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Thisreport is devoted to the investigation of the influence of eectron collisions and radial non-uniformity of plasma
density on phase characteristics, spatia attenuation and wave field structure of slow symmetric electromagnetic waves
that propagate along cylindrical waveguide structure. It has been shown that collision rate and radia non-uniformity of
plasma density for various parameters of waveguide structure and dielectric affect essentially on the wave
characteristics and consequently, on the parameters of gas discharge that is sustained by this wave. The results obtained
are of large importance for the construction of the theory of gas discharges that are sustained by the surface

€l ectromagnetic waves.
PACS: 52.35g, 52.50.Dg

1. INTRODUCTION

Electromagnetic surface waves (SW) that propagatein
cylindrica waveguide plasma structures are widely used
in HF electronics and in various plasma technologies,
particularly for gas discharge sustaining [1-3]. At that,
these SW are the eigen waves of discharge structure, so
SW properties strongly influence on axia distribution of
plasma parameters and vice versa. Frequently just
symmetric waves (SW with azimuth wave number
m=0) are used for this purpose [1]. Gas discharge
plasma usualy possesses radia non-uniform plasma
density profile. The shape of this profile strongly
influences on the efficiency of energy transfer from SW
to gas discharge plasma and, therefore, on the discharge
axia structure and stability [1, 2].

The aim of this report is to provide the extensive
theoretical studies of the electron collision rate influence
and influence of plasma density radial non-uniformity at
various values of waveguide structure parameters on SW
properties and on the stability of discharge sustained by
such wave.

2. TASK SETTING

Let us consider the high frequency SW that propagate
aong plasma column of radius Rj that is placed in

metallic waveguide with radius Ry, (Rp <Ry). The

region between plasma column and waveguide metallic
wall isfilled by dielectric with permittivity ey . Plasmais
considered in hydrodynamic approximation as cold,
dlightly dissipative medium. It is supposed that effective
electron callision rate n is constant in the whole plasma
volume.

Let consider the case, when only symmetric mode is
excited in defined waveguide structure. In the case of
rather long discharges with small plasma densty axial
gradients the solution of Maxwell system of equations can
be found with the help of WKB method [4]. So the wave
field amplitude, wavelength and plasma density vary
dightly in axial direction at the distances of waveength
order.

In the specified case the system of Maxwell equations
breaks into two independent subsystems. One of them
describes dow E-wave with (E, H; ,E;) components

[2]. In the region of radial non-uniform plasma the wave
field components are govern by the system of ordinary
differential equations:
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where  k=w/c, kz is axial  wavenumber,

ep =1- wh /[wlw+in)], w is wave frequency, ¢ is

light velocity, wj is electron plasma frequency,

k%=k5 - k%,.
In the dielectric region the wave field components can

be written with the help of modified Bessel functions of
the first and second kind |, and K,,,, respectively:
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With the help of boundary conditions, that consistsin

continuity of tangential electric and magnetic wave field

components at plasma-dielectric interface and vanishing

of the tangential electric wave field component at the

waveguide metallic wall, the local disperson equation can
be written in the following form:

HP(Rp) | keg ORy) _ - 3
EF(R) Y F(Ry)

where HjP(Rp), Ef(Rp) are electric and magnetic
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wave field components in plasma region at plasma -
dielectric interface, that are obtained with the help of
numerical solution of the system (1).

3. MAIN RESULTS

For the arbitrary parameters of waveguide structure
the local dispersion equations (3) can be solved only with
the help of numerica methods. In contrast to ordinary
differential equation the local disperson equation (3)
connects the loca vaue of plasma density and the
wavelength at the specified point dong the axis of
waveguide structure. To study the wave properties let use
the dimensionless parameter w/wp,, that at the fixed

wave frequency w is determined by the local plasma
density value w,, and dimensionless axial wave number
kaRp . Thereal part of it determines the wavelength, and
imaginary part determines wave spatiad damping
coefficient a aong the propagation direction.

The results of the numerical investigation of equation
(3) for different n /w valuesin the case of radial uniform
plasma are shown on the Figs.1, 2. The numerical solution
of the local dispersion equation (3) has shown, that when
effective collision rate is small n/w < 0.1 the growth of
eq Vaue leads to the decrease of parameterw /w, value

(curve 1 Fig.1).
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Fig. 1. The dependence of local dispersion on parameter
n/w for radial uniform plasmawith s =0.5,

Rm/Rp =3.0, &4 =2.0. The numbers 1-8 corresponds
to the values of n /w : 0.001, 0.15, 0.2, 0.3, 0.5, 1.0, 2.0, 5.0

At that case only wave with k3R > ks =S 4/€qg

(s =Rpw/c) can propagate adong the axis of such

structure. Thus, for sightly collision plasma the increase
of eq value results in the contraction of SW region of
existence and in the decrease of a value. The increase of
parameter Ry, /R, leads to the growth of w/w, and to

the decrease of a . The decrease of dielectric thickness
under the fixed value of parameter s offer no influence
on the k3., value. The decrease of parameter s leadsto

the increase of w/w,, growth of a and to the decrease
of kg . It has been shown that when n /w > 0.1 the SW
can propagate also in the region when k3R, <kszy
(curves 2-8 on the Fig.l). The adduced dependence

qualitatively coincides with the dependence, that was
observed earlier for the case of plasma cylinder, that is
placed in unbounded diel ectric under the conditions of the
large electron collision rate [5].
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Fig. 2. The dependence of the coefficient of spatial
attenuation a onthe parameter n /w inthe case of radial
uniform plasma. The notation isthe same asonthe Fig. 1

The results of the numerical solutions of the local
dispersion equations (3) in the case of radia non-uniform
plasma are shown at Figs. 3,4. Plasma density radid

profile was chosen in the form n(r) =n(0)Jo (M /Rp),
where Jg is Bessdl function of the zero order, and
parameter m determines the radia profile of plasma
density (0 < <2.405) [1,6]. In the case of strong radia
non-uniformity (w3 2) the dependence w/w, on

Re(k3Rp) possesses rather complex behavior (see curves

45 on the Fig. 3). Note, that the parameter n/w
influences on the spatial attenuation coefficient similar to
the non-uniformity parameter r.
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Fig. 3. The dependence of the local dispersion on the
parameter . s =05,n/w=05, Ry/R, =30,

eq = 2.0. The numbers 1-5 corresponds to the following
parameter values nm =0;1;1.5; 2; 2.4048

In the case of radia uniform collisionless plasma the
wave field culminates its maximum at plasma-dielectric

interface (r = Rp). With theincrease of the dimensionless

callison rate n /w or non-uniformity parameter n the
wave field changes its radial structure to one, which is
typica for volume wave. It has been obtained that in
collisional plasma the direction of the wave energy flux
does not coincide with wave propagation direction. Also
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it was shown, that the value of radial component of the
wave energy flux depends as on effective electron
collision rate, as on plasma density radia profile. The
increase of non-uniformity parameter value or collision
rate value leads to the increase of radial component of the
wave energy flux.
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Fig. 4. The dependence of the coefficient of spatial
attenuation a onthe parameter m value. The notation is

the sameasonthe Fig. 3

It is necessary to mention that it is possible to estimate the
region of stable discharge existence based on the
dependence of spatial attenuation coefficient upon local
plasma density value. According to the criterion, obtained
in the paper [7] it has been shown that the increase of
collision rate or non-uniformity parameter leads to the
decrease of the region of plasma density, where it is
possible to obtain sable symmetric wave sustained gas
discharge.

CONCLUSIONS

The properties of symmetric wave that propagates in
waveguide structure that consists of radia non-uniform
isotropic dissipative plasma column, surrounded by
didectric and included into metal waveguide were
studied. It was studied combined influence of plasma
parameters and dielectric properties, and also geometrica

parameters of the waveguide structure on the phase
characteristics, spatial damping and distribution of
electromagnetic wave field component of low symmetric
wave. It was shown that varying of effective dectron
collision rate and radia plasma density profile essentially
influences on the wave energy flux components. It was
investigated the influence of the effective eectron
collision rate and radial plasma density profile on stability
of gas discharge sustained by symmetric SW.
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CUMMETPHUYHBIE IOBEPXHOCTHBIE BOJIHBI
B IUWJIMHAPHYECKHAX BOJTHOBOAHBIX CTPYKTYPAX, .
3ATTIOJIHEHHBIX PAIUAJIBHO HEOJHOPOJHOU CTOJKHOBUTEJIBHOMU ITIJIAZMOU

B.II. Oneghup, B.K. I'anaiioviu, A.E. Cnopos

UccnenoBano BnusiHEE 3()(PEKTUBHON YACTOTHI CTOJNKHOBEHHH JJIEKTPOHOB M PaIHAbEHOW HEOTHOPOIHOCTH
IUTOTHOCTH TUIa3MBI Ha (DA30BbIE XAPAKTEPUCTHKH, HMPOCTPAHCTBEHHOE 3aTyXaHWE M CTPYKTYPY MOJIS MEUIEHHBIX
CHMMETPHYHBIX 3JIEKTPOMArHUTHBIX BOJIH, PAcIpOCTPAHSIONIMXCS BJOIb HMINHIPUIECKOW CTPYKTypHl. IlomydeHHbIe
pEe3yNbTaThl BAXKHBI IJISI TIOCTPOCHUSI TEOPHH Ta30BBIX Pa3psiOB, MOANCPKUBAEMBIX 3JIEKTPOMArHUTHBIMH BOJIHAMH
MTOBEPXHOCTHOT'O THIIA.

CUMETPUYHI ITIOBEPXHEBI XBWJII
B INJITHAPUYHUX XBUJIEBOJHUX CTPYKTYPAX,
10 3AITIOBHEHI PAATAJIBHO HEOAHOPITHOIO ITVIA3MOIO 3 3ITKHEHHAMUN

B.II. Oneghip, B.K. I'anaiiouu, O.€. Cnopos
JHocnimkeno BB e(heKTUBHOI YaCTOTH 31TKHEHB €NEKTPOHIB Ta pajialbHOI HEOTHOPIMHOCTI TYCTHHU IDIa3MH Ha
(ha30oBi XapaKTepUCTHKH, NMPOCTOPOBE 3aracaHHs Ta CTPYKTYpPY IOJIA IOBUIBHUX CHMETPHYHHX EJIEKTPOMArHITHHX

XBHUIIB, IO PO3MOBCIOKYIOTHCS B3IOBXK IMIIIHAPHYHOI CTPYKTypu. OTpUMaHi pe3yabTaTH BaXKIWBI IJs TOOYIOBH
Teopii Ta30BUX PO3PSIIiB, IO MIATPHUMYIOTHCS SIIEKTPOMATHITHIMH XBHJISIMH [TOBEPXHEBOTO THITY.
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