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The  t h e r m a l  p r o c e s s e s  d u r i n g  the in i t i a l  and s u b s e q u e n t  s t a g e s  of the p u l s e  a r e  d i s c u s s e d  on 
the b a s i s  of an  account  of s u r f a c e  e v a p o r a t i o n  and a l l  the  h e a t  s o u r c e s  a c t i n g  a t  the  anode .  

The operation of the anode in an electric discharge is simpler than that of the cathode, primarily be- 
cause the anode does not emit any charged particles, but merely acts as an electron collector. The role of 
the anode is less important than that of the cathode in developing and maintaining the discharge. 

Among studies of anode operation, those by Bez and H/Jeker occupy a special position [1-5]. Their 
theory of the elementary processes in the region of the anodic potential drop is in satisfactory agreement 
with experiment, and is generally accepted [6]. For an intense pulsed discharge, this theory leads to the 
following expression for the electronic heat flux density transferred to the anode: 

] = ( : + ~ 0  + 7,) ~ ' i .  (1) F e = (e cp' -~- eU a + 2kT~) T 

F o r  Ua ~ U i ,  the r a t i o  w l i e s  in the r ange  1 .6-2 .6  for  v a r i o u s  m e t a l s ,  whi le  the  c o e f f i c i e n t  • m a y  t ake  
on v a l u e s  in the r a n g e  0 .4 -1 .9  fo r  T e ~ (1-4) �9 104~<. The quan t i ty  (1 + w + X)q ~' m a y  v a r y  wi th in  the r a n g e  
5-10 V. 

An intense pulsed discharge is accompanied by the passage of a discharge current of extremely high 
density through the electrodes and by the appearance of large temperature gradients there. Under such 
conditions, the thermal processes should be analyzed on the basis of a heat-conductivity equation taking into 
account Lenz-Joule and Thomson volume heat sources. Following Landau and Lifshits [7], we write this 
equation in the following form: 

0 (%T) 
Ot - div (~,V T) -~- Tj V a + 9 ]~, (2) 

where we have chosen the sense of j so that it is parallel to the electronic current. 

The quantity (~ which appears in (2) has been interpreted on the basis of the quantum theory of metals ; 
with certain simplifications , it may be written, as Ioffe has shown [8], in the following manner: 

a = ~ k~T/e Co. (3) 

Subs t i tu t ing  (3) into (2), we f ind 

0 (cvT) ~ U 
at - =  div(kvT)  + eo~- T j v T + p ] 2 .  (4) 

E q u a t i o n  (4) is  e x t r e m e l y  c o m p l i c a t e d ,  and cannot  be s o l v e d  u n l e s s  c e r t a i n  p l a u s i b l e  a s s u m p t i o n s  a r e  
m a d e  to l i n e a r i z e  i t .  If we focus  on the p r o c e s s  at  the i n i t i a l  s t a g e  of the p u l s e ,  b e f o r e  the m e l t i n g  po in t  
is  r e a c h e d ,  then  it is  c o m p l e t e l y  p l a u s i b l e  to c o n s i d e r  only  a v e r a g e  v a l u e s  of qua n t i t i e s  c v ,  k ,  and p in th i s  
t e m p e r a t u r e  r a n g e .  F u r t h e r m o r e ,  u s ing  the W i e d e m a n n - F r a n z  l aw for  the  t e m p e r a t u r e  (T = kpLo-1 ) ,  and 
using the notation 
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n~ k s -~-~-=a, P-g-=u,  - - = ~ ,  (5) 
c v c v eo eLo 

we can  conve r t  Eq .  (4) into the s i m p l e r  fo rm 

OT 
- -  a A T -1- buj V T + u] ~, (6) 

Ot 

where A and V are the Laplace and Hamiltonian differential operators. 

In the one-dimensional approximation, the electronic current density and the temperature gradient are 

antiparallel for the anode, so Eq. (6) yields 

OT (x', t) O~T (x', t) OT (x', t) 
a Ou i ~- ui 2. (7) 

at Ox '~ ax' 

A u n i f o r m  c u r r e n t - d e n s i t y  d i s t r i b u t i o n  has been  a s s u m e d  he re  in the s e m i i n f i n i t e  r e g i o n  (0 -< x '  ~ oo) in 
o r d e r  to i n c r e a s e  the e f f ic iency  of the L e n z - J o u l e  heat  sou rce  in r a i s i n g  the t e m p e r a t u r e  r igh t  at the anode 
s u r f a c e .  Dur ing  the in i t i a l  s tage of the p u l s e ,  when the re  is  e s s e n t i a l l y  no e v a p o r a t i o n ,  the fol lowing c o n -  
d i t ions  hold at the anode:  

_ ~  aT(O,t) _ ( l + o ~ + ~ ) ~ , ] ,  a T ( ~ ,  t) =0. (8) 
ax' ax' 

In i t i a l l y ,  we have T(x ' ,  0) = T O = 285~ 

The p r o b l e m  (7), (8) can be w r i t t e n  in the d i m e n s i o n l e s s  f o r m  

ao(~ ,  ~) a~~ ~) B a o ( ~ ,  ~) + I, 
a-c O~ ~ O~ 

a o (0, ~) a o ( ,~ ,  T) 
- - = - - q ,  - o ,  o ( ~ , o ) = o ,  a~ a~ 

(9) 

(lO) 

where  

--- A { x ' ,  ~ = Ad2t, q = A~ (1 + o~ + ~) ~', 

T (x', t ) -  To A~ = 1, / u u 0 (~, "~) 
Tmp--To ' _ a(Tmp--  To) ' A t =  T r a p - - T o - '  (11) 

V ~ Aq = ~'~U (rmp-- To)' B = A~b (Trap-- To). 

The me ta l  c h a r a c t e r i s t i c s  a p p e a r i n g  in these  s i m i l a r i t y  c r i t e r i a  a r e  shown in the a c c o m p a n y i n g  Table  1. 

Along with Eq.  (9), we should d i s c u s s  two o ther  equa t i ons ,  with the s a m e  in i t i a l  and boundary  c o n d i -  
t ions  (10): 

o o (~, ~) _ 0 3 o (L ~) 
- -  + 1, (~2) 

O~ O~ 2 

o o (~, ~) a 2 o (L ~) 
o �9 o ~ (13) 

Here we have eliminated the Thomson heat source from the first equation and both the Thomson and Lenz 
-Joule sources from the second. 

The problem (13), (I0) determines the temperature field which arises at the anode as a result of the 
surface heat source alone. The temperature at the anode surface according to this problem is given by 

0 (0, '~) 2q V/,- n- , (14) 

f r o m  which we find the i n s t an t  T 0 at which the m e l t i n g  point  is r eached  0(0, To) = 1: 

�9 o - ( is )  4q 2 
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T A B L E  1. C r i t i c a l  Cons t an t s  of  C e r t a i n  M e t a l s  

At, m 4 
Metal /A 2. sec A~, m/A Aq, V" 1 B 

Cd 
Zn 
AI 
Cu 
W 

2,58.10-16 
9,80.10 -17 
4,10.10-17 
1,37-10 -17 
5,23-10 -18 

3,38.10 -6 
1,61.1O -n 
7,10.10-7 
3,94.10-~ 
1,23.10 -n 

10,86 
12,90 
10,00 
6,96 
1,75 

9,98.10-2 
2,76.10-~ 
3,72.10 -s 
5,72.10-~ 
2,70-10 -t 

The  d a t a  shown in the a c c o m p a n y i n g  Tab le  1 show that  the quan t i ty  T O i s  e x t r e m e l y  s m a l l  ( r  0 << 1) for  any 
p o s s i b l e  v a l u e s  of the quan t i ty  (1 + w + X)~o'. 

The p r o b l e m  (12), (10) d e t e r m i n e s  the  t e m p e r a t u r e  f i e ld  which  a r i s e s  a t  the anode  a s  a r e s u l t  of the  
c o m b i n e d  e f f ec t s  of  the s u r f a c e  and L e n z - J o u l e  vo lume  hea t  s o u r c e s ,  but wi thout  the T h o m s o n  s o u r c e .  
The t e m p e r a t u r e  a t  the  anode  s u r f a c e ,  a c c o r d i n g  to th i s  p r o b l e m ,  is  g iven  by 

0 (0, •) = 2q ~/~-_ + T. (16) 

If, a s  b e f o r e ,  we c o n s i d e r  the p r o c e s s  at  t i m e  T 0, g iven  by Eq.  (15), then the  d i f f e r e n c e  be tween  t e m p e r a t u r e s  
(16) and (14), 

Ao~ (o, To) = To (17) 

g i v e s  the add i t i ona l  t e m p e r a t u r e  i n c r e a s e  c a u s e d  by the L e n z - J o u l e  hea t  s o u r c e  at  t i m e  T 0. When  -r 0 << 1, 
we find A01(0, r0) << 1; i . e . ,  the  a d d i t i o n a l  t e m p e r a t u r e  i n c r e a s e  is  much  l e s s  than  the m e l t i n g  po in t .  Th i s  
m e a n s  tha t  t h i s  hea t  s o u r c e  is  i ne f f i c i en t  du r ing  the i n i t i a l  s t a g e  of  the  p r o c e s s  f o r  any  p u l s e  c o n d i t i o n s .  

The p r o b l e m  (9), (10) d e t e r m i n e s  the t e m p e r a t u r e  f i e ld  which  a r i s e s  at  the anode  d u r i n g  the c o m b i n e d  
o p e r a t i o n  of a l l  t h r e e  hea t  s o u r c e s ,  inc lud ing  the T h o m s o n  s o u r c e .  The t e m p e r a t u r e  at  the  anode  s u r f a c e  
a c c o r d i n g  to th is  p r o b l e m  is  g iven  by 

0(0, T)=  
I '-~" ~=0 ' ~ = n[ (2n -t- 1) (2n + 3) + ---2--  + x. (18) 

When ~- << 1, we m a y  l i m i t  th is  d i s c u s s i o n t o t h e  z e r o t h  a p p r o x i m a t i o n :  

2B V 7  0(0, T)= 2q~ ~ Bq'~ l +  + T. (19) 

The d i f f e r e n c e  be tween  t e m p e r a t u r e s  (19) and (16) at  t i m e  T o , 

(20) 

d e t e r m i n e s  the a d d i t i o n a l  t e m p e r a t u r e  i n c r e a s e  due to the T h o m s o n  hea t  s o u r c e .  S ince  r 0 << 1, we s e e  f r o m  
the t a b u l a t e d  d a t a  tha t  A02(0, "r0) << 1; i . e . ,  the i n c r e a s e d  t e m p e r a t u r e  i s  a g a i n  much  l e s s  than the m e l t i n g  
po in t .  Th is  m e a n s  that  the T h o m s o n  hea t  s o u r c e  is  a l s o  ine f f i c i en t  u n d e r  any p u l s e  cond i t ions  du r ing  the 
i n i t i a l  s t a g e  of the p r o c e s s .  

A c c o r d i n g l y ,  the  p r e d o m i n a n t  hea t  s o u r c e  is  the s u r f a c e  s o u r c e ;  th is  is  t r ue  d u r i n g  the i n i t i a l  s t a g e  
of the p r o c e s s  r e g a r d l e s s  of  the p u l s e  cond i t ions  at  the  anode .  H o w e v e r ,  t h e r e  i s  no b a s i s  fo r  e x t e n d i n g  th i s  
c o n c l u s i o n  to the s u b s e q u e n t  s t a g e s  of the p r o c e s s ,  d u r i n g  which  an i n t e nse  s u r f a c e  e v a p o r a t i o n  wi l l  a r i s e  
a s  the anode s u r f a c e  b e c o m e s  h o t t e r .  

Th is  e v a p o r a t i o n  c a u s e s  an  i m p o r t a n t  change  in the e n e r g e t i c  b a l a n c e  a t  the  b o u n d a r y ,  c a u s i n g  the 
l a t t e r  to move  v e r y  r a p i d l y ;  the p o w e r  l o s s  t h rough  e v a p o r a t i o n  and the v e l o c i t y  of  the e v a p o r a t i o n  f ron t  
a r e  g iven  by [9-11] 

F,~ = rvv (t) = Fo exp T (0, t )  ' 

v(t) = voexp [ T(o,T~ ' (21) 
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where T(0, t) is the temperature  of the front whose coordinate is specified in a moving coordinate sys tem 
tied to the front itself: 

t (22) 
x = x' - -  ~ v(t) dt. 

0 

The thermal  problem for the anode during the 
moving coordinate sys tem as follows: 

OT (x, t) 027 (x, 
- - a  

Ot Ox 2 

Ox 

OT(oo,  

Ox 

subsequent stage of the pulse can be written in te rms  of this 

t) + v (t) OT (x, t) + u] 2 exp (-- 8 x), (23) 
Ox 

--  (1 -t- (o + X) (P' ] - -  rvV (t), 

t) _0,  T(x, 0)=To, 
(24) 

where j is the current  density at the surface of the anode spot, and u is given by 

u = ump 1 + a~ IT(0, t) -- Tmp] }. (25) 

This problem takes into account only the L e n z - J o u l e  volume heat source.  The spatial distribution of 
the intensity of this heat source in this one-dimensional problem is expressed in te rms  of the intensity at the 
evaporation front by means of the approximate distribution function exp (-6x), where the pa ramete r  6 is 
the reciprocal  of the character is t ic  length for the process  or of the depth of the microscopic  holes 6 ~ h -1, 
which can be determined experimental ly.  The relat ion established between the volume heat source and the 
charac ter i s t ic  dimensions of the process ,  and the comparatively reliable expression for the intensity of 
the source at the evaporation front,  constitute the most important elements in this approximation; they play 
the governing role in the process .  The approximation can be refined even fur ther ,  but this is not necessary  
here .  

Problem (23), (24) is nonlinear and has no analytic solution. A computer solution has been found for 
a uniform volume-source distribution (6 = 0) [10, 11]. It turns out that at high current  densities the high- 
temperature  field excited by the surface heat source develops in an extremely thin surface layer ,  reaching a 
near ly  steady state essent ial ly instantaneously,  especially at the evaporation front; the additional t empera-  
ture increase due to the volume source lags behind considerably. Accordingly,  the process  may be t reated 
in a somewhat different manner ,  under the assumption that the s teady-state  temperature  and front velocity,  
T (0, t) = T and v(t) = v, a r i se  instantaneously at the s tar t  of the process ,  and then are stably maintained, 
while t ransient  phenomena occur everywhere except at the evaporation front i tself .  

This formulation of the problem corresponds to 

OT (x, t) OaT(x, t) OT (x, t) 
- -  - -  a + v t -  u] 2 exp (-- 6 x), 

Ot Ox 2 Ox 

T(0, t ) ~ T ,  T(or t)=To, T(x, 0)=To, 

(26) 

(27) 

which, after conversion to dimensionless form, 

00(~, z ) _  020(~, ~) ~_.00(~, ~) t -pexp(--~) ,  
0r  0~ 2 0~ 

0(0, ~)--1,  0(co, z ) = 0 ,  0(~, 0 ) = 0  

may be solved by an integrai Laplace t ransformation:  

1 exp(_~)erf c ( ~ 1 ~ )  1 ( 2 ~  - ~ )  P exp [ - - (  1 +__12) ~] 0 (~, T) = ~-  2 V-~- - + ~- erfc + -- 2-  V Y-~ 

•  ~-~) d ~ l - - ~  exp [( 11 ~ 2/1 ~] 
0 

•  exp(--Yo1)erfc(2@~ + l Y 2 ~ / d ~ l +  ~ ,  Yt [1--exp(--yG)lexp(--lg~), 
0 

(2s) 

(29) 

(30) 
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w h e r e  

v~t vx T (x, O- -  To �9 = - - ;  ~ = - - ;  O(L x ) -  
a a T - - T o  

uafl a 5 1 
= -  ; - - ;  y ~ - - - - ~ ( l - - ~ ) ;  W =  

~t v ~ ( T - T o )  [~= v - -  - -  " ~ 1 "  

(31) 

This  s o l u t i o n  i s  i n t e r e s t i n g  b e c a u s e  i t  con ta ins  i n f o r m a t i o n  about  the d u r a t i o n  of the t r a n s i e n t  p r o c e s s .  
Equa t ion  (30) shows  that  the t e m p e r a t u r e  0 ( ( ,  T)beg ins  to lo se  i t s  t ime  d e p e n d e n c e  a t T i  1" > 1. F r o m  th i s  c o n -  
d i t ion ,  and a c c o r d i n g  to (31), the t r a n s i t i o n  t i m e  can  be e v a l u a t e d :  

t t > [5 (v - -  a 5)1-1, (32) 

w h e r e v  > a 6 .  

When  the p r o c e s s  r e a c h e s  a s t e a d y  s t a t e ,  the p r o b l e m  (26), (27), wi th  a b o u n d a r y  cond i t i on  of the  f i r s t  
k ind ,  and p r o b l e m  (23), (24), wi th  a b o u n d a r y  cond i t ion  of the s e c o n d  k ind ,  c o n v e r t  into the  s a m e  s t e a d y - s t a t e  
p r o b l e m :  

d *T (x) d T  (x) 
a - -  + v + uj 2 exp ( - -  5 x), (33) 

dx ~ dx 

dT(O)  (1 + o + ~)q~'] rvV d T ( ~ )  
= , O, (34) 

dx ac V ac V dx 

T (0) = T, T (co) = To, (35) 

whose  s o l u t i o n  can  be w r i t t e n  

6 (v - -  a 6) exp ( - -  6 x) - -  exp - -  + (T - -  To) exp - -  + To, 

CvUmP[l + a u (T  - -  Tmp)]] 2. v [r v + c v ( T  - -  To)I = (1 + (o + ~) to' ] + - -B----  

(36) 

(37) 

We i n t r o d u c e  the fo l lowing  no t a t i on  fo r  the t e r m s  on the r i g h t  s i de  of t h i s  l a t t e r  equa t ion :  

' " CvUmp t ( r  - -  Tmp)] ]8 Ftv ( l + o ~ + x ) q ~  I = F , ,  g I + a .  = (38) 

and we c o n s i d e r  the  m o s t  i m p o r t a n t  s t e a d y - s t a t e  c a s e s  fo r  the p r o c e s s .  

1. We  a s s u m e  F w << Fe  and v << a S ;  then  i t  fo l lows  f r o m  (36) tha t  

T ( x ) ~ ( T - - T o )  e x p ( - - ~ - )  + To, (39) 

which  shows  tha t  the  vo lume  hea t  s o u r c e  i s  c o m p l e t e l y  ine f fec t ive  when the s t e a d y - s t a t e  r e g i m e  is  not  l i m -  
i t ed  in t i m e .  Spec i fy ing  v = 1 0 - i a S ,  we find f r o m  F e + F w ~ F e and Eq .  (37) the  c u r r e n t  d e n s i t y  c o r r e s p o n d -  
ing to t h e s e  c o n d i t i o n s :  

' I ( i40, --  r v + c v Tn~ ln -1 lOvo 
10(1 +~o + 7~) q~' a6  

2. We a s s u m e  F e = F w o r  tha t  the s u r f a c e  v o l u m e  and hea t  s o u r c e s  a r e  e q u i v a l e n t .  E l i m i n a t i n g  the 
t e m p e r a t u r e  f r o m  Eq .  (37) on the b a s i s  of Fe  = Fw,  we f ind the fo l lowing  t r a n s c e n d e n t a l  equa t ion  fo r  the  
c o r r e s p o n d i n g  c u r r e n t  d e n s i t y  ]" :  

1"~ exp A " - - B ' 7 "  = D", (41) 

w h e r e  
A" ( 1 + o + % ) q / 8  . B" 1 - - a u T m p "  

~-vUm~2 K ' - -  ct~ T 2 " - "  
D"= vo 6 . 

2a u ump ' 
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O0 C V I 
C" = (Trap-- 7"o)I l (42) 2(1+03+%)~0'  f v - - ~  [ t - - %  

l l 

Since  F e " j and F w ~ j 2, the e q u a l i t y  Fe  = F w  shou ld  be v i o l a t e d  on both s i d e s  of j  ". W h e n j  > j " ,we  a l s o  have  
F w >> Fe  u n d e r  the s a m e  cond i t i on ,  v >> aS,  so  i t  fo l lows  f r o m  Eq .  (36) tha t  

u]~ exp ( - -  5 x) + To, (43) T(x)~ v8 

fo r  the  e l e c t r o d e  r e g i o n s  w h e r e  x > a / v  ; th is  shows  the p r e d o m i n a n c e  of the  vo lume  hea t  s o u r c e  and the 
c o m p l e t e  i ndependence  of the  t e m p e r a t u r e  f i e ld  f r o m  the t h e r m a l  c onduc t i v i t y  of the m e t a l .  

3. Wi th  j* a s  the  c u r r e n t  d e n s i t y  at  which  the t e m p e r a t u r e  g r a d i e n t  a t  the e v a p o r a t i o n  f ron t  v a n i s h e s ,  
and a f t e r  the  t e m p e r a t u r e  i s  e l i m i n a t e d  f r o m  E q s .  (34) and (37), the  fo l lowing  t r a n s c e n d e n t a l  equa t ion  is  
found fo r  this c u r r e n t  density: 

C* D' j*  (44) (A* + B ' j*)  In ~ -  + = E*, 

w h e r e  

A* = (1+ 03 + ~)qD' Tory1; B* = Urn~l--a ,  Trn~)6-', 

C* = F0[(1 + 03 + ~) q/]-l; D* = Umt#, Tm 6-1, 
E* = (1 4-03 -5 7J r T,~r~ I. 

(4s) 

P h y s i c a l l y ,  the c u r r e n t  d e n s i t y  j* h a s  the fo l lowing  m e a n i n g :  when j < j*, the  hea t  f lux s t i l l  p e n e t r a t e s  
t h r o u g h  the e v a p o r a t i o n  f ron t  and  into the depth  of the e l e c t r o d e ;  when j = j* ,  th i s  p r o c e s s  s t o p s ;  and when 
j > j* ,  the h e a t  f lux m o v e s  in the o p p o s i t e  d i r e c t i o n ,  f r o m  the e l e c t r o d e  to the e v a p o r a t i o n  f r o n t .  In th i s  
l a t t e r  c a s e ,  the t e m p e r a t u r e  wi th in  the  e l e c t r o d e  e x c e e d s  tha t  a t  the  f ron t ;  i . e . ,  v o l u m e  s u p e r h e a t i n g  o c -  
c u r s .  

C a l c u l a t i o n s  on the b a s i s  of  handbook  d a t a  [12-14] fo r  the q u a n t i t i e s  a p p e a r i n g  in E q s .  (40), (41), and 
(44) show tha t  the c u r r e n t  d e n s i t y  j "  is  g r e a t e r  than j '  by 1 .5 -2  o r d e r s  of m a g n i t u d e  and d i f f e r s  on ly  
v e r y  s l i g h t l y  f r o m  j* .  It is  t h e r e f o r e  su f f i c i en t  to u se  the da t a  only fo r  the c u r r e n t  d e n s i t y  j*;  t h i s  should  be 
done  fo r  two r e g i m e s ,  wi th  the s u r f a c e  hea t  s o u r c e  p r e d o m i n a n t  in one and the  v o l u m e  h e a t  s o u r c e  p r e -  
d o m i n a n t  in the s e c o n d .  P r a c t i c a l  e x a m p l e s  of such  r e g i m e s  a r e  

I. ( 1 - t - 03~%)q f=  lOV: 6=105m-~:  h = l O ~ ;  
II. ( l q - 0 3 + x ) q ~ ' = 5 V ;  6=5"104m-~;  h : 2 0 ~ ;  

F o r  such  m e t a l s  a s  Cu, Sn, and P b ,  j* v a l u e s  of 7 . 5 0 . 1 0  7, 3.20 "10 7, and 2 . 5 0 . 1 0  7 A / c m  2 c o r r e s p o n d  
to the f i r s t  r e g i m e ,  and v a l u e s  of  t . 66  -10 ~, 8 . 0 0 . 1 0  6, and 5 . t 0 - 1 0  G A / c m  z c o r r e s p o n d  to the s e c o n d .  T h e s e  
d a t a  show tha t  anode cond i t i ons  ( r e g i m e  II) u n d e r  wh ich  the v o l u m e  hea t  s o u r c e  would  be p r e d o m i n a n t  a t  
not  too h igh  a c u r r e n t  d e n s i t y  a r e  c o m p l e t e l y  p l a u s i b l e .  Such an e f f ec t  would  be in p r i n c i p l e  i m p o s s i b l e  at  
any  c u r r e n t  d e n s i t y  a t  the  i n i t i a l  s t a g e  of the p u l s e  but  h e r e  the  e f f ec t  m a y  o c c u r  and is  a d i r e c t  c o n s e -  
q u e n c e  of i n t ense  s u r f a c e  e v a p o r a t i o n .  

A c c o r d i n g  to E q s .  (34) and (32), the s t e a d y - s t a t e  f ron t  v e l o c i t y  and the t r a n s i t i o n  t ime  fo r  j = j* can 
be e v a l u a t e d  f r o m  

v* = (1 -~ 03 q- Z)q( ]*rvl, (46) 

t t > r v [ 5 [(1 + 03 + %) ~' 1" - - a  6 %1}-1 = t~. (47) 

F o r  the s a m e  m e t a l s  (Cu, Sn, and P b ) ,  v* v a l u e s  of 153, 164, and 234 m / s e e  c o r r e s p o n d  to the f i r s t  
regime, while values of 16.9, 20.5, and 24.0 m/see correspond to the second. In other words, the velocity 

falls off by roughly an order of magnitude at the transition from the first to the second regime. The transi- 
tion time, on the other hand, increases abruptly: for these metals the t* values of 6.95 �9 10 -8, 6.20 �9 10 -8, 

and 3.45 �9 10 -8 sec correspond to the first regime, while values of 1.62 �9 i0 -G, 1.01 �9 10 -6, and 8.70-10 -7 see 

correspond to the second. However, the transition in the second case is completed quite rapidly in com- 

parison with the total duration of pulses achievable in practice. 

The steady-state role of the Thomson heat source can be determined from the heat-conductivity equa- 
tion 

a ..... d~ ~ -  + v - -  bu] exp - -  ~ + ufi exp ( - -  5 x) = O, (48) 
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which can be found f r o m  (7) on the bas i s  of (223 under the assumpt ion  that the cur ren t  densi ty dis t r ibut ion 
co r re sponds  to the approx imate  dis tr ibut ion adopted for  the intensity of the L e n z - J o u l e  heat  source .  In 
this equation, the inequality 

v > bui, (49) 

holds,  so Eq.  (48) may  be rep laced  by Eq.  (33), and the Thomson heat  source  is seen to be ineffective in the 
s teady s ta te .  

N O T A  T I O N  

e is the e lec t ron ic  charge ;  
9 '  is the work  function; 
U i is the ionization potential  for  the anode a toms;  
Ua is the anodic potent ial  drop;  
k is the Bol tzmann constant;  
T e is the e lec t ron ic  p l a s m a  t e m p e r a t u r e  in the region of the anodie potent ial  drop;  
j is the anodic cur ren t  density at the anode sur face ;  
~0 is the e lec t ron  energy  at the F e r m i  level ;  
k is the the rma l  conductivity of the e lec t rode ;  
c V is the specif ic  heat  capaci ty  of the e lec t rode  ma te r i a l  at constant  volume ; 
p is the r e s i s t iv i ty  of the e lec t rode ;  
Lo is the Loren tz  number ;  
r V is the specif ic  volume heat  of vapor iza t ion  of the e lec t rode  ma te r i a l ;  
v0 is the veloci ty  of sound in the e lec t rode  ma te r i a l ;  
Ump is the value of u (5) for  the liquid phase  of the e lec t rode  at the mel t ing point;  
au is the t e m p e r a t u r e  coefficient  for  a l inear  change of u in the liquid s tate  of the meta l ;  
Tmp is the mel t ing point of the e lec t rode .  
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