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In the t r ans i en t  mode of the e l e c t r i c a l  explosion of a copper  w i r e  a r ed i s t r i bu t i on  of the ex-  
plosion produc ts  takes  p lace  dur ing  the e scape  of the pa r t i c l e s .  This observa t ion  is conf i rmed  
by h igh - speed  opt ical  photographs  and a lso  by r e f e r e n c e  to the a ppe a r a nc e  of the depos i ted  
f i lm.  

Among the var ious  opinions which exis t  in r e g a r d  to the rup tu re  of conducting m a t e r i a l s  during an 
e l ec t r i c a l  explosion,  two may p a r t i c u l a r l y  be d is t inguished:  p r e th re sho ld  explos ions ,  which appea r  as  bends 
and subsequent  b r e a k s  in the w i r e  ma te r i a l ,  and pos t  threshold  explos ions ,  which a r e  accompanied  by the 
sepa ra t ion  of the w i r e  into individual  s t r a t a  [1]. 

In the au tho r s '  own exper imen t s ,  bending and s t r a t i f i ca t ion  we re  obse rved  s imul taneous ly .  The s t r a t i -  
f icat ion was the r e su l t  of the accumulat ion  of explosion produc ts  dur ing the d i s in t eg ra t ion  p r o c e s s .  

The p r o c e s s  was r e c o r d e d  opt ica l ly  with a h igh - speed  c a m e r a  having a f requency of 2 mi l l ion f r a m e s /  
sec .  The method of r eco rd ing  the e l e c t r i c a l  p a r a m e t e r s  a t  the s ame  t ime  as  the opt ica l  r eco rd ing  was d e -  
s c r ibed  in [2]. The explosion of the w i r e  was effected by means  of a condense r  ba t t e ry  of 60 F with a c i r -  
cui t  inductance  of 1 # H. 

F i g u r e  1 i l l u s t r a t e s  s u c c e s s i v e  s t ages  in the deve lopment  of an explosion ruptur ing  a copper  w i r e  in 
a i r .  The cen t r a l  region 15-mm long was photographed in this  exper iment .  The photographs  show the t ime 
in m i c r o s e c o n d s  f rom the beginning of the c u r r e n t  pulse.  In o r d e r  to r e m o v e  the p l a s m a  s tage,  the c u r r e n t  
was d i sconnec ted  a f te r  the f i r s t  half wave by the explosion of a thinner  aux i l i a ry  w i r e  connected in s e r i e s .  
The vol tage U 0 was 7.0 kV. The p a r a m e t e r s  of the p r inc ipa l  and aux i l i a ry  w i r e s  were :  d i a m e t e r  d = 0.500 
~: 0.005 and 0.475 :L 0.005 mm, length 1 = 50 and 150 ram. At the ins tant  of d isconnect ing  the c u r r e n t  (13 
/~sec) the w i r e  was s l ight ly  bent and sur rounded  with vapor .  Then the development  of a vapor  sheath began. 
At these  points  of the in i t ia l  bend moving along the normal  to the su r face  of the wi re ,  the vapor  c r e a t ed  
cumula t ive  ou t su rges ,  d i r e c t e d  pe rpend icu l a r l y  to the o r ig ina l  axis .  

The ou t su rges  a r e  caused  by co l l i s ions  between flows of vapor  a r i s i n g  f rom p a r t s  of the w i r e  d i sposed  
at  an angle  to one another .  Toge ther  with the development  of a vapor  sheath t he re  is  an i n c r e a s e  in the d i -  
a m e t e r  of the wi re ;  the w i r e  takes  the form of an expanding hollow c y l i n d e r  [3], the sheath (outer shell) of 
which c o n s i s t s  of l iquid d rops  of var ious  d e g r e e s  of d i spe r s ion .  F o r  l a rge  i n c r e a s e s  in the d i a m e t e r  of the 
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w i r e  the  d r o p s  a r e  d r a w n  intG mot ion  by the  c u m u l a t i v e  v a p o r  j e t s ,  
f o r m i n g  c o n d e n s e d  r e g i o n s  c l e a r l y  v i s i b l e  in the  p h o t o g r a p h s .  At  
the  f ina l  s t a g e  (85 ~ s e c )  a l m o s t  a l l  the  m a t e r i a l  of the  c o a r s e l y  
d i s p e r s e d  d i s i n t e g r a t i o n  f r a g m e n t s  i s  c o n c e n t r a t e d  in the  c o n d e n s e d  
r e g i o n s .  Th i s  i s  f u r t h e r  c o n f i r m e d  by the  fac t  tha t  the  d e p o s i t  
f o r m e d  on a g l a s s  p l a t e  c l o s e  to the  w i r e  t a k e s  the  f o r m  of a s e t  of 
s h a r p l y - d e l i n e a t e d  bands  p e r p e n d i c u l a r  to the  a x i s  of the  w i r e .  

F i g u r e  2 shows  the s u c c e s s i v e  s t a g e s  in the  d e v e l o p m e n t  of 
an exp los ion  in which  the  a u x i l i a r y  w i r e  was  too s h o r t  to e l i m i n a t e  
the  p l a s m a  s t a g e  e n t i r e l y .  H e r e  the  v o l t a g e  U 0 = 5.7 kV, fo r  the  
m a i n  w i r e  d = 0.500 + 0.005 ram,  l = 50 ram,  fo r  the  a u x i l i a r y  d = 
0.410 = 0.005 ram,  l = 50 ram.  C l e a r l y  s een  on the  p h o t o g r a p h s  a r e  
the  d i s t i n c t i v e  c u m u l a t i v e  f o r m a t i o n s ;  f i r s t  the  o n s e t  of the  v a p o r  
(22 #sec )  and then tha t  of the  d r o p - l i k e  f r a c t i o n  of the  exp los ion  
p r o d u c t s  (26 ~ s e c ) .  The  v e l o c i t i e s  of the  c u m u l a t i v e  v a p o r  f lows of 
(Tab le  1) p r o j e c t e d  on the  v e r t i c a l  p l a n e  w e r e  found fo r  t he  v a r i o u s  
c r o s s  s e c t i o n s  i n d i c a t e d  in F i g .  2 by g r a p h i c a l  d i f f e r e n t i a t i o n  f r o m  
m e a s u r e m e n t s  m a d e  on the t r a j e c t o r i e s  of the  s u r g e s .  

The  r a t e  of e x p a n s i o n  of the  v a p o r  on the  r e c t i l i n e a r  p a r t s  of 
the  c u r v e  i s  145 m / s e e ,  the  r a t e  of expans ion  of the  w i r e  30 m / s e e .  

M e a s u r e m e n t s  m a d e  on the v e l o c i t i e s  of the  v a p o r - d r o p  j e t s  g a v e  a c o n s i d e r a b l e  s c a t t e r  owing to the  d i f -  
f u s e n e s s  of the  l e a d i n g  edge.  The  m e a n  v e l o c i t y  w a s  190 m / s e e .  

The  f o r m a t i o n  of the  c u m u l a t i v e  o u t s u r g e s  of m a t e r i a l  was  a l s o  recordc~ l  d u r i n g  the  e x p l o s i o n  of a 
w i r e  wi thou t  any c u r r e n t  c u t - o f f  (Fig .  3, U 0 = 3.7 kV, d = 0.500 + 0.005 m m ,  l = 50 ram).  The  d i f f e r e n c e  
h e r e  l i e s  in the  f ac t  that  the  s e c o n d a r y  b r e a k d o w n  d i s t o r t s  the  f ina l  d i s t r i b u t i o n  of the  m a t e r i a l .  

Thus  fo r  a c e r t a i n  r a n g e  of i n i t i a l  c o n d i t i o n s  the o b s e r v e d  s t r a t i f i c a t i o n  in the e l e c t r i c  e x p l o s i o n  
of w i r e s  i s  due  not  to the  p r i m a r y  d i s i n t e g r a t i o n  p r o c e s s e s  but  to the  r e d i s t m b u t i o n  of the  w i r e  m a t e r i a l  in 
[ l ight .  Th i s  e f fec t  t a k e s  p l a c e  in a t r a n s i e n t  mode ,  in which a v a p o r  c loud  i s  f o r m e d  a t  the  s a m e  t i m e  a s  
the  bend.  
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