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The aim of this report is the investigation of influence of effective collision rate, the value of direct current that
flows along the central conductor of the waveguide structure, waveguide geometric parameters and plasma density
radial profile on the dispersion, spatial attenuation and radial wave field structure of high-frequency electromagnetic
waves. It was shown that mentioned parameters can be used for effective control of the dispersion and attenuation of the

studied waves.
PACS: 52.35g, 52.50.Dg

1. INTRODUCTION

At present time it has been carried out the intensive
study of electrodynamics properties of coaxial plasma-
metal waveguide structures that are widely used in the
devices of plasma electronics [1] and also as discharge
chambers for gas discharge sustaining[2,3]. The
properties of waves that propagate in such waveguides are
determined by the azimuth wave field structure [4]. The
theoretical study of dispersion and spatial attenuation of
electromagnetic eigen waves with complex azimuth wave
field structure that propagate along coaxial structure
partially filled by dissipative non-uniform plasma with
central metal conductor is insufficient.

2. TASK SETTING

The considered waveguide system consists of the
metal rod of radius R,, which is placed at the axis of
waveguide system that is enclosed by the cylindrical
plasma layer of radius R, . The vacuum gap (R2 <r< R3)
separates the plasma layer from outer waveguide metal
wall with radius R;. The direct current J, flows along
the inner metal rod and creates radially non-uniform
azimuth magnetic field H,(r) . Plasma was considered in
the hydrodynamic approach as cold slightly dissipative
medium with constant effective collision rate v
(v/w<1, where @ is wave frequency). It was supposed
that plasma density vary slightly along the plasma column
and possesses radial profile n(r) in the bell-shaped form:

n(r)= n(rmax )exp(— 5(1’ =TI )2 /r} ) The non — uniformity
parameter O describes the plasma density shape and
varies from ¢ =0 (radially uniform profile) to § =1. The

E.H= E(r),H(r)exp(i[k3Z+m(p—a)t]), 1
where Kk, is complex axial wave number, m is azimuth

wave number.

In the region of cylindrical plasma layer ordinary
differential equations that govern tangential wave
components of the considered wave can be written in the
following form:
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F7=k—q(k;—kzgl), szk3?j, F(,,:E(g—kzg3),
k=w/c is the vacuum wave number. The solutions of
this system for arbitrary parameters can be found only
with the help of numerical methods.

In the vacuum region the system of Maxwell
equations possesses analytical solutions expressed in
terms of modified Bessel functions. These solutions
contain constants that can be obtained with the help of
boundary conditions consisting in continuity of tangential
wave field components at plasma — vacuum interface:

parameter I, is radial coordinate, where plasma density C = AHJ(R)-AE’(R)-AH]R,)
culminates its maximum, and parameter r; characterizes C, = -AHJR)+AER)+AH?R,) 3)
the width of bell-shaped profile. The components of C, = -AEJ(R)+AE(R)-AH](R,)
permittivity tensor of magnetized collisional plasma &, , C, = AE)(R)-AE’(R)+AH(R,))
depend on radial position r and can be found in [5]. Ak, i _mk,
The solution of the Maxwell equations in the here A =i Kn(A), A =AK,(4), A =i Kn(4),
oo . . k k
cylindrical coordinates can be found in the form:
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Ak, _.mk,

A4:i Im(A)a AszAlrln(A)a %_ITIm(A)a

A=xR,, & =ki-k*, EP(R), H}R), EXR,),

H (/',’ (R,) are the values of wave field components at

plasma — vacuum interface, obtained by the numerical
integration of the system (2), prime denotes the derivative
with respect to the argument.

The boundary condition for E,(r) and E (r) wave

field components at the waveguide metal wall r=R;
gives the dispersion equation in such form:

C/l.(x,R)+C,K, (x,R,) )
Cil,(x,R)+C,K (x,R)) =

3. MAIN RESULTS

The main attention in this report was focused on the
properties of the symmetric wave with m=0 because
this wave is most frequently used in different practical
applications [1-4]. In this case the system of Maxwell
equations breaks up into two independent subsystems for
H and E —waves. Let’s study the properties of the E —
wave that widely used in practice and possesses three
components E,, E, and H .

The influence of effective collision rate, direct current
value and waveguide geometric parameters on the
dispersion and attenuation of the waves considered was
studied for the case of radially uniform plasma. For the
considered set of problem’s parameters the dispersion
equation for the symmetric E —wave possesses only one
solution.

The influence of the effective electron collision
frequency v on the spatial attenuation coefficient
a =Im(k;)R, is shown on the Fig. 1.
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Fig. 1. The dependence of spatial attenuation coefficient
a =Im(k,)R, on dimensionless wave number
x =Re(k;)R, . Numbers 1-4 correspond to v values:
0.001,0.01,0.05,0.1. Other parameters are:
R /R,=0.1, R,w/c=0.5, R,/R,=2.0, j=4.0

It was obtained that the increase of the effective
collision rate value v leads to the increase of the wave
attenuation coefficient « , especially in the region of the
short waves (X >5). The spatial attenuation coefficient
essentially depends on the value of direct current that
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creates external non-uniform magnetic field. When
current value increases in two times and other problem’s
parameters remain unchanged the value of ¢ in the case
of uniform plasma increases almost in two times.

The wvalue of the normalized direct

(j=€J,/2mc’) substantially affects the symmetric
mode dispersion (Fig. 2).
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Fig. 2. The dependence of normalized wave frequency
4=/ o, onthe wave number x . Numbers 1-6

correspond to j values 0.1,0.5,1.0,2.0,3.0,4.0. Other
parameters are the same as for the Fig. 1, except v = 0.001
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Fig. 3. The dependence of attenuation coefficient « on
the wave number x . Numbering of the curves and
problem’s parameters are the same as for the Fig. 2

When the value of current j increases from 0.1 up to
4.0 the frequency x maximum value arrives at the

region of big axial wave numbers was decreased in 3
times. For every j value some critical axial wave number
value exists. The waves with axial wave numbers lower
than critical can not propagate in such structure under
given conditions. When external magnetic field is rather
strong ( j >4) its further growth has not influence on the

critical wave number value and on the frequency x . The
increase of the j value leads to the essential decrease of

the attenuation coefficient « especially in the region of
large axial wave numbers (Fig. 3).

The outer waveguide metal wall strongly influences
on the wave dispersion in the region of the moderate
Xx~2 and on the coefficient « in the region of short
wavelength. When vacuum gap thickness value is rather
large (R, /R, >2) its further growth does not essentially

influences on the dispersion and attenuation of the wave.



The influence of radial plasma density non-uniformity
on the wave attenuation is presented on the Fig. 4. It was
obtained that the coefficient « take on some minimum
value when 6 # 0. Such dependence is determined by the
fact that under given parameters of waveguide structure
and plasma density radial profile the electromagnetic-field
strength culminates its maximum in the region where
plasma density tends to zero. Further growth of the ¢
value leads to the convergence of the radial positions of
the maximum values of plasma density and wave field
amplitude. This feature causes the increase of spatial
wave attenuation as a result of Joule wave energy losses
under plasma density non-uniformity parameter growth.

It was obtained that the coefficient « is not too large
in the region of small axial wave numbers (X <2.5). But
for rather small wavelengths one can observe some
critical X, value. In the neighborhood of this X, value

the spatial attenuation sharply growths up. Waves with x
value larger than this critical value cannot propagate

under the given set of problem parameters (see Fig. 4).
0,351

ja 7
0,30 6
025
0,20

0,15

0,10

0,05

0,00—: X

Fig. 4. The dependence of coefficient « on the wave
number x . Numbers 1-7 correspond to & values:
0.0,0.061,0.19,0.4,0.6,0.8,1.0. Other parameters are
the same as for the fig. 2, except j=4.0

The dispersion equation (4) was analyzed for the cases
of symmetric (m=0) and dipolar (m=1) waves. Main
attention was focused to the study of the properties of the
symmetric waves. The solution of the dispersion equation
in the case of dipolar waves is more complicated problem
because the equation possesses the set of eigen solutions.
These solutions essentially differ from each other by the
dispersion characteristics and by the spatial attenuation
coefficient.

4. CONCLUSIONS

It was studied the influence of the effective collision
frequency, the wvalue of direct current, geometric
parameters of waveguide system and plasma density
radial profile on dispersion characteristics and attenuation
coefficient of electromagnetic waves that propagates
along coaxial waveguide structure. It was shown that it is
possible to control effectively the dispersion properties
and spatial attenuation of the considered waves by
varying the value of mentioned parameters.
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CUMMETPUYHBIE U TUIIOJIbHBIE 3JIEKTPOMAI'HUTHBIE BOJTHbI _
B KOAKCHAJIBHOU CTPYKTYPE, 3AIIOJTHEHHOU HEO/JTHOPOJHOU JUCCHUITATUBHOU
TIIJTA3MOM C ASUMYTAJILHBIM MATHUTHBIM MTOJIEM

B.II. Onegup, A.E. Cnopos

[MpuBeneno nccnenoBanue BIUSAHUS 3(P(GEKTHUBHON YaCTOTHI CTOJKHOBEHUH 3JIEKTPOHOB, CHJIBI OCTOSIHHOTO TOKA,
MPOTEKAIOIIEr0 IO I[EHTPAIbHOMY IPOBOAHUKY KOAKCHAJIBHOW BOJHOBOJHOW CTPYKTYpBI, T'€OMETPHUYECKHX
[IapaMeTpoB BOJIHOBOJA M PaJUAIbHOTO MPO(UIIL IIIOTHOCTH IUIa3Mbl Ha JUCIIEPCHUIO, IPOCTPAHCTBEHHOE 3aTyXaHUE U
pafuaNbHy0 CTPYKTYpy IOJIS BBICOKOYACTOTHBIX 3JEKTPOMArHUTHBIX BONH. Iloka3aHo, 4TO, M3MEHss YKa3aHHBIE
napameTpel, MOXHO 3(QQEKTUBHO YNPaBIATh JUCHEPCHOHHBIMH  XapaKTEPUCTHKaMH U KO3 PHUIHMEHTOM
IIPOCTPAHCTBEHHOI'O 3aTYXaHUS PACCMATPUBAEMBIX BOJH.

CUMETPUYHI TA JUITOJIBHI EJIEKTPOMAT'HUTHI XBHUJII
B KOAKCIAJIBHINA CTPYKTYPI, 11O 3AIIOBHEHA HEOJJTHOPIJTHOIO TUCUIIATUBHOIO
IIJTA3MOIO 3 ABUMYTAJIBHUM MAT'HITHUM INOJIEM

B.IIL. Onegip, O.€. Cnopos

HaBeneno mocmimkeHHs BIDIMBY €(EKTHBHOI YaCTOTH 3iTKHEHD €IEKTPOHIB, CHIIU IIOCTIHHOTO CTPYMY, IIIO TIPOTIKae
[0 LIEHTPAIbHOMY IMPOBIJHUKY KOAKCialbHOI XBHJIEBOIHOI CTPYKTYpH, T€OMETPHYHMX MapaMeTpiB XBHJIEBOILY Ta
panmianpHOr0 TPO(ITI0 TYCTHHH IJIa3MH Ha IHCIEPCiio, MPOCTOPOBE 3aracaHHs Ta padiaibHy CTPYKTYpYy IIOJIS
BHCOKOYACTOTHUX EJIEKTPOMArHiTHUX XBWIb. [lokasaHo, mo, 3MiHIOIOUM BKa3aHi MapaMeTpH, MOXINBO €(PEKTHBHO
KepyBaTH IUCIIEPCIHHUMHU XapaKTEePUCTUKaMH Ta IPOCTOPOBUM 3araCcaHHsM XBHIIb, 110 PO3TJISIAIOTHCS.
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