THERMOAUTOELECTRONIC EMISSION TAKING ACCOUNT
OF INDIVIDUAL IONIC FIELDS

A. A. Porotnikov and B. B. Rodnevich UDC 533.93
In [1] analytical expressions were obtained for calculation of the current density of a thermoautoelec-

tronic emission in a vacuum. In the region of high temperatures and weak electric fields, the corresponding
formula has the form
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where a = 0.527 A is the atomic unit of length; e/ 24 = 13.67 eV is the energy unit; o = (/&) V% = 270kT;
%y = (V300e/ F) (10%/ 24) is the Schottky distance; F is the intensity of the electric field, W/em; X is the work
function; x' = x — 1/x, is the work function taking account of the Schottky effect; vy is the Euler constant (y =
0.5772); B =y + 1n2;
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If we neglect the relatively small periodically varying term, then
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Expression (1) is generally used for calculating the current density of a thermoautoelectronic emission
in the plasma of an arc discharge [2]; here the intensity of the electric field is obtained from the McGowan
equation

F =V 75710°(V,)2(j,1845M2 —j,}, @)

where j; and j are the densities of the ionic and electronic current at the cathode; Vg is the precathode poten-
tial drop; and M is the atomic weight of an ion.

Equation (2) offers the possibility of determining only the mean value of the intensity of the electric
field at the cathode, without taking account of its fluctuations, which arise due to the motion of individual ions
in the layer of the space charge ahead of the cathode. Taking account of such fluctuations, carried out in {3, 4]
for thermoelectronic and in [5] for autoelectronic emissions, pointed to the possibility of a considerable in-
crease in the current density of T- and F-emissions. We shall carry out a calculation to determine the current
density of a thermoautoelectronic emission taking account of individual ionic fields (I-F—T- and I-T—F-
emissions).

In [6], the distribution function of the probability density of the corrections to the work function, arising
with the approach of an ion to the surface of the cathode, f(Ay), was obtained. (In the case where account is
taken of the discrete character of the distribution of the charge in the precathode layer, Ay = VeE = Axgchs
where Aygep is the Schottky correction.) Then to obtain the mean value of the current density of an I-T—F-
emission, the current density of a T—F-emission must be averaged with respect to the distribution function
f(ay), i.e.,
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Figure 1 gives the results of calculations using formula (3) for materials with a work function y = 4,5 V
(tungsten, mercury) and temperatures of 2000, 2500, and 3000°K [curves 1, 5, and 9 were calculated using
formula (2); curves 1-4 relate to a temperature of 2000°K, 5-8 to 2500°K, and 9-12 to 3000°K; the numbers on
the curves denote the cathode potential drop].

The mean value of the intensity of the electric field at the surface of the cathode was calculated taking
account of the contribution of the mean field from the nearest ion:

F = 4ande[1—0.38 R3],

where R is a dimensionless parameter, whose values are given in Table 1 for different values of the pre-
cathode potential drop and of the intensity of the electric field at the cathode.

From Fig. 1 it can be seen that the current density of an I—T— F-emission can exceed the current den-
sity of a T—F-emission by more than an order of magnitude and that this effect increases with a rise in the
dimensionless parameter H = eveF /kT.

We note that, for temperatures of the cathode below 2500°K, with an intensity of the electric field F >
4-107 V/ em, a significant role starts to be played by an I—F~-T-emission, which takes account of electrons,
overcoming the potential barrier as a result of the tunnel effect, and not over the barrier, as for I—-T—F- and
T—F-emissions.

In this case, the expression for the current density of an F—~T-emission has the form [1]
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where 4 is a Nordheim function, whose values are given in [1].

To calculate the current density of an I—F—T-emission, jp-T must be averaged over the distribution
function of the probability density of the transparency of the potential barrier f(Q):
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The function £(Q), obtained in [5], has the form.
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where Quax = ¥/3 % Pro®.

Averaging (4), we can determine the current density of an I-F~T-emission, shown in the right-hand
part of Fig. 1. It can be seen that the current density of an I—-F—T-emission can considerably exceed the cur-
rent density of an F—T-emission. ‘ '
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TABLE 1

VZ]% 5 10 20

E, 4.10818.10%| 1,6 13,2 | 4.10% | 8.108 ] 1,6X | 3,2 | 4-10% | 8.108 | 4,6X | 3,2X
Vv/em X407 | x 107 X107 | X107 XA07 | X 107
R 6,2 | 31 |1,55}0,77 | 25 [ 12,5} 6,2 | 3.1 100! 50 25 | 12,5

In conclusion, we note that, for temperatures above 2500°K and fields F < 5- 10" V/cem, the fraction of
electrons overcoming the potential barrier as a result of the funnel effect is considerably less than the frac~
tion of electrons passing over the barrier ji_p.T. For temperatures below 2500°K and fields of (3-5) - 107
V/cm, the current density can attain j_p-7 and then, with a rise in the field, can considerably exceed ji_T_F.

With a transition from an I—T—F- to an [~ F—T-emission, the point of inflection on the curves is almost
not visible, while, with a fransition from a T~ F- to an F—T-emission, there is a sharp point of inflection
with fields of ~4- 107 V/ cm, 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-emissions, which is connected with a rise in the dimensionless parameter R = nd®,
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Introduction

Plasma accelerators with a closed Hall current [1] are now undergoing cver greater development. From
the macroscopic point of view the acceleration of plasma in thesc devices is accomplished by the clectromag-
netic force produced by the interaction of the Hall current with the external magnetic field. The concrete
mechanism of the manifestation of this force consists in the fact that if the clectrons are magnetized, then an
electric field can be created in the plasma which accelerates the ions, whercas the clectrons are forced to
drift in the direction of the vector {E x H]. If the conditions are uniform in the direction of the drift, then the
drift or Hall current which develops closes on itself and the nececssity of its commutation drops out.

Great attention is paid to one modification of an accelerator with closed drift: an accelerator with an
extended accelcration zone and with diclectric walls for the accelerator chamber [2-6]. This system has becn
studied since the start of the 1960s. Serious development of another modification — an accelerator with an
anode layer, most casily formed above metal cathode walls — began somewhat later, although the principle of
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