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It is shown that strong electron beams are generated in linear discharges, at a plasma concentration
n ~10'2-103, in space charge layers that may arise near the electrodes, as well as in the plasma
column. During the discharge they move with a velocity v ~10°-10" cm/sec from the cathode to
anode. The formation and movement of the layers are related to confinement of the carriers near the
cathode or in the plasma owing to the inhomogeneity of the latter. The magnitude of the beam
current produced in the space-charge layer is determined by the emissivities of the cathode and of
the plasma, whereas its duration is determined by instabilities produced in the discharge.

INTRODUCTION

Experiments with a linear plasma betatron[‘], and
also a number of experiments with direct discharges Les]
have demonstrated the possibility of formation in a
plasma of intense electron beams with current on the
order of several kiloamperes. In spite of the great prac-
tical interest in the production and use of such beams,
many problems of beam formation in a plasma have not
been sufficiently well studied. Thus, the mechanism
whereby the beams are formed is not clear. In a number
of studies*’%3, the formation of the beam in a straight
discharge is attributed to two-stream current instability,
which appears in a ]plasma in electric fields exceeding
the Dreicer field[°. In this case the collective effects
produce in the plasma a turbulent zone 5—20 ¢m long
with an effective collision frequency v e ~ v/I, where v
is the velocity of the beam electrons and / is the length
of the turbulent zone. This region of '"anomalous'' resis-
tance of the plasma, in which the principal drop of the
potential applied to the discharges is observed, is not
connected with the layers next to the electrodes, and
moves from discharge to discharge along the plasma
column. The dissipation of the energy of the external
circuit in the anomalous resistance causes the energy to
be consumed not in heating of the plasma, but in transla-
tional motion of the beam of accelerated electrons.

This explanation of beam formation in a plasma does
not yield any information on the energy-transfer mech-
anism itself, since the presence of the effective collisions
Vet in the turbulent discharge zone, and hence in the
region of anomalous resistance, should lead, one might
think, to the dissipation of the energy in the turbulent
discharge zone itself. Yet it is shown in[*) that more
than 509 of the capacitor energy can be converted into
the energy of translational motion of the fast electrons.
In other paperst*®J, on the other hand, it is assumed
that the principal role in the formation of the beams in
the plasma is played by the layer next to the cathode, on
which practically the entire voltage applied to the plasma
is concentrated, owing to the limitation of the number of
carriers. It is in this layer that the electric field reaches
10°—10° V/cm, where the intense electron beam is made
up of the electrons emitted by the cold cathode. A diode
of sorts is produced, in which the anode is the dense
quasi-neutral plasma at the potential of the positive
electrode, and the cathode is the negative electrode. The
plasma plays in this case the role of the medium that
contributes to the concentration of almost the entire
voltage applied to the electrodes in the narrow near-
cathode layer.

Closely connected with the beam-formation mechan-
ism is a question of practical importance, that of the
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possible duration of high-power electron beams formed
in the plasma. The duration of the electron beams ob-
tained to date in discharges ranges from 0.3 to 1.0 usec.

The present paper is aimed at a study of the condi-
tions of beam formation in a plasma, as well as the pos-
sibility of obtaining in a plasma a large-current electron
beam with large duration of the current. Therefore, in-
stead of the solenoidal voltage of short duration
(0.5 wsec) used by us earlier [1], we used a straight dis-
charge of a capacitor bank through a plasma; this has
made it possible to obtain, under certain conditions, a
high-voltage pulse of several dozen microsecond dur -
ation.

Our results give grounds for assuming that the form-
ation of strong-current electron beams occurs in space-
charge layers. These electric layers can be produced
not only near the electrodes, but also in parts of the
plasma column that are far from the electrodes. The
formation of these layers is due not to the development
of plasma instabilities in electric fields E > E; . (Eqp is
the critical Dreicer field) and to the onset of anomalous
resistance in the plasma, but to the limitation of the
number of carriers in that part of the plasma column
where the plasma density is minimal. Such an inhomo-
geneous longitudinal distribution of the plasma density
takes place frequently in real experimental conditions.

EXPERIMENTAL SETUP AND
MEASUREMENTS METHODS

The experimental setup is shown in Fig. 1. A highly
ionized plasma with density no ~ 5 x 10"'—3 x 10" cm™®
was produced at a pressure p ~ (1—5)x 10° mm Hgina
glass chamber (length 60 cm, diameter 8 cm) placed in
a magnetic field of intensity up to 5 kOe. To ionize the
residual gas, an electron beam was injected into the
chamber with a current 4 A, an energy 8 keV, and a pulse
duration 160 ysec; this beam was produced by electrons
source 4. The initial plasma-column diameter in the
chamber was 2 cm.

The discharge voltage was applied to stainless-steel
reticular electrodes (2—cathode, 3—anode) of 5 cm diam-
eter, with a delay 10—100 psec after the end of the in-
jection of the plasma-producing beam into the chamber.
These delays have made it possible to operate with a
decaying plasma with preselected concentration in the
range no ~ 5 x 10" —3 x 10*® em™, The discharge voltage
was applied from a 0.4-u F capacitor bank charged to
25 kv, through a vacuum discharge gap or through a
thyratron. Connected in parallel with the discharge
chamber was a resistor Rgp, which formed in the ab-
sence of plasma in the chamber together with the dis-
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FIG. 1. Experimental setup. 1—Discharge chamber, 2—cathode,
3—anode, 4—electron source, 5—capacitive probes, 6—-Rogowski loop
to measure the total discharge current, 7—Rogowski loop to measure
the beam current, 8—diamagnetic probe.

charge capacitance, a discharge circuit with time con-
stant Rg;,C = 100 psec.

The beam produced in the straight discharge passed
through the reticular anode into a region with reduced
gas pressure and was incident on a collector, where it
was registered with a broadband (bandwidth 50 MHz)
Rogowski loop 7 with a large dynamic output-voltage
range, making it possible to feed the signal directly to
the oscilloscope plates. A second Rogowski loop 6 regis-
tered the total discharge current. The voltage on the
electrodes was measured with the aid of the voltage
divider Rgj,.

To measure the distribution of the potential along the
plasma column as a function of the time, external capaci-
tive probes 5 were placed in several spots along the
chamber. The signals from the probes were fed to the
plates of a two-beam oscilloscope. These probes regis-
tered the plasma potential relative to the cathode at the
location of the probe.

The energy of the electrons of the beam produced in
the straight discharge was estimated from the hardness
of the x rays from the beam collector. The high-fre-
quency radiation produced upon interaction of the beam
with the plasma was registered with loop and horn an-
tennas placed at three points along the setup.

The plasma concentration was estimated from the
cutoff of microwave signals of wavelength x ~ 3 cm
and ~8 mm, and also with the aid of a microwave inter-
ferometer operating at 8 mm. To obtain the spatial dis-
tribution of the plasma concentration, the microwave ap-
paratus was placed at three points along the setup. The
concentrations were registered simultaneously.

EXPERIMENTAL RESULTS

As shown by measurements of the time distribution
of the potential along the plasma column, a straight dis-
charge at a plasma concentration no ~ 10" —10" cm™ is
initiated when the voltage applied to the cathode becomes
concentrated in the near-cathode layer of the plasma,
and the entire plasma column assumes the potential of
the positive electrode. The redistribution of the potential
proceeds at the same rate as the growth of the voltage,
as is evidenced by the readings of the capacitive probe
located in the immediate vicinity of the cathode, which
registered the appearance of the positive potential equal
to the electrode potential at the instant when the poten-
tial was applied to the electrodes. Depending on the ini-
tial concentration, the discharge can evolve in three ways
that differ from one another both in the value of the dis-
charge current and in the dependence of this current on
the time. Figure 2a shows the dependence of the current
on the plasma concentration during the initial stage of
the discharge for a 20 kV voltage. It is possible to dis-
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FIG. 2. Dependence of the current during the initial stage of the
discharge of the plasma concentration (a); oscillograms of the discharge
voltage and current in the first (b), second (c), and third (d) regions of
the plasma concentration, V = 15 kV, sweep 6 usec/div.

tinguish three regions in this dependence. At low con-
centration (region I), the current is very low

(Iq ~ 10—30 A). At a concentration no ~ (1—2) x 10** cm™
(region II), the current increases jumpwise to

800—1000 A, after which it increases gradually. At

ny ~ (1—2) x 10*° em™, further increase of the discharge
current takes place (region III), On going from one reg-
ion to the other, the character of the discharge changes
abruptly. Figures 2b—2d show discharge voltage and
current oscillograms typical of these three regions

(Vo ~ 15 kV)., The sweep duration is 60 usec. As seen
from the oscillograms, three types of discharge are
possible (I, II, and II) in the straight discharge, depend-
ing on the plasma concentration. In many cases all three
types are observed during one discharge of the capaci-
tor, and gradually give way to one another. As shown by
investigations, the generation of the electron beam takes
place in discharges of type I and II.

A characteristic feature of the discharge of type I is
the long lifetime of the near-cathode potential drop, the
value of which is equal to the applied voltage. The entire
plasma column, with the exception of the narrow region
next to the cathode, has the potential of the anode. The
maximum energy of the electrons participating in the
transfer of the current during this stage of the discharge
corresponds to the applied voltage. This indicates that a
beam with n, < no (n, is the beam-electron concentra-
tion) is produced in the near-cathode layer and carries
the entire discharge current. A beam with current
10—30 A exists during the entire time, so long as there
is a near-cathode voltage drop; this drop disappears at
the instant when the oscillatory current is produced.
During the entire lifetime of the beam, microwave radia-
tion from the plasma is registered, at a frequency
w ~ @pe* The passage of the beam through the plasma

column and its interaction with the plasma leads to a
gradual increase of the concentration of the plasma and
of the beam current. When a value n ~2 x 10 ecm™ is
reached, the second type of discharge is produced, and
goes over immediately into an oscillatory discharge, in
which the plasma concentration and the discharge cur-
rent increase rapidly and the voltage decreases. The
near-cathode potential drop then vanishes and the beam
formation is interrupted.

The discharge of type II is more complicated in form.
Figure 3 shows the time dependences of the voltage (1)
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FIG. 3. Oscillograms of the voltage (1) and current (2) of the dis-
charge, of the potentials of the capacitive probes (3—6), of the cutoff
of the microwave signal (7), of the RF radiation (8), and of the x radi-
ation (9) for a discharge of type II;ng~ 3 X 102cm™,V ~ 15kV,
sweep 4 usec/dov. A—signal amplitude.
and current (2) of the discharge, the signals from the
capacitive probes (3—6) installed at distances 2, 47, 51,
and 55 cm from the cathode, and the cutoff of a micro-
wave signal of wavelength ~3 cm (7) that probes the
plasma at the center of the chamber, the amplitudes of
the RF oscillations (8) at frequency £ ~ 500 MHz and of
the x rays from the anode (9). Just as in the discharge
of type I, the current in the discharge of type II is pro-
duced under conditions when the voltage drop becomes
concentrated on the near-cathode layer of the plasma,
as is evidenced by the signals from the capacitive
probe. However, in contrast to the discharge of type
I, the current reaches Iq ~ 800-1000 A. The existence
of a near-cathode voltage drop layer and the presence
of hard x rays from the anode, with energy equal
to the applied voltage, indicate that a high-power
electron beam is produced in the near-cathode layer in
this type of discharge. This beam passes through the
reticular anode and through the anode vacuum chamber,
and strikes a collector, where it is registered with the
Rogowski loop 7 (Fig. 1). The currents measured by
loops 6 and 7 during the initial stage of the discharge
are practically equal. Since the loop 6 registers simul-
taneously also the current of the fast electrons that move
to the collector and are measured by loop 7, the equality
of the currents registered by the loops 6 and 7 proves
that the entire discharge current at the instant of gener-
ation of the strong-current beam is transported by the
beam of fast electrons. Its duration amounts to
1—2 usec, after which the beam current decreases
sharply and the so-called pause in the current is pro-
duced. During the time of the pause, the current does
not vanish completely, but is maintained at a level of
30—40 A, increasing gradually. A small resistor Rgh
(Fig. 1) connected in parallel with the plasma column
prevents an overvoltage from being produced on the elec-
trodes at the instant when the discharge-circuit current
decreases abruptly. Current bursts, which sometimes
reach 1000 A and more and have a duration ~1 usec,
are observed against the background of the pause. In
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one of the bursts, the current goes over into an oscilla-
tory discharge regime, after which the voltage on the
electrodes decreases rapidly.

To explain the factors that cause interruption of the
strong-current beam and prevent the production of a
beam of large duration, we investigated the temporal and
spatial behavior of the plasma concentration, of the po-
tential distribution, and of the x rays and the RF radia-
tion. The experimental results show that the interruption
of the current, which is observed 1—2 psec after the
production of the beam, is correlated in time with the
rapid decrease of the plasma concentration (''unblock-
ing' of the 3-cm signal takes place, Fig. 3, curve 7) and
with a displacement of the potential-drop layer from the
cathode into the plasma column (Fig. 3, curves 3—6, the
signal from the probe placed near the cathode vanishes
after 2 usec, and the signals from the probes closer to
the anode vanish with ever-increasing delay). The in-
terruption of the beam current is also correlated in time
with the vanishing of the x rays and the RF radiation
(f ~200—10000 MHz). As shown by measurements of
the plasma diameter, at the instant of beam interruption,
i.e., 2 usec after the start of the discharge, the plasma
column broadens and occupies the entire volume of the
discharge chamber.

An investigation of the pause in the current has shown
that at small electrode voltages (Vo < 10 kV) the duration
of the pause can reach 20—30 psec without the appear-
ance of current bursts. The current does not remain
constant at the instant of the pause, but changes jump-
wise all the time, in the range from 30 to 50 A, increas-
ing on the average towards the end of the pause. The
discharge current at that instant is carried by a small
number (n, < n) fast electrons of the weak-current beam.
This beam, in analogy with the beam in the type-I dis-
charge, is formed in a potential-drop layer that becomes
detached from the cathode and moves with variable
velocity along the plasma column towards the anode. The
rate of displacement of the potential-drop layer was es-
timated from the time required by it to cover the dis-
tance between neighboring capacitive probes. It is maxi-
mal (v ~ 107 cm/sec) at the initial instant of time after
the interruption of the beam current and the formation
of the pause in the current. The layer motion then slows
down. Before the next burst of current, and also as the
layer approaches the anode, the velocity decreases to
~10° cm/sec and lower. The spatial localization of the
potential-drop layer in the current pause amounts to
2—5 c¢cm. The motion of the layer at the instants when
the secondary current bursts occur is more complicated
in character and its study has not yet been completed.
When the oscillatory discharge sets in, the potential-
drop layer in the plasma disappears.

A study of the behavior of the plasma concentration in
time and in space has shown that during the time of the
pause, in addition to the displacement of the layer carry-
ing the main potential drop, there is also motion of the
front of a dense plasma (n > 10*° cm™) in the current.
The plasma-concentration drop moves from the cathode
to the anode with an average velocity ~5 x 10° cm/sec.
As shown by an analysis of the "'cutoff' of the microwave
signals, immediately after the onset and interruption of
the strong-current beam formed during the initial stage
of development of the straight discharge, the plasma
concentration decreases abruptly over the entire length
of the chamber (the microwave signal becomes
"unblocked' (Fig. 3, curve 7)), with the exception of the
region near the cathode, where it increases. Subse-
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quently, during the time of the current pause, the dense
plasma propagating from the cathode first leads to a
blocking of the microwave signal in the central part of
the chamber, and finally at the anode. By the instant the
oscillatory discharge sets in, the dense plasma fills the
entire chamber. The concentration of the anode plasma
(the plasma region located on the anode side of the po-
tential-drop layer) increases gradually during the pause
and by the instant when the secondary current bursts
are produced it reaches values 8 x 10'*—10*? ¢cm™,.

An appreciable contribution to the explanation of the
mechanism producing the strong-current beams in
straight discharges is made by a study of the current
bursts. As shown by investigations, the current bursts
produced after the pauses constitute strong-current
beams of electrons with energy corresponding to the
voltage applied to the electrodes, and with n;, < n parti-
cles that transport the entire discharge current. At the
instant of beam generation, hard x rays are registered
as well as HF noise (f ~ 100—10,000 MHz) (Fig. 3,
oscillograms 8 and 9), in analogy with the situation that
occurs when a strong-current beam is formed during the
initial stage of the discharge. At the instant of formation
of the secondary strong-current beams the electrode
voltages decrease by 2—3 kV, thus indicating that part of
the capacitor-bank energy is diverted to acceleration of
the beam particles. The determination of the spatial
localization of the generation region of the secondary-
strong-current beams occurs in the potential-drop layer
under conditions when this layer moves along the plasma
column.

With increasing voltage, the current of the beam
formed during the initial stage of the discharge increases
(Fig. 4), and its duration decreases. At the same time,
the secondary strong-current beams increase and the
duration of the pauses between them decreases. At a
voltage above 30 kV, the secondary strong-current beams
merge with the primary beam and with one another,
forming an electron beam of current exceeding 1000 A
and total duration up to 5 usec. The current of this
beam experiences multiple abrupt oscillations in a range
300—400 A, The accompanying noise in the plasma is
so intense, that the study of the dynamic characteristics
of the beam and of the plasma becomes very difficult.

With increasing initial plasma concentration, the cur-
rent increases in both the first beam and in the secondary
beams. At a concentration above no ~ 5x 10* cm™, the
formation of a strong-current beam during the initial
stage of development of the straight discharge, and its
interaction with the plasma, lead not to a lowering of the
plasma concentration along the discharge chamber and
to a pause in the current, but to an increase in the plasma
concentration and an increase of the discharge current.
Under these conditions, the type-II discharge, which en-
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sured generation of intense beams, goes over into a
type-1I discharge, which is characterized by the absence
of conditions for beam generation,

The transition region of plasma concentration extends
to no ~ 3 x 10** cm™., In the transition region, the total
discharge current consists of two parts: an initial part,
which is a strong-current electron beam with n, < n,
and is formed in the layer next to the cathode, and the
remainder, which is a beam of electrons with n ~ no and
with low energy. An increase of the plasma concentra-
tion above no ~ 5 x 10 cm™ leads to a gradual shorten~
ing of the beam-generation stage (type-II discharge) to
fractions of a microsecond, and at a plasma concentra-
tion no ~ 3 x 10** em™ practically no beam is formed,
and the oscillatory discharge sets in immediately. The
discharge current is carried in this case by all the
plasma electrons, which have low energies. The current
is determined by the wave resistance (L/C)!”* of the dis-
charge circuit. With increasing voltage, the conditions
for beam generation during the initial stage of discharge
development remain in force for a denser plasma.

The magnetic field exerts no significant influence on
the conditions of beam formation in the plasma. Chang-
ing the field from 2 to 5 kOe leads to a more stable onset
of the type-II discharge, to a higher value of the current
in the beam, and to an improvement in the reproducibility
of the results. The value of the beam current produced
during the initial discharge stage, and the probability of
the appearance of any particular type of discharge, are
greatly influenced by the degree of prior conditioning of
the discharge by discharges and its outgassing. After
prolonged operation, the emission of the electrons from
the cathode decreases, and in place of a type-II dis-
charge one obtains a type-I discharge at the same plasma
concentration. It was therefore necessary to '"restore'
the cathode during the course of operation, by admitting
a small amount of gas into the system for a certain time.

DISCUSSION OF RESULTS AND CONCLUSIONS

Qur results show that the formation of strong-current
electron beams occurs both in the layer next to the elec-
trode (just as in the experiments of [*"*J) and in the layer
where the principle potential drop occurs in the plasma
column (in analogy with the results of [*s°J),

The mechanism of beam formation in the near-elec-
trode layers is well known. The dependence of the beam
current on the cathode material and on the degree of its
conditioning indicates that in discharges of type I and I
the beam current is ensured by y processes on the elec-
trode "*>"J, The formation of strong-current beams
(with current ~ 1000 A and more) is possible only at a
plasma concentration n, > 10'? cm™, In this case, an
additional electron-emission mechanism appears and is
apparently connected with the formation of cathode spots,
as a result of which the beam current increases.

Let us examine the mechanism whereby strong-cur-
rent electron beams are produced in a plasma column.
As shown by the results, the formation of secondary
strong-current beams occurs under conditions when the
near-cathode space-charge layer, which takes the entire
potential drop and in which the strong-current beam is
produced during the initial stage of the discharge, moves
in the plasma after becoming detached from the cathode.
The movement of the layer in the plasma coincides in
time with the appearance in the plasma column of con-
centration inhomogeneities, namely an increase of the
concentration at the cathode and a sharp decrease along

E. I. Lutsenko et al. 487



the chamber. The plasma-concentration drop moves in
the same direction and at approximately the same veloc-
ity as the potential-drop layer. This is evidence that the
existence and motion of a space-charge layer in the
plasma is due to the inhomogeneity of its concentration.
In this case the potential-drop layer itself is electric
double layer, similar to that observed earlier in dc
weak-current discharges Le,9] ot places where the plasma
concentration is decreased or where the diameter of the
discharge changes; such a double layer separates two
quasineutral plasmas (cathode and anode).

As shown by the simplest theory of the electric double
layer (without allowance for its motion), the current den-
sity jg in a discharge with a double layer is given by

=2 (L) 2 M

In m @’

Here V is the potential drop in the layer and d is the
layer thickness. The density jg is connected with the flux
of the ions moving to the double layer from the anode
plasma by the relation

Je=js(M/m)", )

where j; = 0.4en(2kTg/M)'” is the density of the ion
current and is determined only by the plasma param-
eters.

It follows from (1) and (2) that the value of the cur-
rent in a discharge with a double layer does not depend
on the voltage, and is limited by the number of ions that
move from the plasma into the double layer, i.e., by the
plasma concentration. This property of a discharge
with a double layer explains the singularity observed in
our experiments, wherein an electron beam with a small
current (during the pauses) and a large current (during
the bursts) is produced at an almost constant electrode
voltage in a discharge with a double layer (Fig. 3, curves
1 and 2). The small value of the beam current during
the pause is explained by the limited number of the car-
riers in the anode plasma, owing to its low concentration
during that time. The subsequent increase of the beam
current to 1000 A and more during the time of the cur-
rent bursts can be attributed to the rapid increase of the
number of carriers with increasing anode-plasma con-
centration. It appears that the latter is due to ionization
of the neutral gas that enters into the beam region from
the chamber walls when the latter are bombarded by the
particles of the expanding plasma and when the preced-
ing strong-current beam is interrupted.

As shown in [9], motion of the double layer along the
plasma column is due to the fact that the random elec-
tron flux jp = envpg that enters the layer from the
cathode side exceeds the discharge current jg that passes
through the double layer. Recognizing that the production
of the space-charge layer is connected with a limitation
of the carriers, it can be assumed that these layers can
be produced directly in an inhomogeneous plasma with-
out their being formed at the electrode. It appears that
the formation of such layers can explain the onset of
turbulent regions of the principal potential drop, which
were observed in some experiments on plasma heating
in straight discharges[*’®J, and which have not found
sufficient explanation. This is indicated by the formation
of the pause in the current, observed in[®-, and by the
experimentally obtained '*° dependence of the beam cur-
rent on the voltage, which is characteristic of discharges
with double layers.
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In order to produce in a straight discharge a strong-
current beam with large duration (more than 2 usec) it
is necessary to ensure stationary formation conditions
during the duration of the voltage pulse. It follows from
the experimental results that strong-current beams can
be formed either in the near-cathode space-charge layer
which is produced as a result of limitation of the car-
riers by their small emission from the electrode, or in
an electric double layer located in the plasma column
itself and produced as a result of the limitation of the
carriers by the section of the column with the reduced
plasma concentration. For a strong-current beam to be
formed in the first case, it is necessary to ensure suffi-
cient emission of the electrons from the cathode and this
emission, as follows from Fig. 2a, depends critically on
the plasma concentration. At plasma concentrations
above no ~ 2 x 10 cm™ one observes an abrupt increase
of the electron emission from the cathode (apparently as
a result of the onset of cathode spots), so that it becomes
sufficient for the formation of a strong-current beam.
For a strong-current beam to be formed in the second
case, the plasma concentration should also be large
enough to ensure, according to relations (1) and (2), the
required value of the beam current.

An analysis of the results shows that the phenomena
accompanying the formation of strong-current beams
are identical in both cases. The formation conditions
are maintained for a short time, and vanishing is due to
the fast disintegration of the plasma through which the
strong-current beam passes. The intense microwave
and X radiation from the plasma at the instant when the
strong-current beam passes through it indicates that the
cause of the plasma disintegration, and hence the dis-
ruption of the beam may be the low-frequency instabili-
ties investigated in ™3, The dependence of the critical
current of the beam and the time of its disruption on the
electrode voltage (Fig. 4) is similar to that obtained
in™, It should be noted that the instability has a thres-
hold and develops in the plasma when the beam current
exceeds I ~ 50—100 A. At currents below the threshold
(10—20 A), electron beams that last a long time (up to
10 microseconds) can be formed (type I discharge, pause
in the current).

To explain the cause of prolonged generation of a
strong-current beam in a straight discharge it is neces-
sary to investigate further the instabilities that lead to
the disintegration of the plasma, in order to reveal the
conditions for their stabilization. It must be emphasized
that the conditions for the formation of a strong-current
beam in a direct-discharge plasma disappear also when
the anode plasma concentration greatly exceeds the
cathode concentration, as is the case when a considerable
amount of gas is released from the walls of the chamber
or when working with an insufficiently ionized plasma
(transition to the type-III discharge (Fig. 2d)). In this
case a rapid increase of the plasma concentration as a
result of the additional ionization of the neutral gas in the
case of beam-plasma interaction leads to a vanishing of
the layers and to a transition to a discharge in which the
value of the current is determined by the wave resistance
of the discharge circuit.

The results of the present set of experiments lead to
the following conclusions.

1. When a large potential is applied to a highly ionized
plasma (bounded or inhomogeneous in length) with con-
centration 10'*—10" cm™, the potential is not distributed
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over the entire plasma column, but is concentrated in the
space-charge layer that is produced at the electrode or
in the plasma column as a result of the limitation of the
carriers in the given place.

2. At sufficient plasma concentration (10¥ < n
< 10" em™) a strong-current electron beam is produced
in the space-charge layer and carries the entire dis-
charge current. A definite relation is automatically es-
tablished in this case between the beam current and the
plasma concentration.

3. The duration of the strong-current beam in the
straight discharge is determined by the time during
which a plasma with enough carriers exists. The beam
duration is limited by the development of instabilities
when the beam passes through the plasma. The disrup-
tion of the beam is due not to the onset of an anomalous
resistance of the plasma following development of the
instabilities, but to the decrease in the number of car-
riers as a result of the decrease of the plasma concen-
tration.

Further investigation of the dynamics of electric
layer production in a straight discharge should yield an
answer to many unsolved problems. In particular, it may
determine the values of the electric field and plasma-
concentration drop needed for the formation of space-
charge layers.
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