
f o r  a p a r a f f i n  l a y e r  of  t h i c k n e s s  x = 0 . 1 0  r a m .  

T h e  d e t a c h m e n t  i m p u l s e  a p p e a r s  f o r  E / m  0 = 15 
c a l / g  ( c o m p a r e  t h i s  w i t h  t h e  v a l u e  E / m  0 = 20 c a l / g ) .  

T h i s  a p p e a r s  to  s u g g e s t  t h a t  t h e  c o h e s i v e  s t r e n g t h  

b e t w e e n  p a r a f f i n  a n d  g l a s s  i s  c l o s e  to  t h e  d e t a c h m e n t  
s t r e n g t h  of p a r a f f i n .  

F i g .  6 

V i s u a l  i n s p e c t i o n  of t h e  t h i n  l a y e r  of p a r a f f i n  s h o w e d  
t h a t  t h e  d e t a c h m e n t  e f f e c t  d o e s  n o t  o c c u r  f o r  e n e r g y  

c o n c e n t r a t i o n s  l e s s  t h a n  15 c a l / g  ( the  p a r a f f i n  r e m a i n s  

on  t he  g l a s s ;  f o r  l a r g e  e n e r g y  c o n c e n t r a t i o n s  t h e  e n -  

t i r e  l a y e r  l e a v e s  t h e  s u r f a c e  c o m p l e t e l y  on  t h e  i r -  
r a d i a t e d  a r e a ) .  H o w e v e r ,  f o r  c o n c e n t r a t i o n s  of 5 - 1 0  

c a l / g  t h e r e  a r e  l o c a l  d e t a c h m e n t  a r e a s  w h e r e  t h e  p a r -  

a f f i n  l e a v e s  t h e  g l a s s .  We  n o t e  t h a t  p a r a f f i n  i s  a m a -  

t e r i a l  w i t h  a r e l a t i v e l y  i n h o m o g e n e o u s  s t r u c t u r e .  

We h a v e  u s e d  t h e  d a t a  of  F ig .  7 a n d  Eq.  ( 0 . 1 )  to  
c a l c u l a t e  7 f o r  d i f f e r e n t  f ( m )  = E / m  0. T h e  r e s u l t s  of 

t h e s e  c a l c u l a t i o n s  a r e  s h o w n  i n  F ig .  8. T h e  a d i a b a t i c  

e x p o n e n t  w a s  f o u n d  to  r e m a i n  c o n s t a n t  up  to  E / m  0 

~-- 6 0 - 7 0  c a l / g  and  t h e n  b e g a n  to  f a l l .  If  we  a s s u m e  

t h a t  Eq.  (0 .1 )  i s  v a l i d  f o r  E / m  0 c l o s e  t o  t h e  h e a t  of  

e v a p o r a t i o n ,  t h e  r e d u c t i o n  i n  7 o c c u r s  a s  a r e s u l t  of 

h e a t i n g ,  and  i t s  m i n i m u m  v a l u e  i s  2 . 0 6 .  S ince  no  

m e a s u r e m e n t s  of t h e  a b s o r p t i o n  c o e f f i e i e n t s  w e r e  

c a r r i e d  ou t  f o r  f ( m )  > 80 c a l / g ,  t h i s  p a r t  of t h e  ~ / ( f )  

c u r v e  i s  s h o w n  d a s h e d .  
T h e  f u n c t i o n  7(3<) of F ig .  8 w a s  u s e d  to  c a l e u l a t e  

t he  i m p u l s e  f r o m  Eq. (3, 1), a n d  t h e  r e s u l t s  a r e  s h o w n  
in Fig~ 4. The  d a s h e d  and  d o t - d a s h  c u r v e s  2 an d  3 s h o w  

the  m i n i m u m  e n e r g y  c o n c e n t r a t i o n s  f ( m w )  e q u a l  to  20 

and  10 e a l / g ,  r e s p e c t i v e l y .  The  d a s h e d  c u r v e s  c o t -  

r e s p o n d  to  a c o n s t a n t  G/= 3o7. I t  i s  i n t e r e s t i n g  t h a t  

t h e  v a r i o u s  c u r v e s  c o r r e s p o n d i n g  to  b o t h  c o n s t a n t  an d  

v a r i a b l e  7 a r e  no t  v e r y  d i f f e r e n t .  F o r  a n  e x p o n e n t i a l  

f o r m  o f f ( m )  

t h a t  

[Eq. (3.3)] we can transform (3. i) so 

E/m~ 

i (~-- 1) af 
Z = m0 t" "-i- t 711 fc0~ - -T '~ ' - - t ~  " 

](mw) 

(4. i) 

It is clear that the impulse corresponds to an aver- 
age of 3~0r). Moreover~ for f ~ c 2 the impulse I in- 
creases with increasing ~/more slowly than for small 

f. 

300 ~dyne sec/cm 2 

o 

2 0 0 -  S 

/00 

0 

o 

50 /00 ISQ 

Fig. 7 

F o r  l o w  e n e r g y  d e n s i t i e s  t h e  c a l c u l a t e d  a n d  e x p e r -  

i m e n t a l  c u r v e s  a r e  in  good  a g r e e m e n t ,  b u t  f o r  h i g h e r  
e n e r g y  d e n s i t i e s  t h e r e  i s  a d i s c r e p a n c y  ( t h e r e  i s  e v e n  
a f a i l  i n  I w i t h  i n c r e a s i n g  E / m  0 w h i e h  d o e s  not  fo l iow 

f r o m  [1]. 

The space of the experimental curves at energy densities close to or 
greater than the heat of evaporation (Figs. 4 and 7) can be explained 
by the folIowing factors. 

1) The effect of focusing conditions which are reflected in the fact 
that, to obtain high-energy densities, the value of d had to be con- 
siderably reduced (down to about 1 ram), which meant that the con- 
ditions d >> x0 and d ~> Xw were not satisfied. The result was that there 
was an appreciable retention of material by the cold edges of the hot 
spot. This led to the formation of a conical depression (instead of the 
cylindrical depression for d >> x0 and d >> Xw) and an appreciable re- 
duction in the ejected mass and the impulse. 

2) At high energy densities there may be an increase in the energy 
spent in breaking the intermoleeular bonds in paraffin through the dis- 
sociation of complex molecules into simpler ones. 

3. At high-energy densities, where it was difficult to measure the 
absorption coefficient, the values of this coefficient may be very dif- 
ferent from those for E/m 0. 

4. The formula given by Eq. (3. 1) is itself only approximate. 
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Fig. 8 

Detailed studies of the detachment impulse at energies of the order of 
or greater than the heat of evaporation Q are being carried out at the 
present time, using a large focusing area and a higher laser-beam 
energy. This should ensure that the problem is two-dimensional in a 
broad range of energy densities. More accurate calculations of the dis- 
integration of a heated medium are being carried out. It is also in- 
tended to improve the values of the absorption coefficient at high 
energy densities. 
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Analogous p rope r t i e s  were  a lso  inves t iga ted  in the 
case of ice.  Equation (0.1) can be used to find the  r e -  
la t ion between the energy  u t i l i za t ion  fac tor  ~ = 
= I 1/-@/E and the p a r a m e t e r  f s  = Qm0/E, which 
r e p r e s e n t s  the degree  of heat ing.  Funct ions  of this  
kind were given in  [ 1 ] f o r t  =3 ,  2, 1 . 6 7 a n d w  = 
=f(mw)/Q = 0.002, 0. 015, 0.Ol0,  0.05, 0.10).  They 
a re  reproduced in Fig.  9 for  k c20/Q = 0.75 toge ther  
with the co r re spond ing  expe r imen ta l  points .  It is  c l ea r  
that the expe r imen ta l  points c a n b e  made to fi t  the the-  
o re t ica l  curves  if we take into account  the fact that T 
dec reases  with i n c r e a s i n g  t e m p e r a t u r e .  F ina l ly ,  t h e  
t ens i l e  s t rength  of ice was not known [ s i nce f (m  w) was 
too low] and, therefore ,  w could not be de te rmined .  

The tabulated tensile strength o given in the literature may be dif- 
ferent from the value which we have used here because of the dif- 
ferent methods of preparation of ice and because these values were 
obtained under static conditions. We shall not, therefore, carry out a 
quantitative comparison of calculated and experimental data, but will 
merely note the fact that a variation of the energy supplied to a unit 
area by a factor of 200 shows an almost linear relation between I and 
E, as predicted in [1] (the coefficient ~ changes by a factor of only 3 
to 4). It follows from the above relations that the rmximum measured 

lies in the range of lowenergy densities, and its order of magnitude: 
is close to the maximum (calculated) value of ~ for the ejection of a 
gaseous medium [1] with alIowance for energy losses in evaporation as 
expected from the estimates in [1]. 

High- speed photographs of the sur face  d i s in teg ra t ion  
of ice a re  shown in  Fig. 10, where  the le f t -hand  p i c -  
tu re  co r re sponds  to E / m  0 = 25 ca l /g  and the r igh t -  
hand p ic tu re  to 50 ea l /g .  The o v e r - a l l  s i tua t ion  is  
s i m i l a r  to that in the ease of paraff in .  The re  is  a 
d i se repaney  between the expe r imen ta l  and ca lcula ted  
data at high energy  dens i t i e s  (probably for  the s ame  
reasons  as in  the case of paraff in) .  

The above expe r imen t s  on the in t e rac t ion  between 
Q-switehed l a s e r  beams  and ce r t a in  m a t e r i a l s  have 
thus conf i rmed the ex is tence  of the de tachment  ef-  
fect and the appearance  of a r eco i l  impu l se  I when the 
sur faces  of such media  a re  rapid ly  heated at energy  
dens i t i es  not exceeding the heat  of evapora t ion  Q. The 
quant i ta t ive  e s t ima t e s  of the impu l se  at  given ene rgy  
E supplied to the surface ,  which were  repor ted  in [1], 
have been conf i rmed.  

Moreover,  our  expe r imen t s  show that  the m a x i m u m  
energy u t i l iza t ion  fac tor  l i e s  i n  the region  of ene rgy  
dens i t ies  close to Q or  l e s s ,  and may  approach the 
max imum values  in  the region of high energy  dens i t i e s  
(in excess  of the heat  of evaporat ion) .  

We note that s tudies  of the mechanica l  p a r a m e t e r s  
of d i s in t eg ra t ing  m a t e r i a l s  r evea l  new ways of i n v e s -  

t i g a t i n g  t he i r  t he r modyna mi c  p roper t i e s .  
The authors  wish to thank Ya. T. Gnoev, Bo M. 

Zubenko, and MFTI  student  V. S. Savinich for  con-  
s iderab le  he lp  in  this  work~ 
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