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IMPACT AND RESSTIVE HEAT SOURCES OF CATHODE SPOTS IN ARC DISCHARGES 

E. Hantzsche. 

Z e n t u ~ a l i n s t i t u t  fiir EZektronenphysik der  A& d e r  DDR, 108 Ber l in ,  DDR, Mohrenstr. 40/41. 

I n  d e v e l o p e d  c a t h o d e  a r c  s p o t s  on c l e a n  

m e t a l  s u r f a c e s  ( " t y p e  2" s p o t s  a c c o r d i n g  

t o  Rakhovsky /I/) two r e g i o n s  have  t o  be 

d i s t i n g u i s h e d :  1) t h e  c e n t r a l  p a r t ,  t h e  

" c o r e u  of  t h e  s p o t ,  w i t h  a  h i g h  e n e r g y  i n -  

p u t  t h a t  c a u s e s  m e l t i n g ,  e v a p o r a t i o n ,  c r a -  

t e r i n g  , T F - e l e c t r o n  e m i s s i o n  a n d  e x p l o s i v e  

p r o c e s s e s ,  a n d  2) t h e  s u r r o u n d i n g  " h a l o n  

r e g i o n  of  i n t e r a c t i o n  be tween t h e  c a t h o d i c  

p lasma a n d  t h e  s u r f a c e  w i t h  a  l o w e r  e n e r g y  

i n p u t  a n d  w i t h o u t  e s s e n t i a l  s u r f a c e  p r o -  

c e s s e s  (compare  D a a l d e r  /2/). A c c o r d i n g  

w h e t h e r  t h e  h a l o  i s  i n c l u d e d  o r  n o t ,  t h e  

c a l c u l a t e d  mean c u r r e n t  d e n s i t i e s  of t h e  

a r c  s p o t  is d i f f e r  by o r d e r s  of  magn i tude .  

The main c a u s e  of  t h i s  b i p a r t i t i o n  is t h e  

d e c r e a s i n g  d e n s i t y  of  t h e  e x p a n d i n g  p l a sma  

o u t s i d e  of  t h e  c e n t r a l  c r a t e r  r e g i o n ,  and  

t h e  c o r r e s p o n d i n g  d e c r e a s e  o f  t h e  i o n  c u r -  

r e n t  d e n s i t y  ii i m p i n g i n g  on t h e  s u r f a c e .  

The  i o n  c u r r e n t  is t h e  main s u r f a c e  h e a t  

s o u r c e  o f  t h e  q u a s i - s t a t i o n a r y  a r c  s p o t .  - 
The t o t a l  i o n  i m p a c t  power w i t h i n  t h e  c r a -  

ter a r e a  becarnos 

Pi = ssu; / ( l+  y 1 8 

Is: s p o t  c u r r e n t ,  g =i,/ii, U' =U + EL- cf 
C C 

+ 2kT /e (Uc: c a t h o d e  f a l l  o f  p o t e n t i a l ,  
P 

Z i t  i o n i z a t i o n  p o t e n t i a l ,  <p: work f u n c -  

t i o n ,  T  p l a sma  i o n  t e m p e r a t u r e ) .  T h i s  
P : 

s u r f a c e  power i n p u t  is  d i m i n i s h e d  by elec- 

t r o n  e m i s s i o n  c o o l i n g  b e c a u s e  of thermo-  

f i e l d  e m i s s i o n  a n d  i o n  i n d u c e d  s e c o n d a r y  

e m i s s i o n  ( c o e f f i c i e n t  x s )  , t h a t  r e s u l t s  

i n  t h e  power 

P, = - I , [ ( x - ~ s ) G e  + ~s'pI/( l+lO.  
The  mean e f f e c t i v e  work f u n c t i o n  ce a n d  

t h e  e l e c t r o n  c u r r e n t  d e n s i t y  ie a r e  f u n c -  

t i o n s  o f  t h e  s u r f a c e  t e m p e r a t u r e  Tc a n d  

t h e  s u r f a c e  f i e l d  s t r e n g t h  F c r  b o t h  of 

which  a g a i n  depend  m a i n l y  on ii. 

B e s i d e s  of  t h i s  s u r f a c e  s o u r c e  t h e r e  

e x i s t s  a  volume h e a t  s o u r c e  b e c a u s e  of  t h e  

Ohmic ( J o u l e )  h e a t i n g  be low t h e  s p o t  a r e a .  

From t h e  power d e n s i t y  qL = i Z ~ /  &,, (i: 

c u r r e n t  d e n s i t y ,  b= b0/T e l ec t r i c  conduc-  

t i v i t y )  we g e t  by i n t e g r a t i o n  ( a p p l y i n g  

t h e  known c u r r e n t  d i s t r i b u t i o n  a n d  tempe- 

r a t u r e  d i s t r i b u t i o n  /3/) t h e  t o t a l  J o u l e  

power w i t h i n  t h e  c a t h o d e  

P = I ~ T ~ X  + (Pi+P.) ( l /cosX-1) . 
where  To is t h e  c a t h o d e  t e m p e r a t u r e  f a r  

away from t h e  s p o t ,  % t h e  h e a t  c o n d u c t i -  

v i t y  of  t h e  c a t h o d e ,  X = 1 ~ / 4 a w ,  a  

t h e  s p o t  r a d i u s .  The  r a t i o  P  j /(Pi+Pe) de-  

p e n d s  m a i n l y  on I d a  a n d  weak ly  on IS ( o r  

i s ) ,  The  p e r c e n t a g e s  o f  b o t h  h e a t  s o u r c e s  

i n  t h e  c a s e  of Cu c a t h o d e s  a r e  shown i n  

t h e  f i g u r e .  S t a t i o n a r y  s o l u t i o n s  e x i s t  i f  

I,/a < ( I s / a )  = P T P ~ ~ =  13.9 A / p m  

(Cu) 

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19797213

http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:19797213


Models o f  s t a t i o n a r y  a r c  spots ( i nc lud ing  

the evaporat ion f l u x  dens i t y  t h a t  l i m i t s  

ii) r e s u l t  i n  0.1 S Is/aS0.5 A/pm (Cu 

cathodes r /4/). Howeverr measurements o f  

IS and a (assamlng c r a t e r  rad ius  = spo t  

rad ius)  g ive  W,/a(,20 A/pm /S/. T h i s  

discrepancy may be exp la ined by the as- 

sumptions t h a t  1) the cathode spot  i s  an 

e s s e n t i a l  non-s ta t ionary  phenomenon,, 2) a 

l a r g e  p a r t  o f  the  c u r r e n t  passes through 

the sur face outs ide  o f  the c r a t e r  area. 

A discussioR o f  now-stat ionary e f f e c t s  

show&: a) the  spot  mot ion r e s u l t s  i n  a 

reduc t i on  o f  Jou le  bea t ing  ( i f  Ida r 

ceast) r b) each klnd o f  sur face r o ~ g h n e s s  

increases Joule heating8 c) in e s s e n t i a l l y  

noa-s ta t ionary  procesees (such as explo- 

s ions  o f  protrue'iows, oompare /6/), t h e  

~ r i t i - c a l  l i m i t  (I,/a)crit may be consider-  

a b l y  exceeded, the  temperatwrs, r i s e s  expo- 

n e n t i a l l y  w i t h  time', and even i n  the tem- 

p o r a l  average the Jou le  heat kng dominates. 

The c u r r e n t  d e n s i t y  and t h 8  temperature i n  

the r e g i o n  o f  the spot  i s  eo low, 

t h a t  r e s i s t i v e  heat  product ioa  is n e g i i -  

g ib le .  The o v e r - a l l  percemtages o f  Joule 

bea t ing  and empact heat ing  depend on the 

r o l e  o f  exp los ive  processes i n  the spot  

dec~aa ism and on the r o l e  o f  the  h a l o  cur- 

r e n t  . r e l a t i v e  t o  the core ( c ra te r )  c u r r e n t  

&R the  a r c  spot. Both a re  s t i l l  0ns01ved 

problems. 
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Percentages o f  su r face  hea t ing  (Pi+P,) 

and of r e s i s t i v e  heating' (P ) i n  a sta-  3 
t i o n a r y  cathode'arc spot, cu r ren t  

I, = 50 A, as a . funct. ion o f  IS/a , plea6 

Cu cathode. 


