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When a high-power thermal pulse acts on a metal, evaporation is 
one of the chief effects taking place during this thermophysical pro- 
cess. The temperature field of the metal is considered, allowing for 
evaporation, when both the surface and interior of the metal (or the 
surface alone) are exposed to intense thermal action. The results 
obtained from machine and analytic solution of the corresponding 
problems are given. 

In p rac t i ce ,  a h igh-power  energy  pulse  can be d i -  
r ec t ed  at a me t a l  through use  of a p l a s m a  jet,  a l a s e r  
beam,  or  a pulse  d i scharge .  No m a t t e r  what method 
is  used,  the in t roduc t ion  of energy  into the me ta l  
gives r i s e  to a t he rmophys ica l  p roces s  with ce r t a i n  
c h a r a c t e r i s t i c  f ea tu res .  One such fea ture  is  a s s o -  
c iated with e l e c t r o n - g a s  funct ions  while another  i n -  
volves  breakdown of the condensed phase on the me ta l  
sur face .  

F o r  both rad ia t ive  [1, 2] and e l ec t r i c  ac t ion  [3-5] ,  
the ene rgy  r ece ived  by the me ta l  is p r i m a r i l y  absorbed  
by a gas of va lence  e l ec t rons .  This energy  is  then 
t r a n s f e r r e d  to the ion la t t ice  by m e a n s  of a r e l axa t ion  
m e c h a n i s m .  The r e s u l t i n g  re la t ive  d i f ference  in the 
t e m p e r a t u r e  | of the e l ec t ron  gas and the t e m p e r a t u r e  
T of the ion la t t ice  

O - - T  
e - -  (1) 

T 

takes  on va lues  depending on the pulse  power;  however ,  
when energy  ceases  to be supplied,  e ~ 0 as t ~ ~-, 
where  7 is  the r e l axa t ion  t ime.  As given in [4, 2], this  
l as t  quant i ty  has va lues  on the o rde r  of 10 - l l  see.  

Since the dura t ion  of pu l ses  feas ib le  in  p rac t i ce  is  
m a n y  o r d e r s  g r e a t e r  than the r e l axa t ion  t ime,  e a s -  
s u m e s  i ts  s t e ady - s t a t e  value e = e 0 at the ve ry  b e g i n -  
ning of the pulse .  As noted in  [2], dur ing  rad ia t ive  
a c t i o n  so ~ F,  and for  F = 1012 W / m  2, 80 << 1. Dur ing  
e l e c t r i c a l  act ion in accordance  with the equat ion e s ~ 
N j2 obtained in [4] and for  j = 5" 107. A / c m  2, e 0 v a r i e s  
for  d i f ferent  m e t a l s  within the l imi t s  of 10 -a to 10 -2. 
Fo r  such va lues  of e 0 it is  quite p e r m i s s i b l e  to c a l c u -  
late the the rmophys ica l  p roce s s  in  a me ta l  accord ing  
to i ts  ion t e m p e r a t u r e  T, ,~_ 

The r e l axa t ion  m e c h a n i s m  e n s u r e s  effect ive t r a n s -  
f e r  of ene rgy  f rom the e l ec t ron  gas to the ion la t t ice ,  

but it is local  in na ture .  Local ly  r e l e a s e d  energy  is 
shifted beyond the co r re spond ing  reg ion  by a t r a n s f e r  
m e c h a n i s m  in which both e l ec t ron  and phonon gases  
par t ic ipa te .  However,  the phonon component  of heat  
conduct ion in the t e m p e r a t u r e  r eg ion  cons ide red  
(~104 ~ is m o r e  than two o r d e r s  s m a l l e r  than the e l e c -  
t ron  component  and, consequent ly ,  the total  heat con-  
duct ion of the me ta l  under  such condi t ions  can be 
r e p r e s e n t e d  by i ts  e l ec t ron  component  alone. 

A me ta l  subjec ted  to the act ion of a h igh-power  
t h e r m a l  pulse  is heated to a high t e m p e r a t u r e  and 
ve ry  in tense  evapora t ion  develops on i ts  sur face .  In 
[2, 6] the F r e n k e l  evapora t ion  m e c h a n i s m  [8,9] was 
used to de sc r ibe  this  p rocess .  According to this  m e -  
chan i sm the specif ic  evapora t ion  power and front  v e -  
locity are  e xp r e s se d  by the equat ions 

Fevap= rv v = F o exp (--  T . / T ) ,  v = v o exp (--  T~/T),  (2) 

where  r V and T are ,  r e spec t ive ly ,  the specif ic  volume 
heat  of vapor iza t ion  and the t e m p e r a t u r e  of the front .  

According  to (2), the the rmophys ica l  p rob lem d u r -  
ing pulsed  act ion on a meta l ,  with allowance for  e n -  
e rgy  l o s se s  by evaporat ion,  mus t  be fo rmula ted  in 
t e r m s  of a moving f ront  with an appropr ia te ly  chosen 
coordinate  o r ig in  at the evapora t ion  f ron t  i tself .  

F i r s t  cons ide r  a pulsed the rmophys ica l  p roces s  
exci ted  by the act ion of a l a s e r  beam.  As noted in  [2], 
the unre f l ec ted  pa r t  of the r ad ian t  flux is  a lmos t  c o m -  
ple te ly  absorbed  by the sur face  layer  of the meta l ,  
whose th ickness  is only 10 -5 to 10 -~ cm. F o r  such an 
e s s e n t i a l l y  su r face  t he r ma l  effect the unre f l ee ted  
r ad i an t  flux F can be r e p r e s e n t e d  as a boundary  con-  
di t ion of the second kind, specif ied at the moving  f ront  
and with al lowance for  i ts  l o s ses  by evaporat ion.  
There fo re ,  the co r re spond ing  o n e - d i m e n s i o n a l p r o b l e m  
when the coordinate  or ig in  is  taken at the evapora t ion  
f ron t  can be fo rmula ted  as:  

OT (x, t) 0 ~ T (x, t) a + 
Ot Ox ~ 

T m ] OT(x, t) (3) 
+ v  oexp T (O. l) - Ox 

Table  1 

S teady-s ta te  Values of the E v a p o r a t i o n - F r o n t  Veloci ty and 
T e m p e r a t u r e  for  Cd with Different  T h e r m a l - F l u x  Dens i t i es  

F, W / m  2 10 t~ 10 t t  10 '~ 

v*,  m]sec 

7", ~ 

0,94 

I650 

8,2 

2250 

66.5 

3750 

1013 

445 

7350 
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Fig.  1. Ef fec t  of the t i m e  (t, sec)  a pu l s e  of the 
e n e r g y  Ws ac ts  on a m e t a l  on  the f i na l  p o s i t i o n  
of the e v a p o r a t i o n  f ron t  and the m e l t i n g  i s o -  
t h e r m  ' ' " (Xevap , Xevap + Xmelt , p; F, W/ram2); 

a) Sn; W s = 2 (I) and 5 (II), J / m m  z; b) Cd; W s = 
= 0.5 (I), 1 (II) and 2 (III) J / r a m  ~. 
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Fig .  2. Effect  of the t ime  (t, sec)  a pu lse  of the e n e r g y  W s ac ts  on a m e t a l  on the 
f ina l  pos i t ion  of the evapo ra t i on  f ront  and the me l t i ng  i s o t h e r m  (X~vap , X~vap + 
+ Xmelt ,  1~; F ,  W/m2}: a} W; W s = 1 (I} and 5 (I1), J /mm2;  b) Cu; Ws = 2 (I) and 

5 (IT), J/ram 2. 
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Fig .  3. Effec t  of the t ime  (t, sec)  a pu l se  of the 
e n e r g y  W s ac ts  on a m e t a l  on the f inal  pos i t ion  
of the e v a p o r a t i o n  f ron t  and the me l t i ng  i s o -  

T ? 
t h e r m  (Xevap, Xevap + Xmelt ,  p; F ,  W/m2):  
a) Cd, Sn, W; W s = 1 J / ram2;  b) Pb; W s = 0.5(I), 

1.5 (II) and 2.5 (III), J / r a m  ~. 
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OT (O, t) F Fo exp I Tm J 
- - "  Ox  - ac,  a c  v 7 " ( 0 ,  t )  ; 

OT(~,  t) 
-- O, 

Ox 

T ( x , O ) = T o ;  O~<x~<co; O ~ t . ~ t p .  (4) 

The effect of evapora t ion  on the development  of this 
p roces s  is that for  given F it l imi t s  i n c r e a s e  in the 
t e m p e r a t u r e  of the f ront  and e n s u r e s  that the p r oc e s s  
will  shift to the s t e a d y - s t a t e  mode af ter  a ce r t a in  
t r a n s i t i o n  t ime has elapsed.  In this  mode,  p rob lem 
(3)-(4) becomes  

a T "  (x) + v* T '  (x) = 0, (5) 

- T '  (0) 
F FV U* 

, ~ ' ( ~ ) u l  (6)  
a C V a s  V 

T(0) = T*, T(oo)--  To, (7) 

where T* and v* are the steady-state values of the 

temperature and of the front velocity. 
Solving (5), allowing for (7), and then integrating 

(5) over x within the limits of the semibounded region 
with use of (6) and (7), we obtain the following two 

equations: 

T (x) -- (T* 7"o) exp / -~ T~ (8) 
a 

v*[ rv+c t (T*  -To)I--F. (9) 

The f i r s t  equat ion defines the t e m p e r a t u r e  f ield in the 
s t eady - s t a t e  mode, and the second equat ion e x p r e s s e s  
the ene rgy  conse rva t ion  law [n this  mode. E l imina t ing  
T* f rom (9) with the aid of (2), we a r r i v e  at the fo l -  
lowing t r a n s c e n d e n t a l  equat ion for the s t eady- s t a t e  
veloci ty :  

F cvT,~ - rv cvT o. (10) 
v* In v o In v* 

Sys tem of equat ions  (8)-(10) is comple te ly  solvable .  In 
p a r t i c u l a r ,  we can ca lcula te  v �9 and T* f rom (9) and 
(10). The va lues  of these quant i t ies  a re  shown in Table 
1 for d i f fe rent  flux dens i t i es  and for  one m e t a l - -  
cadmium.  

F r o m  (8) we can obtain the d e p r e s s i o n  in the m e l t -  

ing i so the rm T(Xmelt) = Tmel t  with r e spec t  to the 
f ront :  

a T* To 
Xm~u= v*- In Tmett To (11) 

As follows f rom the data  in Table 1 and f rom Eq. (11), 
with i n c r e a s e  in the flux dens i ty  F the d e p r e s s i o n  of 
the me l t i ng  i s o t h e r m  changes accord ing  to a law s i m -  
i l a r  to Xmelt ~ F -1. Thus,  for  flax dens i t i e s  of 10 ll 
and 10 Iz W2/m 2, Xmelt is respectively 8.4 and 1.35 # 
for cadmium. A similar phenomenon is also observed 

for other metals. 
Equations (5-11)describe the process in the steady- 

state mode. Before entering this mode, a transition 
p roces s  develops in  the sys t em;  i n fo rma t ion  as to i ts  

dura t ion  and the m a n n e r  in which it develops can only 
be obtained by solving p rob lem (3)-(4) .  Since this  p rob-  
lem is e s s e n t i a l l y  non l inea r  its solut ion was obtained 
on an e l ec t ron ic  computer .  Some of the solut ion r e -  
su l t s ,  which also include the t r a n s i t i o n  p rocess ,  a re  
shown in  Figs .  1 - 3  where  Xmelt denotes the d e p r e s s i o n  

tp 
in  the me l t ing  i so the rm and a x~vap= j' v(t)dt  the 

0 
evapo ra t i on - f ron t  d i sp lacemen t  within the pulse  t ime.  
These f igure  s show the r e s u l t s  due to the ac t i on  of a 
pulse  of fixed energy  W s = Ftp on a me t a l  for  d i f ferent  
in t roduc t ion  condi t ions ,  i . e . ,  for d i f ferent  flux d e n s i -  
t ies  and d i f fe rent  co r re spond ing  pulse dura t ions  (W s 
is  e xp r e s se d  in  J /mm2) .  

As follows from the f igures ,  the act ion of a pulse  
of the ene rgy  W s for  a shor t  t ime in t e rva l  is a s s o -  
c iated sole ly  with the evapora t ion  breakdown of the 
me ta l  s ince  ' >> and ~ 0. With in -  Xevap Xmelt Xmelt 
c r e a s e  in the dura t ion  of act ion of the ene rgy  W s the 
d e p r e s s i o n  of the me l t i ng  i so the rm r i s e s ,  condi t ions  
are  c rea ted  when Xmelt ~ X~vap , followed by condi -  
t ions when Xmelt > X~vap, and las t ly  with f u r t he r  i n -  
c r e a s e  in pulse  dura t ion  X ~ v a p -  0, while Xmelt 
r e m a i n s  la rge  for  some t ime and then drops  to zero.  
Thus,  with an i n c r e a s e  in the dura t ion  of a pulse  of 
fixed energy ,  the quant i ty  (X~vap + Xmelt ) r eaches  a 
m a x i m u m  for some t = tin, and then drops to zero  
(Figs.  2a and 3a). Thus,  for Cu, t m =  5 . 1 0  -5 sec for  
Ws = 0.5 J/~-nm 2 and t m =  10 -5 sec for  W. It was also 
noted that as the pulse energy  i n c r e a s e s  the m a x i m u m  

in (X~vap + Xmelt) i n c r e a s e s  and shif ts  toward l a r g e r  
t imes .  The m a x i m u m  in (X~vap + Xmelt) was not ob-  
ta ined  by us for  low-mel t ing  me ta l s ;  however,  it u n -  
doubtedly exis t s  for t >~ 10 -3 sec. 

The r e s u l t s  of mach ine  solut ion showed that the 
t r a n s i t i o n  t ime  e s s e n t i a l l y  depends on the flux densi ty.  
F o r  F = 10 at, 1012, and 1013 W / m 2, t t r an  s is  r e s p e c -  
t ive ly  2 . 5 . 1 0  -~, 4 . 1 0  -8, and 1.5" 10 -~ sec  for  cad-  
mium.  Thus,  for  h igh-power  pu l ses ,  the t r a n s i t i o n  
t ime  is cons ide rab ly  sho r t e r  than the pulse  dura t ion,  
and the the rmophys iea l  p r o c e s s  in this  case  can be 
cons ide red  accord ing  to the condi t ions  of the s t eady-  
s ta te  mode. It also follows f rom the s m a l l n e s s  of the 
t r a n s i t i o n  t ime  that for  h igh-power  pu l ses  the f l uc -  
tuat ion in  f l u x d e n s i t y  F and the assoc ia ted  f luc tuat ion  
in the quant i t ies  v*, T*, and Xmelt wil l  ac tual ly  take 
p lace  in one phase.  

Under  h igh-power  pulse  act ion the me l t i ng  i so the rm 
in  the s t eady - s t a t e  mode c lose ly  adjoins the e v a p o r a -  
t ion f ront  and moves  together  with it  into the me ta l  at 
high speed. Such a phenomenon would a lso  be observed  
with the me l t ing  f ront  if the heat of fus ion L V were  
allowed for in  the s t a t ement  of the co r r e spond ing  p r o b -  
lem. In this  ease ,  for the s t e a d y - s t a t e  mode ins tead  
of (9) we can obtain 

v* [L v + r v + c v (T* - -  To)] = F. (12) 

Since for  high flux dens i t i es  cv(T* - T 0) ~> r v and for  
all  m e t a l s  L V << r v ,  it i s  c l e a r  that no m a j o r  d i f ference  
occur s  when the heat  of fus ion  is allowed for  dur ing  the 
act ion of a h igh-power  pulse .  F o r  low flux dens i t i es ,  
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however ,  the t r a n s i t i o n  p r o c e s s  l a s t  fo r  a t ime  on the 
o r d e r  of the pu l se  dura t ion .  F o r  the low e v a p o r a t i o n -  
f ron t  v e l o c i t i e s  he r e  th is  c a u s e s  the hea t  of fus ion  L V 
to b e c o m e  one of the d e t e r m i n i n g  f a c t o r s  in the p r o c e s s .  
F o r  a l o w - p o w e r  pu l se  (F < 109 W / m  2) we m u s t  so lve  
the c o r r e s p o n d i n g  p r o b l e m ,  a l lowing fo r  L V, and th is  
n a t u r a l l y  l e a d s  to somewha t  lower  v a l u e s  of (Xevap + 
+ Xmelt)  than p r e d i c t e d  by  the so lu t ion  to p r o b l e m  
(3)- (4)  under  such cond i t ions .  

We now c o n s i d e r  the t h e r m a l  e f fec t  of a pu l se  d i s -  
c h a r g e  on a m e t a l .  This  i s  m o r e  complex  than the 
ac t ion  of a l a s e r  b e a m  o r  p l a s m a  je t  s i nce  the m e t a l ,  
upon d i s c h a r g e ,  i s  s i m u l t a n e o u s l y  sub j ec t ed  to s u r f a c e  
and vo lume  t h e r m a l  e f fec t s .  The f o r m e r  can  be e x -  
p r e s s e d  in t e r m s  of the t h e r m a l - f l u x  dens i t y  

F = ~j*, (13) 

w h e r e  j* i s  the c u r r e n t  d e n s i t y  in the d i s c h a r g e  c h a n -  
nel  at the  e l e c t r o d e  s u r f a c e ,  and ~ i s  a coef f ic ien t  
with d i f f e r en t  e x p r e s s i o n s  fo r  the ca thode and anode 
[7]. In a o n e - d i m e n s i o n a l  a p p r o x i m a t i o n ,  the p o w e r  of 
the volume source can be expressed as 

w =  p(T)j2(x) = w(T, x), (14) 

where p is the electrode resistivity. The correspond- 
ing one-dimensional problem can be formulated as 
follows: 

OT (x, t) O~T (x, t) a + 
Ot Ox "2 

[ T,, t OT(x, t) 
+ v o exp T (0, t) Ox + c~l w (T, x); (15) 

OT (O, t) F F~ exp [ T.~ ] .  
Ox ac v ac v T(O, t) ' 

OT(oo, t) 0 
ax 

(T(x, 0 )=To;  0 < x ~  oo; 0 ~ t ~ t p ) .  (16) 

When the p r o c e s s  b e c o m e s  s t e a d y - s t a t e ,  the power  
d i s t r i b u t i o n  of the vo lume s o u r c e  a t s o b e c o m e s  s t e a d y -  
s t a te ;  in th is  e a s e ,  th is  quant i ty  can  be r e p r e s e n t e d  as  

w = w*fO3x) (17) 

w h e r e  w* is  the power  of the vo lume  s o u r c e  at the 
e v a p o r a t i o n  f ron t  and f ( 6 x )  i s  a r a p i d l y  a t tenua t ing  
funct ion  s a t i s f y i n g  the condi t ions  

f (0)=l ;  f(Sx~)<<l; / (o~)=0.  (18) 

H e r e  Xm deno tes  the c h a r a c t e r i s t i c  d i m e n s i o n  of the 
p r o c e s s .  As th is  quant i ty  i t  i s  convenien t  to take  the 
depth  of a m i c r o p o r e  a p p e a r i n g  on the e l e c t r o d e  as  a 

r e s u l t  of a s ingle  ac t ion  of the m i g r a t i n g  channel .  A c -  
co rd ing  to the da ta  of our  e x p e r i m e n t s  with c o p p e r  
e l e c t r o d e s ,  th is  depth is  ~ 10 p. A c c o r d i n g  to these  
da ta ,  i t  i s  p o s s i b l e  to a s s o c i a t e  the s o u r c e  (17) with 
the experimental results by means of the parameter 5. 

While the pulse acts T*>> Tmelt and, consequently, 
P* >> Pmelt, where p* is the resistivity at the evap- 
oration front and Pmelt is the resistivity of the liquid 
phase at the melting point. In performing the familiar 
linear extrapolation on the grounds that the metals 

retain their characteristic metal conductivity [10] on 
transition to the liquid state, we can express p* in 

terms of Pmelt and then represent w* as 

~O* - -  hOmelt[ 1 @" U ( T *  - -  Tmel t ) ]  ] . 2 ,  (19) 

w h e r e  oe i s  the t e m p e r a t u r e  coef f i c ien t  of r e s i s t a n c e .  
Data  on this  quant i ty  fo r  s o m e  m e t a l s  we re  p r e s e n t e d  
in [11]. 

When the p r o c e s s  b e c o m e s  s t e a d y - s t a t e ,  p r o b l e m  
(15)-(16)  b e c o m e s  

aT" (x) + v'T" (x) + ciT*w*r ((3 x) = O, (20) 

F r v v* 
--T'(O) V, Cv acv ; T'(~ ) =0, (21) 

T(O)=T*; T(~_~)=T o. (22) 

The so lu t ion  to  p r o b l e m  (20)-(22)  is  g iven  by a spec i f i c  
e x p r e s s i o n  of the funct ion f ( 6 x ) .  We l i m i t  o u r s e l v e s  to 
an a p p r o x i m a t i o n  of th is  funct ion by  se t t i ng  f ( 6 x )  = 
= exp ( -6x) .  This  i s  not a rough a p p r o x i m a t i o n  s ince  
exp ( -Sx)  i s  r a p i d l y  a t tenuat ing  and s a t i s f i e s  a l l  r e -  
ma in ing  p r o p e r t i e s  of  f ( 6 x )  a c c o r d i n g  to (18). In such 
a ca se ,  by so lv ing  (20) while  a l lowing fo r  (22), and by 
i n t e g r a t i n g  (20) o v e r  x in the s emibounded  r e g i o n  
whi le  a l lowing  fo r  (21) and (22), we obta in  the fol lowing 
two equat ions  

T(x) = [ T * - - T  O + 

o, ] ( , . )  
+ c v(a8 ~ - v * ~ )  ' exp - - - - a  x - -  

c v(a8 ~ - a S )  e x p ( - - S x ) + T o ,  

v* [rv§ cv(r*--To) ] = F F w~ 
(3 

(23) 

(24) 

The f i r s t  of t he se  equa t ions  def ines  the t e m p e r a t u r e  
f i e ld  in the s t e a d y - s t a t e  mode  whi le  the second  e x -  
p r e s s e s  the e n e r g y - c o n s e r v a t i o n  law in th is  mode .  
These  equa t ions  a r e  so lved  s i m u l t a n e o u s l y  wi th  (2), 
(13), and (19). 

Table  2 

Boundary  Va lues  fo r  C u r r e n t  D e n s i t i e s  fo r  an E s s e n t i a l l y  
V o l u m e - H e a t  Source  fo r  Pb ,  Sn, and Cu 

11 ' A]  c m 2  f-~ �9 A / c m 3  

Pb Sn Cu Pb Sn ] Cu 

6 - 1 0  ~ 3 - 1 0  6 6 . 1 0  6 5 . 1 0  7 9 - I 0  ~ lO s 
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For very high current densities, conditions can 

arise when w*/6 > F in Eq. (24); this is equivalent to 

j* .4: ~5 = j;. (25) 

Since the e v a p o r a t i o n - f r o n t  v e l o c i t y  b e c o m e s  v e r y  high 
under  such condi t ions ,  v*/a >> 6 and, a c c o r d i n g  to (23), 
the d e p r e s s i o n  of the m e l t i n g  i s o t h e r m  o r  the c h a r -  
a c t e r i s t i e  d imens ions  of the p r o c e s s  wi l l  be d e t e r m i n e d  
s o l e l y  by the v o l u m e - s o u r c e  d i s t r i b u t i o n  in the r eg ion ,  
and not by the t r a n s f e r  of heat  l i b e r a t e d  at the f ron t  
and within the m e t a l  to the i n t e r i o r  of the e l e c t r o d e  
by e l e c t r o n  heat  conduction.  Condit ion (25) shows that  
the vo lume s o u r c e  p r e d o m i n a t e s  both at the e v a p o r a -  
t ion f ront  and within the volume.  

M o r e o v e r ,  the oppos i te  condi t ions  can ex i s t  in 
Eq. (24) when F > w*/5.  These  condi t ions  a p p e a r  as  
soon as j*< j~, s ince  F ~  j * a n d w * ~  j,2.  F o r  F <  
< w*/6 the vo lume s o u r c e  l o se s  i t s  e f f ec t i venes s  at 
the e v a p o r a t i o n  f ront ,  but r e t a i n s  i t  wi th in  the volume.  
However ,  fo r  v*/a < 6, and this  is  equ iva len t  to 

]* < ~ -  rv + Cv To = Jl, (26) 

d e p r e s s i o n  of the me l t i ng  i s o t h e r m  or  the c h a r a c t e r -  
i s t i c  d i m e n s i o n s  of the p r o c e s s  a r e  now def ined not by 
the v o l u m e - s o u r c e  d i s t r i b u t i o n  but  by e l e c t r o n  heat  
conduction.  Since when v*/a < 6, w * / c v ( a 5 2  - v*5) < 
< (T* - To) , the  t e m p e r a t u r e  f i e ld  (23), gove rned  
jo in t ly  by the s u r f a c e  and volume e f fec t s  a l m o s t  c o i n -  
c i d e s  with the t e m p e r a t u r e  f i e ld  (8), g o v e r n e d p r i m a r i l y  
by the s u r f a c e  t h e r m a l  effect .  Condit ion (26) c o n s e -  
quently def ines  the c u r r e n t - d e n s i t y  r e g i o n  in which 
the vo lume  s o u r c e  can be a s s u m e d  to be c o m p l e t e l y  
ineffective. 

In the pulse-discharge mode, three regions can 
therefore be distinguished. In the first one (j* < j~), 

the volume source is ineffective both at the front and 
-*) 

within the volume; in the second (j*< j*< ]2 , it is 
ineffective at the front but effective within the volume; 

-*) lastly, in the third (j* > J2 , it predominates both 
within the volume and at the evaporation front. If we 

use (24) to express the energy liberated at the elec- 
trodes by the migrating discharge channel while the 

pulse acts, 

i = l  

i t  i s  n e c e s s a r y  to e l i m i n a t e  the t e r m s  (w i / 5  i) t i f r o m  
(27) in the f i r s t  r eg ion  and the t e r m s  F i t  i in the t h i r d  
r eg ion ;  in the second  reg ion ,  none of the t e r m s  can 
be  d i s c a r d e d  b e c a u s e  they  a r e  equ iva len t ,  p a r t i c u -  
l a r l y  n e a r  j~. 

E s t i m a t e s  of the bounda ry  va lue s  fo r  j~ and "* J2, o b -  
t a ined  by  s i m u l t a n e o u s l y  so lv ing  Eqs.  (2), (13), (24), 
(25), and (26) a r e  g iven  fo r  some  anode m e t a l s  in 
Table  2. 

As fo l lows f rom Table  2, the b o u n d a r y  of the t h i r d  
r eg ion  i s  d e t e r m i n e d  by the r a t h e r  high va lue  of the 

c u r r e n t  de ns i t y  J2. S m a l l e r  va lues  of th is  quant i ty  can 
only be ob ta ined  by r e d u c i n g  the e s t i m a t e s  of ~; 
however ,  t h e r e  i s  no b a s i s  fo r  doing so. Al lowance 
fo r  dev ia t ion  in the s t rong  f i e ld s  f r o m  O h m ' s  law a l so  
does  not l ead  to any d e c r e a s e ,  b e c a u s e  the a s s o c i a t e d  
i n c r e a s e  in r e s i s t a n c e  i s  only  a few p e r c e n t  fo r  j = 
= 108 A / c m  2 [4]. 

F o r  a c u r r e n t  dens i ty  j > j~ the power  of the vo lume  
s o u r c e ,  pa r t i cu l~ / r ly  at  the e v a p o r a t i o n  f ront ,  b e c o m e s  
e x t r e m e l y  high and even dur ing  the t ime  a s h o r t  pu l se  
ac t s  the e n e r g y  w*tp  i s  l i b e r a t e d ,  which e xc eeds  the 
a t o m - b o n d  e n e r g y  r v ;  th is  m u s t  l ead  to r u p t u r e  of the 
e n t i r e  vo lume of the m a t e r i a l ,  f o r  which we have only 
w(x) tp _> r V. Such condi t ions  s e t  the l i m i t s  of a p p l i -  
c a b i l i t y  of Eqs.  (23)-(24) a n d a  b a s i c a l l y  new approach  
is n e c e s s a r y  fo r  a n a l y s i s  of the r e s u l t i n g  phenomena .  
This  d i f f e ren t  app roach  i s  a l so  n e c e s s a r y  fo r  o the r  
r e a s o n s ,  b e c a u s e  the  r e l a x a t i o n  t ime  a p p r o a c h e s  the 
pu l se  d u r a t i o n  and the e l e c t r o n  gas  d e g e n e r a t e s  owing 
to the e x t r e m e l y  high t e m p e r a t u r e s .  

In conc lus ion ,  we note that  o n e - d i m e n s i o n a l  f o r -  
m u l a t i o n  of our  p r o b l e m s  does  not de p r ive  them of 
s a t i s f a c t o r y  a p p r o x i m a t i o n  to the ac tua l  p r o c e s s ,  
p a r t i c u l a r l y  fo r  high pu l se  pow e r s .  This  i s  b e c a u s e  
unde r  these  condi t ions  the e v a p o r a t i o n  f ron t  m o v e s  
into the m e t a l  at a v e r y  high r a t e ,  t h e r e b y  r educ ing  
the p o s s i b i l i t y  of r a d i a l  hea t - f l ux  p r o p a g a t i o n  and 
caus ing  a t h e r m o p h y s i c a l  p r o c e s s  to develop  which i s  
v e r y  c lo se  to be ing  o n e - d i m e n s i o n a l .  
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