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The report presents the results of theoretical research of plasma density axial structure
in gas discharge sustained by the travelling slightly–damping nonpotential quadrupolar
surface wave (SW) with azimuthal wave number 

�
±=�  in diffusion controlled discharge

regime. SW propagates in three components waveguide structure that consists of a cylindrical
magnetized plasma column with radius �  and waveguide metal wall with radius �� ����� > .

There is a vacuum gap between the plasma column and the metal wall . External constant
magnetic field � 	  is directed along the axis of the waveguide system. The quadrupolar mode
was considered due to the fact that this wave is useful for gas discharge sustaining [1]. Plasma
density axial distribution along the discharge was studied in the framework of the
electrodynamic approach [2]. Such description has shown its eff iciency for theoretical
modeling of the long discharges sustained by the symmetric ( 
=� ) and dipolar modes
( �±=� ) (see review paper [3]). The dispersion properties of quadrupolar waves and plasma
density axial structure in simplified plasma–vacuum discharge structure were considered in
[4]. The aim of this paper is to study the influence of waveguide metal wall presence on the
dispersion properties of quadrupolar waves and on the gas discharge axial structure under
various gas discharge parameters (external magnetic field, waveguide metal wall and plasma
column radii). The discharge model considered, consists of the SW local dispersion equation,
SW energy balance equation along the discharge, equation that connects together the SW
power and the local plasma density [2]. The used method for numerical research of the basic
system of equations, mentioned above, allows us to investigate gas discharges sustained by
the SW with any azimuthal wave number.

The plasma is considered in hydrodynamical approximation as cold weakly absorbing
media [5]. It is characterized by the effective electron collision frequency ν  ( ων << , ω  is
the SW generator frequency). It is assumed that this frequency ν  is constant in discharge
volume. Plasma density is considered to be homogeneous in radial direction and vary slightly
along the plasma column.

The single-mode regime is considered, when only one nonpotential eigen wave is
excited in discharge structure. First let us consider the influence of magnetic field value,
plasma column and metal waveguide wall radii on the dispersion properties of quadrupolar
waves. The results of the numerical investigation of the dispersion equation at various
discharge parameters are presented in Figs.1-3. Dispersion properties of the quadrupolar SW
with 

�
−=�  at different external magnetic field values �−=Ω ωω 
 �  ( 
 �ω  is electron cyclotron

frequency) are presented
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in Fig.1. When external magnetic
field is strong ( �>Ω ) the dispersion of
quadrupolar mode �−=�  becomes like
zoned type (similar to symmetric and dipolar
modes [2]). The zero dispersion zone
corresponds to minimum possible value of the
dimensionless axial wave number �� �

. The

number of dispersion zone increases with
growth of minimum �� �

 value. The SW with

�−=�  from the zero dispersion zone
possesses only the straight dispersion. In the
first dispersion zone and in higher ones SW
has the regions both of the straight and
backward dispersion (curves 5,6 in Fig.1).

The effectiveness of quadrupolar SW
used for the discharge sustaining can be
evaluate from the SW damping rate������ � ��

=δ  dependence on the wavelength

and local plasma density. Damping rate for
SW with different athimuthal wavenumber
values as a function of dimensionless
wavenumber 

������ � ��
 is shown in Fig.2. In

the region of small values of dimensionless wavenumber the SW collisional damping
increases with the growth of absolute value of azimuthal wavenumber ( �� � ). It is shown that
damping rate of quadrupolar mode with �−=�  decreases with the increase of η  value. The
increase of external magnetic field value of Ω  results to the weakening of the dependence of
δ  on the wavelength.
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Figure 2
Dimensionless damping rate as a
function of dimensionless wavenumber���� � � ��

 at !"#=σ , $"#=Ω , !"�=η ,�% � # −− =νω . Line marked by the
number 1, 2, 3, 4 correspond to the
value of �  0, -1, -2, -3, respectively.

Figure 3
Dimensionless damping rate as a function
of dimensionless wavenumber 

���� � � ��
 at

�−=� , !"#=σ , $"#=Ω , 

�% � # −− =νω .
Line marked by the number 1, 2, 3, 4, 5
correspond to the value of η  1.1, 1.2, 1.3,
1.5,3.0, respectively.
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Figure 1
Dimensionless wave frequency 

%−576ωω
of quadrupolar ( �−=� ) mode as a
function of dimensionless
wavenumber �� �

 at

!"#%
== −�98ωσ , �"�%

== −�� :<;�=η .

Line marked by the number
1,2,3,4,5,6 corresponds to value of
Ω : 0.2, 0.6, 1.2, 3.0 (zero zone), 3.0
(first zone), 3.0 (second zone,
respectively).
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The influence of metal radius value ><?�@A
 on the dispersion properties of the

quadrupolar wave with B−=C  at the fixed dimensionless plasma radius D−=
AFE

ωσ  (
E

 is
light velocity in vacuum) and dimensionless magnetic field value D−=Ω ωω G ?  is presented in

Fig.4. The calculations show that the influence of metal wall radius on the SW dispersion
properties is negligible when HIJ≥η . The influence of waveguide metal wall radius on the
dispersion properties of quadrupolar SW increases with the growth of external magnetic field
value.

The influence of metal wall radius on the dispersion properties of quadrupolar mode
with B=C  for weak magnetic field ( KIH=Ω ) and fixed plasma column radius is also
investigated (Fig.5). The decrease of vacuum gap value leads to the decrease of SW phase
velocity and also to the change of the dispersion nature. For narrow vacuum gaps ( BIL≤η )
the dispersion becomes straight type but SW group velocity is rather smaller. The influence of
parameter η  is substantial when area of axial wavenumbers 

AM N
 is smaller and the wave has

maximum possible value of phase and grope velocities.
Let us consider the discharges sustained by quadrupolar SW with azimuthal wave

number B−=C  in diffusion controlled regime. The axial distribution of dimensionless
plasma density OO −= ωω P7QR

 is studied from the generator exit up to the end of the discharge.

The dimensionless plasma density 
R

 value just near to the generator was determined on the
basis of SW dispersion properties. The discharge length S  is defined by such dimensionless

axial coordinate ( ) D−=
AT ωνξ  value ( T  is axial coordinate counted from the generator),

where the total SW energy flux turns to zero. The plasma density axial structure in the
discharge sustained by the SW with B−=C  at dimensionless radius UIH=σ  and weak
external magnetic field value for several η  parameters is shown in Fig.6. The decrease of a
vacuum gap value leads to the substantial growth of maximum possible plasma density value
in the discharge. The external magnetic field value greatly affects the axial distribution of
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Figure 4
Dimensionless wave frequency of
quadrupolar mode with f−=g  as a
function of dimensionless wavenumberhi j

 at klm=σ  and nlm=Ω  for

various metal waveguide radius values.
Line marked by the number 1, 2, 3, 4,5
correspond to the value of η  1.1, 1.2,
1.3, 1.5, 3.0, respectively.

Figure 5
Dimensionless wave frequency of
quadrupolar mode with f=g  as a
function of dimensionless wavenumberhi j

 at klm=σ  and nlm=Ω  for various

values of the metal waveguide radius. Line
marked by the number 1, 2, 3, 4,5
correspond to the value of η  1.1, 1.2, 1.3,
1.5, 3.0, respectively.
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plasma density. The increase of external magnetic value results to the increase of possible
plasma density in the discharge (Fig.7).

The increase of plasma column radius leads to the small-scale plasma density growth.
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Figure 6
Axial normalized plasma density profiles
of plasma columns sustained quadrupolar
mode with o−=p  at qrs=σ  andtrs=Ω  for different metal waveguide
radius values. Line marked by the number
1, 2, 3, 4, 5 correspond to the value of η
1.1, 1.3, 1.5, 1.7, 1.9, respectively.

Figure 7
Axial normalized plasma density
profiles of plasma columns sustained
quadrupolar mode with o−=p  atqrs=σ  and uru=η  various magnetic
field values. 1, 2, 3 correspond to the
value of Ω  0.2, 0.6 0.8, respectively.

The decrease of the vacuum gap value can greatly change the nature of the dispersion
of quadrupolar mode with o=p  (Fig.5) Calculations of plasma density axial structure have
shown, that the discharge lengths in this case are extremely small.

The plasma density axial distribution, SW field radial structure and SW power were
investigated for different values of external magnetic field, plasma column and waveguide
metal wall radii. It was find, that variation of waveguide metal wall radius substantially
affects the SW dispersion properties, SW spatial damping and SW radial wave field
distribution as well as the electron density axial distribution. Carried out investigations allows
to compare spatial distribution of gas discharge parameters for any SW azimuthal wave
number and to find the conditions, under which rather homogeneous axial plasma density
profile may be obtained.
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