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The article presents the results of theoretical research of meandering behavior of dispersion curves of waveguides with magnetized
plasma filling. It is shown that regardless of plasma density joint solutions for different pairs of equations, satisfying the dispersion
relation, can exist. It is determined that they are unique dispersion curves intersection points with domain boundaries which establish
the solution set of these equations. It is shown that for each dispersion curve, belonging to one or several domains can be
unambiguously determined. It is discovered that intersection of dispersion curve with the domain boundaries results in its
meandering behavior. It is shown that in the absence of the points of such intersection the dispersion curve cannot leave the
boundaries of one domain and in this case meandering behavior of the curve is absent.

KEY WORDS: plasma-filled waveguide, magnetized plasma, dispersion equation, dispersion curves, hybrid waves

3BUBUCTHI BULJISI AUCIIEPCIMHUX KPUBUAX Y MATHITOAKTUBHUX IJIA3MOBHUX XBHJIEBOJIAX
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VY crarTi mpeAcTaBIeHO pe3yNIbTaTH TEOPETHYHOTO JOCITIPKEHHS 3BHUBHCTOI IOBEMIHKH THCHEPCIHUX KPUBHX y XBHJIEBOJAX i3
MarHiTOaKTHBHMM IUIa3MOBHMM HanoBHEeHHsM. [Toka3aHo, 10 HE3aJIeXHO BiJ T'YCTHHU IUIa3MU MOXYTb iCHYBAaTH CIIUJIbHI PO3B’S3KH
JUISL PI3HUX Tap pPiBHSHB, SIKi 3aJOBOJIBHSIOTH JUCIEPCIHHOMY CIIiBBiIHOIICHHIO. BCTaHOBIICHO, II0 BOHU € €IMHUMH TOYKaMH
HepeTHHY JUCIEpCiiHMX KPHBUX 13 MeXaMu oOiacrteil, ski GpopMye MHOXKHHA yCiX pO3B’s3KiB LHUX DiBHsHB. [lokas3aHo, 110 IS
KOYKHOT ZIMCIEPCiiiHOT KpUBOT MOYKHA OJHO3HAYHO BCTAHOBHUTH MPUHAICKHICTD 10 OnHiel ab0 JeKiIbKOX Takux obnacreii. Bussieno,
IO MEPEeTHH AMCIEPCIHOI0 KPHBOIO MeX 00JacTeil MpU3BOIUTH 10 ii 3BUBHCTOI HoBeAiHKHU. [loka3aHo, 110 32 BIACYTHOCTI TOUOK
TaKOTro MEepeTHHY AUCIEpCiiiHa KpHBa HE MOKE MOKUIATH MEKH OfiHiel 001acTi i y IbOMY BUITAJKy 3BUBHCTA ITOBEIiHKA Y KPUBOI HE
CIIOCTEpPIraeThCs.
KJIFOYOBI CJIOBA: mra3MoBuii XBUIICBOJ], MATHITOAKTHBHA IU1a3Ma, TUCIICPCiiiHe piBHSIHHS, TUCTICPCiiHI KPHBI, TIOPUIHI XBUIII

U3BUJIUCTBINA BUJ JUCHEPCUOHHBIX KPUBBIX B MATHUTOAKTUBHBIX IIJIASMEHHBIX BOJTHOBOJAX
B.W. Tkauenko™, B.H. ]J_lepﬁnmm*
* Hayuonanvhvlii Hayuusill yenmp «Xapbrosckuil pusuxko-mexnudeckuti uncmumymy HAHY
yn. Axademuueckas 1, 61108, Xapvkos, Yxkpauna
** Xapvrosckuil Hayuonanvuwill ynueepcumem um. B.H. Kapasuna
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B cratee mpeacraBiieHBl pe3yibTaThl TEOPETHYECKOTO HCCICIOBAHHUS H3BHJIMCTOTO IOBEACHHS MAWUCIECPCHOHHBIX KPHBBIX B
BOJTHOBOJaX C MAarHUTOAKTUBHBIM IIIa3MEHHBIM HamojHeHHeM. lloka3aHo, 4TO BHE 3aBHCUMOCTH OT IIOTHOCTH IUTIa3Mbl MOTYT
CYLIECTBOBATh COBMECTHBIC PEIICHHS IS PAa3IUYHBIX Iap YpPaBHEHUH, YIOBJIETBOPSIOLINE AWCIEPCHOHHOMY COOTHOLICHHIO.
YCTaHOBNICHO, YTO OHHU SIBIBIIOTCS COUHCTBCHHBIMH TOYKAMH IIEPECEUYCHUS NUCIIEPCHOHHBIX KPHUBBIX C TpaHHIAMH OOJacTei,
KOTOphIe 00pa3yeT MHOXKECTBO BCEX peIIeHWH STHX ypaBHeHHH. [loka3aHo, 4TO AN KaXIOH AMCHEPCHOHHBIA KPHUBOH MOXHO
OJTHO3HAYHO YCT@HOBUTH IPHHAMICKHOCTh OJHOW WM HECKONBKHM TakuM oOmactsiM. OOHapyKeHO, YTO MepecedcHue
JIUCTICPCUOHHOMN KPUBOW TpaHuUI] 00JacTeil MPUBOAUT K €€ M3BHJIMCTOMY MoBeAcHUI0. [Ioka3aHo, YTO B OTCYTCTBUHM TOYCK TAKOTO
HepeceyeHus TUCTICPCHOHHAsT KPHBasi HE MOXKET MOKMAATh IPe/elibl OJHOH 00JacTH M B 9TOM Cilydae M3BHIIMCTOE HMOBEICHUE Y
KpPHBOH He HabmoaeTcsl.

KJIFOYEBBIE CJIOBA: nia3MeHHbII BOJHOBOJI, MAarHUTOAKTUBHAS I11a3Ma, TUCIIEPCUOHHOE YPaBHEHUE, JUCIICPCHOHHbIE KPUBbBIE
rUOpUHBIE BOJHBI

Research of dispersion properties of plasma-filled systems attracted and still attracts the attention of the researchers. This is
confirmed both by the list of publications made in the second half of the last century [1-8] and papers published relatively recently
[9-13]. This topic is of scientific and practical interest for solving of a number of technological problems, such as: creation of new
oscillators of high-power electromagnetic radiation; development of prospective devices for transportation of high-current beams of
charged particles; search of effective plasma methods of charged particles acceleration and etc. The key task for studying of plasma-
filled waveguide structures for the mentioned above applications is the studying of the case of smooth cylindrical waveguide, filled
with “cold”, collisionless, homogeneous plasma, placed into the longitudinal magnetic field of finite strength. A deep and
comprehensive analysis of this case is required for obtaining of basic knowledge which allows simplifying the studying of more
complicated and realistic plasma-filled structures.
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Despite the fact that dispersion equation for cylindrical waveguide with magnetized plasma filling was obtained rather long
time ago [1], some properties of its solutions up to date remain unclear. It is explained by a complicated form of dispersion equation,
which in general case can be solved only numerically. At the same time numerical analysis by itself does not provide exhaustive
description of some peculiarities of dispersion properties of plasma waveguides.

In particular, these include the quaint meandering shape of waveguides dispersion curves [4]. This effect constitutes not only
the self interest. It also makes the procedure of searching the numerical solutions of dispersion equation more complicated (see for
example, Fig.7 from [13]).

Possible explanation of this effect was proposed in the paper [5], which shows the connection between meandering behavior of
dispersion curves and opaque region, placed below the plasma frequency. This region is widening with increasing plasma density and
thus according to [5] can displace and deform dispersion curves. At the same time it is known [11, 13] that even at low plasma
densities, when the opaque region is almost absent, dispersion curves nevertheless can be essentially deformed compared to vacuum
case. Therefore explanation of the meandering behavior of dispersion curves, proposed in [5], cannot be unique. Alternative reason
of dispersion curves deformation was proposed in [11]. According to [11] deformation can be a result of the coupling between hybrid
modes of plasma waveguide. The possibility of such coupling is mentioned in [6]. In [11] dispersion curves for two families of waves
were obtained. The coupling between waves of different families becomes essential only near intersection of these curves. Here their
“reconnection” takes place which results in meandering structure of dispersion curves of the plasma waveguide. At the same time
representation of waveguide’s eigenwaves in the form of two families of weakly coupled waves, proposed in [11], has the limited
domain of applicability. It becomes useless for dense plasma.

The purpose of this work is the theoretical analyses of formation of meandering shape of dispersion curves under arbitrary
plasma densities in waveguide. For this purpose together with numerical calculations a number of new analytical results are used.

PARTICULAR SOLUTIONS OF DISPERSION EQUATION FOR WAVEGUIDE FILLED WITH
MAGNETIZED PLASMA
We consider a smooth cylindrical metallic waveguide completely filled with “cold” collisionless plasma with
immobile ions. The waveguide is placed in the external magnetic field B, directed parallel to waveguide axis oz.
Dispersion equation for such waveguide is well known and has been presented in the literature for several times [1-11].
Let us present it in the following way
D(w,k,)=0,®, (k,R)J, (kR) -0, ®, (kR)J, (k,R)=0, (1)

where o, = (k.ke,)’ +x° (%" +e k), D, (kR)=®, (o, k., R)=kRJ/(kR)-IbJ,(kR), b=e,k* [,

2e .k}, =—(g, +¢,)y’ —k’e; +0, o=(g, —sl)\/(kz2 —k*)? +4k ke, o [, , P =k —ek?, :1—wf,/(w2 —wy, ),

1/2
£, =—u)f70)H/((o(0)2 -wy)), &=1-0, /0, o, =(4rne’n,/m,) " - electron plasma frequency, o, =eB,/m;c -

electron cyclotron frequency, e, m,, n, - charge, mass and density of plasma electrons, ¢ - speed of light in vacuum,

k =w/c - wave vector of the free space, R - waveguide radius, &k, and / axial and azimuth wave numbers.
When deducing the equation (1) it is assumed that in cylindrical coordinates {r, ¢, z} in linear approximation

perturbations for waveguide’s eigenfields, density and velocity of plasma electrons have a
form A(r,t) = A(r) exp(—iot + ik z +il@) .

Let us find some partial solutions of the equation (1) and determine the conditions of their existence. We assume
that o, # 0. From (1), we see that if for some s and » there is a joint solution of equations

k(ok)=w, /R, @
ky (‘Dskz):u/,n/R > 3)
then it is also a solution of dispersion equation (1). Here W, —is the s root of the Ith-order Bessel function. Such
solutions of dispersion equation will be marked as (k_,,®,) .
Solutions of combined equations such as
ki (ok )=, /R, “
k, ((’)’kz):"//,n/R > Q)
for different s and n are also belong to particular solutions of dispersion equation (1), which are marked as (k.,, @, ).
Here v, , s =1,2,...are zeros of the function @, (x). These zeros are placed between the neighbor roots of the Bessel
function J,(x) [14]. In general case they depend on ® and k_, since b=b(w,k, ). Exception is the case /=0, when
@, (x)=-xJ,(x). Inthis case - y,, =W, .
System of equations (2), (3) and (4), (5) could have solutions only when &, and k, are real. This is due to the fact
that zeros of the functions J,(x) and ®,(x) are real. The exclusion can be only for the first root of the function

®, (x), which becomes purely imaginary one under the condition /b <—1 [14]. However for generality we will exclude
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it from consideration, assuming condition W, <7Y,, <, to be fulfilled. Thus all particular solutions (k_,,®,) and

(k.,, e ) of dispersion equation (1) correspond to the volume waves and belong to the zones of (®,4, ) plane in Fig.1
bounded by bold line.

We will consider only the zone, placed
below the upper hybrid frequency

o, =,/ +0)f, and will find all s and » for

which combined equations (2) and (3) have
solutions in this zone.
For this purpose we consider the curves in

the (w,k,) plane formed by the solutions of the

‘/ Uj) - 5 equations (2) and (3). These curves behaviorally
2 J ] Lk >0 similar to dispersion curves for two families of

kj >0 weakly coupled waves in [11] (see Fig. la in
M 4 = k; [11]). Solutions of the equation (3) for n=1,2...

establish ~ within  the frequency interval

o, 10" rad/sec

0 1 2 3 (min(a)p,o)H ) << 0)1) the infinite set of curves

-1

k, cm with asymptotics max((x)p,u)H) at k, —oo.

Fig.1. Domains of existence of different types of waves of plasma Curve described by equation (2) at fixed s

waveguide at ®, =3x10" rad/sec, @, =4x10" rad/sec resembles parabola with vertex at k. =0 and
asymptotics k =k_ at k, —oo.

Thus such parabola has the infinite number of points of intersection with curves, satisfying the equation (3) for
different n, if it gets into the frequency interval (min(a)p,wH) <0<, ) This condition can be presented in the
following way

W, <o,R/c. (6)

Condition (6) is fulfilled when the cut-off frequency of the TM,;—mode is located below the upper hybrid
frequency (see, for example, [10]).

Knowing the peculiarities of behavior for curves in the (@, k, ) plane, satisfying the equations (2) and (3), it is easy

to determine » such that these equations have joint solutions. If for the specified s condition (6) is fulfilled, than such
joint solutions exist for all », for which roots of equation (3) at k., =0 exceeds the cut-off frequency of the TM; —
mode. This condition can be presented in the following way

2 2 2P 2
2(—“’1’;} <u)i,+[M”R"c] - [2mi+wﬁ,+[u;’;c]} —4{w‘;+£ugcj mf] @)

For the case of rare plasma, when 20 << o,y , it reduces to the form » > s . Thus system of equations (2) and

(3) has the solutions for all s and #», satisfying the conditions (6) and (7). It is clear that such solutions in the frequency
region below the upper hybrid frequency are absent, when W, >, R/c.

In order to find the solutions of system of equations (2) and (3) it is convenient to reduce it to one equation for ®
R THR o - e wl )’
ek g, B (O O )&, +&5)| &3k PR kN (Y (8)
R (0-o,)(0-0,) e, R
Frequency o, is the solution of equation (8) for given s and ». When the value of ®, is defined, one can find

k_, using relation [12]

)

1/2
— 812 _82 +€183 k2 _ 81 (I'L/z,n +u12,§)
0 g, +¢&, (e, +e&, ) R?
o=ay
Since the sets of equations (2), (3) and (4), (5) have similar forms, the obtained results can also be applied to the
combined equation (4), (5) using the change W,, —v,,, (m=s,n).

Solutions (k_,,®,) are the unique solutions of equations (2) and (3) for different s and », satisfying the
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dispersion equation (1). This is due to the fact that the roots of the equation x.J;(x)—1bJ,(x) =0 at arbitrary finite b are
placed between the zero of Bessel function W, , where s=1,2,... [14]. That is why the inequality @, (um) # 0 holds.
Similarly it can be shown that among all solutions of equations (4) and (5) for different s and », only solutions
(k,,, ) can satisfy the dispersion equation. This implyies that at o, , # 0, dispersion curves of the plasma waveguide
in the (®,k.) plane are not able to cross any solution of equations (2)-(5) except points (k.,,®,) and (k,,@; ).

Thus solutions of these equations for different s and n create in the (m,k.) plane the boundaries of domains,
containing the dispersion curves of the plasma waveguide.

MEANDERING SHAPE OF DISPERSION CURVES IN THE WAVEGUIDES FILLED WITH
MAGNETIZED PLASMA
It is known that in the waveguide filled with magnetized plasma waves of the TE and TM types are coupled.
Exception is the case k, =0 when o, identically goes into zero' . In this case dispersion equation (1) is divided into

two independent equations (2) and (5) for s,n=1,2.... Their solutions at k, =0 correspond to cut-off frequencies of
TM,; and TE,, waves [6]. Solutions of these equations also describe at small k_ the behavior of dispersion curves for

two families of weakly coupled waves studied at [11]. Using classification [6], the hybrid waves of plasma waveguide
will be indicated as EH and HE waves. At k. =0 EH and HE waves have TM and TE polarizations correspondingly.

Below in calculations, the frequencies ®, =3x10" rad/sec and ®, =4x10" rad/sec is assumed to be fixed. We

will study only the frequency region ®w< ,. It is known [11], the deformation effect of dispersion curves is distinct

here.
Let us build in (k) plane the boundaries of domains, containing the dispersion curves of the plasma
waveguide.
4,94 Under the condition W, >®,R/c such
boundaries are formed by the solutions of
4,81 equation (3) and (5) for n=1,2...(Fig.2), since
in the frequency region W< ®, equations (2)
g 471 and (4) cannot have solution for s =1,2.... As a
172]
= consequence, points (k,,,®,) and (k,,®,)
S 461 : -
= cannot exist here. If points (k,,®,) and
s 45 (kl,,a, ) are absent then dispersion curves
cannot cross the domain boundaries and each of
44 them remains within one domain. As it can be
' LR seen from Fig.2 in this case meandering
A5 2 Y behavior of dispersion curves is absent.
> ) T T T T T T T ) T ) 1 h th 1 1 t. 1 1 t:
0.0 05 10 s 20 25 30 When the dispersion curves contain points

; (k,y,®,) and (k),,0,), the boundaries of
k, cm domains change significantly. The boundaries
take the form of cells of two different meshes
(Fig.3). Boundaries of the first mesh are formed
by solutions of equations (2) and (3) for all s

and n, satisfying the conditions (6) and (7), and of the second by solutions of equations (4) and (5). The unique points
@, ). This
constrains the behavior of dispersion curves, which becomes meandering (Fig.3). The effect becomes more evident
(Fig. 4) with the increase of number of Bessel function roots y, , satisfying the condition (6), and simultaneous growth

Fig.2. Solutions of equations (1), (2), and (5)at /=—4, R=5 cm.

of intersection of these boundaries by dispersion curves are mesh nodes — the points (k.,,®,) and (k/,,

of density of distribution of points (k

0-0,) and (k/,, ) ) inthe (®,k, ) plane. Since condition (6) does not include the
plasma density we can come to the conclusion: despite the fact that meandering shape of dispersion curves is a purely
plasma effect it can be noticeable at arbitrarily small (but nonzero) plasma density. This conclusion is in accordance
with the results [11, 13].

Plasma density is also not included into condition W, >, R/c at which the meandering shape of dispersion

" Nevertheless coupling between TE and TM azimuthal waves at k_ =0 can be realized in the case of current-carrying
plasma [15].
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curves is absent. Thus if for chosen values of waveguide radius R and magnetic field B, this condition is fulfilled, the
deformation effect for dispersion curves within the frequency range <, will be negligibly small for all plasma

densities in the waveguide.

48
4,7
Q Q
(0] (0]
3 3
g 464 s
> >
g 454 g
4,4
T T - T T
0,0 0,5 1,0 1,5 2,0 0,0
k,cm’ . k,cm’

Fig.3. Solutions of equations (1)-(5), and also points (k,,,®,),  Fig.4. Solution of dispersion equation (1) and points (k,,,®,),
(K6, (I=0,R=5 cm). (K, 0,) at [=0, R=112 cm.

All mentioned above is true both for right-polarized (/> 0) and for left- polarized (/ < 0) modes of the plasma
waveguide. It is known [8, 10] that in general case dispersion properties of this modes are different. However, existence
and location of the points (k_,,®,) in the (®,k,) plane do not depend on the sign of azimuth index /. It is explained

by the fact that such dependence in equations (2) and (3) is absent, since u_, =W, . Therefore, in the (w,k,) plane
points (k,,,®,) are points of mating of dispersion curves for right- polarized and left- polarized modes (Fig.5). Such

mating was observed in [10].

DOMAINS OF EXISTENCE FOR
DISPERSION CURVES OF MAGNETIZED
PLASMA-FILLED WAVEGUIDE

Belonging to one or several domains
bounded by the solutions of equations (2)-(5)
for different s and » can be determined in
advance for the mode with specified radial
index. For this purpose one should know mode
cut-off frequency [6] and dispersion curve
behavior in the range of k_ <<k [I11].

4,8

4,61

4.4

42

>

o, 10" rad/sec

—— D(w,k) =0 (I>0)

4,07 ---- D(w,k) =0 (/< 0) If at higher k_, solutions of equations (2)-
o (k m): (5) create the boundaries of mesh with nodes

3,87 0770 (k,,,w,) and (k/,,0n ) (Fig.6), one should
0,0 0:5 1,0 1:5 2:() know the slopes of the tangents to the

ket dispersion curves at the points (k,,,®,) and
(k,,@, ) to determine mesh nodes and cells to

which points of the dispersion curve belong.
The slope of the tangent to the dispersion

curve at one of the points (k_,,®,) can be found, taking into account that in small neighborhood of this point
k, :u/,x/R'i'Akl’ (10)
ky=uw,,/R+Ak,, an

Fig.5. Dispersion curves of the right- polarized (/> 0) and left-polarized
(/< 0) modes, and also their mating points ( ‘I‘ =1,R=5 cm).

and |Akh2 | R <<1. Then from dispersion equation (1) we find

W, 0

Ak, =
u/,:al

Ak, . (12)

(k.q.09)
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Equations (10)-(12) constitute parametric form of
the equation of the straight line in the plane of variables

k, and k,. For traditional variables k =k ,+ Ak,  and

o=, +An this straight line has a form of tangent to

g the dispersion curve at the point (k_,,®,). To build it in
B (w,k,) plane one should take into account that in the
g small neighborhood of this point
ok, , ok, ,
Ak, = Ak, — +A®—
akz (ko) 8(,0 (k.q,0)

In a similar way equation of tangent to the
dispersion curve at one of the points (k/,,®; ) can be

-1
k,cm

Fig.6. The same as in Fig.3, and also tangents to the dispersion found. In this case relation between k and k, is

curve of the EH,, mode at the points (k.,,®,), (k@) - determined by equations
ki =7,/ R+Ak, (13)
k, =’Yz,n/R+Ak2’ (14)

_ 0@y, (v,,,)
2, ®(y,,)7,(1,,)|

where @)(x)=d®, /dx at b=b(k.,,w, )= const .
If dispersion curve belongs to the zone of the (w,k.) plane in which the condition kR <p;, is fulfilled

Ak, , (15)

(kLo )

(i=1or 2) (Fig.2), then with increasing k_ such curve is not able to leave the interval between the neighbor solutions

of equations k R=y,, and k;,R=v,, (j=2orl).In particular, this is valid for the dispersion curves of pseudo-

surface waves with k7 <0, k7 >0 (see Fig.1).

Thus for each mode, boundaries of one or several domains in which points of dispersion curves are located, can be
determined in advance. These boundaries define the frequency intervals for all &, in which solutions of equation (1) for

the selected mode are located.
Knowledge of these intervals for different modes allows researching numerically dispersion properties of one or
several selected modes, establishing for the specified k., minimal frequency resolution required for searching the

neighbor solutions of equation (1), and with further change of k, avoiding jump from someone definite solution to

another one.
These issues are urgent in case when the studied frequency spectrum is dense. In the magnetized plasma-filled
waveguide, dispersion curves of hybrid mode thicken to the frequency @, when £, is finite and to the frequencies ®,

and ®, when k, — oo,

CONCLUSIONS
The work presents theoretical analyses of the meandering behavior of dispersion curves of waveguides with
magnetized plasma filling and conditions of its appearance. This effect is mostly evident within the frequency range
below the upper hybrid frequency ®,.

Analysis is conducted taking into account the knowledge of some particular solutions of dispersion equation for
plasma waveguide.
It is shown that in order to find particular solutions it is convenient to introduce instead of variables ® and k, new

variables — transverse wave numbers k&, and £k, . It can be shown that, in particular, solutions of combined equations
kR=y,, and k,R=y,, at different s and » satisfy the dispersion equation. It is determined that within the
frequencies range ® < ®,, such solutions exist for all 7, satistying the condition (7) and s, for which root W, of the
Ith-order Bessel function, waveguide radius R and electron cyclotron frequency ®, satisfy the condition
W, <wyR/c.Itis shown that joint solutions of equations kR =y, and k,R=y,, for different s and », marked in
the paper (k_,,®,) are unique solutions of these equations which satisfy the dispersion equation for the plasma

waveguide. In the (w,k. ) plane they are mating points of dispersion curves for right- polarized (1 >O) and left-
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polarized (/>0) modes. Solutions of combined equations kR =Y, and k,R=v,, for different s and » are located
on the dispersion curves between the neighbor points (k,,,®,). Here vy, - are zeros of the function ®, (x) (see
dispersion equation (1)). It is shown that except for points (k/,,c ) in the (k. ) plane none of the solutions of
equations kR =v, and k,R =Yy, satisfy the dispersion equation for magnetized plasma-filled waveguide.

It is found that solutions of equations KR =y, and k,R=y,, for s, satisfying the condition W, <w,R/c and
n satisfying the condition (7) establish the mesh in the (®,%,) plane. Similar mesh is formed by solutions of equations
kR=v,, andk,R=v,,.

As it goes from the obtained results, the dispersion curves of the plasma-filled waveguide cannot cross the
boundaries of these meshes nowhere except their nodes (points (k,,,®,) and (k,,c; ) inthe (@,k, ) plane).

It is shown that this constrains the behavior of dispersion curves which take of the meandering form. Moreover the
effect becomes stronger, when the density of distribution of points (k_,,®,) and (k,,@;) in the (k. ) plane

becomes higher and disappears in the absence of these points. It is shown the last takes place on condition that
W, >, R/c, which does not depend on plasma density. This implies that plasma density does not play dominating

role in the deformation of dispersion curves of the magnetoactive plasma waveguide. When the condition W,; >®,R/c

is fulfilled, regardless of plasma density all dispersion curves cannot leave the intervals between the solutions of
equations k,R=U,,and k,R=7,, for n=1,2...In the reverse case the meandering shape of dispersion curves can be

noticeable even at small plasma densities in the waveguide.
It is shown that any point of dispersion curve belongs either to the node or to the cell of one of two meshes. Such
belonging can be unambiguously determined knowing the slopes of the tangents to the dispersion curves at the points

(k.,,0,) and (k.,,@ ). Thus for each point of dispersion curve, belonging to the certain frequency interval can be
determined in advance which allows simplifying the procedure of numerical search of solution of dispersion equation.
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