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Abstract— This paper presents the results of a study of the
nonlinear dynamics of a system with several electron beams. A
review and analysis of the latest results obtained in this area. In
this case, the main emphasis in this work is made on controlling
the generation characteristics in such a highly nonlinear system.
The main dynamic modes typical for this kind of systems are
shown.
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1. INTRODUCTION

Virtual cathode generators (vircator, reditron, virtod, etc.)
are one of the most popular devices in superpowerful beam-
plasma microwave electronics and are currently being actively
studied [1-11]. One of the main advantages of these devices is
the generation of heavy-duty electromagnetic radiation with
the extreme simplicity of design. At the same time, this type
of microwave devices is characterized by strongly nonlinear
dynamics. The disadvantages are low efficiency, usually of
the order of one percent, and low generation frequency.

One of the possible mechanisms for increasing the
frequency of the generation of vircator systems is to increase
the density of the injected electron beam. Recall that the
generation frequency of this class of devices is directly
proportional to the plasma frequency of the injected electron
flow, which is determined by its density. Nevertheless, an
increase in the frequency in this way leads to a sharp drop in
the generation efficiency, due to the existence of an optimal
value of the injected current in all known vircator circuits.
What makes it unacceptable to use this method to significantly
increase the frequency.

A possible solution to this problem is the development of
new oscillator circuits on a virtual cathode. In particular, in
[10], the question of the synchronization of several virtual
cathodes in the drift space region was studied in detail. At the
same time, multipath klystrons are very common. The use of
several electrons beams in them in place of one is connected
with the aim of improving the grouping and, therefore,
efficiency, by reducing the forces of the space charge.

The experimental analysis of such systems causes a
number of difficulties associated primarily with the high cost
of creating a full-size experimental layout. At the same time,
modern numerical methods make it possible to solve these
problems with a high degree of accuracy of reliability.
Numerical modeling was carried out using the PIC method
[12, 13].

Taking into account the peculiarities of such sources of
ultrahigh-frequency microwave radiation as devices with a
virtual cathode, a circuit is proposed in which the power of
each of the oscillating virtual cathodes is added in a common
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resonator (drift chamber) - a multi-beam vircator circuit in
which several beams with supercritical currents are loaded on
a common resonator [10]. Such a scheme has shown its
effectiveness, in terms of increasing the frequency of
generation.

Thus, this work is devoted to the continuation of the study
of the processes of interaction of several intense electron flows
with supercritical current. In this case, the main emphasis in
this work is made on controlling the generation characteristics
in such a highly nonlinear system.

II. RESULTS

When several electron beams with a supercritical current are
injected into the general drift space, a Bursianos instability
begins to develop in each of the beams, leading to the
formation of a virtual cathode (VC).
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Fig. 1. Dependence of the output power of electromagnetic radiation on
the magnitude of the injected currents.

It is well known that the dynamics of a VC is characterized
by strong nonlinearity and is determined by the current density
[2-4, 13-17]. In the systems under study, electron flows have
different current magnitudes. This leads to the fact that the
formed VCs have different temporal and spatial scales, as well
as different power of electromagnetic radiation. At the same
time, the beams interact with each other through the common
field of the drift chamber. In view of the differences in the
dynamics of each of the beams and the nonlinear coupling
between them, it is possible to implement various collective
dynamics modes [18-21].

In particular, the interaction of electron flows can lead to
synchronization of the oscillations of part of the beams and to
an increase in the amplitude of their vibrations. The reverse



situation is also possible, namely, desynchronization of VC
oscillations and, as a result, suppression of each other's
oscillations. Note that it was previously shown that the
interaction of several beams due to strong nonlinearity can
lead to the randomization of the generated electromagnetic
radiation [15].

Figure 1 shows the dependence of the power of
electromagnetic radiation on the current value of the injected
beams. The black dotted line marks the region characterized
by high output power. This area corresponds to the mode of
synchronization of oscillations of several VCs. The white
dotted line marks the region corresponding to the oscillation
desynchronization mode and is characterized by a sharp drop
in the output radiation power.

Thus, the control of the oscillation regimes in this system is
mainly determined by the ratio between the injected currents.
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