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ELECTRICAL BREAKDOWN IN AIR IN A TRANSVERSE MAGNETIC FIELD 
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Zhurna l  Pr ik ladnoi  Mekhaniki i Teklmicheskoi  Fiz iki ,  Vol. 7, No. 4, pp. 102-104,  1966 

The electrical breakdown of gases in a transverse magnetic field is 
discussed in references [1-16]. Attention has mainly been concentrated 
on the case of coaxial electrode geometry [1-10]. The existing ex- 
perimental data on breakdown between plane-paranel electrodes 
[11-14] relate to a narrow range of variation of the parameters char- 
acterizing breakdown (P, d, H, U). The author has made an experi- 
mental study of the process of electrical breakdown in air in a trans- 
verse magnetic field between plane-parallel electrodes of finite size 
in the pressure interval from 650 to 5 �9 10 "~ mm Hg at gap lengths of 
from 1 to 140 mm and magnetic inductions from 0 to 10 600 G. 

w The expe r imen ta l  appara tus  is  shown s c h e m a t -  
i ca l ly  in Fig .  1. 

The d i scharge  c h a m b e r  i takes the form of a g lass  
tube (inside d i a m e t e r  55 mm,  length 250 mm) con-  
ta in ing  copper  Rogowski e lec t rodes  50ram in d i ame te r .  
The working sur face  of the e lec t rodes  was pol ished.  

The e l ec t romagne t  11 c rea ted  in the working space 
(d iameter  200 mm,  gap 80 mm)  a magnet ic  field of up 
to 12 000 Oe with inhomogenei t ies  of l e s s  than 1%. 

The s y s t e m  of h igh-vol tage  sources  17, 18, 19 
(VSV-2, UPU-1M, and VS 222a, respec t ive ly)  made 
it poss ib le  to vary  the voltage a c r o s s  the breakdown 
gap smoothly  f rom 0 to 65 000 volts .  The d i scharge  
chambe r  was evacuated by means  of two forepumps 2, 
3 and one diffusion pump 4 (RR-300, VN-1, and TsVL-  
100, r e spec t ive ly ) .  The m a x i m u m  vacuum obtained in 
the d i scharge  gap was 8 �9 10 -6 m m  Hg. In Fig.  1, 5 
denotes  a vacuum valve, 6 an inlet  valve, and 7 a 
r e c e i v e r .  

As the working gas we used a tmosphe r i c  a i r .  
The p r e s s u r e  in the d i scharge  chamber  was m e a -  

su red  in  the in t e rva l  f rom 0.7 to 5 �9 10 -3 m m  Hg with 
a the rmocouple  vacuum gauge 8 (VT-2A), in the in-  
t e rva l  f rom 0.5 to 30 m m  Hg with a c o m p r e s s i o n  m a -  
n o m e t e r  9, and in the in te rva l  f rom 10 to 740 mm Hg 

with a r e fe rence  vacuum gauge 10. The magnet ic  field 
in tens i ty  in the working volume was m e a s u r e d  d i rec t ly  
for each expe r imen t  with a IMI-3 magnet ic  induct ion 
m e t e r  (15 in Fig.  1).  
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Fig.  2 

The object  of the expe r imen t s  was to invest igate  
the dependence of the breakdown voltage on the p r e s -  
su re  in the working  gap (in the in te rva l  f rom 650 to 
5 �9 10 -3 m m  Hg) and the in tens i ty  of the t r a n s v e r s e  
magne t ic  field ( f rom 0 to 10 600 Oe) at d i f ferent  gap 
lengths (from 1 to 140 r a m) .  

The breakdown voltage was m e a s u r e d  in two ways.  
F i r s t ~ b y m e a n s  of switch 20 ( see  Fig.  1) we connected 
to the d i scharge  gap a capac i to r  bank C 1, which was 
f i r s t  charged f rom the high-vol tage  source  17, 18, 19 
a c r o s s  r e s i s t a n c e  R~. If there  was no breakdown (ca- 
pac i tor  bank potent ia l  U < U~ where  U,  is the b r e a k -  
down voltage), switch 20 r e t u r n e d  the capac i to r  bank 
C 1 to the s t a r t i n g  posit ion,  in which it was charged to 
a higher  voltage. 

Fig. i 
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Breakdown was r e g i s t e r e d  both v i sua l ly  (from the 
l u m i n e s c e n c e  in the gap) and with a t h r e sho ld  c u r r e n t  
d e t e c t o r  16, which was t r i g g e r e d  only at  I .  _> 103 A, 
which made  it p o s s i b l e  to d i s t ingu i sh  an a r c  b r e a k -  
down f rom a glow d i s c h a r g e .  
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Fig .  3 

In the second  method,  by means  of swi tch  21 the 
vol tage a c r o s s  the d i s c h a r g e  gap was suppl ied  d i r e c t l y  
f r o m  the h igh -vo l t age  s o u r c e  a c r o s s  the r e s i s t a n c e  R 2. 
The c a p a c i t o r  bank C1 was then connec ted  in p a r a l l e l  
with the d i s c h a r g e  gap.  The vol tage a c r o s s  the gap 
was i n c r e a s e d  smoo th ly  up to breakdown,  which was 
a l so  r e g i s t e r e d  in t e r m s  of the value of  the d i s c h a r g e  
c u r r e n t  and the vo l tage  d rop  a c r o s s  the gap.  

Typica l  e x p e r i m e n t a l  r e s u l t s  a r e  p r e s e n t e d  in F i g s .  
2 - 4 .  F i g u r e  2 shows the b reakdown voltage in the 
p r e s e n c e  of a p e r p e n d i c u l a r  magne t i c  f ie ld  U + ( r e -  
c o r d e d  by the s econd  method)  a s  a function of the p r e s -  
s u r e  in the d i s c h a r g e  gap (length of gap d = 3 cm) for  
d i f f e ren t  magne t i c  f i e ld  s t r e n g t h s  H: (1) H = 0, (2) 
H = 1 8 8  Oe, (3) H = 3 7 5  Oe, (4) H = 7 5 0  0% (5) H =  
= 1 5 0 0 O e ,  (6) H = 3 0 0 0 O e ,  (7) H = 6 0 0 0 O e .  The 
b r o k e n  l ines  denote  the vol tage  U~ at  which uns tab le  
b reakdown o c c u r s .  

F i g u r e  3 shows the b reakdown vol tage  U,  + as  a func-  
t ion of p r e s s u r e ,  ob ta ined  by both methods  at  a cons tan t  
m a g n e t i c  f ie ld  in t ens i ty  H = 3000 Oe, fo r  d i f fe ren t  
gap lengths:  (1) H = 0, (2) d = 15 m m - - s e c o n d  method  
(U~, is  denoted  by a b r o k e n  line),  (3) d = 7.5 m m - -  
second  method,  (4) d = 140 m m - - f i r s t  method,  (5) d = 

r . 
= 30 m m - - s e c o n d  method  (U. Is denoted  by a cha in -  
do t ted  l ine),  (6) d = 15 r a m - - s e c o n d  method,  (7) d = 
= 30 m m - - f i r s t  method,  (8) d = 1 m m - - f i r s t  method,  
(9) d = 2 mm,  H = 3120 O e - - a c c o r d i n g  to M e y e r ' s  da ta  
[12]. F o r  c o m p a r i s o n ,  F ig .  4 g ives  r e l a t i o n s  fo r  U + 
at  H = 6000 Oe, d = 30 ram, ob ta ined  by two methods :  
(1) f i r s t  me thod  (U, is  deno ted  by a b r o k e n  l ine),  (2) 
s econd  method,  (3) H = 0. 

w These  i nves t i ga t i ons  l ead  to the fo l lowing con-  
c l u s i o n s .  

1) As m a y  be  seen  f r o m  an a n a l y s i s  of F igs .  2, 3, 
the b reakdown  vol tage  U + fo r  a i r  is  not  a funct ion of 
the two p a r a m e t e r s  pd and Hd, a s  a s s e r t e d  by the 
equ iva len t  p r e s s u r e  t h e o r y  [2, 3, 10]. The vol tage U + i n  
a lways  i n c r e a s e s  with i n c r e a s e  in H and d m o r e  than 
U~ and is a t t a ined  a t  h i g h e r  va lues  of pd, i . e . ,  when 

0 
P d + i n  > Pdmi n. 

2) There  ex i s t s  a r eg ion  pd > p d ,  (H, d), where  U + 
is  g r e a t e r  than U~ and i n c r e a s e s  with i n c r e a s e  in H and 
d. When pd < p d .  the value of US b e c o m e s  l e s s  than 
that  of U ~ the i n t e r s e c t i on  of U, + and U. ~ with i n c r e a s e  
in H and d o c c u r r i n g  at e v e r  lower  values  of p (F igs .  
2, 3). 

3) The re  ex i s t s  a p '  (H, d) below which U + i n c r e a s e s  
with d e c r e a s e  in H and d (see Figs .  2, 3). 

4) With i n c r e a s e  in p the quanti ty U.  + a pp ro aches  U~ 
f rom above the m o r e  rap id ly ,  the s m a l l e r  H and d 
(see  F i g s .  2, 3). 

5) In the p r e s s u r e  in te rva l  p ~ 0.7 m m  Hg the re  is 
a c o n s i d e r a b l e  d i f f e rence  in the d i s c h a r g e  vol tage U + 
depending on how it is suppl ied  to the gap (see F i g s .  
3, 4). When suppl ied  f rom the c a p a c i t o r  bank ( f i r s t  
method)  the b reakdown voltage is much h ighe r .  The 
d i f f e rence  may  r e a c h  10-15  kV (see in F ig .  3: d = 
= 1 5 m m ,  H = 3 0 0 0  Oe, 10 - 2 - > p  >_5 �9 10 - 3 m m  Hg). 
With i n c r e a s e  in p and d e c r e a s e  in d the d i f f e rence  
d e c r e a s e s ,  and at p ~ 0.5 - 1 m m  Hg is p r a c t i c a l l y  
equal  to z e r o  for  a l l  H. 

6) The re  is a r eg ion  of p r e s s u r e s  in the in t e rva l  
0 . 3 - < p - < 3 -  5 m m H g ( s h a d e d i n F i g .  2), in which 
the fol lowing effect  was o b s e r v e d  in e x p e r i m e n t s  b a s e d  
on the f i r s t  and s e c o n d  me thods .  

As  U was i n c r e a s e d ,  b reakdown o c c u r r e d  (capac i -  
to r  bank C 1 was c o m p l e t e l y  d i s c h a r g e d  a c r o s s  the gap) 
at  an e a s i l y  r e p r o d u c i b l e  U~ (denoted by a b roken  l ine 

! 
in F ig ,  2), a f t e r  which, even when U,  was i n c r e a s e d  
by 200-300  V (to 1700 V), b reakdown did not occu r  
aga in  fo r  a long t ime  (5-10  min) .  With fu r t he r  i n c r e a s e  
in U (U > U~) b reakdown r e o c c u r r e d  m o r e  f requent ly  
(however,  the t ime  be tween  s u c c e s s i v e  b reakdowns  
r e m a i n e d  much g r e a t e r  than the t ime  r e q u i r e d  to 
c h a r g e  c a p a c i t o r  bank C1). Then, a t  U~, s t ab le  b r e a k -  

! 
down o c c u r r e d ;  AU = U~- - U.  i n c r e a s e d  with i n c r e a s e  
in H and d and r e a c h e d  a m a x i m u m  at p ~ 0.5 - 0.6 m m  
Hg for  a l l  H and d. 
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Fig .  4 

In the r eg ion  2 �9 10 -2 -< p -< 7 �9 10 -2 Hg (not denoted  
in F ig .  2~ see  F ig .  4) a s i m i l a r  p i c tu r e  was o b s e r v e d ;  
h o w e v e r ,  in th is  c a s e  AU = U + - U,  r e a c h e d  4 - 4 . 5  kV. 

It should  a l s o  be noted that  in the p r e s s u r e  i n t e r -  
vals  p < 5 �9 10 -2 m m  Hg and p > 1 m m H g g o o d s t a b i l i t y  
of U + was  o b s e r v e d .  In the ca se  of r e p e a t  b r e a k d o w n s  
without  p r e l i m i n a r y  f lushing of the gap with a t m o s p h e r -  
ic a i r  b r eakdown  o c c u r r e d  at  the s a m e  vol tage ( c o r r e c t  
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to experimental errors, i.e., 3-5%). At H = 0 repeat 
breakdown without flushing always occurred at much 
lower voltages. 
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