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Abstract
A mechanism is proposed and developed of the arising of an electron drift wave when
there is no electric field in the ionization zone of an accelerator with closed electron drift
(ACED). It is shown that the wave intensifies electron current transfer across the magnetic
field to the anode especially when there are no collisions of electrons with ions and atoms.
Such uprated current transfer results in generating so-called flying-through oscillations. A
number of experimental factors, that were not understood previously, are explained.
Introduction
The comparability of the time, in which ion passes through the channel of an accelerator
with closed electron drift (ACED), with the inverse of the frequency of megahertz-band
oscillations, recorded in it, let down the developers of the ACED, as that casual coincidence
was considered the basis for the mechanism of "flying-through" oscillations [1]. The main
background of the mechanizm that these oscillations are initiated by ions, flying through the
ACED channel, is rather absurd, as, first, an ion flow cannot in principle exite oscillations in
plasma at its parameters existing in the ACED (as the velocity of the ion flow is less than the
phase velocities of the waves [2]) and, second, to generate flying-through oscillations in any
system, a rather rigid connection with its boundaries is required [3], which is absent from the
ACED.
Besides, the mechanism of the electron drift wave, experimentally recorded along the
channel and running along the asimuth with a velocity that is several times less than - c E / B
(where c is the light speed, E0 is the electric intensity, B is the magnetic density) was
explained only for the acceleration zone where E0 0,whereas for the ionization zone (where
E0 0) it was not understood by now [4] and was ignored. As a result, a paradoxal situation
has formed in the understanding of the mechanism of electron conduction, i. e. it was known
that "the only possible mechanism is electron diffusion across the magnetic field amplified by
oscillations" [1], but it remained unknown how they emerge and, all the more, how they
influence the conductivity.
The objective of this work is to surmount the contradictions that arised and to find
answers to the questions advanced.
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T - densities, masses, velocities and temperatures of electrns and

co, Q:, v - frequency, Larmour frequency of electrons and frequency of collisions
e - unit charge;

k - wave vector;
Vb - wave velocity.
Mechanism of Wave
Let us consider the dynamics of plasma in the ionization zone of the acceleration
channel, assuming that:
- only electron collide with each other (i. e., the ion momentum in collisions remain
constant);
- E =0;

7 =0:

-a condition of quazi-neutrality is fair in the form n =

,, as the frequencies under

consideration o << o, o.

Taking into account the assumptions, the system of equations describing interaction of
electrons and ions will be as follows:
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The stationary solution of (1) yields the following amounts of asimuthal components of
the velocities (Vn along z):
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The presence of the velocity of azimuthally-flowing electrons not equal to zero even at v
= 0 witnesses to the fact that there is a drift current in the ACED ionization zone that results
from the crossing Vn (which is an analogue of Eo) and B fields [4]. Let us show now that
this current exciies an azimuthal electron drift wave.
For this purpose, let us develop system (1) in a small parameter A' (any variable) around
the stationary state (2), and let us find A' in the form exp[-i(o- kx)].
Using obvious simplifications (i. e.that the plasma is uniform in (p and the inertia of
electrons at o values under consideration is negligible), we obtain the following dispersion
equation:
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In the model under consideration, it is suitable to find the condition
of exciting
oscillations Im o >0) by substitution of o in Eq. (3) in the form o = a + i3. This yields for p
a transcendent equation:
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is

the inequality V°>

(see Fig. 1). Comparing it with Eq. (2) and considering that for the
B = 102 G, v =106 s-, u =10, T = 10eV, we find that oscillations are practically
excited for asimuthal movement: -
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For these values, we obtain from Eq. (4) that

n [5]).

As V° in Eq. (2) is several times less than the electron drift velocity cE / B, the
experimental fact that the velocity of an electron drift wave in the ACED in less than the
habitual value cE I B becomes understandable.

Fig. 1.
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The azimuthal electron current of = cnl'" density excites oscillations of a charge and
electric field in plasma, the intensity of this field E . as follows from (I), being dirccted along
(p. The energy required to swing oscillations is taken from the kinetic energy of the electron
flow by the field of these oscillations, i. e.

J idi

<0 even if J Edt =0.

period

pcrrod

The mechanism of taking the energy can easily be understood with the following model.
The condition of swinging oscillations is determined by the inequality Vo > Vb [2]. Let it

'" >Vb + y (where y is a small addition). The electrons, moving almost
be that
synchronically with the wave, will group in areas where the wave field vanishes and when the
field transfers from the accelerating phase to the braking one, as y > 0, the electrons will
group basically in the braking phase (as is the case with a travelling-wave tube). Therfore, at
any instant of time, the total number of the electrons moving in the crossing E, and B fields
toward the anode is be greater than that of moving from it, such a process proceeding without
any classical collisions.
Below is a quantitative evaluation of the electron transfer velocity across the magnetic
field according to the mechanism proposed, assuming v = 0.
Let us introduce and find the average effective electric intensity E, that provides the
same current energy off take as the wave field (see Fig. 2). As calculations showed that a
p, the electron's energy loss for the period of oscillations can be considered comparable with
the energy itself,
E

74V2
el

_

c o

e

e

-m

2
°
o.

V°

In these oscillations, the spatial period is 1

[6]. i. e.,
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Considering the electron to drift to the anode at the velocity I'
V:'

C

'

and substituting

from Eq. (2), we obtain with an accuracy of a constant as follows:
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or, in the terms of diffusion rate,
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which yields for the ACED V,107 cm s.
It should be noted that:
- the electron diffusion rate to
previously [1];
- the mechanism of excitation
particular, electron transfer across
acceleration zone (Vn, is replaced by
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the anode is proportional to B -', not B as considered

of the electron drift wave and all its consequences, in
the magnetic field, are entirely true for the ACED
Eo).

Mechanism of Flying-Through Oscillations
When electron density gradients are small, i. e., plasma is rather uniform, Eq. (3) is true
motions across the ACED axis, except for VI° in Eq. (2) that should be
for longitudinal
/
taken from Eq. (5) as V° = V. not from Eq. (1) in the form of V =

V

Performing similar calculations, we find the co components as ac p10 s', i. e., the
6
frequency of oscillations propagating along the ACED axis is f>10 Hz, which is in
agreement with experiment. Therefore, the flight of the ion through the ACED channel is in
no way related to megahertz-band oscillations recorded in the ACED.
Conclusion
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The main results of the investigations conducted can be worded as follows:
- a mechanism has been developed of excitation of an electron drift wave in the ACED
ionization zone; it is based on interaction of the azimuthal electron current, emerging in
nonuniform partially-magnetized plasma, with its ions;
- a mechanism has been proposed of amplifying electron diffusion outs the ACED anode
caused by interaction of electrons with the field of the electron drift wave;
- it is shown that even in low-nonuniform magnetized collisionless plasma, tae electron
diffusion rate across the magnetic field is proportional to B ' and the diffusion coefficient is
equal to cTleB;
-all the results obtained for the ACED ionization zone are also true for the acceleration
T Vn
zone with replacing
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e n

by Eo in Eq. (2);
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- a mechanism has been proposed of megahertz-band "flying-through" oscillations
excited by the longitudinal electron current, not ions, as it was supposed previously.
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