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Some investigations of the results of chaotic waves decay in circular cylindrical resonator partially filled with
magnetoactive plasma are presented. If external magnetic field is uniform there is a good qualitative agreement of the
experimental and theoretical results. In the nonhomogeneous magnetic field after termination of external
electromagnetic pulse the repeated bursts are observed in the resonator. The possible mechanisms of appearing of these

additional bursts are discussed in this paper.
PACS: 52.40.Mj

1. INTRODUCTION

Nonlinear waves interaction in plasma filled
electrodynamics systems has both scientific and applied
meaning. Large number of natural oscillations with
different structure in such systems creates wide
possibilities for their using in the technical applications in
particular for designing HF generators of different
purposes.

It is necessary to note that in the present time decays
are well investigated when natural oscillations that take
part in this decay are fully regular or fully chaotic (see in
particular [1,2]). The transition from regular to chaotic
decay is weakly studied. In particular, in [3] it was shown
that modified decay is always chaotic. The chaotic regime
of decay may be used for designing noise generators.

Earlier theoretically it was shown that in the
electrodynamics system partially filled with plasma the
chaotic decay of HF wave into new HF and LF waves is
possible [4,5]. Oscillation branches that may be used for
decay process were defined theoretically. It was shown [6]
that chaotic decay processes may play essential role for the
limitation of the wave level excitation in the beam and
plasma-beam generators. The considered in this work
system is multiparametric and complicated for analysis. So
it is interesting to consider in details more simple
processes and systems.

In this work the investigation results of process of
chaotic wave decay with defined initial characteristics are
presented.

2. EXPERIMENTAL DEVICE
AND MAIN RESULTS

The experimental device is multimode cylindrical
resonator placed in the external longitudinal magnetic
field. The resonator length is 65 cm, its radius is 7.5 cm.
The plasma in the resonator is created by means of

electron beam with energy 600 eV and current 80 mA.

3

The plasma density is n, [ 10° cm?, and its radius is

2cm. To excite pumping wave in the resonator at
frequency 2.77 GHz the magnetron generator is used.
Magnetron power varied from 15 to 170 kW. Magnetron
pulse duration is 2 ps. The strength of external magnetic
field is 950 Gs. In this conditions the electron cyclotron

frequency is closed to magnetron oscillation frequency
and the plasma frequency is significantly less then each of

them (@) << @) ~ @”).

The theoretical investigations were carried out before
experimental ones. It was shown that in waveguide
partially filled with rare magnetoactive plasma there is a
narrow band containing a large number of axially
symmetrical oscillations [4, 5]. They may take part in the
decay processes. Besides, in the resonator filled with
magnetoactive plasma there are axially nonsymmetrical
oscillations and also radial modes. Thus, there is a wide
possibility of oscillation selection that may take part in
the chaotic decay process.

The experiments were carried out both in the uniform
magnetic field and in the nonuniform one. In the last case
the field structure corresponds to magnetic trap.

The experimental investigations shown that when
inputted power is increased both in uniform and
nonuniform magnetic field the decay process becomes
chaotic. The appearance of low frequency oscillations was
detected experimentally. This points out that nonlinear
decay of HF oscillations excited by external source
(magnetron) into two new modes: HF and LF takes place
in the system. The oscillograms of LF mode for three
values of inputted in the resonator power 17, 58 and
167 kW are presented in Fig. 1. As it is seen when this
power increases the dynamics of LF oscillations become
no regular. When inputted power is increased their
spectrum is spread (Fig.2). The conclusions of the
analytical and numerical investigations presented in [4, 5]
well agree with this experimental result. This allows to
assert that the regime of the stochastic decay is realized in
the resonator. When experiments were carried out it was
found that excited pulse duration is greater (5 ps) than
magnetron pulse duration (2 ps).

Besides chaotic decay regime the additional
electromagnetic bursts was observed when magnetic field
was not uniform. They appeared some microsecond after
termination of main pulse in the resonator. The duration
of these bursts, their holdup time relatively the main pulse
and their number depend on experiment conditions and
are nonregular. The amplitude of every last burst is
decreasing as a result of attenuation. The typical
oscillogram is presented in Fig. 3. When nonuniformity of
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the magnetic field increases up to 25% from maximum
value the appearance of additional HF radiation pulses is
more regular. When the repeated pulses of HF radiation
appear the pulses of plasma lighting and X-ray appear too.
The modes that frequency and wave numbers satisfy
synchronism conditions ®, =@, + @,, k, =k +k, where
index 2 corresponds to decaying mode, 1 to new HF mode
and 3 to LF one decay may take part in the process of
chaotic.
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Fig. 1. Dynamics of low frequency mode in the
circular resonator filled with magnetoactive plasma
depending on inputted power
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Fig. 2. Spectrum width of low frequency mode
depending on the power inputted in the resonator
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It is necessary to note that it is difficult to point out
what modes take part in the decay because it is necessary
to study in details the structure of electromagnetic field of
the resonator partially filled with magnetoactive plasma.
It is connected with large experimental difficulties.

The radiation bursts that follow after pump pulse
ending are observed in the experiment. The analogous
phenomenon was observed in the experiment with the
device for plasma confinement with magnetic trap [7]. As
it was earnestly shown by the authors of these
experiments the appearance of these bursts was caused
electron cyclotron instability.

1.5

Fig. 3. Experimentally obtained realization of
excitation process of HF oscillation in the multimode
resonator filled with magnetoactive plasma

We may assume that in our experiments the bursts
after the ending pump pulse are caused by electron
cyclotron instability too. The estimation of increment of
electron cyclotron instability was made. This increment is
proportional to derivatives of distribution function
relatively longitudinal and transverse velocities. At the
real values of these derivatives the increment value is on
many orders more than the frequency of bursts
appearance.

The other possible reason of bursts appearance may
be weakly nonlinear interaction of large number eigen
modes excited in the resonator. In this case to describe
processes in the investigated system the model of
nonlinear string may be used (Fermi-Pasta-Ulam model).
As it is known the recover is character in the dynamic of
such system. Our estimations show (time of bursts
appearance) that this mechanism may be used for
explanation of bursts appearance if more than hundred
modes take part in nonlinear process of resonator
eigenmodes interaction.

Taking into account axially nonsymmetrical and
radial modes this is the modes number that may exist in
our experiments. Numerical simulation of such system
have shown a possibility of periodical returns to initial
conditions with character time closed to the time observed
in experiment.

3. CONCLUSIONS

We experimentally and theoretically investigated
chaotic decay of natural oscillations in the circle
cylindrical resonator partially filled with magnetoactive
plasma. The results of the experimental investigations
qualitatively agree with the theoretical conclusions. If
external magnetic field is nonuniform than in addition to
the decay process the radiation bursts following after the



main pulse are also observed in the experiment. The
possible reasons of appearance of these bursts are
discussed.

The results of our investigations may be used for
designing the generators of chaotic signals. It may be
realized by means of the processes of nonlinear wave
decay in the electrodynamics system filled with plasma or
other nonlinear medium.
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HNCCIEJOBAHUE ITPONECCA XAOTUYECKOT'O PACITAJJA
B PE3OHATOPE, 3ATIOJTHEHHOM ILJIA3MOM

A.H. Aumonos, B.A. Byy, H.K. Kosanvuyk, , E.A. Kopnunoe, B.I'. Ceéuuenckuii, /.B. Tapacoes

IIpencraBneHsl HEKOTOPBIE pE3yAbTATHl HCCIEAOBAHHMA MpoIlecca XaOTHYECKOTO pacmaja BONH B KPYIJIoM
UWIMHIPUYECKOM PE30HATOPE, YACTUYHO 3al0JITHEHHOM MarHUTOAKTHBHOMW Iia3Moil. Eciu BHeIIHee MarHWTHOE TOJie
OJTHOPOJHO, MMEETCS] XOpolllee KauyeCTBEHHOE COTJache TEOPETUYECKUX M OKCIEPUMEHTAIBHBIX pe3yJabTaToB. B
HEOJIHOPOJHOM MAarHUTHOM TIOJI€, TOCJIE OKOHYAHHUS BHEIIHETO JJIEKTPOMArHUTHOTO WMIYJbCa, B pE30HATOpE
HAOIIOAr0TCS TIOBTOPHBIC BCIUICCKH AJICKTPOMATHUTHBIX KoyeOaHuil. OOCYXKIAIOTCS BO3MOXKHBICE MEXAHH3MBI
TOSIBJICHUSI 9TUX JIOTIOJHUTEIHHBIX BCILIECKOB.

JOCJIIKEHHS ITPOLHECY XAOTUYHOI'O PO3IIALY
B PE3OHATOPI, 1110 3AITOBHEHUI1 IIJIA3MOIO

O.H. Aumonos, B.O. byy, LK. Kosanvuyk, €.0. Kopninos, B.I. Céiuencokuii, /I.B. Tapacos

[pencraBneHo esiki pe3yJIbTaTH JOCIIDKEHHS IPOLIECY XaOTHYHOTO PO3MaAy XBHIb B KPYIJIOMY LHITIHAPUYHOMY
pe30HAaTOpi, III0 YaCTKOBO 3alIOBHEHWI MAarHiTOAKTUBHOIO IIa3MOI0. SIKIIO 30BHINIHE MAarHiTHE IOJIE € OJHOPiIHUM,
ICHy€ SIKICHE Y3TO/KEHHS TEOPETUYHHX Ta EKCIePUMEHTAIbHUX pe3yibTaTiB. B HEOIHOpPiTHOMY MarHiTHOMY IO,
ITicyisl 3aKiHYEHHS! 30BHILIHBOTO EJIEKTPOMArHITHOIO IMIYJIBCY, B PE30HATOPI CHOCTEPIraroThCs IOBTOPHI IMITyJIbCH
€JIEKTPOMArHiTHUX KoJIMBaHb. OOrOBOPIOIOTHCS MOXKIIMBI MEXaHI3MU MOSBU WX A0JATKOBUX IMITYJIbCIB.
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