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The energy balance and the Lambert-Bouguer law a~e used to obtain 
a mathematical relationship between the current density for the 
electrode spots of a carbon arc and the current. Theoretical calcu- 
!ations are confirmed by experiment. 

The m e a n  c u r r e n t  dens i ty  of the e lec t rode  spots 
in a f ree ly  bu rn ing  a rc  has been  m e a s u r e d  by many 
r e s e a r c h  w o r k e r s ,  but Che a n s w e r  to this ques t ion  is 
s t i l l  not comple te ly  c l ea r .  In p a r t i c u l a r ,  c o n t r a r y  to 
the widely held view, the c u r r e n t  dens i ty  depends ve ry  
s t rong ly  on the a rc  c u r r e n t .  F o r  in s t ance ,  Sisoyan [1] 
r epor ted  a cathode c u r r e n t  dens i ty  of 3600 A / c m  2 for  
an a rc  b u r n i n g  in a i r  be tween copper  e l ec t rodes  with a 
c u r r e n t  of 20 A. Cobine and Gal lagher  [2] repor ted  a 
c u r r e n t  dens i ty  of (50 -220) .  10~A/cm 2 for  the cathode 
spots of a r c s  bu rn ing  between A1, Cu, and W e l e c -  
t rodes  w i th  c u r r e n t s  of about 140 A. Skeats andSchuck 
[3] found a mean  cathode c u r r e n t  dens i ty  of 500-1000 
A / c m  ~ (max imum in cen t e r  of co lumn ~ 2500 A / c m  2) 
for  an a rc  with a c u r r e n t  of 12-14 kA bu rn ing  in a i r  
be tween copper  e l ec t rodes .  

S i m i l a r  r e su l t s  have been  obtained for  an a rc  b u r n -  
ing in a i r  be tween  ca rbon  e lec t rodes .  F o r  in s t ance ,  
Za l e s sk i i  [4] eva lua ted  the c u r r e n t  dens i ty  as ~ 125 
A / c m  2 for  the cathode spot of an a rc  with a c u r r e n t  
of 10 A; accord ing  to other  data [1], it r eaches  500 
A / c m  2. Khrenov [6] found a c u r r e n t  dens i ty  of ~2800 

Fig .  1. T r a c e s  of a re  combus t ion  on b r a s s  foil i n -  
t e r s e c t i n g  a rc  co lumn in  anode region.  

A / c m  2 for  the cathode spot of a r c s  with a c u r r e n t  of 
up to 600 A. It follows f r o m  [1] that for  an a rc  with 
a c u r r e n t  of about 40 kA the c u r r e n t  dens i ty  of the 
cathode spot is no m o r e  than 500 A / c m  2. Tikhodeev 
in an inves t iga t ion  of a welding a rc  (C- and Fe  + e l ec -  
t rodes)  with a c u r r e n t  of 200-1000 A found that the 
c u r r e n t  dens i ty  in i ts  co lumn had a m a x i m u m  value 

at a c u r r e n t  of about 200 A and then dec reased  ve ry  
rapid ly  with i n c r e a s e  in c u r r e n t  [7]. F i n k e l n b u r g  and 
Maecker  [8] ci ted H i l l e r y ' s  data.  They showed that  
with i n c r e a s e  in c u r r e n t ,  the cathode c u r r e n t  dens i ty  
in ca rbon  a r c s  i nc r e a se d  f rom a few hundred  amps  
pe r  squa re  c e n t i m e t e r  to a m a x i m u m  value of 5000 
A / c m  2 . 
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Fig.  2. C u r r e n t  dens i ty  of cathode spot 
as a funct ion of a rc  c u r r e n t  be tween c a r -  
bon e l ec t rodes  in open a i r .  The c i r c l e s  
denote the expe r imen ta l l y  de r ived  points .  

The ci ted data indicate  that in a r c s  with a low c u r -  
r en t  (without a r t i f i c i a l  cooling) the c u r r e n t  dens i ty  
of the cathode spots is r e l a t ive ly  low; at c u r r e n t s  of 
100-1000 A the c u r r e n t  dens i ty  of the spots i n c r e a s e s  
to s ign i f ican t  va lues  and with f u r t he r  i n c r e a s e  in  c u r -  
r en t  it aga in  d e c r e a s e s  ve ry  apprec iab ly .  We can con-  
clude that such a pecu l i a r ,  e x p e r i m e n t a l l y  man i fe s t ed  
va r i a t i on  for  the c u r r e n t  dens i ty  of the e lec t rode  spots 
with a rc  c u r r e n t  under  the s a m e  combus t ion  condi-  
t ions is not acc ident ia l .  We will  a t tempt  to expla in  
this va r i a t i on  and propose a theore t i ca l  fo rmula .  

Sergeev in [5], making  the gene ra l l y  accepted a s -  
sumpt ion  that the ene rgy  f r o m  the e lec t rode  l aye r s  
of an a rc  with ca rbon  e l ec t rodes  is r emoved  ma in ly  
by rad ia t ion  and us ing  the e n e r g y - b a l a n c e  method 

(UeAieFe.  = ca: T~Frad),~ der ived  a f o r m u l a  for  the s 
c u r r e n t  dens i ty  of the e lec t rode  spots 

me T~ 
A i e = U - ~  5.67.10 -x~ A / c m  2, (1) 

where  m = F r a d / F e .  s- 
M e a s u r e m e n t  of a rc  t e m p e r a t u r e s  is a spec ia l  p rob-  

l em and we wil l  not dwell  on it in this paper .  We 
m e r e l y  note that with i n c r e a s e  in c u r r e n t  the t e m p e r -  
a tu re  of an a rc  bu r n i ng  in open a i r ,  accord ing  to 
BrownTs data (cited in [4]), i n c r e a s e s  ins ign i f ican t ly .  
In any case ,  with i n c r e a s e  in c u r r e n t  f r o m  200 to 400 
A the t e m p e r a t u r e  i n c r e a s e s  by only ~ 3 %. Its f u r t h e r  
i n c r e a s e  with i n c r e a s e  in c u r r e n t  is even s lower .  
Maecker  [9] c i tes  s i m i l a r  data for  an a rc  b u r n i n g  be -  



82 INZ HENERNO- FIZIC HE SKII ZHURNAL 

tween ca rbon  e lec t rodes  in a i r .  With i n c r e a s e  in c u r -  
ren t  f r o m  200 to 500 amps ,  T a at the cathode i n c r e a s e s  
by approx ima te ly  4 %. Hence,  the change in a rc  t em-  
p e r a t u r e ,  accord ing  to f o rmu la  (1), cannot  account  
for  such a p e c u l i a r  and pronounced va r i a t ion  in the 
c u r r e n t  dens i ty  of the e lec t rode  spots with i n c r e a s e  
in a rc  c u r r e n t  (pa r t i cu l a r ly  the reduc t ion  of dens i ty  
with i n c r e a s e  in cu r ren t ) .  

Expe r imen ta l  and Calculated [from fo rmu la  (6)] 
Cathode C u r r e n t  Dens i t ies  for  a Carbon Arc  

Arc current, 
A 

i i  
I00 
500 
1000 
i0000 
40000 

Value of  

m e 

0 . I 3 0  1,000 
0 ,713 0 ,995  
1 0 .970 
I 0 .945 
1 0 ,610 
1 0 .13 I  

Calculated 
cathode spot 
current density, 

A/cm 2 

615 
3830 
5250 
5100 
3300 
700 

Experimen- 
tal values, 

A /cm 2 

633 
3800 
5000 
5000 

-500 

NOTE: For currents of  500, 1000, and 40 000 A, the current density 
is taken f rom the literature. 

Many inves t iga t ions  have been  devoted to d e t e r -  
mina t ion  of the e lec t rode  voltage drops due to l i b e r -  
a t ion of heat  energy  in the spot region;  this ques t ion  
has a l so  been  d i s cus sed  in [5]. We note here  t h a t t h e i r  
value depends on the e lec t rode  m a t e r i a l ,  the med ium 
in which the a rc  b u r n s ,  the p r e s s u r e ,  and the ambien t  
t e m p e r a t u r e .  All  these fac to rs  in the case  of a ca rbon  
a rc  (also with copper  e lec t rodes)  bu rn ing  in open a i r  
a re  p r ac t i ca l l y  cons tan t  (due to i n c r e a s e  in T a some  
reduc t ion  in U e can be expected).  Hence,  accord ing  
to (1), the change in the va lues  of the e lec t rode  vol t -  
age drops cannot  account  for  the obse rved  changes 
in the c u r r e n t  dens i ty  of the e lec t rode  spots with change 
in a rc  c u r r e n t .  These  changes a r e  obviously  due to 
the change in the va lues  of m and e as funct ions  of 
the c u r r e n t .  Let us find this  re la t ionsh ip .  

Hencefor th ,  we wil l  cons ide r  only the ques t ion of 
d e t e r m i n i n g  the c u r r e n t  dens i ty  of the e lec t rode  spots 
for  a r c s  bu rn ing  be tween ca rbon  e l ec t rodes ,  and for  
which the f o r m u l a  is intended.  In the case  of a r c s  b u r -  
n ing be tween  meta l  e l ec t rodes ,  the ene rgy  ba lance  
used to cons t ruc t  f o rmu la  (1) mus t  inc lude,  in addi-  
t ion to rad ia t ion ,  the ene rgy  spent  on me l t i ng  and 
evapora t ing  the e l ec t rodes .  In p a r t i c u l a r ,  in the case  
of copper  e lec t rodes  this expendi tu re  of ene rgy  wil l  
be ve ry  much g r e a t e r  than for  ca rbon  e l ec t rodes ,  
s ince  the me l t i ng  and boi l ing  points  of ca rbon  e l ec -  
t rodes  a re  c lose  to 4100 ~ K, whereas  for  copper  T m = 
= 1356 ~ K and T b = 2903 ~ K. This is p i o b a b l y  why the 
c u r r e n t  dens i t i es  of the cathode spots in a r c s  b u r n -  
ing be tween copper  e lec t rodes  at low and med ium c u r -  
r en t s  a r e  well  in excess  of the c u r r e n t  dens i t i e s  on 
ca rbon  e l ec t rodes .  The heat  loss  f r o m  the l a y e r  n e a r  
the e lec t rode  by convect ion  and conduct ion plays  an 
impor t an t  ro le  he re .  

We wil l  de t e rmine  m and e by p roceed ing  on the 
a s s u m p t i o n  that the e lec t rode  spots of ca rbon  e l e c -  
t rodes  (as o ther  e lec t rodes)  have a c e l l u l a r  s t r u c t u r e  
and that  the a rc  co lumn (at l eas t  in the reg ion  ad jacent  
to the e lec t rode  spots) accord ing ly  has a f ibrous  s t r u c -  
tu re .  The ce i l s  c o m p r i s i n g  the comple te  spot a re  thus 

r ega rded  as the beginnings  or  ends of the f i be r s - - t he  
c u r r e n t  f i l amen t s  which f o r m  the a rc  co lumn and have 
high c u r r e n t  densi ty .  The ce l l u l a r  s t r u c t u r e  of the 
cathode spot for  m e r c u r y  has been shown in the works 
of F r o o m e  [10] and Kesaev  [11]. The authors  of [3] 
be l ieve  that the s t r u c t u r e  of the cathode spot on a 
copper  e lec t rode  is ce l lu la r .  Many r e s e a r c h e r s  have 
repor ted  that e lec t rode  spots have a sca ly  s t r u c t u r e  
[8]. 

F igu re  1 shows the punctate  s t r u c t u r e  of the anode 
spot of an arc  bu rn ing  between ca rbon  e lec t rodes  in 
a i r .  A i r  at a p r e s s u r e  of about (9.8--19.6)  �9 106 N /m 2 
was in jec ted  through an axial  ape r tu r e  in the upper  
e lec t rode  (cathode). The a rc  was suppor ted  on the 
f lat  su r face  of a g raph i te -coa ted  anode,  on which sp l i t -  
t ing of the a rc  was observed  [5]. The punctate  t r ace s  
of the a rc  seen  on the photograph (some of the spot 
points) were  obtained on a sheet  of b r a s s  foil which 
rapidly  i n t e r sec t ed  the a rc  in the anode region  (the 
same  r e s u l t  was obtained in the c e n t e r  of the column).  
The se t  of p o i n t s - - t r a c e s  of a rc  combus t ion  on the 
fo i l - - ind ica te s  the c e l l u l a r  s t r u c t u r e  of the anode spot 
and the f i l amentous  s t r u c t u r e  of the a rc  co lumn [12]. 

We a s s u m e ,  as is gene ra l l y  done, that the e m i s -  
s iv i ty  of the e lec t rode  spots of ca rbon  a r c s  of low 
and med ium c u r r e n t  (without a r t i f i c i a l  cooling) is c lose  
to uni ty [8]. With i n c r e a s e  in c u r r e n t ,  however ,  the 
in tens i ty  of e m i s s i o n  of the e l ec t rode  spots will  be 
reduced owing to its absorp t ion  by the co lumn in the 
reg ion  of the e lec t rode  spot. The reduc t ion  in e m i s -  
s ion in tens i ty  can be quant i ta t ive ly  accounted for  by 
reduc t ion  of the e m i s s i v i t y  e. 

Arcs  with high c u r r e n t  dens i t i e s  rad ia te  l ike b lack 
bodies .  Accord ingly ,  the c u r r e n t  f i l amen t s  ( e l emen-  
t a ry  a rcs )  with the gas in the i r  immedia t e  v ic in i ty  
can be r ega rded  as b lack  bodies .  

If we cons ide r  the e m i s s i o n  f r o m  the cen t e r  of the 
e lec t rode  spot,  it  is quite obvious that under  the same  
condi t ions  the g r e a t e r  the a rc  c u r r e n t ,  the g r e a t e r  
the n u m b e r  of c u r r e n t  f i l aments  in the reg ion  of the 
spot to abso rb  rad ia t ion .  

We know that abso rp t ion  of rad ia t ion  by var ious  
media  conforms  to the L a m b e r t - B o u g u e r  law 

q = qo exp (--  kx) (2) 

and that  absorp t ion  of r ad ia t ion  by subs tances  d i s -  
solved in  t r a n s p a r e n t  so lvents  is p ropor t iona l  to the 
n u m b e r  of abso rb ing  molecu les  in  the path of t h e b e a m .  
In cases  to which the cons ide red  one be longs ,  the 
absorp t ion  coeff ic ient  is p ropor t iona l  to the concen-  
t r a t i on  of the solut ion,  and the L a m b e r t - B o u g u e r  f o r -  
mu la  takes the fo rm [13] 

q = q0 exp (--  zcx). 

In our  case  the rad ia t ion  is abso rbed  by the c u r -  
r en t  f i l amen t s  and hence ,  the total  a rc  c u r r e n t  wil l  
be p ropor t iona l  both to the i r  concen t ra t ion  in the r e -  
gion of the co lumn adjoining the spot ( s i m i l a r  to the 
concen t ra t ion  of pa r t i c l e s  in the solution} and to the 
l i n e a r  d imens ion  x. In fact ,  if we c o n s i d e r  the un i -  
f o r m l y  d i s t r ibu ted  e m i s s i o n  of an e l e m e n t a r y  cel l  in 
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the center of the electrode spot and divide the circular 

area of the spot into infinitely small sectors, we find 

that the absorption in each sector will be proportional 

to the concentration of current filaments in it, multi- 

plied by the area of each sector, i.e., it will be pro- 
portional to the current flowing in this sector. If we 
consider all the radiation from the cell, the absorp- 

tion will be proportional to the current of the entire 
arc. A similar argument can be put forward for each 

cell of the spot. Hence, the Lambert-Bouguer law in 
application to absorption of radiation of electrode 

spots by the arc column will take the form 

q = q0 exp (--  % I,), (3) 

Since the reduct ion  (in c o m p a r i s o n  with a b lack  body) 
of the in tens i ty  of the flux pe r  unit  su r face  is c h a r -  
ac t e r i zed  by the e m i s s i v i t y  e, we f ina l ly  have 

-q~ = s = exp (--  7. la)" (4) 
qo 

In fo rmu la  (4) e 0 is unity.  
Accord ing  to (4), at r e l a t i ve ly  low c u r r e n t s  the 

e m i s s i v i t y  of the e lec t rodes  spots of an a rc  with c a r -  
bon e lec t rodes  can be r ega rded  v i r tua l ly  as uni ty ( there  
is l i t t le  abso rp t ion  of the rad ia t ion) .  At high c u r r e n t s  
(more  than 1000 A) the e m i s s i v i t y  wil l  be much l e s s  
than uni ty  and hence ,  the c u r r e n t  dens i ty  for  the e lec -  
t rodes  spots ,  accord ing  to f o r m u l a  (1), wil l  be low. 

We wil l  find the law of va r i a t i on  of the coeff ic ient  
m = F r a d / F e .  s with change in the a rc  c u r r e n t .  At low 
c u r r e n t s  F r a d / F e .  s << 1, s ince  the sum of the e m i t -  
t ing su r f ace s  (round the spot cel ls)  is much l e s s  than 
the su r f ace  of the luminous  spot,  which is a s sume d  
to be its c u r r e n t - c o n d u c t i n g  a r e a  Fe.  s- Under  these  
condi t ions  the c u r r e n t  f i l amen t s  and the spot ce l l s  
a re  d i spe r s ed  and the total  luminous  spot is produced 
by the rapid mot ions  (the "dance")  of the c u r r e n t  f i l -  
amen t s  in  the spot reg ion  (in this case  the spot t e m -  
p e r a t u r e  is low). With i n c r e a s e  in a rc  c u r r e n t  the 
c u r r e n t  f i l amen t s  in the co lumn and in the ce l l s  of the 
spot become packed c l o s e r  together  by the heat  and 
the luminous  zones of the ce l l s  fuse .  The spot in this  
case  r ea l ly  r e p r e s e n t s  the emi t t ing  a r e a  (in a c c o r d -  
ance with f o r m u l a  (1)], i . e . ,  the whole spot a r e a  
r ad ia tes  un i fo rmly  f r o m  its  ce l l s  : F r a  d = Fe .  s �9 Thus 
d i s p e r s i o n  of the e l e m e n t a r y  c u r r e n t  ce l l s  is the cause  
of low c u r r e n t  densi ty .  With i n c r e a s e  in  c u r r e n t  the 

ce l l s  a r e  rap id ly  compacted ,  coeff ic ient  m approaches  
uni ty ,  and the c u r r e n t  dens i ty  i n c r e a s e s  to a m a x i -  
m u m  value.  

The na tu re  of the v a r i a t i o n  in m with a rc  c u r r e n t ,  
as in the case  of ~, can be d e t e r m i n e d  by us ing  the 
L a m b e r t - B o u g u e r  law and a s s u m i n g  that the spot t e m -  
p e r a t u r e  is cons tant ,  which co r r e sponds  approx ima te ly  

to the condi t ion F r a  d = Fe.  s" 
We argue  as follows.  At a c e r t a i n  c u r r e n t  I a we 

have F r a  d = F e . s ,  i . e . ,  in  this  case  m = i and the 
whole e l ec t rode  spot un i fo rmly  emi t s  the m a x i m u m  
energy  f r o m  uni t  su r face .  Accord ing  to f o r m u l a  (1), 
when s = I the c u r r e n t  dens i ty  is a m a x i m u m :  A l m a  x = 
= T4a/Ue . On reduc t ion  of c u r r e n t  the reduc t ion  in 

in tens i ty  of e m i s s i o n  pe r  unit  sur face  of the spot,  
owing to d i s p e r s a l  of its cel ls  in the "dance" and the 
co r r e spond ing  reduc t ion  of the c u r r e n t  dens i ty  for  the 
e lec t rode  spots can a l so  be r ega rded  as due to ab so rp -  
t ion of r ad ia t ion  in the co lumn ad jacent  to the e l ec -  
t rode.  F r o m  this aspect  the r e l a t ive  change in the 
absorp t ion  in tens i ty  wil l  be given by the ra t io  F r a d /  
/ F e .  s ,  s ince  F r a  d is only the emi t t ing  pa r t  of the 
spot,  whereas  Fe .  s is i ts  total  a rea ,  inc luding the 
"dark"  reg ions  covered  by the "dance  n and which a lso  
c h a r a c t e r i z e  the absorpt ion .  The abso rp t ion  flux is 
Aq = qo - -  q. The flux q, a t tenuated  by absorp t ion ,  is 
g iven by exp res s ion  (3) and, hence ,  the absorp t ion  
flux can be de t e rmined  f r o m  the f o r m u l a  

h q = qo - -  qo exp  ( - -  )~ I a). 

The re la t ive  reduc t ion  of the m a x i m u m  e m i s s i o n  flux 
is g iven by the e x p r e s s i o n  

Aq 
- - -  = 1 - -exp( - -X Ia), 

qo 

and the re  will  be a c o r r e spond i ng  change in the max i -  
m u m  c u r r e n t  densi ty  in the e lec t rode  spots .  Thus the 
coeff ic ient  

m = 1 - -exp( - -~ ' Ia ) .  (5) 

In (5) the coefficient X' is not equal to the ~ in formula 

(4). 
Combining (1),  (4), and (5) we obta in  a m o r e  gen-  

e r a l  e x p r e s s i o n  for  the c u r r e n t  dens i ty  of the e lec t rode  
spots in a r c s  with ca rbon  e lec t rodes :  

A i e T4a exp ( - -  7~ In) X =v7 

x[1 - -exp(- -~ ' Ia) l -5 .67 .10 -12 A / c m  2 . (6) 

If we take the f i r s t  de r iva t ive  dAie /d I  a and equate 
it to zero ,  we find at what a rc  c u r r e n t  I a the m a x i -  
m u m  e lec t rode  c u r r e n t  dens i ty  occurs .  By s imp le  
t r a n s f o r m a t i o n s  we obta in  

I,(~ir . . . .  ) = 0.434~' 

(7) 

In f o r mu l a  (6) the c u r r e n t  dens i ty  of the e lec t rode  spots 
depends on the e lec t rode  m a t e r i a l ,  the med ium in 
which the a rc  b u r n s ,  as well  as on the p r e s s u r e  and 
the ambien t  t e m p e r a t u r e ,  s ince  T a and U e depend on 
these  f ac to r s ,  and a lso  on the a rc  c u r r e n t .  Thus,  
though the f o r mu l a  is compara t i ve ly  s imple ,  it takes 
a g rea t  va r i e ty  of fac to rs  into account .  In de r iv ing  it 
we had in  mind  only f r ee ly  b u r n i n g  a r c s  without forced  
cooling,  but  it can be used in p r inc ip l e  for  in t ens ive ly  
cooled a r c s .  

F ina l ly ,  even in an a rc  bu r n i ng  in a i r  be tween c a r -  
bon e lec t rodes  without forced  cooling (or heating) T a 
and U e can v a r y  over  some range  (due to change in 
ambien t  t e m p e r a t u r e ,  des ign  of e l ec t rodes  and appa ra -  
tus as a whole, e tc . )  and, hence ,  even at the same  a rc  
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c u r r e n t s  the e l e c t r o d e  spot  c u r r e n t  d e n s i t i e s  m a y  v a r y  
a l i t t l e .  

By photographing  the e l e c t r o d e  spo t s  we e x p e r i -  
m e n t a l l y  d e t e r m i n e d  the c u r r e n t  dens i t y  in cathode 
spo t s  of a v e r t i c a l l y  burn ing  a r c  be tween  c a r b o n  
( g r a p h i t e - c o a t e d )  e l e c t r o d e s  in a i r  in r e l a t i o n  to the 
a r c  c u r r e n t ,  i . e . ,  we ob ta ined  the funct ion A i  c = 
=f( I a) . Pho tographs  of the l o w e r  f l a t  e l e c t r o d e  (d i -  
a m e t e r  150 ram) w e r e  t aken  through an o r ange  + y e l -  
low f i l t e r  a t  an e x p o s u r e  of 10 -3 sec .  The uppe r  e l e c -  
t r o d e  of d i a m e t e r  30 m m  had a s h a r p  t ip.  The a r c  
length was 2 - 3  cm.  The a r c  c u r r e n t s  v a r i e d  f r o m  
11-150  A. The  r e s u l t s  of the e x p e r i m e n t  a r e  shown 
in F ig .  2 ( E n g i n e e r  R. Gabbasova  p a r t i c i p a t e d  in do-  
ing the exper imen t} .  The r e l a t i o n s h i p  A i  c = f ( I a )  in 
the  r ange  of the  e x p e r i m e n t  i s  a p p r o x i m a t e d  to wi th -  
in 5 % by the exponen t ia l  r e l a t i o n s h i p  

h ic = 5400 | 1 - -  exp (--  1.25.10-~I,)], (8) 

i . e . ,  an exponent ia l  r e l a t i o n s h i p  of the s a m e  kind as  
f o r m u l a  (5}. 

E x p r e s s i o n  (8} shows that  the  p r o p o r t i o n a l i t y  f a c t o r  
~ '  in f o r m u l a  (5) i s  equal  to 1 .25 .10 -  2 A - l i n  t h e g i v e n  
cond i t ions .  As  F ig .  2 (curve} shows ,  the c u r r e n t  den-  
s i ty  of the  ca thode  spo t  tends  to a m a x i m u m  at 5400 
A / c m  2 . 

If we use  H i l l e r y ' s  da ta ,  c i t ed  in [8], which ind ica te  
that  the  m a x i m u m  cathode  c u r r e n t  dens i t y  o c c u r s  at 
a c u r r e n t  of ~400  A, f r o m  f o r m u l a  {7) we f ind that  
f o r  th is  c a s e  the  p r o p o r t i o n a l i t y  f a c t o r  ~( in f o r m u l a s  
(4} and (6} wi l l  be  a p p r o x i m a t e l y  5 . 1 0  -s  A -1. This  is  
v e r y  c l o s e  in va lue  to the op t i ca l  a b s o r p t i o n  c o e f f i c i -  
ent  of a i r  a t  a t m o s p h e r i c  p r e s s u r e ,  ~ 10 -5 c m  -1. 

It is  i m p o r t a n t  to f ind out how c l o s e l y  the e x p e r i -  
m e n t a l l y  o b s e r v e d  m a x i m u m  of ca thode  c u r r e n t  den-  
s i ty  (5400A/cm 2) c o r r e s p o n d s  to f o r m u l a  (6), in which 
i t  is  e x p r e s s e d  in the f o r m  

h / r ~--~a4e 5.67110-1~ A / c m  2 . 

We take  the  ca thode vo l t age  d rop  (due to hea t  r e -  
lease} U e = 10.0 V [5], which is  c l o s e  to the i o n i z a -  
t ion po ten t i a l  of n i t r i c  oxide  i n t ens ive ly  f o r m e d  in an 
a r c .  F o r  a c u r r e n t  dens i ty  of 5400 A / c m  2 the m e a n  
t e m p e r a t u r e  in the  ca thode r e g i o n  s p a c e  m u s t  be  
~ 10 000 ~ K. M a e e k e r  [9] ob ta ined  va lues  c l o s e  to th is  
in an i nves t i ga t i on  of a c a r b o n  a r c  bu rn ing  in a i r .  Thus, 
the  va lues  con ta ined  in the  f o r m u l a  fo r  the m a x i m u m  
c u r r e n t  dens i t y  a r e  v e r y  c l o s e  to the  e x p e r i m e n t a l l y  
o b s e r v e d  va lue s .  

Tab le  1 g ives  va lue s  c a l c u l a t e d  f r o m  f o r m u l a  (6) 
fo r  the c u r r e n t  dens i t y  of the ca thode  spo t s  on an a r c  
bu rn ing  be tween  c a r b o n  e l e c t r o d e s  in  open a i r  (wi th-  
out a r t i f i c i a l  cool ing)  in  r e l a t i o n  to the a r c  c u r r e n t .  

As  the  t ab l e  shows ,  the c a t h o d e - s p o t  c u r r e n t  den -  
s i ty  depends  g r e a t l y  on the c u r r e n t .  F o r  anode spo t s  
the ob ta ined  r e l a t i o n s h i p  a l so  ho lds ,  but  the va lues  
of the p r o p o r t i o n a l i t y  f a c t o r s  X in f o r m u l a s  (4), (5), 
and (6) wi l l  be  d i f f e ren t .  

A c c o r d i n g  to (6), in a r c s  of v e r y  high c u r r e n t  we 
have low e l e c t r o d e - s p o t  c u r r e n t  d e n s i t i e s  and d i s p e r -  

s a l  of ene rgy .  This  obvious ly  exp la ins  why a h igh-  
qua l i ty  p roduc t  can  be  obta ined  in e l e c t r i c - a r c  f u r -  
naces  only if the a r c  c u r r e n t  does  not exceed  a p a r -  
t i c u l a r  value  [14]. 

In conc lus ion  we note that  the c u r r e n t  dens i ty  of 
the e l e c t r o d e  spo ts  on a c a r b o n  a r c  burn ing  in open a i r  
is  a funct ion of i t s  c u r r e n t .  The funct ion  has  a m a x i -  
m u m ,  the va lue  of which depends  on the e l e c t r o d e  vo l -  
tage  d r o p  and the t e m p e r a t u r e  of the e l e c t r o d e  r eg ion .  
The pos i t ion  of the  c u r r e n t  dens i ty  m a x i m u m  on the 
c u r r e n t  axis  is  d e t e r m i n e d  by  the coef f i c ien t s  )( and •  

NOTATION 

Ale i s  the c u r r e n t  dens i ty  in the e l e c t r o d e  spot ,  
A/cm2;  Ai c i s  the c u r r e n t  dens i ty  in the  ca thode spot ,  
A/cm2;  T a is  the  m e a n  t e m p e r a t u r e  in the  e l e c t r o d e  
r eg ion ,  ~ U e i s  the  e l e c t r o d e  vo l t age  d rops  due to 
hea t  r e l e a s e ,  V; I a is  the  a r c  c u r r e n t ,  A; e is  the  
e m i s s i v i t y  of e l e c t r o d e  spot;  m = F r a d / F e .  s; F r a d  
i s  the  e m i t t i n g  a r e a  of spot ;  F e .  s is  the  m e a s u r e d  
e l e c t r o d e  spot  a r e a ,  a s s u m e d  to be c u r r e n t - c o n d u c t -  
ing; q0 i s  the r a d i a t i o n  f lux dens i ty  be fo re  abso rp t ion ;  
q i s  the s a m e  a f t e r  abso rp t ion ;  k i s  the  a b s o r p t i o n  
coef f ic ien t ;  z is  a p r o p o r t i o n a l i t y  f a c to r ;  e i s  the con-  
c e n t r a t i o n  of solut ion;  x i s  a l i n e a r  d i m e n s i o n  ( th ick-  
ness ) ;  e i s  the b a s e  of n a t u r a l  l o g a r i t h m s ;  •  •  a r e  
the  p r o p o r t i o n a l i t y  f a c t o r s  ( r a d i a t i on  a b s o r p t i o n  co -  
e f f i c ien t s ) ,  A -i. 
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