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The p ro f i l e s  of  the e lec t ron  t e m p e r a t u r e  and densi ty  in the channel  of a magnet ic  annular  a rc  
have been m e a s u r e d  with the help of an e l ec t r i ca l  c i rcu i t  developed for  l a rge  probe  cu r r en t s .  

The magnet ic  annular  a rc ,  desc r ibed  in [1, 2], is used in va r ious  types  of expe r imen t s ,  but the pheno-  
mena  involved have r ece ived  l i t t le  study: the p r o c e s s e s  occur r ing  in the a rc  channel have not been studied, 
and the p rof i l es  of the e lec t ron  densi ty and t e m p e r a t u r e  nea r  the e l ec t rodes  a re  unknown. This  informat ion 
mus t  be obtained if a physica l  model  is to be developed for  an a rc  of this  geomet ry .  

In our  expe r imen t s  the a rc  ex i s t s  between a hollow anode and a cathode. The tungsten anode has  an 
inside d i ame te r  of 18 mm,  while the cathode is a loop of tungsten wi re  1.5 m m  in d iamete r .  The cathode is 
held 5 m m  f r o m  the end of the anode. The magnet ic  field is  produced by a solenoid which is coaxia l  with 
the coaxial  e l ec t rodes .  The working gas is admit ted into the region between the anode and cathode, i .e. ,  
the a re  channel,  through sl i ts  in the anode. The gas  flows in the d i rec t ion  pe rpend icu la r  to the anode as 
it en te r s  the channel.  The e lec t rode  s y s t e m  is held in a vacuum chamber ,  evacuated by an N-8T pump. 

The arc  is ignited by prehea t ing  the cathode with a vol tage applied to the anode. After  the a r c  is 
es tabl ished,  the cathode hea t e r  c u r r e n t  is cut off; t he r ea f t e r ,  the cathode is heated by the heat  f rom the d i s -  
charge .  Under the pa r t i cu l a r  expe r imen ta l  conditions the d i scharge  is homogeneous in the azimuthal  d i r e c -  
tion (along 7~, ca r ry ing  p l a s m a  out of the e lec t rode  sy s t em.  

The e lec t ron  t e m p e r a t u r e  and densi ty a re  m e a s u r e d  by an e l e c t r o s t a t i c - p r o b e  method; this  method 
r evea l s  local  va lues  of the p a r a m e t e r s  without the need for  compl ica ted  specia l  equipment.  The probe  
m e a s u r e m e n t s  cons i s t  of de te rmin ing  two quanti t ies:  the probe  c u r r e n t  and potential .  When p robes  a re  
used in intense a r c s ,  a modif ied p rocedure  mus t  be used to obtain the I -V c h a r a c t e r i s t i c s .  The modi f ica -  
t ion is n e c e s s a r y  because  of the high c u r r e n t  dens i t ies  drawn by the probe  and because  of the l imi ted  t ime  
the probe spends in the a rc .  Var ious  types  of e lec t ronic  devices  can  be used to m e a s u r e  the probe  poten-  
t ia l  at the n e c e s s a r y  r a t a  [3], but these  devices  cannot, handle the power  requ i red  for  m e a s u r e m e n t s  of 
high probe  c u r r e n t s .  

To m e a s u r e  the p rof i l es  of the e l ec t ron  t e m p e r a t u r e  and densi ty  in our  e x p e r i m e n t s  we use the t r a n s -  
f o r m e r  c i rcu i t  shown in Fig. 1. 

The c i rcu i t  includes a dividing t r a n s f o r m e r  (1), f rom which the voltage is  fed to the probe;  an osc i l lo -  
graphic r e c o r d e r  (2), used to r e c o r d  the probe  vol tage and cu r ren t ;  an e lec t romagne t ic  r e l ay  (3) with an RC 
ci rcui t ,  n e c e s s a r y  for  turning the c i rcu i t  on b r ie f ly  (~0 .06  sec); a semiconductor  diode (4), used to cut off 
the e lec t ronic  pa r t  of the probe  cu r ren t ;  and an e l ec t ros ta t i c  p robe  (5). 

When push-but ton switch 6 is  pushed, capac i to r  C (previously  charged  through r e s i s t o r  R; R > R1, 
where  P~ is  the r e l ay  res i s tance)  is d i scharged  into the  winding of r e l ay  3. At this  t ime  an a l te rna t ing  vo l t -  
age (50 Hz) is  fed to the probe,  and the r e c o r d e r  is tu rned  om The t ime  at  which the re lay  contac ts  c lose  
is chosen on the bas i s  of the following cons idera t ions :  in each m e a s u r e m e n t ,  th ree  to five probe  c h a r a c -  
t e r i s t i c s  a re  r eco rded  in o rde r  to reduce the exper imenta l  e r r o r .  Since the f requency  of the probe  voltage 

Moscow. Trans l a t ed  f rom Zhurnal  Pr ik ladnoi  Mekhaniki i Tekhnicheskoi  Flziki ,  No. 5, pp. 158-160, 
Sep tember -Oc tober ,  1973. Original  a r t i c le  submit ted March 5, 1973. 

�9 19 75 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy of  this article is available from the publisher for $15.00. 

734 



l II o 

}1I 
Fig. 1 

~,  ~V 

5 

"o 
2 
0 2 t/ .Z, cm 

Fig. 2 

1013 i o 

5 F . o  

0 Z // l, cm 

Fig. 3 

is 50 Hz, the record ing  t ime for  the probe cha rac t e r i s t i c s  is 0.06- 
0.1 sec. At this probe-vol tage  frequency,  the photographic paper  
in the osci l lograph must  t ravel  at high speed (10 3 mm/sec )  for 
adequate resolut ion of the recording;  the osci l lograph is accord ing-  
ly turned on by the contacts  of re lay  3 for a t ime of 0.06-0.1 sec 
in o rde r  to reduce the length of the recording  f rame.  Since the 
probe cha rac t e r i s t i c s  are  analyzed on the basis  of the cu r r en t  
drawn by the negatively charged  probe, a semicondueting diode 
is placed in the c i rcu i t  of this probe. 

Using semiconducting diode 4 to cut  off the electronic c o m -  
ponent of the probe cu r r en t  makes it possible to avoid severe  
overheat ing of the probe when it is held at a positive potential 
and makes it possible to increase  the accuracy  with which the ion 
cur ren t  drawn by the probe can be measured,  since it is not neces -  

sa ry  to use a ga lvanometer  to measure  the e lectronic  par t  of the probe current ,  which is much higher than 
the saturat ion ion current .  With this c i rcui t  it is possible to r eco rd  the probe charac te r i s t i c  in 0.02 sec at 
probe cu r r en t s  up to 2 A. The I-V cha rac t e r i s t i c s  obtained f rom the oec i l lograms are  replotted in semi -  
logari thmic scale:  the e lec t ron t empera tu re  is calculated f rom the slope of the l inear  dependence of the 
logari thm of the cu r r en t  on the voltage, and the e lec t ron density is calculated f rom the saturat ion ion 
current .  

Exper iments  were  ca r r i ed  out for an a rc  cu r ren t  of 50 A, a magnetic induction in the channel of 4 • 
10 -2 T, and an a i r  flow rate  through the anode of 1 mg / sec .  The p r e s s u r e  in the chamber  was held at 10 -4 
to r r .  The working element  of the probe was a tungsten wire  0.1 mm in d iameter  and 2 mm long. The axis 
of the probe was para l le l  to the axis of the e lect rode system. The probe was mounted on t rans la t ion stage 
so it could be moved in the direct ion perpendicular  to the arc  channel. 

The exper imental  resu l t s  are  displayed in Figs.  2 and 3; the distance L is measured  f rom the end of 
the anode. Figure  2 shows prof i les  of the e lec t ron t empera tu re  along the axis of the sys tem (curve 1) and 
at a distance of 5 m m  f rom the anode (curve 2). We see that the e lec t ron tempera tu re  falls off with d is -  
tance f rom the e lec t rodes ,  and the dec rease  is l ess  pronounced at the axis than at the pe r iphery  of the sys -  
tem. This behavior  resu l t s  f rom the existence of a cent ra l  cathode s t ream,  i.e., a s t r eam of e lec t rons  
emitted by the cathode along magnetic l ines of force  perpendicular  to the end of the anode. Under our ex-  
per imenta l  conditions the e lec t rons  are  =magnetized m (We r e  > 1) and do not par t ic ipate  in the cur ren t  
t r anspor t  in the arc  channel as  they move along the magnetic l ines of force.  Figure 3 shows the profile of 
the e lec t ron density; the density falls off with distance f rom the arc  channel, due to the expansion of the 
are  into vacuum and its accelerat ion.  The density in the arc channel is lower than near  the cathode, p e r -  
haps because of the existence of the cathode s t ream.  

The profi le of the density of all charged  par t i c les  is consis tent  with our  understanding of the typical  
p r o c e s s e s  occur r ing  in a magnetic annular arc .  The decrease  in the e lec t ron  tempera tu re  along the axis 
is not due to col l is ions and requ i res  fur ther  study. 
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