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High -cu r r en t  d i scharges  in gases  have r ecen t ly  a t t r ac t ed  in t e re s t  as  poss ib le  sources  of light for  the 
optical  pumping of l a s e r s .  

The d i scharge  is usual ly  excited using the e l ec t r i ca l  explosion of w i re s  (EEW) [1] or of a s y s t e m  of 
wi res  [2]. In [3], a long with the e lec t r i ca l  explosion of a w i r e ,  the p rob lem of the init iation of a h i g h - c u r r e n t  
d i scharge  using sl iding spa rks  was d iscussed  in detai l .  

Along with these  methods for  initiation, a d i scharge  over  a semiconduct ing su r face  can a lso  be used [4]. 
A d i scharge  a t  a c a rbon -g raph i t e  su r f ace  is of g r ea t  in t e res t ;  however ,  the wide use  of this type of d i scharge  
has been hindered by diff icult ies in the fabr ica t ion  of devices  with a la rge  long d i scharge  gap (more  than 20 cm). 
Recent  advances  in technology [5] have  made  i t  poss ib le  to ove rcome  these diff icult ies.  At the p r e s e n t  t ime ,  
the indust ry  is producing an a s s o r t m e n t  of c a rbon -g raph i t e  m a t e r i a l s  which can be used for the ini t iat ion of a 
breakdown in d i scha rge  gaps of p rac t i ca l ly  any given length. Under these conditions,  i t  appeared  of in te res t  to 
inves t iga te  a breakdown a t  the s u r f ace  of ca rbon  f i laments  (CF) with a length of the d i scharge  gap g rea t e r  than 
0.2 m in d i f ferent  gases ,  as well  as  the dynamics  of its development  and the dependence of the breakdown onthe 
p a r a m e t e r s  of the p a r a m e t e r s  of the vol tage source .  

1. The e l ec t r i ca l  s chem e  of the exper imen ta l  unit was an LCR d i scha rge  c i rcui t .  The capac i tance  C had 
a value of 16, 27, 2400 ~F.  The max ima l  d i scharge  vol tages  were ,  r e spec t i ve ly ,  20, 40, and 5 kV. The induct- 
ance  of the c i r cu i t  in a l l  ca ses  was of the order  of 1-1.5 pH. The ro le  of the r e s i s t a n c e  R was played by a c a r -  
bon-graphi te  f i lament ,  the d i scharge  at  whose su r f ace  was the subjec t  of the invest igation.  The f i lament  was 
put into a vacuum cham ber  made of P lex ig las .  The d i scharge  c i rcu i t  was closed by a control  commuta to r .  The 
c u r r e n t  in the c i r cu i t  was r eco rded  by a Rogowski  loop. 

The media  currounding the ca rbon  f i lament  were  a i r ,  c a rbon  dioxide, hel ium, neon, and sulfur hexa-  
f luor ide  with p r e s s u r e s  f r o m  35 to 760 m m  Hg. 

The dynamics  of the deve lopment  of the breakdown a t  the su r f ace  of the f i l ament  were  r eco rded  in a 
shadow unit under continuous scanning condit ions.  

2. The vol tage  of the spa rkove r  E s of the su r f ace  of the ca rbon  f i l ament  for  al l  the media was found to 
lie in the r ange  f r o m  10 to 30 V/em, and did not depend on the kind of sur rounding  med ium (air ,  CO2, He, SF6, 
Ne) or on its p r e s s u r e .  The lower l imi t  of E s co r r e sponds  to sma l l  lengths of the f i laments  (l -< 0.5 m}. With 
an i n c r e a s e  in the length of the gap, E s r i s e s  and, with l = 4 m,  is equal to 25-30 V/cm. Evaluat ions of the t e m -  
p e r a t u r e  of the f i laments  a t  which spa rkove r  of the su r f ace  takes place  showed that, for all  the brands  of c a r -  
bon f i laments  used in the work (VMN-2, VMN-4, UT-2 ,  TGI-2 m,  UTI~.P-2, TKK-2),  i t  l ies within the l imits  
f r o m  800 to 2400~ The ene rgy  W', evolved in the f i l ament  a t  the momen t  of s p a r k o v e r ,  is 6-30 kJ/g. It mus t  
be noted that,  in this case ,  the f i l ament  is conse rved  and, in s o m e  c a s e s ,  can be used again ( a t l e a s t u p t o a d i s -  
cha rge  energy  of 50-100 kG}. 

The s p a r k o v e r  of a ca rbon  f i l ament  takes  place  in the following manner :  Withthe imposi t ion of a vol tage 
a c u r r e n t  p a s s e s  through the f i lament ;  the f i l ament  is heated.  Under these c i r c u m s t a n c e s ,  there  is intense 
r e s o r p t i o n  of gases .  Accord ing  to the data of [5], c a r b o n  graphi te  can r e s o r b  up to 0.4 cm3/cm ~ of gas with 
heat ing up to 2000~ These  gases  f o r m  a hot su r f ace  l aye r ,  s epa ra t ing  the f i l ament  f r o m  the sur rounding  
medium.  When a suff ic ient  conductivi ty ( t he rmoemis s ion  f r o m  the filament} has been attained in the l a y e r ,  
p a r t  of the d i scha rge  c u r r e n t  goes over  f r o m  the f i l ament  into this l aye r .  Redis t r ibut ion  of the c u r r e n t  leads 
to overheat ing and breakdown.  The whole p ro ce s s  of s p a r k o v e r  of the su r face  of the f i l ament  takes place  in the 
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a l ayer ,  consis t ing mainly of r e so rbed  gases .  Thus, the effect  of the kind of surrounding medium and its p res -  
sure  on the value of E s is excluded. 

Investigations of the dynamics of the development of the breakdown by a shadow method with synchronous 
r ecord ing  of the d ischarge  cu r ren t  confirmed the above picture of the development of the breakdown over the 
sur face  of a brand UT-2 fi lament (Fig. 1, length of gap l = 27 cm). On the shadow scan (Fig. lb),  the number 1 
shows the moment  of depar ture  of the resorp t ion  products f rom the surface  of the layer  and vaporizat ion of the 
mater ia l .  The vapor iza t ion takes place at  a ve ry  high ra te .  The diameter  of the f i lament  increases  by 3-5 
t imes due to swelling of the f ibers .  The number 2 denotes the moment  of sparkover  of the filament,  the develop- 
ment  of a p lasma at  its sur face ,  and the appearance  of a shock wave. On the osc i l logram of the cu r ren t (F ig ,  la), 
there  is a point of inflection and a second maximum of the cur ren t ,  brought about by a sharp  drop in the r e s i s t -  
ance of the d i scharge  circui t .  At  this moment ,  it is determined by the r e s i s t ance  of the p lasma of the sur face  
d ischarge ,  which is much less than the r e s i s t ance  of the filament.  

F igure  2 shows the dependences of the r e s i s t ance  of the d ischarge  c i rcu i t  of the gap on the t ime with dif- 
fe rent  values of the initial voltages in the condenser  bat tery  (15 kV (1), 17 kV (2), 20 kV (3), 26 kV (4)). Curve 1 
cor responds  to the t ime cour se  of the change in the r e s i s t ance  of the fi lament with pulsed heating without a su r -  
face  breakdown. In this case ,  the r e s i s t ance  of the f i lament  R 1 in 15-20 #sec  decreases  b y  6 times and is s ta -  
bilized at this value; it cha rac t e r i ze s  the dynamic r e s i s t ance  of the f i lament in the d ischarge  c i rcu i t  and de te r -  
mines the heating t empera tu re  and the r a t e  of the r e so rp t ion  p rocess  and the process  of the vaporizat ion of the 
mater ia l  of the filament.  Curve 2 cor responds  to the dependence R(t) with E = E s = 15 V/cm; for curves  3 and 
4, E = 22-25 and 35 V/cm. The moment  of sparkover  is determined by the point of inflection on the curve of 
R(t). With this r e s i s t ance ,  in 10-15 #sec  the gap decreases  f rom R 1 to R 2 (the drop is approximately  10 times). 
With an inc rease  in the voltage above Es,  the cha rac t e r  of the dependence R(t) does not change. The duration 
of the s ta te  cor responding  to R 1 dec reases .  With a value of E s = 35-40 V/cm, on the curve of R(t) the sect ion 
cor responding  to R 1 d isappears ,  and the r e s i s t ance  of the gap drops from R 0 to R 2 in a t ime of 15-20 #sec .  In 
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this casej  the spa rkover ,  along with the thermoemission~ is affected by autoemiss ion f rom a multitude of 
micropoints ,  cover ing  the carbon-graphi te  f i lament.  

Between the moment  of the application of the voltage to the gap and the sparkover  of the sur face  of the 
gap, there  is a t ime pause T. With initial smal l  r e s i s t an ce s  (R0~10-50 ~2/}n) and masses  of the f i laments of 
1-2 g/m, T does not exceed 30-50 ~sec .  With R 0 > 1 k~ /m and 0.1-0.8 g /m,  T = 1-5 #sec ,  ~ determined the 
durat ion of the heat ing of the mate r i a l  of the f i lament  up to the t em p e ra tu r e s  of intense gas evolution and 
the rmoemiss ion .  With a r i s e  in the voltage E above Es ,  ~ dec rea se s  rapidly.  F igure  3 shows an example of 
the dependence of T on the vol tage for  a f i lament  of brand TKK (length of gap l = 50 cm,  medium a i r ,  C = 27 
~F).  With a value of the voltage E = 2Es, the durat ion ~ d ec r ea se s  by m o r e  than two orders  of magnitude. 

If we c ompare  a d i scharge  a t  the sur face  of ca rbon-graph i t e  f i laments with other methods of initiating 
extended discharges~ a number of its advantages must  be noted. 

1. The low value of the spa rkover  voltage.  Breakdown of a gap with a length of 3-4 m can be effected 
with a voltage of 20-25 kV in the condenser  ba t te ry .  F o r  the e lec t r i ca l  explosion of wires  of this length 40- 
50 kV is r equ i red .  

2. The possibi l i ty  of se lec t ing  the r e s i s t an ce  of the d ischarge  gap over a wide range  (R0 f ro m  1 L2/m or  
more) .  This makes it  possible  to achieve compatibil i ty between the load and a source  of energy in the fo rm of 
an inductive energy  accumulator  or a magnetocumulat ive genera tor .  With the use  of these energy sources ,  the 
" in tercept ion  n of the accumulated energy  of the load depends on its initial r e s i s t a n c e  [6, 7]. With a r e s i s t a n c e  
of the load much less than the r e s i s t a n c e  of the b reake r ,  the losses  in the b reake r  can be considerably  reduced  
and expendi tures  of energy  for p r e l imina ry  heat ing of the gas -d i scha rge  load up to the requ i red  value of the 
r e s i s t a n c e  can be el iminated.  

3. With a d i scharge  at  the su r face  of carbon f i l aments ,  the re  is no pause of the cu r r en t ,  which, in the 
case  of the e l ec t r i ca l  explosion of wi res ,  is f requent ly  the r e a s o n  for the development  of cons iderable  over-  
voltages in the c i rcu i t .  

With open d i scharges ,  a f i lament  can be used for  the init iation of 3-4 success ive  d ischarges .  
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