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In [1] analytical  express ions  were  obtained for calculat ion of the cu r ren t  density of a thermoautoe lec-  
i ronic  emiss ion  in a vacuum, In the region of high t empera tu res  and weak e lec t r ic  fields,  the corresponding 
formula  has the fo rm 
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where  a = 0.527 A is the atomic unit of length; e l / 2 a  = 13.67 eV is the energy unit; a = (1/~x3)1/2; p = 2,~akT; 
x 0 = (30q30-6~/F) (108/2a) is the Schottky distance;  F is the intensity of the e lec t r ic  field, W/cm;  X is the work 
function; X' = X - l / x 0  is the work  function taking account of the Schottky effect; T is the Euler  constant (T = 

0.5772);/7 = T + ln2; 
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If we neglect  the re la t ive ly  smal l  per iodical ly  varying t e rm ,  then 

G (2n + i) ~ (i) 
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Express ion  (1) is genera l ly  used for calculating the cur ren t  density of a thermoautoelec t ronic  emiss ion 
in the p lasma of an a rc  d i scharge  [2]; here  the intensity of the e lec t r ic  field is obtained f rom the McGowan 

equation 

F = V 7.57. t0 5 (Vc) is2 {]~1845M i l 2 -  ]el, (2) 

where  Ji and Je are  the densit ies of the ionic and electronic  cur ren t  at the cathode; Vc is the preeathode poten- 
tial drop; and M is the atomic weight of an ion. 

Equation (2) offers  the possibi l i ty of determining only the mean value of the intensity of the e lectr ic  
field at the cathode, without taking account of its fluctuations, which ar i se  due to the motion of individual ions 
in the layer  of the space charge  ahead of the cathode. Taking account of such fluctuations, ca r r i ed  out in [3, 4] 
for thermoelec t ron ic  and in [5] for autoelectronic  emiss ions ,  pointed to the possibi l i ty of a considerable  in- 
c r e a s e  in the cur ren t  density of T -  and F-emiss ions .  We shall c a r r y  out a calculation to determine the cu r ren t  
density of a thermoautoe lec t ronic  emiss ion  taking account of individual ionic fields ( I - F - T -  and I - T - F -  

emissions).  

In [6], the distr ibution function of the probabili ty density of the cor rec t ions  to the work function, ar is ing 
with the approach of an ion to the sur face  of the cathode, f(Ax), was obtained. (In the case  where  account is 
taken of the d i sc re te  cha rac t e r  of the dis tr ibut ion of the charge  in the precathode layer ,  &• ~ ef~E= A• 
where A• is the Schottky correct ion.)  Then to obtain the mean value of the cur ren t  density of an I - T - F -  
emiss ion,  the cur ren t  density of a T - F - e m i s s i o n  must  be averaged with respec t  to the distr ibution function 

f(Ax), i .e. ,  

Moscow. Trans la ted  f rom Zhurnal Prikladnoi Mekhaniki i Tekhnicheskoi Fiziki, No. 2, pp. 25-28, 
March-Apr i l ,  1978. Original a r t ic le  submitted January  18, 1977. 

164 0021-8944/78/1902- 0164 $07.50 �9 1978 Plenum Publishing Corporat ion 



' !  I 2ov./51dv 

i 

�9 c~ .r  i i 
~ 2 ,5 4 E.10"7o V/~xn iiA/ctn ~ I i20V1 IOV 

]04/ $" 
I _ ! 1 
2 3 4 E.1g vlcm 

Fig.  1 
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<JZ--T--F> -~ i" ] T - r ( A Z ) ] ( A z ) d ( A z ) .  (3) 
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Figu re  1 gives the r e su l t s  of ca lcu la t ions  using fo rmula  (3) for m a t e r i a l s  with a work  function X = 4.5 V 
(tungsten, mercu ry )  and t e m p e r a t u r e s  of 2000, 2500, and 3000~ [curves  1, 5, and 9 w e r e  ca lcu la ted  using 
fo rmula  (2); cu rves  1-4 r e l a t e  to a t e m p e r a t u r e  of 2000~ 5-8 to 2500~ and 9-12 to 3000~ the numbers  on 
the cu rves  denote the cathode potent ia l  drop].  

The mean  value of the in tensi ty  of the e l e c t r i c  f ie ld  at  the su r f ace  of the cathode was ca lcu la ted  taking 
account  of the cont r ibu t ion  of the mean  field f rom the n e a r e s t  ion: 

F -- 4an t i c [ t - -0 .38  R-I/~], 

where  R is a d ime ns ion l e s s  p a r a m e t e r ,  whose values  a r e  given in Table  1 for d i f fe ren t  values  of the p r e -  
cathode potent ia l  d rop  and of the in tens i ty  of the e l e c t r i c  f ie ld  at  the cathode.  

F r o m  Fig. 1 it  can be seen  that  the c u r r e n t  dens i ty  of an I - T - F - e m i s s i o n  can exceed the c u r r e n t  den-  
s i ty  of a T - F - e m i s s i o n  by m o r e  than an o r d e r  of magnitude and that  this  effect  i n c r e a s e s  with a r i s e  in the 
d imens ion l e s s  p a r a m e t e r - H  = e ~ f f - - / k T .  

We note that ,  for t e m p e r a t u r e s  of the cathode below 2500~ with an in tens i ty  of the e l e c t r i c  f ie ld  F > 
4 . 1 0  l V / c m ,  a s igni f icant  ro l e  s t a r t s  to be p layed by an I - F - T - e m i s s i o n ,  which takes  account of e l ec t rons ,  
overcoming  the potent ia l  b a r r i e r  as a r e s u l t  of the tunnel effect ,  and not over  the b a r r i e r ,  as for I - T - F -  and 
T -  F - e m i s s i o n s .  

In this  ca se ,  the e x p r e s s i o n  for  the c u r r e n t  dens i ty  of an F - T - e m i s s i o n  has the fo rm [1] 

] r - ~  1.55. iO  c. ]'- %2 , , ~  .~- ,201 "2 exp [--  6,34. ~07023!e/F], 
~::~ n ~ 8.81, tO~gzU2T/F I 

where  0 is a Nordhe im function, whose  va lues  a r e  given in [1]. 

To ca lcu la te  the c u r r e n t  dens i ty  of an I - F - T - e m i s s i o n ,  JF-T  must  be ave raged  over  the d i s t r i bu t ion  
function of the p robab i l i t y  dens i ty  of the t r a n s p a r e n c y  of the potent ia l  b a r r i e r  f(Q): 

Qnlax 

</I- r - r>  = S ]~-7:(Q) f (Q) dq. 
Omin 

(4) 

The function f(Q), obtained in [5], has the f o r m  

[ 0max 
0 / ((2) = 2.5.10-2b~ L(em~-S: q)~ 

where  Qmax = 2/3 (x z / 2 / F )  0(F). 

Averag ing  (4), we can d e t e r m i n e  the c u r r e n t  dens i ty  of an I - F - T - e m i s s i o n ,  shown in the r igh t -hand  
pa r t  of Fig. 1. It can be seen  that  the c u r r e n t  dens i ty  of an I - F - T - e m i s s i o n  can cons ide rab ly  exceed the c u r -  
r en t  dens i ty  of an F - T - e m i s s i o n .  
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TABLE 1 

vol 1 l volts 5 10 

E, Y/cm]4.to'[a.io61i,6X, 3,2X 4.10"[8.i0 ~ ~.,6X 3,2><. 4-i0 ~ 8.t081ft,6X 3,2• 1 i• tx,o, 1 I• x,o' I x,o' 
R  ,213,11,, 510,77125 ,.%51 ,213 i 00! 501.% 

In conclusion, we note that, for temperatures above 2500~ and fields F < 5 �9 107 V/cm, the fraction of 
electrons overcoming the potential barrier as a result of the tunnel effect is considerably less than the frac- 
tion of electrons passing over the barrier JI-F-T. For temperatures below 2500~ and fields of (3-5) �9 107 
V/cm, the current density can attain JI-F-T and then, with a rise in the field, can considerably exceed JI-T-F. 

With a transition from an I - T - F -  to an I -F-T-emission,  the point of inflection on the curves is almost 
not visible, while, with a transition from a T - F -  to an F-T-emission, there is a sharp point of inflection 
with fields of ~4" 107 V/era, where the tunnel effect begins to be strongly felt. The effect of the discrete char- 
acter of the distribution of the charge in the precathode layer rises with a rise in the precathode potential for 
I - T - F -  and I -F-T-emiss ions ,  which is connected with a rise in the dimensionless parameter R =nd 3. 
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I n t r o d u c t i o n  

P lasma acce le ra to r s  with a closed Hall cur ren t  [1] are  now undergoing ever g rea te r  development. F rom 
the macroscopic  point of view the accelera t ion of p lasma in these devices is accomplished by the e lec t romag-  
netic force produced by the interact ion of the Hall cur ren t  with the external magnetic field. The concre te  
mechanism of the manifestat ion of this force  consists  in the fact that if the electrons are  magnetized,  then an 
e lec t r ic  field can be crea ted  in the plasma which accelera tes  the ions, whereas  the electrons arc  forced to 
drif t  in the di rect ion of the vector  [E • H]. If the conditions are  uniform in the direct ion of the drift,  then the 
drif t  or  Hall cu r ren t  which develops c loses  on itself and the necess i ty  of its commutat ion drops out. 

Great  attention is paid to one modification of an acce le ra tor  with closed drift: an acce le ra tor  with an 
extended accelera t ion zone and with die lect r ic  walls for the acce le ra to r  chamber  [2-6]. This sys tem has becn 
studied since the s ta r t  of the 1960s. Serious development of another modification - an acce le ra tor  with an 
anode layer ,  most  easi ly formed above metal cathode walls - began somewhat la ter ,  although the principle of 
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