
C O N S U M P T I O N  O F  E L E C T R O D E  M A T E R I A L  

IN C A T H O D E  R E G I O N  O F  AN A R C  

G. A. L y u b i m o v  

The formula  for the evaporation ra te  in a vacuum [5] is often used to evaluate the t empera tu re  of the 
cathode spot and to const ruct  a theory of the cathode region [1-4, 9]. It is assumed in this case  that the 
ra te  of erosion (removal of mater ia l ) ,  determined f rom the loss  of weight of the electrode,  is the same as 
the evaporation rate .  In the case  where the vapor p r e s s u r e  c lose to the cathode spot is high, the ra te  of 
removal  of mater ia l  and the evaporation ra te  are  not equal to one another. In this paper the model of the 
cathode proposed in [6] is used to obtain an expression for the ra te  of removal  of e lect rode mater ia l  in 
t e r m s  of other  pa rame te r s  of the cathode region. This relat ionship can be regarded  as the boundary con- 
dition for the solution of the problem of dispersion of vapor f rom a cathode spot into a vacuum~ Generally 
speaking, the determinat ion of the removal  ra te  requi res  the joint solution of the vapor dispers ion problem 
and heat conduction problem within the electrode,  which are  connected by the above-mentioned boundary 
condition. For  the construct ion of a theory of the cathode region without solving the vapor dispers ion prob-  
lem the removal  ra te  can be determined f rom the relat ionships  obtained in this paper  by using exper iment-  
al e ros ion  values.  The experimental  data of [4, 7] for arcs  on copper cathodes are  t rea ted  in this way as 
an example, and all the cathode region pa rame te r s  - cu r ren t  density, t empera ture ,  etc. - a re  determined.  

It is known (see [1], for instance) that a vacuum are is maintained by the continuous evaporation of 
the e lect rode mater ia l  in the cathode region. The energy for evaporation of the electrode mater ia l  is p ro -  
vided by the posit ive ions str iking the cathode. The ions, inturn, are  formed in the cathode region by im-  
pact ionization of atoms of the electrode mater ia l  vapor by e lect rons  emitted by the e lect rode and acce le r -  
ated in the cathode fall region.  The ionization and diffusion of ions to the electrode sur face  depend on the 
vapor  p r e s s u r e  nea r  the surface  and the ra te  of removal  of vapor into the in tere lec t rode  space. In view of 
this there  will be, in the steady state, some relat ionship between the vapor p r e s s u r e  nea r  the cathode, the 
ra te  of removal  of vapor  (consumption of mater ia l  due to removal  of vapor), cur ren t  density, and cur ren t  
composition (ratio of e lectronic  and ionic cur rent  components).  This relat ionship in the general  case  gives 
the ra te  of removal  of electrode mater ia l  (erosion) in the case  where all the mater ia l  is removed in the 
fo rm of vapor.  

The ra te  of removal  of e lect rode mater ia l  f rom the cathode region is somet imes  evaluated (see [2-4], 
for  instance) by using the expression for the ra te  of evaporation of a mater ia l  at a given t empera tu re  [5] 

W = CT-I/, exp ( _  ~_) (1) 

Here  W is the evaporation ra te  (g/cm 2. sec), T is the t empera ture ,  and C and B are  constants  of the 
mater ia l .  We note that if the electrode surface  t empera tu re  is known, formula  (1) can be used to de te r -  
mine the removal  ra te  only in the case  where the vapor p r e s s u r e  near  the surface  is very  low (the m a c r o -  
scopic vapor removal  velocity v is much grea te r  than the thermal  VT). 

Since ions move out of the ionization region by diffusion [6], it is c lear  that the condition v >>v T 
would mean that the ion component of the cur rent  On the electrode is zero and, hence, there  is no supply of 
energy and no evaporation. In view of this, Eq. (1) cannot be used to determine the removal  of e lectrode 
mater ia l  in vapor  form.  
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To d e t e r m i n e  the r a t e  of  r e m o v a l  ot e l e c t r o d e  m a t e r i a l  and its connect ion with o ther  p a r a m e t e r s  in 
the ca thode  reg ion ,  we extend the solution of  [6] to the  c a s e  where  the m a t e r i a l  vapor  in the ca thode  region  
has a ve loc i ty  d i f fe r ing  f r o m  ze ro .  

We a s s u m e  that  the d e g r e e  of  ionizat ion in the ca thode  ionizat ion region (at a d i s tance  of  the  o r d e r  
of  the ionizat ion mean  f r e e  path of the e lec t ron)  is low. In this  c a s e  we can a s s u m e  that  the vapor  ve loc i ty  
v, the p r e s s u r e  p, and t e m p e r a t u r e  T (and, hence,  the  neu t r a l  pa r t i c l e  concen t ra t ion  n) in the ionizat ion 
reg ion  a r e  cons tan t ,  and the ion concen t ra t ion  d is t r ibu t ion  is given by the diffusion equa t ion  

dFidx ~dnl ( D  = vT = n~iNeoe  -'~zix, F i = - -  D -~ n i v  . ~ ) (2) 

H e r e  r i is the diffusion flux, n i is the ion concen t ra t ion ,  v T is the  t h e r m a l  ve loc i ty ,  ~i is the  ion iza -  
t ion c r o s s  sec t ion ,  Ne~ is the e l ec t ron  flux f r o m  the e l ec t rode  s u r f a c e ,  and D is the ion diffusion coeff ic ient ,  
which depends  on the i r  r e s o n a n c e  c h a r g e - e x c h a n g e  c r o s s  sec t ion  a r .  The r igh t  s ide of Eqo (2) is the ion-  
izat ion funct ion.  

We a s s u m e  that  the r e m o v a l  ve loc i ty  in the ionizat ion reg ion  is much l e s s  than the t h e r m a l  ve lomty  

v << % (3) 

The  r e m o v a l  ve lomty ,  wmcn d e t e r m i n e s  tne spec i f i c  consumpt ion  ot  e l e c t r o d e  m a t e r i a l  

G* = t o n y  (4) 

(where  m is the  m a s s  ot  an e l e c t r o d e  atom),  will be found when the p r o b l e m  is solved.  In v iew of  this  the 
a s sumpt ion  (3), which was jus t i f ied  by the  phys ica l  f o rmu la t i on  of the p rob l em,  will have to be ve r i f i ed  

a f te r  solut ion.  

In the  c a s e  of  a Maxwell ian p a r t i c l e  d i s t r ibu t ion  and ful f i l lment  of (3) the r a n d o m  flux of p a r t i c l e s  
f r o m  the gas  to the wall in the  absence  of  a concen t r a t i on  g rad ien t  is given by the exp re s s ion  

nvr [ v ( v' ) ]  (5) 
F = --~-- i --27~-T + 0 

In this  connect ion  it is ea sy  to show ttlat the boundary  condit ion on the e l e c t r o d e  su r t a ee  (x = 0), ac -  
c u r a t e  to t e r m s  of the o r d e r  of (V/VT) 2, is the  s a m e  as in the c a s e  where  v = 0. Thus ,  the boundary  condi -  

t ions  fo r  Eq. (2) have the f o r m  [6] 

dn  i i at X O, dni (6) 
D ~ ~ -  - ' ~  nil)  T = d"~- = 0 at x = oo 

On the other hand, the balance relationship for neutral particles on the electronic surface when con- 

dition (3) holds gives 

•4nv  r (t - -  2 v  [ VT) + n v  = W = 1/4nsv r (7) 

H e r e  n s is the equ i l ib r ium concen t ra t ion  at the given t e m p e r a t u r e ,  and W is the evapora t ion  r a t e  (1). 

It fol lows f r o m  (7) tha t  

n - .  2 ~ (8)  
r~ PT 

Thus ,  the  ne u t r a l  p a r t i c l e  concen t r a t ion  and p r e s s u r e  in the ionizat ion region ,  a c c u r a t e  to t e r m s  or 

the o r d e r  of  V/VT, a r e  equal  to t h e i r  equ i l ib r ium values  

n = ns = k T  ' P ~ Ps - -  A e x p  - -  

H e r e  A and B a r e  cons tan t s  of the e l e c t r o d e  m a t e r i a l  [5]. 

The  so lu t ion  of  Eq. (2) with boundary  condi t ions  (6) has  the f o r m  

nl = c [(1 + ~) - -  e -y] d/ ] ~ ~ ' dy  - -  ce-V' Y = ncJix (10) 

2 nv n~ T 2 ($i 
C =  - -  2a a = "~e 0 , o~ --'--~lVeo ' ~ = a Zr 
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When a = 0 this solution b e c o m e s  the solution in [6]. 

Using solution (10) and de te rmin ing  the ion flux (2), we can eas i ly  obtain the f rac t ion  of e lec t ron  c u r -  
ren t  on the e lec t rode  su r f ace  

l N ,o+l r~ l  = l+)r io- l /N ~ - ~ 2 - - l r ~ [ / / r  1+/; . . . .  

d n , ,  n% c~ ( t _  2 ~,) 
r~o = -- D ~ lo -t- % v  = -- "-7- T~T 

<ii) 

(12) 

If t he r e  is no r e m o v a l  of m a s s  (v = 0) [I'i0 ! = Ni0 and S = 0.5 [6]. To connect  the r e m o v a l  G = n v  = 
G * / m  with the o ther  p a r a m e t e r s  we use the energy equation. If ttle e lec t rode  su r f ace  t e m p e r a t u r e  (in the 
region of the a rc  spot) is  such that  the vapo r  sa tura t ion  densi ty is much l e s s  than the densi ty  of the liquid 
meta l  (for meta l  cathodes) ,  the veloci ty  of the evaporat ion front  can be r e g a r d e d  as zero ,  and the consump-  
tion of vapo r i zed  m a t e r i a l  can be de t e rmined  f r o m  the energy equation at the evaporat ion f ront  

, ~ r d T l  
e ( v 0  + u ,  - r  r,0 [ zG 1 + q _~ i,G -~ qT -~ q (13)  

H e r e  e is the e lec t ron cha rge ;  U c is the cathode fal l ;  X, XI a r e  the heat  of evapora t ion  and t h e r m a l  
conductivity of the e lec t rode  m a t e r i a l ;  q is the total  energy loss  due to radiat ion,  des t ruc t ion  outs ide the 
vapor  phase,  e tc , ;  U i is the vapo r  ionization potential ;  and �9 is the work function of the e l ec t rode  m a t e r i -  
al. The quantity qT is the hea t  flow into the e lec t rode  due to heat  conduction. 

F r o m  (13) we obtain 

I r~o l 

7~ q r -b q (14) 

We note that  in (13) and (14)the energy  accommoda t ioncoef f i c  lent and the ion neut ra l iza t ion  a r e  taken 
as unity. The genera l iza t ion  of these  re la t ionsh ips  to include the case  of coeff ic ients  differ ing f r o m  unity 
p r e sen t s  no diff icul t ies  (see [1], for  instance) ,  but the use of the obtained expres s ions  for  accura te  ca lcu-  
la t ions  r e q u i r e s  a knowledge of these  coeff ic ients .  

F r o m  (12) and (,14) we obtain an equation for  a 

The  s y s t e m  of equations (8)-(11), (15), in conjunction with the emiss ion  equations (see [1, 2], for  in- 
s tance)  and the re la t ionsh ip  

eN~ = ]S (16) 

enables  us to d e t e r m i n e  all tt~e p a r a m e t e r s  in the ionization region,  pa r t i cu la r ly  the consumption oi e lec -  
t rode  m a t e r i a l  in the vapo r  phase  

G* = rnaNeo = m a]S (17) 

if the energy  loss  Q and spot  su r f ace  t e m p e r a t u r e  a r e  know~. In the spec ia l  c a se  where  energy  is r emo v ed  
solely by heat  conduction and evaporat ion,  the re la t ionsh ip  between T and Q is given by the solution of the 
equation of heat  conduction within the e lec t rode  and the p r o b l e m  then. includes only one f r e e  p a r a m e t e r  
(e.go, the t e m p e r a t u r e  or  r e m o v a l  velocity)~ 
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To close the sys tem we can use, for instance, experimental  data for the rate  of removal  of electrode 
mater ia l  {see [1, 3, 4, 7] for instance) in relation to the total arc cur rent  I.$ In this case,  assuming the 
spot homogeneous,  we obtain f rom (17) the following relat ionship for a: 

eG** eG** ( + )  
a = m'~ = I res  E = (18 ) 

Here G** = G**(1) is the experimentally determined relationship between the total removal (mass) 
of material and the total arc current, and Z is the area of the cathode spot, 

The results of calculation of the parameters in the cathode region from the above relationships can 
be used to calculate other ~macroscopic ~ characteristics of an arc and for a subsequent comparison of the 
resul ts  of calculation with experimental  data. 

For  instance, it is easy to calculate the force  acting on the arc  cathode. In fact, the specific momen-  
tum of a jet of e lectrode mater ia l  vapor is, in view of (3), 

y ~ p + G * v . . ~  p s (19) 

Thus, the specific momentum of the jet  depends only on the p re s su re  in the ionization region, which 
is pract ical ly  the same as the saturation vapor  p r e s su re  at the given sur lace  tempera ture .  

Using (19) we obtain a relat ionship connecting the reaction f o r c e r  on the cathode with the arc  cur-- 

rent :  

] = (p, + j~) ~ = (p, + j~) + (20) 

Here Ji is the momentum t ransmi t ted  to the e lect rode sur face  by the ions %ombarding W it. If the 
momentum aecomodation coefficient is taken as unity, then 

(21 ) 
\ m i /  

Using the solution of (10), (11), and condition (3), we can easily est imate  the relat ive magnitude ot 

the t e rms  in (20): 

J__~ I r~  I v~ ~,~ v~ (22) 
Pa Ps n YT 

For  t empera tu res  of the o rde r  of severa l  thousand degrees  and U c ~ 10 V the rat io v i /v  T ~ 1. 

On the other  hand, 

nic~ 1 t~ N i ~ ~* nir o 

Here ~* is the degree of ionization at infinity. 

Thus, the second t e r m  m Eq. (20) can be neglected and 

/ = Ps ~ = Ps ~ I  (23) 
! 

To evaluate the var ious  pa rame te r s  in the cathode region and to compare  the resul ts  of calculation 
with experimental  data, we t rea ted  the resul ts  of the experimental  investigations [4 ,7]  by using the theory 
developed above. An arc  on a copper cathode was investigated in these works. In [4] the erosion of the 
electrode in the cur ren t  range I = 200-700 A was measured,  and in [7] the erosion and react ion force  on the 

cathode of cur ren ts  I = 11-32 A were measured.  

the general  case  the miss ing relat ionship for the removal  velocity will be obtained f rom a joint solution 
of the heat problem within the electrode and the gasdynamic problem of dispersion of vapor into a vacuum. 
Since such solutions are  not available the calculation of the pa rame te r s  in the spot necess i ta tes  the use of 
experimental ly  obtained relat ionships -- data for the erosion,  or  the force acting on the cathode, and so on. 
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In t he  c a l c u l a t i o n s  the  spo t  was  a s s u m e d  to be  s t e a d y  and h o m o g e n e o u s  and the  t e m p e r a t u r e  in t he  
spo t  was a s s u m e d  to be  equa l  to the  t e m p e r a t u r e  at  the  c e n t e r  of  a spo t  of a r e a  Z = I / j ,  s i t u a t e d  on the  s u r -  
f a c e  of  a s e m i i n f i n i t e  s o l i d .  In add i t ion  to r e l a t i o n s h i p s  (8)-(15) we u sed  the  so lu t ion  of the  hea t  c o n d u c -  
t ion equa t ion  in a s o l i d  [8] 

qT qT ' 
= 

H e r e  k i s  the  t h e r m a l  c o n d u c t i v i t y  o~ c o p p e r ,  and qT i s  d e t e r m i n e d  f r o m  (13) with q = 0. 

F i g u r e  1 shows  the  r e s u l t s  o f c a l c u l a t i o n s b a s e d  on the  d a t a  of [4]. The  con t inuous  c u r v e s  w e r e  o b -  
t a i n e d  by us ing  the  r e l a t i o n s h i p s  (8)-(13),  (15), and (18). We used  the  e x p e r i m e n t a l  d a t a  r e l a t i n g  the  con -  
s u m p t i o n  of  c a thode  m a t e r i a l  with the  a r c  c u r r e n t  (18), but  we d id  not use  t he  r e l a t i o n s h i p  c o n n e c t i n g  the  
e m i s s i o n  c u r r e n t  with the  o t h e r  p a r a m e t e r s .  In t h i s  way we o b t a i n e d  c u r v e s  in the  j T  p l a n e  which we wil l  
c a l l  " c o n s u m p t i o n  c u r v e s . "  The  work ing  po in t  on t h e s e  c u r v e s  c o r r e s p o n d s  to t h e i r  i n t e r s e c t i o n  with  t he  
" e m i s s i o n "  c u r v e  j = j ( S ,  T) ,  which r e p r e s e n t s  the  e m i s s i o n  l a w - - t h e  d a s h e d  c u r v e s  in F i g .  1. T h e s e  

c u r v e s  w e r e  p lo t t ed  by c o n v e r t i n g  the  d a t a  of  [2] with the  a id  of the  c u r v e s  S = S(j, T)  o b t a i n e d  f r o m  f o r -  
m u l a s  in tha t  p a p e r .  S ince  the  o b t a i n e d  c u r v e s  a r e  s i m i l a r  to one a n o t h e r  and i n t e r s e c t  a t  s m a l l  a n g l e s  
the  o b t a i n e d  v a l u e  of  c u r r e n t  d e n s i t y  j and spo t  t e m p e r a t u r e  T is  in f in i t e .  In v i ew  of  the  a s s u m p t i o n s  e m -  
bod i ed  in t h e  t h e o r y  we can s a y  with c o n f i d e n c e  tha t  p r a c t i c a l l y  a l l  the  po in t s  on the  ~consumpt ion  ~ c u r v e s  - 
the  con t inuous  l i n e s  - a r e  c o n s i s t e n t  with t h e r m i o n i c  and f i e l d  e m i s s i o n .  Add i t i ona l  d a t a  a r e  r e q u i r e d  to 
i s o l a t e  the  work ing  r e g i o n  oi  c u r r e n t  d e n s i t i e s .  

F i g u r e  2 shows  the  c o n s u m p t i o n  c u r v e s  b a s e d  on the  d a t a  of [7] fo r  d i f f e r e n t  a r c  c u r r e n t s  (I = 32, 19, 
11 A). T h i s  f i g u r e  Mso  shows  the  e m i s s i o n  c u r v e  and the  f o r c e  (f)  c u r v e  o b t a i n e d  by t r e a t m e n t  of  t he  d a t a  
f o r  the  f o r c e  on the  c a t h o d e  with t he  a id  of  Eq. (23)~ 

B e c a u s e  of the  l i n e a r  d e p e n d e n c e  of  t he  f o r c e  and c o n s u m p t i o n  on t h e  a r c  c u r r e n t  t he  e m i s s i o n  and 
f o r c e  c u r v e s  a r e  i ndependen t  of  the  a r c  c u r r e n t .  Hence ,  the  w ork ing  po in t  shou ld  c o r r e s p o n d  to t h e i r  i n -  
t e r s e c t i o n  - po in t  A. The  c o n s u m p t i o n  c u r v e s  fo r  d i f f e r e n t  c u r r e n t s  shou ld  a l so  p a s s  t h r o u g h  th i s  poin t .  
F i g u r e  2 shows  t ha t  a l though the  c o n s u m p t i o n  c u r v e s  a r e  c l o s e  to the  poin t  of  i n t e r s e c t i o n  of t he  e m i s s i o n  
and f o r c e  c u r v e s  t hey  do no t  i n t e r s e c t  one a n o t h e r  at  t h i s  point .  An e x a m i n a t i o n  of  t he  e x p e r i m e n t a l  po in t s  
in [7] shows  tha t  t hey  a r e  s c a t t e r e d  about  t h e  a p p r o x i m a t i n g  s t r a i g h t  l i ne  e s t a b l i s h e d  in the  c a l c u l a t i o n .  
Th i s  s c a t t e r  m a y  be  r e s p o n s i b l e  fo r  the  sh i f t  of  t he  po in t s  of  i n t e r s e c t i o n  of the  f o r c e  and c o n s u m p t i o n  
c u r v e s  away f r o m  poin t  A. 

To i l l u s t r a t e  by how much  the  e r o s i o n  r a t e  can d i f f e r  f r o m  the  e v a p o r a t i o n  r a t e  (1)  we show in F i g s .  
1 and 2 the  c u r v e s  g iven  by the  fo l lowing  r e l a t i o n s h i p  ( d o t - d a s h  c u r v e s ) :  
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I W  ~ I C 

A compar i son  of these  cu rve s  with the consumption cu rves  shows that  the speci f ic  (per unit a rea )  
eros ion r a t e  W, de te rmined  f r o m  f o r m u l a  (1) for  a given spot  t e m p e r a t u r e ,  can dif fer  cons iderably  f r o m  
its r ea l  value G*j / I  [this ra t io  with T = const  is equal to the ra t io  of the ord ina tes  of cu rves  (25) and the 
consumption cu rves  at the given t em pe ra t u r e ] .  On the o ther  hand, a de terminat ion  of the t e m p e r a t u r e  in 
the spot f r o m  Eq. (1) for  a given cu r r en t  density [4, 9] g ives  a value 500-1000" below its actual value (this 
d i f ference  is given by the d i f ference  in the a b s c i s s a s  of the consumption curves  and (25) with j = const).  

An examinat ion of the cu rves  in Figs .  1 and 2 shows that  the cu r r en t  density in the spot at low cu r -  
r en t s  is much higher  than at h igher  c u r r e n t s .  As dis t inct  f r o m  the cu r r en t  density,  the t e m p e r a t u r e  in the 
spot  does not va ry  a g rea t  deal and l ies  in the range  4000-4500~ 

Using Eqs.  (9)-(17) obtained above it is easy  to ca lcula te  the mac roscop i c  gasdynamic  p a r a m e t e r s  
c lose  to the e lec t rode  su r f ace  in the cathode spot - the veloci ty  v, p r e s s u r e  p, densi ty  n, deg ree  of ioniza-  
tion 2 "  = n i ~ / ( n i ~  + n ) -  as functions of the t e m p e r a t u r e  and cu r r en t  densi ty.  These  p a r a m e t e r s  r e l a t e  to 
a diffusion region of the o r d e r  of s e v e r a l  e l ec t ron~a tom or  a t o m - a t o m  mean f r ee  paths (D layer ) .  For  the 
solution of the gasdynamic  (magnetohydrodynamic ,  to be  m o r e  p rec i s e )  p rob l em of d i spers ion  of vapor  out-  
s ide the D l a y e r  the values  of the p a r a m e t e r s  at its outer  boundary - the solution of (9)-(17) - must  be used 
as boundary conditions.  F r o m  the viewpoint of the gene ra l  p rob lem,  compr i s ing  the p rob lem of heat  con- 
duction in a solid and the p rob l em  of d i spers ion  of vapor  into a vacuum (or l o w - p r e s s u r e  medium),  the D 
l aye r  is a discontinuity su r face ,  the s t r u c t u r e  of which (distribution of p a r a m e t e r s  in the D l aye r )  is divid- 
ed into a s p a c e - c h a r g e  l a y e r  and a quas ineut ra l  region,  r e p r e s e n t e d  by Eq. (2) o r  s i m i l a r  diffusion e q u a -  
t ions,  where  the change in concentra t ion of neu t r a l s  is impor tan t .  

In specif ic  calcula t ions  involving the expe r imen ta l  data  desc r ibed  above the spot was a s sumed  homo- 
geneous in the s ense  that  all the p a r a m e t e r s  were  a s sumed  to be independent of the coordina tes  in the plane 
of the spot and had the s a m e  values  as at the cen te r  of the spot.  Hence,  the obtained values  of the gasdy-  
namic  p a r a m e t e r s  mus t  be r e g a r d e d  as ave rage  va lues .  To i l lus t ra te  this Tab le  1 gives  the values  (cal-  
culated) of the p a r a m e t e r s  cha r ac t e r i z i ng  the cathode region of the d i scharge  and cor responding  to the 
working points on the cu rves  in F igs .  1 and 2. 

The data  in Table  1 show that condition (3) is sa t i s fac to r i ly  fulfilled, but the assumption of a low de- 
g r ee  of ionization is not val id at the outer  boundary of the D l a y e r .  This  n e c e s s i t a t e s ,  genera l ly  speaking,  
an i m p r o v e m e n t  of the diffusion for  the D l a y e r .  

We note in conclusion that  the vapor  ve loc i t ies  c lose  to the e lec t rode  sur face ,  obtained in the ca lcu-  
lation, a r e  s ignif icant ly lower  than the t h e r m a l  veloci ty  (see Table  1) and have low absolute value (~103 
c m / s e c ) .  This  fact  can be shown to cont rad ic t  the exper imen ta l  data, which give ~10 ~ c m / s e c  f r o m  d i rec t  
m e a s u r e m e n t s ,  and these  va lues  c o r r e s p o n d  in magni tude of je t  momen tum with fo r ce  m e a s u r e m e n t s  (see 
[1], fo r  instance) .  ~ This  may be due to the fact  that  the ve loci t ies  were  m e a s u r e d  in the je t  at a cons iderab le  
d is tance  f r o m  the e lec t rode  surface~ The  vapo r  j e t  may  be a c c e l e r a t e d  by Joule heat  and a change in i ts  
c r o s s - s e c t i o n a l  a rea .  The question of the poss ibi l i ty  of obtaining high veloci t ies  in the je t  when the veloci  - 
t ies  at the e lec t rode  su r face  a r e  low may be solved by an analys is  of the magnetogasdynamic  p rob lem of 
vapor  d i spers ion .  On the other  hand, the momentum of the je t  during d ispers ion  may va ry  slightly and then 
i ts  m e a s u r e d  value will lead to a fa i r ly  accura te  value of the react ion force  on the cathode. Another ex-  
planation of the high values  of the m e a s u r e d  veloci ty  may  be the p r e s s u r e  of fas t  ions in the je t  [10]. 
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The author thanks Vo Io Rakhovskii and I. I. Beilis  for  numerous  discuss ions ,  without which the p r e s -  
ent paper  would probably not have been completed.  
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