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The objective of the paper isto discuss the results of theoretical and experimenta studies and numerical simulations
of following phenomena: the anomal ous character of the breakdown conditions, the anomalous behavior of microwave
gas discharges, and the anomal ous nature of collisionless electron heating that are attributed to stochastic jumpsin the

phase of microwave radiation.
PACS: 52.80. Pi

1. Fainberg et al.[1] showed that stochastic electric
fields with a finite phase correlation time can efficiently
heat particles in a collisionless plasma, so physically the
inverse correlation time in the interaction between a
particle and an eectromagnetic wave has in fact the
meaning of an effective collision frequency [1]. Earlier
we shown with help of the theoretical and experimenta
investigations and numerical simulation that: (1) a
monochromatic wave is reflected from the dense plasma
almost totally (except for its front); (2) the microwave
with stochastic jumping phase (MWSIP) is reflected to a
lesser extent due mainly to the penetration of the wave
pulses associated with stochastic jumps in the wave
phase; (3) the transmission coefficient for a broad band
regular wave with the such spectral enegy density
(BBWSSED) as that of MWSIP is one order of
magnitude less because, in this case, the plasma dab
simply acts as a filter that transmits waves with the

frequencies w >w , (w , is electron longmuir frequency)

and reflects others. In particular, the electromagnetic
wave incident on the plasma has a strong impact on the
electron dynamics, especially at large angles of incidence.
The longitudinal electric fields in the plasma are close in
strength to the transverse fields. The longitudinal energy
of the electrons and thelir temperature increase
severafold. The eectron digribution function becomes
non-Maxwelian: it has atail of accelerated electrons. The
energy of the incident transverse MWSIP is partially
converted into the energy of the longitudinal wave and
partially into the electron energy [2].

In order to illustrate the practical importance of the
situation under examination, we present characteristic
waveforms of stochastic signals in new types of beam—
plasma devices generating intense stochastic microwave
radiation in the interaction of electron beams with hybrid
plasma waveguides that were developed and put into
operation at the National Science Center Kharkov
Inditute of Physics and Technology (Ukraine) (see[2]).

Our experimental investigations of the excitation of
regular and stochastic electromagnetic waves in plasmas
of different densities and their passage through a cavity
allow usto draw the following conclusions:
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- A regular wave excites a cavity less efficiently than
does a wave with a stochasticdly jumping phase (in
order for the transmitted signals from an incident
regular wave and from an incident wave with a
stochastically jumping phase to have the same
amplitude, the amplitude of the former should be oneto
two orders of magnitude larger than that of the latter).

- Asaregular monochromatic signa excites a cavity and
passes through it, selectivity between eigenmodes and
unnatural wavesis lacking.

The results of our experimenta investigations are in
satisfactory qualitative agreement with the theoretical
predictions.

2. In 1992 gpecidists from the Fusion System
Corporation (Maryland) designed a highly efficient light
source operating in the quasi-solar spectral region and
based on an electrodeless microwave gas discharge in a
sulfur-containing tube [3]. The continuous (molecular)
spectrum of high-power optical radiation from a sulfur-
containing lamp resembles that of the Sun, but with
depressed levels of IR and UV radiation.

The man problems associated with microwave
pumping are as follows (see, e.g., [4]):

- To choose the power of a microwave signal and its
shape (continuous or amplitude-modul ated).

- To design a microwave transmission line from a
microwave source (generator) to a load (electrodeless
lamp), to construct a trangmitter (whose operating
regime should depend on the mode of microwave
radiation), and to provide an appropriate topography of
the microwave field in the region where it interacts with
the working substance of the lamp (just after the
generator is switched on and in the plasma operating
mode).

- To maintain the stable operation of the microwave
generator loaded by the lamp, whose parameters change
substantially during the development of a microwave
discharge (from the switching on of the generator up to
the beginning of the steady-state plasma operating
mode).

The underlying problem is that of choosing the
microwave field frequency so as to satisfy the
requirement that the input microwave power be minimum.
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In order to determine the working microwave frequency,
it is necessary to compare three parameters. the diameter
of the shell A (A=1...2 cm), the electron mean free path |,
and the electron oscillation amplitude A. Discharges in
argon that evaporate sulfur (which is an dectronegative
element) can be initiated only when the electrons oscillate
within a quartz shdll, i.e, when A < A/2. The capture of
electrons by sulfur molecules can only be balanced by
intense ionization. It is known (see, eg., [5]) that, for all
gases, the dependence of the threshold field for gas
breakdown on the pressure has a minimum that separates
two branches.

For regular microwave radiation, the threshold field
just obtained is directly proportiona to the frequency and
is inversely proportiona to the gas density (pressure) and
the size of the discharge region, in complete agreement
with the known experimental data (see, eg., [5]). An
important task is to determine the power of a microwave
generator that isrequired to initiate a discharge in a buffer
gas and then to maintain it in a plasma after the
evaporation and ionization of sulfur. Recal that, for
microwave discharges in regular electromagnetic fields,
the threshold field is minimum when the collision
frequency is equal to the electromagnetic field frequency
(see eg., [5]). Thus, & a frequency of f ~3.0 GHz, the
minimum threshold field for breskdown of Ar a a
pressure of about 650 Pa is 500 V/cm. Such field
strengths can be achieved in a cavity in which one of the
walls istransparent to light.

In the present paper, we propose to initiate microwave
discharges in argon containing sulfur vapor by MWSIP.
The advantages of this method are as follows. (1) such
microwaves are capable of initiating discharges at lower
gas pressures because the jumping phase slows eectron
diffusion; (2) the jumps in the phase ensure that the
collisionless electron heating is not accompanied by
energy losses in elastic and indlagic collisons; (3) a
uniform microwave discharge is easy to initiate because
microwaves with a stochasticaly jumping phase can
deeper penetrateinto an overcritica plasma.

Let us now consider the conditions for breakdown in
argon by microwave radiation from the generator
described in [6]. The working frequency of this generator
is 450 MHz, the mean rate of the phase jumps being

Nip = 2408 st It isimportant to keep in mind that, when

the electron energy increases from zero to the ionization
energy | . the cross section for eastic collisions of

electrons with argon aoms varies greatly (by a factor of
about 30), being at its maximum several times larger than
the ionization cross section corresponding to electron
energies of 15...20 V. This makes it possible to initiate
discharges in argon by microwaves with a stochastically
jumping phase at pressures as low as 4 Pa. In this case,
the mean rate of phase jumps is equa to the maximum
inelastic collison frequency, which corresponds to
electron energies close to the ionization energy. Operation
under such conditions is advantageous in that, first, no
energy islogt in elagtic callisions, and, second, due to the
jumps in the phase, the eectron diffuson remains
insignificant and the electromagnetic energy is efficiently
transferred to electrons.
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Our numericd smulations and preliminary
experiments show (see Figure) that, in order to initiate a
microwave discharge a a frequency of 450 MHz in argon
at apressure of 4 Pa, the microwave electric field strength
should be about 50 V/cm, whereas sulfur vapor can be
excited by an electric field of 25 V/cm, which can easily
be microwave cavities.
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With the use of such chambers, it is possible to
substantially reduce the generator power. The working
microwave frequency of this system, 450 + 50 MHz, is
consistent with standards adopted for industrial, scientific,
and medical applications. With the version of the light
system proposed by the company, it becomes possible to
design compact low-power SLSs, in addition to the
already existing traditional SLSs with output powers in
the kilowatts range [3,4,6], which are usually based on
2450 £50 MHz magnetrons.



CONCLUSIONS

The main results of our investigations are the
necessary conditions for gas breakdown and for the
maintenance of a microwave discharge in stochastic fields
in alight source have been determined. The anomal ously
large transmission coefficient for microwaves, the
anomalous character of the breskdown conditions, the
anomal ous behavior of microwave gas discharges, and the
anomalous nature of collisionless dectron heating have
been attributed to stochastic jumps in the phase of
microwave radiation.
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IMPOBOM U PA3PS/I B T'A3E HA3KOI'O JABJIEHMSI, CO3I[ABAEMI:II71 MHUKPOBOJIHOBBIM
N3JIYYEHUEM CO CTOXACTUYECKHU IPBITAIOIIEN ®A30MU (I1)

B.U. Kapace, A.@. Anucos, AM. Apmamowkun, P. Bunexam, H.B. I'aspunenko, A.I'. 3azopoonuii,
H.A. 3azpedenvustit, M. Jlonmano, B.U. Mupnutit, U.®. Ilomanenko, B.C. Yc

IIpeameroM oOOCYXIEHHS SBISIOTCA PpE3YNbTaThl TEOPETHYECKHMX W OKCIHEPHUMEHTAIBHBIX HCCICIOBAHUN U
YHUCIIEHHOTO MOJIEIMPOBAaHNS CIEAYIOIMX SBJICHUI. aHOMAJIBHOTO XapakTepa YCIOBHH Npo0Os, aHOMAaJIbHOTO
MIOBE/IEHHUST MUKPOBOJIHOBOTO Ta30BOT0 Pa3psiia, aHOMAJIbHOM MPUPOIBI OECCTOIKHOBUTEIEHOIO HArPeBa JIEKTPOHOB,
SIBIISTFOIIIUXCSL aTPHOYTOM MHUKPOBOJIHOBOTO M3JIYYEHHUS CO CTOXACTHIECKH IPBITaromeH (a3oi.

IPOBIN TA PO3PSAJ Y I'A3I HU3BKOI'O TUCKY, CTBOPEHUI MIKPOXBUJILOBUM
BUITPOMIHIOBAHHSIM 31 CTOXACTHYHO CTPUBAIOUOIO ®A301O (1)

B.I. Kapaco, A.@. Anicoe, A.M. Apmamowkun, P. binexam, I.B. I'aspunenko, A.I'. 3azopooniii,
LA. 3azpebenvnuii, M. Jlonmano, B.I. Mupnuii, 1. ®@. Ilomanenxo, B.C. Yc

OOroBOPIOIOTECS PE3YIIBTATH TEOPETHUHUX 1 EKCIIEPIMEHTATBHUX JIOCHIHKEHD Ta YHCEIFHOI0 MO/ICTIOBAHHS TAKHX
SIBUII. AaHOMAJBHOTO XapaKTepy YMOB Ipo000, aHOMaJbHOI IOBEIIHKH MIKPOXBHJIBOBOI'O Ta30BOIO PO3PSIY,

aHOMANBHOI TPHUPOAN  0E331MTOBXYBAIBHOTO
BHIIPOMIHIOBaHHSA 31 CTOXaCTHYHO CTPHOAIOUOI0 (a30rto.
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