
JOURNAL OF APPLIED MECHANICS AND TECHNICAL PHYSICS 51 

E F F E C T S  O F  A L A S E R  B E A M  ON T H E  D I S L O C A T I O N  S T R U C T U R E  
O F  A C R Y S T A L  

T .  M. A v e r ' y a n o v a ,  L.  I. M i r k i n ,  and  N. F .  ] ? i l i p e t s k i i  

Z h u r n a l  P r i k l a d n o i  M e k h a n i k i  i T e k h n i c h e s k o i  F i z t k i ,  No. 1, pp.  7 9 - 8 2 ,  1966 

A l a s e r  b e a m  p r o d u c e s  a c r a t e r  o n  a m e t a l ,  and  
t h e  c r a t e r  a r e a  i s  o f t e n  v e r y  h a r d  (e. g . ,  up  to  1500 
k g / m m  2 f o r  l o w - c a r b o n  s t e e l ) ,  t h i s  h a r d n e s s  s u b s t a n -  

t i a l l y  e x c e e d i n g  a n y  t h a t  c a n  b e  p r o d u c e d  b y  k n o w n  
t h e r m a l  o r  m e c h a n i c a l  t r e a t m e n t s  [1] .  

T h e  h a r d n e s s  i s  r e l a t e d  to  t he  n u m b e r  and  d i s t r i b u -  
t i o n  o f  t h e  d i s l o c a t i o n s .  I t  i s  c o n s i d e r e d  [2] t h a t  d i s -  

l o c a t i o n s  a r e  i n h e r i t e d  in  p h a s e  t r a n s i t i o n s ;  f u r t h e r ,  
t h e s e  c a n  i n c r e a s e  t h e  d i s l o c a t i o n  d e n s i t y .  

MATERIALS AND METHODS 

We used high-purity NaC1 crystals, which were etched (e. g., in 
alcohol containing a little cadmium) to reveal the dislocations, the 
etching method of [3] being used, as this enables one to distinguish 
the large square pits (dislocations produced during growth, which do 
not move on plastic deformation) from the small square pits (disloca- 
tions that move during plastic deformation). 

A few tests were also done with tantalum crystals. 

T h e  l a s e r  w a s  m u c h  a s  d e s c r i b e d  i n  [4], b u t  d i f -  

f e r e d  i n  c e r t a i n  d e t a i l s .  T h e  m a i n  p a r t s  w e r e  a s  f o l -  
l o w s :  1) p o w e r  s u p p l y  ( c a p a c i t o r s ) ,  2) f l a s h  t u b e ,  3) 

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

m i r r o r s  s e t  a c c u r a t e l y  p a r a l l e l .  

The capacitor was charged by a rectifier and was discharged 
through the tamp. The range aS00-6100 7~ serves to excite the rod, 
which then emits stimulated radiation in a very short period. The 
two flash tubes (type IFP-2000) were fed from the power supply, each 
tube receiving 2000 J. 
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Fig. 1. The laser system. 

Figure 1 shows the laser system: 1 is the rectifier, 2 the charging 
resistor, 3 the capacitor bank (total 2100 pF), 4 the striker, 5 the two- 
tube light source (IFP-2000 tubes enclosing the ruby rod), 6 a mirror 
of 99% reflectance, 7 the exit mirror (reflectance 30~0), and 8 the 
specimen. The flash tube and rods are enclosed in a housing with two 
holes for the beam. 

The stored energy is radiated at 6943 ~ in a coherent and mono- 
chromatic form at very high spectral density (106 times solar radiation 
in the same range). The extremely parallel beam can be reduced by 
ordinary lenses to a spot of very small size, which gives a very high 
surface energy density. The intensity at the center of the diffraction 
pattern is 

OS 
E = ~ , p ,  

in which (~ is the flux provided by the laser, S is the exit area, k is 
the wavelength, and f is the focal length of the optical system. This 
formula implies E of 1012 to 101~ W/cm a, which is greater than the 
power densities produced in other ways by several orders of magnitude. 
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F i g .  2.  A p p a r a t u s  f o r  m e a s u r i n g  

t h e  i n t e n s i t y  a s  a f u n c t i o n  of  t i m e .  

The radiated energy was measured with a thermocouple calorime- 

ter and was found to be 1 .5 -2  L 
The emerging ray in Fig. i is brought to a focus by a lens and 

strikes the surface at right angles. 

T h e  i n t e n s i t y  a s  a f u n c t i o n  of t i m e  w a s  m e a s u r e d  
w i t h  a n  o s c i l l o s c o p e  (F ig .  2):  1 l a s e r ,  2 p l a n e - p a r a l -  
l e l  g l a s s  p l a t e ,  3 s p e c i m e n ,  4 s t r i k e r ,  5 F E U - 3 6  p h o -  

t o m u l t i p l i e r ,  6 SI -17  d o u b l e - b e a m  o s c i l l o s c o p e ' ,  7 

t i m e - b a s e  s y n c h r o n i z a t i o n .  
T h e  l a s e r  b e a m  f a l l s  o n  a p l a n e - p a r a l l e l  g l a s s  

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

w h o s e  l o w e r  b e a m  i s  c o u p l e d  to  a t i m e - m a r k  g e n e r -  

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

l i s h e d  [1] .  
T h i s  l a s e r  w a s  u s e d  w i t h o u t  Q - s w i t c h i n g  and  s h o w e d  

m u l t i p e a k  o p e r a t i o n ,  e a c h  f l a s h  l a s t i n g  a b o u t  500 ~ s e e  

a n d  c o n s i s t i n g  o f  6 0 - 8 0  p e a k s  e a c h  l a s t i n g  2 - 3  p s e c .  

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

o p e r a t i o n  [4] .  

RESULTS 

Repeated flashes produced cracks in (100) cube 
faces and along [100] (cube-edge) directions. Etching 
in the irradiated area revealed numerous fresh dis- 
locations of deformation origin. 

Figure 3 shows the initial dislocation structure at 
• for a crystal exposed to several flashes. The 
large square pits correspond to dislocations produced 
during crystallization; there are hardly any of the 
small square pits associated with plastic deformation. 
Figure 4 surveys at • the area exposed to the beam, 
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Fig. 3. Dislocation s tructure of initial 
crystal ,  x450. 

Fig. 4. Area of rocksal t  c rys ta l  affected by laser  beam, x70. The areas  enclosed 
by the rectangle are shown in other figures at higher magnification. 
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Fig.  5. P a r t  of zone 2, with much f r a c -  
t u r ing  and many  d is loca t ions ,  x450.  

Fig.  6. P a r t  of zone 3, • 

Fig.  7. P a r t  of zone 4, x450. Fig.  8. P a r t  of zone 5, x450. 
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the lower edge being para l l e l  to [10O]. The beam has 
produced a po lycrys ta ] l ine  a rea  (zone 1) where the 
c rys ta l s  a re  of very  smal l  size.  The adjacent  zone 
conta ins  many c racks  and d is locat ions  i r r e g u l a r l y  
d is t r ibuted  around the site;  the d i s t r ibu t ion  of the 
n u m b e r  of d is loca t ions  r e s e m b l e s  the pa t t e rn  of in -  
t e rna l  s t r e s s  revealed  by polar ized light a f ter  loca l -  
ized deformat ion.  This  zone 2 is  shown in more  de-  
tail  in Fig.  5 at • The next zone (zone 3) has fewer 
c racks  and d is loca t ions  (Fig. 6), the la rge  cracks  
ending in c h a r a c t e r i s t i c  points of angle 90 ~ It is dif-  
f icult  to judge the deformat ion  dis locat ions ,  s ince  
these  a re  s ca r ce ly  revealed,  but  the rough s t ruc tu re  
between the cracks  is ve ry  di f ferent  f rom that of the 
smooth a r ea s  between d is loca t ions  in the in i t ia l  ma -  
t e r i a l ,  and it may be that the roughness  is  due to a 
la rge  n u m b e r  of unreso lved  d is loca t ions .  

Zone 4 has no c racks ,  but  the re  a re  many r andom-  
ly placed f resh  d is loca t ions  (Fig. 7), which appear  un-  
re la ted  to any definite c rys ta l log raph ic  d i rec t ion .  

Zone 4 pas se s  g radua l ly  into zone 5, in which the 
d is loca t ions  l ie along [100], i . e . ,  along the d i rec t ions  
in  which the c racks  propagate .  The n u m b e r  of defor-  
mat ion  d is loca t ions  dec rease s  away f rom the c r a t e r ,  
but Fig.  8 shows that  the d is locat ion  rows r e t a in  the i r  
o r i en ta t ion  to the end. The beam produces  effects 
over  a d i a m e t e r  of about 7 mm,  which is s eve r a l  
t imes  l a r g e r  than the zone affected in a po lye rys t a l -  
l ine me ta l  such as i r on  or  s tee l  [1]. 

Slow c rack ing  of rocksa l t  (as by a slowly moving 
wedge) p roduces  only one crack,  which moves  in s teps 
and produces  d i s loca t ions  only where  it  s tops.  Hardly  
any deformat ion  d i s loca t ions  a re  seen  on the surface  
pe rpend i cu l a r  to the indentor ,  which produces  rows 
of d is loca t ions  along the (llO) p lanes ,  o r  at  45 ~ to the 
d i rec t ion  of the d i s loca t ions  produced by  the l a s e r .  

The dis locat ions  in the (110) planes  are  edge dis lo-  
cat ions.  

Rapid cooling produces  c racks  r e s e m b l i n g  those 
produced by the l a s e r  beam.  Lower cooling ra tes  
produce numerous  randomly  placed dis locat ions ,  i . e . ,  
as for the l a s e r .  H igh- t empera tu re  deformat ion  by an 
indentor  produces  dis locat ions  along (100) planes  [5]. 
The effects produced by l a s e r  f lashes  may thus be 
asc r ibed  to the t he r ma l  effect. 

We a re  indebted to G. I. Barenb la t t  for  a d i s cus -  
s ion of the r e su l t s  and to R. V. Khokhlov for p rov id-  
ing access  to the l a s e r .  
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