PECULIARITIES OF DISPERSION CHARACTERISTICS OF
SINUSOIDALLY RIPPLED PLASMA WAVEGUIDES
WITH SMALL RIPPLE DEPTH
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Analytical expressions for the dispersion equations of E-waves of flat and cylindrical sinusoidal rippled plasma
waveguides with super conducting walls in a strong external magnetic field are received. Origin of forbidden bands,
which are formed at crossings of the dispersion curves describing various own modes, is investigated. The width of
formed forbidden bands and group speeds of own waves near to the forbidden bands are determined. Comparison of the
theory with results of the previous researches in special cases gives good qualitative and quantitative conformity.
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For the first time use of plasma filling in periodical
waveguides was offered in work [1] Further development idea
of application of plasma filling and sinusoidal ripple has
received in works [2-4]. In work [2] dispersion characteristics
of axial-symmetric E-waves are investigated, dependence of
forbidden band on ripple depth in a vicinity and far from a
point of crossing of dispersion curves is determined. It is
shown, that the forbidden band width is proportional to ripple
depth. In works [3,4] excitation of rippled plasma structures
by electron beams is investigated.

However in connection with the recent theoretical
description of a Trivelpiece-Gould waves spectrum in periodic
waveguides and introduction in a terminology of concept of a
dense spectrum [5] mentioned above results become unfair.
The matter is that in periodic wave guides instead of the
determined dispersion curves the dot set having fractal
properties [6,7] is organized. Thus the dot set represents the
monotonous function having some constant value at equality
last rational number (a devil ladder) [6,8].

In the present work the analysis of dispersion
characteristics of electromagnetic E-waves of flat and
cylindrical waveguides is carried out in view of finite, but
satisfying Rayleigh hypothesis [9], ripple depth.

Let's receive the dispersion equation of a plasma
waveguide with sinusoidally rippled walls. Dependence
of distance between walls of a waveguide on longitudinal

coordinate X(z)we shall choose as
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Similarly [9] we count, that the wave guide is filled
with homogeneous plasma and placed in a strong

longitudinal magnetic field /7,1 1 e, . We assume also,

that ions of plasma are infinitely heavy and their

contribution plasma fluctuations is neglected.

By virtue of spatial periodicity of structure on Z axis
we shall present required fields as infinite sums of partial
waves (spatial harmonics)

Analytical expressions for the dispersion equations of
symmetric E-waves of flat and cylindrical plasma
waveguides with sinusoidally rippled super conducting
walls in a strong magnetic field with small ripple depth
can be received from infinite Hill’s determinant [9].

These expressions are represented by following equations:
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first member in braces corresponds to the flat rippled
waveguide, the second - to the cylindrical one.

We’ll investigate the dispersion characteristics of such
waveguides using the equation (1). All calculations we shall
carry out for a flat rippled waveguide. The received results, in
view of the mentioned above replacement, may be easily
transformed for the description of rippled cylindrical plasma
waveguides.
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DISPERSION OF ELECTROMAGNETIC E-
WAVES (0 *00 2)

Let's determine the frequency displacement caused by
the presence of small ripple in a case, when the basic own
mode (n=0) is crossed with a counter own mode
n=-1, [ h 0. From the equation (1) for a flat rippled
waveguide we have:
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In points of crossing of dispersion curves /= ——,

decomposing the equation (2) in a line in a vicinity of

lk
points W,tAhw and 70+ Ak,
i p-o f
Ao Ak _ 2 il . )
" s=—MIL, we shall receive the following
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equation connecting the amendments to frequency A @
and wave number Ak :
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velocities of own modes of a smooth ramkoro waveguide
at g - 0 .
From the equation (3) follows, that in a point of

lk

crossing 1= —2 of a zero mode (7= 0) with the
2

counter mode # = -/ extending in an opposite direction,
dispersion curves on a plane Aw , Ak (A -an axis of
abscissas, - Ak an axis of ordinates) are split. The

received curves are described by the equation of a
hyperbole with the beginning of coordinates in a point (

Wy, 70 ) and with the imaginary axis parallel to an axis

of wave numbers / .
The distance between tops of hyperbolas (width of a
band AQ ,) is determined by expression:
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increasing of mode number decreases.
asymptotes are the straight  lines

The relative width of forbidden bands 1, =

and with
Hyperbolas

M=t vsz W which correspond to the equations of

tangents to the appropriate dispersion curve of a smooth
wave guide with ¢ - 0.
Proceeding from above-stated it is possible to draw a
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conclusion, that in a vicinity of points of crossing % = 20

of dispersion curves of rippled waveguide forbidden
bands with width AQ ,,

the equation (3) has no valid solutions relative to A & .

i.e. frequency intervals in which
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Value of group velocity in a vicinity of h= —
follows from (3) and may be presented as:
Ak
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From expression (4) follows that in a vicinity of a

point /1 = 70 group velocities may decrease to zero.

DISPERSION OF PLASMA E-WAVES
CHT
Let's consider dispersion properties of plasma E-
waves of a flat rippled waveguide.
The displacement of frequency caused by presence of
small ripple depth at crossing of the basic mode (7= 0)

Ik,

with a counter own mode 7 = -/ in points 7= — we

shall determine from the equation:
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where: V,, |5 H| 3 lk - group velocities of the

own modes with 0 - O .

The equation (5) as well as in case of an
electromagnetic E-wave describes splitting dispersion
curves and formation of the forbidden bands. The relative
width of a forbidden band is determined by expression:
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From this expression follows, that the width of the

1
forbidden band decreases like 0 '— with growth of

number / of a mode.
Value of group velocity in a vicinity of the forbidden
band is determined by expression (4) in which it is

W,
t | | . As well as in case
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of electromagnetic E-waves, group velocity for wave

necessary to use V,, =

Ik
numbers /= 20

In conclusion it is necessary to note the following.
The received expressions are fair for small ripple

depths - 0 K 5 Rg [Tl . Here follows the requirement on a

may decrease to zero.

waveguide ripple depth:
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At small ripple depth the quantity of modes for which

consideration is fair, may be big enough and thus,
decomposition of fields in infinite numbers is justified.

CONCLUSIONS

For the first time from infinite Hill’s determinant
analytical expressions for the dispersion equations of
symmetric E-waves of flat and cylindrical plasma
waveguides with sinusoidally rippled super conducting
walls in a strong external magnetic field are received. It is
shown, that the dispersion equation of a cylindrical
plasma rippled waveguide may be received from the
dispersion equation of a flat rippled plasma waveguide if
ik, R,)

in the last to replace Ig(K ,,Ro) on Jo(K Ro)and to

a
replace 0 on 5

Formation of forbidden bands for electromagnetic (
w>ho 2) and plasma (& > 0w ]2,) waves of E-type

which are formed at the crossing of basic mode dispersion
curve with various own waves in flat and cylindrical
rippled plasma waveguides is analytically investigated. It
is shown, that near to any point of such crossing
dispersion curves are split also their behaviour is
described by the equation of a hyperbola-type in which
the imaginary axis is parallel to an axis of wave numbers,
and the distance between tops of a hyperbole determines
width of a forbidden band.

The width of [-th forbidden band is determined. It
appeared to be proportional ¢ ! at modes crossing with

identical radial wave numbers and proportional @ at
crossing of the basic and first longitudinal modes
distinguished by radial wave numbers.

Values of group velocities of own waves in the
vicinity of the forbidden band are calculated. It is shown,
that near to points of crossing of own modes both with

identical and with various wave numbers group velocity is
small in comparison with light velocity and in the point of
crossing decreases to zero. The received theoretical
results in limiting cases will well be coordinated to results
of other authors.
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OCOBJHBOCTI JUCIEPCIMHUX XAPAKTEPUCTHUK T'O®POBAHMX IJIA3MOBHX XBUJIEBO/IIB
3 MAJIOIO I'TTIUBUHOIO T'O®PA
B.I1. lanwuun, B.1I. Tkauenko, I.B. Tkauenko

OTpyMaHO aHANITHYHI BHpa3W sl AMCHEPCIHHUX DIBHAHb E-XBHJIb IUIOCKOrO 1 HMJIIHIPUYHOIO IIa3MOBHX
XBHJIEBOJIIB 3 CiHYCOiJaJIbHO TOPPOBAHMMHU i/1€alIbHO HPOBIJHUMH CTIHKAMH B CHJIBHOMY 30BHILIHBOMY MarHiTHOMY
noJi. J{ociikeHO YTBOPEHHSI CMYT HEMpPO30pOCTi, sIKi YTBOPIOIOTHCS HPH NEPETHHAHHI TUCTIEPCIHHUX KPUBHUX, IIO0
XapaKTepu3ylTh PI3HOMAaHITHI BiacHI MoJu. Bu3HaueHO MIMPUHY CMYT HEMpPO30pOCTi, IO YTBOPIOIOTHCS, 1 TPYIMOBI
IIBUIKOCT] BIACHUX XBHJIb MOOJI3Y cMyT Hempo3opocTi. [TopiBHAHHS Teopii 3 pe3yibTaTaMy MONEepeIHIX JOCHTiHKEHb
B OKPEMHUX BUMAJKAX JIA€ TAPHY SAKICHY 1 KUTBKICHY BiAMIOBIAHICTB.

OCOBEHHOCTHU JUCHHEPCHOHHBIX XAPAKTEPUCTUK TO®PUPOBAHHBIX ITJIASMEHHBbIX
BOJIHOBO/IOB C MAJIOM I''TYBUHOM T'O®PA
B.U. Ilanwmun, B.U. Tkauenxko, U.B. Tkauenko
Honyqem)l AHAJINTUYCCKUC BBIpa)KeHI/IS[ JJIA III/ICHepCI/IOHHLIX ypaBHean/'I E-BOHH IIJIOCKOIO Hu HI/IJ'[I/IHJIpI/I‘IeCKOFO
IJIa3MEHHBIX BOJIHOBOAOB C CI/IHyCOI/I)IaJ'[I)HO FO(i)pI/IpOBaHHBIMI/I nUacajJabHO HpOBO}IHHlI/IMI/I CTCHKaMU B CHJIIBHOM
BHEIIIHEM MarHUTHOM T1ione. MccienoBaHo oOpa3oBaHHE TIONOC HENMPO3PAaYHOCTH, KOTOpBIE 00pasyroTcs IIpu
TepecevYeHr: JUCIePCHOHHBIX KPUBBIX, XapaKTEPH3YIOUNX Pa3InYHbIe cOOCTBEHHBIE MOAbl. OmpeneneHbl MupruHa
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00pa3yromuxcs MOJI0C HETMPO3PaYHOCTH M TPYIIOBBIE CKOPOCTH COOCTBEHHBIX BOJIH BOJHM3H MOJIOC HEMPO3PAYHOCTH.
CpaBHEHHE TEOpUH C pe3ysbTaTaMu MPEAbLIYINX HCCIEJ0BAHUN B YACTHBIX CIy4asX JAeT XOpollee KaueCTBEHHOE U
KOJTMYECTBEHHOE COOTBETCTBHE.
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