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Features of the solution of Maxwell’s equations in sinusoidally rippled waveguide with the metal walls, filled with
cold plasma, are considered. The dispersion equation which gives connection between longitudinal wave number / and
frequency of fluctuations of a field @ in a waveguide is received. The “dense” spectrum which appears in the cross
points of plasma modes with various numbers of spatial and radial harmonics is considered. Hausdorff’s dimension for
the case of equidistant distribution of forbidden bands as a function of ripple depth is constructed and the restriction for
ripple depth (depth value when suggestion becomes not valid) is obtained.

PACS: 52.35. Hr

Infinite periodic sinusoidally rippled waveguide is
considered in this work. It is supposed that waveguide is
filled with cold collisionless plasma. Ions are considered
to be reposed and not taking part in particle movement.
Exterior magnetic field is assumed to be infinite and
directed along z-axis of a waveguide. The general view of
a waveguide is represented on the Fig. 1.

Dependence of distance between walls of a
waveguide X (Z) on longitudinal coordinate z was

chosen as X(Z)=R0(1 —asinkoz) )
ko=2n/D | a<1 - the ripple depth, R, and D

are the average radius and a spatial period of a waveguide
accordingly.
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perfect conductor

Fig. 1. Geometry of the problem

In a case of planar symmetric waveguide system of
Maxwell equations breaks up to two subsystems, relevant
to existing of £ and H waves. In this work E-wave is
considered.

It is assumed that electromagnetic field may be
presented in the following view:
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F(x,z,t) -
, and F n(x ) are the n-th spatial
harmonic amplitude and the distribution function in a

where are the values of E-wave

components, d

plane of cross section of a waveguide; k,=h+nk -

longitudinal wave number of n-th harmonic. The given
presentation was supposed valid everywhere, including
the space between waveguides humps.

It is known, that the dispersion equation expressing
dependence of a longitudinal wave number /4 on
frequency @ , follows from the requirement of equality
to zero of the infinite Hill-type determinant [1].

The following view of infinite determinant elements
is received:
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where ¢,=1 —a)p/ w , @, - electron plasma
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frequency, x, = \/ &y (a)2/ c?— ki ) radial wave

number. We shall note, that C,, values are received
without expansion on a small parameter o , i.e. ripple
depth is considered to be finite. For reception of the

dispersion equation restriction on value of the determinant
(the majorant) is received. In supposition that the
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majorant of determinant converges the dispersion
equation for a wave of E-type of sinusoidally rippled
plasma waveguide is received.
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where and

Gy, h)=J(K,R,) .
construct a set of dispersion curves of sinusoidally rippled
plasma waveguide assuming that a=0 (zero
approximation). Then, taking a#(0 a multiplicity of
forbidden bands can be constructed. Forbidden bands
originate in the cross points of various spatial and radial
harmonics.

The analysis of equation (3) allows to spot the
forbidden bands at cross points of dispersion curves of
various radial and spatial modes. It is shown, that the
forbidden band’s width is proportional ¢” , where p is
the order of a forbidden band.

In the case of plasma waves ( @ < @ ») construction

Equation (3) allows to

of dispersion curves gives in occurrence so-called “dense”
spectrum for the first time submitted in [2] and shown on
the Fig. 2 (according to [3]).

5

138

w
|
o )

p

Fig. 2. “Dense” spectrum (appears below

One can see, that such structure has fractal properties
(in particular, scaling self-similarity) [4, 5]. The amount
of forbidden bands is infinite. Further calculation of
higher numbers of spatial and radial harmonics gives
forbidden bands which width can be compared to the
width of forbidden bands of primary modes. For today
some expedients of the description of similar object are
offered. It is shown that in the case when all spatial and
radial harmonics are taken into account, every point of w-
k. plane blow w, becomes a solution of dispersion
equation. The behaviour of such multiplicity of forbidden
bands (cross points) is investigated in [3, 6, 7]. However,
no conclusion can be made from these results. For today
Hausdorff’s dimension is calculated under suggestions
that simplify calculation.

In this work Hausdorff’s dimension is calculated
under suggestion that forbidden bands formed in the cross
points of modes with various numbers of spatial and
radial harmonics are equidistantly spread at the segment

of 0- @, . Hausdorff’s dimension is calculated according
In N(1)
__\N()

H™ ln—l_, ; “
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where N and N/, [ and [/’ are the generalized number and
generalized length on the preceding and current steps of
fractal structure development respectively [5].

Calculated wunder stated suggestion

to the following:

and (4)

Hausdorff’s dimension is Dy =_ln2/[na. At the value

0=0,221 forbidden bands begin to cover each other
and performed suggestion becomes not right.

Authors consider that the problem of “dense”
spectrum is vital for experimental and theoretical
researches. Dispersion characteristics of periodic plasma
waveguides still are the questions to discuss. It is
necessary to construct the general theory of “dense”
spectrum and to obtain experimental data to bring
experiment to conformity with theory.
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®PAKTAJIBHBIE CBOMCTBA JUCIIEPCUOHHIX XAPAKTEPUCTUK CUHYCOUJIAJIBHO
T'O®PUPOBAHHOI'O BOJTHOBOJIA, HAIIOJTHEHHOT O IIJTIA3MOM

B.U. Jlanuuun, A.®D. Cmosnos, B.U. Tkauenxo, U.B. Tkauenko

PaccMoTpeHbl 0COOEHHOCTH pellieHns1 ypaBHeHHI MakcBesia B CHHYCOMIaIbHO TOPPUPOBAHHOM BOJIHOBOJIE
C METaJUIMYECKHMH CTEHKaMH, HAaOJTHEHHOM XOJIOAHOH Iuia3Moil. [lorydeHo qucrnepcHOHHOE COOTHOLIEHHE, KOTOPOe
JIaeT CBSI3b MEX/Y HPOJOJBHBIM BOJHOBBIM 4HMCIOM h M 4acToTO# KojeOaHuil mojsi W B BOJHOBOjE. PaccMmorpen
«IJIOTHBINY CHEKTP 30H HEMPO3PayHOCTH, BOZHHUKAIOIIUII B TOUKAX MEPECEUEHUs PA3IUYHBIX MPOCTPAHCTBEHHBIX U
paguanbHeix Moa. [lomyueHo 3HaueHue Xaycaop(hoBoil pa3MEpHOCTH B MPEIIOJIIOKECHUH  OKBUIUCTAHTHOTO
pacnpezieneHlss 30H HENPO3pPauyHOCTH, TAaKKe IOJNyYeHO OrpaHuueHHe Ha DIIyOuHy rodpa, Korja yKa3zaHHOE
MIPEATIONIOKEHHE TIepecTaeT ObITh CIPaBEJINBBIM.

®PAKTAJIBHI BJIACTUBOCTI JUCHNEPCIHHUX XAPAKTEPUCTUK CUHYCOIJIAJIBHO
rO®POBAHOI'O XBUJIEBOJAY, HAITIOBHEHOI'O IIJIA3BMOIO

B.1 Jlanuun, O.®. Cmosnnos, B.1. Tkauenxo, I.B. Tkauenko

PosrnssHyTO 0COONMMBOCTI pilIeHHS piBHAHR MakcBelsla B CHHYCOITalbHO TO(POBAHOMY XBHJICBOMI 3
METaJICBUMH CTiHKaMH, HAIIOBHCHOMY XOJIOJHOKO IUIa3Mor0. OTpHMaHO JHCHepCiiiHe CIiBBiIHOIIECHHS, 110 A€ 3B'S30K
MiX ITOJOBXHIM XBIJIFOBHM YHCJIOM h i 9aCTOTOIO KOJUBAHb MMOJIS () B XBIJIEBOI. PO3TIISIHYTO “IIiNBHUIT” CTIEKTpP 30H
HETIPO30pOCTi, 0 BUHUKAE y TOYKAX IIEPETHHY Pi3HUX NMPOCTOPOBUX Ta palialibHUX rapMoHiK. OTpUMaHO PO3MipHICTh
Xaycnopda y MpHITYIIeHi, TI0 30HH HEIPO30pOCTi PO3MOBCIOIKCHI €KBiTICTAHTHO. TakoXX OTPHMaHO OOMEXCHHS Ha

I‘J'II/I6I/IHy r0(1)pa, IpUu AKOMY 3a3HAa4UCHC NPUITYHICHHS ITE€pECTac 6yTI/I CIIpaBCAJIMBUM.
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