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In this work, the excitation problem of bulk-surface helicons by a point magnetic dipole moving in a vacuum
parallel to the element of magnetized solid-state plasma cylinder is theoretically studied. The external magnetic field
is directed parallel to the cylinder axis. The problem is solved in the magnetostatic approximation. It is shown that
hybrid modes of the magnetic type with large values of the azimuthal mode index and one field variation along the
radius are most efficiently excited at nonrelativistic velocities of magnetic dipole.
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INTRODUCTION

The determination of the generation mechanisms of
electromagnetic waves due to a movement of charged
particles in various electrodynamic systems is an actual
problem of radiophysics and electronics. The waves of
millimeter and submillimeter wavelengths are of par-
ticular interest. They are actively used in biology [1],
medicine [2], for the transmission of electromagnetic
signals in the earth's atmosphere [3], for the implemen-
tation of broadband wireless communication [4], in
submillimeter spectroscopy [5] and other applications of
science and technology.

In this regard, it is of interest to study the properties
of magnetoplasma waves of the special type that exist at
the boundary between a magnetoactive plasma of semi-
conductor and a dielectric (vacuum). Such waves are
surface and bulk-surface helicons [6 - 10]. These waves
exist independently of the ratio between the signal fre-
quency and the collision frequency of charge carriers in
classical and quantizing magnetic fields. The magnetic
field components of a helicon are large compared to the
electric field components. Therefore, for example, cou-
pled helicon-spin surface waves can appear at the semi-
conductor-ferrite interface [11]. Another important fea-
ture of helicon waves is their relatively low phase veloc-
ity. The excitation of surface helicons by a magnetic
dipole moving above flat surface of a semi-bounded
semiconductor in an external magnetic field was theo-
retically studied in [12].

Note that helicon waves continue to be of interest
both for fundamental research on the properties of mate-
rials and for applied research.

Thus, in [13], the theory of helicon waves propagat-
ing in three-dimensional Weyl semimetals, the conduc-
tivity of which is determined by the topological proper-
ties of the wave functions of charge carriers, was pre-
sented. In [14], the collisionless Landau damping of
helicon waves propagating in a Dirac semimetal placed
in a quantizing magnetic field was predicted. In particu-
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lar, the effect of giant oscillations of the damping coef-
ficient of helicons was predicted. In [15], the study of
helicons in semimetals was extended to the case of a
pseudomagnetic background field. A qualitative ex-
perimental facility was proposed for observing helicons
with magnetic and pseudomagnetic background fields.

In this work, the excitation of bulk-surface helicons
by a point magnetic dipole moving near the lateral sur-
face of semiconductor cylinder in a coaxial external
magnetic field is theoretically studied in the magne-
tostatic approximation. The expression of energy losses
of a magnetic dipole for the excitation of helicon ei-
genmodes of the cylinder is obtained, and the numerical
analysis of magnitudes of these losses is carried out for
modes with different values of the azimuthal and radial
mode indices.

1. PROBLEM STATEMENT
AND BASIC EQUATIONS

Consider a cylindrical plasma solid-state waveguide
with a radius p, that occupies the space region of
0<p=<p, , 0<p<27, and |z|<oo. The waveguide
is located in a vacuum in an external constant magnetic
field, the intensity vector H, of which is directed paral-
lel to its axial symmetry axis. We assume that the plas-
ma has a high conductivity of n-type. The equilibrium
density of plasma electrons is N,. The positively
charged background of the crystal lattice of solid-state
plasma compensates the negative charge of conduction
electrons. In a vacuum a point magnetic dipole moves
with a constant longitudinal velocity v, <<c¢ (where ¢
is the velocity of light in vacuum) at the distance
p,, > p. from the cylinder axis. The magnetic moment

M of the dipole is given by the following expression:
M (F,1) = MyS(x = %,)8(y = 3,)8(z=vt), (1)
M (7,1)=(0,0,M_(7,0)), 2)
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where A7[0 is the constant component of the magnetic
moment, J(x) is the Dirac delta function, x, and y,
are the coordinates of the dipole in the plane (x,y). In
the approximation of a point dipole we can consider the
circular current created by a charged particle (macropar-
ticle) rotating in a plane (x,y), provided that the Lar-
mor radius r, of this particle is less than the distance
Pm — P - From the condition r; << p,, it is possible to
obtain the condition for the magnitude of the transverse
velocity component v, of a charged particle perpen-
dicular to the external magnetic field. To do this, we use
the definition of the Larmor radius 7, =v, / |Q H| , Where
Q, =0H,/mc is the Larmor frequency of a charged
particle with charge O and mass m, . Then the point
dipole approximation will be valid under the condition
v, << p, |Q;|. The constant longitudinal component of
the magnetic moment M of such the circular current
will be determined by the expression [16]:
2
M, =2 ()
2H,
The current density created by such a dipole will be
determined by the expression [16]:
7, (7,t) = cTotM(7, 1) . 4)
The electric E™(7,¢) and magnetic H" (7,t) fields
of the point dipole at an arbitrary space point 7 in an
instant time ¢ satisfy the following equations:

rotﬁm(F’t)zﬂjm(F,f), (5)
C
N 10 -, -
rotE” (F,t) =———H"(¥,t) , (6)
c ot
divA" (7,1) =0 . (7

In equation (5), due to the small value of the electric
field, the displacement current is not taken into account.

Free fields (radiation fields) E"(7,7) and H'(F.t)

in a vacuum satisfy the equations of magnetostatics:
rotH" (7,t) =0, ®)
divH" (7,1)=0. )
Note, the considered magnetostatic approximation is
valid if the radiation wavelength 1 =27zc/® (in a vac-

uum) is substantially greater than the cylinder radius
[17], it is equivalent to

<<= (10)
Pe

In this case, the fields found from equations (8) and
(9) will be correct at distances from the cylinder, which
is less than the wavelength A .

Free fields E°(7,f) and H°(F,t) in the solid-state
plasma cylinder satisfy the quasi-stationary Maxwell

equations and the motion equation of electrons in a
plasma-like medium:

(11)

L Ar .
rotH “(7,t) =—ﬂju(r,t) ,
c
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divAH (r,t)=0, (12)
TotE (7,1) = —lgﬁl“(ﬁt), (13)
c ot
E"(f,t)+l[zz(f,t)xﬁo] =0, (14)
C

where i(7,t) and j (7,t) =eN,ii(7,t) are the velocity
and the density of current of charge carriers (electrons)
in a plasma-like medium, respectively.

The solutions of the above equations will be carried
out by the method of separation of variables represent-
ing all magnitude variables in the form of a set of space-
time harmonics. For example, the magnetic field
strength is determined by the formula:

AG0-3 [ [ f,(pg.0x

N==%0 _o0 —o0

(15)
xexpli(q.z+np—wt)ldqg.do,
where @, ¢. and n are the frequency, and the longitu-

dinal wavenumber and the spatial harmonic number
(coinciding with the azimuthal mode index), respec-
tively; i> =—1. Note, the considered quasi-stationary
approximation for describing fields in a plasma-like
medium is valid if this medium is well conducting, i.e.
the smallness condition of frequency of the fields @ in
comparison with the collision frequency of electrons v
is satisfied:

O<<V. (16)

In this case, it is justified to neglect the displacement

current in comparison with the conduction current of
electrons in a plasma-like medium [17]. In addition, the
magnitude of the constant magnetic field is assumed
such to be condition

V<<, (17)
where w, =eH,/mc is the Larmor frequency of plas-

ma electrons; e and m are the charge and effective
mass of electrons of the plasma-like medium. The ful-
fillment of conditions (16) and (17) is necessary for the
existence of bulk-surface helicons in the considered
solid-state plasma waveguide (see [8, 19, 11]), the exci-
tation of which we consider. In the vacuum region, the
field distributions of such waves have a monotonically
decreasing character with distance from the cylinder
surface in the radial direction, and in the cylinder re-
gion, they have an oscillating character in the radial
direction. Note that due to the fulfillment of conditions
(16) and (17) the motion equation of electrons (14) in a
plasma-like medium is correct. This corresponds to the
situation when the force lines of the magnetic field are
“frozen” into the electron liquid, and the electrons are
“placed” on these force lines [11]. Physically, this
means that the considered plasma-like medium is ide-
ally conducting, and the alternating surface current
flows along the cylinder surface in the direction of its
generating lines [9]. A consequence of the ideal conduc-
tivity of plasma-like medium is the equality to zero of
the longitudinal components of free electric fields £, in

both the medium and the vacuum. Nonzero components
of free fields are £, E, for the electric field, and H ,

H,, H_ for the magnetic field.
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The boundary conditions on the cylinder surface
(when p = p,) are the conditions for the continuity of

the H, and H, components of resultant magnetic field
(dipole and radiation fields):

H” (F,t)|p:p< +H, (F,t)|p (18)

-9

The component H, of the resultant magnetic field

=H (70|
=P, P=p

HIF0|  +HIE| = HAED)|)

at the boundary p = p_ undergoes the discontinuity due
to the presence of the surface current with the density
J:(z,0):
H)(F.0|  +H)(F| -
p=p, p=p (20)
c 472’- .5
—H(p(r,t)| o =—j.(z0).
P=P, C

Our goal is to find the fields created by the point di-
pole and reflected from the cylinder surface (radiation
field) from the above-given equations and boundary
conditions. Obviously, the radiation field is expressed
through the parameters of the point dipole and the me-
dium. Then we shall determine the energy losses of the
point dipole for the excitation of bulk-surface helicons
per time unit as (see [12])

ey, HCD Q1)
dt ot
where the value of the time derivative of magnetic field
strength component H)(#,t) is taken at the point
7 =7, where the magnetic dipole is located.

Using the integral representations of the Dirac delta
functions (see [18]) and substituting them into the right-
hand side of (1), we obtain the following expression for
the component M _ of the point magnetic dipole in the

cylindrical coordinate system:

M.(p,p,z,t) = i j K, (kp)J,(kp,, )dk

M,,
(2m)” =9 (22)

X j exp{ilg.z+n(¢-¢,)]}6(@-q.v,)dq. ,

—0

where J, (1) is the Bessel function of the n-th order of
the first kind [18]; ¢,, is the azimuthal coordinate of the

point dipole; the variable of integration £ is the
wavenumber of field spatial harmonic of the point di-
pole.

Let us find the expressions for the components of
magnetic field strength created by the point dipole. Ap-
plying the operation of calculating the rotor to the left
and right sides of equation (5) and using the definition
of current (4), we obtain the following equation:

A]jlm(pa gDaZ’t) = _4”[graddiVM(ps gD,Z,f) -

_ (23)
_AMm(p’gD)Z’t)]!
where
_ H" OH!
AH") =AH" ——P—i , (24)
2
P p’ p’ o9
_ H" OH"
(AE™) =AH] - v 2% (25)
0 P~ p O
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(Agm) =AH", (26)
2 2 2
A:Al+a—2=lipi+%a—2+a—2, (27
0z pop Op p Op- Oz
7 = : 7 = : / = 28
(ai), =0: (a3), 0: i) =aar, a5
2 m
grad divM™ (p,,z,1) _ M (p.9.2,0) (29)
’ 0poz
cooAaqm 1 azM;n(pagDaZat)
grad divM" (p, @, z,1) = B0z , (30)
2 m
glradzdiv]V[”’(p,go,z,t)=—a M, fapz,go,z,t) . (3D
iz

From equation (23), taking into account (28) and
(31), we obtain the equation for the field component

H!(p,p,z,t):
AHzm(pagDaZ’t)=47Z’-ALM:1(p9gDszst) M
Let us

(32)

represent the Fourier component
H!(p,q.,0) of the magnetic field strength created by

the magnetic dipole in the form
H!(p.q..0)= [k, (kp)H! (k,q..0)dk . (33)
0

From equation (32), taking into account (15), (22),
(26), (28), and (33), we obtain the following expression

for H"(k,q.,0):

Z x

. M
H!(p,q.,0)=—"
T

34
KT (kp, ), (kp) G4

K +q’
To find the field components H'(p,p,z,) and

x j dk S(w—q.v,).
0

H}'(p,,z,t) we introduce new dependent variables:

H, (p,p,z,t)=H (p,p,z,t) £iH (p,p,z,1) , (35)
for which the wave equations can be written:
H (p,p,z,t)  2i OH. (p,9,z,1)
BH. (p.p,z,p) - TP 020 o 20 OH. :
P P op
M | OM"
4p 0| M (p..21) | L OMI(p9.21) | 5
oz op o op

Substituting expressions (15), (22), (33) into (36)
and using definitions (24), (25), (35), we obtain solu-
tions for H(p,¢,z,t) and H;' (p,p,z,t) in the form

2ig. M
H(p,q.,0) ===t
(37)
Tk (kp,)Jl(k
dek i 2pm) 2n( p)5(w_
0 k*+q;
2qan0: %

p

k7, (kp,, )J,,(kp)
kZ

where the prime near the Bessel function means its de-

rivative with respect to the argument.

Let us find the free fields of the considered magnet-
ized cylindrical solid-state plasma waveguide. Applying
the operation of calculating the rotor from the left and

qzvo )s

H:(paqu) ==
(38)

x| dk 5(@-q.v,),
0
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right sides of equation (8) and using the equation (9),
we obtain the wave equation for the component

H!(p,p,z,t) of the radiation field in the vacuum:
A H (p,p,z,t)=0. (39)
Substituting the expression (15) into (39), we obtain
the solution for H(p,q.,®) in the form

H:(p,q.,0)=CK,(q.]p), (40)
where K,(u) is the modified Bessel function of the
n-th order of the second kind (Macdonald function)
[18]; C, is the arbitrary constant. Using solution (40),
from the equation (9) we find expressions for the com-
ponents H (p,q.,») and H(p,q.,0):

v n v

H (p.q..0)=——H(p.q,,0), (41)
q.p

. 1 0H(p,q.,®)

Hq,(p,qz,w)=—iq —. (42)

: op
Determining the rotor from the left and right sides of
the motion equation of electron (14) and using the equa-
tion (11), we obtain the equation for the magnetic field
of helicon wave in the cylinder:
4reN 6H(p, @, z,t)
cH, ot '
Taking into account (15), solutions of the equation
(43) have the following form

gmw(p 0.2.0) = 43)

¢ q
Hp(paqz’w)=7><

0 OHC . (44)
X{&AP_’W_ZH;(p,q”w)}
q op P
. 1
H;(paqz’w)=7><
. (45)
OH:(p,q.,®) nq. ..
X|:qh(p—qh)_in(paqz’w):|s
op I
H:(p,q.,0)=C,J, (kp), (46)

where g =4mewN,/q.cH, is the wavenumber of heli-

cons and k =4/¢” —¢’ is the transverse wavenumber of

the wave of helicon origin; C, is the arbitrary constant.

Substituting expressions for the fields of the mag-
netic dipole and fiee fields in the both vacuum and cyl-
inder in (18) and (19), and taking into account the defi-
nition (15), we obtain the following expression for the
constant C,:

1
X
K, (1q.1p)A(q.,0)

n K Jl; K c m
x[%[——L(—”JHZ (Dg..0)—  (47)
k'\p. q J,(xp,)

=it} (p,.q.,) ],

C =

where
(Iqlp) q. J,(kp.)  nq
, Az 48
Bold:, @)= |q|1<(|q|pl) < 7,00 pa

In order to use formulas (15), (21), (40), and (47),
(48) to calculate the energy losses of the point dipole for
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the excitation of bulk-surface helicons, it is first neces-
sary to calculate the integrals in the expressions for the

components of the magnetic dipole fields H'(p,,q.,®)

and H(p,,q,,»). Using the corresponding formulas

from [19], we obtain the expressions for the required
components of the magnetic dipole field in the form

H?(p,g.,0) = 2220 50— g 1)
T
lg. 11,(1q. 1 p)K\(q.1p,), n=0,
nl |q | (49)
_ )+
2pn [ n— l(| qu |pl)
+1,.,( 4. Ipl.)]Kn(I q.1p,), n>0,
2
m MO
H(p,q.,0)=- - ——=6(w—q.v,)x (50)

xI,(1q. | p)K, (1. | ),
where [/ (1) is the modified Bessel function of the
n-th order of the first kind (Infeld function) [18].
When calculating the energy losses of the point di-
pole upon integration over dg_, we introduce into con-
sideration small dissipative losses and use the Sokhot-

skii formula (see [20]) to go around the pole of
Ay(q,,0)=0:

. P
lim——=ind(x)+—, (51)
=0 x —iy b

where P is the main value of the integral; y is the

small value of bypass radius around the pole x. The
equation Aj(g,,®) =0 is the dispersion equation for the
eigenwaves of cylinder, i.e. the dispersion equation for
bulk-surface helicons when x> >0 .

In final, the expressions for the energy losses of the
point dipole for the excitation of space-time harmonics
with numbers n have the following form

D Mty g 1 p,) ) (s))
0 z m )
dt Vo |Bo (qzoawo)|
when n=0,
dWIS:) =_M02:w0 K (|q |p ) A;i)(qzmwo) (53)
dt Yo S |B,(;i)(qzoawo)| ’
when 7 # 0, where
Ky(19.1P,)
Ay(q.0,0) =4 | 4. |mx
0 z0 c
(54)

X|:m J(;(KOpL)

1,(q. )+21(q.,1p.) |
. T (5up) 04 1p.) l(ICLOI/J)}

K,(4q.1p, )
A(i)(q. aw )= VY
p \dz00@ " K,(lq. IpL)
J(k,p.
|G| 3 2o TR\ (ss)
K, Pe 9o JP(KO'D“)
pl
_2[ ’;p z ([p-l(| 9.0 |pz‘)+[[7+l(| 4:0 |pl))j:|’
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A (g.,®)
BO (qzo’ a)O) = Oa—a) n=0 (56)
" 0A,(q.,)
B[(;) (qZO ’ wO) = Oa—a; n=tp > (57)
9q: :‘10;0

where p =|n|>1, and signs () mean cases n >0 and
n <0, respectively; the quantities ¢, =@, /v, and @,
satisfy the Vavilov-Cherenkov resonance condition and
correspond to the roots of the dispersion equation
Ay(q,,0)=0; g, and x, are the wavenumbers of heli-

con waves calculated when g =¢g_, and 0 = ,.

2. NUMERICAL ANALYSIS OF ENERGY
LOSSES OF THE MAGNETIC DIPOLE

We performed the numerical analysis of the energy
losses of the magnetic dipole for the excitation of bulk-
surface helicons using the following dimensionless

quantities:
)
L oY = LW g% (sg)
R, dt F, dt c
where P, =@ M_,/p’v, . Semiconductor indium anti-
monide with electronic conductivity (n-InSb), in which
N, =1.35-10" cm*, was chosen as the material of the

cylinder. The strength of the external magnetic field was
specified H, =8kGs, the radius of the cylinder

p. =0.25 cm, and the distance between the magnetic
dipole and the cylinder axis p, = 0.5 cm.

Figs. 1-3 show the values of the magnetic dipole en-
ergy losses (in units P,) for the excitation of bulk-

surface helicon modes with azimuthal indices » for
various values of the dimensionless dipole velocity [ .

59.4 1

A\

P
O
S 5922
eo

5_

O+ 2 2 o =+ &
0 2 4 6 8 10

Fig. 1. Energy losses of the point magnetic dipole
for the excitation of bulk-surface helicons
of the H - and EH, -type when [ = 0.1

From Fig. 1 it can be seen when £ =0.1 the values

of losses increase monotonically with increasing 7n. In
this case, modes with one field variation along the ra-
dius (s =1) are only excited.

In Fig. 2 modes H,, and EH,, are shown with

black dots, and mode EH,, is shown with the empty
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circle. From Fig. 2 it can be seen when S =0.2 the

dependence of the value of losses on n ceases to be
monotonic. Local maxima are appeared, and when
n>>1 the loss values are decreased by an order of
magnitude than when S =0.1 (see Figs. 1 and 2). In
addition to the modes with #>0, the mode with
n=-1 and s=1 is excited, and when n=1, modes
with one (s =1) and two (s =2) field variations along
the radius are simultaneously excited. In addition, the
analysis showed that the magnitude of the losses @'~

for the excitation of mode EH_, exceeds the magni-

tude one ®" for the excitation of mode EH , .

2
2 1 4
v'e‘m = ®
~ 0.24 °
S/
0.1
- . .
° o ® (] e ©
0 g T 2 T T T T 1 1
0 2 4 6 8§ 10

Fig. 2. Energy losses of the point magnetic dipole
for the excitation of bulk-surface helicons

of the H - and EH  -type when B = 0.2

ns

0.35 «
- i
d o
S L
-~ T o ® hd
=) o
S 0.1+ o *
° 8 o0
v
.’o. b
3 ° o
O L LA L DL DL LA DL |
4 2 0 2 4 6 8 10
n

Fig. 3. Energy losses of the point magnetic dipole
for the excitation of bulk-surface helicons
of the H, - and EH  -type when B = 0.3

In Fig. 3 modes H,, and EH,, are shown with
black dots, modes H,, and EH , are shown with emp-
ty circles, and mode EH,, is shown with the black tri-
angle. From Fig. 3 it can be seen when S =0.3 the
quantities of excited modes with s =2 increases and
mode EH,, appears. When the dipole velocity f = 0.3

the values of its energy losses for the excitation of iden-
tical modes decrease by ~60 and ~1000 times in com-
parison with f =0.2 and g = 0.1, respectively.

From the numerical analysis, it follows that for
n>0 the values of the losses for the excitation of
modes EH , exceed the values of the losses for the
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excitation of modes EH, |, in which n = 0,1, 2. When
n=23 these values become comparable in magnitude,
and when n >4 the values of the losses for the excita-

tion of modes EH_ , become less than the values of the
losses for the excitation of modes EH . The value of

nl
the losses for the excitation of mode EH ,, is compara-
ble in magnitude with one for the excitation of mode
EH

-1l

We also note that the values of the losses for the ex-
citation of modes with the same values s and the same
magnitude, but different in sign values » turn out to be
different. This may indicate about the demonstration of
the effect of nonreciprocity in the propagation of bulk-
surface helicons in a magnetized plasma cylinder. From
the comparison of Figs. 1-3 it follows that the lower
velocity of the magnetic dipole S, modes EH,, with
large values of the azimuthal mode index n are more
efficiently excited. In this case, modes EH, 6 6 with

s >1 are not excited. The excitation of such modes be-
comes possible when [ increases.

ns

CONCLUSIONS

In work, the problem of the excitation of bulk-
surface helicons by a point magnetic dipole moving in a
vacuum near a magnetized solid-state plasma cylinder
parallel to its generating lines is studied theoretically.
The external magnetic field is directed parallel to the
symmetry axis of the cylinder. A circular current cre-
ated by a charged particle rotating in a plane perpen-
dicular to the cylinder axis, provided the Larmor radius
of this particle is less than the distance from the dipole
to the lateral surface of the cylinder, is considered as a
point dipole.

In a vacuum, the electromagnetic fields (radiation
fields) satisfy the equations of magnetostatics, and in a
cylinder, they (free fields) satisfy the quasi-stationary
Maxwell equations and the motion equation of electrons
in an ideally conducting plasma-like medium. The cho-
sen approximation is valid if the radiation wavelength
(in vacuum) is much greater than the radius of the cyl-
inder, and the displacement current in the plasma cylin-
der is negligible in comparison with the conduction cur-
rent due to the high conductivity of the plasma medium.
The magnitude of the constant magnetic field was as-
sumed such that the Larmor frequency of charge carriers
significantly exceeds its collision frequency in the
plasma cylinder. Under these conditions, the propaga-
tion of bulk-surface helicons is possible in the plasma.
In addition, this physically means that an alternating
surface current flows along the cylinder surface in the
direction of its generating lines.

The consequence of the ideal conductivity of the
plasma-like medium is the equality to zero of the longi-
tudinal (parallel to the cylinder axis) components of free
electric fields in both the medium and the vacuum. The
boundary conditions on the cylinder surface are the
conditions for the continuity of the radial and longitudi-
nal components of alternating magnetic field strength.
The axial component of magnetic field strength on the
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cylinder surface suffers a discontinuity due to the sur-
face current.

The numerical analysis of the expression for the en-
ergy losses of the magnetic dipole for the excitation of
bulk-surface helicons showed that when the velocity of
the magnetic dipole is lower, modes EH, , with large

nl

values of the azimuthal mode index »n are more effi-
ciently excited. In this case, modes EH . with s>1

ns

are not excited. The excitation of modes EH _ with

s >1 becomes possible when the velocities of the mag-
netic dipole S >0.2. With an increase of the magnetic

dipole velocity above S =0.1, the dependence of the

magnitude of losses on the azimuthal mode index n
ceases to be monotonically-increasing. Local maxima
appear on this dependence.

In addition, the values of the losses for the excitation
of modes with the same values of the radial index s and
the same magnitude, but different in sign values of the
azimuthal index » turn out to be different. This indi-
cates about the demonstration of the effect of nonrecip-
rocity in the propagation of bulk-surface helicons with
identical spatial field distributions in a magnetized
plasma cylinder.
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MOTEPU SHEPTMU TOYEYHOI'O MATHUTHOI'O JUIIOJISI ITPU B3AUMOJIEMCTBUA
C 3BAMAI'HUYEHHBIM IIJTASMEHHBIM IMJIMHAPOM

10.0. Agepkos, I0.B. Ilpoxonenxo, A.A. [lImamwvko, B.M. Skosenko

TeOpeTI/I‘IeCKI/I HU3ydycCHa 3ajada o BO36y)KZ[eHI/II/I O6’LeMHO-HOBerHOCTHHX T'CJIMKOHOB TOYCYHBIM MAarHMTHBIM
JUITIOJIICM, ABMXKXYIIHUMCA B BaKyyM€ IapauICIbHO 06pa3ymmHM 3aMarHM4C€HHOro TBEPAOTCIIbHOIO ITIJIa3MEHHOI'O
HUJInHApA. BremHee MarauTHOE moJIe HaIlpaBJICHO NapaJlJICIbHO OCHU LUWJINHApA. 3agaya peuicHa B MarouTocTaTh-
YECCKOM HpI/I6J'II/I)KeHI/II/I. HOKa3aHO, qTo FI/I6pI/IZ[HI>Ie MOJbI MarHuTHOI'O TUIIa C OOJBIIMMH 3HAYECHUSIMU azuMyTaJib-
HOT'O MOJIOBOT'O MHJIEKCA U C OIHOM Bapnauneﬁ oJeH mo paanycy Hanbosee 3(1)(1)6KTI/IBHO B036y)KZ[aIOTCH Ipu HE-
PEIATUBUCTCKUX CKOPOCTAX MArHUTHOI'O AUIIOJIA.

BTPATHU EHEPT'TI TOUKOBOT'O MATHITHOI'O JIUIIOJISA BHACJIIIOK B3AEMO/III
I3 BAMATHIYEHUM IIJIABMOBUM HUJIHAPOM

10.0. Agepkos, I0.B. IIpoxonenxo, 0.0. IlImamoko, B.M. Akosenxo

TeopeTudHO BUBYEHO 3a/1a4y IPO 30YKEHHS 00'€MHO-TIOBEPXHEBUX T'€IKOHIB TOYKOBUM MArHITHHM JTUIIONEM,
[0 PYXA€ThCs Y BaKyyMi MapajeibHO TBIPHUM 3aMarHiYeHOTrO TBEPAOTUILHOIO IUIA3MOBOI'O IITIHIPA. 3OBHIIIHE
MarHiTHe TOJIe HAIIPaBJICHO MapajeibHO OCi IFUIiHApa. 3amaya po3B's3aHa B MarHiTOCTaTHYHOMY HaOmmxkenHi. [lo-
Ka3aHo, 1110 TiOPUIHI MOJU MArHiTHOI'O TUITY 3 BEJUKAMH 3HAYCHHSIMH a3UMYTaJILHOIO MOJIOBOT'O 1HIEKCY 1 3 OfHi-
€10 Bapiali€ro mojs B3/I0BXK pajiyca HaHOLIbII eeKTUBHO 30YIKYIOThCS B pa3i HEPEISTUBICTCHKUX MIBUAKOCTEH
MAarHiTHOrO JUIIOJIS.
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